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DISTRIBUTION OF CHIRONOMIDAE (DIPTERA-INSECTA) 
OF HIGH-ALTITUDE LAKES IN THE EASTERN BLACK SEA 

REGION OF TURKEY 
 

Ayse Tasdemir*, Mustafa Rusen Ustaoglu, Hasan Musa Sari 
 

Ege University, Faculty of Fisheries, Department of Hydrobiology, 35100-Bornova, Izmir 
 
 

ABSTRACT 
 
Six samplings were carried out during July 

and August 2005 2007 in order to determine the 
Chironomidae fauna of high-altitude lakes at the 
Eastern Black Sea region. All the investigated lakes 
are located at altitudes between 2530 and 3370 m 
a.s.l, except Uzungöl (1100 m). Hereby, some 
measured environmental factors accompanied with 
Chironomidae fauna of 59 lakes are presented for 
the first time. As a result of the study, a total of 35 
identified chironomid represent new records for the 
region. 
 
 
KEYWORDS:  
Chironomidae, Eastern Black Sea Range, Turkey, glacial 
lakes. 

 
 

INTRODUCTION 
 
Remote mountain lakes, hardly accessible, 

with little human activity in their catchment area, 
are considered as least disturbed freshwater ecosys-
tems in Europe [1]. Although situated far from local 
sources of pollution, these lakes are threatened by 
deposition of atmospheric pollutants (acidity and 
toxic air pollutants) and by climate changes. The 
high mountain lakes are sensitive to these threats 
because of their poor buffering capacities of soil 
and rocks in the watershed to neutralize acidic dep-
osition [2].  

The Chironomidae is the freshwater insect 
family which comprises the highest number of 
species, both in lentic and lotic habitats [3]. They 
are well known indicators of trophic condition in 
lakes, of organic pollution in run-ning waters and 
are considered an interesting biogeographic 
material as well  [4]. 

Despite their importance and abundance at 
high altitude, chironomid communities in mountain 
lakes in the Alps were neither extensively nor inten-
sively studied until the 20th century. Notwithstand-
ing the rich literature produced in early 20th centu-
ry, no papers dealing with chironomids of mountain 
lakes in the Alps above the treeline were written 
[5]. 

A few studies are available on the Chirono-
midae fauna of the glacial and tectonic lakes on the 
mountains of high altitude in Turkey [6-10]. 

Aditionally, in Turkey, 
[11] reported 20 species of Chironomidae through 
their research at high-elevated lakes of Eastern 
Black sea region. 

This preliminary study is as pioneering re-
search in determining the Chironomidae communi-
ties in the glacial lakes of Turkey.  

The aim of this study is to examine the com-
position of Chironomidae fauna of the high moun-
tain lakes of Eastern Black sea Region, Turkey. 

 
 

MATERIALS AND METHODS 
 
In order to study the Chironomidae fauna of 

59 mountain-lakes in the Eastern Black sea region, 
six excursions were conducted in 2005-2007. Due 
to the high altitude, most of the sites are completely 
covered by snow and/or ice during 8-9 months of 
the year and open only in warm months, i.e. July 
and August. 

In-vivo measured environmental variables are 
temperature (T), pH, dissolved oxygen (DO), elec-
trical conductivity (EC) and salinity (S) and turbidi-
ty were measured in sito by using a WTW pH-
meter (model 330), a WTW oxygen-meter (model 
330) and an YSI 30 model SCT-meter and a Secchi 
disc. Other variables (PO4

-3-P, NO2
-
 -N, NO3

-
 -N, 

NH4
-
 -N, Chl-a) measured in-vitro following the 

standard methods of APHA [12]. 
The samples were taken by an Ekman - Birge 

grab (15 x 15cm) or by a hand-
mesh size. After that, collected samples were sieved 

fixed in 4% 
formaldehyde solution in the field. Later on, sam-
ples washed under tap waters in-vitro to sort the 
chironomids. Sorted specimens were preserved in 
70% alcohol until identification. Identification of 
larvae was done under stereomicroscope after pre-
paring permanent slide with Euparal. We mostly 
used Hirvenoja [13], Wiederholm [14], [3] Klink 
and Moller Pillot [15] for identical and taxonomical 
means. 
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FIGURE 1 

Ploted sampling stations and 6 drainage basins. Abbreviations: (Ç = Çoruh River Basin, F 

Basin) 
 

TABLE 1 
Information of investigated localities and sampling dates. St= Station; other abbreviations  

are given on Figure 1. 
St. 
No Sampling Dates Lakes Basins Alti-

tude(m) Coordinates Area 
(ha) 

Maxi-
mum-
depth(m) 

Substratum 
 

1 30.07.2007 Göloba Ç01 2540  
 0,79 3,00 muddy 

2 19.08.2005  Ç02 2710  
 2,63 2,90 hard, gravel 

3 04.08.2006  Ç03 3050 40 39 13 N 
40 50 39 E 2,55 7,50 sandy, stony 

4 04.08.2006 Kuzeyaksu Ç04 3070 40 39 19 N 
40 50 57 E 1,36 3,00 sandy, stony 

5 04.08.2006  Ç05 3120 40 39 09 N 
40 51 06 E 1,44 20,00 sandy, stony, rocky 

6 26.07.2007 Ovit-Ortagöl Ç06 2960 40 38 51 N 
40 52 09 E 2,21 10,00 stony, muddy, sandy 

7 19.08.2005 Üstgöl Ç07 3030 40 38 51 N 
40 52 54 E 3,28 4,40 hard, gravel 

8 06.07.2005 
19.08.2005  Ç08 3020 40 38 43 N 

40 53 10 E 8,90 8,10 hard, gravel 

9 06.07.2005 
19.08.2005 Ortagöl Ç09 3010 40 38 53 N 

40 53 18 E 0,86 4,10 hard, gravel 

10 30.07.2006 Büyükgöl Ç10 2670 40 56 13 N 
41 12 02 E 4,11 0,96 stony, sandy 

11 19.08.2005 Altgöl Ç11 2950 40 38 53 N 
40 53 40 E 2,01 2,80 hard, gravel 

12 23.08.2006 Deniz Ç12 3370 
40 49 07 N 
41 09 39 E 8,38 49,00 rocky, silty, stony 

13 24.08.2006 Kartal Ç13 2940 
40 50 20 N 
41 18 04 E 1,63 2,80  rocky 

14 24.08.2006 Devise Ç14 2935 
40 50 22 N 
41 18 12 E 0,11 1,00 silty, stony 

15 22.08.2005 Keçi F01 3070 40 44 25 N 
40 51 50 E 1,79 12,30 gravel, stony 

16 22.08.2005  F02 2990 40 44 37 N 
40 52 04 E 4,60 32,70 gravel, stony 

17 09.07.2005 
22.08.2005  F03 2780 40 44 58 N 

40 52 09 E 4,77 6,20 gravel, stony 

18 25.08.2007 Kayakaynak F04 3080 40 49 17 N 
40 52 43 E 1,02 1,00 stony, muddy 

19 25.08.2007  F05 2990 40 49 28 N 
40 52 51 E 6,92 11,00 muddy,stony 

20 01.08.2006  F06 2940 40 49 21 N 
40 53 40 E 0,95 0,70 sandy-muddy - hard 
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St. 
No Sampling Dates Lakes Basins Alti-

tude(m) Coordinates Area 
(ha) 

Maxi-
mum-
depth(m) 

Substratum 
 

21 01.08.2006 Çahberik F07 2810 40 49 17 N 
40 54 09 E 1,00 0,50 sandy-muddy 

22 08.07.2005 
21.08.2005 Atmeydan F08 2910 40 43 11 N 

40 54 01 E 3,24 3,70 sandy-muddy 

23 08.07.2005 
21.08.2005 Kumlugöl F09 2860 40 43 22 N 

40 54 17 E 0,49 0,80 sandy-muddy 

24 08.07.2005 
21.08.2005  F10 2915 40 43 06 N 

40 54 23 E 0,86 3,00 sandy-muddy  

25 21.08.2005  F11 3000 40 43 00 N 
40 54 54 E 6,07 3,70 hard, macrophyta 

26 21.08.2005  F12 3000 40 43 11 N 
40 54 57 E 1,45 8,50 sandy-muddy  

27 31.07.2006  F13 2870 40 49 24 N 
41 06 06 E 0,56 3,20 sandy-muddy 

28 11.07.2005 
24.08.2005 Büyükdeniz F14 2900 40 52 09 N 

41 09 42 E 5,83 15,10 muddy, stony 

29 24.08.2005 Meterez F15 2990 40 51 49 N 
41 09 45 E 1,86 0,50 stony, sandy 

30 11.07.2005 
24.08.2005  F16 2890 40 52 28 N 

41 09 46 E 0,55 3,10 muddy, stony 

31 24.08.2005 Karadeniz F17 2770 40 52 42 N 
41 10 03 E 2,30 11,50 stony 

32 29.07.2006 Ceymakcur F18 2650 40 53 44 N 
41 11 30 E 0,33 1,50 stony 

33 06.07.2005 
19.08.2005 Büyükgöl F19 2980 40 38 45 N 

40 53 36 E 2,43 10,20 hard, gravel 

34 22.08.2007  F20 2620 41 02 19 N 
41 15 37 E 0,75 3,50 sandy-muddy 

35 22.08.2007  F21 2630 41 02 08 N 
41 15 39 E 0,14 1,00 sandy-muddy 

36 23.08.2007 Büyük Çiftegöl F22 2600 40 59 24 N 
41 15 41 E 2,27 6,50 sandy-muddy, 

rocky 

37 23.08.2007 Küçük Çiftegöl F23 2550 40 59 36 N 
41 15 49 E 1,11 6,00 sandy-muddy, 

 rocky 

38 20.08.2006 Dipsizgöl  2670 40 33 28 N 
40 28 25 E 0,93 2,00 gravel, stone, 

 muddy 

39 25.07.2007 Koyun  3010 40 31 34 N 
40 28 58 E 1,68 10,0 rocky, stony, 

40 20.08.2006 Küçükhatalan  2800 40 33 16 N 
40 29 22 E 0,24 0,80 silty, muddy, stony, 

41 20.08.2006 Hatalan  2810 40 33 11 N 
40 29 24 E 0,61 4,00 silty, muddy, stony, 

42 20.08.2006 Küçüksivri  2710 40 33 36 N 
40 29 50 E 0,10 1,00 rocky, silty 

43 20.08.2006 Sivrinin  2700 40 33 39 N 
40 29 52 E 0,42 1,50 rocky, silty 

44 02.08.2006   2940 40 31 19 N 
40 30 40 E 0,59 2,50 sandy-muddy- gravel, 

 stony 

45 21.08.2006 Katreç  2700 40 34 06 N 
40 34 51 E 1,73 6,50 rocky, silty 

46 21.08.2006 Küçükkatreç  2690 
40 34 13 N 
40 34 58 E 0,03 1,00 rocky, silty 

47 03.08.2006 Çitrik  2850 40 39 31 N 
40 46 59 E 2,80 14,00 sandy-muddy-gravel-stony 

48 03.04.2006 Salar  2820 40 43 28 N 
40 52 09 E 3,20 2,50 sandy-muddy- gravel-stony 

49 25.08.2006 Arhavi Karagöl K01 2660 
41 09 28 N 
41 24 19 E 7,17 9,00 rocky, silty 

50 26.08.2007  M01 2530 40 34 34 N 
39 41 26 E 5,46 10,00 

sandy-muddy, rocky, 
gravel, a plenty of macro-
phyta 

51 26.08.2006 Uzungöl S01 1100 
40 37 14 N 
40 17 44 E 8,50 6,90 muddy 

52 30.07.2007  S02 2740 40 31 46 N 
40 20 06 E 0,36 4,10 muddy, rocky 

53 29.07.2007 Multat Karagöl S03 2800 40 31 30 N 
40 21 46 E 4,70 24,90 muddy 

54 27.07.2007  S04 2570 40 31 54 N 
40 23 01 E 4,26 4,50 muddy 

55 27.07.2007  S05 2710 40 31 39 N 
40 23 28 E 4,08 13,00 muddy, sandy, stony 

56 29.07.2007  S06 2880 40 31 15 N 
40 24 21 E 1,46 5,20 muddy 

57 28.07.2007 Büyükyayla Karagöl S07 2930 40 31 41 N 
40 27 03 E 2,13 16,50 muddy 

58 28.07.2007 Pirömer S08 2870 40 32 00 N 
40 27 09 E 1,32 16,50 muddy 

59 28.07.2007 Buz S09 3040 40 31 58 N 
40 27 36 E 1,98 13,80 muddy 
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Specimens and mounted materials are being 
kept in the collection of the authors in Bentological 
Museum of Fisheries Faculty, University of Ege, 

 
 
Study area. The Pontic mountain range (East-

ern Black sea coast) is one of the three major glaci-
er regions of Turkey. Its highest peak is Kaçkar 
Mountain with 3937 m a.s.l. The mountains are 
partially glaciated, alpine in character, with steep 

rocky peaks and numerous mountain lakes. 
The locations of the 59 lakes studied as well 

the characteristics of the sampling sites are shown 
in Figure 1 and Table 1. All the studied lakes (Table 
1) are located above the timber line in a range of 
altitude from 2530 to 3370 m a.s.l. (except Lake 
Uzungöl with 1100 m a.s.l.). Surface area of 59 
lakes are between 0.03-8.9 ha, while depths from 
0.5 to 49 m [16]. They remain frozen from October 
or November until May or June. 

 
TABLE 2 

Minimum and maximum values of the enviromental variables. 
Variables Min Max 

Secchi depth (cm) 50.00 1100.00 
Temperature (°C) 2.50 21.00 
pH 6.75 9.71 
DO (mg L-1) 5.30 10.10 
EC (μS 25 °C cm-1) 12.00 121.80 
d°H 0.80 3.40 
NO2

-
 N (μg L-1) 0.00 5.21 

NO3
-
 N (μg L-1) 0.00 105.00 

NH4
-
 N (μg L-1) 0.00 106.90 

PO4
-3P (μg L-1)  0.00 10.95 

Chlorophylll-a (μg L-1) 0.00 2.32 
 

TABLE 3 
List of species collected from the area during this study. 

Tanypodinae Stations 
Ablabesmyia (A) longistyla 51 
Apsectrotanypus sp. 36,49,55 
Arctopelopia sp. 9 
Brundiniella sp. 8 
Conchapelopia sp. 53 
Macropelopia nebulosa 1,13,14,17,22,33,40,42,43,46,47,49,50,51,53,54,57,59 
Macropelopia notata 25 
Procladius(Holotanypus)sp 1,2,4,6,8,9,11,17,18,20,21,23,26,28,30,31,34,38,41,43,51,53,57,58 
PRODIAMESINAE  
Prodiamesa olivacea 37,51 
DIAMESINAE  
Pseudodiamesa (P.) arctica 1,4,5,6,12,17,20,27,32,37,40,42,43,45,46,47,48,50,52,57 

  Pothastia gaedii 17 
ORTHOCLADIINAE  
Corynoneura scutellata 42,43 
Cricotopus sp. 1, 19,38,43,54 
Cricotopus (I.) trifasciatus 6,13, 39,53 
Eukiefferiella sp. 9,55 
Metriocnemus sp. 43 
Paratrichocladius rufiventris 8 
Psectrocladius (A.) platypus 58 
Psectrocladius (P.) barbimanus 53,58 
Psectrocladius (P.) limbatellus 6,18,51,57,58,59 
Psectrocladius (P.) sordidellus 1,3,4,6,13,20,27,42,48,53,56,58 
CHIRONOMINAE  
Chironomini  
Chironomus (C.) anthracinus 1,8,9,10,22,25,26,28,30,34,35,51 
Chironomus (C.) plumosus 51 
Chironomus (C.) tentans 28 
Cladopelma goetghebueri 8,9,11 
Einfeldia pagana 28 
Microtendipes pedellus 9,51 
Tanytarsini  
Cladotanytarsus mancus 23,47 
Microspectra sp. 3,17,21,28,33,36,37,44,47,48, 49,50,51,52,57,59 
Microspectra notescens 10,51,52,57,59 
Paratanytarsus austriacus 52,57,58,59 
Paratanytarsus dissimilis 57,58,59 
Paratanytarsus lauterborni 17,19,2340,43,48 
Rheotanytarsus sp. 17,46,52,58 
Tanytarsus sp 2,3,4,5,6,8,9,11,18,20,21,24,26,27,29,31,32,33,36,40,41,42,43, 45,47,48,51,53,55,56,57,58,59 
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RESULTS 
 
Minimum and maximum values of the envi-

ronmental variables of studied lakes are shown in 
the Table 2. According to the ammonium, nitrite, 
nitrate nitrogen levels and total phosphorus level, 
all of the studied lakes can be classified as 1st class. 
Similarly, the quality classes of the lakes were 
changed between I-III according to levels of dis-
solved oxygen. When the Total Nitrogen (TN) and 
Total Phosphourus (TP) are taking into considera-
tion, all the lakes show oligotrophic character. 
Chlorophyll-a concentration of the lakes were gen-
erally low and this character also support the above 
mentioned results [17]. 

A total of 35 recorded species belong to 5 sub-
families (Tanypodinae, Prodiamesinae, Diamesinae, 
Orthocladiinae and Chrironominae) of family Chi-
ronomidae. Among them subfamilies Chirinominae 
and Orthocladiinae with 14 and 10 recorded taxa 
respectively are the two dominant subfamilies in 
this area. 

According to Table 3, the most frequent spe-
cies is Tanytarsus sp. belongs to tribe Tanytarsini 
that occurred from 33 out of 59 lakes. After that, 
Procladius (Holotanypus) sp., Pseudodiamesa 
(Pachydiamesa) arctica, Micropsectra sp., and 
Psectrocladius (P) sordidellus with 24, 20, 16 and 
12 occurrence are at the second, third, fourth and 
fifth rate of frequency respectively. 

From the richness point view of catchments 
related to distribution of Chironomidae, the richest 

taxa. The catchments of Çoruh River (19 taxa), 

in the next rates. These are followed by Kabisra 

taxa. 
From quantitative aspects, F

catchment with 9978 no/m2 h-
ment with 4679 no/m2  catchment 
with 3919 no/m2 are in the first, second and third 
rates respectively (Figure 2). 

 

In
d/

m
²

 
FIGURE 2 

Classification of lakes based on obtained quantitative results. (Ind./m2) 
 

In
d/

m
²

 
FIGURE 3 

Classification of basins based on obtained quantitative results. (Ind./m2) 
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In this study area, according to the biodiversity 
of Chironomidae populations, the richest lake with 
10 species is 
57) and Pirömer Lake (St 58) follow Uzungöl by 9 
taxa. These lakes are followed by Sivrinin Lake (St 
43) with 8 species and finally Ortagöl (St 6), 

Büyükdeniz Lake (F14) and Multat Karagöl (S03) 
each with 6 taxa. 

According to the reco m-
ber, Meterez Lake (St 29) with 1647 no/m2, 

2, Salar Lake 
(St 48) with 1336 no/m2 and Kayakaynak Lake (St 
18) with 1158 no/m2 are the richest stations respec-
tively. 
 
 
DISCUSSION 

 
High mountain glacial lakes represent a very 

special environment for aquatic organisms. These 
biotops characterized by their low average annual 
temperature, oligotrophic features and the minor 
antropogenic impacts [18]. 

In high elevation mountainous regions, macro-
invertebrates have adapted to unique and often 
extreme environmental conditions. Seasons of ma-
croinvertebrate development are often short and the 
food resources reduced and irregular. Dispersal and 
distribution of high mountain macroinvertebrates 
are complicated by topographic and physiographic 
barriers, and the scarcity of appropriate habitats 
[19]. 

The variation in the diversity and density of 
macrozoobenthos with water depth has been studied 
in many lakes and a fall in both parameters has been 
frequently observed, even in high mountain lakes 
[20]. The abundance of chironomid larvae usually 
does not reach very high values in high mountain 
lakes mainly due to the low productivity of these 
lakes [18]. 

They are well known indicators of trophic 
condition in lakes, of organic pollution in running 
waters and are considered an interesting biogeo-
graphic material as well (4). This is also illustrated 
in Vorderer Finstertaler Sea, Austria at 2237 m 
a.s.l.(21). Similarly, the chironomid assemblages of 
alpine Tatra lakes are characterized by lower spe-
cies richness and total absence of taxa of tribe Chi-
ronomini [22]. 

Our study shows some similarities with the 
above mentioned studies in terms of low species 
richness. 

Catalan et al. [23] recorded 4 genera of sub-
family Tanypodinae (Ablabesmyia, Macropelopia, 
Procladius, Zavrelimyia), 3 genera of subfamily 
Orthocladiinae (Corynoneura, Heterotrissocladius, 
Psectrocladius) moreover, 3 genera of subfamily 
Chironominae (Micropsectra, Paratanytarsus, Tany-
tarsus) during their conducted researche at high-

elevated lakes of Pyrenees Mountain (82 lakes). 
These genera and obtained via present reseach show 
an obviouse similarity.  

Tanytarsini is the most encountered tribus in 
our study due to record of Tanytarsus sp. from 33 
stations and Micropsectra sp. from 16 stations. This 
situation is appropriate according to explanation 
above and as an addittion the lakes we examined 
have secondary oligotrophic features in terms of 
recorded species of chironomid. Minor chlorophyll-
levels determined in the lakes confirm their oligo-
trophic beeings. Furthermore, Bryce and Hobart 
[24] stated that subfamily Tanytarsini (Tanytarsus, 
Micropsectra) and sometimes species of subfamily 
Diamesinae are common dwellers of moderat oligo-
trophic lakes. 

Mousavi [25] pinpointed that species of sub-
families Diamesinae and Prodiamesinae are the 
indicator of high pH in vast and deep lakes. Moreo-
ver, species of subfamily Orthocladiinae inhabit 
relatively small lakes with low pH and electrical 
conductivity. The same author also introduces 
members of subfamily Tanytarsini as biological 
indicators of high-pH lakes. 

Although Tanytarsini was reported as the typi-
cal subfamily of oligotrophic lakes by Mousavi [25] 
Tanytarsus belonging to this tribus, is an eurytopic 
and a cosmopolitan genus that is observed in almost 
all limnetic habitats. In addition, it has some marine 
and even terrestrial types. They are observed within 
high-altitude mountain lakes with oligotrophic 
characteristics. We recorded the species of this 
genus from 33 lakes in altitude range of 1100 3120 
m, 6.95 9.71 of pH, 2.5 20.9 °C, 14.6 108. 25°C 
of electrical conductivity. In studies of Boggero et 
al. [5] conducted in 89 lakes at Alps, optimum alti-
tude, pH and electrical conductivity for species of 
genus Tanytarsus determined 1882 m, 7.39 and 

25°C respectively. 
Genus Micropsectra belonging to Tanytarsini 

tribus is observed in temporary and warm waters of 
various habitats. Particularly, it is frequently ob-
served in muddy and floppy bottoms of streams and 
in mesotrophic-oligotrophic lakes. Many species 
belonging to this genus have cold stenotherm fea-
ture. In our study Micropsectra sp. reported from 16 
stations (Table 3), is observed between 1100-3050 
m of altitude, 6.90-8.82 pH, 3.0-19.7 °C tempera-
ture, 24.7-108. 25°C electrical conductivity. 
Boggero et al. [5] determined optimum altitude, pH 
and electrical conductivity for species belonging to 
the genus Micropsectra 2402 m, 6.91 and 111.4 

25°C respectively. 
The genus Paratanytarsus, belonging to the 

same tribus, is a eurytophic and mostly occurred 
genus. 3 taxa of this genus have been identified 
during our study and these species have been ob-
served between 2700-3040 m of altitude, 7.14 9.71 
of pH, 2.5 20.9 oC of temperature and 18.6 79.0 
μS25°C

 of electrical conductivity. Species of the 
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genus Paratanytarsus preffer 2066 m of altitude, 
7.40 pH and 89.4 μS25°C electrical conductivity [5]. 
Also the results of research on chironomids of 81 
Boreal lakes by Mousavi [25] showed that disper-
sion of species of genus Paratanytarsus in lakes 
shows a negative correlation with depth. In the 
present study the most part of species of this genus 
were recorded from littoral zone of lakes and a very 
little part of them were caught from deep parts (16.5 
m). 

Chironomids of Genus Pseudodiamesa be-
longing to Diamesinae subfamily prefer cold-water 
habitats [26]. Larvae of this genus are usually occu-
pied lakes and streams of cold regions of Holarctic 
and oriental regions. Larvae of genus Pseudodia-
mesa feed on detritus, small chironomids and other 
small aquatic invertebrates. Species belonging to 
this genus show high adaptability to environmental 
conditions (Milner et al. 2001) [27]. Among them 
P. arctica is the characteristic species of high 
mountain lakes. This species has been recorded 
from habitats in 2000-3000 m altitude. They can 
compose colony in cold habitats in periglacial re-
gions at low altitudes (345-230 meters) [28]. This 
species has already been reported from the Europe-
an Alps [4], [5], Tatras [22], [29], Pyrenees [30], 
Arctic and subarctic regions of Scandinavian, Ice-
land so far. 

We reported Pseudodiamesa (P.) arctica and 
Pothastia gaedii from subfamily Diamesinae in the 
present study. 

P. arctica is the third most frequent species in 
this study and reported from 20 lakes (Table 3). 
This species were recorded from habitats with 
2530-3370 m altitude, 6.95-8.12 of pH, 6.3-21.0 oC 

of temperature and 14.6- 58.8 μS25°C of electrical 
conductivity. According to Boggero et al. [5] opti-
mum altitude, pH, temperature and electrical con-
ductivity of members of genus Psedodiamesa are 
2364 m, 7.67 and 79.7 μS25°C respectively.  

Pothastia gaedii another species of the same 
subfamily was encountered only from 
Lake. 

Orthocladiinae is the dominant chironomid 
subfamily of arctic zone; however, decline on di-
versity of its species is obvious as they get closed to 
temperate zones. Deep lakes and shallow waters in 
arctic region have their own characteristic faunas 
[21]. Genus Psectrocladius is one genus belong to 
this subfamily that its species (P. sordidellus and P. 
limbatellus) are characteristic species of oligo-
trophic and cold lakes. Members of this genus are 
mostly reported from cold north lakes of Europe, 
i.e. Tatras of Slovenia. In this research P. sordidel-
lus, recorded from 12 stations, 2540-3070 m of 
altitude range, 7.22-8.12 pH, 12.4-21.0 oC of tem-
perature range and 25.4-77.5 μS25°C

 of electrical 
conductivity. Another cognate species of later spe-
cies is P. limbatellus was recorded from 6 stations 
with 1100- 3040 m of altitude, 7.31-7.82 pH, 13.3-

18.3 oC of temperature intervale and 23.8-108.0 
μS25°C electrical conductivity. Oprtimum altitude, 
pH and electrical conductivity determined for spe-
cies of genus Psectrocladius are 1905 m, 7.66 and 
7.66 μS25°C respectively [5]. 

A large number of larvae of the species be-
longing to the genus Procladius (Holotanypus) sp. 
and subfamily Tanypodinae prefer muddy sub-
strates with slow flowing water, especially in pools 
or small lakes. Species of this genus are widely 
distributed all over the world in various zoogeo-
graphical zones [14]. 

Species of genus Procladius prefer habitats 
with 2051 m altitude, 6.87 pH and 50.8 μS25°C elec-
trical conductivity. 

During this study Procladius (Holotanypus) 
sp., one of the dominant species in our study area 
with 24 occurrence from 1100- 3080 m altitude, 
6.96-9.82 pH, 2.5-21.0 oC temperature and 12-108 
μS25°C electrical conductivity.  

Optimum altitude for species of genus Chi-
ronomus was calculated about 1455 m. Additionally 
they prefer 8.48 pH and 106.1 μS25°C of electrical 
conductivity of water [5]. 

Chironomus (C.) anthracinus is a species be-
long to Chironomini tribus, that during present 
study it was encountered from 12 stations. Habitats 
occupied by this species were in 1100- 3020 m of 
altitude, pH range of water were measured 6.75-
9.82, water temperature were 2.5-21.0 oC and elec-
trical conductivity were measured between 13.5-
108.0 μS25°C. 

Based on measured environmental variables 
and also biological features obtained during this 
study from all the 59 lakes, these habitats could be 
classified in the first class of water quality. Because 
of the importance of high-altitude lakes, monitoring 
and protection of these biyotops is an essential item 
that should be considered. For instance, govern-
ments can remove or at least limite the contaminant 
activities such as agriculture, livestocks etc. around 
these lakes. Even though some lakes of study area 
are under protection (Kaçkar Mountains National 
Park, the Uzungöl Nature Park and Uzungöl Special 
Environmental Protection Area and Altindere Val-
ley National Park), others are at risk due to tourism, 
farming and illegal fishing activities. Moreover, 
eventhough Uzungöl is an under protection area, 
currently is impacted by intensive residential and 
tourism. 
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ABSTRACT 

 
The process of in situ chemical oxidation 

(ISCO) by persulfate (S2O8
2-) can be accelerated by 

metal ion activation, so as to more effectively de-
grade the subsurface pollutants owing to the en-
hancement of sulfate radicals (SO4· -) generation. 
Mn2+ is a natural soil metal ion usually exists to-
gether with organic pollutants in contaminated soils 
and groundwater. In this study, the oxidative deg-
radation of DDT by Mn2+ activated persulfate at 
different reaction conditions was systematically 
studied. The results showed that Mn2+ is a more 
stable activator for persulfate oxidation than other 
reported metal ions (e.g. Fe2+ reported in many 
papers previously). The activation of persulfate by 
Mn2+ ions gave DDT a long lasting and efficient 
degradation effect and a high mineralization rate. 
With fixed DDT and persulfate concentrations, 
higher Mn2+ concentrations would give DDT higher 
degradation rates, and higher temperature acceler-
ated DDT degradation with Mn2+ activation. The 
pH conditions also posed a significant effect on 
DDT degradation by Mn2+ activated persulfate, and 
acidic conditions were found to be more favorable 
for DDT degradation. The results obtained in this 
study may give a promising indication and new 
technology with persulfate for in situ remediating 
soils and groundwater that contaminated by or-
gano-chlorine pesticides. 

 
 

KEYWORDS:  
ISCO, Manganese ion, Persulfate activation, Degradation, 
Organo-chlorine pesticides, pH, Temperature 

 
 

INTRODUCTION 
 
Organo-chlorine pesticides are among the 

most popular and commonly used pesticides 
worldwide, and are primarily employed for control 
of plant disease, annual grasses, and broadleaf 
weeds in farmland. As expected, the comprehensive 
use of these pesticides has resulted in serious non-

point contamination, and organo-chlorine pesticides 
have been widely detected in groundwater and soils. 
For example, metolachlor is among the top five 
most frequently detected pesticides in groundwater 
in the United States [1-8]. Organo-chlorine pesti-
cides have been reported to be of moderate to high 
chronic toxicity to aquatic vertebrates and inverte-
brates, and of high toxicity to aquatic plants and 
some green algae [2, 3]. Most organo-chlorine 
pesticides have been demonstrated to be carcino-
genic in several studies [4]. Therefore, the devel-
opment of strategies aiming to remove or-
gano-chlorine pesticides from contaminated 
groundwater and remediate the contaminated soil 
sites is a timely and important task 

Although organo-chlorine pesticides may be 
subject to natural attenuation and biotransformation 
in water and soils, such processes are often very 
slow particularly under nutrient-limited conditions, 
such as in subsurface soils or groundwater [9-11]. 
Hydrolysis is a main and natural decomposition 
process of organo-chlorine pesticides in soils and 
groundwater [11], and several nucleophilic sulfur 
compounds, such as bisulfide [12], polysulfide [12], 
dithionite [13], thiosulfate [14], and bisulfate [2], 
have been studied to increase the hydrolysis rates of 
chloroacetanilides. However, the toxicity threat still 
exists owing to the considerable amounts of inter-
mediates generated through weak degradation, and 
some of them may be even more toxic than their 
parent compounds [15]. Similar shortcomings may 
also exist in organo-chlorine remediation technolo-
gies relying on iron-bearing clay minerals, iron 
oxides, or organic matters for reduction processes 
in anaerobic soils and groundwater [13-16]. There-
fore, it is necessary to explore more effective chlo-
roacetanilide decomposition technology under ox-
ygen-depleted condition for soil and groundwater 
remediation. 

In past 20 years, in situ chemical oxidation 
(ISCO) has become a promising remediation tech-
nology for soils and groundwater contaminated 
with organic pollutants, and it was usually per-
formed by injecting chemical oxidants, such as 
hydrogen peroxide, permanganate, ozone, or per-
sulfate [17]. Among those available oxidants, per-
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sulfate is the newest and least-studied one, but it 
has received increasing attention for being an alter-
native oxidant for soil and groundwater remediation 
in ISCO [18, 19]. Besides the high oxidative poten-
tial (E0 = 2.01 V), persulfate is moderately stable in 
the subsurface and can provide the transport poten-
tial from the point of injection to target pollutants in 
low permeability region. 

Persulfate is usually activated by heat [20], 
UV light [21], alkaline [22], Ultrasound [23], tran-
sition metals [24], or soil minerals [25, 26] to form 
sulfate radical (SO4· -), which even has a greater 
oxidative potential (E0= 2.6 V) than persulfate. In 
soils and groundwater, the resulting sulfate radicals 
are free to react with a wide range of contaminants, 
and this can further generate other reactive species, 
such as the hydroxyl radical o-
sulfate (HSO5

-), and hydrogen peroxide (H2O2) [25]. 
2O2 can 

yield molecular oxygen [27] which is also critical 
for the destruction of organic pollutants in soils and 
groundwater. 

However, exploring a feasible activation 
method for ISCO is a major challenge and the pri-
mary limitation is the insufficient knowledge of the 
reaction pathways of activated persulfate at subsur-
face environment [22]. UV light, heat, ultrasound, 
and alkaline may not be appropriate activation 
methods for ISCO because of the application limi-
tation and the disturbance of soil composition [19]. 
As part of the soil constitutes, some transition met-
als in earth minerals, such as pyrite, birnessite, and 
goethite, may be efficient and appropriate for per-
sulfate activation at subsurface environment [26]. 
However, extreme conditions, such as strong acid 
or base, may sometimes be needed for effective 
degradation of target pollutants, and, furthermore, 
some of these solids may decrease the utilization 
efficiency of sulfate radicals [28]. Metal ions, espe-
cially ferrous, have been proven to be an efficient 
persulfate activator, and can be easily injected for 
ISCO in soils and groundwater [19]. The same as 
ferrous, Mn2+ also is a natural produced in soil and 
groundwater, in which significant amounts of 
Mn2+can be produced adsorbed on mineral surface 
through anaerobic reduction of manganese minerals 
[29], and in contaminated soils and groundwater, 
Mn2+may usually exists together with the pollutants 
[30]. To our knowledge, however, little work was 
carried out to investigate the persulfate activation 
by manganese ions for degrading organo-chlorine 
pesticides.  

Therefore, this study attempts to (1) determine 
the persulfate activating efficiency by manganese 
ions for DDT degradation; (2) evaluate the influ-
ence of reaction conditions (temperature and pH) on 
DDT degradation by persulfate activated by man-
ganese ions. DDT 
(1,1,1-trichloro-2,2-bis(4-chlorophenyl) ethane) 
was selected as the studied organo-chlorinated 

pesticide because it has been widely used in farm-
land [31] and DDT contamination of soil and 
groundwater remains a widespread environmental 
concern although it has been banned as an insecti-
cide in many countries for over 40 years [32]. DDT 
is of highly persistent and stable in environment, 
and it has been classified as priority pollutants by 
United States Environmental Protection Agency 
due to its toxicity, long biological half-time, and 
high lipophilicity [33].  

 
 

MATERIALS AND METHODS 
 
Chemicals. Sodium persulfate (Na2S2O8, 

98+% purity) was obtained from Sigma-Aldrich (St. 
Louis, MO, USA). DDT (100% purity) was ob-
tained from Accustandard (USA). Ascorbic acid (> 
99%) was obtained from Guangzhou Chemical 
Industry Co. Ltd (Guangzhou, China). All other 
chemicals were in analytical grade and purchased 

water obtained from a Milli-Q water purification 
system was used to prepare the reaction solutions 
and the mobile phase for high performance liquid 
chromatography (HPLC) analysis. All chemicals 
were used without further purification. 

 
Experimental procedures. Stock solution of 

DDT (50 mg/L) was prepared with methanol 
(HPLC grade) and stored at -18 oC. Prior to exper-
iment, DDT solution was diluted to the designated 
concentration of 10 mg/L by double distilled water 
(DDW), and the sodium persulfate solution (20 mM) 
was also prepared by DDW. The reaction pH was 
kept constant by the phosphate buffer solution, 
together by adjusting with 0.1 M NaOH or 0.1 M 
HCl, if necessary. All reactions were conducted in 
40 mL sealed polypropylene copolymer (PPCO) 
test tubes in triplicate. Reaction solutions were first 
prepared by adding MnCl2(aq) with DDT solution 
into the phosphate buffer solution. The reaction was 
then initiated by adding the persulfate into the pre-
pared reaction solution in PPCO tubes which were 
subsequently shaken in a 150-rpm orbital shaker 
(LMS Cooled Incubators, Wolf Laboratories Lim-
ited, York, UK) at constant temperature. At desig-
nated sampling time, a 4-mL sample was collected 
from each tube and immediately passed through a 
0.22-μm hydrophilic PTFE filter (Millipore, MA, 
USA) for the compositional analysis. The samples 
of ecological toxicity test were collected (40 mL) 
with 10 h reaction time and were immediately add-
ed with 1.0 mL ascorbic acid (1.0 M) to quench 
further oxidative reaction. All experiments were 
carried out in two replicates with the mean values 
of their results reported. 

 
Analytical methods. The DDT concentration 

in aqueous solution was determined using a gas 
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chromatograph (Thermo Fisher Trace) equipped 
with a Thermo Fisher DSQ mass selective detector 
and Trace RT-5MS silica fused capillary column 
(Thermo Fisher Scientific, USA, 30 m × 0.25 mm 
i.d., 0.25- a-
ture was 200 oC and the flow rate of helium was 1.0 
mL/min. The column temperature was set at 100 oC 
for 2 min and increased at a rate of 15 oC to 600 oC, 
and then switched to a rate of 5 oC/min. The tem-
perature was finally increased to 270 oC and main-
tained isothermally for 10 min. The ion used for 
quantification of DDT was m/z of 235. The concen-
trations of total organic carbon (TOC) were deter-
mined by a total organic analyzer (TOC-V CPH, 
Shimadzu, Japan). Sodium persulfate concentration 
was determined by the iodometric method [34], and 
the concentrations of generated sulfate ions were 
determined by a Dionex ICS-90 IC (Sunnyvale, CA, 
USA), with a mobile phase of 1.0 mM NaHCO3-8.0 
mM Na2CO3 aqueous solution at a flow rate of 1.0 
mL/min.  

 
 

RESULTS AND DISCUSSION 
 
DDT degradation by Mn2+ activated per-

sulfate. By using 5 mg/L as the initial DDT con-
centration, Fig. 1 shows the results of oxidative 
degradation of DDT and the removal of TOC by 
persulfate activated with manganese ions at 25 oC. 
Without Mn2+ in the solution, DDT underwent a 
steady but much slow degradation process due to 
the low-concentration sulfate radicals generated by 
the self-decomposition of persulfate and the remov-
al results were 9.6% for initial DDT and 2.1% for 

TOC at reaction time of 72 hours. When manganese 
ions were introduced into the reaction system, the 
DDT degradation with Mn2+ activated persulfate 
exhibits a steady and efficient degradation process 
throughout the reaction period, with 72.4% and 
36.7% of the initial DDT removed and mineralized 
in 72 hours, respectively.  

The activation of persulfate by manganese 
ions was found to be successful and the degradation 
of DDT was effectively enhanced (Fig. 1). Fur-
thermore, the corresponding resulted SO4

2- reaction 
product in Fig. 2 may also indicate an activation 
process that Mn2+ activates persulfate to form sul-
fate radicals and sulfate ion. 
Mn2+ + S2O8

2- 3+ +SO4
-·  + SO4

2-        (1) 
The Mn2+can be oxidized to become Mn3+ 

although with a lower reaction rate and higher en-
ergy barrier to overcome [24]. However, Mn2+ is 
thus more stable and the generated sulfate radicals 
were mainly consumed by DDT oxidation. Another 
potential mechanism of the enhanced DDT oxida-
tion may be due to the generation of Mn3+ which is 
unstable and may act as an oxidant for DDT degra-
dation. The recurred Mn2+ion in such process is also 
capable to activate another persulfate, and this may 
explain the well-maintained DDT degradation effi-
ciency throughout the entire reaction period. At the 
end of reaction period (72h), both the DDT and 
TOC removals were found higher with the experi-
ment activated by Mn2+ ions. In addition, we ob-
served the lower consumption of persulfate with 
Mn2+activation, indicating the high efficient use of 
persulfate for the oxidation and mineralization of 
DDT. 

 

 
FIGURE 1 

Oxidative degradation of 5 mg/LDDT by 5.0 mM persulfate (PS) at pH 4 and 25 oC. The concentration of 
activation manganese ions was 2.5 mM, if used. Solid symbol represents DDT removal; open symbol is for 
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TOC removal. Values for data points represent the mean of duplicate reactions; error bars not visible are 
smaller than symbols 

 
FIGURE 2 

Concentrations of persulfate (solid line with solid symbols) and sulfate ions (dash dot line with open  
symbols) in the system during the DDT degradation processes portrayed in Fig. 1. Values for data points 

represent the mean of duplicate reactions; error bars not visible are smaller than symbols 
 

 
FIGURE 3 

Degradation of DDT by persulfate oxidation activated by different concentrations of Mn2+ ions under pH 
4.0 and 25oC. The initial concentration of DDT is 5 mg/L, and the persulfate is of 5.0 mM. Values for data 

points represent the mean of duplicate reactions; error bars not visible are smaller than symbols 
 
 

Effects of different Mn2+ concentrations. 
With 5.0 mM persulfate at 25 oC, different concen-
trations of Mn2+ were added separately to investi-
gate their effect for DDT degradation (Fig. 3). As 
discussed in previous section, the persulfate activa-
tion by Mn2+ generally shows a continuous degra-
dation process throughout the reaction period. 

Higher Mn2+ concentration was also found to facil-
itate the degradation rate, and when Mn2+ concen-
trations were 2.5, 5.0, and 10 mM, the removal of 
DDT after 72 days was around 53.1%, 72.4%, and 
79.2%, respectively. According to equation (1), 5.0 
mM persulfate can be activated by 5.0 mM of Mn2+ 
ions. This proposed activation process can also be 
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confirmed by observing the limited effect of in-
creasing the DDT degradation by Mn2+ ion concen-
tration higher than this stoichiometric restriction, 
such as in 10 mM (Fig. 3). 

Temperature effect on DDT degradation. 
Fig. 4 demonstrates the results of DDT degradation 
at 25oC and 45 oC through the persulfate activation 
by 2.5 mM Mn2+ ions. Without manganese ions 
activator, the DDT degradation rate at 45 oC was 
significantly increased when comparing to that at 
25 oC and achieved a 79.2% removal of DDT in 72 
h. Heat is another important and efficient method to 
activate persulfate [20], and as a result the DDT 
degradation was enhanced in the experiment. Acti-
vating persulfate by Mn2+ ions at elevated tempera-
tures was found to be more beneficial for the DDT 
degradation. The enhanced effect shows an increase 
with the progress of reaction time, and the result 
has further achieved a complete DDT degradation 
(100% removal) in 48 h at 45 oC. In such system, 
both Mn2+ and heat may activate persulfate to gen-
erate more SO4

-·  radicals for the DDT degradation. 
Since the generated SO4

-·  is not consumed by Mn2+, 
much higher DDT degradation rate can be obtained 
at higher temperatures. A potential mechanism may 
also arise from the acceleration of metal activation 
rate for persulfate due to the increase of reaction 
temperature. Persulfate may be more ready to be 
decomposed at higher reaction temperature, and 
Mn2+ ions can thus more efficiently activate persul-
fate to generate SO4

-·  radicals for DDT degradation. 
The overall effect for DDT removal was found to 
be 21.4%, 39.4%, 65.9%, 79.5%, and 100% by 
Mn2+ activation at 45 oC for reaction time of 5, 10, 
24, 36, and 48 h, respectively. Such result is clearly 
a significant enhancement, comparing to the corre-

sponding 10.3%, 15.9%, 37.4%, 44.7%, and 56.2% 
removals obtained at the 25 oC experiment (Fig. 4). 

Effect of solution pH. The reaction pH com-
monly plays an important role in the degradation of 
organic pollutants in ISCO process. We investigat-
ed the degradation behavior of DDT by 5.0 mM 
persulfate activated with 2.5 mM Mn2+ions under 
acidic (pH 4), neutral (pH 7), and alkaline (pH 10) 
conditions at 25 oC (Fig. 5). In general, the rate of 
DDT degradation decreases with the increase of pH, 
due to the more favorable sulfate radical generation 
under acidic condition. However, different persul-
fate activation mechanisms may dominate under 
different pH environments. For example, the metal 
ion activation mechanism may be responsible for 
sulfate radical generation under acidic condition 
and lead to the degradation of DDT. Under neutral 
or even alkaline condition, levels when the reaction 
pH is increased to neutral and even alkaline levels, 
the strong hydrolysis of Mn2+ions may significantly 
interfere the persulfate activation by free aqua metal 
ions [24]. Therefore, at high pH the base-activated 
persulfate may be mainly responsible for the gener-
ation of sulfate radicals for DDT degradation. The 
base activation mechanism has been confirmed by 
Furman et al. as follows [22]: 
2S2O8

2- + 2H2 4
-·  + 3SO4

2- + O2
-·  + 4H+ (2) 

Furthermore, under highly alkaline condition, 
sulfate radicals can also react with hydroxyl anions 
to generate hydroxyl radicals (OH·) which have 
lower oxidation potential than that of sulfate radi-
cals:  
SO4

-·  + OH- O4
2- + OH·                (3) 

As a result, the very low DDT degradation 
rates were observed in the experiments of pH=10. 

 
 

 
FIGURE 4 

Degradation of DDT 5 mg/L by persulfate (5 mM) (PS) oxidation activated by Mn2+ (2.5 mM) at 25 oC 
(solid line with solid symbols) and 45 oC (dash dot line with open symbols) reaction temperature under pH 
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4.0. Values for data points represent the mean of duplicate reactions; error bars not visible are smaller 
than symbols 

 
FIGURE 5 

Degradation of DDT (5 mg/L) under different pH conditions by 2.5 mMMn2+ activated persulfate at 25 oC. 
The persulfate concentration was 5 mM and the pH was controlled by phosphate buffer solution. Values 
for data points represent the mean of duplicate reactions; error bars not visible are smaller than symbols 

 
 
CONCLUSIONS 

 
In this study, Mn2+ ions were used to activate 

persulfate for DDT degradation. Compared to Fe2+ 

activated persulfate oxidation for pollutants degra-
dation, that have been widely reported previously, 
Mn2+ activation persulfate was proven to lead to a 
more steady and efficient process for oxidative 
degradation of DDT. Based on the same DDT and 
persulfate concentrations, the rate of DDT degrada-
tion increased when the higher Mn2+ concentration 
was used for persulfate activation. Higher tempera-
tures generally can enhance the degradation rate, 
since the activation of persulfate may be achieved 
by both heat and metal ions. The further testing 
under different pH values showed the preference of 
acidic environment in DDT degradation, with the 
design of activating persulfate by Mn2+ ions in the 
treatment process. 
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Ege University, Faculty of Science, Department of Biology, Hydrobiology Section, 35100 Bornova, Izmir, Turkey 

The brown algae species, spp  
forms an important habitat for many marine species. 
Changes in ecological conditions as salinity, sea-
water temperature and other factors such as urbani-
zation, costal development, domestic and chemical 
pollutions effect the distribution and existence of 
these species. To protect and maintain their existence 
it is needed to identify and monitor spp  
accurately. For this reason the distribution of the 

 species in Northern Aegean Turkish 
Coasts were compared with previous data. The spe-
cies were identified by both morphologically and 
phylogenetically. 35  samples were col-
lected from 20 stations. Morphological features were 
used to identify 29 samples out of 35. From these 
species 10 of them gave appropriate results with se-
quence analysis.

The genus  has been identified as a 
potential indicator of water quality in Mediterranean 
waters, and our preliminary results suggest that 

 species may also be good bioindicators for 
ecological conditions. 

ITS, PCR, phylogenetics, Fucales 
 
 

One of the important constituents of Mediterra-
nean rocky reef coastline is  (Fucales) 
species. There are 41 taxa of  species (spe-
cies and infra species level) reported from Mediter-
ranean Sea [1].  forms complex commu-
nities providing an important habitat for numerous 
epiphytic species and shelter for many other marine 
organisms from shallow waters to 100 m depth [2]. 
It harbours a high biodiversity as well as nursery for 
juvenile fish and invertebrates [2-6].  as-
semblages provide high primary production and 
food for other organisms. Also they form an im-
portant habitat for sheltering and protection.  

Urbanization and other anthropogenic pres-
sures such as overfishing, eutrification, maritime 
traffic and habitat lost cause shifts on Mediterranean 
rocky reef systems. Especially  canopies 
shift to erect or turf algae or barren habitats [4, 7, 8] 
thus all marine ecocystem composition changes. 
Other impacts on  habitats are over-graz-
ing by sea urchins and invasive fish species such as 

 and  [9]. 
Having antifungal and antibacterial compounds 

make  species special for pharmachetical 
industries [10-12, 5, 13, 14]. Thus harvesting and 
trampling of  becomes a destructive prac-
tice. 

In Mediterranean Sea, especially for warm-wa-
ter Lessepsian species, tropical and subtropical or-
ganisms have competitive advantage considering to 
local organisms [15]. Proliferation of  spe-
cies through Mediterranean coast is a good example 
of this phenomenon. In addition, climate change 
causes changes on spatial distribution of marine spe-
cies. It is known that  assemblages shift to 
turf-forming algae habitats. Invasive herbivorous 
fish species such as , , 

 and sea urchins known to lead shift  
complexes to barren rocks [3, 15]. 

 is characterized by highly differen-
tiated basal and apical regions and the presence of 
air-vesicles. Old thallus have an elongated main axis, 
and in time the primary laterals become proportion-
ally elongated. Their lower parts are strongly flat-
tened into ‘foliar expansions’ or basal leaves. Fertile 
regions are called receptacles and located at the tips 
of the branches above the aerocyst [16]. Up to 34 
morphologically distinct variants of 
have been previously recognized in the coastal re-
gions of Turkey, however, definitive taxonomic 
identification can be difficult because there is wide-
spread cryptic inter- and intraspecific morphological 
variability within the genus.  

This study aims to compare the past and present 
state of dispersion of the  genus in North 
Aegean Sea. As known there is a systematic confu-
sion about the taxonomy of species within the 

 because the hybridization ratio between the 
species is high. Also the morphological structure of 
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this alga changes according to its life stage, sex and 
ecological conditions. As a result greater diversity is 
predicted for morphological results than molecular 
results. Thus the second aim of this study is to iden-
tify  species by morphological and molec-
ular methods. 

 
 

 species were collected from the 
stations at the coast of Northern Aegean Sea, accord-
ing to previous studies [17-20]. Samples were col-
lected from the rocky, upper infralittoral zone of the 
North Aegean Sea along a 500 km section of the 
western coast of Turkey. Samples were collected 
from 20 stations (Figure 1) in this region, influenced 
by colder, fresher Black Sea waters at northern sta-
tions and warm, salty Mediterranean Sea waters at 
southern stations. All stations seawater temperatures 
were measured with a multi parameter probe 
(WP600 Series Meters, Oakton).  

A total of 35 thalli were collected 
for identification. Morphological identification was 
conducted according to blade branching patterns, 
base and thallus structure, absence/presence of to-
phules, absence/presence of aerocysts and structure 
of the apex (Figure 2). Identified samples were sub-
mitted to Ege University Botanical Garden & Her-
barium Research and Application Center. 

 
 

samples were transferred to laboratory and was 
cleaned with distilled water and the epiphytes were 
removed under stereoscope. Before DNA extraction 
tissues were grind in liquid nitrogen by mortar and 
pestle. Total DNA was extracted from thalli using 

modified CTAB protocol of Doyle and Doyle [21] 
and Tuney and Sukatar [22]. Isolated DNA was ana-
lysed and quantified on a 0.8% agarose gel and with 
spectrophometer.

25 µl PCR mix contained 1 U Taq polymerase 
(DNAZyme Taq DNA polymerase, Finnzyme), 1× 
reaction buffer (Finnzyme), 0.2 mM dNTP mix 
(Finnzyme), 0.2 μM forward and reverse primers 
(Alpha DNA and IONTEK), 50-100 ng DNA and ul-
trapure water (HyClone). PCR conditions for used 
primer pairs were started with initial denaturation 
step at 95°C for 30 seconds was followed by 40 cy-
cles of DNA denaturation at of 95 °C for 1 min, pri-
mer annealing at 47°C for 75 s, and DNA strand ex-
tension at 72°C for the 75 s and a final extension step 
at 72°C for 5 min. The PCR products were analyzed 
by 1% agarose gel electrophoresis in Tris-Boric 
acid-EDTA (TBE) buffer×1, at 5V/cm and stained 
with EtBr and visualized under UV illumination. 

The gene sequence of  from 
NCBI was used to design primers (ITSF-ITSR) with 
PerlPrimer programme [23]. The other primer se-
quences were used for amplification according to 
Harvey and Goff [24] (CysF5- CysF4SAR, FrbcL- 
RrbcS ve Alg26SF- Alg26SR) and White et al. [25] 
(ITS1-ITS4). The sequence and melting tempera-
tures of the primers are given in Table 1. 

 
Se-

quence analysis of the PCR amplicons was per-
formed with the universal primers. ITS gene se-
quences of samples were aligned with reference se-
quences retrieved from GenBank using the ClustalW 
program version 4.0 in MEGA 5. Aligned data set 
was used for creating phylogenetic trees with MEGA 
5 software [26]. Neighbor Joining (NJ) and Maxi-
mum Likelihood (ML) algorithms were used for in-
ferring the phylogenetic relationships.  
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Primer # Name Sequence MT (ºC) 
F1 ITSF 5’- CGA TTG AAT GTT TCG GTG AA-3’ MT: 56.3 
R1 ITSR 5’- AGA CAT CCG TCG CTG AAA GT-3’ MT: 60.4 
F2 CysF5 5'- CGC ACC TAC CGA TTG AAT TGT-3' MT: 57.9 
R2 CysF4SAR 5'- CTC TAG CCT TGG GTG GAC TC-3' MT: 61.4 
F3 Alg26SF 5' AGA GCT CGT GAT GAG AAC CC-3' MT: 59.4 
R3 Alg26SR 5'- GCT CAC ACT CAA ACC TCG AC-3' MT: 59.4 
F4 FrbcL 5'-ATTGTGGTCAAATGCATCAAC -3' MT: 58.0 
R4 RrbcS 5'-ATCATCTGTCCATTCTACACT -3' MT: 58.0 
F5 ITS1 5'-TCC GTA GGT GAA CCT GCG G -3' MT: 62.0 
R5 ITS4 5'-TCC TCC GCT TAT TGA TAT GC -3' MT: 58.0 

 

 

Foca 38o 44’ 202’’ N 
26o 52’ 486’’ E EU42024 

Sakran 38o 52’ 005’’ N 
27o 03’ 596’’ E EU42025 

Dikili 39o 02’ 363’’ N 
26o 48’ 773’’ E EU42027 

Dikili 39o 02’ 363’’ N 
26o 48’ 773’’ E EU42029 

Pelitkoy 39o 27’ 337’’ N 
26o 51’ 282’’ E EU42031 

Pelitkoy 39o 27’ 337’’ N 
26o 51’ 282’’ E EU42032 

Guvercinada 39° 21' 31.2" N 
26° 37' 54.54"E EU42033 

Asos 39° 32' 24.06"N 
26° 34' 39.72"E EU42037 

Dardanos 40° 4' 19.08" N 
26° 21' 30.96"E EU42040 

Kusadasi 46° 44' 34.2" N 
27° 50' 25.2"E EU42044 
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Sequenced ITS regions of the samples and the 
sequences of ,  and 

 from GenBank were used to investigate the re-
lationship with sampled species (Figure 4). 

 
 

29 of the 35 samples were identified morpho-
logically. Within 29 samples there were 10 different 
species identified as;  Duby (6 samples), 

 (Esper) Gerloff & Nizamuddin (2 sam-
ples),  (Stackhouse) C. Agardh (7 sam-
ples),  Schousboe ex Kützing (3 samples), 

 (Linnaeus) Greville (3 sample), 
  (Turner) Zanardini (2 samples), 

 Sauvageau (1 sample),  Bory 
de Saint-Vincent (1 sample),   Kützing 
emend. Cormaci, G. Furnari & Giaccone (3 sam-
ples),  (Montagne) Sauvageau (1 sample), 

 Giaccone (2 samples). 
A Pearson correlation was also used to deter-

mine whether a relationship between the thallus 
length and the seawater temperature was evident. As 
for thallus length, no correlation between the sea-
water temperature was found; r = −0.03, n = 31, and 
p = 0.431 (p > 0.05). 

9 of the 35 samples did not result with any PCR 
products with any of the primers. 6 of them gave re-
sults with FrbcL-RrbcS primers; 10 of them gave re-
sults with ITSF-ITSR primers; 20 of them gave re-
sults with ITS1-ITS4 primers and 15 of them gave 
results with Alg26SF-Alg26SR primer pairs. Only 
10 of the samples amplified with ITS1-ITS4 primers 

gave results with sequence analysis thus only these 
sequences were used for phylogenetic analysis (Ta-
ble 2). 

Sequences of 10 samples were used for phylo-
genetic analysis. ML, NJ and MP methods were used 
for tree construction, all trees gave similar results 
thus only ML is shown in Figure 3.  

 
 

 
Genus  is one of the main algae spe-

cies on the rocky substratum of Mediterranean Sea 
from the shallow coastal areas to over 100 m depth. 
Because it is a canopy forming algae, it provides im-
portant habitats for variety of different species. 

 species are dominant elements of benthic 
vegetation [27] and known as climax of algal succes-
sion [28]. They are very sensitive to stress factors 
originated from recreational activities, such as an-
choring, pollution, increased seawater temperatures 
etc. Because of its sensitivity, their existence is sug-
gested as water quality indicator (EU, 94/C22/06) 
[29, 30]. Also  species are listed on the 
Annex-II in Barcelona Convention (1995) [31] as 
threatened or endangered species [32]. According to 
European Water Framework regulations and Habitat 
Directive NATURA 2000 (92/43/EEC) [33], 

 species were suggested to be used as an indi-
cator of determination of costal water quality 
(2000/60/EC). Thus it is important to have historical 
data of these algal assemblages and monitoring the 
diversity of  species to setup data for fu-
ture studies.  
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There are several studies conducted in Turkish 
coasts on  species. Güner and Aysel [34, 
17], defined , 

,  and at coasts of 
Marmara Sea. After that study Aysel [35] and Aysel 
et al. [36], described 23  taxa all along 
Turkish Coasts; f , 

f  
Ercego-

vic f.  
f. , 

 
 

and . In a similar study 
Dural [37], descibed  in Ayvalık, Gulf of 
Izmir and Bodrum;  in Gulf of Izmir; 

in Gumuldur, Fethiye and Marmaris; 
 in Gulf of Izmir, Çeşmealtı, Mordogan, 

Gumuldur, Gokova and Bodrum;  in Gulf 
of Izmir;  in Fethiye, Bodrum and Gulf of 
Izmir;  in Ayvalık, Dikili, Gumuldur, 
Urla and Gulf of Izmir;  in Mar-
maris, Çeşmealtı and Gulf of Izmir;  and 

 in Gulf of Izmir. Sukatar [38] identified 
,  and   in Kusa-

dasi. Kocatas et al. [39] described , 
 and  from Dikili;  

from Sakran and  from Foca. Parlakay et al. 
[40] defined 8  species in South Aegean 
Coasts of Turkey;  var.  Monta-
gne, (Stackhouse) C. Agardh, 

 (Esper) Gerloff  Nizamuddin, 
 (Turner) Zardarini,  Duby, , 

 Sauvageau,  G. Hamel. 
Taskin et al [19] decribed 23  taxa in the 
checklist of Turkish macroalgae;  

 (C. Agardh) Bory, var. s  
Montagne, var.  (Ercegovic) 
Giaccone, (Stackhouse) C. Agardh forma 

f. Zinova  Kalugina, 
 (Esper) Gerloff Nizamuddin,

(Turner) Zanardini, Duby,
f. (Sauvageau) Zinova  Ka-

lugina, Ercegovic,  
Valiante,  Sauvageau,  (L.) 
Greville,  f.  (Ercegovic) 
Garreb, Barcelo, Ribera and Lluch,  
forma  G. Garreta, Barcelo, Ribera and 
Lluch, Schiffner  Gerloff  Nizamuddin, 

 Schousboe ex Kützing,
Sauvageau, var.  
Sauvageau,  G. Hamel,  
Sauvageau,  De Notaris, 

(Hudson) Papenfuss syn: (L.) C. 
Agardh,  (C. Agardh).  
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The sampling stations were selected according 
to previous studies’ stations for an accurate compar-
ison. In this study 12 different species of ; 

 Duby,  (Esper) Gerloff & Ni-
zamuddin,  (Stackhouse) C. Agardh, 

 Schousboe ex Kützing,  
(Linnaeus) Greville,  (Turner) Zanar-
dini,  Sauvageau,  Bory 
de Saint-Vincent,   Kützing emend. Cor-
maci, G. Furnari & Giaccone,  (Montagne) 
Sauvageau and  Giaccone were identi-
fied from Nothern Aegean Sea Coasts of Turkey. 
When the results were compared with previous stud-
ies, Kocatas et al. [39] found , 

 and  and Dural identified 
 (former name of ) in Dikili 

while this study identified and 
.  

There wasn't any  species in Ayvalık 
while in 1990 Dural [37] identified . 
Kocatas et al. [39], found   in Sakran 
and  in Foca while in this study  
and were found, respectively. For 
Kusadası station only was identified 
while Dural [37] identified ,  
and . The reasons for missing species 
in same stations after approx 10 years might be the 
result of increasing water temperatures, human ac-
tivities and costal development. 

Guner et al. [41] and Taskin et al. [1] prepared 
an identification key for  species. For all 
those check-list and identification key studies, still it 
is not clear to identify  species morpho-
logically. Morphological features may change ac-
cording to ecological conditions, life cycle stages 
and several other factors. Thus there are too many 
characteristics to be considered during identification 
of this genus. Because of this it is more useful and 
accurate to identify species by molecular techniques 
as well as morphological identification. Ribosomal 
Internal Transcript Spacer (ITS) and rbcL (RU-
BISCO) regions are generally used for this purpose 
in algal studies [42-55, 24]. In his study we used 5 
different primer pairs to amplify ITS and rbcL re-
gions of sampled  species. Within the 35 
samples 9 of them did not give any PCR products. 
And only 10 of them gave acceptable results with se-
quence analysis with ITS1 and ITS4 primer pair. The 
reason of this failure in PCR and sequence analysis 
may be the result of high contents of secondary me-
tabolites of genus . In brown seaweeds 
phlorotannins (polyphenolics) are the most common 
secondary metabolites. They reduce fouling and at-
tacks by pathogenic organisms, deter feeding by 
fishes, urchins, gastropods and crustacean herbi-
vores and act as UV-light absorbing compounds and 
chelators of metal ions. The presence of secondary 
metabolites, such as polyphenols inhibit DNA poly-
merase enzyme action during PCR analysis. Besides, 
they inhibit PCR analysis by their tendency to form 

complexes with nucleic acids. Most of the samples 
were collected in warmer months that  
species predicted to have high polyphenolic com-
pounds to avoid UV-damages that may result the 
PCR failure. 

According to statistical results there was no re-
lation between thallus size and temperature. But 
there might be a relationship between water temper-
ature and distribution of the species.  and 

 distributed in all water temperature ranges 
whereas exist only in cooler waters (below 
15oC). The species 

and  seems to distrubute more in tem-
perate waters (above 20oC). As mentioned in Otero 
et al.’s report, until today the surface temperatures 
have risen by 1oC and it is expected to rise by 2.5oC 
on average in next hundred years in Mediterranean 
[15]. Also the salinity increased by 0.05 ppt in inter-
mediate and deep layers in 20th century and the sur-
face water salinity is expected to increase 0.5 ppt by 
2100. These highly expected scenarios would lead 
spatial shifts on distribution of marine species. Piron 
et al. [56] and Poloniato et al. [57] revealed the re-
gression of Adriatic endemic seaweed  

 and appearance of  spp., 
  and invasive herbivore fish , 

 in Miramare Marine Protected Area, Italy. 
As in this study  spp. seems to shift their 
disturbance towards northern parts and also the dis-
turbance of the herbivores those feed on them also 
shifts with them. To be ensure with this phenome-
non, monitoring studies encouraged by authorities 
throughout Mediterranean coasts. We believe that 
our findings on disturbance of  species 
along Northern Aegean coasts will contribute to this 
data. 

There is a systematic confusion about the tax-
onomy of the species within the  because 
the hybridization ratio between the species is high. 
And the structure of this alga changes according to 
its life stage, sex and ecological conditions as men-
tioned before. Because of these greater diversity is 
predicted from morphological results than molecular 
results. The sequences recovered fell into three dis-
tinct ITS1 clades. Morphologically defined as 

and samples were formed a 
clade with 100 bootstrap value even if their morpho-
logical features are different. While  has 
caespitose axis,  has single axis. Although 

 ’s apex is spinose, has 
smooth apex. In Figure 4, these two samples are in 
the same clade with , and 

 conversely other Turkish  
species. Two  samples collected from two 
different stations apperared in the same clade in both 
trees as expected.  and  are in 
the same sub-clade with a low bootstrap value (35) 
(Figure 3). Both these species have caestipose axis 
and lack of tophules. They both have aerocysts and 
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common in the Mediterranean Sea. Only morpholog-
ical characteristics different between these two is 
their apex structure. has smooth apex 
while  has prominent apex with spines. 

which is the only sample with single 
axis while they have caespitose, forms a seperate 
clade in Figure 4.  species from Dik-
ili and Kusadası formed a clade as expected.  

The phylogenetic results in this study, pointed 
out the lack of molecular based identification studies 
in Turkey on  species. Without enough 
molecular data it is not convenient to compare the 
results with other  species. There is a clear 
need for further studies to increase the number of 
available sequences of genetic markers for different 
species of  genus. It is believed that estab-
lishing large-scale sequence databases will help to 
identify species easily and accurately. As a future 
study it is planned to work on phylogenetically im-
portant regions (rbcL, 26S rRNA, etc.) for all sam-
ples and determined which region will be convenient 
for revealing phylogenetic relationship between 

 species. 
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Using information acquired by an aerodynam-

ic particle sizer deployed in Yinchuan (China), this 
study investigated the physical and chemical prop-
erties of aerosols and provided basic data for the 
analysis of their climatic and environmental effects. 
The evolutions of the concentration and size distri-
bution of atmospheric aerosol particles were meas-
ured during summer and early autumn, and the 
mass concentrations, mass size distributions, and 
PM2.5 concentrations were studied using cluster 
analysis. In addition, meteorological data were ob-
tained to determine the relationship between size 
distribution and weather. The following conclusions 
were obtained. (1) The size distribution and con-
centration of aerosols changed considerably and 
their variations wee related closely to weather con-
ditions. (2) The averaged number size distribution 
was unimodal with a peak in the accumulation 
mode. The averaged area size distribution was bi-
modal with peaks in both the accumulation and the 
coarse modes. The averaged mass size distribution 
was trimodal with peaks in the accumulation and 
coarse modes. The maximum peaks of the three 
types of size distribution were all located in the 
accumulation mode. (3) In Yinchuan, the mass size 
distribution could be divided into six categories 
during summer and early autumn. Cluster A was 
found to occur during periods following rain, clus-
ters B and C occurred mainly on continuously sun-
ny days, and clusters D–F appeared on cloudy and 
windless or continuously overcast days. The re-
search results improve the understanding of the 
distribution characteristics, evolution, and factors 
affecting the size distributions of atmospheric aer-
osol particles in the Yinchuan area. 

  
Atmospheric aerosol, Concentration, Size distribution, 
Cluster analysis, PM2.5, Yinchuan area 

 
 

 
Many observations and studies have shown 

that aerosols, as substances that affect the urban 

environment, have considerable impact on climate, 
the environment, and human health [1-5]. The con-
centration and size distribution of aerosols are im-
portant physical parameters that define aerosol 
characterization. Thus, research on such character-
istics has considerable importance regarding the 
study of the nature, sources, and effects of aerosols 
on climate, the environment, and human health. 

Since the 1970s, many scientists have ob-
served and analyzed the physical parameters of the 
concentration, size distribution, and influencing 
factors of aerosols under different environmental 
conditions [6-13]. Such research has also been un-
dertaken in China; however, most studies have 
concentrated on the eastern region and the coastal 
cities of China. For example, Zhao et al. [14] ob-
served aerosol size distribution and its temporal 
evolutionary process during a seriously polluted 
winter in the Beijing area. Huang et al. [15] studied 
the properties of aerosol number concentration and 
size distribution during winter in Hefei. Chen et al. 
[16] obtained aerosol concentrations and size dis-
tributions during winter in Huangshan. In North-
west China, similar observations were also per-
formed in Lanzhou by Zhao et al. [17] who ob-
served and studied the size distribution properties 
of atmospheric aerosol particles during summer and 
autumn. In the Yinchuan area, which is a main 
transportation pathway and a source area of sand 
dust in Northwest China, Sang et al. [18] observed 
and analyzed the short-term diurnal variation of 
aerosol particles. However, because of instrumenta-
tion limitations, the very short observation period, 
and minimal classification of particle sizes, they 
were unable to define explicitly the characteristics 
of aerosol concentration, size distribution, and vari-
ation in the Yinchuan area.  

 
 

 
The Aerodynamic Particle Sizer® 3321 

(APS™ spectrometer) developed by TSI Inc. 
(U.S.A.) can provide real-time aerodynamic meas-
urements of particle size distributions and concen-
trations of aerosols with diameters >0.37 μm. The 
instrument divides the particle diameter range from 
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0.5 to 20.0 μm into 52 files using a logarithmic 
scale, and it can measure the particle concentration 
from 0.001 to 104 cm−3. The APS™-3321 uses a 
dual laser beam aerodynamic particle sizing method 
to measure the aerosol particle sizes [15, 19-23]. In 
the measurement process, the aerosol particles are 
restricted to the central accelerated airflow by 
sheath flow, and two orthogonal focused beams 
simultaneously pass vertically through the particles. 
In accordance with light-scattering principles, the 
instrument can calculate the time of flight of each 
particle, from which the particle speed can be de-
termined. The flight speed of an aerosol particle is 
related closely to its aerodynamic diameter [24]. 
Depending on the different inertia of the aerosol 
particles, the APS™-3321 can obtain the velocity 
distribution of the aerosol particles (i.e., smaller 
particles have higher speeds and larger particles 
have smaller speeds). Polystyrene rubber balls are 
used to calibrate the APS™-3321 instrument [25], 
based on which the relationship between flight 
speed and particle size can be determined and thus, 
the aerodynamic diameters of sampled particles can 
be ascertained. 

The sampling point used in this study was po-
sitioned at a height of 20 m at No. 17 Teaching 
Building at Beifang University of Nationalities 
(38°29’N, 106°06’E) in Xixia District, Yinchuan, 
China, well away from any serious pollution 
sources. During the entire observation period, un-
interrupted sampling was conducted at 5-min inter-
vals daily from 20:00 to 22:00. Therefore, the 

measured data can be considered to reflect the gen-
eral situation of the Yinchuan area. 

The number concentration of atmospheric 
aerosol particles refers to the number of all aerosol 
particles within a certain size range in a unit volume 
of atmosphere [26]. As mentioned above, the 
APS™-3321 is suitable for measuring particles 
with diameters of 0.5–20.0 μm. Considering that 
aerosol particles with diameters <2.5 μm have the 
greatest extinction effect, this diameter was selected 
as the cutoff point, i.e., particles with diameters 
<2.5 and >2.5 μm were defined as accumulation 
mode and coarse mode particles (or fine and coarse 
particles), respectively.  

 
 

Table 1 lists the number 
concentrations of atmospheric aerosol particles 
during the entire observation period. It was found 
that fine particles were predominant in summer and 
early autumn, accounting for 96.7%–99.9% of the 
total number of particles (average: 98.9%). The 
main sources of fine particles are secondary aero-
sols that originate primarily from the emissions of 
various combustion processes and automobile ex-
hausts; however, a small fraction is derived from 
native soil particles [15, 27].

 

Date Sampling 
time 

Weather Maximum 
number 

concentra-
tion 

Minimum 
number 

concentra-
tion 

Averaged 
number 
concen-
tration 

Averaged 
Number concentration 
of accumulation mode 

Averaged number 
concentration of 

coarse mode 

2013.08.23 20:00-22:00 Overcast day 3400 2050 2517.2 2492.43 24.77 
2013.08.24 20:00-22:00 Cloudy 6630 1760 4106 4073.48 32.52 
2013.08.25 20:00-22:00 Cloudy 2740 1860 2318.95 2280.43 11.64 
2013.08.26 20:00-22:00 Rain 9670 6090 7623.75 7611.84 11.91 
2013.08.28 20:00-22:00 Sunny day 543.5 229.4 335.63 324.55 11.08 
2013.08.29 20:00-22:00 Sunny day 802.1 421.5 596.87 586.75 10.12 
2013.08.30 20:00-22:00 Sunny day 3110 558.2 1650.65 1634.73 15.92 
2013.08.31 20:00-22:00 Cloudy 1410 873.9 1135.38 1119.25 16.13 
2013.09.02 20:00-22:00 Sunny day 4820 2170 3021.2 3011.46 9.74 
2013.09.03 20:00-22:00 Rain 5940 2260 3636.19 3625.38 10.81 
2013.09.04 20:00-22:00 Cloudy 1780 1060 1358 1338.2 19.80 
2013.09.05 20:00-22:00 Sunny day 4860 1910 3187.92 3133.03 26.35 
2013.09.06 20:00-22:00 Sunny day 3330 1190 2194.8 2165.12 29.68 
2013.09.09 20:00-22:00 Cloudy 5040 2020 3350 3318.15 31.85 
2013.09.10 20:00-22:00 Sunny day 3910 1510 2712 2694.87 17.13 
2013.09.11 20:00-22:00 Sunny 1510 676.5 1096.33 1078.64 17.69 
2013.09.12 20:00-22:00 Sunny day 4600 1740 2382.8 2334.26 48.54 
2013.09.14 20:00-22:00 Cloudy 3540 2050 2498 2457.82 40.18 
2013.09.15 20:00-22:00 Cloudy 1690 1080 1340.8 1310.81 9.58 
2013.09.17 20:00-22:00 Overcast day 10500 1010 5546 5527.65 18.35 
2013.09.18 20:00-22:00 Overcast day 4470 3100 3542.4 3495.97 46.43 
2013.09.19 20:00-22:00 Cloudy 6480 2130 4430.8 4400.68 30.12 
2013.09.20 20:00-22:00 Cloudy 3030 1600 2302.8 2272.04 30.76 
2013.09.21 20:00-22:00 Sunny day 4780 2330 3336 3312.11 23.89 
2013.09.23 20:00-22:00 Overcast day 2530 1580 1890.91 1858.39 32.52 



4617 

 

On the daily basis, the range of aerosol num-
ber concentrations was large with the maximum 
value 3–10 times bigger than the minimum value. 
The monthly variation in the range of aerosol num-
ber concentrations was also large with the lowest 
average value of 335.63 cm−3 and the highest aver-
age value of 7623.75 cm−3. The number concentra-
tion was found related closely to weather conditions. 
The aerosol number concentration on overcast days 
was found larger than on sunny day; on overcast 
days, the maximum, minimum, and average number 
concentrations were 10500, 1010, and 5546 cm−3, 
respectively. However, following a period of rain, 
the aerosol number concentration was very low, i.e., 
the maximum value of 543.5 cm−3 was lower than 
the minimum value under general weather condi-
tions and the minimum value was only 229.4 cm−3 
(average: 225.63 cm−3). This constitutes strong ev-
idence that precipitation can be effective in scav-
enging atmospheric aerosols. 

Figure 1 shows the variations of aerosol num-
ber concentration during the evening on three days 
in summer and autumn in Yinchuan. It can be seen 
that the variation of aerosol number concentration 
on each of the three days shows a regular sin-
gle-peak structure, and that the maximum values 
occur between 20:50 and 21:10, i.e., soon after 
sunset. This is because the ground temperature 
starts to decrease in the early evening before sunset, 
while the upper air tends to cool more slowly; thus, 
convection is very weak. Such atmospheric condi-
tions cause the aerosol particles produced by vari-
ous human outdoor activities and rush-hour traffic 
to accumulate gradually. However, after about 
21:00, human activities start to decrease and traffic 
pressure is alleviated, especially large temperature 
difference between day and night in Yinchuan make 
the air convection enhance and air exchange pro-

mote, and these factors result in the rapid decrease 
of aerosol concentration. 

Usually, aerosol particle size distributions can 
be characterized by three types of distribution: 
number, surface area, and mass size. As the number 
distribution of smaller particles is usually large, it 
can reflect the characteristics of small particles well. 
However, because the content of large particles 
(diameters: >2.5 μm) is generally very low, it is 
difficult to reflect their distribution characteristics 
based on a number distribution; therefore, the sur-
face area and mass size distributions are used to 
describe the characteristics of large particles [15]. 

Figure 2 shows the averaged number, surface 
area, and mass distributions of aerosol particles 
during the entire observation period. It can be seen 
that the number distribution is unimodal with a 
peak centered at 0.7 μm in the accumulation mode. 
The surface area distribution is bimodal, with the 
first peak at 0.7 μm in the accumulation mode and 
the second peak centered at 3.1 μm in the coarse 
mode. The mass distribution is trimodal with peaks 
located at 0.7, 3.8, and 7.8 μm; the first peak is in 
the accumulation mode, while the second and third 
peaks are in the coarse mode. In all three types of 
distribution, the maximum peaks are located in the 
accumulation mode. These three types of distribu-
tion during summer and autumn in the Yinchuan 
area are not only different from other cities in east-
ern China, e.g., Jinan, Guangzhou, and Beijing 
[28-30], but they differ from Lanzhou, which simi-
lar to the Yinchuan area is located within a semiarid 
region. In the Lanzhou area, the averaged mass dis-
tribution was found to exhibit a bimodal distribu-
tion, in which the first and second peaks were lo-
cated at diameters of 0.67–0.72 and 4.7–5.1 μm, 
respectively, and the maximum value was always in 
the coarse mode [17, 26, 31-36]. 
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As a cluster analysis technique, 
the K-means method can be used to divide the mass 
distribution of aerosol particles into several catego-
ries. In applying the method,  objects are first 
chosen at random from  data objects as initial 
cluster centers. Then, each of the remaining objects 
is assigned to a cluster based on object–cluster sim-
ilarity. Finally, by calculating the average value of 
all the objects of each new class, the new cluster 
center of each new class is obtained [36]. The steps 
of the above process are repeated until the mean 

square starts error to converge. 
Using the K-means cluster method, the mass 

distribution data during the entire observation peri-
od of this study were analyzed and six representa-
tive classes obtained. Figure 3 shows the mass dis-
tributions for clusters A–F, and Table 2 lists the 
occurrence frequency of each class and the corre-
sponding averaged mass concentration. Table 2 also 
shows the averaged PM2.5 value (selected as a 
standard for describing air quality in China) and the 
corresponding weather conditions, e.g., averaged 
temperature, wind speed, and relatively humidity.  
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 Cluster A Cluster B Cluster C Cluster D Cluster E Cluster F 
Frequency of occurrence % 22.5 24.8 21.8 16.7 9.4 4.8 
averaged mass con-
centrations (μg/m3) 

0.5-2.5µm 27.6 60 99 137.4 188 280 
2.5-20µm 19.4 40 59 70.6 67 37 
0.5-20µm 47 100 158 208 255 317 

Averaged temperature/  21 20 19 19 18 19 
Averaged wind speed/m/s 4.4 3.3 2.9 2.1 1.5 0.9 
Averaged relative humidity/% 45 48 49 53 57 64 
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As can be seen in Fig. 3(a), cluster A has an 
obvious unimodal distribution; the averaged peak is 
from 3.05 to 3.79 μm, its frequency of occurrence is 
22.5%, and the averaged concentration of coarse 
particles accounts for 41.3% of the total. Moreover, 
the averaged mass concentration of PM2.5 is 27.6 
μg m−3. Therefore, according to the air quality in-
dex classification of China, cluster A belongs to the 
“excellent” level, which is highly suitable for nor-
mal human activities. Cluster A was found to ap-
pear mainly on sunny days following periods of 
rain in late August, and it accounted for 33.1% of 
all samples in August. 

In Fig. 3(b) and 3(c), clusters B and C, respec-
tively, show obvious trimodal distributions. For 
cluster B, the main peak is from 0.6–0.7 μm in the 
accumulation mode. The second peak is from 
3.0–3.5 μm and the minimum peak is from 
7.23–8.35 μm; both of which are in the coarse mode. 
Cluster B accounts for 24.8% of all samples and in 
the class, the coarse particles account for 40%. 
Cluster B was found to occur mainly in early Sep-
tember. After several sunny days, dry and hot 
weather conditions, which are not conducive to the 
deposition of particles, tend to lead to the increase 
of atmospheric aerosols. Thus, cluster B was found 
related closely to hot and dry weather. For cluster C, 
the main peak is from 2.29–2.64 μm in the coarse 
mode, the second peak is from 0.58–0.72 μm in the 
accumulation mode, and the minimum peak is from 
6.73–7.77 μm in the coarse mode. Cluster C ac-
counts for 21.8% of all samples, and the coarse 
particles account for 37.3% in the class. Cluster C 
was found to disappear mainly during calm and 
cloudy weather because such conditions are unfa-
vorable for convection and aerosol diffusion. The 
PM2.5 values of clusters B and C are 60 and 99 μg 
m−3, respectively; thus, both belong to the “good” 
level that is considered not to harm public health. 

In Fig. 3(d)–(f), it can be seen that clusters 
D–F, respectively, all show bimodal distributions. 
The main peaks of clusters D and E are from 
3.05–3.52 and 2.45–2.84 μm, respectively, and both 
belong to the coarse mode. The second peaks of 
clusters D and E are from 11.14–12.86 μm and they 
also belong to the coarse mode. The main peak of 
cluster F is from 0.67–0.77 μm in the accumulation 
mode, and the second peak is from 8.35–9.65 μm in 
the coarse mode. Cluster D accounts for 16.7% of 
all samples, in which the coarse particles account 
for 33.9%. Cluster D was found to occur mainly in 
calm and cloudy weather in mid-September. Cluster 
E accounts for 9.4% of all samples, and in this class, 
the coarse particles account for 26.3%. Cluster F 
accounts for 4.8% of all samples and the coarse 
particles account for 11.7%. Clusters E and F were 
found to occur mainly during overcast weather after 
continuously cloudy days. During overcast weather 
in the evening in summer and early autumn, con-
vection is very weak and it is not favorable for the 

diffusion of aerosol particles produced by human 
activities and automobile exhausts. Thus, these fac-
tors can lead to a rapid increase in PM2.5 concen-
tration. 

For clusters D and E, the PM2.5 values are 
137.4 and 158 μg m−3, respectively, which belong to 
“slight” and “moderate” levels of pollution, both of 
which represent slight hazards to public health. 
During such weather conditions, vulnerable mem-
bers of the population should limit their outdoor 
activity. For cluster F, the PM2.5 value reaches 280 
μg m−3, which is classified as “moderate” pollution 
that could do serious harm to human health. During 
such weather, even healthy people could experience 
discomfort.  

The analysis above identifies that all clusters 
occur under different weather conditions. From 
cluster A–F, the PM2.5 value increases gradually; 
therefore, during summer and early autumn eve-
nings, weather conditions have considerable influ-
ence on air quality in the Yinchuan area. 

As can be seen in Table 2, both the PM2.5 
value and the mass concentration are related closely 
to weather conditions. The PM2.5 value has a nega-
tive relation with wind speed, i.e., higher wind 
speeds mean lower PM2.5 concentrations. This is 
an effective illustration of how wind can decrease 
PM2.5 concentrations. PM2.5 has a positive rela-
tion with relative humidity, i.e., higher relative hu-
midity is associated with higher PM2.5 concentra-
tions. For example, for cluster F, the reasons for the 
high PM2.5 value are the low wind speed and the 
high relative humidity.  

The proportion of accumulation mode parti-
cles in the total mass concentrations was found to 
have a positive relation with PM2.5, whereas a 
negative relation was found between the proportion 
of coarse mode particles in the total mass concen-
trations and PM2.5. 

The proportion of accumulation mode parti-
cles in the total mass concentrations was found to 
have a negative relation with wind speed. Con-
versely, the proportion of coarse mode particles in 
the total mass concentrations showed a positive 
relation with wind speed. The proportion of accu-
mulation mode particles in the total mass concen-
trations showed a positive relation with relative 
humidity, whereas the proportion of coarse mode 
particles exhibited a negative relation with relative 
humidity. 

According to the air quality standard of China, 
the PM2.5 value of “excellent” air quality is 75 μg 
m−3. The samples in this study with aerosol concen-
trations <75 μg m−3 account for 47.3% of all sam-
ples, and they are concentrated mainly in clusters A 
and B (Table 2). Based on examination of the air 
quality ranking of key cities in China, the compli-
ance rates of the Yinchuan area in August and Sep-
tember 2013 were listed as Nos. 11 and 15, respec-
tively, of 76 cities in China. The compliance rates 
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of these two months are much higher than some 
northwestern cities, e.g., Xi’an and Lanzhou but 
lower than Haikou (ranked No. 1), which is a very 
clear city on the island of Hainan in the South Chi-
na Sea.  

 
This study used an APS™-3321 to acquire 

continuous observations of the concentrations and 
size distributions of atmospheric aerosols from 
August 23 to September 23, 2013, in the Yinchuan 
area (China). The mass concentrations, mass size 
distributions, and PM2.5 concentrations were in-
vestigated using cluster analysis. In addition, mete-
orological data were obtained to determine the rela-
tionship between size distribution and weather. The 
following conclusions were derived. 

(1) Aerosol number concentrations showed 
significant daily and monthly variations during the 
observational period; the daily variations exhibited 
a regular single-peak structure. The monthly varia-
tions were found related to weather conditions, e.g., 
aerosol concentrations on cloudy days were higher 
than on sunny days. Because precipitation has an 
important role in atmospheric cleansing, the num-
ber concentration of aerosols was found very low 
following a period of rain. 

(2) Fine particles were found dominant during 
the entire observation period, and their number 
concentration accounted for 98.8% of all particles. 
The number distribution was unimodal with a peak 
in the accumulation mode. The surface area distri-
bution was bimodal with peaks in both the accu-
mulation and the coarse modes, and the maximum 
peak was in the accumulation mode. The mass dis-
tribution was trimodal with peaks in the accumula-
tion and coarse modes; the maximum peak was 
found in the accumulation mode. 

(3) The mass distribution of aerosol particles 
during the entire observational period could be di-
vided into six categories. The mass distribution and 
concentration were found related closely to weather 
conditions. Cluster A occurred on the day following 
a period of rain, whereas clusters B and C occurred 
mainly on continuously sunny days and cloudy 
days, respectively. Clusters D–F occurred mainly 
on windless cloudy days and during overcast 
weather after continuously cloudy days. Through 
analysis and comparison of the PM2.5 concentra-
tions, clusters A and B were found to reflect the 
“excellent” level of the air quality standard of Chi-
na. During the entire observational period, the ex-
cellent weather rate reached 47.3% and the good 
weather rate was more than 69.1%, i.e., higher than 
other cities in Northwest China. 

Although the experimental results obtained in 
this study provide insight into the distribution 
characteristics, evolution, and factors affecting the 

size distributions of atmospheric aerosol particles in 
the Yinchuan area, quarterly and annual variations 
of aerosol concentrations and size distributions 
should be observed and analyzed to derive conclu-
sions that have greater value. 
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Irrigation water management has a key role in 

increasing food grain production with less water. It 
also helps meet the ever increasing demand for other 
water uses. To assess the efficiency of furrow irriga-
tion, a 4 ha plot (87 furrows). cultivated with sugar-
cane was selected in Khuzestan Province, Iran Then, 
the inflow, outflow runoff, soil moisture before irri-
gation, depth of root development, and depth of wa-
ter infiltration were measured. These measurements 
were then used to calculate the water use efficiency, 
uniformity coefficient, and distribution uniformity 
for the selected plot. The Geographical Information 
System, in ArcView, was used to analyze the irriga-
tion efficiency levels for the closed-end furrow 
method. Irrigation efficiency for the closed-end fur-
row method ranged from 0.1982–0.7179 with a 
weighted mean of 45.78 and the coefficient of uni-
formity for the closed-end furrow method ranged be-
tween 84.04 and 99.376 with a weighted mean of 
69.78%. These results suggest that GIS is a versatile 
tool that can be used to produce results in the form 
of a map and will improve the irrigation management 
decision making process. 

Furrow Irrigation, Water Use Efficiency, Spatial Analysis 
 
 

 
In the near future, irrigated agriculture will 

need to produce two-thirds of the increase in food 
products required by a large population increase [1]. 
In Iran, 92% of the total water is used for agricultural 
irrigation and 6% for public services. The ecological 
impacts of irrigation relate to the changes in the 
quantity and quality of soil and water as a result of 
irrigation and the effects on natural and social condi-
tions in river basins that are downstream of irrigation 
schemes. The impacts stem from the altered hydro-
logical conditions caused by the installation and op-
eration of an irrigation scheme. 

Irrigation water management has a key role in 
increasing food grain production with less water. It 
also helps meet the ever increasing demand for other 

water uses. Traditionally, sugarcane has always been 
considered to have large water requirements. Where 
there is no water, sugarcane cannot be planted. Very 
often, the lack of a reliable water supply can lead to 
destruction of the entire standing crop or generate 
heavy crop losses. The heavy water requirement for 
sugarcane growing is one of the major factors that 
affect attempts to extend sugar cane growing into 
new areas.  

Ucak and Bagdatli stated that there was a sig-
nificant linear relationship (p < 0.01) between plant 
water consumption (ETa) values and seed yields [2]. 
In particular, it has been shown that water applica-
tion efficiencies on high infiltration soils in the sugar 
industry are generally low (average ~30%) while on 
low infiltration soils it is generally high (typically > 
60%). However, furrow irrigation efficiency has also 
been shown to be closely related to irrigation design 
and management practices, with large variations be-
tween sites and throughout the season being at-
tributed to management and environmental differ-
ences. 

Water use efficiency (WUE) affects water dis-
tribution, surface runoff, and deep percolation from 
the root zone. There have been previous studies on 
the effects of irrigation systems on soil biological 
properties, such as microbial biomass and soil en-
zymes [3]. Zou et al. discussed the impacts of irriga-
tion schedule on soybean biomass, yield, WUE, and 
irrigation water use efficiency (IWUE) in the black 
soil region of northeast China [4]. In one study, the 
water productivity and fiber quality parameters of 
deficit irrigated cotton cultivars in a semi-arid envi-
ronment were investigated. According to this study, 
the most suitable irrigation program for increased 
cotton yield in a region without irrigation water re-
strictions was treatment (IL-100) where water was 
fully applied to the Carmen cotton variety [5]. In 
contrast, traditional surface irrigation resulted in a 
considerable wastage of water through runoff and 
deep percolation below the root zone and this could 
result in a number of undesirable hazards, such as 
leaching of available nutrients, water stagnation, 
limited soil aeration, and weed infestation. All of 
these negative effects lead to a decline in yield. A 
study on a cotton field in Australia evaluated irriga-
tion application efficiency to be 48% on average [6].  
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Furrow irrigation is widely used. However, it 
requires a large primary investment and a uniform 
distribution. Furthermore, irrigation efficiency never 
exceeds 60%–70% and its average is 50%–55%. 
Furrow irrigation WUE is influenced by factors such 
as furrow geometric parameters (length, slope, and 
cross-section), the flow value, age of plants, and the 
texture and structure of the soil [7]. Furrow irrigation 
efficiency has also been shown to be closely related 
to irrigation design and management practices, and 
large variations between sites and throughout the 
season have been attributed to management and en-
vironmental differences [8, 9, 10]. However, appli-
cation efficiencies for individual irrigation events 
range from 14% to 90% [11]. Kanber et al. compared 
the surge and continuous furrow method for cotton 
grown on the Harran Plain [12]. In this study, WUE 
for the surge method was 64%–73% and the average 
uniformity distribution (efficiency) was between 
69% and 89%. The continuous furrow method pro-
duced WUEs of between 46% and 60% and average 
uniformity distributions that were between 83% and 
88%. In Turkish sweet potato fields, the IWUE and 
WUE ranged from 36.8 to 65.7 kg ha−1 mm−1 and 
from 33.2 to 75.9 kg ha−1 mm−1, respectively [13]. 
More efficient furrow irrigation methods than con-
ventional or continuous-flow irrigation have been 
developed to promote water savings in agriculture. 
This was the reason why the cutback and surge meth-
ods were created. To achieve high efficiency and 
uniform irrigation using unpressurized gravity water 
application methods, all parts of an irrigated field 
should receive water for near equal lengths of time, 
with a minimum of water lost to runoff or deep per-
colation below the root zone [10]. 

Most of the data related to irrigation manage-
ment is complex, spatially distributed, and temporal 
in nature. The integration of the irrigation data and 
its use in irrigation planning and management has led 
to the introduction of Geographic Information Sys-
tems (GIS) and other technologies [14, 15, and 16]. 
The extrapolation of site-level WUE estimates from 
flux sites to regional or global scales remains a chal-
lenge [18]. GIS is an effective tool for exploring, 
storing, managing, and displaying spatial data and 
can be used to improve decision making and man-
agement functions that are central to the planning 
and management of any irrigation scheme. There-
fore, the objective of this study was to use GIS to 
evaluate the WUE, the deep percolation level, the 
runoff ratio, and the distribution uniformity in a sug-
arcane field in Khuzestan Province, Iran. 

This 
study was conducted in a 4 ha (87 furrows) area of 
an experimental field cultivated with sugarcane in 

Khuzestan Province, Iran. Furrow irrigation using 
closed-end methods was evaluated, and residual wa-
ter for use in downstream irrigation was analyzed.  

 The tissue type was 
determined by taking hydrometer readings and soil 
texture compound samples from various depths be-
tween 0 and 100 cm. The overall soil texture type 
was silt loam. Bulk density  was measured by 
sampling the soil using metal rings of a certain vol-
ume. A hole was drilled to a depth of 1.5 m and a 
width of 1 m and four samples from the 0–25, 25–
50, 50–75, and 75–100 cm soil layers were prepared. 
These samples were then transferred to the labora-
tory where they were dried in an oven at 105°C. The 

 of the soil was calculated from the modified equa-
tion:  

Equation 1:  
 

Where is dry weight of the soil and  is the 
soil volume (Table 1). 

Before each irrigation 
event, the soil moisture for each sampling station and 
spatial data, such as descriptive information for the 
second layer input, was collected. Before, irrigation, 
the sugar cane root activities in the 0–100 cm soil 
layer were measured along with the average soil 
moisture in the 0–25, 25–50, 50–75, and 75–100 cm 
soil layers. In each evaluation, 140 samples were 
taken before irrigation and sent to the laboratory for 
soil moisture determination. Each sample was 
weighed and placed in an oven at 105°C for 24 h. 
Then the dried samples were weighed and soil mois-
ture content was calculated from the following equa-
tion. The results are shown in Table 1. 

 
Equation 2:  

 

 
The differences between the moisture content 

before and after irrigation, and at each rooting 
depth were used to determine the net irrigation depth 
( ): 

Equation 3 :  
where  is “input” (cm),  is the moisture 

weight at soil field capacity (decimal), is the mois-
ture weight before irrigation (decimal), is the 
rooting depth (cm),  is the permissible moisture 
depletion (0.65, as recommended by the Food and 
Agriculture Organization of the United Nations), and 

 is bulk density (mg cm−3). The aim of all irriga-
tion systems is to raise soil moisture content to the 
desired amount. Therefore, a field trial was used to 
determine soil gravimetric moisture content in the 
study area at field capacity. The surface of part of the 
tested furrows (length 1.5–2 m) was covered with 
black plastic and consecutive samples were taken 
every 12 h after irrigation to determine the moisture  
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content of the covered part until it became constant. 
The mean gravimetric moisture percentage at field 
capacity for the study area was 25.45%. 

 

 

 The irrigation operation 
was applied using the hydroflume irrigation system. 
Water was supplied through a 38 cm diameter poly-
ethylene pipe with outlet valves (5.1 cm in diameter) 
for each furrow. The volume of water from the outlet 

ports delivered to each furrow in each replicate was 
recorded. The inlet flow from the mouth of the hy-
droflume pipe was recorded at different times. An 
inlet flow hydrograph was constructed using time (h) 
and water flow (L/s) (Figure 1). 

 

Following this operation, the inlet flows to the 
furrow and the runoff outlet at the end of the furrow 
were measured using the volumetric method and a 
hydrograph was drawn (Figure 2). Furthermore, 

1 257015 3426992 20.65 1.6 25.45 
2 256975 3426992 19.5 1.6 25.45 
3 256935 3426992 19.85 1.6 25.45 
4 256895 3426992 19.8 1.6 25.45 
5 256855 3426992 20.175 1.6 25.45 
6 257015 3426952 20.67 1.6 25.45 
7 256975 3426952 21.6 1.6 25.45 
8 256935 3426952 19.7 1.6 25.45 
9 256895 3426952 20.32 1.6 25.45 
10 256855 3426952 21.25 1.6 25.45 
11 257015 3426912 20.3 1.6 25.45 
12 256975 3426912 19.8 1.6 25.45 
13 256935 3426912 22.05 1.6 25.45 
14 256895 3426912 23.2 1.6 25.45 
15 256855 3426912 23.07 1.6 25.45 
16 257015 3426872 19.55 1.6 25.45 
17 256975 3426872 20.82 1.6 25.45 
18 256935 3426872 22.1 1.6 25.45 
19 256895 3426872 20.97 1.6 25.45 
20 256855 3426872 18.75 1.6 25.45 
21 257015 3426832 20.67 1.6 25.45 
22 256975 3426832 21.6 1.6 25.45 
23 256935 3426832 19.7 1.6 25.45 
24 256895 3426832 20.32 1.6 25.45 
25 256855 3426832 21.25 1.6 25.45 
26 257015 3426792 20.3 1.6 25.45 
27 256975 3426792 19.8 1.6 25.45 
28 256935 3426792 220.5 1.6 25.45 
29 256895 3426792 23.2 1.6 25.45 
30 256855 3426792 23.07 1.6 25.45 
31 257015 3426752 19.55 1.6 25.45 
32 256975 3426752 20.82 1.6 25.45 
33 256935 3426752 22.1 1.6 25.45 
34 256895 3426752 20.97 1.6 25.45 
35 256855 3426752 18.75 1.6 25.45 
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three samples for water quality analysis were taken 
from the input water and tail water during the exper-
iment. These were taken at the beginning, middle, 
and end of the experiment. A Wilcox chart, was then 
used to classify the inlet water and tail water. 

The collected data was 
used to derive assessment indicators, such as irriga-
tion efficiency (Equation 4), the deep percolation ra-
tio (DPR) (Equation 5), the coefficient of uniformity 
(CU) (Equation 6), and the distribution uniformity 
(DU) (Equation 7).
 

Equation 4: 
Where  is irrigation efficiency,  is the net 

irrigation depth, and  is the gross irrigation depth  
 
Equation 5:  
Equation 6: 

 
]  

Equation 7: 

As the areas under 
irrigation are generally small, the results of the mod-
els used to assess furrow irrigation systems have al-
ways been viewed with skepticism and the assess-
ment indicators have not always been accurate. 
However, ArcGIS spatial analysis and GIS can cre-
ate, query, map, and analyze cell-based raster data; 
perform integrated raster/vector analysis; derive new 
information from existing data; query information 
across multiple data layers; and fully integrate cell-
based raster data with traditional vector data sources. 

The 87 furrows in the field (160 m in width and 
240 m in length), covering ~ 4 ha, were selected to 
evaluate open and closed-end furrow irrigation sys-
tems. Then, the study area was surveyed and the map 
was designed using AutoCAD software and, finally 
an output DXF file was imported as the first layer in 
the ArcView software for further examination.  

In this study, 40×40 networks were designed, 
35 points inside the study area were marked, and the 
geographical coordinates of each point were deter-
mined using Garmin GPS equipment. These points 
were prepared as a spatial layer by Microsoft Excel 
using UTM coordinates and a DBF file. 

 
The results for zoning moisture distribution be-

fore irrigation are shown in Figure 3. The maximum 
moisture distribution area for the closed-end furrow 
method ranged between 20.156 and 20.962 with a 
weighted mean of 20.99%. The reason for the in-
creased moisture enhancement by the closed-end 

furrow method is that the duration of water accumu-
lation in the furrows was longer than for the open 
system. Soil moisture before irrigation greatly af-
fects infiltration: the greater soil moisture before ir-
rigation, the lower the infiltration, whereas water in-
filtration increases when soil moisture is low. This 
point was very clearly observed in this study. 

Figure 4 shows 
the net irrigation depth before irrigation for the 
closed-end method. The results suggest that at 100 
cm depth, the soil deficient moisture level prior to 
irrigation was 2.77 centimeters for the closed-end 
furrow method.
 

The 
gross irrigation depths were determined from the in-
put water flow. Then Arc view and GIS were used to 
divide the net irrigation depths (Equation 3) before 
irrigation. This allowed the irrigation application ef-
ficiency to be calculated.

Figure 5 shows a white area at the start of the 
furrow, and the yellow and green areas represent the 
irrigation efficiencies with ranges of 0.7179–0.544, 
0.544–0.371, and 0.371–0.1982, respectively, which 
cover about 42.46, 32.72, and 24.81% of the total 
study area, respectively. Figure 5 also shows that the 
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irrigation efficiency for the closed-end furrow 
method ranged between 0.1982–0.7179 with a 
weighted mean of 45.78%. 

 

The net irrigation requirements 
( ) and the gross irrigation requirements ( ) were 
used to calculate the deep percolation values. The 
DPR was determined using Equation 5 and repeated 
macro scripting in ArcView. Figure 6 shows green, 
yellow, and white areas, which have DPR ranges of 
0.282–0.456, 0.456–0.629, and 0.629–0.8018, re-
spectively. These areas cover ~ 42.46%, 32.72%, 
and 24.81% of the total study area, respectively. Fig-
ure 6 shows that the DPRs for the closed-end furrow 
method ranged between 28.21 and 80.18 with a 
weighted mean of 54.23%. Raine and Baker reported 
that WUE decreased when depth losses increased, 
but reducing depth losses usually led to higher WUE 
[9].

Deep perco-
lation values at every point in the experiment were 
calculated using  and , and then Equation 6 was 
obtained by repeated macro scripting in the ArcView 
GIS environment to determine the coefficient of uni-
formity. Figure 7 shows deep green, light green, yel-
low, brown, and white areas. Their coefficients of 

uniformity ranges were 47.7615–56.0688, 56.07–
65.4485, 65.4498–74.8274, 74.8274–83.2079, and 
83.2089–92.5708, respectively, and they covered ~ 
1.88%, 23.1%, 38.16%, 31.28%, and 5.56% of the 
total study area, respectively. Figure 8 shows that the 
coefficient of uniformity for the closed-end furrow 
method ranged between 84.04 and 99.376 with a 
weighted mean of 69.78%. 

The distribu-
tion uniformity was derived from Equation 7, which 
was obtained by calculating the coefficients of uni-
formity in the previous section and repeated macro 
scripting using the ArcView GIS software. 

In Figure 8, the dark green, light green, yellow, 
brown, and white areas have distribution uniformity 
ranges of 26.3681–39.6854, 39.6854–53.0131, 
53.0131–66.3355, 66.3355–79.6598, and 79.6598–
92.9836, respectively. They cover ~1.89%, 23.1%, 
38.16%, 31.27%, and 5.57% of the total study area, 
respectively. Figure 8 shows that the distribution 
uniformity of the closed-end furrow method ranged 
between 26.3681 and 92.9836 with a weighted mean 
of 62.85%. Kanber et al. compared the surge and 
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continuous furrow methods for cotton on the Harran 
plain [12]. Their results showed that the WUE for the 
surge method was between 64% and 73% and the av-
erage uniformity distribution (efficiency) was be-
tween 69% and 89%. The WUE for the continuous 
furrow method was between 46% and 60% and the 
uniformity distribution was between 83% and 88%. 
 
 

 
 
The closed-end furrow surface irrigation mois-

ture before irrigation was between 23.38 and 19.35, 
and the weighted average was 20.99%. The reason 
for the increased moisture enhancement after using 
the closed-end furrow method is that the water accu-
mulation duration in the furrows was longer than it 
was for the open-ended furrows. Soil moisture be-
fore irrigation greatly affects water infiltration and 
net irrigation. The net irrigation depth for the closed 
system was between 1.126 and 4.092, and the 
weighted average was 2.77%. The closed-end furrow 
irrigation efficiency ranged between 0.1982 and 
0.7172 with a weighted average of 45.78%. Around 
55% of the closed-end area had an efficiency >37%. 
The uniformity coefficient was between 84.04 and 
99.376 and the weighted average was 69.78%. Fur-
thermore, 98% of the total study area had a uni-
formity coefficient above 56%. The results show that 
the land use efficiency was acceptable. The constant 
flow rates in the furrows showed that improperly 
sloped furrows and closed-end furrows led to low ef-
ficiencies. However, furrow irrigation performance 
is affected by a range of factors, including the inflow 
discharge, soil infiltration characteristics, field 
length, required application volume, cutoff time, sur-
face roughness, and field slope [17 and 18]. Geo-
graphical information system analysis (GIS), data 
were organized in a set of layers and detailed attrib-
utes were attached to each data element in this study. 
Remote sensing and GIS data collection and analysis 
capabilities are now viewed as efficient and effective 
tools for irrigation water management. The ability of 
GIS to analyze the information across space and time 
can help manage dynamic systems, such as irrigation 
systems. 
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ABSTRACT  
 

In order to slow down the rapid rate of the 
world urbanization, America is the first proposed 

growth principles. In order to curb the spread of the 
city, and establish a sustainable city which is eco-
nomically prosperous, socially equitable, and envi-
ronmentally sustainable. This article combines the 
ten principles with the 3E index into consideration, 
adopting the three most important indicators-
environmental, social, and economic indicators to 
establish the index system for evaluating the sus-
tainability of the city.  

In this article we choose two middle-sized cit-
ies from two different continents, the Salt Lake City 
in the United States and the Nottingham in the UK. 
According to the index system model, we evaluate 
the current growth plan. We use the entropy evalua-
tion method to calculate the weight of each indica-
tor. The factors weight of Salt Lake City is 0.508; 
0.351; 0.141 in society, environment and economy 
respectively. The factors weight of Nottingham, 
England is 0.486; 0.337; 0.177 in society, environ-
ment and economy respectively. And the introduc-
tion of sustainable coefficients and coordination 
coefficients is to assess whether the city is smart 
growth. It turns out that, after 2013, the coordina-
tion coefficient of the two cities are gradually re-
duced, going to the unsustainable development. 
Based on the intelligent growth evaluation index 
system, and using the improved urban plan. The 
unary linear regression is used to predict the data 
from 2046 to 2050, while the entropy method is 
used to evaluate the future development of the two 
cities. The result shows that the two cities are sus-
tainable cities which conform to the principles of 
the smart growth. 
 
 
KEYWORDS:   
Smart growth, Entropy method, Sustainable Development 
 
 
 
 

INTRODUCTION 
 

With the development of economy, the world 
is rapidly moving towards urbanization. It is pro-
jected that by 2050, 66 
lation will be urban [1]. As the urban land is con-
stantly expanding, unrestricted and low density 
growth mode of urban areas has brought a series of 
problems, such as long-term consumption of land, 
the increase of municipal infrastructure investment, 
the increase of the traffic pressure, inferior planning 
of utilization of land and the mismatching of the 
population spatial distribution and jobs, also with 
some social problems [2]. This phenomenon of 
urbanization is known as "City Spreading". The 
phenomenon causes the urban environment rapidly 
worsened and urban green space reduced, leading to 
the decrease of the quality of living environment 
directly. Secondly, there are Isolation and diversity 
of live in various urban communities, which con-
tributes to the social class differentiation and it is 
not conducive to social stability. In addition, the 
city financial shortage leads to the main investment 
reduced and it is not conducive to the construction 
of high-tech zone. 

For this problem, the American planning asso-
ciation put forward ten principles of smart growth 
[3], respectively, from the land use, community 
construction, environmental planning and other 
aspects of urban development requirements. The 
goal of "Smart growth" is to plan a compact com-
munity through considering transportation and land 
use, giving fully play to the effectiveness of the 
existing infrastructure and providing a variety of 
traffic and housing choices in an effort to control 
the spread of the city, at the same time , the city 
development will be integrated into the overall 
regional ecological system and the coordinated 
development of man and society, creating a sustain-
able city which is economically prosperous, social-
ly equitable, and environmentally sustainable [4].  

If we could combine the ten principles of 
smart growth to define an index system for measur-
ing urban smart growth rate, we can analyze wheth-
er the current growth plan is in line with the city 
smart growth. If not, we can formulate an urban 
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smart growth planning of the city through the index 
evaluation system in order to realize the sustainable 
development, which has important significance to 
achieve the rational development of the cities of the 
21st century world. 

In order to define a rational evaluation index 
system of smart growth success rate, first of all, 
combined with the above principles and objectives 
to select the evaluation index. The ultimate success 
of smart growth is urban sustainable development. 
Based on the principles of scientific, feasibility, 
hierarchy, dynamism, and typicality of the index 
system, we set smart growth success rate evaluation 
index system from the urban space expansion relat-
ed factors and the ten principles of smart growth, to 

is good or 
bad from environment, society and economy [5]. 
 
 
MATERIALS AND METHODS  
 

Index selection and interpretation. When we 
establish the index system, we first determine the 
target layer which is used to evaluate the success 
rate of the urban smart growth. Then we determine 
the domain layer which reflects the sustainability of 
urban development from environment, social and 
economy. The index layer is based on the domain 
layer to select some more specific indicators to 
reflect the sustainability of their own domain layer. 
Finally, we combine with the principle of smart 

growth to determine the variable layer with 23 
indicators. According to the indexes we choose, we 
establish the evaluation index system of urban intel-
ligent growth success rate, which is the evaluation 
index system of urban sustainable development 
index system (see Table 1). 

 
The construction of the model. To ensure the 

integrity of the research problem, we select two 
mid-sized cities with a population of about 100,000 
to 500,000 in two different continents. Considering 
a number of factors, we chose Salt Lake City in the 
United States and Nottingham, England in UK as 
our study areas. With the economic and social de-
velopment, urbanization accelerated, Salt Lake City 
is facing air pollution and many other issues, the 
city's smart growth is particularly necessary. With 
the rapid economic, social development and the 
acceleration of urbanization in Nottingham, Eng-
land, the problem of many people and less land are 
troubling the government of Nottingham, England. 
Therefore, it is reasonable to choose these two 
cities for research. 

The data used in this paper include the popula-
tion, personal income and land area of the two cities 
from 2010 to 2014. When it is designed, the data 
availability and simplification are considered, most 
of the indicator data can be found from the statisti-
cal department. In the case of a missing indicator, it 
is replaced by an average of two years.  

 
TABLE 1  

Evaluation index system of urban smart growth 

Target layer Domain layer Index layer Variable layer 

The degree of 
smart growth 

Resources  
and  
environment 

Land resources 
The cultivated land resource at the end of year (thousands of hectares) 
The green coverage rate of the built up area (%) 
The residential area (square meters) 

Environmental 
pollution  
control 

The hazard-free treatment rate of domestic garbage (%) 
The domestic sewage treatment rate (%) 
The standard rate of the industrial sewage discharged (%) 
The SO2 emissions of every ten thousand dollars of industrial output value  
(kilogram/ten thousand dollars)a 
The area with the standard noise exposure (square kilometers) 

Society 

Population  
index 

The proportion of non-agricultural population (%) 
The natural population growth rate (%) 
The population density (people /square kilometer) 
The net migration rate (%) 

Urban traffic 

The number of car owned by per ten thousand people (cars/ten thousand  
people) 
The number of non-operational car (thousands of cars) 
The length of the road (kilometer) 
The per capita road area (square meters) 

Construction land 
The built up area (square kilometers)b 
The proportion of construction land of the total area of the city (%) 
The completed real estate development area (million square meters) 

Economy 

Economic  
aggregate 

The per capita GDP (dollars per person) 
The GDP growth rate (%) 

Economic  
development 

The proportion of tertiary industry output value in the GDP (%) 
The investment in cities and towns (hundred million dollars) 

Note: a. The SO2 emissions of every ten thousand dollars of industrial output value: This index is used to describe the emissions of the 
industrial waste water within the city, the general use of industrial emissions of sulfur dioxide emissions and the ratio of industrial output 
value to that. The index value is higher, the environmental pollution is more serious. 
b. The built up area: It refers to the various types of land requisitioned in the urban administrative area and the non-agricultural production 
and construction land actually constructed. It is used to reflect the actual extent of urban space development generally. 
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After finishing the data collecting, all the data 
need standardized treatment. Because each group of 
data units and indicators of positive and negative 
orientation are different, if untreated, we cannot 
make reasonable comparison and analysis between 
the data. The larger the index is, the more beneficial 
to the development of the system. On the contrary, 
we use negative indicators method for data pro-
cessing. The computation formulas (1) and (2) are 
as follows: 

Positive indicator:  
min

                                        
max min

ij j

ij

j j

x x
Z

x x
1  

Negative indicator: 
max

                                       
max min

j ij

ij

j j

x x
Z

x x
2  

Max (xj),  are the maximum and 
minimum values of the j evaluation index of the i 

sample, respectively, and  is the value of the 
j-th evaluation index of the i-th sample. 

There are many ways to calculate Weight 
Value which generally were divided into two types: 
subjective weighting method, such as analytic hier-
archy process, Delphi method; objective weighting 
method, such as the entropy method. Because a lot 
of quantitative data are used in this paper, the en-
tropy method to calculate weight is more objective 
and reliable. Based on the principle of establishing 
index system, the environmental, social and eco-
nomic indicators are decomposed and summarized: 
from land resources and environmental pollution 
control to reflect the change of urban land use pat-
terns and the quality of environmental protection; 
the population index, transportation, construction 
land are used to describe the city's construction and 
development; the total economic volume, the level 
of economic development are used to measure the 
level of national economic development. In this 
study, a total of 7 categories of 23 variable layer 
indicators were selected, and the weights were 
calculated by entropy method after normalizing the 
data. Formula (3) to (5) shows below: 

Information entropy: 

1

1/ ln ln                                                        
m

j ij ij
i

e n Z Z 3
 

Information utility value: 
1                                                                                 4j jd e  

Index Weight: 

1

/                                                                          
n

j j j
j

W d d 5
 

ej is the entropy of indicators, n is the number 
of indicators, m is the number of years evaluated, Zij 

is the index value after standardization, dj is the 
information utility value and Wj is the weight of the 
i-th index. 

 is considered as information utili-
ty value, therefore, the greater the information en-
tropy is, the smaller the utility value of the index 

information and the index weight are and vice ver-
sa. 

The evaluation method we use is mainly to 
analyze the sustainability of urban space to evaluate 
whether the current urban planning is in line with 
the principle of smart growth. If sustainability is 
stronger, the closer the current plan is to smart 
growth, the more successful the plan is and vice 
versa. 

 
Each subsystem index. According to the in-

dex system of three subsystems (environment, soci-
ety and economy), the sustainability of urban space 
is divided into three aspects to evaluate. 

The formula (6) used to calculate the evalua-
tion values of the three indices of environment, 
society and economy is: 

1

                                                                    
p

ki j ij
j

F W Z 6  

Fki is the corresponding index of the i-th sam-
ple. The domain of this study includes three as-
pects, so it is equal to 1, 2, 3. It represents the envi-
ronmental, social and economic development re-
spectively. p is the number of indicators included in 
each index. 
 

The sustainability coefficient of urban 
space. The index weight determined by the entropy 
method indicates the relative change rate of the 
index in the index system [7], while the relative 
levels of the indicators are shown by the sample 
standardized matrix, the cumulative result of the 
two together to get the final evaluation value [8], 
then reflect indicator development level and the 
relative speed of the combination, which called 
sustainable coefficient. The evaluation system has 
the hierarchical structure characteristic, the sustain-
able coefficient of the urban space can be calculated 
by the comprehensive weighting method. 

The formula (7) is: 
3

1

                                                                       i k ki
k

S W F 7
 

S is the comprehensive evaluation value of the 
i-th sample. 

 
The coordination coefficient of urban space. 

Urban sustainable development mainly refers to the 
coordinated development of environment, society 
and economy [9]. We evaluates urban sustainable 
development mainly from the coordination coeffi-
cient of environmental, social and economic indica-
tors. The formula (8) is: 

1 /                                                                       i i iC D F 8  

Ci is the cooperation index, Di is the standard 
deviation of the environmental, social and econom-

ic indices of sample i and  iF is the average of the 

environmental, social and economic indices of 
sample i. 
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FIGURE 1  

Sustainable and coordination coefficient statistical figure from 2010 to 2014 
 

 
FIGURE 2 

Sustainable and coordination coefficient statistical figure from 2046 to 2050 
 
 
RESULTS AND DISCUSSION 

 
We can see that the weights of environment, 

society and economy respectively are 0.351, 0.508, 
0.141; 0.337, 0.486, 0.177 in Salt Lake City and 
Nottingham, England in the intelligent growth 
evaluation index system. Thus, the environmental 
and social impact on the effect of intelligent growth 
accounted for a large proportion [10]. Economic 
impact is less. Then the sustainability coefficient 
and the coordination coefficient were calculated 
from 2010 to 2014. At last, we get the evaluation 
results. The corresponding trend is shown in Fig 1. 

The results show that the two cities are gradu-
ally moving towards unsustainable development 
after 2013. Both urban co-ordination coefficients 

are declining rapidly. The weight of the cultivated 
land resource at the end of years the largest, which 
indicates that the environmental impact caused by 
population growth is much larger than the carrying 
capacity of land. It indicates that the efficiency of 
the land use pattern of the two cities is not high.  

It is the necessary way for the sustainable de-
velopment of Salt Lake City and Nottingham, Eng-
land to be adopted to optimize the method and 
formulate the optimization plan of urban smart 
growth. For the Salt Lake City, we must first en-
hance the main city function, the main city of the 
old city as the focus of the transformation, and 
adjusting the land function, as the future develop-
ment of high-end service industry in the Salt Lake 
City. To solve this problem, we propose to improve 
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the land use efficiency by strengthening the vertical 
composite utilization of urban land, and give the 
land use zoning map of Nottingham, England City 
space. Second, the reuse and re-development of 
inefficient industrial land.  

Through the optimized urban planning based 
on the principle of intelligent growth, the forecast 
values of 2046 -2050 are obtained. 

The results show that the use of intelligent 
growth evaluation system after the optimization of 
urban planning, the Salt Lake City and Nottingham, 
England Sustainability Index continues to rise by 
2049 and the index of coordination increases year 
after year after using the optimized urban planning 
coupled with a smart growth assessment system, 
demonstrating that the two cities are in the smart 
Growth and achieve Economically Prosperous, 
Socially Equitable, and Environmentally Sustaina-
ble. At the same time, we also find that both the 
urban sustainability index and the coordination 
index decline in 2050. Although the two cities sus-
tainable development index and coordination index 
has declined, but also maintained at a high level, we 
think the rapid population growth has a great im-
pact on smart Growth, which is not conducive to 
sustainable development. 

 
 

CONCLUSIONS AND PROSPECTS 
 
It can be seen from the weighting results of 

this work, whether it is Nottingham, England or 
Salt Lake City, the social factors have the greatest 
impact on the evaluation index system of smart 
growth effect. Therefore, in the future urban plan-
ning and development, should be from the popula-
tion, transportation and land planning point of view, 
select the optimal program to reduce the phenome-
non of urban sprawl. "Smart growth" can provide a 
new interpretation perspective for "sustainable 
development". The idea of "smart growth" was put 
forward after the concept of sustainable develop-
ment. Therefore, the vast majority of "smart 
growth" principles are in line with the principles of 
sustainable development, and "smart growth" is the 
inevitable stage of sustainable development, sus-
tainable development is its ultimate goal. 

We get the weight of each index by calculat-
ing the dates and then calculate the total weight of 
the three subsystems (environment, society and 
economy) in the index system to assess the sustain-
ability of urban space. 
strong and it can be applied to evaluate various 
types of city to judge whether the tested city is in 
line with the smart growth. But the indicators of 
index system are selected according to the feasibil-
ity principle and data are from statistical year book. 
Although the data obtained from these resources are 
relatively accurate, there are still some indicators 
which can better reflect the sustainability of urban 

space are not being selected because of the difficul-
ty of obtaining them, so the index system is one-
sided. In order to make index system more suitable 
for evaluating the sustainability of urban space, we 
should collect and combine some suggestions from 
experts when establishing our system. So we should 
combine with some 
the establishment of the index system better service 
for evaluating the sustainability of urban space.  
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ABSTRACT 

 
An integrated hydrologic and quality model for 

Zarqa River basin has been developed based on the 
Water Evaluation and Planning system. For hydro-
logical modeling, the Soil Conservation Service 
Curve Number method was integrated into the Water 
Evaluation And Planning system using its expres-
sion builder. Climatological, hydrologic, stream 
flow, water quality data, and soil maps were col-
lected.  Land use maps were generated in GIS format 
for the basin. The results of the hydrologic model 
showed good agreement between measured and 
modeled Zarqa River flow after calibration.  How-
ever, during peak flood significant differences be-
tween measured and simulated flows were observed 
which is attributed to several reason such as inaccu-
racies in measurements during peak flow and inac-
curacies in the estimated curve number.  The results 
also showed good agreement between measured and 
simulated river quality parameters, namely: temper-
ature and COD. However, discrepancies were also 
observed at peak flows. 

 
 

KEYWORDS: 
Hydrologic modeling, integrated modeling, Water Evalu-
ation and Planning (WEAP) system, water quality model-
ing, Zarqa River basin. 

 
 

INTRODUCTION 
 
Zarqa River basin (ZRB) is the most heavily 

populated and industrialized basin in Jordan. It hosts 
 and includes the 

two largest cities in Jordan namely; Amman and 
Zarqa [1]. In addition, about 85 % of the industries 
in Jordan are located in ZRB [2]. Zarqa River is used 
for restricted irrigation upstream of King Talal Dam 
(KTD) and for unrestricted irrigation in the Jordan 
Valley after mixing with fresh water from King Ab-
dulla Canal (KAC). Zarqa River used to be Perennial 
River. However, due to the heavy over abstraction of 
the ground water to satisfy the increasing domestic 

demand in the basin as a result of the high population 
growth [3], the springs that used to feed the river 
stopped flowing which caused the river to flow dur-
ing winter storms only.    

Besides the diminishing river flow, the river 
water quality has deteriorated tragically over the past 
three decades due to the following reasons: the dis-
posal of inefficiently treated wastewater from As 
Samra Wastewater Treatment Plant (WWTP) to the 
river, the disposal of untreated industrial wastewater 
by many industries that exist along the river, over-
flow of Ein Ghazal and west Zarqa wastewater 
pumping stations which are adjacent to the river, 
leaks from sewer lines that pass through the river 
course, seepage from septic tanks as well as from the 
leachate of Al Russiefa solid waste disposal site and 
agricultural runoff, and return flow from farms at the 
river banks [4, 5]. In a complicated environment of 
diminishing river flow in addition to the different 
sources of pollution, point and non-point that dy-
namically vary over time and space, the development 
of an integrated tool that can help understand the in-
teraction between the basin hydrology and the river 
water quality to support the current management 
practices and rehabilitation efforts of the river is a 
necessity. This research is a first step in this direc-
tion.  

Worldwide models have been developed and 
implemented to predict the behavior and response of 
river basins to certain hydrologic changes and pollu-
tion events, examples are [6-17]. 

Due to the importance of Zarqa River as a pri-
mary irrigation water resource in the basin and in the 
Jordan Valley downstream, in addition to its envi-
ronmental value, many attempts were made to study 
the river basin from different perspectives: rainfall 
runoff modeling, water resources management, iden-
tification of pollution sources to the river, impact of 
the river water quality on the soil, and climate 
change impact on the river flow [18-26]. 

Rahbeh [18] modeled rainfall runoff relation-
ship of the ZRB to determine management options 
of KTD by applying the Linear Decision Rule 
(LDR). Al Abed et al. [19] modeled river flow by 
implementing the Spatial Water Budget Model 
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(SWBM) and the HEC-HMS/HEC-Geo HMS. Al 
Abed and Al Sharif [25] developed a Hydrologic 
model for Zarqa River using the Hydrologic Simula-
tion Program-Fortran (HSPF). Al-Afayfeh et al. [21] 
developed a water resources management system for 
ZRB. Demand and supply balance model was imple-
mented for this purpose. However, water quality of 
the river was not modeled. Grabow et al. [22] per-
formed a planning activity at the Jordan Ministry of 
Water and Irrigation which took into consideration 
sources and demands in the basin. Water quality and 
other non-conventional water resources were consid-
ered. However, this planning activity did not result 
in a calibrated and verified model that can be used 
for water resources management at the basin level 
from an integrated perspective. Al-Omari et al. [1] 
developed a Water Management Support System 
(WMSS) for ZRB basin based on the Water Evalua-
tion and Planning (WEAP) system. The developed 
WMSS considered all sources and demands as well 
as the socioeconomic status of the basin.  However, 
Zarqa River flow and groundwater modeling were 
not integrated into the developed WMSS. Rather, 
they were modeled separately using Watershed 
Management System (WMS) and ModFlow. The de-
veloped WMSS became the basis for an integrated 
model that integrates surface and groundwater mod-
eling in addition to water allocation in one tool based 
on WEAP which was customized to meet the needs 
of the Jordan Ministry of Water and Irrigation Al-
Omari and Huber [27]. However the hydrologic 
modeling in WEAP was simple, in addition, water 
quality of Zarqa River was not modeled.   

Abderahman and Abu Rukah [20] investigated 
heavy metals distribution within the soil in the upper 
course of ZRB. It was found that the soils contained 
different concentrations of Pb, Ni, Cu, Cr, and Zn 
that changes with the distance from the WWTP as 
well as with the depth. Additional efforts by different 
researchers and consulting firms have been made to 
identify sources of pollution to the River. B & E En-
gineers in association with the Arabic International 
Center for Environmental Health (AICEH) [2] stud-
ied sources of pollution to Zarqa River along its path 
from Wadi Abdoun to the Jordan valley in the con-
text of the ZRB wastewater and solid waste treat-
ment project. Al Wer [4] analyzed and evaluated the 
current environmental status of the river by identify-
ing point and non-point sources of pollution to the 
river. In addition, mitigation measures to improve 
the river water quality were proposed. The Interna-
tional Union for the Conservation of Nature (IUCN) 
in the context of the capacity building for the reha-
bilitation of Zarqa River project [5] identified 
sources of pollution to Zarqa River along its path as 
well.  It can be concluded that, despite the extensive 
efforts made to date to identify sources of pollution 
to the river, no effort has been made to quantify nor 
to model them. In addition, no attempt to date has 
been made to integrate both hydrologic and quality 

modeling in one tool. The ultimate objective of this 
paper is the development of an integrated model that 
combines hydrologic and water quality simulations 
into one tool for ZRB. Rainfall runoff and two qual-
ity parameters, namely: Chemical Oxygen Demand 
(COD) and temperature are modeled.   

 
 

METHODOLOGY 
 
The study area. ZRB lies in the northern part 

of Jordan with a total area of 4,586 km2.  About 
4,074 km2 of which is in Jordan and 512 km2 is in 
Syria [28]. The basin extends from the Syrian city of 
Salkhad in Jebal al-Arab at an elevation of 1460 m 
to south of Amman and then westward to the Jordan 
Valley at an elevation of about -350 m.  Zarqa River 
starts at Wadi Abdoun area in Amman where the 
main feeder to the river, Ras El Ein spring, is located. 
It then passes through Russeifa and Zarqa where it 
joins Wadi Dhulail a short distance after Sukhna vil-
lage and then continues to KTD upstream of the Jor-
dan Valley. The average annual rainfall in the west-
ern part of the basin is about 400 mm while it rarely 
exceeds 150 mm in the eastern part [23]. The main 
cities located within the basin are the capital Am-
man, Zarqa, Jarash, part of Mafraq and part of Balqa. 
The basin is shown in Figure 1. 

 
The WEAP model. The WEAP model devel-

oped by the Stockholm Environmental Institute [29] 
is an integrated water resources management tool 
that integrates biophysical, socioeconomic and pol-
icy variables in addressing water resources manage-
ment at the basin level.  The hydrologic modeling 
tool in WEAP employs water balance at the basin 
level by considering all the elements of the hydro-
logic cycle, i.e. precipitation, interception, evapo-
transpiration, and infiltration to estimate runoff. In-
flows to and outflows from a water course are also 
considered. Excess rainfall is divided between infil-
tration and runoff based on user input fractions. The 
quality part of the model considers pollution genera-
tion form point and nonpoint sources as well as pol-
lution generation from demand sites. The fate of pol-
lutant in a water course is determined by user defined 
processes such as mixing and decay. Temperature is 
modeled in WEAP based on a built in model that 
considers mixing of different streams of different 
temperatures, heat gain from net solar short-wave ra-
diation and atmospheric long wave radiation in addi-
tion to heat losses due to conduction, convection and 
evaporation. Furthermore, the expression builder 
tool in WEAP enables the user to model processes 
that are not built in it which makes it a powerful 
modeling tool. 
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FIGURE 1 
Study area 

 
FIGURE 2 

Hydrologic features of ZRB 
 

Delineation of the sub-catchments in the ba-
sin. Delineation of the hydrologic features of the 
ZRB was carried out using remote sensing data and 
GIS tools. A Digital Elevation Model (DEM) with 
30 m resolution was used for delineating the stream 
network and the main subcatchments of ZRB. The 
DEM, originally derived from the data of Advanced 

Space borne Thermal Emission and Reflection Radi-
ometer (ASTER) [30], was processed in GIS to fill 
sinks and to derive layers of flow directions and ac-
cumulation. The stream network (Figure 1) was de-
rived from the flow accumulation layer and was then 
modified using topographic maps with scales of 
1:50000. The maps were also used to correct posi-
tional shifts of stream and subcatchments.  
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Data Collection and Processing. Rainfall da-
ta. ZRB includes fifty nine rainfall gauging stations 
distributed over the basin. It was found that twenty 
nine of these gauging stations contain almost contin-
uous rainfall record from 1980 until 2010 (Figure 2). 

Average monthly rainfall for each sub-catch-
ment for the period between 1980 and 2010 was de-
termined by the Thiessen Polygon which was pre-
pared by GIS. 

 
Evaporation. ZRB contains six evaporation 

stations (Figure 2). Data from four of these evapora-
tion stations were used in the developed model. One 
station in Amman subcatchment, one station in 
Jarsh_Balqa subcatchment and two stations in 
Zarqa_Mafraq subcatchment. Missing data were es-
timated by statistical correlation between the sta-
tions. Pan A coefficient was estimated according to 
the FAO Irrigation and Drainage paper no. 56 [31]. 
 

Stream flow data. ZRB contains six stream 
flow gauging stations (Figure 3). The gauging sta-
tion located near Jarash Bridge, which is the farthest 
downstream, was used for hydrologic model calibra-
tion as it includes good record from Jan. 1980 till 
Sep. 2010.  

 
Water quality data. Data needed for river wa-

ter quality modeling includes length of each river 
reach, flow stage, width, and velocity relationship, 
weather data i.e. air temperature, humidity, wind 
speed, cloudiness fraction and upstream water tem-
perature and latitude. Reach lengths were obtained 
from the shape files. Flow stage, width and velocity 

were measured at four sections along the river be-
tween July 2012 and January 2014. Weather data 
were obtained from the Department of Meteorology 
for the period between 2000 and 2013. 

The most comprehensive real time water qual-
ity monitoring system for Zarqa River is that oper-
ated by the Environment Monitoring And Research 
Central Unit (EMARCU) of the Royal Scientific So-
ciety. The system consists of thirteen fully auto-
mated telemetry monitoring stations distributed 
along Zarqa River, KAC, Yarmouk River and Jordan 
River. The parameters monitored are COD, temper-
ature, turbidity, Total Nitrogen (TN), Total Phospho-
rus (TP), Electrical Conductivity (EC) and pH. Real 
time water quality data at monitoring stations 9 and 
10 between January 2005 and Sep. 2010 were used 
for calibrating and verifying the results of the water 
quality model.  The locations of these monitoring 
stations are shown in Figure 3. 

 
Estimation of the hydrologic parameters. 

Runoff and infiltration fractions. Hydrologic 
modeling in WEAP is based on the hydrologic cycle. 
Runoff and infiltration are calculated based on user 
input fractions.  Runoff and infiltration user input 
fractions were calculated based on the Soil Conser-
vation Service Curve Number (SCS-CN) method as 
follows: 

             (1) 
Where S is potential maximum retention or in-

filtration and CN is curve number [32], 
 
 

 
FIGURE 3 

Stream flow gauging stations and EMARCU monitoring stations 
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             (2) 
Where Q is direct runoff in inches and P is pre-

cipitation in inches [32], and Ia is initial abstraction 
which is assumed equal to 0.20 S. 

S is calculated by equation 1 based on the curve 
number and then runoff is calculated by equation 2.  
Runoff fraction is then calculated by equation 3.  

            (3) 

           (4) 
Runoff and infiltration are then calculated by 

WEAP based on these fractions and the hydrologic 
balance for the basin. Equations 1 to 4 are incorpo-
rated into WEAP by the use of the WEAP expression 
builder. 

 
Estimation of the curve number. Land use 

mapping. The soil map shown in Figure 4 which 
was produced by the Ministry of Agriculture [33] ac-
cording to the USDA classification system [34] was 
used for estimating the CN for the three subcatch-
ments in the basin. The map includes 30 soil units, 
each composed of an association of different soils, 
known as great groups. The scale of the soil map is 
1:250,000. The characteristics of each soil unit were 
obtained from the USDA-SSS monograph and the 
hardcopy atlas of the soil map. An attribute of soil 
texture was appended to the map so that hydrologic 
soil groups can be identified based on soil physical 
properties that correspond to different infiltration 
rates [35]. Slight modifications were made to the soil 

units in the eastern part of the study area where soil 
crusting can reduce infiltration rate and subsequently 
increase runoff.  The modifications were based on 
field observations while preparing the soil map [33]. 
The Hydrologic Soil Groups (HSG) for the three 
subcatchment are shown in Figure 5. 

The land use/cover (LUC) map, on the other 
hand, was prepared by digital classification of me-
dium resolution images of Landsat ETM+ [36]. The 
class of urban areas was modified and updated using 
visual interpretation of Google Earth images. Land 
use/cover of the Syrian part of ZRB was obtained 
from a previous work that used supervised classifi-
cation of Landsat ETM+ to obtain the different cate-
gories of land use/cover. In order to assign the CNs 
for the different polygons (parcels) of land use/cover 
(Figure 6), it was necessary to decode the land 
use/cover map into the SCS codes and according to 
the hydrological soil group [35]. 

Soil and land use/cover maps were intersected. 
The output from this intersection was a map of land 
use/cover polygons with codes of hydrologic soil 
group (Figure 6). Following this step, the CNs were 
joined to the attribute table of the map (land 
use/cover-hydrologic soil group, LUC-HSG) re-
sulted from the intersection. The sub-catchments 
map was then used to clip the LUC-HSG map for 
each of the three subcatchments. The attribute table 
of each map was exported in dbf format and was then 
opened in Excel spreadsheets. The weighted average 
CN for each subcatchment was calculated based on 
the area which are 78, 86 and 84 for Jarash-Balqa, 
Zarqa-Mafraq and Amman sub-catchments, respec-
tively.   

 
 

 
FIGURE 4    

Zarqa River watershed soil map (MoA 1993) [33] 
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FIGURE 5 

Map of the Hydrologic soil group of the main sub-catchments of the basin 

 
FIGURE 6   

Land use/cover map of the ZRB 
 

Water quality modeling. Chemical Oxygen 
Demand was modeled by assuming first order decay 
and complete mixing of the different tributaries to 
the river [29]. The upstream COD concentration was 
input for Zarqa River as well as for all tributaries to 
the river. The COD first decay coefficient was also 
input for all Zarqa River reaches and all tributaries 
to the river. 

Zarqa River temperature was modeled by a 
built in model in WEAP which considers mixing of 
inflows from all tributaries to the river, and gains of 
heat from net solar short-wave radiation and atmos-
pheric long-wave radiation, and losses of heat due to 
conduction, convection and evaporation.  The up-
stream temperature was input for Zarqa River as well 
as for all the tributaries to the river [29]. 
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FIGURE 7 

WEAP modeled versus measured Zarqa River flow at Jarash Bridge for the period 1980-2010 
 

Model Calibration. The results of the hydro-
logic model are sensitive to the initial storage frac-
tion (0.2) and to the curve number. The initial ab-
straction fraction of 0.2 was used for the three sub-
catchements and the curve number was estimated as 
explained in the previous section.  To minimize the 
difference between WEAP modeled and measured 
river flows, the initial abstraction proportion was ad-
justed to 0.3 for Amman and Balqa subcatchments. 
Amman subcatchement is an urban area which 
means that interception by building roofs is expected 
to be high while Jarash and Balqa areas are agricul-
tural areas that include large forest and planted areas 
which means that interception by trees is expected to 
be high. The curve numbers of the different sub-
catchments were also adjusted iteratively to reduce 

the difference between WEAP modeled and meas-
ured Zarqa River flow at Jarash Bridge gauging sta-
tion.  

The COD first order decay rate coefficient was 
adjusted iteratively to improve the agreement be-
tween modeled and measured COD concentrations. 
However, in WEAP it is not possible to adjust the 
first order decay rate coefficient over time. 
 
 
RESULTS AND DISCUSSION 

 
River discharge. Figure 7 shows that the dif-

ference between measured and WEAP modeled 
flows has been considerably reduced by calibration. 
However, some significant differences still exist dur-
ing months of high rainfall. Similar conclusions 
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were reached by using other models. Al Abed and Al 
Sharif [24] who used the Hydrologic Simulation Pro-
gram-Fortran (HSPF) to model Zarqa River flow 
found out that the model did not simulate the peak 
runoffs very well for most of the years. The signifi-
cant differences between measured and modeled 
Zarqa River flows during months of high rainfall is 
attributed to: the lack of long record of flow meas-
urements for the different wadis within the subcatch-
ments which made it not possible to calibrate each 
subcatchment independently; inaccuracies associ-
ated with estimating the curve number for the differ-
ent subcatchments, limitations associated with the 
SCS-CN method, namely: Its sensitivity to the esti-
mated curve number, the absence of clear guidance 
on how to vary antecedent moisture content, the 

absence of explicit provision for spatial scale effects, 
and the fixing of the initial abstraction at 0.20, which 

does not consider geologic and climatic conditions 
[32]. Another reason that has probably added to the 
discrepancy between modeled and measured flows is 
the accuracy level of the input maps, i.e. soil and 
land use/cover maps. The soil map of the basin is a 
reconnaissance map with a scale of 1:250 000. The 
large scale of the map is expected to have impacted 
the accuracy of the estimated curve numbers of the 
subcatchments and consequently the modeled run-
off. Also, the land use/cover classes derived from 
digital classification could have variable accuracy 
for the different categories of agricultural classes 
[37]. In addition, no verified information on land 
use/cover map of the Syrian part was available. 
These limitations could reduce the accuracy of mod-
eling, as errors could propagate during the map in-
tersection. The use of more accurate maps is ex-
pected to improve the rainfall runoff modeling re-
sults. 

 

 
FIGURE 8 

WEAP modeled versus measured ZR temperature at monitoring stations 9 & 10 



© by PSP  Volume 27  No. 7/2018 pages 4637-4647     Fresenius Environmental Bulletin 

 4645 

Temperature. Figure 8 show reasonable 
agreement between WEAP modeled and measured 
temperatures at monitoring stations 9 and 10. It is 
important to note that part of the discrepancy in the 
quality parameters is due to discrepancies in river 
discharge as all quality parameters are strong func-
tions in river discharge. The high observed differ-
ence in January between modeled and measured 
temperatures at both monitoring stations is due to the 
fact that modeled river flow is significantly higher 
than the measured flow during January for all the 
years. 

 
Chemical oxygen demand. Figure 9 shows 

good agreement between WEAP modeled and meas-
ured COD at some instances and poor at others at 
both monitoring stations. Reasons advanced for the 
difference between modeled and measured COD 
values are inaccuracy in the input first order decay 
rate coefficient taking into consideration that, in 

WEAP, it is not possible to let the first order decay 
rate coefficient vary over time. The peaks in the 
measured COD concentrations at both monitoring 
stations that are not associated with a drop in the 
modeled COD are most likely attributed to acci-
dental illegal disposal of untreated sewage to the 
river [4, 5, 38]. However, the high measured COD 
concentrations that correspond to a drop in the mod-
eled COD during January of 2006 and 2007 for ex-
ample are apparently due to agricultural runoff, 
while the drop in the modeled COD is apparently due 
to dilution effect as a result of high modeled flow.   

As for the other quality parameters, inaccura-
cies in the modeled river discharge are responsible 
for part of the discrepancy between measured and 
modeled COD. The noted decrease in the measured 
COD of the river after the year 2007 is due to the 
upgrade of As Samra WWTP which discharges its 
treated effluent to the river. 

 

 

 
FIGURE 9  

WEAP modeled versus measured Chemical Oxygen Demand at monitoring stations 9 & 10 before  
calibration 
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CONCLUSION 
 
A model that integrates hydrologic and quality 

modeling of ZRB has been developed. The Water 
Evaluation and Planning (WEAP) model was used 
for this purpose. The results showed reasonable 
agreement between measured and simulated river 
flows at low flow values, while considerable differ-
ences were observed at peak flows. For the two qual-
ity parameters modeled, the results showed good 
agreement between simulated and measured values. 
However, some discrepancies were observed be-
tween modeled and measured values at peak flows. 
The developed model is the first attempt to model 
Zarqa River water quality which can serve as a man-
agement tool for the river. 
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Many mass-cultivated plants are not efficiently 

utilized to their potential because of their complex 
recalcitrant structures. In this study, three kinds of 
ionic liquid(IL), [BMIM]Cl, [EMIM]Ac and 
[BPy][HSO4], were used to pretreat corn straw and 
Salix psammophila to improve their degradation ra-
tio, and then produce ethanol by consolidated bio-
processing (CBP). FT-IR SEM and XRD were 
used to analyze the change in performance of pre-
treated corn straw and S. psammophila. The results 
showed that pretreated corn straw and S. psammoph-
ila were more amorphous, and the structure of ligno-
cellulosic biomass had been disrupted. The degrada-
tion ratio of cellulose and hemicellulose in corn 
straw were increased by 24.3% and 10.8% respec-
tively through [EMIM]Ac pretreatment. The degra-
dation ratio of cellulose and hemicellulose of S. 
psammophila pretreated by [BMIM]Cl had in-
creased by 28.4% and 15.4% respectively. The crys-
tallinity indexes of native and [Emim]Ac-pretreated 
corn straw were 49.0% and 31.1% respectively. The 
crystallinity indexes of native and [Bmim]Cl-pre-
treated S. psammophila were 37.4% and 22.3% re-
spectively. Untreated and pretreated corn straw and 
S. psammophila were fermented to produce ethanol 
by CBP. The results showed the ethanol production 
from pretreated corn straw and S. psammophila were 
increased by 32% and 19% respectively. The recov-
ery rates of [Emin]Ac, [Bmim]Cl and [Bhy][HSO4] 
reached 85%, 80% and 78% respectively. These re-
sults suggest that ionic liquid is an effective and low-
cost pretreatment method. A higher ethanol titer was 
produced by  comparing 
with untreated corn straw and S. psammophila with 
CBP.

 
Corn straw, S. psammophila, ionic liquid (IL), ethanol, re-
covery rates 
 

 
Depletion of fossil energy and a continuous in-

crease in greenhouse gas levels in the atmosphere 
have led to interest in the development of renewable 
and sustainable energy [1]. Lignocellulosic material 
is a natural and renewable feedstock for biofuel pro-
duction. However, its three main components, cellu-
lose, hemicellulose and lignin, and their rigid struc-
ture inhibit the biological conversion [2]. Especially, 
the most significant block to the use of the sugar in 
cellulose and hemicellulose is the recalcitrance of 
lignocellulose to depolymerization [3]. It is very dif-
ficult to dissolve lignocellulose in water and most 
common organic solvents because of the compact 
hydrogen bonding and van der Waals interactions 
[4]. These interactions lead to cellulose’s notorious 
resistance to hydrolysis. Many methods, including 
biological, physical, chemical and physicochemical 
processes, have been investigated for the ability to 
break down lignocellulose efficiently [5]. 

Ionic liquid is a type of environmentally 
friendly molten salt, most of which have the virtue 
of excellent solvency, low melting point, nonvolatil-
ity and designability [6]. Rogers et al. first reported 
[C4mim]Cl could dissolve cellulose efficiently [7]. 
The dissolution of cellulose in [C4mim][Cl] is at-
tributed to disruption of hydrogen bond within or be-
tween molecular chains, and coordination of chlo-
ride ions to the hydroxyl groups of cellulose. Interest 
in using IL as biomass solvents has so far been cen-
tred on the dissolution and processing of pure cellu-
lose [8]. Swotloskid et al. studied the properties of 
cellulose dissolution in 1-butyl-3-methylimidazo-
lium chloride ([Bmim]Cl) [9]. Swotloskid found that 
[Bmim]Cl had a similar mechanism to [C4mim][Cl] 
when acting on cellulose. Singh et al. showed that 1-
ethyl-3-methylimidazolium acetate ([Emim]Ac) was 
an effective solvent to solubilize the plant cell wall 
at a mild temperature, and subsequent cellulose pre-
cipitation and regeneration via addition of water as 
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antisolvent could reject lignin in the solution signif-
icantly based on the imaging techniques [10]. Shoda 
et al. studied the solubility of pyridine IL, 1-buthyl-
3-methylpyridinium chloride ([Bmpy][Cl]), on ba-
gasse and eucalyptus. [Bmpy][Cl] showed better 
performance than [Emim]Ac [11]. ([BPy][HSO4]) 
has not been reported for the pretreatment of ligno-
cellulose. 

At present study, there are four kinds of biopro-
cessing for producing bioethanol from lignocellulo-
sic biomass. They are separate hydrolysis and fer-
mentation (SHF), simultaneous saccharification and 
fermentation (SSF), simultaneous saccharification 
and cofermentation (SSCF), and consolidated bio-
processing (CBP). Large amounts of expensive com-
mercial cellulases are needed in SSF, SSCF and 
SHF, which increases the cost [12]. CBP, also called 
direct microbial conversion, featuring cellulase pro-
duction, cellulose hydrolysis, and fermentation in 
one step, is widely recognized as the attractive strat-
egy for converting cellulosic biomass to high value-
added products because of a significant lower cost 
[13]. 

Agricultural wastes are a relatively cheap 
source of biomass. A large number of corn straw is 
produced every year as an agriculture waste. S. 
psammophila is a kind of desert shrub. Due to its par-
ticular biological characteristics, the stems of S. 
psammophila need to be cut once every 3 to 5 years 
to avoid its death, thus producing a large amount of 
residual matter. In this study, [BPy][HSO4],
[Bmim]Cl and [Emim]Ac, due to their good cellu-
lose solubility, were selected to pretreat corn straw 
and S. psammophila, and then the two kinds of pre-
treated lignocellulosic biomass were fermented by 
CBP to produce ethanol. 

Mature corn straw was obtained 
from local village near Hohhot (China). The variety

of the corn straw is Xian fen 555. S. psammophila 
was obtained from Kubuqi desert (China). The main 
compositions of corn straw and S. psammophila are 
summarized in Table 1. Corn straw and S. psam-
mophila were air dried, and then pulverized by using 
a grinder and sieved through a 40 meshes sieve be-
fore pretreatment.  ATCC 
27405 used in this study was a gift from Professor 
Lee Lynd in Dartmouth. It is a strain often used for 
ethanol production from biomass by consolidated bi-
oprocessing. Pretreated corn straw or S. psammoph-
ila was used to replace microcrystalline cellulose as 
carbon source in MTC medium which prepared by 
combining six sterile solutions under a nitrogen at-
mosphere, as described in Kridelbaugh et al. [14].

 
ILs, [BPy]HSO4, 

[Bmim]Cl and [Emim]Ac, were synthesized and pu-
rified according to the literature [15-17]. 

 
A 96 % ionic liquid (IL) solu-

tion was prepared by combining 200 mg of corn 
straw and S. psammophila with 4.8 g IL in a 100 mL 
serum bottle. The serum bottles containing the sam-
ples were stirred (150 rpm) and heated in an oil bath 
at 110  for 90 min [18]. After 90 min of incubation, 
the reaction mixtures were cooled down to 60  and 
then 50 mL ethanol as an anti solvent was added to 
precipitate and regenerate the dissolved cellulose. 
Next, the precipitated material was filtered through 
filtering paper using a Buchner funnel under a re-
duced pressure and washed with deionized water to 
ensure that excess IL had been removed. At last, the 
precipitates were dried at 60  for 48 h. 

 
The supernatant fil-

tered was destained for 12 h with 80 g/mL active car-
bon. Ethanol was removed in vacuo using a rotary 
evaporator at 50  for 2 h [19]. The resulting residue 
was dried under vacuum at room temperature for 16 
h. The recovered IL was measured gravimetrically. 

 

 

Fiber material type Cellulose Hemicellulose Lignin Ash 

Corn straw 34.84%±0.40%±1.41%cB 12.35%±0.2% 10.12%±3.5% 6.6%±1.5% 
S. psammophila 38.37%±3.59% 11.35%±0.85% 24.48%±6.7% 1.6%±1.2% 
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The X-ray powder diffraction 
pattern of the original and regenerated cellulose 
preparations was measured using an 8-Adrance in-
strument with a Cu Kα radiation source at 40 kV and 
40 mA. Samples were scanned from 2θ= 5–50° at a 
speed of 2°/min. The cellulose crystallinity index 
(CrI) of non-pretreated and pretreated samples was 
measured by equation 1. 

   (1)  

 
Here I002 is the scattered intensity of cellulose I 

at about 2θ = 22.5°, and Iam is the peak for the amor-
phous portion assessed as the minimum intensity be-
tween the main and the secondary peaks at 2θ = 18.5° 

 
SEM was used to investigate 

the microstructure and the surface morphology of 
corn straw and S. psammophila. Samples were em-
bedded in paraffin wax and air-dried overnight. 
Transverse sections were cut using a rotary micro-
tome. Thicker sections were coated with gold/palla-
dium using an ion sputter coater and observed with a 
SN-3400 electron microscope operated at 20 kV. 

 
Fourier Transform Infrared 

(FTIR) spectroscopic analysis of untreated and pre-
treated residue was carried out to detect changes in 
functional groups. FTIR spectrum was recorded be-
tween 4000 and 400 cm-1 using a spectrometer with 

detector at 4 cm-1 resolution and 25 scans per sample. 
Discs were prepared by mixing 3 mg of dried sample 
with 300 mg of KBr in an agate mortar. The resulting 
mixture was pressed at 10 MPa for 3 min. 

 
 

The 
effects of three ILs, [BMIM]Cl, [EMIM]Ac 
and[BPy][HSO4], on the dissolution of corn straw 
and S. psammophila were investigated. Cellulose 
and hemicellulose digestibility for untreated and pre-
treated corn straw and S. psammophila under the 
same fermentation condition was shown in Fig.1. 
After pretreatment with three different ILs, cellulose 
and hemicellulose digestibility of S. psammophila 
and corn straw were improved. [EMIM]Ac had the 
best effect in three ILs on the pretreatment of corn 
straw. Compared with untreated corn straw, the deg-
radation ratio of cellulose was increased 24.3%, and 
the degradation ratio of hemicellulose was increased 
10.8% after [EMIM]Ac pretreatment. S. psammoph-
ila pretreated by [BMIM]Cl had cellulose and hemi-
cellulose digestibility of 28.4% and 15.4% respec-
tively, which are higher than the other two ILs. In the 
study of Trinh LTP et al., [Bmim]Cl was used to pre-
treat softwood at 120  for 300 min, and cellulose 
degradation ratio of 51%  was achieved [20]. Their 
result was consistent with the present study. 

 

100
002

002 ×
−

=
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SEM, XRD and FTIR data revealed difference 
between the native and pretreated samples. Morpho-
logical changes of native and pretreated samples 
were examined by SEM to evaluate structural modi-
fication of the surface. The lignocellulosic biomass 
with the highest degradation ratio was selected to ob-
serve the surface structure. The result was shown in 
Fig. 2. SEM images of untreated and pretreated corn 
straw and S. psammophila were taken at ×1000 mag-
nification. 

The structure of untreated corn straw (Fig. 2 a-
c) was compact, rigid and ordered. The surface of 
corn straw became swollen and loose and the origi-
nal fibrous structure has been distorted after pretreat-
ment by [Emim]Ac (Fig. 2 d-f). The same phenome-
non was also investigated on the S. psammophila. 
The distorted structure and increase in surface area 
of the pretreated biomass led to an improvement in 
hydrolysis efficiency.  

The research showed that alkyl imidazolo ionic 
liquid had a strong effect on cellulose. In 2002, Swat-
loski discovered that cellulose can be directly dis-
solved by 1-butyl-3-methyl imidazole chloride 
([Bmin]Cl) [7]. Zhai et al. found that [BMIM]Cl was 
able to dissolve cellulose in wood pulp, wheat straw 

and Pennisetum sinese Roxb [21]. 
The FTIR spectra of lignocellulosic biomass 

was influenced by the spectra of its three main bi-
opolymers, cellulose, hemicelluloses and lignin [22]. 
The FTIR spectra of corn straw and S. psammophila 
with and without IL pretreatment was presented in 
Fig.3. Difference was detected in the absorption 
spectra, i.e. absorbance and shapes of the band and 
their locations. The most representative band is sum-
marized. The absorption of O-H stretching vibration 
shifted from 3004 cm−1 of the original biomass to 
3256 cm−1 of the pretreated biomass, which indicated 
that the content of the free hydroxyl group increased 
in the regenerated cellulose [23]. The peak at 2897 
cm−1 was due to the C-H stretching in CH2 and CH3 
groups, which was affected by changes of crystallin-
ity. The characteristic lignin band at 1600 cm-1 was 
found to be absent in pretreated samples, indicating 
the depolymerization of the guaiacyl aromatic ring 
of lignin during pretreatment [24]. The absorption 
band at 1427 cm−1 of the original cellulose was at-
tributed to crystallized cellulose I and amorphous 
cellulose [25]. The band widening at 1318 cm-1 can 
be ascribed to CH2 wagging vibrations in cellulose. 
A similar observation was reported by Raveendran 
Sindhu et al. [26]. 
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The powder XRD values of untreated and 
treated corn straw and S. psammophila was pre-
sented in Fig. 4. There were three broad peaks at 
15.1°, 22.1°and 35.0° for untreated corn straw and S. 
psammophila, which was consistent with known val-
ues in the cellulose I lattice structure [27]. XRD has 
been used to determine the crystallinity index by as-
sessing the relative contributions of crystalline frac-
tions to the overall scattering pattern for a long 
time[28]. The crystallinity indexes of native and 
[Emim]Ac-pretreated corn straw were 49.0% and 
31.1% respectively. Kosan et al. used ionic liquid 3-
ethyl-1-methyl imidazole acetate ([EMIM]Ac) to 
treat cellulose and discovered that cellulose was dis-
solved by ionic liquid directly[29]. The crystallinity 
indexes of native and [Bmim]Cl-pretreated S. psam-
mophila were 37.4% and 22.3% respectively. The 
lower crystallinity index revealed that a large 
amount of amorphous cellulose was present in the 

regenerated cellulose. High-crystalline cellulose had 
great resistance against enzymatic saccharification 
and hindered the action of microorganisms as a result 
of the strong hydrogen-bond networks [30]. 

 

The pretreatment of lignocellulose 
is a critical step in the production of fuel ethanol by 
lignocellulosic biomass. Ethanol production from 
untreated and pretreated corn straw and S. psam-
mophila was shown in Fig. 5. The ethanol production 
from untreated corn straw and S. psammophila were 
0.19 g/L and 0.12 g/L respectively. In contrast, the 
ethanol production from corn straw and S. psam-
mophila were increased after ionic liquid pretreat-
ment. The ethanol production for [EMIM]Ac-pre-
treated corn straw was increased by 32%. With 
[BMIM]Cl-pretreated S. psammophila, ethanol pro-
duction increased by 19%. 
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strain Pretreatment method ethanol 
yield(g/L) 

material Reference 

ATCC 27405 
Dilute sulfuric 
Acid (190 , 60s) 

0.2 Switchgrass [36] 

 
ATCC 27405 

dilute sulfuric 
acid (190 , 60s) 

0.3 Populus [36] 

 
ATCC 27405 

dilute sulfuric 
acid (121 , 1h) 

0.8(0.6) rice straw [30] 

 
ATCC 27405 

steam exploded  
(560psi,250 , 20s) 

0.73 aspen wood [28] 

 
ATCC 31924 

steam exploded 
(560 psi, 250 , 20s) 

0.41 wheat straw [29] 

 
Ethanol production by  with 

lignocellulosic biomass by different pretreatment 
methods was listed in Table2. In the study of Saddler 
JN et al. [31, 32], ethanol production from aspen 
wood and wheat straw by ammonia explosion pre-
treatment was higher than those  in the present study. 
However, ammonia explosion pretreatment requires 
high energy consumption and equipment require-
ments. IL-pretreatment requires temperatures of only 

110 . In the study of Hua Z et al., ethanol produc-
tion from rice straw pretreated by dilute sulfuric acid 
increased 25%, which was lower than [EMIM]Ac-
pretreated corn straw in this study [33]. In addition, 
dilute sulfuric acid pretreatment method also led to 
an environmental pollution. Therefore, the ionic liq-
uid pretreatment method described in the present 
study can be considered as an effective pretreatment 
method for corn straw and S. psammophila. 
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To demonstrate potential cost efficiencies, IL was re-
cycled after pretreatment of S. psammophila and 
corn straw. The recovery percentage of three ionic 
liquids was shown in Fig. 5. The recovery rate of 
[Emin]Ac, [Bmim]Cl, and [Bhy][HSO4] reached 
85%, 80%, and 78% respectively. A low recovery 
percentage of [EMIM][DEP], 75%, was obtained by 
Li et al. [34]. In the research of Liu et al., 1-Methyl-
3-allylimidazolium chloride ([Amim]Cl) was recov-
ered and the recovery rates were 82% and 79% for 
the first time and the second time respectively [35]. 
As a result, it is evident that IL has strong potential 

for efficient recycling, and thus the cost will be cut 
[36]. 

Pretreatment methods such as acid, dilute al-
kali, steam explosion and ammonia explosion have 
some disadvantages, for example environmental pol-
lution, high energy consumption, and special equip-
ment requirements [37, 38]. Ionic liquids as a type of 
environmentally friendly molten salt and green sol-
vent has some advantages in the application of pre-
treatment. The pretreatment cost can be reduced by 
high recovery rates of ionic liquid. These efficiencies 
urge the further industrialization of ionic liquid pre-
treatment method. 
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Estimation of sediment volume transported by 
a river has become an important water engineering 
issue. Due to the lack of exact and detailed infor-
mation on the parameters affecting the non-linear na-
ture of sedimentation process including spatial and 
temporal variances, a comprehensive sedimentation 
model cannot be formulated. The new evolving tech-
nique of utilizing artificial neural networks, which is 
based on an optimization algorithm, has found vast 
applications in different scientific fields, especially 
in water and river engineering. The Imperialist Com-
petitive Algorithm (ICA) is based on random popu-
lations and the idea of the human's socio-political 
evolution. In this algorithm, a number of imperialist 
countries and their colonies search for a generalized 
optimization method for finding optimizing solu-
tions. This research is based on the Feed Forward 
Artificial Neural Network (FF-ANN) model and at-
tempts to predict and determine sedimentation in riv-
ers. One of the elements used as a new method is 
employment of ICA for finding the optimized values 
within ANNs, which is also used for predicting river 
sedimentations of Karoon River in Ahvaz, Iran. For 
this purpose, discharge, month of year, height, and 
density coefficient are the input parameters, and sed-
imentation estimation is the output value. To deter-
mine accuracy of the FF-ICA model, it was com-
pared with genetic and particle swarm group algo-
rithms. This comparison was carried out in three 
stages of investigation, training, and testing. The re-
sults state that the ANN with its weights optimized 
within ICA, when compared with Genetic Algorithm 
(GA) and Particle Swarm Optimization (PSO) Algo-
rithm, has greater flexibility and accuracy in predict-
ing river sedimentation. 

  
Imperialist Competitive Algorithm (ICA), Artificial Neu-
ral Network (ANN), Sedimentation, Karoon River, Ge-
netic Algorithm (GA), PSO Algorithm 
 
 
 

 
Determining the exact volume of sediments 

carried by rivers has great importance in many water 
management projects. Up to now, many numerical 
models, which are based on the theory of nonequi-
librium sediment transport, have been provided for 
predicting river sedimentation and are widely used 
in the pre-design phase for engineering projects. 
However, the biggest disadvantage is that the simu-
lated results of classic numerical model usually dis-
agree with the measurements, what may be attributed 
to the imperfection of the model structure and the 
difficulty in parameter calibration [1]. According to 
Fang et al. [1], to improve the numerical model ac-
curacy, there are three approaches which can be em-
ployed: (1) data assimilation method, which origi-
nates from weather prediction; (2) building up cou-
pled numerical models, in which the flow, sediment 
transport and morphological evolution processes are 
strongly coupled with one another and (3) to use a 
series of optimal methods, such as artificial intelli-
gence and neural networks (e.g. [2], [3], [4]). 

Considering the nonlinear behavior of hydrau-
lic parameters make us to find some more progres-
sive alternatives instead of the older classic methods 
such as rating curve models which do not have the 
required accuracy [5]. Recent research has shown 
that Artificial Neural Network Models can be used 
as a black-box method in modeling hydraulic param-
eters. Yitian and Gu [6] modeled river flow and sed-
imentations in river systems with artificial neural 
networks. For this purpose, ANN model based on an 
existing river was developed to predict river flow 
and sedimentations. Results indicated that artificial 
neural networks are powerful tools for real-time pre-
diction of this occurrence in a complex river system. 
Alp and Cigizoglu [7] considered the meteorological 
data within Artificial Neural Models to predict river 
sedimentations. They used feed-forward back-prop-
agation (FFBP) method and radial basis functions 
(RBF) to model the suspended load of sediments in 
the Catchment River. Dogan et al. [8] used artificial 
neural networks to predict the total sediment load. 
Their aim was to create an effective model regarding 
sediment load, greater slopes, and the size of the load 
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particles. Results illustrated that the developed neu-
ral network determined greater accuracy than the 
Acaroglu equation and Graf model. Kisi [9] pre-
dicted river sedimentations using Fuzzy models. Re-
sults showed that fuzzy models could predict the 
river sediment loads with a very high accuracy. Yand 
et al. [10] used effective parameters on neural net-
work for sediment determination. They also used 
four parameters of average flow velocity, water sur-
face slopes, average flow depth, and median particle 
diameter for sediment determination. Results 
showed that the ANN model with minimum input 
parameters is a reliable method for predicting the to-
tal sediment. Melesee et al. [11] predicted the sus-
pended sedimentation load of rivers using MLP net-
work. The input parameters in that research were dis-
charge, previous day's discharge, rainfall, and the 
output was river sedimentation. They also used non-
linear regression and time series models. Results in-
dicated that artificial neural networks have suitable 
accuracy in predicting the level of river sedimenta-
tions. Rajaee [12] used combination of wavelets and 
artificial neural networks to determine river sedi-
mentation. They evaluated the model using multi lin-
ear regression and rating curve. The results showed 
that in comparison with the other two models, the 
combinational Wavelet Artificial Neural Network 
(WANN) model provides better results in predicting 
the suspended river loads. Ramezani et al. [13] de-
termined sediment on Maron River using both artifi-
cial neural network and social-based algorithm. 
They used social-based algorithm to optimize the ar-
tificial neural network weights due to determination 
of sediment on Idenak, Tang Takab, Cham Nezam 
and Jookang stations. Likewise, the input data were 
length, discharge, and height of every station, and 
the output was sediment. They illustrated that artifi-
cial neural network combined by social-based algo-
rithm is more flexible and able to determine the sed-
iment on Maron river. 

Different methods for solving optimization 
problems have been introduced. Some of them are 
repetitive methods, which are gradient based and 
find the optimized cost function value. Although 
they have great speed, one of their weakness in con-
centrating on local optimizations [14]. The main aim 
of this study is to use the Imperialist Competitive Al-
gorithm for optimizing weights within Artificial 
Neural Networks as a new optimizing algorithm for 
predicting river sedimentation. The advantages of 
this system include: (1) Introducing the new funda-
mental idea of use of Imperialist Competitive Algo-
rithm as the first optimizing algorithm based on a so-
cio-political process; (2) The ability equal to or even 
higher than different optimization algorithms in fac-
ing different optimization issues and (3) Suitable 
speed  in finding solutions. 

In this article, Karoon river sedimentation pre-
diction has been carried out using Feed Forward Ar-
tificial Neural Network. Existing data from Ahvaz 

station were employed in a suitable model of Artifi-
cial Neural Networks. For this purpose, discharge, 
month of year, height and density coefficient are the 
input parameters, and sedimentation estimation is 
the output. For evaluation of accuracy of the FF-ICA 
model, it was compared with the genetic algorithm 
and PSO algorithm. This research was carried out in 
three stages of training, testing and prediction.   

 
 

Imperi-
alist Competitive Algorithm (ICA) is an evolution-
ary empirical method that addresses the optimization 
process in different fields. This algorithm is formed 
by making a mathematical model of socio-political 
evolution to provide a mathematical algorithm for 
optimization solutions. For practical purposes, it 
falls within the same category as the evolutionary 
optimization algorithms, such as Genetic Algorithms 
(GA), Particle Swarm Optimization (PSO), Ant Col-
ony Optimization (ACO), and Simulated Annealing 
(SA) algorithms. Like all algorithms in this category, 
ICA also forms a group initial probable solution. 
These early solutions in ICA are also known as 
"country". ICA within a special process develops 
these early solutions (countries) and advances them 
to an optimization point until it reaches state. The 
foundations of this algorithm are unification, com-
petitive colonization, and revolution [14]. Consider 
this as mimicking the processes of socio-economic 
and political evolution in countries. Based on these 
processes, they created a mathematical algorithm to 
solve complex optimization problems. In fact, this 
method presents a repetitive process of gradual im-
provements -looked at in terms of countries- so to 
provide a final optimized solution. ICA starts with a 
random number of societies, each called a country. 
The numbers of the best elements amongst these are 
considered as imperialist countries and the rest as 
colonies. The imperialists depending on their influ-
ence try to within a certain process, pull the colonies 
toward themselves. The power of each empire de-
pends on two elements. One is the imperialist as the 
central node, and the other its colonies. This depend-
ency has mathematically been considered as the 
power of the empire, as the power of the imperialist 
country, plus an average percentage of power of the 
colonies [14]. Within the formation of the early em-
pires, imperialistic competition between them starts. 
Any imperialist, which cannot act successfully in co-
lonial competition and add to its power (or at least 
cannot stop reduction of its power) will be elimi-
nated from the imperialist competition scene. There-
fore, survival of any empire depends on absorbing 
other empires' colonies, and their addition to its cir-
cle of power. Thus, in Imperialist competitions, 
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power of greater empires will gradually increase, and 
the weaker empires will gradually diminish until 
they reach to the point of extinction.  In order to in-
crease the power of empires it is needed to develop 
their colonies. 

 

Policy of uniformity (absorption) 
with the aim of analyzing the culture & social struc-
ture of the colonies was placed in the culture of the 
central government. As stated earlier, imperial coun-
tries in order to progress their influence, started to 
develop these countries (by creation of universities, 
transport systems etc.) (i.e. advancing the colonies' 
infrastructure). In this policy, the colony on the line 
connecting the colony to the imperialist moves X 
units toward the imperialist, and reaches a new point. 
X is a random number with uniform distribution (or 
any other suitable). If the distance between the col-
ony and the imperialist is shown by d, the amount or 
parameter d is shown in Equation (1) [14]:

(1) x ~ U(0,ß*d), 
where ß is a number greater than 1 and close to 

2. A suitable choice can be ß =2. Coefficient ß≥1 
causes the colony while moving towards the imperi-
alist can get close to it in different aspects. In addi-
tion, during this movement, a small angular diver-
sion with uniform divergence occurs, which is added 
to the movement path. A graphical representation of 
absorption policy in ICA is presented in the two di-
mensional plane in Fig. 1a [14]. 

 

During movement of the colonies toward the impe-
rialist, it is possible that some colonies will reach a 
better position than the imperialist will (they reach 
some points in the cost function, which may cost less 
than the imperialist may). Under this condition, the 
colony and the imperialist exchange position, and 
the algorithm with a new position for the imperialist 
country. This time, this new imperialist country car-
ries out a new unification policy. New positioning of 
the colony is shown in Fig. 1b [14]. 

 

ANNs have become one of the most active research 
areas in recent years, which have attracted the atten-
tion of scientists in many fields. Neural networks are 
data processing systems consisting of a large number 
of simple, highly interconnected processing ele-
ments (artificial neurons) in an architecture inspired 
by the structure of the central cortex of the brain. It 
has the ability to learn from experiences and infor-
mation in order to improve its performance and to 
adapt itself to changes in the environment [15]. Re-
cent research in the field of ANNs has shown that it 
has great potentials in solving all complex engineer-
ing problems. Although ANNs cannot be compared 
with natural neutral systems, they have features that 
make them capable of carrying out certain tasks such 

as differentiating models or where there is need for 
learning linear or nonlinear mapping. Among the 
features and capabilities of neural network models is 
the ability to learn, adapt to the existing data, the 
ability to develop, apply to similar conditions, paral-
lel processing of entries to a system, and conse-
quently higher speeds of processing and high error 
tolerance etc. to name but a few [16].

 

 

 

 
Typically, an ANN divides the available data 

into a training set and a test set: performance of the 
training- set-calibrated ANN model is verified using 
the test subset. The early stopping method, however, 
requires one more subset between the training and 
the test sets, called the validation set. The typical 
ANN approach monitors the training error only dur-
ing the training procedure, but the early stopping 
method monitors the validation error as well as the 
training error. The training procedure is terminated 
when the mean-square error (MSE) of the validation 
set reaches its minimum. If the ANN is trained fur-
ther, then it begins to overfit and the mean-square 
error begins increasing from its minimum.   

ANNs are parallel mass data processors that re-
semble the human brain neural network. The princi-
pals of an ANN are: (1) Processing occurs in singular 
units known as nodes; (2) Signals between the nodes 
are transmitted via link lines, (3) The given weight 
to each link line represents its line link power and (4) 
Each node normally has activating functions and 
conversion for determining output signals based on 
input data to the system [16]. 
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Structure of the ANN is introduced in terms of 
model node connections, method of weight determi-
nation, and activity function. The normal structure of 
an ANN consists of input output layers and hidden 
inner layer(s) (Fig. 2).  

 

 
 

 
The input layer can be explained as gathering 

data and transferring it into the system. The output 
layer is for presenting the predicted outputs by the 
network. The middle or hidden layer(s) that consist 
of practicing the nodes have the task of processing 
the input data. The number of hidden layer(s) and 
number of nodes in each layer are found via trial and 
error or using the optimization algorithms. The 
nodes in each pair of contagious layers are wholly 
connected to each other. Inputs to each layer could 
consist of input or output parameters of other nodes. 
Each node has a transfer function. Inputs are vector 

spaces in form of X (x1, x2, x3, …, xn). Every input is 
weighted and connected to a processing node. Con-
sequently, a collection of weights in the form of W 
(w1, w2, w3,…, wn) are linked to the relevant node. 
“w” shows the link weight from the node on the pre-
vious layer to the present layer's node. The output of 
the node is termed y and is calculated using Equation 
(2): 

   (2) 
where y is node output, f is the function, x is 

input data, w is weight vector, and b is bias, which 
process the outputs of the node [16]. 

The area 
under study is one covered by the Karoon River Ah-
vaz Station which is shown in Fig. 3. The Karoon 
River is the largest river in Iran which makes it to be 
the only partially navigable river in that country. In 
other words, with 950 kilometers of route and tribu-
taries, it is the longest river and has the largest vol-
ume of water of rivers, which flows only within 
Iran's boarders. Drinking water of many populated 
areas including the city of Ahvaz is provided by this 
river [17], [18]. 

Monthly data form synopsis stations from 1968 
to 2009 was considered. Ahvaz station is located at 
39°, 44", 48' longitude and 44°, 20", 31’ latitude. 
Monthly data on parameters including month of the 
year, discharge, gauge, and sediment density coeffi-
cient at Ahvaz station are presented in the Table 1. 

 

 

( )−= .



 

 

4662

1 

Karoon Iran-Ahvaz 

1968-1971 90 
2 1972-1981 169 
3 1982-1991 127 
4 1992-2001 133 
5 2002-2012 104 

Total 623 
 

1 Input Discharge 8.61 4387 691.23 691.23 
2 Input Height 15 566 175.19 175.19 
3 Input Month 1 12 6.78 6.78 

4 Input Density  
Coefficient 11 12832.7 626.98 626.98 

5 Output Sediment 99.185 1880000 77137.07 77137.07 
 

1 50GEN_2IN 2 1 1 4 tansig 300 20 50 
2 50GEN_3IN 3 1 2 4_3 tribas 200 25 50 
3 50GEN_4IN 4 1 1 8 satlins 400 40 50 
4 50GEN_5IN 5 1 3 4_4_3 satlins 300 30 50 
5 100GEN_2IN 2 1 1 4 satlins 300 30 100 
6 100GEN_3IN 3 1 1 7 tansig 400 40 100 
7 100GEN_4IN 4 1 2 5_4 tansig 500 50 100 
8 100GEN_5IN 5 1 2 7_4 satlins 450 45 100 
9 150GEN_2IN 2 1 1 5 poslin 400 20 150 
10 150GEN_3IN 3 1 1 6 hardlims 250 25 150 
11 150GEN_4IN 4 1 1 9 purelin 450 45 150 
12 150GEN_5IN 5 1 2 5_5 satlins 400 400 150 
13 200GEN_2IN 2 1 1 4 tribas 600 60 200 
14 200GEN_3IN 3 1 1 6 satlins 250 25 200 
15 200GEN_4IN 4 1 3 3_3_3 poslin 450 45 200 
16 200GEN_5IN 5 1 1 11 tribas 600 300 200 
17 250GEN_2IN 2 1 1 5 logsig 500 50 250 
18 250GEN_3IN 3 1 2 4_3 radbas 250 25 250 
19 250GEN_4IN 4 1 1 9 purelin 300 30 250 
20 250GEN_5IN 5 1 2 6_5 tansig 500 50 250 

 
 

Actual statistical data is also presented in Table 
2. 

Ahvaz station currently has measuring equip-
ment: height and gauge equipment, measuring flume 
and online sediment measuring system. In order to 
obtain accurate results, numerical parametric entry 
data must be normalized for placing in the ANN 
model.  For this purpose, Equation (3) was used: 

(3) xN = (x – MinX) / (MaxX – MinX) * 2 – 1 
where xN is the normalized entry data, x the 

entry data, MinX the minimum value of all of the 
data and MaxX the maximum value of all of the data.  

The output parameter is found according to 
Equation (4): 

(4) yN = (y – MinY) / (MaxY – MinY) * 2 – 1 
where yN is the normalized sediment data, y is 

the sediment data, Min Y is minimum of all pre-
sented sediment data, and MaxY is the maximum 
value of all presented data. Therefore, all normalized 
data fall within the [-1, +1] range. 
 

The ANN used in this re-
search was Feed Forward. The inputs were dis-
charge, previous day's discharge, gauge, month of 
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the year, and sediment density, and the output is sed-
iment volume. This network is shown in Fig. 2. From 
623 data models, 80% (503) were used for training 
and 20% (125) for testing the network. Equation (5) 
was used for determining the number of hidden 
nodes experimental [19]:

(5)  
where  is the maximum number of nodes in 

the hidden layer(s) and  is the number of entered 
data.  

Considering that the number of entered data is 
five, the maximum nodes in the hidden layer(s) is 11 
(i.e. ). Competitive Imperialist Algo-
rithm was used for optimizing the weight of each of 

the artificial neural models. Table (3) presents the 
optimized structure of each model together with fea-
tures of the ICA. Tables (4) and (5) show the results 
of training and testing with optimization of each 
structure from Table (3). In order to determine each 
model's performance and finding the best result, 
MSEtest and MSEtrain of each model is compared 
with the other models. Considering the gained re-
sults Feed Forward model with its weights optimized 
through Imperialist Competitive Algorithm, and 
with the 1-5-6-5 structure, having specification of 
500 countries, 50 empires, and 250 optimization re-
peats, provides the best results among the considered 
models. 

 
 

1 50GEN_2IN y = 0.4018x - 0.2518 0.3727 y = 0.3974x - 0.2639 0.2995 0.1198 0.1197 0.1198 
2 50GEN_3IN y = 0.005x + 0.0048 0.0981 y = 0.0042x + 0.0044 0.0252 0.9019 0.8959 0.9019 
3 50GEN_4IN y = 0.549x - 0.379 0.3033 y = 0.6026x - 0.3575 0.3216 0.0551 0.0425 0.0551 
4 50GEN_5IN y = 0.1287x - 0.0512 0.2393 y = 0.1691x - 0.0155 0.2599 0.6047 0.596 0.6047 
5 100GEN_2IN y = 0.5683x - 0.1899 0.3403 y = 0.5295x - 0.2423 0.2519 0.0866 0.0889 0.0866 
6 100GEN_3IN y = 0.5621x - 0.2331 0.3659 y = 0.5732x - 0.2392 0.3102 0.0883 0.0859 0.0883 
7 100GEN_4IN y = 0.4041x - 0.5228 0.4293 y = 0.3375x - 0.58 0.2661 0.0493 0.0535 0.0493 
8 100GEN_5IN y = 0.7321x - 0.2593 0.6706 y = 0.476x - 0.4996 0.3767 0.0293 0.0479 0.0293 
9 150GEN_2IN y = 0.0231x + 0.0223 0.1657 y = 0.0293x + 0.0288 0.1396 0.9017 0.8961 0.9017 
10 150GEN_3IN y = 0.3284x - 0.6757 0.1483 y = 0.1984x - 0.7898 0.0429 0.0982 0.1125 0.0982 
11 150GEN_4IN y = 0.5531x - 0.3228 0.2135 y = 0.7998x - 0.1144 0.3967 0.1199 0.0778 0.1199 
12 150GEN_5IN y = 0.6825x - 0.303 0.6629 y = 0.473x - 0.4949 0.4441 0.0295 0.0411 0.0295 
13 200GEN_2IN y = 0.0324x + 0.0314 0.2447 y = 0.0521x + 0.0538 0.056 0.9016 0.9011 0.9016 
14 200GEN_3IN y = 0.5609x - 0.3377 0.3071 y = 0.5526x - 0.3708 0.2671 0.0569 0.0483 0.0569 
15 200GEN_4IN y = 0.0103x + 0.7791 0.0048 y = 0.0539x + 0.816 0.1557 3.1136 3.1240 3.1136 
16 200GEN_5IN y = 0.1657x + 0.1568 0.4162 y = 0.1312x + 0.1238 0.271 0.8981 0.8947 0.8981 
17 250GEN_2IN y = 0.0356x + 0.076 0.3178 y = 0.0419x + 0.0814 0.2901 0.9771 0.9727 0.9771 
18 250GEN_3IN y = 0.0098x + 0.0128 0.219 y = 0.0109x + 0.0139 0.181 0.8849 0.8743 0.8849 
19 250GEN_4IN y = 0.493x - 0.3398 0.229 y = 0.6992x - 0.168 0.385 0.1051 0.0734 0.1051 
20 250GEN_5IN y = 0.823x - 0.1484 0.8698 y = 0.768x - 0.199 0.894 0.0267 0.0350 0.0267 

 

1 50GEN_2IN 0.334 0.323 0.132 0.127 -0.476 -0.397 0.566 0.556 
2 50GEN_3IN 0.921 0.915 0.879 0.867 -0.284 -0.152 0.952 0.951 
3 50GEN_4IN 0.129 0.104 0.076 0.066 -0.091 0.094 0.247 0.213 
4 50GEN_5IN 0.759 0.752 0.595 0.581 -4.211 -3.953 0.865 0.863 
5 100GEN_2IN 0.250 0.236 0.107 0.107 -0.401 -0.346 0.459 0.443 
6 100GEN_3IN 0.214 0.200 0.087 0.085 -0.177 -0.184 0.430 0.413 
7 100GEN_4IN 0.101 0.108 0.048 0.054 -0.203 0.032 0.260 0.272 
8 100GEN_5IN 0.058 0.075 0.029 0.047 -0.118 -0.047 0.169 0.182 
9 150GEN_2IN 0.921 0.915 0.878 0.867 -0.098 -0.061 0.952 0.951 
10 150GEN_3IN 0.109 0.124 0.097 0.114 -0.077 -0.075 0.206 0.216 
11 150GEN_4IN 0.200 0.158 0.119 0.076 -2.629 -0.202 0.369 0.326 
12 150GEN_5IN 0.056 0.066 0.029 0.040 -0.071 -0.017 0.167 0.176 
13 200GEN_2IN 0.921 0.920 0.878 0.875 -0.223 -0.170 0.952 0.954 
14 200GEN_3IN 0.134 0.116 0.079 0.075 -0.375 0.357 0.254 0.224 
15 200GEN_4IN 1.662 1.659 2.844 2.818 2.164 2.169 1.281 1.282 
16 200GEN_5IN 0.914 0.911 0.873 0.864 13.312 13.456 0.945 0.947 
17 250GEN_2IN 0.961 0.955 0.954 0.941 24.460 24.760 0.973 0.972 
18 250GEN_3IN 0.925 0.918 0.885 0.872 291.004 288.035 0.954 0.952 
19 250GEN_4IN 0.194 0.158 0.104 0.072 3.013 -0.676 0.370 0.333 
20 250GEN_5IN 0.046 0.044 0.011 0.009 -0.017 -0.088 0.183 0.182 

12 +≤

( )11≤
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The coefficient which ranges from 0 to 1 

provides a measure of how well observed outcomes 
are replicated by the model, as the proportion of total 
variation of outcomes explained by the model. The 
best model is the one which demonstrates a higher 
value of . As presented in Table 4, in Model No. 
20, 2 is the coefficient for sedimentation parameter. 
For training and testing, these values were 0.8698 
and 0.894, respectively. For the straight-line slope, 
this parameter is 0.823 and 0.768, respectively, 
which states the degree of accuracy of the sedimen-
tation modeling. From Table 5, MAE, RMSE, 
MARE and RMSD coefficients in the two stages of 
training and testing of the Artificial Neural Network 

with structure of 5-6-5-1 and specification of 500 
countries, 50 empires, and 250 optimization repeats 
provide the least value, which indicates the lower er-
ror of this model. Therefore, the FF model labeled 
250GEN_5IN presented higher accuracy than its 
other similar models. The results of the FF model 
with specification of 5-6-5-1 structure with 500 
countries, 50 empires, and 250 repeats in relation 
with other models used are provided in Fig. 4a) to 
4d). In addition, the minimum cost and mean cost di-
agrams are presented as the best models in Fig. 4e). 
From this diagram, minimum cost and mean cost co-
efficients are found as 0.0347 and 0.0315, respec-
tively. 
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Population 150 Maximum of Swarm 200 Countries 500 Mutation Rate 15 

Crossover Rate 50 Cognition Coefficient 2 Empires 50 Social Coefficient 2
Generation 250 Maximum of Generation 250 Generation 250 

 

1 250GEN_5IN y = 0.823x - 0.1484 0.8698 y = 0.768x - 0.199 0.894 
2 GA y = 0.5618x - 0.3865 0.5861 y = 0.7502x - 0.1948 0.7048 
3 PSO y = 0.6376x - 0.3221 0.642 y = 0.7425x - 0.2118 0.7044 

 

1 250GEN_5IN 0.046 0.044 0.011 0.009 -0.017 -0.088 0.183 0.182 
2 GA 0.072 0.072 0.035 0.024 -0.017 -0.058 0.224 0.229 
3 PSO 0.055 0.059 0.030 0.024 -0.003 -0.040 0.194 0.203 

 
 

To evaluate the op-
timized FF model using ICA, it was compared to Ge-
netic Algorithm and PSG. Their features are pre-
sented in Table 6. In addition, FF ANN model with 
5-6-5-1 structure with Tansig excitation function 
was used for the three algorithms.

Table 7 shows coefficients of the three studied 
models for the given training data, 2 testing coeffi-
cients and the slope of the straight line. 

Table 7 shows sedimentation results from the 
three models. Table 8 also shows the statistical data. 
Figs. 5 a) and b) make a comparison between calcu-
lated and observed data by the three models in the 
training stage. In addition, the cost diagram for the 
three models is shown in Fig. 5 c). 

Using the given equations of fitted lines over 
calculated and observed values in each model, and 
coefficient of determination in Table 7, and the col-
lected statistical data in Table 8, it is shown that the 
optimized ANN by ICA has a greater accuracy over 
the Genetic and PSO algorithms. Due to sediment 
predictions in the three models in Fig. 5a - b, it is 
clear that the optimized ANN by ICA has greater ac-
curacy over the other two models. The cost diagram 
is presented in Fig. 5c. 
 
 

Results of this study show that the suggested 
method (i.e. use of ANNs and ICA for finding opti-
mization point for these functions) is successful. In 

addition, different practical problems resolved via 
this algorithm show that the suggested optimization 
strategy can be used successfully alongside other 
methods of optimization such as genetic algorithm 
and particles swarm group in solving river engineer-
ing problems. Comparison of the results obtained by 
this algorithm with other popular optimization meth-
ods also indicates provision of better results. Optimi-
zation of imperialistic competitive algorithm can be 
used as a powerful tool in optimizing weights within 
artificial neural networks. 

Comparison of the results from training and 
testing of different artificial neural networks opti-
mized by imperialistic competitive algorithm with 
the structure 5-6-5-1 with Tan sigmoid transfer func-
tion and specifications of 500 countries, 50 empires 
and 250 repeats has better ability and greater accu-
racy in sediment prediction. 

In the best artificial neural network optimized 
by imperialistic competitive algorithm, for predict-
ing sedimentation coefficient 2 in training and test-
ing stages, these were 0.894 and 0.8698, respec-
tively. The straight-line slope for this parameter is 
0.768 and 0.823, respectively, which states the de-
gree of accuracy of sedimentation modeling. The sta-
tistical coefficients MAE, RMSE, MARE and 
RMSD were less than the other models. This indi-
cates lesser error of this model. For evaluating the 
optimized ANN by ICA, the ICA was compared with 
GA and PSO algorithm. Results showed that the op-
timized ANN by ICA has greater accuracy and flex-
ibility over the other two algorithms.  
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Selection of promising genotypes possessing 
superior yield and quality traits among the rich al-
mond seedling population in Turkey is necessary for 
increasing the contribution of these genotypes to the 
Turkish economy through propagation. It is also im-
portant to consider the relationship between yield 
and quality traits when making this selection. The 
aim of this study was to determine the relationship 
between two sets of variables created considering 
characteristics of fruit and kernel of almond by using 
the canonical correlation analysis method, which is 
one of the multivariable analysis methods. In this 
method, the relationship between two canonical var-
iables and the major variables of the same set was 
examined.  It was concluded that the increase in fruit 
weight (FWe) and fruit thickness (FT) led to a sig-
nificant decrease in kernel weight (KWe) and kernel 
ratio (KR).  

 
 

Almond, fruit and kernel traits, canonical correlation 
 
 

Cultivated almond, which is classified in the 
subgenus Amygdalus from the genus Prunus of the 
family Rosaceae in the order Rosales, has a wide dis-
tribution area in the world. The subgenus Amygda-
lus includes about 40 cultivars of almond, and 12 of 
them are grown in Turkey [1- 4]. Almond is one of 
the popular fruits being increased in both production 
and consumption owing to the fact that human health 
and beneficial all over the word [5, 6]. Furthermore, 
sweet almond fruit is used in the food industry and 
almond oil obtained from bitter almond used in the 
chemistry industry [7-9]. In addition, almond is one 
of the important fruits recommended and be con-
sumed in the human diet, due to its contents of fatty 
acids, protein, dietary fiber, polyphenols, vitamins C 

and E and many minerals [10-13]. In this context, the 
almond kernels have been used to prevent important 
diseases of the heart and autoimmune system, rheu-
matoid arthritis, and cancer in recent years [9, 14].  

Almond is cultivated in every region from east 
to west and from north to south in Turkey, however, 
cultivation is mostly centered in Aegean, Mediterra-
nean, and Marmara regions [15-17]. According to 
2014 data, Turkey is ranked as the world’s 6th al-
mond-producing country [18].  

Although Turkey has a rich genetic resource 
pool of almond, production, mainly obtained from 
seedling trees, causes to have several problems in 
terms of both cultivation and marketing [19].  

For solution of such problems, transition to 
modern cultivation has recently been started by 
grafting standard almond cultivars onto clonal root-
stocks [20, 21]. However, since almond has been di-
rectly cultivated from the seed in Turkey for thou-
sands of years, an extremely wide and diverse al-
mond population of seed origin has occurred in dif-
ferent localities of Turkey. A large number of prom-
ising almond genotypes with respect to quality and 
yield characteristics have also been identified by 
several selection studies conducted on this rich pop-
ulation [22-24]. The issue mostly addressed in selec-
tion studies is to obtain individuals with high yield 
and quality [4]. In this context, it is considerably im-
portant to know the relationship between yield and 
quality traits in order to get the expected benefit from 
selection studies [25]. A correct approach is to put 
emphasis on generally more than one traits and ex-
amine these traits one by one, as seen in in numerous 
scientific studies. However, addressing and evaluat-
ing these traits together via appropriate analysis 
methods may enable the researcher to have more in-
formation [26]. Canonical correlation is one of these 
methods. The relationship between two sets of vari-
ables, consisting of numerous variables in each, can 
only be investigated by canonical correlation analy-
sis method [27- 31]. In the present study, it was 
aimed to identify the relationship between some fruit 
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and kernel traits of almond by using canonical anal-
ysis method in almond genotypes selected from the 
Aydın region.  

 
 

Material used in the study consisted 
of 307 almond genotypes. A total of 10 parameters 
including 5 fruit traits (fruit weight, fruit length, fruit 
width, fruit thickness, shell thickness) and 5 kernel 
traits (kernel weight, kernel length, kernel width, 
kernel thickness, kernel ratio) were investigated. 
Five of them was grouped as X while the remaining 
5 was grouped as Y.   

 
When it comes to comparing different 

treatment groups, it is known that evaluating them 
together will provide additional information to re-
searcher.  In case that both dependent and independ-
ent variables are more than one, canonical correla-
tion, based on determination of the linear relation-
ship between canonical variables (X and Y) consist-
ing of linear components of variables that are found 
in these two sets of variables, is used to identify the 
relationship between both sets of variables [32, 33].   

In case that numbers of variables (p, q) of vari-
able sets are q≥p, the correlation between these can 
be calculated via linear combinations of variables in 
these two sets. Correlation coefficients calculated in 
this way are called as canonical correlation and the 
new variables consisting of linear combinations of 
variables are called as canonical variables.  

Canonical variables and canonical correlations 
between them are calculated independently [34-36]. 
(When a variable set of X is presented as Xʹ [ X1, 
X2,…………Xp] and a variable set of Y is presented as 
Yʹ [ Y1,Y2,…………Yq], the correlation between U= a′X 
linear combination calculated from the variable set 
of X and V=b′Y linear combination calculated from 

the variable set of Y can be calculated. Hereunder, 
the canonical correlation between U (the canonical 
variable) and V (the canonical variable) is calculated 
as follows;  

rUV= a′S12b    
The test method suggested by Bartlett [37] de-

termines whether the correlation between two varia-
bles is significant or not [38]. The statistics of χ2 
(Chi-square) is calculated as follows; 

χ2= -[n-0.5 (v1+v2 + 1)]x log(λ). 
In this equation, n is the number of observa-

tions, v1 is the number of variables in the first set, v2 
is the number of variables in the second set. Lambda 
(  ) is calculated as follows;  

= (1-R2
k1) (1-R2

k2)……….(1-R2
kp). χ2 statis-

tics calculated from here is compared to table value 
of χ2 with (p x q) degrees of freedom. By this way, 
the number of significant canonical correlation coef-
ficients are calculated. 
 
 

Table 1 shows descriptive statistics of the traits 
addressed in the present study and Table 2 shows the 
correlation coefficients of these traits. When Table 2 
was examined, it was observed that there was a sig-
nificant negative correlation between kernel ratio 
(KR) and fruit weight (FWe), fruit length (FL), fruit 
width (FW), shell thickness (ST), fruit thickness 
(FT), and kernel width (KW). Likewise, a significant 
negative correlation was also determined between 
kernel thickness (KT), fruit length (FL), and shell 
thickness (ST). 

Other correlations were generally found to be 
positively significant. However, no correlation was 
determined between kernel ratio (KR) and kernel 
weight (KWe), and between kernel thickness (KT) 
and fruit weight (Few), and fruit width (FW).     

 
 

 
FWe (g) 4.71 0.07 1.31 1.89 9.82 

FL   (mm) 32.30 0.24 4.17 21.27 50.68 
FW  (mm) 22.09 0.14 2.53 15.55 31.99 
ST   (mm) 3.28 0.04 0.63 1.86 5.47 
FT   (mm) 15.17 0.09 1.59 11.15 19.99 
KWe (g) 0.98 0.01 0.21 0.50 1.88 

KL   (mm) 22.60 0.17 2.89 13.30 30.37 
KW  (mm) 12.90 0.09 1.61 8.18 17.99 
KT   (mm) 6.43 0.04 0.74 3.31 9.39 
KR   (%) 21.47 0.25 4.37 10.02 47.31 

FWe: Fruit Weight, FL: Fruit Length, FW: Fruit Width, ST: Shell Thickness, FT: Fruit Thickness, KWe: Kernel 
Weight,  
KL: Kernel Length, KW: Kernel Width, KT: Kernel Thickness, , KR: Kernel Ration. SEM: standard error of the 
differences between means. 
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1          

0.679** 1         
0.883** 0.554** 1        
0.800** 0.371** 0.727** 1       
0.735** 0.253** 0.711** 0.792** 1      
0.706** 0.574** 0.658* 0.337** 0.592** 1     
0.589** 0.798** 0.450** 0.214** 0.191** 0.701** 1    
0.705** 0.404** 0.785** 0.505** 0.564** 0.744** 0.546** 1   
-0.052 -0.172** -0.108 -0.208** 0.255** 0.424** 0.133* 0.205** 1  

-0.593** -0.316** -0.500** -0.724** -0.361** 0.097 -0.056 -0.181** 0.520** 1 
FWe: Fruit Weight, FL: Fruit Length, FW: ST: Shell Thickness Fruit Width, FT: Fruit Thickness, KWe: Kernel 
Weight, KL: Kernel Length, KW: Kernel Width, KT: Kernel Thickness, KR: Kernel Ration *p<0.05 **p<0.01 

 

U1V1 0.974 0.0001 0.7744 
U2V2 0.851 0.0001 0.8863 
U3V3 0.8257 0.0001 0.9780 
U4V4 0.5803 0.0001 0.9997 
U5V5 0.0820 0.1550 1.000 

   
  FWe FL FW ST FT 

Standardized canonical coefficients 0.825 0.1193 0.1435 0.0161 -0.0723 
Canonical loadings 0.6313 0.0286 0.0567 0.0256 -0.0455 

FWe: Fruit Weight, FL: Fruit Length, ST: Shell Thickness, FW: Fruit Width, FT: Fruit Thickness 

 
  KWe KL KW KT KR 

Standardized canonical coefficients 0.7384 0.0926 0.0501 -0.1334 -0.5875 
Canonical loadings 3.5171 0.0321 0.0310 -0.1795 -0.1345 

KWe: Kernel Weight, KL: Kernel Length, KW: Kernel Width, KT: Kernel Thickness, KR: Kernel Ration 

The numbers of variables in both sets of varia-
bles were not equal in the study (p=5, q=5). Table 3 
shows 5 pairs of canonical variables and 5 canonical 
correlations, significance degrees and Wilk Lambda 
values of these correlations. As is seen in Table 3, 
the first four canonical correlation coefficients were 
high at extremely significant level (p< 0.001). Table 
4 and Table 5 shows canonic coefficients which were 
standardized according the first canonic variable pair 
by considering the first highest canonic correlation.   

Occurrence of canonical variables in a set of 
variables is written considering the coefficients indi-
cating the impact ratios (contributions) of the origi-
nal variables in that set to the equations of canonical 
variables U1 and V1 as follows;  

U1= 0.825 FWe+0.119 FL+ 0.1435 FW+ 
0.016ST-0.072 FT 

V1 = 0.738KWe+ 0.093 KL-0.05 KW-0.133 
KT-0.588KR 

 
While impact ratio (contribution) of fruit 

weight (FWe) was substantially high (0.83) in occur-
rence of canonical variable U1, the contribution of 
fruit length (FL) was 0.119 and the contribution of 
fruit width (FW) was relatively high. The contribu-
tion of shell thickness (ST) was 0.016, which was 
considerably low. The contribution of fruit length 
(FL) was -0.072, which was relatively low in the 
negative direction. 

In occurrence of V1 canonical variable, while 
the contribution of kernel weight (KWe) was high 
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(0.738), the contribution of kernel width (KW) was 
relatively low (0.093). Here, the contribution of ker-
nel ratio (KR) was quite high in the negative direc-
tion (0.588). In other words, this variable was effec-
tive on occurrence of V1 canonical variable. The 
contribution of kernel thickness (KT) was negative 
but low (-0.133). The contribution of kernel width 
(KW) was negative and very low (-0.05).  

When we looked at canonical loadings between 
variables in the variable set of X and their canonic 
variables (U1) in Table 4, fruit weight (FWe) varia-
ble was observed to have the maximum value of 
loading (0.631). Fruit length (FL) (0.0286), fruit 
width (FW) (0.0567), and shell thickness (ST) 
(0.0256) were found to be quite low. According to 
standardized coefficients, while the loading of fruit 
weight (FWe), which had the highest coefficient of 
0.825, the loading of fruit length (FL) was 0.119, 
which was also relatively high. The loading of fruit 
thickness was negative and observed as -0.0455. In 
variable set of Y, the highest canonical loading value 
(3.5171) was observed in kernel weight (KWe). Val-
ues of kernel length (KL) (0.032) and kernel width 
(KW) (0.031) were fairly low. Loadings for Kernel 
thickness (KT) and kernel ratio variables were found 
to be negative but relatively high as -0.179 and -
0.134, respectively. According to standardized coef-
ficients, the variable with the highest coefficient was 
kernel weight (KWe). However, kernel ratio (KR) 
and kernel thickness (KT) carrying very low canon-
ical loadings had a negative effect on standardized 
canonical coefficients.  

In a study considering fruit and kernel traits in 
walnut, the correlations between canonical variables 
in all of X and Y variables (except for ST) were pos-
itive and very high [25]. On the other hand, in the 
present study, the increase in fruit weight (FWe) and 
fruit thickness (FT) of almond substantially caused a 
decrease in kernel weight (KWe) and kernel ratio 
(KR).  

Selection constitutes the basis of plant breeding 
and it is based on the process of selecting expedient 
superior individuals from within a genetically-varia-
ble plant population. At the first step of selection, it 
is quite important to select individuals with high 
yield and quality. When selection succeeds, a popu-
lation that is phenotypically and genotypically dif-
ferent from the initial population is obtained.  

Thanks to canonical analysis method which is 
used to identify the relationship between two sets of 
variables including a multiple number of variables in 
each one, it is possible to address and evaluate sev-
eral traits examined on selection studies. Therefore, 
researchers can also utilize multivariate analysis as 
well as univarite analysis. In addition, researchers 
should be encouraged to use canonical analysis more 

since this method enables the researchers to obtain 
more information when compared to univarite anal-
ysis method.  

In the present study, it was aimed to identify the 
relationship between fruit traits which are consid-
ered to be important for almond breeding by using 
canonical analysis. Analysis results revealed that as 
fruit weight, length, width and thickness of almonds 
increased, kernel ratio decreased; kernel ratio de-
creased with increasing kernel width as well. The 
present study is expected to be beneficial for re-
searchers studying on almond breeding and selection 
fields.  

This study was produced by Ersin Gulsoy's 
PhD thesis. 
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ABSTRACT 
 
The absolute essential oils obtained from the 

bulbs and the aerial parts of M. neglectum collected 
from  (Turkey) were analysed by 
GC-FID and GC-MS. In GC-MS analyses, 17 com-
ponents comprising 100% of the essential oil of the 
bulbs and 17 components comprising 97.1% of the 
essential oil of the aerial parts. Major constituents of 
the absolute essential oil of the bulbs were found to 
be ethyl palmitate (18.7%), ethyl linoleate (16.3%), 
palmitic acid (15.2%) and linoleic acid (10.8%). The 
aerial parts oil mainly contents palmitic acid 
(28.5%), oleic acid (10.9%), linoleic acid (22.6%) 
and linolenic acid (11.4%). The absolute essential 
oils were analyzed by using microdilution assay for 
antimicrobial activity against three Gram-positive, 
four Gram-negative bacteria and one of fungus. The 
oils obtained from bulbs and aerial parts possessed 
activity against Staphylococcus epidermidis with 
MIC values of 625 and 1250 g/mL, respectively. 
The bulbs oil showed antibacterial activity against 
Enterococcus faecalis and Escherichia coli with 
156.2 g/mL and 625 g/mL MIC values. The bulbs 
oil exhibited antifungal activity against Candida al-
bicans with 312.5 g/mL MIC value. This is the first 
report on the chemical composition and antimicro-
bial activity of the essential oils obtained from M. 
neglectum growing in Turkey. 
 
 
KEYWORDS:  
Hyacinthaceae, Muscari neglectum, volatile compounds, 
GC-MS, antimicrobial activity, Turkey. 
 
 
INTRODUCTION 

 
The genus Muscari Mill. (Hyacinthaceae) has a 

wide distribution in Mediterranean basin as far as 
Caucasus, temperate Europe, North Africa, South 
West Asia [1, 2]. In Turkey, it is represented by 37 
species, 25 of which are endemic [3, 4]. Muscari spe-

 
in Turkey [5]. Among them, Muscari neglectum 
Guss. ex Ten. has been used in traditional medicine 
as antirheumatic, stomachic, diuretic, expectorant 
and antiverruca [6]. The fruits of M. neglectum have 
been used for curing of rheumatism disease [7, 8]. 
The leaves, flowers and flower buds are edible as 
raw, boiled, grilled or pickled. It has also been used 
as food for humans and animals, dye, toys, ornamen-
tal plants in parks and gardens [9]. The bulbs of M. 
neglectum have pectoral stimulatory effects, anti-in-
flammatory, anti-allergic and aphrodisiac effects 
[10]. The blue flower buds and bulbs of M. neglec-
tum are edible especially in Mediterranean region. 
Muscari bulbs tastes like mixed bitter onion and gar-
lic, while the flowers have a sweet taste. The flowers 
and flower buds can be pickled in vinegar [11]. 

The chemical composition of the M. neglectum 
is composed of anthocyanins, flavonoids, homoiso-
flavanones, spirocyclic nortriterpenoid glycosides, 
polyhydroxylated pyrrolizidine alkaloids and essen-
tial oil [12].  

The aim of the study was to investigate the vol-
atile compounds and antimicrobial activity of Mus-
cari neglectum. The absolute essential oils obtained 
from the bulbs and aerial parts of M. neglectum were 
analyzed by GC-FID and GC-MS. The antimicrobial 
activities of the oils against several bacteria and one 
of fungus were evaluated by using microdilution as-
say. 

This is the first report on the chemical compo-
sition and antimicrobial activity of the essential oils 
obtained from M. neglectum growing in Turkey. 

 
 

MATERIALS AND METHODS 
 
Plant Material. The aerial parts and bulbs of 

Muscari neglectum were collected from Kahraman-
in April, 2015 and dried at room temperature 

under shade. Specimens were identified and vouch-
ers were deposited in the Herbarium of Istanbul Uni-
versity, Faculty of Pharmacy (ISTE) under code 
number of ISTE 100115. 
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Preparation of Extracts. The absolute essen-
tial oil extracts were prepared by maceration of small 
pieces of the plant material with n-hexane (95%) for 
48 hours. The extracts filtered through a Whatman 
paper, then evaporated off the solvent in vacuum by 
rotary evaporator to yield light yellow oil and dried 
over by adding anhydrous Na2SO4. In absolute es-
sential oil extracts was dissolved in minimum vol-
ume of absolute alcohol to remove the natural waxes 
present in the essential oil. It was kept at 14°C for 48 
hours and then it was filtered through a filter paper. 
Alcohol was removed by distillation and traces of al-
cohol were removed by passing nitrogen gas through 
[13]. 

 
GC and GC-MS Conditions. The absolute es-

sential oil extracts were analyzed by Gas Chroma-
tography (GC) and Gas Chromatography-Mass 
Spectrometry (GC-MS) using a Agilent GC-MSD 
system (Mass Selective Dedector-MSD).  

 
GC-MS analysis. The GC-MS analysis was 

carried out with an Agilent 5975 GC-MSD system 
(Agilent, USA; SEM Ltd., Istanbul, Turkey). 
Innowax FSC column (60m x 0.25mm, 0.25 m film 
thickness) was used with helium as carrier gas (0.8 
mL/min.). GC oven temperature was kept at 60 C for 
10 min and programmed to 220 C at a rate of 
4 C/min, and kept constant at 220 C for 10 min and 
then programmed to 240 C at a rate of 1 C/min and 
then kept constant at 240 C for 20 min. Split ratio 
was adjusted 40:1. The injector temperature was at 
250 C. The interphase temperature was at 280 C. 
MS were taken at 70 eV. Mass range was from m/z 
35 to 450.  

 
GC analysis. GC analyses were performed us-

ing an Agilent 6890N GC system. FID temperature 
was set to 300 C and the same operational conditions 
were applied to a triplicate of the same column used 
in GC MS analyses. Simultaneous auto injection 
was done to obtain equivalent retention times. Rela-
tive percentages of the separated compounds were 
calculated from integration of the peak areas in the 
GC-FID chromatograms. 

 
Identification of Compounds. The compo-

nents of the absolute essential oil extracts of M. ne-
glectum were identified by comparison of their mass 
spectra with those in the Baser Library of Essential 
Oil Constituents, Adams Library, MassFinder Li-
brary, Wiley GC/MS Library and confirmed by com-
parison of their retention indices [14-16]. These 
identifications were accomplished by comparison of 
retention times with authentic samples or by compar-
ison of their relative retention index (RRI) to a series 
of n-alkanes. Alkanes were used as reference points 
in the calculation of relative retention indices (RRI) 
[17]. Relative percentage amounts of the separated 

compounds were calculated from FID chromato-
grams.  

 
Antimicrobial Activity. In vitro antibacterial 

activities of extracts against Staphylococcus aureus 
ATCC 29213, Staphylococcus epidermidis ATCC 
12228, Enterococcus faecalis 29212, Pseudomonas 
aeruginosa ATCC 27853, Escherichia coli ATCC 
25922, Klebsiella pneumoniae ATCC 4352, Proteus 
mirabilis ATCC 14153 and antifungal activities 
against Candida albicans ATCC 10231 were inves-
tigated. Minimum inhibitory concentrations (MICs) 
of extracts were determined by microbroth dilution 
technique as described by the Clinical and Labora-
tory Standards Institute [18-20]. Mueller-Hinton 
broth for bacteria and RPMI-1640 medium for yeast 
strain were used as the test medium. Serial twofold 
dilutions ranging from 5000 mg/L to 4.8 mg/L were 
prepared in medium. The inoculum was prepared us-
ing a 4 6h broth culture of each bacteria type and 
24h culture of yeast strains adjusted to a turbidity 
equivalent to 0.5 McFarland standard, diluted in 
broth media to give a final concentration of 5 × 105 

cfu/ml for bacteria and 5 × 103 cfu/mL for yeast in 
the test tray.The trays were covered and placed into 
plastic bags to prevent evaporation.The trays con-
taining Mueller-Hinton broth were incubated at 35°C 
for 18 20h while the trays containing RPMI-1640 
medium were incubated at 35°C for 46 50h.The 
MIC was defined as the lowest concentration of ex-
tracts giving complete inhibition of visible growth. 
As control, antimicrobial effects of the extracts were 
investigated against test microorganisms. According 
to values of the controls, the results were evaluated.  

 
 

RESULTS  
 
The chemical compositions of the M. neglec-

tum oils were identified by GC MS and the study re-
sults are given in Table 1 and 2. In the oil obtained 
from the bulbs and the aerial parts, 17 compounds 
were identified representing 100% and 17 com-
pounds were identified representing 97.1% of the 
volatile compounds, respectively. The main com-
pounds were found to be ethyl palmitate (18.7%), 
ethyl linoleate (16.3%), palmitic acid (15.2%) and 
linoleic acid (10.8%) for the bulbs and palmitic acid 
(28.5%), oleic acid (10.9%), linoleic acid (22.6%) 
and linolenic acid (11.4%) for the aerial parts.  

According to literature survey, two phytochem-
ical studies are found about M. neglectum which 
grows in Iran [9, 13].  

Nasrabadi et al. investigated the chemical com-
position of the essential oil obtained from the aerial 
parts of M. neglectum collected from Iran. It was re-
ported that 32 bioactive phytochemical compounds 
were identified representing 79.7%. The oil was 
characterized by bis (2-ethylhexyl) phthalate 
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(18.6%), tributylethylstannane (10.1%), bis (chloro-
phenyl) sulphone (8.7%), gibberellin (4.9%), 1, 6, 
10-dodecatrien- 3-ol, 3, 7, 11-trimethyl (3.3%) [13]. 
The differences between our results and these results 
can be attributed to the growing geographical area, 
the seasonal changes in temperature and humidity. 

Antimicrobial assay results of M. neglectum 
oils are given in Table 3. The results revealed that 

the oils have exhibited moderate activity against 
Gram-positive bacteria. The oils possessed activity 
against S.epidermidis with MIC values of between 
625 and 1250 g/mL. The bulb oil showed good an-
tibacterial activity against E. faecalis with 156.2 

g/mL MIC value. The bulb oil also has antibacterial

 
 

TABLE 1 
The components of the absolute essential oil extracts of M. neglectum bulbs 

Compounds RRI % ID 

Ethyl tetradecanoate 2057 0.3 Ms 
Heneicosane 2100 3.4 s, Ms 
Methyl hexadecanoate 2228 0.7 Ms 
Ethyl hexadecanoate 2260 18.7 Ms 
Tricosane* 2300 5.8 s, Ms 
Ethyl heptadecanoate 2361 Tr Ms 
Ethyl octadecanoate 2467 1.7 Ms 
Ethyl oleate 2493 3.0 Ms 
Pentacosane 2500 2.4 Ms 
Ethyl linoleate 2538 16.3 Ms 
Ethyl linolenate 2613 1.6 Ms 
Ethyl eicosanoate 2670 3.7 Ms 
Heptacosane 2700 2.1 Ms 
Ethyl docosanoate 2872 7.6 Ms 
Hexadecanoic acid 2921 15.2 Ms 
Squalene 3059 3.8 s, Ms 
Linoleic acid 3292 10.8 s, Ms 
Number of compounds  17  
Total %  97.1  

RRI; Relative retention indices calculated against n-alkanes. %; calculated from the FID chromatogram. tr; Trace 
(<0.1 %) *Impure. ID; s, Identification based on comparison with co-injected with standards; Ms. Tentatively 
identified using Wiley, Adams and MassFinder mass spectra libraries and published RRI. 
 

TABLE 2 
The components of the absolute essential oil extracts of M. neglectum aerial parts 

Compounds RRI % ID 
Neophytadiene isomer I 1933 0.3 Ms 
Hexahydrofarnesyl acetone 2135 0.4 s, Ms 
Methyl hexadecanoate 2228 0.6 Ms 
Ethyl hexadecanoate 2260 7.2 Ms 
Ethyl octadecanoate 2467 0.7 Ms 
Ethyl oleate 2493 1.4 Ms 
Methyl linoleate 2509 1.1 Ms 
Ethyl linoleate 2538 5.2 Ms 
Methyl linolenate 2583 0.6 Ms 
Ethyl linolenate 2613 4.3 Ms 
Phytol 2622 1.4 Ms 
Heptacosane 2700 1.7 Ms 
Hexadecanoic acid 2921 28.5 Ms 
Stearic acid 3151 1.7 Ms 
Oleic acid 3200 10.9 Ms 
Linoleic acid 3292 22.6 s, Ms 
Linolenic acid 3300 11.4 s, Ms 
Number of compounds  17  
Total %  100.0  

RRI; Relative retention indices calculated against n-alkanes. %; calculated from the FID chromatogram.  
ID; s, Identification based on comparison with co-injected with standards; Ms. Tentatively identified using Wiley, 
Adams and MassFinder mass spectra libraries and published RRI. 
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TABLE 3 
Antimicrobial activity of essential oils from bulbs and aerial parts of M. neglectum 

Na: Non active 
 

activity against E. coli with 625 g/mL MIC value. 
The test-culture of P.aeruginosa, P. mirabilis and K. 
pneumoniae appeared not to be susceptible to tested 
oils. Evaluation of the antifungal activity of the bulb 
oil showed that moderate activity with MIC 312.5 

g/mL for C. albicans. The results also reveal that 
the oils have both antibacterial and antifungal activ-
ities.  

The results are compared with previous study 
by Mahboubi and Taghizadeh who investigated the 
antimicrobial activity of the ethanol extract of aerial 
parts of M. neglectum growing in Iran. Their results 
showed that the MIC values of the extract were 56 

Shigella flexneri, Aspergillus 
niger, E. coli S. au-
reus and C. albicans [9]. According 
to the results, the oil and the ethanol extract of the 
aerial parts of M. neglectum have antibacterial activ-
ity against Gram-positive and Gram-negative micro-
organisms with different MIC values.  

As a conclusion, ethyl palmitate, ethyl linole-
ate, palmitic acid and linoleic acid were determined 
as major component in essential oil obtained from 
the bulbs of M. neglectum as well as palmitic acid, 
oleic acid, linoleic acid and linolenic acid in the aer-
ial parts essential oil. We also reported that the oils 
have antibacterial and antifungal activities. This is 
the first report on the chemical composition and an-
timicrobial activity of the essential oils obtained 
from M. neglectum growing in Turkey. 
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The removal of Congo Red (CR) from aqueous 

solution by leaves powder of Citrus Sinensis (CS) 
was investigated at room temperature. The effect of 
parameters such as contact time, amount of 
adsorbent, initial dye concentration and ionic 
strength on the removel of dye was studied. The 
kinetic models namely pseudo-first-order and 
pseudo-second were employed to describe the 
adsorption kinetics. The results show that adsorption 
data fitted-well to the pseudo-second-order kinetic 
model. The experimental data were revealed by 
Langmuir, Freundlich, Temkin and Dubinin-
Redushkevich (D-R) isotherms models. The results 
indicates that the adsorption of CR onto leave 
powder of CS followed the Freundlich isotherm. The 
value of mean free energy (E) shows that adsorption 
of CR onto CS leaves powder was physical 
adsorption. Thermodynamic parameters such as 
change in Gibb’s (ΔGo) free energy, enthalpy (ΔHo) 
and entropy (ΔSo) were measured. The positive value 
of enthalpy (ΔHo) indicates the endothermic nature 
of adsorption process whereas the nagative value of 
Gibb’s free (ΔGo) energy shows the feasibility and 
spontaniety of adsorption process. 
 
 

Adsorption, Congo Red, Citrus sinesis, Freundlich 
isotherm, Pseudo-second-order model, Endothermic  

Synthetic dyes are mostly employed for textile 
dyeing, leather dyeing, color photography, paper 
printing and as additives in petroleum product [1]. 
Reactive dyes are the most common dyes used 
because of their importance, such as bright colors, 
excellent color fastness and ease of application [2, 
3]. They have different chemical structures. It 

depends on substituted aromatic and heterocyclic 
groups. A large number of reactive dyes are azo 
compounds that are linked by an azo groups [4]. 
Many reactive dyes are toxic to some organisms and 
they cause direct destruction of creature in water [5]. 
In addition, since reactive dyes are highly soluble in 
water, their removal from effluent is difficult by 
conventional physicochemical and biological 
treatment methods [6, 7]. Conventional treatment 
methods for the removal of dyes in wastewater 
include physical, chemical and biological process 
such as adsorption [8], coagulation [9], oxidation 
[10], reduction [11], filteration [12], and biological 
treatment [13]. Adsorption and biological treatment 
are two important methods available for wastewater 
treatment. The biological treatment is difficult to 
start up and control [14] and intermediate product 
(aromatic amines) formed during anaerobic 
reduction of azo dyes are known to be potential 
carcinogens [15]. Adsorption on the other hand, 
should be a favourable procedure due to economic 
feasibility, simlicity of design, should a favourable 
procedure due to economic feasibility, simplicity of 
design, recycling of adsorbent and nonextence of 
harmful residues. The adsorption capacity depends 
on several factors such as nature of adsorbent, the 
nature of adsorbate and the solution condition [16]. 
Generally, the commercial activated carbon is 
indeed effective for color removal but the high cost 
of activated carbon has restricted its widespread use. 
Therefore, searching a low-cost and effective adsor-
bents should be of considerable significance for 
practical application of adsorption [17]. Researcher 
have shown the use of materials like walnut husk 
[18], composites [19], biochars from crop residues 
[20], natural clinoptilolite [21], sesame hull [22], 
biomass of penicillium YWO1 [23], natural zealite 
[24], cross-linked succinyl chitosan [25], modified 
bentonite [26], modified attapulgite [27], clay 
material [28-30], activated carbon [31], dehydrated 
beet pulp carbon [32], polyurethane foam [33], etc as 
adsorbent for removal of dyes from wastewater. In 
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this contex, agriculture by-products have shown its 
potential as a low-cost adsorbent and they are usually 
being modified chemically in order to enhance their 
adsorption capacty toward dye [34]. 

However, There are some adsorbents which do 
not have good adsorption capacities for anionic dyes 
because most have anionic or hydrophobic surfaces. 
Hence, there is a need to search for more effective 
adsorbents [35]. 

In this article, anionic dye Congo Red was used 
as typical pollutant and citrus sinensis (CS) leaves 
powder was used as adsorbent for removal of Congo 
Red (CR) dye from aqueous solution. The effect of 
various parameters such as contact time, amount of 
adsorbent, effect of initial concentration, effect of 
ionic strength and effect of temperature on removal 
of dye were also investigated. The adsorption 
kinetics, isotherms and thermodynamics for CR dye 
on CS leaves powder was also analyzed. 

The orange (citrus sinensis)  is a 
commonly grown tree in the world. The united state 
has higher production of orange in the world. Sweat 
oil is a by-product of the juice industry. It is utilized 
as a drink, flavouring of food and for its fragrance in 
perfumes. Sweat orange oil has 90 % d-Limestone, a 
solvent used in many household chemicals such as 
to condition wooden furniture and along with other 
CS oils in grease removal and as a hand cleaning 
agent [36]. 

Congo Red (Sodium salt of 
benzdinediazobis-1-nephthylamine-4-sulphonic 
acid) is a benzidine-based azo dye and it was used as 
a adsorbate in this study. The molecular formula of 
CR is C32H22N6Na2O6S2 and its molecular stucture is 
shown in Fig.1. Congo Red (CR) mainly occurs in 
the effluents discharged from textile, paper, printing, 
leather industries, etc. [37] and during dyeing 
operation; about 15% of it ends up in wastewaters 
[38]. All of the reagents were of analytical grade and 
deionized water was used throughout the 
experiments. 

 Batch adsorption of Congo Red 
(CR) dye from aqueous solution was carried out by 
using citrus sinensis (CS) leaves powder as a 
adsorbents at temperature 298 K. For these 
experiments, calculated amounts of adsorbents were 
added into measured volume of dye solution into 100 
ml flasks. The bottles were shaked at constant speed 
of 120 rpm. Once the equilibrium was reached, the 
concentration of CR was determined by SP-50 
spectrophotometer (Gallen Camp UK) at its 
maximum wavelength of 490 nm. The CR 
adsorption on CS  at time t,  was calculated by 
equation 1. 

                                             (1) 
Where Co and Ct are the concentration of CR at 

initial state and at time t respectively. Similarly V 
and W are volume of CR aqueous solution and 
weight of adsorbent respectively. 
 
 

The effect of contact 
time on the percentage removal of CR from aqueous 
solution was studied keeping the concentration of 
adsorbate (25 mg/L), amount of adsorbent, shaking 
speed (120 rmp) and temperature (298K) constant. 
The results are shown in Fig. 2. It has been observed 
that percentage removal of CR dye increases with 
increasing contact time and attains saturation in 35 
minutes. This shows that adsorption process reached 
to equilibrium whitin 35 minutes and further 
experiments were carried out at this optimum contact 
time. The results indicate that rate of dye removal 
was rapid in the start because of the increased in 
number of available empty sites on the surface of 
adsorbent for adsorption of dye during the initial 
stage. Similar results have been previously reported 
in the literature for dye removal [39]. 

 
The effect of 

amount of adsorbent is essential to invetigate the 
maximum adsorption with small possible quantity of 
adsorbent. The influence of amount of adsorbent on 
the removal of CR from aqueous solution was 
invetigated keeping the other parameters namely 
contact time, initial dye concentration, shaking 
speed and temperature constant. It is clear that 
percentage removal of CR dye increases with 
increasing amount of adsorbent as shown in Fig. 3. 
The removal CR increased from 25.76-76.23 % with 
increasing the amount of adsorbent from 0.1-1 g 
because number of vacant sites available inceases 
with increasing the amount of adsorbent. Similarl 
results have been previously reported in the literature 
[40]. However, further increment in the adsorbent 
dosage did not give any significant changes in the 
percentage removal and this could be due to the 
saturation of binding sites [41]. 

 
The initial 

dye concentration has significant effect on the 
removal of dye from aqueous solution. The infuence 
of intial dye concentration on removal of CR was 
studied keeping the other factor such as contact time, 
amount of adsorbent, shaking speed and temperature 
constant. The effect of initial dye concentration from 
2.5-25 mg/L on CR removal using CS leaves powder 
was studied and results are shown in Fig. 4. The 
initial dye concentration gives the useful driving 
fource to overcome the resistance of mass transfer 

×
−

=
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from the aqueous phase to the solid phase [42]. It 
increase the interaction between CR and leaves 
powder of CS. Hence, an increase in initial 
concontration increases the adsorption capability of 
CS leaves powder for CR dye. But the percentage 
removal of CR was found to be decreased with 
concentration as shown in Fig. 4. 

 
The effect of 

temperature on the removal of CR dye from aqueous 
solution by using CS leaves powder was studied and 

results are shown in Fig. 5. The percentage removal 
of CR was increased with increasing temperature 
indicating the endothermic nature of adsorption 
process. It may be due to higher mobility of the 
molecules at higher temperatures and a greater 
availability of molecules with enough energy to 
intract with active site on the surface. Moreover, the 
increasing temperature resulted in swelling of the 
internal structure of CS leaves powder which help to 
facilitate the movement of large dye molecules [43].
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 Pseudo-first order    Pseudo-second-order  

qe(exp) qe (cal) k1 R2 qe k2 R2 
3.87 0.50 0.022 0.346 3.84 0.318 0.997 

(qe : mg/g; k1: (/min); k2: g/mg.min) 
 

 
The kinetics of CR removal by CS leaves 

powder was investigated to calculate the rate of dye 
uptake from aqueous solution which controls the 
system of dye adsorption. The kinetic models 
namely pseudo-first-order and pseudo-second-order 
were fitted to experimental data better to find out the 
potential rate-controlling steps of the CR adsorption 
kinetics.  

 
The linearized 

form of the Lagergren Pseudo-first-order rate 
equation is given by [44]

(2)
Where qe and qt is the amount of adsorbate 

adsorbed at equilibrium and time t repectively and k1 
(/min) is the rate constant of pseudo-first-order 
adsorption model. The plot of log(qe-qt) verses t for 
pseudo-first-order model is shown in Fig.6. The 
values of of qe and k1 were calculated from slope and 
intercept of Fig. 6 and given in Table 1. It has been 
observed that calculated value of qe does not agree 
with experimental one as shown Table 1. Moreover, 
the value of correlation coefficient (R2) was lower 
(0.346) for pseudo-first-order model. These 
parameters shows that adsorption of CR onto leaves 
powder of CS does not follow pseudo-first order 
kinetic model. 

The linearized 
form of pseudo-second kinetic model is expressed as 
[45]:

                                                      (3)
 

where k2 (g/mg.min) is the rate constant of 
pseudo-second-order model. The plot of t verses t/qt 
for pseudo-first-order model is shown in Fig. 7. The 
values of qe and k2 are calculated from slope and 
intercept of Fig. 7 and given in Table 1. The value of 
correlation coefficient (R2>0.99) is close to unity for 
pseudo-second-order model. In addition to this, the 
calculated value of adsorption capacity (qe, cal) is in 
good agreement with experimental one (qe, exp). This 
indicates that adsorption of CR dye onto leaves 
powder of CS followed pseudo-second-order kinetic 
model. 

 
 

 
The adsorption isotherm shows the distribution 

of molecules between solid and liquid phases at 
equilibrium state. The analysis of isotherm data by 
fitting the data to different isotherm models is an 
important step in finding the most suitable model 
that can be used to describe the adsorption process 
[46]. There are several isotherm model to describe 
the isotherm data. In the present study, Langmuir, 
Freundlich, Temkin and Dubinin-Redushkevich (D-

303.2
log)( 1−=−

+= 2
2
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R) isotherm models are employed to analyze the 
experimental results. The Langmuir model depends 
upon the maximum adsorption coincides to the 
saturated monolayer of liquid (adsorbate) molecules 
on the solid (adsorbent) surface. The linearized form 
of Langmuir model is given as follows [47]. 

                                                    (4)
 

where b is Langmuir constant (L/mg) and qm is 
Langmuir monolayes adsorption capacity (mg.g-1), 
Ce is supernatant concentration at equilibrium state 
of the system (mg/L), and qe is the amount of dye 
adsorbed at equilibrium state of system (mg/g). The 
plot of Ce verses Ce/qe for Langmuir model is shown 
in Fig. 8. The values of qm and b are calculated from 
slope and intercept of Fig. 8 and given in Table 2. 
The value of correlation coefficient (R2) was 0.729 
for CR adsorption on to leaves powder of CS. 
Moreover, the value of calculated qm (5.88 mg/g) is 
in close to the experimental value (4.31 mg/g). Thus, 
the Langmuir model describe (poorly fitted) the 
adsorption of CR dye onto CS leaves powder. 

The essential characteristics of Langmuir 
isotherm can be expressed in term of dimensionless 
constant separation factor RL  that is give by [48]. 

                                                    (5)
 

The value of RL shows the shape of the 
isotherm to be either unfavourable (RL>1), linear 
(RL=1), favourable (0<RL>0), or irreversible (RL=0) 
[49]. The values of RL for adsorption of CR onto 
leaves powder of CS lies in the range (0.18-0.68) 
which are in between 0 and 1, therefore verifying the 
favourable adsorption process. Moreover, the low RL 

values impied that the interaction of dyes molecules 
with leaves powder of CS might be relatively strong 
[50]. 

The widely used Freundlich model is an 
empirical relation used to explain the heterogeneous 
system. The Freundlich isotherm model is expressed 
as [51]. 

                                  (6)
 

where Kf and n are Freundlich constant. The 
values of n and Kf are calculated from slope and 
intercept of Fig. 9 and given in Table 2. The value of 
correlation coefficient (R2) is 0.947 indicating that 
adsorption data fitted well to the Freundlich model. 
The value of Freundlich contant n decides the 
favourability of adsorption process. For favourable 
adsorption process, the value n should be less than 1 
and greater than 10. The value of n for CR adsorption 
onto CS leaves powder was greater than 1 and less 
than 10 indicating the favourable adsorption process. 

 

  

 

          

 Langmuir isotherm   Freundlich isotherm  
qm b R2 nF Kf R2 

5.88 0.182 0.729 1.28 0.470 0.947 
(qm: mg/g; qm: mg/g) 
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 Tempkin isotherm   D-R isotherm   
BT AT R2 qm β E R2 

658.94 0.21 0.928 1.33 0.167 1.73 0.153 
(bT: J/mol; AT: L/mg; qm= mg/g; β= mol2/Kg2; E: KJ/mol) 
 
 

The Tempkin isotherm assumes that the heat of 
adsorption of all the molecules decrease linearly 
with the coverage of the molecules due to the 
adsorbate-adsorbate repulsion and the adsorption of 
adsorbate is uniformly distributed and that the fall in 
the heat of adsorption is linear rather than 
logarithmic [52]. It is expressed as 

                                   (7) 

where BT=RT/bT, T is absolute temperature (K) 
and R is gas constant (8.31 J/mol.K). The constant 
bT is related to the heat of adsorption and AT is 
equilibrium binding constant coinciding to the 
maximum binding energy. The plot of qe verses lnCe 
for Temkin model is shown in Fig. 10. The values of 
BT and AT are determined from slope and intercept 
of Fig. 10 and are given in Table 3. The value of 
correltaion coefficient (R2) was 0.9267 lower than 
the Freundlich model indicating the adsorption data 
was not fitted to the Temkin model. 

The Dubinin-Redushkevich (D-R) model is 
expressed as 

                                           (8) 

where β (mol2.KJ-2) is constant related to the 
adsorption energy and ε is the polanyi potential can 
be calculated using following relation 

                                               (9)
 

where R is gas constan (8.31 KJ.mol-1) and T is 
absolute temperature (K). The  mean free energy E 
(KJ/mol) can be calculated  by following relation 

                                                           (10)
 

The plot of lnqe verses ε2 for D-R model is 
shown in Fig. 11. The values of β and qm were 
calculated from slope and intercept of Fig. 11 and 
given in Table 3. The mean adsorption energy (E) in 
the D-R isotherm can act as a ruler to distinguish 
chemical and physical adsorption [53]. The value of 
mean free energy (E) for CR adsorption onto CS 
leaves powder is 1.73 KJ.mol-1. It shows that 
adsorption of CR onto CS leave powder is 
physiosorption. 
 
 

 
Thermodynamic parameters indicate the 

feasibility and spontaneous nature of adsorption 
process. The parameters such as change in Gibb’s 
free energy (ΔGo), enthalpy (ΔHo) and entropy (ΔSo) 
were calculated by following relations 

                                         
(11)
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   ΔG (KJ/mol)   
ΔH (KJ/mol) ΔS (J/mol) 278K 288K 298K 308K 
10.14 32.84 -9.11 -9.44 -.9.77 -10.10 

                                                                 
(12)

 

                                         (13) 
where Kc, Ca, Ce, R, T are the the equilibrium 

constant, amount of dye (mol/L) adsorbed on the 
adsorbent per litre (L) of  the solution at equilibrium, 
equilibrium concentration (mol/L) of dye in solution, 
gas contant (8.31 J/mol.K) and absolute temperature 
(K) respectively. Similarly ΔGo, ΔHo and ΔSo are the 
change in Gibb’s free energy (KJ/mol), enthalpy 
(KJ/mol) and entropy (J/mol.K) respectively. The 
graphical representation of lnKc verses 1/T is shown 
in Fig. 12. The values of adsorption enthalpy (ΔHo) 
and entropy (ΔSo) were calculated from slope and 
intercept of Fig. 12 and are given in Table 4. The 
values of Gibb’s free energy (ΔGo) were (-9.11, -
9.44, -9.77 and -10.10 KJ.mol-1) at all temperatures 
278K, 288K, 298K and 308K repectively. The 
negative values of Gibb’s free energy (ΔGo) indicate 
the feasibility and spontaneous nature of adsorption 
process. The positive value of enthalpy (ΔHo) 
suggests that the adsorption process is endothermic 
in nature. Similarly the positive value of entropy 
(ΔSo) showed increased randomness at the 
adsorbate-adsorbent interface during the adsorption 
process of CR onto leaves powder of CS. 

 

 
This manuscript shows that the leaves powder 

of citrus sinensin (CS) is efficient for removal Congo 
Red (CR) from aqueous solution. The removal CR 
from aqueous is largly dependent on parameters such 
as contact time, amount of adsorbent, initial dye 
concentration and temperature. The removal of (CR) 
dye increases with increasing contact time and 
temperature but decreased with initial dye 
concentration. The ionic strength has adverse effect 
on the removal of (CR) dye from aqueous solution. 
The adsorption kinetics study indicates that 
adsorption of CR onto leaves powder of CS follows 
the pseudo-second-order kinetics. The experimental 
data was analyzed by various isothermal models 
such as Langmuir, Freundlich, Temkin and Dubinin-
Redushkevich (D-R) model but the experimental 
data fitted well to the Freundlich model. 
Thermodynamic study reveals that the adsorption of 
CR onto leaves powder of CS are endothermic and 
spontaneous. The present study shows that the leaves 

powder of citrus sinensis (CS) could be employed as 
an efficient adsorbent for removal of CR dye from 
aqueous solution. 
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ABSTRACT 
 

A growing body of evidence has suggested that 
microbial fertilizers can be used in organic agricul-
ture to increase yield and improve the quality of ju-
jube. In the Tarim Basin, soil samples were collected 
from main production regions which planted differ-
ent varieties of jujube for 4 and 8 years. Our aim was 
to provide useful information to develop a special 
microbial fertilizer that is available for jujube. We 
identified four types of rhizosphere microorganisms, 
including growth-promoting bacteria, fungi, and ac-
tinomycetes. Comparative analyses were performed 
on soil microbes, the results of which indicated that 
the largest amount of bacteria, fungi, and actinomy-
cetes existed in Tourfan Prefecture. The 4-year-old 

populations than the 8-year-old jujube. For growth-
promoting bacteria, Bacillus toyonensi BCT-711 
(P7) and Bacillus subtilis subsp. subtilis str. 168 (P3) 
showed stronger phosphate-solubilizing ability than 
other bacteria. K-releasing bacteria, especially Ba-
cillus megaterium, Enterobacter aerogene, and 
Pseudomonas syringae, accounted for the greatest 
percentage of whole growth-promoting bacteria. 
Acinetobacter spp., Pseudomonas spp., Enterobac-
ter spp., and Bacillus spp., as nitrogen-fixing bacte-
ria, were related to nitrogen release and accumula-
tion. 

 
 

KEYWORDS:  

 
 
 

INTRODUCTION 
 
The Tarim Basin is the largest and least ex-

plored inland basin in China [1]. Because most of the 
area is covered by the Takla Makan Desert, the cli-
mate of the Tarim Basin is a typical temperate con-
tinental climate. Under continuous drought condi-
tions, the climate of this region tends to be hyper-
arid. Scarce precipitation and intense evaporation 
caused by a shortage of water resources has seriously 

limited the development of agriculture in the area. 
Jujube (Ziziphus jujuba L.), as one of the most im-
portant economic crops, is widely grown in the Ta-
rim Basin because jujube has a strong tolerance for 
and adaptability to drought stress [2-4]. 

Jujube is usually used as a human food with dif-
ferent productions. Therefore, it is necessary that red 
dates are produced without applying chemical ferti-
lizers and pesticides. In addition, there is a serious 
phenomenon involving the application of chemical 
fertilizer during growth and development of jujube 
fruits, especially the improper use of N, P, and K fer-
tilizers [5-6]. With the constant expansion of the ju-
jube cultivation regions, the chemical fertilizers re-
sulting in over-fertilization of soils and pollution of 
the aquatic and atmospheric environments have be-
come an important issue that needs to be addressed. 
Microbial fertilizers raise soil fertility significantly, 
thus increasing the content of organic matter and the 
quantity of microorganisms, and improve useful soil 
microbial density [7-9]. Moreover, microbial ferti-
lizers promote the production of a variety of physio-
logically-active substances that stimulate and regu-
late plant growth under abiotic stress conditions 
[10]. Therefore, microbial fertilizers have been ap-
plied to organic agriculture to increase yield and im-
prove the quality of economic crops, such as toma-
toes, wheat, and tobacco [11-13]. Above all, to de-
velop a special microbial fertilizer used for jujube 
has vital practical significance and value. 

Few studies have investigated the rhizosphere 
microbial populations from soils in which different 
red jujube varieties were planted during various 
growth ages in the Tarim Basin. In the current study 
we identified three types of rhizosphere microorgan-
isms, including bacteria, fungi, and actinomycetes. 
Comparative analyses were performed on these mi-
crobes which indicated that the largest amount of 
bacteria, fungi, and actinomycetes was observed in 
the Tourfan Prefecture and the 4-year-
maintained a greater number of the soil microbe pop-
ulations than the 8-year-old red dates. K-releasing 
bacteria accounted for the greatest percentage of 
whole growth-promoting bacteria. Additionally, Ba-
cillus spp, Pseudomonas spp., Enterobacter spp., 
and Acinetobacter spp. were shown to be important 
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components of the growth-promoting bacteria of red 
dates.  

 
 

MATERIALS AND METHODS 
 
Study sites and soil samples. 

-15°C)
-21

Soil samples were collected from 
the rhizosphere soils of two red date varieties 
( -20 cm in 
the experimental fields. Greater than or equal to five 
soil samples were collected at each of the study sites. 
The rhizosphere soil samples were collected from 
jujube tree roots, then divided into two groups and 
put into aseptic bags. One-half of the samples were 
applied to determine the water ratio and nutrient 
component with methods as described below, and 
the remaining samples were used to study the 
biomass of the soil by microbe analysis. The 

 
 
Isolation and identification of rhizosphere 

microorganisms. The changes in rhizosphere 
microbial populations of soils with respect to two 

sampling sites were determined. Fungi and 
actinomycetes of soil samples were isolated using 
Martin substratum 
Nitrogen-fixing bacteria, inorganic P-releasing 
bacteria, organophosphate-degradation bacteria, and 
K-releasing bacteria were separated by Ashby 
nitrogen-free culture medium, NBRI-BPB medium), 
PVK medium and potassium bacteria selective 
medium. Under aseptic conditions, approximately 
50 g per sample was dissolved with sterile water to 

acquire a 10-1 bacterial liquid. The microorganisms 
were fully dispersed by vibrating at 170 rpm/min for 
30 min 28°C. One milliliter of bacterial liquid was 
added to 9 ml of sterile water to produce a 10-2

bacterial liquid, then 10-3, 10-4, and 10-5 solutions 
were similarly obtained and cultured for 4 days 
under constant temperature. 

To isolate different bacteria from samples, 100 

Baird-Parker plate, then the spreader was used to 
evenly smear the diluted samples on the plate. Simi-
larly, different concentrations of diluted liquid were 
carefully applied to the isolation medium with dif-
ferent gradients. The bacteria were isolated by di-
luted liquids (10-4, 10-5, and 10-6), then cultured at 
37°C for 3 days. Isolation of fungi was performed 
using 3 prepared diluted liquids (10-2, 10-3, and 10-4) 

at 25°C for 7 days. Similarly, the isolated actinomy-
cetes were obtained through application to different 
diluted liquids (10-3, 10-4, and 10-5) at 28°C for 1-3 
days. Nitrogen-fixing bacteria were cultured using 
10-4 and 10-5 diluted liquids at 37°C for 7 days. Sim-
ilarly, single colonies of inorganic phosphorus-dis-
solving bacteria, organophosphate-degrading bacte-
ria, and K-releasing bacteria were selected and trans-
ferred to the corresponding media, then the number 
of colonies with opacity and transparency were rec-
orded.  

 
Sequence analysis of 16S rDNA and 

phylogenetic tree analysis. 
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RESULTS 
 
Distribution and quantity changes of 

rhizosphere microbes in different planting 
regions. 

 

 
FIGURE 1 

Changes in the number of bacteria, fungi, and actinomycetes from red jujube  
in the different planting areas. 

 
FIGURE 2 

Changes in the population of growth-promoting bacteria in the five experimental sites. 
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FIGURE 3 

The differenc
Aksu (A) and Korla Prefectures (B). 

 

 
FIGURE 4 

The number of rhizosphere microbes in 4- and 8-year-  
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TABLE 1 
Sequence alignment results of P-releasing bacteria, K-releasing bacteria and in red dates 

Strain No. Description Identify Accession No. 
P1 Agrobacterium sp. H13-3 chromosome linear, complete sequence 99% NC_015508.1 
P2 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 98% NC_015663.1 
P3 Bacillus subtilis subsp. subtilis str. 168 chromosome, complete genome 99% NC_000964.3 
P4 Bacillus cereus ATCC 14579 chromosome, complete genome 99% NC_004722.1 
P5 Acinetobacter oleivorans DR1 chromosome, complete genome 96% NC_014259.1 
P6 Bacillus toyonensis BCT-7112, complete genome 99% NC_022781.1 
P7 Bacillus toyonensi BCT-7112, complete genome 99% NC_022781.1 
P8 Acinetobacter oleivorans DR1 chromosome, complete genome 97% NC_014259.1 
P9 Pseudomonas chlororaphis O6 chromosome, whole genome shotgun sequence 99% NZ_CM001490.1 

P10 Pseudomonas syringae pv. phaseolicola 1448A chromosome, complete genome 99% NC_005773.3 
P11 Acinetobacter oleivorans DR1 chromosome, complete genome 97% NC_014259.1 
P12 Acinetobacter oleivorans DR1 chromosome, complete genome 96% NC_014259.1 
P13 Acinetobacter oleivorans DR1 chromosome, complete genome 99% NC_014259.1 
P14 Pseudomonas putida KT2440 chromosome, complete genome 99% NC_002947.3 
P15 Acinetobacter oleivorans DR1 chromosome, complete genome 98% NC_014259.1 
P16 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 98% NC_015663.1 
P17 Pseudomonas fluorescens Pf0-1 chromosome, complete genome 99% NC_007492.2 
P18 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 99% NC_015663.1 
P19 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 98% NC_015663.1 
P20 Lysinibacillus sphaericus C3-41 chromosome, complete genome 94% NC_010382.1 
K1 Bacillus subtilis subsp . subtilis str. 168 chromosome, complete genome 99% NC_000964.3 
K2 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 98% NC_015663.1 
K3 Pseudomonas fluorescens Pf0-1 chromosome, complete genome 99% NC_007492.2 
K4 Pseudomonas fluorescens Pf0-1 chromosome, complete genome 99% NC_007492.2 
K5 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 98% NC_015663.1 
K7 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K8 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K9 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 

K10 Bacillus sp . 1NLA3E, complete genome 96% NC_021171.1 
K11 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K12 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K13 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K14 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K15 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K16 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K17 Acinetobacter oleivorans DR1 chromosome, complete genome 99% NC_014259.1 
K18 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K19 Acinetobacter oleivorans DR1 chromosome, complete genome 99% NC_014259.1 
K20 Enterobacter aerogenes KCTC 2190 chromosome, complete genome 98% NC_015663.1 
K21 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K22 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K23 Pseudomonas syringae pv. phaseolicola 1448A chromosome, complete genome 99% NC_005773.3 
K24 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
K25 Acinetobacter oleivorans DR1 chromosome, complete genome 99% NC_014259.1 
K26 Pseudomonas syringae pv. phaseolicola 1448A chromosome, complete genome 99% NC_005773.3 
j2 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
j3 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
j4 Bacillus pumilus SAFR-032 chromosome, complete genome 99% NC_009848.1 
j5 Acinetobacter oleivorans DR1 chromosome, complete genome 98% NC_014259.1 
j6 Bacillus megaterium DSM 319 chromosome, complete genome 99% NC_014103.1 
j8 Pseudomonas syringae pv. phaseolicola 1448A chromosome, complete genome 99% NC_005773.3 
j9 Acinetobacter oleivorans DR1 chromosome, complete genome 99% NC_014259.1 

 
Comparative analysis of the changes in 

population of rhizosphere microbes associated 
with red jujube varieties and growth ages. 

 
 
Identification of growth-promoting bacteria 

in different rhizosphere soils using 16S rRNA se-
quencing. To study the species and amount of 
growth-promoting bacteria populations in red ju-
jube, 16S rDNA sequence analysis was used to iden-
tify inorganic P-releasing, K-releasing, and nitrogen-
fixing bacteria (Table 1). According to the results of 
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Blast NCBI and GeneBank, the major types of P-re-
leasing bacteria found were Agrobacterium spp., En-
terobacter aerogenes, Bacillus subtilis subsp., Bacil-
lus cereus, Acinetobacter oleivorans, Bacillus 
toyonensis, Pseudomonas spp., and Lysinibacillus 
sphaericu. The highest number of P-releasing bacte-
ria was Enterobacter aerogenes, Acinetobacter 
oleivorans, and Bacillus toyonensi. Three K-releas-
ing bacteria (Bacillus megaterium, Enterobacter 
aerogene, and Pseudomonas syringae) were ob-
served, which might play significant roles in the soil 
microbial community changes for red dates. Simi-
larly, Bacillus megaterium Acinetobacter spp., and 
Pseudomonas spp., as two types of important nitro-
gen-fixing bacteria were identified in the various soil 
samples (Table 1). 

Based on the results of sequence alignment, 20 
strains of different P-releasing bacteria were 
grouped into 4 categories. The first category in-
cluded 5 P-releasing bacteria (P5, P8, P11, P12, P13, 
and P15) with 99% genetic similarity to Acinetobac-
ter spp. (C25JX177 713.1) and Acinetobacter spp. 

S3 (MAC.013HM063 913.1). The second group con-
tained Bacillus cereus ATCC 14579 (P4), Bacillus 
toyonensis BCT-7112 (P7), and Lysinibacillus 
sphaericus C3-41 (P20); among the bacteria, the sim-
ilarity coefficient between Bacillus toyonensi BCT-
7112 (P7) and Bacillus spp. WP09-2 (KF719 307.1) 
was 0.99. Four types of Pseudomonas spp., includ-
ing Pseudomonas chlororaphis O6 (P9), Pseudomo-
nas syringae pv. phaseolicola 1448A (P10), Pseudo-
monas putida KT2440 (P14), and Pseudomonas fluo-
rescens Pf0-1 (P17), were classified into 1 category, 
which showed 96% 97% similarity and was highly 
homologous with the closest known species, Pseu-
domonas spp. 5 060 KC236 637.1 in GenBank. 
In addition, Agrobacterium spp. H13-3 (P1) and Ba-
cillus subtilis subsp. subtilis str. 168 (P3) had high 
genetic similarity with Rhizobium spp. XGL136 
(JQ041 733.1) and Bacillus subtilis strain F111 
(HQ647 257.1), respectively (Figure 5A).  

 
 

 
FIGURE 5A 

Phylogenetic tree showing the relationship of jujube P-releasing bacteria based on 16 S rDNA sequence. 
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FIGURE 5B 

Phylogenetic tree showing the relationship of jujube K-releasing bacteria based on 16 S rDNA sequence. 
 
 

For K-releasing bacteria, 24 sequenced strains 
were divided into 4 groups. Bacillus subtilis subsp. 
subtilis str. 168 (K1), Bacillus megaterium DSM 319 
(K7, K8, and K9), Bacillus spp. 1NLA3E (K10), Ba-
cillus megaterium DSM 319 (K11, K13, K14, K15, K16, 
K21, K22, and K24) and Acinetobacter oleivorans DR1 
(K18) were classified as the first group (Figure 5B); 
the highest similarity was calculated between K1 and 
Bacillus subtilis strain F111 (HQ647257.1). Similar 
results were observed between K10 and Bacillus spp. 
G08 (JQ977012.1), Moreover, other K-releasing 
bacteria had 99% homology with Bacillus mega-
terium strain KUDC1720 (KC414700.1) and Bacil-
lus spp. CMJ1-21(KC119107.1). The second group 
was Pseudomonas fluorescens Pf0-1(K3 and K4) and 
Pseudomonas syringae pv. phaseolicola 1448A (K23 
and K26). High genetic similarities existed between 
Pseudomonas fluorescens Pf0-1(K3 and K4) and 
Pseudomonas spp. FSBSA9 (KJ185013.1). The re-
sults from K23, K26, Pseudomonas frederiksbergen-
sis strain B27 (JN377673.1), and Pseudomonas spp. 
RT2 (JF778675.1) were consistent. Furthermore, 
high genetic similarity among Enterobacter aero-
genes KCTC 2190 (K2, K5, and K20) and Entero-
bacter ludwigii strain AR-165 (KF843728.1) re-
vealed that they have a close genetic distance and are 
distributed on the same branch. K17, K19, and K25 

were grouped as 1 category belonging to Acineto-
bacter spp.; Acinetobacter oleivorans DR1 (K17 and 
K19) showed genetic homology with Acinetobacter 
spp. 3. MAC.013 (HM063913.1; approximately 
0.99), and K25 were closely relate to Acinetobacter 
spp. YP11 (KF719294.1). 

Eight strains of nitrogen-fixing bacteria were 
divided into different categories, as shown in Figure 
5C. The three types of nitrogen-fixing bacteria, Aci-
netobacter spp. mkj-33 (N18), Acinetobacter calco-
aceticus (N21), and Acinetobacter spp. YP11 (N22), 
were highly correlated genetically with different 
Acinetobacter baumannii spp., including Acineto-
bacter spp. YP11 (KF719294.1), Acinetobacter cal-
coaceticus strain R-53748 (LN995703.1), and Aci-
netobacter spp. 2 (2015 [KP137409.1]). Pseudomo-
nas spp. LZJ-9 (N27) and Enterobacter spp. 
XBGSD (N15) showed > 95% genetic similarities 
with Pseudomonas spp. D9-2(KU862317.1) and En-
terobacter spp. 5Kp3 (KT825825.1), respectively. 
The remaining nitrogen-fixing bacteria (N14, N15, 
and N17) were grouped as an independent cluster, 
which have a homologous relationship between Ba-
cillus thuringiensis strain KU4 (N14 and N15) and 
Bacillus spp. HH07 (KC857472.1). Similarly, Bacil-
lus megaterium strain CTSS241 (N17) was related to 
Bacillus spp. AER119 (KR967381.1) and Bacillus 
megaterium strain MISP58 (KR827423.1). 
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FIGURE 5C 

Phylogenetic tree showing the relationship of jujube nitrogen-fixing bacteria (C)  
based on 16 S rDNA sequence. 

 
DISCUSSION 
 

Soil microbes are participated in a range of pro-
cesses that essential for the transformation of soil N, 
P, and K, and are thus an integral part of the soil nu-
trient cycle and the decomposition of organic matter 
[18-19]. The quantity of bacteria, fungi, and actino-
mycetes is often one of the important indices that re-
flects the activity of soil microbes [20-21]. Bacteria 
and fungi play vital roles in soil ecosystems by reg-
ulating decomposition activity [22-23]. Actinomy-
cetes play an important role in the decomposition 
and degradation of organic matter associations with 
woody plants [24]. Plant growth-promoting bacteria 
(PGPB) are soil and rhizosphere bacteria that can 
benefit plant growth by different mechanisms [25]. 
The ability of a few soil microorganisms to convert 
insoluble forms of phosphorus and potassium to ac-
cessible forms is an important trait in plant growth-
promoting bacteria for increasing plant yields [26].  

The distribution of soil microbes has extremely 
remarkable differences in the various regions that 
lead to different moisture properties, soil particle 
size, salinity, and pH [27]. For example, topsoil sam-
ples have a higher number of phosphate-solubilizing 
microbes than subsoil [28]. In the current study, the 
least amount of microbes, such as bacteria and fungi, 
were found in the Tourfan Prefecture when com-
pared with other study sites. However, a large num-
ber of soil microbes was identified in the Aksu Pre-
fecture. Indeed, the sum of bacteria and actinomy-
cetes was almost 10 times greater than the number of 
fungi. There is little information concerning the dis-
tribution characteristics of the rhizosphere microbe 

of the important varieties of red dates. According to 
the results of our research, the amount of soil mi-

jube. The diversity of the fungi in the rhizosphere 
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soil collected by the 3-year old jujube was greater 
than the 8-year-old jujube tree [29]. Our results are 
also evidence to support this finding. Compared with 
jujube growth for 8 years, the 4-year-
maintained a higher number of fungi. The quality of 
growth-promoting bacteria showed opposite results 
in this study, perhaps because growth-promoting 
bacteria are severely influenced by environmental 
factors, such as soil types [30].  

Plant growth-promoting bacteria are vital and 
can convert nutritionally-important elements from 
an unavailable to available form through biological 
processes [31]. In this study, several types of growth-
promoting bacteria were identified, such as Bacillus 
spp., Acinetobacter spp., Pseudomonas spp., and 
Staphylococcus spp. The results are consistent with 
a previous study involving phosphate-solubilizing 
bacteria [32]. Research has shown that Bacillus spp. 
and Pseudomonas spp. have a strong ability to con-
vert insoluble forms of phosphorus to an accessible 
form [33-34]. In our study, Bacillus toyonensi BCT-
711 (P7) and Bacillus subtilis subsp. subtilis str. 168 
(P3) belonging to the family Bacillus sp., had 
stronger phosphate-solubilizing ability than other 
bacteria.  
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ABSTRACT 
 
No doubt, investigating the possibility of cul-

tivating maize in two different periods without a 
decline in yield and quality of the maize will con-
tribute to the cultivation of maize in the region. In 
this study, the agricultural and technological prop-
erties of grain maize varieties grown as main and 
second crop were investigated. The study was con-
ducted in the research and application field of GAP 
International Agricultural Research and Educational 
Center between 2014-2015 as three replicates in 
Randomized Blocks Trial Design. Different 15 
grain maize varieties that were compatible with the 
Southeastern Anatolia Region climatic conditions 
which had different vegetation periods and which 
were provided from different seed institutes were 
used as the material in the study.  

In terms of two year average values in the 
main and second cropping periods; significant dif-
ferences according to 1 % among the maize varie-
ties in silking periods (82.4-64.9 day), first ear 
height (99.4-102.6 cm), stem thickness (21.9-23.50 
mm), ear length (21.0-21.4 cm), ear thickness 
(46.58-48.97 mm), number of ear per plant (1.032-
1.039 number), kernel/ear (% 85.58-81.32), 
moisture (% 15.64-25.17). It was determined that a 
plant grain yield was 188.59 g in main cropping, 
176.3 g in second cropping. In terms of unit area 
grain yield, the average of maize varieties was 
found significantly different according to 5%; the 
average unit area yield was determined as 138.88 
kg/ha in main cropping and 126.60 kg/ha in second 
cropping. 

As a conclusion, it was determined that, 
PR31D24, Sy Radioso, Suertoda, 72May80, 
P.31G98, Katone and Sy Lucroso varieties had 
superior values in the main crop, and Katone, 
PR31D24 and Kerbanis varieties had superior val-
ues i-
tions in terms of yield and technological properties. 
 
 
KEYWORDS:  
Maize, Main Crop, Second Crop, Yield, Quality, 
Technological Properties 

INTRODUCTION 
 
Maize is used as nutrient and feed for humans 

and animals, and as raw material in the production 
of alcohol, oil, semolina, glue, bioethanol, starch-
based sugar [1, 2].  

Feed industry is the most important usage area 
of maize with a rate of 70%. It is estimated that 950 
thousand tons of maize are used in starch industry 
mainly in the production of Starch-Based Sugar 
(SBS) [3]. Another field in which maize is used in 
food industry is the maize oil production. In direct 
consumption, it has also been reported in recent 
years that the use of maize flour is also common 
especially in the Black Sea Region; however, it has 
also been reported that the use of it is decreasing 
[4]. 

Maize ranks the first in the world cereal 
production with 184-million-hectare sowing area, 
1.016 million tons production and 552 kg/da 
average yield [5]. Important changes were observed 
in Turkey in maize production as of 2000. The 
maize production was 2.300 thousand tons in 2000 
in Turkey, and the average yield was 4160 kg/ha; 
and grain maize production was 5.950.000 tons in 
2014, and the average yield was 9070 kg/ha. In 69,2 
% (455.500 ha) of the cultivation areas in Turkey, 
main crop; and in 30,8 % (203.100 ha) second crop 
maize cultivation was performed. 72,3% (4.301.000 
tons) of the total maize production are obtained 
from main crop, 27.7% (1.649.000 tons) are 
obtained from second crop maize cultivation. The 
yield per hectare is 949 kg in main crop, and around 
815 kg in the second crop maize cultivation [6]. 

The maize production is around 1.544.000 
tons in Southeastern Anatolia Region. 26 % of the 
production in Turkey is covered by the 
Southeastern Anatolia Region. In Southeastern 
Anatolia Region, 76 % (1.178.000 tons) of the total 
production is covered by the second crop, 24 % 
(366.000 tons) is covered by the first crop maize 
cultivation. While the first crop maize yield is 
around 104,9 kg/ha in this region, it is 83,4 kg/ha in 
the second crop. The grain maize cultivation area in 

.971 hectares in 2014, and the 
production was 229.201 tons. The average yield 
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was 114,8 kg/ha. Nearly 92 % of the grain maize 

crop, 
96 % of the cultivation areas is used for second 
crop, and 4 % is used for main crop; and in Mardin, 
99 % of the cultivation areas is used for second 
crop, 1% is used for main crop maize cultivation 
[6]. 

Increasing irrigation facilities has caused that 
the second crop production increased in 
Southeastern Anatolia, and the intense production 
in Çukurova was transferred to this region. As of 
2013, this development has caused that 1.3 million 
tons of the total 1.9 million tons second crop maize 
production in Turkey was performed in 
Southeastern Anatolia. On the other hand, the 
second crop maize planting is not performed in the 

an intense manner. The total second crop maize 
production amount of these two cities is 1.2 million 
tons. In addition, nearly all of the total maize 
production in both cities consists of second crop 
maize cultivation. Mostly, maize is planted after 
wheat and may be included in crop alternation with 
lentil and cotton in the region [7].  

rt, 
mostly main crop cultivation is performed. In these 
cities, the reasons of the second crop maize 
cultivation being low is the high harvest moisture 
and low yield in harvest. The detection of high yield 
and quality corn varieties, which do not have high 
grain moisture problem at harvest is important. For 
this reason, increases in the yield may be achieved 
by selecting proper varieties in the second crop 
maize planting especially after lentil and chickpea 
[8]. 

In this study, the aim was to determine the 
high-yield grain maize varieties that are suitable for 
the conditions of 
demands of the producers and consumers in terms 
of yield and quality, which will be planted as main 
crop and second crop. It was also aimed to 
determine the factors that affected the grain yield 
and some quality parameters in different growth 
periods and recommend to the farmers in the 
region. It is foreseen that this study will contribute 
to the socio-economic development and increase the 
regional agricultural production volume. Another 
aim of the study was to investigate the possibility of 
obtaining crop in the same field more than once a 
year since the climatic conditions of the area are 
suitable for this. It is predicted that by selecting 
proper varieties for proper times, the losses in the 
yield that stem from negative conditions like high 
temperature stress will decrease.  

 
 

MATERIALS AND METHODS 
 
The present study was conducted to determine 

quality and high-yield grain maize varieties that are 

suitable fo
and that cover the demands of the producers and 
consumers to be cultivated as a main and second 
crop. Fifteen (15) grain maize varieties (Ada 95.16, 
Ada 334, Sakarya, Sy Radioso, Sy Lucroso, 
72May80, PR31D24, P34N24, P.31G98, Suerto, 
Breaker, As 71, 71may69, Kerbanis and Katone) 
were used as the material in the study. These 
varieties were recommended by different seed 

vegetation periods. 
The study area was located on the 37o30  and 

38o43  Northern Latitudes, and 40o37  and 41o20
 

Eastern Longitudes, and the altitude above the sea 
level was nearly 570 m. The soil samples were 
taken and analyzed from 0-30 cm depth from 

Research and Education Center Management, 
where the study was conducted, and had red-brown, 
loamy structure, lightly alkali (pH 7.75 and 7.92), 
slightly limy (2.83 % CaCO3), slightly salty 
(0.071%), poor in terms of phosphor content (0.56 
kg/da), and the organic substance content was 
extremely low (1.00 %).  

where the field trials were performed is mostly 
observed between September and June. In summer, 
there is almost no precipitation, and the relative 
humidity in the air is extremely low. According to 
the Regional Management of Meteorology in 

-2015 vegetation 
period, the average temperature values varied 
between 12.4 and 31.7°C, average maximum 
temperature 18.4-40.0°C, monthly total 
precipitation 0.0 and 84.2 mm, and average relative 
humidity 21.3% and 69.6% between April and 
October. The annual total temperature for 2015 in 
the period from the planting and harvest was 
3883°C in main crop, and 3947°C in the second 
crop period.  

The trial planting in the main crop cultivation 
was performed in the fallow field by hand on 
15.04.2014 in the first year, on 20.04.2015 in the 
second year in the same field; and the second crop 
planting was performed on 13.06.2014 in the first 
year, and on 15.06.2015 in the second year after the 
lentil harvest, and the irrigation was made by 
Sprinkler Irrigation System after the planting. The 
trial was established according to Randomized 
Blocks Design in 3 repetitions.  

The trials were made in a way that would form 
a 4-row structure with 5 m parcel length, 70 cm 
between the rows, and 20 cm over each row. The 
seeds were sown in a way that there would be 7142 
seeds in each decare.  

The irrigation was performed with Sprinkler 
System until the middlebreaking, and after this 
process, the furrow method was used when the 
plants needed water. The last irrigation was on 
August 8, 2014 in the first year in the main crop, 
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and on August 17, 2015 in the second year. In the 
second crop, the last irrigation was on September 8, 
2014, and on September 2015 in the second year. 
The irrigation was performed for 10 times (in total) 
in the main crop, and for 8 times (in total) in the 
first year, and 9 times (in total) in the second year. 
The harvests in the main crop were made on 
September 16, 2014 in the first year; and on 
September 17, 2015 in the second year. The 
harvests in the second crop were made on 
November 12, 2014 in the first year; and on 
November 12, 2015 in the second year.  

The same amount of manure was used in the 
main and second crop trials. 25 kg/da pure nitrogen 
(N) and 10 kg/da pure (P) phosphor were used as 
manure, and 10 kg/da of the nitrogen manure and 
the whole of the phosphorous manure were given 
before the planting as 20-20-0 composed manure, 
and the remaining 15 kg pure nitrogen was given 
when the plants were 50-60 cm.  

Ear Silking Period (days), First Ear Height 
(cm), Stem Thickness (mm), Lodging (pcs/parcel), 
Ear Length (cm), Ear Thickness (mm), Ear Number 
per Plant (pcs/plant), Kernel/Ear Rate (%), Single 
Plant Yield (g/plant), Grain Moisture Rate (%), 
Leaf Erection (Leaf Erection value were scored 
according to the characters scale 1-3 in UPOV- 
International Union For The Protection of New 
Varieties of Plants document), Unit Area Grain 
Yield (kg/ha), Ear Closure (1-5), Leaf Curling Rate 
(Open Leaves: 1, Slight Curving: 2, leaves slightly 

completely: 4, leaves are curved like onion: 5) were 
used in assessments.  

The data obtained as a result of the research 
were analyzed in the JUMP Statistical Package 
Program, and the AOF Test was applied to 

determine the differences between the average 
values and were calculated as Variation Coefficient 
(VC) as percentages.  

 
 

RESULTS AND DISCUSSION 
 
When the two year average values of the 

varieties obtained in this study are analyzed it is 
seen that the longest Ear Silking Period in ADA 
334 variety 84.5 days and the lowest time was in 
P34N24 variety with 79.7 days in the main crop 
production. In the second crop production, when the 
average values for both years are analyzed in terms 
of Ear Silking Period, it is seen that the longest Ear 
Silking Period is in ADA 334 variety with 67.5 
days and the lowest value is in P34N24 variety with 
60.5 days (Table 1). 

Ear silks generally appear 2-3 days after the 
tasseling. In this trial, the average tasseling period 
was 61.3 days, the ear silking period average was 
64.9 days. In the pollination period, the temperature 
that reaches beyond 34°C and affects the pollination 
in a negative way together with low relative 
humidity, which cause reductions in the yield. In 
this study, more frequent irrigation was performed 
during pollination period and the humidity in the 
study area was kept high [9, 10, 11, 12].  

The First Ear Height was the highest in ADA 
95.16 variety as main crop with 125.1 cm; and the 
lowest in 71May69 variety with 79.8 cm. In the 
second crop production, the highest First Ear Height 
was determined in ADA 95.16 variety with 128.1 
cm and the lowest First Ear Height was determined 
in 71May69 variety with 78.0 cm (Table 1). 

 
TABLE 1 

Ear silking period (days), First ear height (cm), Stem thickness (mm) and Lodging (%) values and groups 
according to LSD test 

Ear Silking Period (Days)      First Ear Height (cm)   Stem Thickness (mm)            Lodging (%) 
Varieties       Main Crop Second Crop   Main Crop    Second Crop   Main Crop  Second Crop  Main Crop   Second Crop  
PR31D24 82.0 B-D 65.2 CD 96.5 E-G 101.1 C 22.6 A-C   24.53 A     0.00 0,33  
Sy Radioso 80.3 DE 63.2 EF 87.5 HI 81.2 FG 21.3 C-E   23.37 A-D     0.00 2.00 
Suerto 82.8 A-C 66.8 AB 102.7 DE 112.8 B 23.3 AB   23.92 AB     0.00 15.33 
72May80 81.5 C-E 64.2 DE 96.1 FG 97.0 CD 21.5 C-E    23.45 A-D      0.00 1.67 
P.31G98 84.2 A 66.0 BC 109.8 BC 110.8 B 21.4 C-E   23.63 A-C     0.00 2.67 
Katone 83.2 A-C 64.8 CD 93.2 GH 96.1 CD 20.6 E   21.80 E     0.00 0.00 
Sy Lucroso 83.3 A-C 64.8 CD 96.8 E-G 90.0 DE 21.8 C-E   23.47 A-D     0.00 0.67 
Kerbanis 79.8 E 62.5 F 87.1 HI 98.8 C 18.9 F   22.55 B-E     0.00 0.67 
AS 71 83.5 AB 65.7 BC 114.9 B 116.3 B 23.5 A   24.87 A     0.00 2.67 
Breaker 83.8 AB 66.8 AB 108.4 CD 112.8 B 22.7A-C   24.33 A     0.00 4.67 
71May69 83.5 AB 64.8 CD 79.8 J 78.0 G 21.2 DE   22.00 DE     0.00 0.00 
Ada 334 84.5 A 67.5 A 109.6 BC 116.6 B 22.0 B-D   23.73 A-C     0.00 8.67 
P34N24 79.7 E 60.5 G 83.3 IJ 87.8 EF 20.7 DE   22.33 C-E     0.00 1.00 
Sakarya 80.2 DE 64.2 DE 99.8 EF 112.0 B 23.1 AB   24.83 A     7.33 14.00 
Ada 95.16 84.0 A 66.8 AB 125.1 A 128.1 A 23.7 A   23.62 A-C     0.00 6.33 
Average 82.4 64.9 99.4 102.6 21.9   23.50     0.488 4.045 
LSD Year 0.74 N.S. N.S. 3.27 0.89   0.48  
LSD Variety 1.91 1.42 1.91 8.12 1.37   1.50  
LSD Year*Var N.S. N.S. N.S. N.S. 1.94   N.S.  
CV (%)    2.01 1.89 5.55 6.84 5.45   5.53  
*The differences between the averages indicated by the same letter does not significant according to 0.05 level 



© by PSP  Volume 27  No. 7/2018 pages 4699-4706        Fresenius Environmental Bulletin 

4702 

 

In terms of Stem Thickness, it was observed 
that the highest value was detected in ADA 95.16 
variety as main crop with 23.7 mm; and the lowest 
Stem Thickness value was detected in Kerbanis 
variety with 18.9 mm. The highest Stem Thickness 
value in the second crop production was determined 
in AS 71 variety with 24.87 mm; and the lowest 
Stem Thickness value was determined in Katone 
variety with 21.80 mm (Table 1). 

In the main crop plots, no lodging was 
observed in 2014. It was only observed in Sakarya 
variety (average 7.33 %) in 2015. In the second 
crop plots, no lodging was observed in 2014. The 
highest lodging values in 2015 was determined in 
Suerto variety 15.33 %, and in Sakarya variety 14 
%. Lodging was observed in some varieties because 
of the severe wind, rain and hail in October 2015 
(Table 1).  

The highest Ear Length in the main crop 
production was determined in the ADA 334 variety 
(23,1 cm) and the lowest Ear Length value was 
determined in Kerbanis variety (18,8 cm), in the 
second crop production, the highest Ear Length was 
determined in P.31G98 variety (22,77 cm) and the 
lowest Ear Length was determined in Kerbanis 
variety (18,83 cm). The highest ear thickness as the 
main crop was determined in Sy Lucroso variety 
(48,55 mm) and the lowest ear thickness was 
determined in ADA 334 variety (43,92 mm); and in 
the second crop production, the highest ear 
thickness was determined in Kerbanis variety 
(52,38 mm) and the lowest ear thickness was 
determined in P34N24 variety (45,68 mm).  

In the main crop production, the Ear Number 
per Plant was varied between 0,975 pieces 
(71May69 variety) and 1,071 pieces (P34N24 
variety); in the second crop production, it varied 

between 0,957 pieces (Sakarya variety) and 1,112 
pieces (P.31G98 variety). In the main crop 
production, the highest Grain Weight and Ear 
Weight Rate was determined in PR31D24 variety 
with 88,00 %, in Kerbanis variety with 87,90 % and 
in P.31G98 variety with 87,13 %; and the lowest 
kernel/ear rate was determined in Sy Lucroso 
variety with 83,63%. In the second crop production, 
the highest kernel/ear rate was determined in 
Kerbanis variety with 84,03% and the lowest 
kernel/ear rate was determined in Sakarya variety 
with 79,14% (Table 2). 

In the main crop production, the highest single 
plant yield was determined in PR31D24 variety 
with 212,72 g; and the lowest single plant yield was 
determined in P34N24 variety with 176,52 g. In the 
second crop production, the highest single plant 
yield was determined in Katone variety with 206,1 
g; and the lowest single plant yield was determined 
in Breaker variety with 148,6 g. As the distance 
between plants increases, a decrease is observed in 
the single plant yield (Table 3). 

When the biannual average values of the 
varieties as main crop were analyzed in terms of 
grain moisture in harvest, it was observed that the 
highest grain moisture was determined in Ada 95.16 
variety with 16,75 % and in Sakarya variety with 
16,70 %; and the lowest Grain Moisture was 
determined in P.31G98 variety with 13,16%. 
P.31G98 variety was the second one with the 
longest Ear Silking Period, and the lowest grain 
moisture in harvest in this variety shows that this 
loses moisture with a greater rate after maturation. 
In the second crop varieties, the highest Grain 
Moisture was determined in Ada 334 variety with 
28,15 %; and the lowest Grain Moisture was 
determined in Kerbanis variety with 21,80 %. It was

 
TABLE 2 

Ear length (cm), Ear thickness (mm), Ear number per plant (pieces/plant) and Kernel/ear rate (%) values 
and groups according to LSD test 

       Ear Length (cm)  Ear Thickness (mm)      Ear No per Plant (pcs/plant) Kernel/Ear Rate (%) 
Varieties          Main Crop Second Crop  Main Crop    Second Crop     Main Crop   Second Crop   Main Crop   Second Crop 
PR31D24 20.5 D-F 21.35 BC 47.83 A 50.60 B 1.054 A-D 1.069 A-C 88.00 A 83.10 AB 
Sy Radioso 21.8 BC 20.78 C 47.43 AB 49.85 BC 1.051 A-E 1.019 CD 84.86 B-D 80.84 D-G 
Suerto 20.3 EF 21.60 BC 48.35 A 49.48 B-D 1.025 C-F 1.033 B-D 84.93 BC 80.93 D-F 
72May80 21.8 BC 22.17 AB 45.07 CD 46.92 F-H 1.061 A-C  1.047 B-D 85.84 B 81.11 C-F 
P.31G98 21.1 C-E 22.77 A 44.17 D 47.57 E-G 1.067 AB 1.112 A 87.13 A 82.13 B-E 
Katone 22.0 B 22.25 AB 47.32 AB 50.43 B 1.032 B-F 0.994 DE 84.84 B-D 82.54 A-C 
Sy Lucroso 20.9 DE 21.42 BC 48.55 A 50.37 B 1.036 A-F 1.042 B-D 83.63 D 79.32 GH 
Kerbanis 18.8 G 18.83 D 48.47 A 52.38 A 1.009 FG 1.043 B-D 87.90 A 84.03 A 
AS 71 21.1 C-E 21.70 BC 45.30 CD 47.17 FG 1.015 D-F 1.057 A-C 85.46 B 80.57 E-H 
Breaker 19.8 F 21.12 C 48.42 A 48.10 D-F 1.016 D-F 1.033 B-D 85.43 B 79.61 F-H 
71May69 21.3 B-D 21.05 C 47.92 A 50.42 B 0.975 G 1.010 C-E 85.39 B 80.57 E-H 
Ada 334 23.1 A 21.72 BC 43.92 D 46.55 GH 1.013 E-G 1.020 CD 85.83 B 82.13 B-E 
P34N24 20.6 D-F 21.37 BC 44.03 D 45.68 H 1.071 A 1.086 AB 85.46 B 81.54 B-E 
Sakarya 20.6 D-F 22.25 AB 46.17 BC 50.30 B 1.010 FG 0.957 E 83.73 CD 79.14 H 
Ada 95.16 21.1 C-E 20.78 C 45.72 C 48.75 C-E 1.050 A-E 1.064 A-C 85.19 B 82.24 B-D 
Average 21.0 21.41 46.58 48.97 1.032 1.039 85.58 81.32 
LSD Year N.S. 0.76. N.S. N.S. 0.027 Ö.D 0.71 N.S. 
LSD Variety 0.88 0.98 1.42 1.45 0.038 0.058 1.28 1.58 
LSD Year*Var 1.25 N.S. N.S. N.S. N.S. N.S. 1.81 2.24 
CV (%)    3.65 3.95 2.64 2.55 3.25 4.90 1.29 1.68 
*The differences between the averages indicated by the same letter does not significant according to 0.05 level 
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determined that in order to preserve kernels for 
longer durations, the moisture must be below 14 %. 
The kernels with high moisture are stored after their 
moisture rates are decreased below 14 % in maize 
drying units. The difference between grain moisture 
in harvest may vary according to the varieties used, 
the number of the varieties, vegetation duration of 
the verities, environmental factors, and to the time 
of sowing and harvest and to the applications in 
these periods (Table 3). 

The Leaf Erection scale values of the varieties 
as main crop varied between 1 and 3. In terms of 
Leaf Erection values, it was observed that AS 71, 

Sy Lucroso varieties formed erected leaf structures 
in both years (Table 3). Increasing Leaf Erection is 
important in terms of its positive effects on the 
efficiency of using the light, and casting less 
shadow on the nearby plant. Frequent sowing is 
recommended in erected leaf varieties [13]. It was 
observed that the Leaf Erection scale values of the 
varieties as second crop changed between 1 and 3. 
In terms of Leaf Erection values, it was determined 
that 71May69, AS 71, Sy Rad
varieties formed leaves in erected position in both 
years. In flat and wider leaves, shadow is cast on 
the soil by the leaves and therefore the vaporization 
occurs less in the soil [8].  

In this study, when the two-year data of unit 
area grain yield in the main crop varieties are 
analyzed it is seen that the highest grain yield was 
determined in PR31D24 variety with 158,02 kg/ha; 
and the lowest grain yield was determined in Ada 
95.16 variety with 127,87 kg/ha. In the second crop 
production, the highest grain yield was determined 
in Katone variety with 150,23 kg/ha, and the lowest 
grain yield was determined in Breaker variety with 
108,22 kg/ha; and the average values in both years 

in the main crop were calculated as 138,88 kg/ha 
and in the second crop as 126,60 kg/ha (Table 4).  

The Ear Closure values of the varieties were 

and in the main crop, the varieties changed in 1 and 
2 scale values. In the main crop, AS 71, Katone and 
PR31D24 varieties had the best values in both 
years. In the second crop, the Ear Closure Scale 
Values of the varieties changed between 1-3. It was 
observed that AS 71, 72May80, Breaker and 
P34N24 varieties had a medium-level view, and the 
other varieties had good values (Table 4). 

The leaf curling rate was assessed according to 
-

in the main crop, the curling rate in the leaves 
varied between 3 and 4. It was observed that 
P34N24, PR31D24, 71May69, P.31G98 and 
Kerbanis varieties had higher scale value in both 
years. In the second crop, the curling rate in the 
Leaves varied between 2-5 scale values. In terms of 
curling rate in the leaves, it was observed that 
P34N24 and PR31D24 varieties had higher curling 
rate in the leaves, and the curling in the leaves was 
more in 2015 than in 2014 (Table 4). 

Increasing curling in the leaves has an effect 
that reduces the water loss in the plant during a 
drought stress [14]. Decreases were observed at a 
statistically significant level in the transpiration rate 
parallel to the severity of the drought and curling in 
the leaf; and the speed of photosynthesis decreased 
at a significant level as the severity of the drought 
increased and as the curling level of the leaves 
increased [15]. It was reported in the literature that 
one of the survival mechanisms for plants under 
drought stress was the rolling of the leaves, and the 
lucky plants that had this mechanism could survive 
for longer durations [16, 17]. 

 
TABLE 3 

A plant yield (g), Grain moisture rate (%) and Leaf erection (1-3 Scale) values and  
groups according to LSD test 

    A Plant Yield (g) Grain Moisture Rate (%)               Leaf Erection (1-3 Scale) 
Varieties         Main Crop Second Crop      Main Crop    Second Crop         Main Crop           Second Crop 
PR31D24 212.72 192.1 AB 14.32 C-E 25.58 B-E                   1.5 2.5 
Sy Radioso 199.24 181.0 BC 15.83 AB 25.48 B-E  1 1 
Suerto 197.99 181.3 BC 16.55 AB 26.58 A-D  1 1.5 
72May80 197.48 171.8 BC 16.49 AB 23.87 E-G  2.5 2.5 
P.31G98 194.85 172.9 BC 13.16 E 26.82 A-C  2 2 
Katone 193.48 206.1 A 16.39 AB 24.23 D-F  1 2 
Sy Lucroso 193.89 171.0 BC 16.34 AB 25.83 A-E  1 1.5 
Kerbanis 181.26 186.6 A-C 14.14 DE 21.80 G  1 1.5 
AS 71 185.80 178.7 BC 15.43 BC 23.68 E-G  1 1 
Breaker 179.97 148.6 D 15.79 AB 25.08 C-E  1 1 
71May69 179.20 165.3 CD 16.03 AB 25.32 B-E  1.5 1  
Ada 334 178.22 167.9 CD 16.34 AB 28.15 A  2.5 2.5 
P34N24 176.52 173.1 BC 14.36 CD 22.32 FG  2.5 2.5 
Sakarya 179.95 170.6 C 16.70 A 25.28 B-E  2 2 
Ada 95.16 178.21 178.2 BC 16.75 A 27.53 AB  2 2 
Average 188.59 176.3 15.64 25.17  1.566 1.766 
LSD Year N.S. N.S. 0.28 N.S.     
LSD Variety N.S. 21.36 1.19 2.39     
LSD year*Var N.S. N.S. 1.68 N.S.     
CV (%)    10.84 10.47 6.59 8.20    
*The differences between the averages indicated by the same letter does not significant according to 0.05 level 
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TABLE 4 
Unit Area Grain Yield (kg/ha), Ear Closure (1-5 Scale) and Leaf Curling Rate (1-5 Scale) values and 

groups according to LSD test 
 Unit Area Grain Yield (kg/ha)     Ear Closure (1-5 Scale)                      Leaf Curling Rate (1-5 Scale) 
Varieties           Main Crop     Second Crop      Main Crop    Second Crop                   Main Crop           Second Crop  
PR31D24 158.02 A   140.26 AB            1              2  4 4.5  
Sy Radioso 148.01 AB   131.25 B-D            2              1.5  3.5 3.5  
Suerto 147.93 AB   131.24 B-D            1.5              2  3 3  
72May80 146.71 AB   123.28 C-E            2              2.5  3 3  
P.31G98 144.75 A-C   125.48 B-D            2              2  4 4 
Katone 143.63 A-D   150.23 A             1              2  3 3  
Sy Lucroso 142.65 A-D   125.05 B-D            1.5              2  3.5 3.5 
Kerbanis 135.57 B-D   133.01 BC            2              2  4 3.5 
AS 71 133.58 B-D   125.07 B-D            1              3  3.5 3.5 
Breaker 132.37 B-D   108.22 E            1.5              3  3 3.5    
71May69 132.19 B-D   116.52 DE            1.5              2  4 3.5 
Ada 334 131.53 B-D   121.53 C-E            2              2  3 3.5   
P34N24 129.88 CD   125.96 B-D            2              3  4 4.5 
Sakarya 128.57 CD   116.60 DE            1.5              2  3 3  
Ada 95.16 127.87 D   125.25 B-D            2              2  3 3.5 
Average 138.88   126.60            1.63              2.20  3.43 3.53 
LSD Year N.S.   N.S.  
LSD Variety 167.7   153.84  
LSD Year*Var N.S.   N.S.  
CV (%) 10.39   9.42  
*The differences between the averages indicated by the same letter does not significant according to 0.05 level 

            
TABLE 5 

Comparison of Average of two years datas of main product and second product 
 Main Crop Second Crop 
Features  The Lowest The Highest Overall Average The Lowest The Highest Overall Average 
Ear Silking Period 79.7 84.5 82.4 60.5 67.5 64.9 
First Ear Height 79.8 125.1 99.4 78.0 128.1 102.6 
Stem Thickness 18.9 23.7 21.9 21.8 24.9 23.5 
Lodging 0.00 7.33 0.48 0.00 14.00 4.04 
Ear Length 18.8 23.1 21.0 18.8 22.8 21.4 
Ear Thickness 43.9 48.6 46.6 45.7 52.4 49.0 
Ear Number per Plant 0.98 1.07 1.03 0.96 1.11 1.04 
Kernel/Ear Rate 83.6 88.0 85.6 79.1 84.0 81.3 
A Plant Yield 176.5 212.7 188.6 148.6 206.1 176.3 
Grain Moisture Rate 13.2 16.8 15.6 21.8 28.2 25.2 
Leaf Erection 1 2.5 1.56 1 2.5 1.76 
Unit Area Grain Yield 127.87 158.02 138.88 108.22 150.23 126.60 
Ear Closure 1 2 1.63 1.5 3 2.20 
Leaf Curling Rate 3 4 3.43 3 4.5 3.53 

  
TABLE 6 

Determination of bilateral relations between grain characteristics and other characteristics studied 
 Main Crop Second Crop 
Features  Correlation coefficient Correlation Coefficient 
Ear Silking Period -0.1839 -0.1791 
First Ear Height 0.0346 0.0493 
Stem Thickness 0.1384 -0.1029 
Lodging - - 
Ear Length 0.247* 0.2171* 
Ear Thickness 0.4329** 0.4799** 
Ear Number per Plant 0.3076** 0.2071* 
Kernel/Ear Rate 0.4043** 0.5522** 
A Plant Yield 0.965** 0.972** 
Grain Moisture Rate -0.0977 0.0283 
Leaf Erection -0.0693 0.0682 
Ear Closure 0.028 -0.1392 
Leaf Curling Rate 0.0801 -0.131 

   ** significant according to 0.01, * significant according to 0.05 
 
When the general average values are 

considered in terms of the main and second crops, it 
is observed in Table 5 that Ear Silking Period, 
Kernel/Ear Rate, Single Plant Yield, Unit Area 
Grain Yield values were higher in the main crop; 

and First Ear Height, Stem Thickness, Lodging, Ear 
Length, Ear Thickness, Ear Number per Plant, 
Grain Moisture in Harvest, Leaf Erection, Ear 
Closure and Curling Rate in the Leaves were lower 
when compared with the second crop (Table 5). 
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A Correlation Analysis was applied to 
determine the relation between the grain yield and 
all the other parameters handled in the study and it 
was determined that there were positive and 
significant relations between Grain Yield and Ear 
Length, Ear Thickness, Ear Number per Plant, 
Kernel/Ear Rate, Single Plant Yield in the main and 
second crop production (Table 6).  

In the present study, the highest grain yield as 
the main crop was determined in PR31D24 variety 
158,02 kg/h ,01 kg/ha, 
Suerto variety 147,93 kg/ha, respectively; and the 
average value as the main crop was 138,88 kg/ha. It 
was observed that the PR31D24 variety had the 
highest values in terms of ear thickness, ear 
number, kernel/ear rate, single plant yield, grain 
moisture in harvest, lodging, ear closure, curling 
rate in the leaves and grain yield [14]. 

It was observed that the highest grain moisture 
in the main crop corn cultivation was in Ada 95.16 
variety with a rate of 16,75 %; and the lowest grain 
moisture was in P.31G98 with a rate of 13,16 %; 
and the average in the study was 15,64 %. The 
P.31G98 variety having the lowest moisture in the 
harvest shows that it loses its moisture in a fast 
manner after maturation. No moisture problem was 
observed in any of the varieties used as the main 
crop.  

The highest grain yield in the second crop 
production was determined in Katone, as 150,23 
kg/ha; in PR31D24, as 140,26 kg/ha; in Kerbanis, 
as 130,31 kg/ha, respectively. The average value of 
second crop was determined as 126,60 kg/ha. In 
terms of grain yield, it was determined that the 
highest values were detected in Katone, PR31D24 
and Kerbanis varieties, respectively. These varieties 
are recommended to the farmers in our city. The 
moisture rates of these varieties were determined as 
24,23 % in Katone; and as 25,58 % in PR31D24; 
and as 21,80 % in Kerbanis. 

It was determined that PR31D24 and Katone 
varieties came to the forefront both in main and 
second crop production, do not pose any problems 
in pollination due to high temperatures, and has 
superior properties in terms of yield and some other 
characteristics. 

 
 

ACKNOWLEDGEMENTS 
 
This work was supported by a grant from Di-

cle University Research Funding (DUBAP; Project 
No. 14-ZF-133). 

 
 
 
 
 
 
 

REFERENCES 
 

[1] Akarken, N., Tas, T. (2014) Determination of 
Leaf Chlorophyll Densities of Some Corn 
Lines. International Mesopotamia Agriculture 
Congress. 22- 953. 

[2] Cirilo, A.G. and Andrade, F.H. (1994) Sowing 
Date and Maize Productivity. II. Kernel Num-
ber Determination. Crop Science. 34(4), 1044 - 
1046. 

[3] Anonymous, 2014. Turkey Sugar Factories 
Corporation 2014 Annual Report. Retrieved 
from http://www.turkseker.gov.tr/ FaaliyetRa-
por/Seker_Fabrikalari_Faaliyet_Raporu_2014.
pdf 

[4] TMO, 2014. General Directorate of Turkish 
Grain Board. 2014 Year Cereal Sector Report. 
Retrieved from http://www.tmo.gov.tr/ Up-
load/Document/raporlar/2014hububatsektorrap
oru.pdf  

[5] FAO, 2013. Food and Agriculture Organization 
(FAO) Food Outlook. Retrieved August 12, 
2014 from http://www.fao.org/docrep/ 016/ 
al993e/al993e00.pdf 

[6] TUIK, 2014. Turkish Statistical Institute. Agri-
cultural Statistics (Crop Production Statistics, 
Crop Products Balance Sheets). Retrived from 
http://www.tuik.gov.tr/PreTablo.do?alt_id=100
1 

[7] Anonymous (2015) Ministry of Food, Agricul-
ture and Livestock, Agricultural Economy and 
Policy development institute, Status and Fore-
cast: Maize 2014/2015. 

[8] Ritchie, S.W., Hanway, J.J. (1984) How a corn 
plant develops. Iowa State University, Coop. 
Ext. Serv. Spec. Rep. 48, Ames, Iowa, USA.  

[9] Celep, H. (2006) The Influence of Previous 
Plant and Different Nitrogen Doses on Some 
Characters of Corn Plant. Graduate Thesis. 
Kahramanmaras Sutcu Imam University, Insti-
tute of Natural and Applied Science, Field 
Crops Department, Kahramanmaras. 

[10] Sari, O. (2009) Determination of Yield and 
Yield Components of Some Hybrid Corn Vari-
eties in the Second Product in Manisa Condi-
tions. Master Thesis. Adnan Menderes Univer-
sity, Graduate School of Natural and Applied 
Sciences, Department of Field Crops, Aydin. 

[11] Coskun, Y., Coskun, A., Kosar, I. (2013) Yield 
Performance of Some Horse Maize Varieties in 
Semi-Arid Climate Conditions. National KOP 
Regional Development Symposium, 14-16 No-
vember, Konya. 

[12] Idikut, L., Kara, S.N. (2013) Determination of 
some yield components and grain starch ratios 
of second crop corn varieties KSU. Journal of 
Natural Sciences. 16(1), 8-15.  

 
 
 



© by PSP  Volume 27  No. 7/2018 pages 4699-4706        Fresenius Environmental Bulletin 

4706 

 

[13] Begg, J.E. (1980) Morphological Adaptation of 
Leaves to Water Stress. In: Turner, N.C., Kra-
mer, P.J. (eds.) Adaptation of Plants to Water 
and High Temperature Stress. Wiley and Sons. 
New York. 33-42. 

[14] Matthews, R.B., Azam-Ali, S.N., Peacock, 
J.M. (1990) Response of Four Sorghum Lines 
to Mid-Season Drought: II. Leaf Characteris-
tics. Field Crop Res. 25, 297-308. 

[15] (2011) Investigation of Photosyn-
thetic Changes During Leaf Curl in Maize Va-
rieties in Arid Condition. PhD Thesis. Ka-
radeniz Technical University, Institute of Sci-
ence, Department of Biology, Trabzon. 

[16] glu, A. (2012) Biotic and Abiotic Stres 
Reactions in Plants: Leaf Curl. 21st National 
Biology Congress. 03 07 September 2012, Ege 

47. 
[17] Saglam, A., Demiralay, M.

Terzive, R. (2012) Leaf Curling Protect Photo-
synthesis and Efficacy in Maize Varieties (Zea 
mays, Poaceae) in Drought Conditions. 21st 
National Biology Congress. 03-07 September 
2012, Ege University 96. 
 
 

 
 

 
Received: 22.09.2017 
Accepted: 28.04.2018 
 
 
CORRESPONDING AUTHOR 
 
Aydin Alp 
Dicle University,  
Faculty of Agriculture,  
Department of Field Crops,  

 Turkey 
 
e-mail: aydinalp21@hotmail.com 



 

 

4707 

1Key Laboratory of Heavy Metal Pollution Control and Resources Comprehensive Utilization of Guangdong Polytechnic of Environmental 
Protection Engineering, Guangdong Engineering and Technology Research Center of Solid Waste Resource Recovery and Heavy Metal 

Pollution Control, Guangdong Polytechnic of Environmental Protection Engineering, Foshan 528216, China 
2School of Environmental Science and Engineering, School of Chemical Engineering and Light Industry,  

Guangdong University of Technology, Guangzhou 510006, China 
 
 

 
The soils contaminated by Pb near a mine tail-

ing were remedied via an improved electrokinetical 
method utilizing single-pass soil washing and ap-
proaching anodes (AAs). The variations of the re-
moval efficiency and the soil pH as a function of the 
treatment time were determined. The maximum Pb 
removal efficiency was found to be as high as 63.1% 
under a voltage gradient of 1 V/cm for 48 hours; in 
contrast to 31.5% when the electrokinetic remedia-
tion with AAs without soil washing was employed. 
After single-pass soil washing, the rate of water con-
tent of soil increased to more than 80%, which is 
very suitable for electrokinetic remediation, at the 
same time, more ions were desorbed from the soil 
particles. The mechanism of Pb electromigration be-
havior in soils during an enhanced EK method is de-
scribed as the elution in an electrokinetically driven 
chromatogram. 
 
 

Electrokinetic remediation, single-pass soil washing, ap-
proaching anodes (AAs), Pb contamination, soil remedia-
tion. 

 

 
Soil contaminated by heavy metals, becomes 

more and more serious in the recent years in many 
areas across the world [1-4]. Pb is a common con-
taminant in the soil near lead acid battery factories. 
Accumulated Pb in soil poses threats to human 
health by contaminating crops and groundwater [5, 
6]. 

Over the past few decades, electrokinetic (EK) 
remediation has been demonstrated to be one of the 
most effective methods for in situ or ex situ soil de-
contamination. Numerous EK remediation investi-
gations have shown success in degrading soil con-
taminants and removing heavy metals [7-9]. 

In the EK remediation process, electrode reac-
tions take place on the surface to generate protons 
(H+) and hydroxyl (OH-) at anode and cathode, re-
spectively. The concentration of these ions near the 
electrodes creates an acid front that moves from an-
ode to cathode and a basic front that moves the other 
way [10, 11]. At the same time, the generation of OH- 
ions at the cathode leads to the precipitation of the 
heavy metals called the “focusing effect” [12]. This 
is the main barrier to electrokinetic remediation of 
heavy metal contaminated soils [13]. 

Many studies have been performed with the 
aim to control the soil pH and enhance the capability 
of electrokinetic remediation for heavy metal re-
moval. Measures include adding strong complexing 
agents, such as EDTA (Ethylene Diamine 
Tetraacetic Acid) into soil [14] and using ion ex-
change membranes (IEM) to control the pH and zeta 
potential [15]. These modified techniques are com-
plicated and the use of additional chemicals or de-
vices results in secondary contamination [16, 17]. To 
enhance the electrokinetic remediation of heavy 
metals-contaminated soil, the distribution and mo-
bility of H+ ions and heavy metals in soils were in-
vestigated in this study. 

 Usually, the EK process is operated with one 
fixed anode (FA). An enhanced EK method with ap-
proaching anodes (AAs) and single-pass soil wash-
ing using distilled water without chemicals is be-
lieved to strengthen the remediation effect. For the 
rate of water content of soil increased to more than 
80% after single-pass soil washing, which is very 
suitable for electrokinetic remediation, at the same 
time, more ions were desorbed from the soil particles 
After single-pass soil washing. Compared with other 
remediation methods, we speculate that if the area of 
the “focusing effect” can be migrated towards the 
cathode in a step-by-step manner, more Pb would be 
precipitated in a narrow area and extracted from the 
contaminated soil. Therefore, to determine EK and 
soil washing parameters suitable for the soil contam-
inated by Pb near a mine tailing, local soils were 
picked up and examined with the approaching anode  
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and single-pass soil washing method. A combined 
technology is proposed. 

Soil samples were collected 
near a mine tailing in Shaoguan, China. To simulate 
the contamination process, PbSO4 was dissolved 
with a little distilled water and added into the col-
lected soils. They were kept in container for about 6 
months outside room simulating natural polluting 
courses. Then they were air-dried and mildly ground 
to pass through a 60-mesh sieve, homogenized and 
stored for subsequent analysis.

The measured concentration of Pb was 661.3 
mg/kg for the soil samples and the moisture content 
was approximately 9.1%. The initial soil pH was 
7.63. For each electrokinetic test, approximately 
1000 g of dry soil sample was loaded into the elec-
trokinetic cell. Distilled water was used as the elec-
trolysis solution and single-pass soil washing. 

 
EK remediation experi-

ments were carried out in a rectangular translucent 
plexiglas test cell with the following dimensions: 
length = 26.0 cm, width = 10.0cm, and height = 10.0 

cm, as depicted in Fig. 1. The soil was filled into the 
cell up to a length of 20 cm. A constant voltage of 20 
V (1 V cm-1) was applied with a DC power source. 
The filter paper and an O-ring were used between the 
electrode chambers and the soil cell to avoid any 
possible leakage. Graphite was used for both anode 
and cathode and was inserted into each electrode 
chamber and connected with DC power. To provide 
an uniform electric current, the whole soil cross-sec-
tion was covered with graphite electrode with a sur-
face area of 54 cm2 (3×9×2 cm). The thickness of the 
soil was 2 cm in anode compartment or cathode com-
partment. Electrode chambers were filled with dis-
tilled water, which was cycled by pumps to avoid 
concentration gradients within the compartments. 

The 
single-pass experimental apparatus of soil washing 
is made using plastic bottle, as depicted in Fig. 2, 
which is cylinder-shaped, with the following dimen-
sions: diameter = 7.0 cm, and height = 18.0 cm, a 
250-mesh gauze is placed at the bottom of the appa-
ratus of soil washing.

The soil sample was divided 
into five sections within the cell, named S1–S5 mov-
ing from anode to cathode. EK remediation with 
AAs was operated in the same apparatus with the 
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same intensity of electric field, except that five 
graphite electrodes were inserted as AAs in the 
treated soil. AAs were placed at distance of 3 cm, 6 
cm, 9 cm,12 cm, and 15 cm from anode. They were 
sequentially switched on at 5 h,10 h, 15 h, 25 h and 
36 h after the EK process started, and at the same 
time, the solution was refilled.  

The single-pass soil washing and electrokinetic 
remediation with AAs was carried out with soil 
washing first, the washing electrolysis is distilled 
water, the optimum washing residence time is 24h 
and the optimum water to soil ratio (mass ratio) is 
0.5:1. After single-pass soil washing, the soil was 
remedied by electrokinetic remediation with AAs. 

Analysis was carried out in the same way with 
EK remediation. Soil pH was measured in the five 
different sections by a pH meter (soil/water = 1/2.5)
the pH and Cu concentration were measured after the 
remediation at different sections S1-S5 respectively.  

For total Pb analysis, 0.2 g samples, in dupli-
cate, were digested with HNO3-HF-HClO4 in 25 ml 
Teflon beakers for soil clearing up. An inductively 
coupled plasma-optical emission spectroscopy (ICP-
OES, Agilent) was used to determine the concentra-
tion of total Pb. The pH and Pb concentration were 
measured for two samples from each section, and 
two standard soil samples (i.e., soil with a controlled 
concentration of heavy metals) were analyzed for 
quality control. The EK remediation experiments 
were repeated three times.  
 
 

Major physico-chemical 
characterizations of the experimented soil with re-
spect to the soil pH, texture, organic carbon, cation 
exchange capacity, zero point charge(ZPC) and me-
tallic contaminant content are tabulated in Table 1. 
The soil was composed of a number of minerals 
where 3MgO4SiO2H2O dominates and accounts for 
58.5% in weight. The tested soil of the coastal plain 
showed a sandy texture, which can be attributed to 
the silt loam according to the USDA classification 
system. The soil was slightly alkaline, a typical fea-
ture in Southern China. 

The charge characteristic of the clay minerals 
in the soil is that most of the experimented soils carry 
negative charges on the surface, and the negative 
charges increase with the pH value, indicating that 
the negative charge is variable. The positive charge 
was very low in the experimented soil [18]. Other 
metallic contaminant content in the sample has been 
provided in Table 1, other than Pb, Zn 6.1 mg/Kg, 
Cu 12.4 mg/Kg. Other metallic contaminant is low 
than the limit of determination, which is 5ug/L. The 
point of zero charge (ZPC) of the experimented soil, 
determined by potentiometric titration, is around 
3.0-3.5. The ZPC of the soil can be a better indicator 

to evaluate the surface chemical property of the soil, 
which is the pH when the charge of grain surface is 
zero. It is necessary to keep the pH in soils to be low 
enough when most heavy metals are to be removed 
by EK remediation. With AAs method, the distance 
between anodes and the cathode is gradually short-
ened, migration distances of H+ ions decrease. 
Therefore, ZPC indicates the efficiency of AAs re-
mediation process. The low cation exchange capac-
ity (about 15.3 cmol.kg-1 due to low organic matter 
and clay contents) suggests that the Pb ions are not 
highly absorbed onto the soil particles, which is pro-
pitious to the migration of Pb ions in the soil [19]. 

 

 
Property Value 

Texture (%) 
Sand 

 
19.3 

Slit 62.4 
Clay 18.3 

Minerals (%)  
Chlorite 

Mica 
Smectite 
Kaolinite 
Pinguite 
Feldspar 
Picrite 

Initial pH 
Cation exchange capacity (cmol kg-1) 

Total organic carbon (g kg-1) 
Moisture content (m%) 
conductivity (us  cm-1) 

zero point charge(ZPC) 
Zn (mg/Kg) 
Pb (mg/Kg) 
Cu (mg/Kg) 

58.5 
12.0 
4.4 
3.6 
2.7 

15.1 
3.7 
7.6 

15.3 
10.9 
9.1 

167.0 
3.0-3.5 

6.1 
661.3 
12.4 
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The electric current is an indicator of the amount of 
ion electro-migration. The changes in the electric 
current during the treatments are shown in Fig. 3. 
During the single-pass soil washing and EK remedi-
ation with AAs treatment, higher current density 
passed through the system than what was observed 
during the EK remediation with AAs, and the current 
intensity fluctuated. The current density of the sin-
gle-pass soil washing and EK remediation with AAs 
started from 45.0 mA/cm2 and increased to the max-
imum value of 55.0 mA/cm2. The maximum value 
for the EK remediation with AAs treatment was only 
7.5 mA/cm2, indicating the accelerated charge 
transport. Upon reaching the maximum value, the 
current density for the single-pass soil washing and 
EK remediation with AAs began to decrease until it 
increased again to 17.5 mA/cm2 after 27 hours be-
cause the precipitates re-dissolve and thus provide 
more ions for current transport. Finally, the current 
density decreased and reached a value of 7.2 
mA/cm2 for 48 hours. The decay in current intensity 
was due to the combination of the OH− and H+ ions 
yielding H2O thereby removing ions that transport 
charges to the electrode chambers. In addition, the 
resistance in the interface between electrodes and 
electrolyte might increase due to the concentration 
polarization and water dissociation [20]. Ions with 
positive or negative charges move to both ends of the 
electric cell, as in electrodialysis, and result in the 
drop of ionic strength in soils and the current.

In the single-pass soil washing and EK remedi-
ation with AAs, after washing, the rate of water con-
tent of soil increased to more than 80%, which is 
very suitable for electrokinetic remediation, at the 
same time, more ions were desorbed from the soil 
particles. Therefore, the soil washing and EK reme-
diation with AAs method could maintain more mo-
bile ions in the system and higher current changes. 

This phenomenon partially explained the possible 
mechanism of enhanced Pb and removal in the sin-
gle-pass soil washing and EK remediation with AAs 
tests.  

 
Low pH in soil is necessary 

when most heavy metals are to be removed by means 
of EK remediation [21]. Fig. 4 shows the pH varia-
tions in the soil profiles during single-pass soil wash-
ing and EK remediation with AAs, only EK remedi-
ation with AAs. The soil pH was 7.63 before reme-
diation. The pH of the soil close to the anode was 
3.45 after soil washing and EK remediation with 
AAs. This is significantly lower than that of other 
soil parts. It can be seen that the pH values in the soil 
bed drop evidently faster with soil washing and EK 
remediation with AAs than without soil washing. 
During the soil washing and EK remediation with 
AAs, the rate of water content of soil increased, H+ 
ions can approach the cathode sooner.  

 
Redox potential 

greatly influences chemical association of Pb on soil 
particles. High redox potential near the anode indi-
cates highly oxidizing conditions, while low redox 
potential near the cathode indicates reducing condi-
tions. Redox potentials in the soil bed before and af-
ter EK remediation are depicted in Fig.5. Before re-
mediation treatment, the redox potential of the soils 
is 18.5 V. After soil washing and EK remediation 
with AAs, redox potentials in treated soils increase 
linearly from 18.57 V to 19.35 V along sites from the 
anode to the cathode. This is due to the electric po-
tential of DC (Direct Current) and its redox reactions 
at electrodes. In reductive environments, almost all 
particulate Lead is complexed by insoluble organic 
matter or bonded to sulfide minerals. In contrast, Pb 
tends to be set off from soil particulates in oxidative 
environments because of the effect mechanisms of 



 

 

4711 

redox potential on heavy metals [22, 23]. After soil 
washing and EK remediation with AAs, redox po-
tentials are higher near the cathode than after EK re-
mediation with AAs without soil washing. There-
fore, Lead migration capability is enhanced in soil 
washing and EK remediation with AAs. 

 
The 

changes of total Pb concentration in the soil bed dur-
ing EK remediation are displayed in Fig. 6 and Fig. 
7, where C/Co represents the ratio between Pb con-
centrations after and before remediation. Before the 
treatment the concentration of Pb was 661.3 mg/kg 
and Pb is removed from sections near the cathode 
and accumulated near the anode. After 48 hours, the 
average concentration of Pb for S1 to S5 region is 
244.1 mg/kg using soil washing and EK remediation 

with AAs, compared to 453.2 mg/kg using EK with 
AAs without soil washing. Consequently, 63.1% of 
total Pb was removed using soil washing and EK re-
mediation with AAs. This is in stark contrast with 
the 31.5% of total Pb removed via EK with AAs 
without soil washing. Therefore, the removal effi-
ciency was enhanced and it shows great improve-
ment of electro-migration velocity. The removal ve-
locity of Pb concentration is the largest near the cath-
ode as shown by the increase in slope of the graph. 
During the soil washing and EK process with AAs, 
soil turns to be in a more waterish and acidic condi-
tion, in which Pb exists in a free form. It can be pre-
sumed that the removal efficacy increased as more 
Pb ions desorbed from the soil particles as a conse-
quence of pH decline.
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The results of the 
electrical conductivity (EC) characterization are pre-
sented in Fig. 8. The EC profile of the conventional 
electrokinetic remediation with AAs without soil 
washing after 48 h treatment was in the shape of a 
bowl. The EC was higher for S1 and S5 regions near 
the electrode chambers, and lower in S2 to S4 regions. 
This trend was observed because there were more H+ 
species near the anode and more OH- and Pb ions 
near the cathode [24]. The EC for soil washing and 
EK remediation with AAs was similar. The EC was 
higher for S1 and S5 regions, and higher for region S4 
because the precipitates re-dissolved due to higher 
concentration of Pb ions. Compared to the EC of 
electrokinetic remediation with AAs without soil 
washing, the EC of the soil washing and electroki-
netic remediation with AAs was higher due to the in-
crease of H+ ion formation at the anodes as well as 
increased Pb ion desorption from the particles. 
Therefore, the EC for EK remediation with AAs co-
incided with the pH and Pb distribution profiles of 
Fig. 4 and 6.

The pH values and redox poten-
tials in treated soils vary linearly after soil washing 
and EK remediation with AAs. Its mechanism lies in 
that OH- ions are confined in the cathode compart-
ment. Consequently, acidic fronts steadily move to-
wards the cathode. Thereafter, H+ ions have to react 
with negative groups in the soil solution and on soil 
particles when moving forward. The chemical reac-
tion behavior of H+ ions in soils during soil washing 
and EK remediation with AAs process is similar to 
that in an electrokinetically driven chromatogram 
[25]. After soil washing and EK remediation with 
AAs, the soil is waterish and the distance between 
the anodes and the cathode is gradually shortened. 

Thus the soil pH was lowered and Pb precipitated 
and re-dissolved before migrating towards the cath-
ode. H+ ions that were produced at the anode and 
continuously supplied into the treated soil are similar 
to a mobile phase. Soil particles react as a stationary 
phase. When the mobile phase pH decreases, heavy 
metals with positive charge will accelerate electro-
migration towards cathode like elution. Many types 
of reactions occur during the remediation, including 
desorption, ion exchange, decomplexation, dissolu-
tion, destruction of the active sites on the soil surface, 
and diffusion from the inner sites of the crystal lat-
tices. However, the most important aspect in electro-
chemical soil remediation is soil pH [14]. Often it is 
an acidic front, which is developing in the soil from 
the anode towards the cathode during remediation, 
used for mobilizing many heavy metals. When met 
with an acidic front, non-charged Pb fractions can be 
ion-exchanged by hydrogen ions according to the 
following equation.

 
PPb + 2H+ = PH2 + Pb2+                 Eq.         (1)  
 
The lower the soil pH becomes, the greater the 

positive charge Pb fractions. Pb with net positive 
charges will expedite to electro-migrate towards the 
cathode. Linear model pH may be the main mecha-
nism that can account for the linear Pb removal ve-
locity in soil washing and EK remediation with AAs 
process. Low pH aids the release of heavy metals 
from the soil particles and reinforces the electrore-
mediation effect [22], especially near the anode. This 
result illustrates why single-pass soil washing and 
EK with AAs may be an effective treatment ap-
proach. 
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The application of electrokinetic remediation 

with approaching anodes (AAs) for 48 hours led to a 
Pb removal efficiency of about 31.5% from the soil 
near a mine tailing in Shaoguan city of Guangdong 
province in China. An enhanced EK method with 
single-pass soil washing and approaching anodes 
(AAs) improved the efficiency to 63.1%. The im-
provement was attributed to an increased water elec-
trolysis and production of H+ ions at the imple-
mented anodes via water electrolysis and a greater 
desorption of Pb ions from the soil particles. For af-
ter washing, the rate of water content of soil in-
creased to more than 80%, which is very suitable for 
electrokinetic remediation. Additionally, oxygen 
produced at the anodes changes the redox potential 
in the soil and results in Pb reorganization from oxi-
dizable and stable forms to more dissoluble ones. 
More Pb can be thus removed from the soil than the 
EK treatment does. The electric migration rate of Pb 
is enhanced, showing a very high applicability of the 
combined technology to the remediation of Pb con-
taminated soil with improved performances and low 
costs. 
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To discuss the availability of thermodynamic 

modeling to qualitatively identify the arsenic and se-
lenium species in river water, the Mianyuan River in 
southwest of China was studied as a case. Redox po-
tential (Eh) calculated from the redox couple NO3-

/NO2- were much higher than Eh measured in Mian-
yuan River. Eh calculated by the redox couple NO3-

/NO2- and Eh measured were both considered. In this 
river, HAsO42- was the only dominated specie of ar-
senic in water regardless of the Eh measured or Eh 
calculated was adopted. HSeO3- in water was domi-
nated if Eh measured was used, while SeO42- became 
dominated if Eh calculated was adopted. Authors 
more inclined to believe the result according to Eh 
calculated. This case study suggests that the method 
of thermodynamic modeling to qualitatively reveal 
the major specie was more suitable to arsenic than 
selenium because selenium speciation distribution 
was more sensitive to the redox potential which was 
difficult to obtain.  

Arsenic speciation, selenium speciation, river water, Eh-
pH diagrams 
 
 

 
An excess of arsenic in aqueous environment 

will be harmful to organisms [1-5]. Arsenic can oc-
cur in four oxidation states, arsenate (+ ), arsenite 
(+ ), elemental arsenic (0), and arsine (- ). And 
the speciation distribution of arsenic in solution can 
be affected by its physical chemistry conditions. The 
toxicity and mobility of arsenic in water is related to 
its speciation [6]. Generally, inorganic arsenite (+ ) 
is more toxic than arsenate (+ ). Therefore, ac-

knowledging the speciation of arsenic in water is im-
portant to predict the bioavailability and mobility of 
arsenic in groundwater [7] and river [8, 9]. Selenium 
is another kind of non-metal trace elements in envi-
ronment. Low content of Se is beneficial to organ-
isms, while high content of selenium plays a reverse 
role [10]. Toxicity of selenium is also related to its 
speciation in water [10, 11]. Recently, selenium has 
become an emerging global metalloid contaminant 
second only to mercury [11, 12]. Their studies sug-
gest a need to consider selenium speciation not only 
total selenium in water [10-12]. Selenium can occur 
in four oxidation states: selenate (+ ), selenite 
(+ ), elemental selenium (0), and selenide (- ). 
Generally, inorganic selenite (+ ) is more toxic 
than selnate (+ ) [12]. 

Arsenic speciation in water can be measured 
using high performance liquid chromatography in-
ductively coupled plasma mass spectrometry 
(HPLC-ICP-MS) [8, 12]. Selenium speciation in wa-
ter can be determined using hydride generation 
atomic fluorescence spectrometry (HF-AFS) [11]. 
Arsenic and selenium were both oxyanions with sim-
ilar mobility. Therefore, the speciation of arsenic and 
selenium in natural water usually need to be simul-
taneously considered. These methods were accurate 
but costly and time consuming. Nowadays, there is 
an increasing need to qualitative identify the specia-
tion of arsenic and selenium in natural water before 
accurate determination, especially for environmental 
protection departments. In these situations, the tool 
of Eh-pH diagram is useful. In fact, the redox poten-
tial (Eh) and hydrogen ion activity (pH) are the most 
important factors controlling the speciation of arse-
nic and selenium [9, 15]. Although the tool of Eh-pH 
diagram is convenient to acknowledge speciation of 
arsenic and selenium, a meaningful Eh value in wa-
ter is usually difficult to obtain. The internal disequi-
librium among redox couples in natural water widely 
exists [16, 17]. Alternative method is taking the Eh 
measured and Eh calculated from Nernst equation 
together into consideration [17]. Therefore, our aim 
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is to present a case study to discuss the availability 
of thermodynamic modeling to qualitatively 
acknowledge the speciation of arsenic and selenium 
in a river located in southwest of China.  

 
 

Mianyuan River originates from 
the north of the Jiudingshan Mountains, and flows 
through the cities of Mianzhu and Deyang, respec-
tively. The map of study area was drawn in Figure 1. 

The city of Deyang is an important industrial city of 
China, which has a population of 3.9 millions. The 
Mianyuan River is the major living water of Deyang 
City (Site 12 in Figure 1). River length of is about 
133.6 km and catchment area is about 1212 km2 [4]. 
Its average annual runoff is 690 million cubic meters. 
Phosphate mining (sites 2 and 4 in Figure 1), indus-
try (sites from 9 to 11 in Figure 1) and agriculture 
regions (sites from 13 to 16 in Figure 1) are located 
along the riverbank. This river was affected by Wen-
chun Earthquake at 2008, and formed two dammed 
lakes (sites 3 and 7 in Figure 1) in upstream.  
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Sam-
pling 
sites 

pH Eh 
(mea) Eh 

(cal) 
mV 

Eh(cal)- 
Eh(mea) T K+ Na+ Ca2+ Mg2

+ 
HCO

3- 
SO4

2- 
NO3

- NO2- Cl- Fe As Se 

 mV mV °C mg/l mg/
l mg/l mg/

l mg/l mg/
l mg/l mg/l mg/

l 
ug/
l 

ug/
l 

ug/
l 

Upstream 

1 7.2 143 516 373 0 0.78 2.26 40.5 21.1 151 61 2.55 <0.0
1 

0.7
3 25 0.5

8 
0.2
5 

2 7.6 293 493 200 2 4.03 3.44 54.7 20.6 150 104 2.75 <0.0
1 

2.1
3 23 0.2

3 
0.5
8 

3 8.3 240 455 215 2 2.40 3.13 57.6 21.8 148 117 2.72 <0.0
1 

1.3
2 

39
7 

0.3
1 

0.8
6 

4 7.4 173 434 261 4 3.73 3.69 58.8 22.0 139 114 0.00 <0.0
1 

2.3
0 29 0.3

5 
0.4
0 

5 8.3 70 448 378 3 1.31 3.96 58.9 22.2 157 113 1.70 <0.0
1 

1.4
9 30 0.2

2 
0.6
1 

6 7.5 136 499 363 3 3.32 1.86 80.4 71.8 205 316 3.16 <0.0
1 

3.1
3 57 1.2

6 
1.7
2 

Downstream 

7 8.6 155 423 268 5 1.82 4.20 58.9 22.2 162 110 1.12 <0.0
1 

1.8
6 63 0.5

8 
0.6
3 

8 8.2 166 463 297 6 3.61 4.97 112.
1 23.8 127 274 5.51 <0.0

1 
2.6
6 

24
0 

0.3
0 

1.4
7 

9 8.3 212 444 232 8 1.44 4.43 75.2 27.5 172 166 2.15 <0.0
1 

1.6
8 

22
3 

0.3
5 

0.6
4 

10 8.1 -40 450 490 12 1.97 6.02 64.8 22.8 171 122 2.37 <0.0
1 

2.7
0 97 0.7

9 
0.4
2 

11 8.3 185 452 267 4 2.96 8.09 71.8 25.6 150 158 2.85 <0.0
1 

14.
9 39 1.5

4 
1.4
5 

12 8.1 84 469 385 6 3.61 41.3 68.5 27.5 212 80 5.84 <0.0
1 

86.
0 39 1.4

5 
0.4
3 

13 8.2 75 465 390 7 4.00 23.2 81.1 28.7 243 123 7.46 <0.0
1 

26.
2 

28
1 

2.2
0 

0.5
2 

14 10.4 120 273 153 13 5.91 9.07 58.6 18.1 115 135 3.54 0.59 7.8
5 32 0.9

3 
0.4
6 

15 10.2 194 343 149 15 4.82 21.2 49.7 14.9 172 56 9.31 <0.0
1 

21.
4 29 3.5

9 
0.2
9 

16 8.4 136 398 262 10 5.04 9.21 58.4 18.2 103 140 8.12 0.80 7.7
6 63 0.9

4 
0.4
6 

Sixteen river water samples were 
collected at April 20, 2012. All materials used were 
cleaned by Milli-Q water before the collection of wa-
ter samples. Parameters of pH, temperature, Eh were 
in situ analyzed. Temperature was determined using 
thermometer. Values of pH and Eh were measured 
using the instrument of YSI-100 (Ecosense, U.S.A) 
which has the uncertainties of pH at 0.01 and Eh at 1 
mV. Its working principles included: (1) activity of 
H+ is detected by a glass sensing bulb and different 
activities of H+ can create a potential which will be 
calculated versus the stable potential of the reference 
electrode; (2) Eh is obtained with oxidative reductive 
potential(ORP) using Ag/AgCl reference electrode
Temperature, pH and Eh were included in Table 1. In 
addition, some parameters in Table 1 have been pub-
lished [4]. 

Three same water samples were collected at 
each site after filtered by 0.45 μm polycarbonate fil-
ters [8]. Copy added with 1 ml diluted HCl (1:1) was 
used to measure concentrations of metals. Acid free 
copy was used to measure the concentrations of ani-
ons. Another acid free copy was used as parallel 
sample in analysis to decrease the error in sampling 
[4]. The water samples were transported and restored 
in a refrigerator at about 5 °C. All water samples 

were analyzed in the next 3 days following sampling.  

Chemical analysis was performed in 
laboratory at temperature from 22 to 25°C and hu-
midity about 85 %. Cations of K, Na, Ca, Fe, Mg and 
Al were measured using inductively coupled plasma 
atomic emission spectrometry (ICP-AES). The re-
covery was from 97.2 % to 102 %. The concentra-
tions of SO42-, NO3- and NO2- and Cl- were measured 
using ion chromatography (IC). The recovery was 
from 96.5 % to 105.1 %. The concentrations of As 
and Se were measured using hydride generation 
atomic absorption spectroscopy (HGAAS). The 
method detection limit (MDL) of As was 0.02 μg/l. 
Its recovery was 105 %. The method detection limit 
(MDL) of Se was 0.03 μg/l. Its recovery was 110 %. 

The thermody-
namic modeling code PHREEQC [18, 19] was 
adopted. The potential (Eh) - hydrogen ion activity 
(pH) diagrams of (a) arsenic/ sodium chloride/ water 
system (As-NaCl-H2O system with chemical com-
position: concentration of total arsenic: 1×10-5 

mol/kg, concentration of sodium chloride (NaCl): 
1×10-3 mol/kg) and selenium/ sodium chloride/ water 
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system (Se-NaCl-H2O system with chemical compo-
sition: concentration of total selenium: 1×10-5 

mol/kg, concentration of sodium chloride (NaCl): 
1×10-3 mol/kg at temperature: 25 °C and atmosphere 
pressure: 1.013×105 Pa were drawn using the 
PHREEPLOT [19]. The Eh-pH diagrams of these 
systems were presented (FIGURE 2, 3, 4 and 5). The 
MINTEQA database was used [20]. Equilibrium 

constants of some reactions were updated and pre-
sented (Table 2). The speciation of arsenic and sele-
nium in the Mianyuan River at each site were calcu-
lated using the code PHREEQC which will automat-
ically fix the equilibrium constant of reactions con-
cerned corresponding to different temperatures ac-
cording to the standard value at 25  using the van’t 
Hoff equation. 

Reaction Log K 
 

H3AsO3
0

 = H2AsO3
- + H+ -9.17 [21] 

H2AsO3
- =HAsO3

2- + H+ -14.10 [21]] 
HAsO3

2- =AsO3
3- + H+ -15.00 [21] 

H3AsO3
0 = HAsO3

2- + 2H+ -23.27 [21] 
H3AsO3

0
 = AsO3

3- + 3H+ -38.27 [21] 
3H3AsO3

0+6HS-+5H+=As3S4(HS)2
-+9H2O 72.23 [21] 

H3AsO3
0+2HS-+H+=AsS(OH)(HS)-+ H2O 18.008 [21] 

H3AsO4
0 = H2AsO4

- + H+ -2.3 [21] 
H3AsO4

0 = HAsO4
2- + 2H+ -9.29 [21] 

H3AsO4
0 = AsO4

3- + 3H+ -21.08 [21] 
H3AsO4

0 + 2H+ + 2e- = H3AsO3
0 + H2O 19.35 [21] 

Fe3+ + H3AsO4
0 = FeAsO4

0+ 3H+ -6.97 [22] 
Fe3+ + H3AsO4

0 = FeHAsO4
+ + 2H+ 0.59 [22] 

Fe3+ + H3AsO4
0 = FeH2AsO4

2+
 + H+ 1.88 [22] 

Fe3+ + H3AsO3
0 = FeH2AsO3

2+ + H+ -1.98 [22] 
Fe2+ + H3AsO4

0 = FeH2AsO4
+ + H+ 0.41 [22] 

Fe2+ + H3AsO4
0 = FeHAsO4

0 + 2H+ -5.99 [22] 
Fe2+ + H3AsO4

0 =FeAsO4
- + 3H+ -13.53 [22] 

AsO4
3- + Al3+ = AlAsO4

0 18.9 [23] 
HAsO4

2- + Al3+ = AlHAsO4
+ 6.45 [23] 

H2AsO4
- + Al3+ =AlH2AsO4

2+ 4.04 [23] 
AsO4

3- + Mg2+ = MgAsO4
- 6.34 [23] 

HAsO4
2- + Mg2+ = MgHAsO4

0 2.86 [23] 
H2AsO4

- + Mg2+ = MgH2AsO4
+ 1.52 [23] 

HAsO4
2- + Ca2+ = CaHASO4

0 2.69 [23] 
H2AsO4

- + Ca2+ = CaH2AsO4
+ 1.06 [23] 

 
SeO4

2- + H+ = HSeO4
- 1.80 [24] 

HSeO4
- + H+ = H2SeO4

0 -2.01 [24] 
SeO4

2-+ Ca2+= CaSeO4
0 2.00 [24] 

SeO4
2- + 2Na+ = Na2SeO4

0 0.02 [25] 
HSeO4

- + Na+ = NaHSeO4
0 0.01 [25] 

SeO4
2- + Mg2+ = MgSeO4

0 2.2 [26] 
SeO3

2- + H+ = HSeO3
- 8.54 [23] 

 
As(α, cr) + 3H2O=H3AsO3

0 + 3H+ + 3e- -12.525 [21] 
As2O5(cr)+3H2O = 2H3AsO4

0 8.26 [21] 
FeAsO4:2H2O (scorodite) = Fe 3+ + AsO4

3- +2H2O -26.08 [27] 
FeAsO4:2H2O (am) = Fe3+ + AsO4

3- + 2H2O -23.29 [27] 
As2O3(arsenolite) + 3H2O = 2H3AsO3

0 -1.38 [21] 
As2O3(claudetite) + 3H2O = 2H3AsO3

0 -1.34 [21] 
As2S3(orpiment) + 6H2O = 2H3AsO3

0+ 3HS- + 3H+ -46.3 [21] 
As2S3(am) + 6H2O = 2H3AsO3

0
 + 3H2S -23.9 [21] 

AsS(realgar) + 3H2O =H3AsO3
0 + HS- + 2H+ + e- -20.11 [21] 

AsS(β, realgar) + 3H2O = H3AsO3
0 + HS- + 2H+ + e- -20.05 [21] 

FeAsS(arsenopyrite)+ 3H2O=H2AsO3
-+Fe2+ + HS- + 3H+ + 3e- -34.799 [21] 

 
Se(hex) + H+ + 2e- = HSe- -7.6963 [20] 
Se(A) + H+ + 2e- = HSe- -7.1099 [20] 
FeSe + H+ = HSe- + Fe2+ -7.1466 [20] 
SeO2 + H2O = HSeO3

- + H+ 0.1246 [20] 
SeO3 + H2O = SeO4

2- + 2H+ 21.044 [20] 
CaSeO4:2H2O = Ca2+ + SeO4

2- + 2H2O -2.9473 [20] 
Fe2(SeO3)3:2H2O + 3H+ = 3HSeO3

- + 2Fe3+ + 2H2O -20.6262 [20] 
MgSeO3:6H2O + H+ = HSeO3

- + Mg2+ + 6H2O 4.0314 [20] 
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. 
 

Gen-
erally, pH and Eh are critical factors in affecting the 
distribution of arsenic and selenium speciation. The 
reliability of pH measured in field work can be as-
sumed only if user’s operation is correct and the in-
strument works well. Unfortunately, the availability 
of Eh to reflect the true state of oxidative and reduc-
tive potential is limited, because of the lack of inter-
nal equilibrium. As Lindberg and Runnells noted 
“…

” [16]. 
Eh measurement is still useful as an indicator of re-
dox state of solution, but it would be better to use the 
concentrations of redox couples of interest to give a 

meaningful Eh value by application of Nernst equa-
tion [16].  

Eh value measured in river water varies from 
- 40 mV to 293 mV, with the mean about 146 mV ± 
53%. And pH measured in water varies from 7.2 to 
10.4, with the mean of 8.31 ± 10%. Concentration of 
Fe in most sites was too low to serve as a decisive 
redox element (Table 1). We did not measure the 
Fe( ) and Fe( ) of all water. The theoretical Eh of 
NO3-/NO2- couple at equal molar ion at pH = 7 and 
25  equals to 431 mV [17.], which is comparatively 
closing to the Eh measured (Table 1). In addition, the 
redox couple NO3- and NO2- can be measured to-
gether using the same instrument of ion chromatog-
raphy. The  equation (equation 1) was adopted 
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to calculate Eh. All water had enough amounts NO3- 
to be measured. However, there were only two sites 
having NO2- above the detection limit 0.01 mg/l (Ta-
ble 1). The concentration NO3- in Mianyuan River 
was higher than NO2- about three orders of magni-
tude (Table 1). Equation 1 can be transformed to 
equation 2. And Eh value increased with the de-
crease of NO2- (equation 2). In fact, the coefficient “-
0.0296” before the term “log[NO2-]” is quite small. 
Even if the concentration of NO2- at 0.01 mg/l de-
creased 100 times to 0.0001 mg/l, Eh would improve 
only 55 mV than the initial value when other condi-
tions kept constant. In this situation, lower concen-
tration of NO2- than 0.01 mg/l had little effect on the 
Eh calculated. Therefore, we set that 0.01 mg/l of 
NO2- was adopted in calculation of Eh for water hav-
ing NO2- lower than detection limit.  

Eh V 0 845

0 0296log NO3 H 2

NO2
Equation 1                                 

0 845 0 0296log NO3 0 592log H
0 0296log NO2 Equation 2  

 
Eh (cal) calculated at all sites were higher than 

Eh (mea) measured. The difference between Eh (cal) 
and Eh (mea) ranged from 149 to 490 mV with the 
mean of 293 mV. It suggested the existence of inter-
nal disequilibrium among redox elements in river 
water. Eh (cal) at sites of 14 and 15 with alkaline pH 
were more closing to the Eh (mea) than other sites 
(Table 1).  

Eh-pH diagram was con-
structed to show the dominate species’ areas of arse-
nic and selenium. To improve the accuracy of speci-
ation calculation, the latest and updated thermody-
namic parameters of arsenic and selenium were in-
cluded. Those authors [20-27] have critically re-
viewed the internal consistency of these parameters. 
The Eh-pH diagrams of As-H2O system have been 
reported in literatures [27, 28]. Figure 2 and Figure 
3 were similar to the Eh-pH diagram of As-H2O in 
study [27], because most of the equilibrium con-
stants had same sources. Eh-pH diagram of arsenic 
(1.0×10-5 M) included: arsenate (H3AsO4, HAsO42-, 
H2AsO4-, AsO43-), arsenite (H3AsO3, H2AsO3-), and 
natural crystal arsenic solid (FIGURE 2 and 3). Eh-
pH diagrams of Se-H2O systems have been drawn in 
studies [28, 29-31]. The difference between Figure 2, 
3 and other diagrams [28, 29-31] was resulted by the 
difference of equilibrium constant sources. The Eh-
pH diagram of Se in water included regions of sele-
nate (HSeO4-, SeO42-), selenite (H2SeO3, HSeO3-, 
SeO32-), and natural amorphous selenium solid (Fig-
ure 4 and 5). Factor pH plays a key role in controlling 

the speciation of arsenic and selenium if redox po-
tential keeps stable. In oxidative aqueous environ-
ment, H3AsO3 mainly exists in water when pH < 2, 
H2AsO32- mainly exists when 2 < pH < 6.5, HAsO32- 
mainly exists when 6.5 < pH < 11.8, and AsO33- 
mainly exists when pH >11.8 (Figure 2 and 3). Sim-
ilarly, in oxidative aqueous environment, H2SeO3 
mainly exists when pH < 2.5, HSeO3- mainly exists 
when 2.5 < pH < 8.3, and SeO32- mainly exists when 
pH > 8.3 (Figure 4 and 5). 

Water sam-
ples at all sites were projected on Figure 2, 3, 4 and 
5 according to the pH and Eh (measured and calcu-
lated). According to Eh measured, arsenic in the 
Mianyuan River existed as the less toxic arsenate 
(+ ) (FIGURE 2). In addition, the dominate arse-
nate (+ ) specie in the Mianyuan River was 
HAsO42-. In spite of Eh calculated was higher than 
Eh measured, the result using Eh calculated to pre-
dict arsenic speciation was same to Eh measured 
(Figure 2 and 3). However, the distribution of sele-
nite specie in the river was more complicated. Most 
water samples were located at the area of HSeO3- 

when Eh measured was used (Figure 4). Only were 
the water at sites 7 (dammed lake), 14 and 15 (farm-
land) located at the area of SeO32- (Figure 4). How-
ever, the dominate specie became SeO42- if Eh calcu-
lated was adopted (Figure 5), suggesting that sele-
nium was more sensitive to the redox potential than 
arsenic. 

Eh-pH diagrams 
cannot directly give the percentage of each species 
in water. Therefore, we used PHREEQC to calculate 
the percentages of arsenic and selenium species in 
water according to Eh calculated (Figure 6 and 7). 
The percentage of HAsO42- in water accounted for 
78 % to 99 %. H2AsO4-, and AsO43- accounted for 
tiny. The distribution of arsenic speciation in Mian-
yuan River was mainly controlled by pH in water. 
Another study has revealed that the increasing of pH 
at sites 14 and 15 was related with the using of phos-
phate fertilizer [4]. Although the reaction equilib-
rium constants among As, S, and Fe in Table 1 were 
considered, the concentrations of S, and Fe in water 
were too low to affect the arsenic speciation.  

Specie SeO4- was obviously dominated at all 
sites, with the percentage ranging from 81 % to 99 %. 
Selenium speciation distribution in Mianyuan River 
was more affected by Eh than pH (Figure 4 and 5), 
which is related with the broad pH and narrow Eh of 
SeO4- predominance determine.  
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Redox potential (Eh) calculated from the redox 

couple NO3-/NO2- were much higher than Eh meas-
ured in Mianyuan River. In this river, HAsO42- was 
the only dominated specie of arsenic in water regard-
less of Eh measured or Eh calculated was adopted. 
HSeO3- in river water was dominated if Eh measured 
was used, while SeO42- became dominated if Eh cal-
culated was adopted. Authors more inclined to be-
lieve the result according to the Eh calculated. 
Therefore, SeO42- was the main selenium specie in 
Mianyuan River. This case study suggests that the 
method of thermodynamic modeling was more suit-
able to qualitatively reveal the major species of arse-
nic than selenium because selenium speciation dis-
tribution was more sensitive to the redox potential 
which was difficult to obtain.  

 
Special project of China in environmental non-

profit industry research (201509024), The National 
Nature Science Foundation of China (41373120) fi-
nancially supported this research and State Key La-
boratory of Geological Processes and Mineral Re-
sources (GPMR201707) supported this research. 
Key Project of Natural Sciences of the Department 
of Sichuan Provincial Education (15ZA0077, 
16ZA0098, 17TD0002). We also appreciate the sup-
port from China Scholarship Council (CSC, No. 
2016080515059). 

 
[1] Ng, J.C. (2005) Environmental contamination 

of arsenic and its toxicological impact on 
humans. Environ. Chem. 2(3), 146-160.  

[2] Wang, X., Shi, Z., Ni, S. Xu, W., Wang R. (2017)
Geochemical factors affecting chronological 
reconstruction of a historical arsenic pollution 
accident in Lake Qionghai, Southwest of China. 
Aquat. Ecosyst. Health & Management. 20(4), 
457-464. 

[3] Wang, X., Shi, Z., Shi, Y., Ni, S., Wang, R., Xu, 
W., Xu, J. (2018) Distribution of potentially 
toxic elements in sediment of the Anning River 
near the REE and V-Ti magnetite mines in the 
Panxi Rift, SW China. J.Geochem. Explor. 184, 
110-118. 

[4] Wang, X., Ni, S., Shi, Z. (2014) Uranium 
distribution in the sediment of the Mianyuan 
River near a phosphate mining region in China 
and the related uranium speciation in water. 
Chem. Erde-Geochem. 74(4), 661-669. 

 

[5] Shi, Z., Wang, X., Ni, S. (2015) Metal 
Contamination in sediment of one of the upper 
reaches of the Yangtze River: Mianyuan River 
in Longmenshan Region, Southwest of China. 
Soil. Sediment. Contam. 24(4), 368-385. 

[6] Leermakers, M., Baeyens, W., De Gieter, M., 
Smedts, B., Meert, C., De Bisschop, H., 
Morabito, R., Quevauviller, P. (2006) Toxic 
arsenic compounds in environmental samples: 
Speciation and validation. Trac-Trend Anal. 
Chem. 25(1), 1-10. 

[7] McArthur, J., Ravenscroft, P., Safiulla, S., 
Thirlwall, M. (2001) Arsenic in groundwater: 
testing pollution mechanisms for sedimentary 
aquifers in Bangladesh. Water. Resour. Res. 37 
(1), 109-117. 

[8] Sanchez-Rodas, D., Luis Gomez-Ariza, J., 
Giraldez, I., Velasco, A., Morales, E. (2005)
Arsenic speciation in river and estuarine waters 
from southwest Spain. Sci. Total Environ
345(1-3), 207-17 

[9] Baeyens, W., de Brauwere, A., Brion, N., De 
Gieter, M., Leermakers, M. (2007) Arsenic 
speciation in the River Zenne, Belgium. Sci. 
Total Environ. 384 (1-3), 409-19. 

[10]Han, D., Li, X., Xiong, S., Tu, S., Chen, Z., Li, 
J., Xie, Z. (2013) Selenium uptake, speciation 
and stressed response of Nicotiana tabacum L. 
Environ. Exp. Bot. 95, 6-14. 

[11]Zhang, H., Feng, X., Larssen, T. (2014)
Selenium speciation, distribution, and transport 
in a river catchment affected by mercury mining 
and smelting in Wanshan, China. Appl. 
Geochem. 40, 1-10. 

[12]Hu, X., Wang, F., Hanson, M.L. (2009) 
Selenium concentration, speciation and 
behavior in surface waters of the Canadian 
prairies. Sci. Total. Environ. 407(22), 5869-
5876. 

[13] Ilgen, A.G., Rychagov, S.N., Trainor, T.P. (2011) 
Arsenic speciation and transport associated with 
the release of spent geothermal fluids in 
Mutnovsky field (Kamchatka, Russia). Chem. 
Geo. 288(3-4), 115-132 

[14]Schmeisser, E., Goessler, W., Kienzl, N., 
Francesconi, K.A. (2004) Volatile analytes 
formed from arsenosugars: determination by 
HPLC-HG-ICPMS and implications for arsenic 
speciation analyses. Anal. Chem. 76(2), 418-
423. 

[15]Masscheleyn, P.H., Delaune, R.D., Patrick Jr, 
W.H. (1990) Transformations of selenium as 
affected by sediment oxidation-reduction 
potential and pH. Environ. Sci. Technol. 24(1), 
91-96. 

[16]Lindberg, R.D., Runnells, D.D. (1984) Ground 
water redox reactions: an analysis of 
equilibrium state applied to Eh measurement 
sand geochemical modeling. Science. 225, 925-
927. 



4724 

[17]Langmuir, D. (1997) Aqueous environmental 
geochemistry. Prentice-Hall, Inc.  

[18]Parkhurst, D.L., Appelo, C. (1999) User's guide 
to PHREEQC (Version 2): A computer program 
for speciation, batch-reaction, one-dimensional 
transport, and inverse geochemical calculations. 
U.S. Geological Survey. U.S.A. 326. 

[19]Kinniburgh, D.G., Cooper. D.M. (2004) Pre-
dominance and mineral stability diagrams revis-
ited. Environ. Sci. Technol. 38(13), 3641-3648. 

[20]Allison, J.D., Brown, D.S., Kevin, J. (1991) 
MINTEQA2/PRODEFA2, a geochemical 
assessment model for environmental systems: 
Version 3.0 user's manual. Environmental 
Research Laboratory, Office of Research and 
Development, U. S. Environmental Protection 
Agency Athens, U.S.A. 

[21]Nordstrom, D.K., Archer, D.G. (2003) Arsenic 
thermodynamic data and environmental 
geochemistry. In: Welch, A.H., Stollenwerk, 
K.G. (Eds.) The Arsenic in Groundwater. 
Kluwer Academic Publishers: Boston. 1-25. 

[22]Marini, L., Accornero, M. (2007) Prediction of 
the thermodynamic properties of metal–arsenate 
and metal–arsenite aqueous complexes to high 
temperatures and pressures and some geological 
consequences. Environ. Geol. 52(7), 1343-1363. 

[23]Whiting, K.S. (1992) The thermodynamics and 
geochemistry of arsenic with application to 
subsurface waters at the Sharon Steel Superfund 
site at Midvale, Utah. Press: Colorado School of 
Mines, U.S.A. 440p.  

[24]Seby, F., Potin-Gautier, M., Giffaut, E., Borge, 
G., Donard, O.A (2001) Critical review of 
thermodynamic data for selenium species at 
25 °C. Chem. Geol. 171(3), 173-194. 

[25]Elrashidi, M., Adriano, D., Workman, S., 
Lindsay, W. (1987) Chemical Equilibria of 
Selenium in Soils: A Theoretical Development1. 
Soil Sci. 144(2), 141-152. 

[26]Parker, D.R., Tice, K.R., Thomason, D.N. (1997) 
Effects of ion pairing with calcium and 
magnesium on selenate availability to higher 
plants. Environ. Toxicol Chem. 16(3), 565-571. 

[27]Lu, P., Zhu, C. (2010) Arsenic Eh–pH diagrams 
at 25°C and 1 bar. Environ. Earth Sci. 62(8), 
1673-1683. 

[28]Pourbaix, M. (1966) Atlas of electrochemical 
equilibria. Press: National Association of 
Corrosion Engineers, U.S.A. 644p. 

[29]Takeno, N. (2005) Atlas of Eh-pH diagrams. 
Press: Geological survey of Japan, Japan. 419p. 

[30]Howard III, H. (1977) Geochemistry of 
selenium: formation of ferroselite and selenium 
behavior in the vicinity of oxidizing sulfide and 
uranium deposits. Geochim. Cosmochim. Ac. 
41(11), 1665-1678. 

[31]Neal, R.H., Sposito, G. (1989) Selenate 
adsorption on alluvial soils. Soil Sci. Soc. Am. 
J. 53(1), 70-74. 

 
 
 
 
 

Geochemistry Department of Chengdu University of 
Technology& Sichuan Province  
Key Laboratory of Nuclear Techniques in  
Geosciences,  
Chengdu, 610059 – China  
 
e-mail: wangxinyucdut@gmail.com 
 
 
 
 
 
 

 



4725 

1College of Engineering, China Agricultural University, Beijing 100083, China
2China Research Center for Agricultural Mechanization Development, China Agricultural University, Beijing 100083, China 

3College of Engineering, Nanjing Agricultural University, Nanjing 210031, China 
4Department of Structure and Environmental Engineering, University of Agriculture, Faisalabad 38040, Pakistan 

5School of Business, Nanjing University of Information Science and Technology, Nanjing Shi, Pukou Qu, 210044, China  
6School of Renewable Energy, North China Electric Power University, Beijing 102206, China 

 
 

Modern farming technologies and researches 
are used to enhance the crop productivity in the de-
veloped countries that are too specific to be imple-
mented directly in developing countries due to vari-
ations in soil properties, farmers knowledge, availa-
ble farm powers and local plant nutrients. Therefore, 
this study was performed in the agriculture rich 
country Pakistan that have similar land properties 
with most of the top agriculture dependent countries 
(India, Sri Lanka). Energy use pattern of corn pro-
duction was studied and the degrees of technical ef-
ficiency of farmers were analyzed using Data Envel-
opment Analysis (DEA) technique (non-parametric). 
Based on the outcomes of the DEA analysis, the in-
efficient energy inputs were identified and further 
explored with core objective of significant reduction 
of excess valuable resources. Randomly, 200 corn 
growers were interviewed to collect information on 
profound questionnaire (utilized labor, seed, fertiliz-
ers, farmyard manure (FYM), chemicals, agricul-
tural machinery, diesel fuel and water for irrigation 
and corn yield) with major attention to include all 
possible energy inputs-outputs. Our results sug-
gested that the total energy of 37361.62 MJ/ha was 
consumed for corn production, with an average tech-
nical efficiency of 83% under constant returns to 
scale assumptions. The major energy input belongs 
to fertilizer that if applied and managed according to 
our optimized value (30969.47 MJ/ha) could save 
17.11% resources that will ultimately add equal 
amount in corn-yield. The findings of the study sug-
gest a vibrant utilization and outreach of extension 
services to disseminate the knowledge about opti-
mum utilization of inputs to save the extra utilization 
of energy at farm level which we believe can rapidly 
increase the economy of all developing countries.

Energy input-output, energy saving target, optimum re-
quirement, technical efficiency, data envelopment analysis, 
agricultural production 

 
High demands of sustainable economy growth 

have been directing old-agriculture strategies to the 
modern agriculture farming which is indeed more 
stable and précised in developed nations. In contrast, 
the agriculture dependent counties like Pakistan, In-
dia, Sri Lanka etc. are far away from the modern ag-
riculture due to lack of some region-based studies, 
low interactions of farmers-community and ineffi-
cient utilization of valuable resources. Farmers in 
Pakistan are following old practices without proper 
knowledge of agriculture and usually they misuse of 
resource such as over or underutilize farm inputs on 
the field. Ultimately, it reduces the efficiency, profit 
and on the same loss of energy [1]. An efficient use 
of energy resources and improving energy use effi-
ciency is a possible pathway for reducing the envi-
ronmental footprints of energy inputs in food pro-
duction, and so, providing sustainable agricultural 
production, since it brings financial savings, fossil 
resources preservation and air pollution reduction [2, 
3, 4, 5]. 

The application of parametric and non-para-
metric approaches could be explored in more effi-
cient and cost-effective way so that minimum energy 
inputs can produce high corn yields. For example: 
Ogunniyi and Ajao [6] evaluated efficiency for food 
crop production in Nigeria by parametric technique 
of Stochastic Frontier Production Function (SFPF), 
and non-parametric technique of Data Envelopment 
Analysis (DEA). Nassiri and Singh [7] measured the 
efficiency of paddy farms using the Cobb-Douglas 
frontier function. In other study, Moreira-Lopez and 
Bravo- Ureta [8] applied a meta-regression analysis 
for efficient measurement of livestock farms in Eng-
land and Spain. 

DEA is a non-parametric technique of frontier 
estimation that determines both the relative effi-
ciency of a number of decision making units (DMUs) 
and targets for their improvement [9]. DEA allows 
the decision makers to simultaneously consider mul-
tiple inputs and outputs, where efficiency of each 
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DMU is compared to that of an ideal operating unit 
rather than to the average performance. The decision 
makers can differentiate efficient and inefficient 
DMUs and address the sources and amount of inef-
ficiency for each of the inefficient ones [10, 11]. 
DEA has many advantages that big advantage of 
DEA is, it does not need any prior assumptions on 
the underlying functional relationships between in-
puts and outputs [12]. 

Due to the many advantages of DEA, there are 
a large number of its applications for evaluating the 
performances of DMUs in different sectors, such as 
production, economy, energy, etc. in the agricultural, 
some of them been mentioned the following. Khosh-
nevisan et al. [13] applied DEA approach to deter-
mine the efficiency scores of strawberry productions 
with regard to input parameters of human labor, die-
sel, seed, farmyard manure, fertilizers, machinery, 
etc. energy inputs and the strawberry yield as the out-
put parameter. Elhami et al. [14] and Nabavi-Pele-
saraei et al. [15, 16] improved the energy require-
ment for crop production by using data envelopment 
analysis DEA method and determined the effect of 
energy optimization on GHG emissions for orange 
and watermelon production.  

Energy optimization is a lucrative industry and 
low cost for the national economy. It will widely pro-
mote employment, create energy security and reduce 
environmental pollution. Several studies were found 
in literature for energy consumption and its optimi-
zation in various ways. Such as lack of equipment, 
prohibit excessive use of pesticides and fertilizers, 
the use of renewable fuels to replace fossil fuels, 
manage consumption of inputs, increasing the effi-
ciency of combustion systems, etc. [17-22]. Consid-
ering the importance of energy efficiency in agricul-
ture production systems, there was no study on im-
proving energy efficiency with application of DEA 
in corn production. This study is aimed to fill this 
gap. Therefore, this research is to specify the energy 

use pattern in corn production, analyze the energy 
efficiency and determines the optimum energy re-
quirement for corn production farms in selected cit-
ies of Pakistan. 

 
 

  
 
Four districts (Figure 1) of the main corn pro-

ducing province (Punjab) of Pakistan were chosen. 
Data was collected from corn growing farmers of the 
said districts in the production year (2015-16), by us-
ing face to face questionnaire method. Fifty farmers 
from each district (a total of 200 farmers) were inter-
viewed for quantitative information of inputs used in 
field practices such as (1)- field preparation, (2)- 
seeding, (3)- fertilization, (4)- irrigation, (5)- plant 
protection, (6)- harvesting (cobs picking), (7)- post 
harvesting (cutting of corn stalks and residue) and 
threshing, and output gained. The questionnaire was 
pretested on 20 farmers for any error, however, these 
farmers were not included in the final survey. 

 
A standard procedure was 

used to convert each agricultural inputs and output 
into energy equivalents. The energy associated with 
all inputs-output except machinery was estimated di-
rectly by multiplying their equivalences shown in 
Table 1, however, machine energy was calculated as 
given below in equation 1 [23]. 

  (1) 

Where,  is machine energy in MJ/ha,  

is the energy equivalent for machinery (Table 1),  
is the machine weight in kg, t is the machine used 
time per unit area (hr./ha), T is the machine’s eco-
nomic life (hr.) 

 

 

× ×
=
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  1. Labor (hr.) 1.96 [37] 
  2. Seed (kg)   
                     Corn 14.7 [24] 
  3. Fertilizer (kg)   
                     Nitrogen (N) 78.1 [37] 
                     Phosphate (P2O5) 17.4 [37] 
                     Potassium (K2O) 13.7 [37] 
  4. Machinery (hr.) 62.7 [37] 
  5. Chemicals (Kg)   
                     Insecticides 199 [37] 
                     Herbicide/Weedicide 238 [37] 
                     Fungicides 92 [37] 
  6. Diesel fuel (L) 47.8 [37] 
  7. Water (m3 ha-1) 1.02 [37] 

           8. Corn Yield 14.7 [24] 

Data regarding energy inputs and output equiv-
alents were entered in excel and SPSS 16 spread 
sheets, the indices of energy consumption including 
energy efficiency, energy productivity, specific en-
ergy and net energy gain were assessed using the fol-
lowing Eqs. [24]. 

  (2)  

  (3)                                                                                                                 

  (4)  

  (5) 

 
DEA is a 

method to estimate non-parametric efficiency fron-
tiers of multi-product and multi-input systems. DEA 
involves the use of linear programming to build a 
non-parametric surface over the data; thus, effi-
ciency measures are calculated relative to this sur-
face or frontier [20]. Some scientist for instance, 
Charnes, Cooper and Rhodes (CCR) [25] utilized the 
optimization technique of mathematical program-
ming to generalize single-output/input efficiency 
measure presented by Farrell [26] to multiple-out-
put/multiple-input instance. The reduction of the 
multiple-output/multiple-input situation for each 
DMU to a single virtual output and a single virtual 
input ratio is key features of the CCR ratio model. 
This ratio prepares an efficiency measure for a DMU, 
that is a function of multipliers. The aim is to find 
the largest sum of weighted outputs of DMUk, while 
keeping the sum of its weighted inputs at the unit 
value (or least sum of weighted inputs of DMUk, 
while keeping the sum of its weighted outputs at the 

unit value), as a result the ratio of the weighted out-
put to the weighted input for any DMU to be less 
than one. The CCR model is also called as the CRS 
model, and identifies inefficient DMUs with consid-
ering of their scale size. This is a simple presentation 
of a basic DEA model. It is possible to create and 
estimate models that provide input-oriented or out-
put-oriented projections. An input-oriented model 
attempts to maximize the proportional decrease in 
input variables while remaining within the envelop-
ment space. On the other hand, an output-oriented 
model maximizes the proportional increase in the 
output variables while remaining within the envelop-
ment space.

   (6) 

 

Where is efficiency,  weighted sum of 

outputs, weighted some of inputs. Consider 

 are weights given to output 

 

are the amount of output 

of DMU  are the weight given 

to input  

are the amount of input 

 to DMU  and 
is the considered DMU. So, standard form equation 
6 is given below, 

η =

. =

. =

= − η =

η

1 2, ...........

( 1,2.......... ),= 1 2, .........∗ ∗ ∗

( 1,2.......... ),=

,∗ 1 2, ...........
( 1,2.......... ),=

1 2, .........∗ ∗ ∗

( 1,2.......... ),= ,∗ ∗
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 (7) 

In the analysis of efficient and inefficient 
DMUs, the energy saving target ratio (ESTR) was 
used to specify the inefficiency level of energy usage 
for the DMUs under consideration. The formula is as 
below [27]: 

  (8) 

Where energy saving target is the total reducing 
amount of energy inputs that could be saved without 
reducing the output level and j represents jth DMU. 
The minimal value of energy saving target is zero, so 
the values of ESTRj will be between zero and 1. A 
higher ESTR values implies higher energy use inef-
ficiency, and thus, a higher energy saving amount 
[27]. 

 Published and valuable literature suggested 
that effective utilization of farm energy can maxim-
ize the earnings of middle and low-income farmers, 

therefore energy utilization (Figure 2) and optimiza-
tion was performed during course of this study. Un-
likely to energy used for all inputs, the chemical fer-
tilizer has a biggest share (17807.57 MJ/ ha) among 
all inputs. Many studies have confirmed that syn-
thetic fertilizers are the main consumers in crop pro-
duction [28]. Similarly, irrigation water and diesel 
fuel are at the second and third position respectively 
for the energy used. Excessive use of chemical ferti-
lizers energy input in agriculture may create serious 
environmental consequences such as nitrogen load-
ing in the environment, poor water quality [29, 30, 
31], carbon emissions and contamination of the food 
chain [32]. On the other hand, the energy used for the 
labor in corn production is higher than energy used 
for the machinery because corn is a labor-intensive 
crop. It is deemed that mostly labor used during 
planting, irrigation and at harvesting time. To de-
crease the labor requirement, these processes must 
be mechanized [1]. Also, diesel fuel was mainly uti-
lized for operating tractors and shellers in the farms. 
Nowadays more than three third of farmers in Paki-
stan use tractors for different field activities [33, 34, 
35].  

 
 

Energy use efficiency N/A 2.20 2.65 20.64 (%) 
Specific energy MJ Kg-1 6.68 5.54 -17.11 (%) 
Energy productivity Kg MJ-1 0.15 0.18 20.64 (%) 
Net energy gain MJ ha-1 44848.84 51240.99 14.25 (%) 

1 1 2 2

1 1 2 2

.........
.........

η
∗ ∗ ∗

∗ ∗ ∗

+ + +
=

+ + +
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Furthermore, energy use efficiency indices for 
corn crop were calculated and presented in Table 2. 
The energy use efficiency is 2.20, technically the in-
efficiency may be caused due to mismanagement of 
resources [36], if we compare it with optimum en-
ergy efficiency, our results depicted that inputs have 
been misutilized and found unproductive in the study 
area. From the specific ratio, we found that for the 
production of one-kilogram corn 6.68 MJ energy is 
required, while the value of energy productivity is 
reported that 0.15 kilogram of corn is produced from 
one MJ of inputs. If we compare our results with case 
of Iran [24] it can be seen that energy utilization ef-
ficiency and specific energy were higher in Iran than 
Pakistan while the energy productivity s almost at 
the same level. The net energy gain has also not 
touched to the frontier line because of the misutiliza-
tion of inputs. Perhaps, approach of Pakistani farm-
ers towards precision agriculture is not well defined 
that they could better utilize all the necessary inputs 
for the crops production. 

To 
study the trend of energy utilizing efficiency in target 
districts, data envelopment analysis has been em-
ployed. The most popular input oriented CCR model 
as mentioned earlier, is adopted for the estimation of 
technical efficiency. For input data base of CCR 

model, labor, seed, fertilizer, farmyard manure, 
chemicals, agriculture machinery, diesel fuel and ir-
rigation water were considered as input and yield as 
output. Several authors studied the energy use effi-
ciency in crop production by using different levels of 
inputs and yield as output in data envelopment anal-
ysis [18, 19, 24]. More specifically, DEA approach 
was used to compute the relative efficiency of corn 
growers in four districts of the study area, namely 
Jhang, khanewal, Faisalabad and Toba Tek Singh 
followed by DMU1, DMU2, DMU3 and DMU4 re-
spectively. Technical efficiency of considered 
DMUs with their respective ranking based on CCR 
results were presented in Figure 3. According the de-
picted results DMU3 (Faisalabad) and DMU1 
(Jhang) were found the efficient and most inefficient 
DMUs. In more specific interpretation, the farmers 
of Faisalabad exhibit the higher level of technical ef-
ficiency than others because they might have surplus 
usage of inputs or deficit in corn yield as compared 
to Faisalabad. 

Results have shown an uneven trend of tech-
nical efficiency in the studied area, implies that farm-
ers are not applying appropetiate production tech-
niques in suitable time and optimum quantity. The 
optimum energy requirement and saving energy of 
various farm inputs for corn production based on the 
results of CCR model are given in Table 3. 

 

 

Labor 534.10 114.81 17.69 
Seed 226.98 44.54 16.40 
Fertilizer 14760.24 3047.33 17.11 
FYM 681.46 158.49 18.87 
Chemicals 2786.57 638.89 18.65 
Machine 504.85 104.30 17.12 
Diesel fuel 5141.40 1024.32 16.61 
Water 6333.87 1259.47 16.59 
Total  30969.47 6392.15 17.11 

0

0.2

0.4

0.6

0.8

1

Faisalabad Khanewal Toba Tek Singh Jhang
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The results revealed that the total optimum en-
ergy required for corn production was 30969.47 
MJ/ha. Also the percentage of total saving energy in 
optimum requirement over total actual use of energy 
was calculated as 17.11%, indicating that by follow-
ing the recommendations resulted from this study, on 
an average, about 6392.15 MJ/ha of total input en-
ergy could be saved. As mentioned, in the agricul-
tural production, a farmer has more control over in-
puts rather than output levels. The shares of the var-
ious resources from total input energy saving are pre-
sented in Figure 4. Results revealed that the highest 
contribution to the total saving energy was 48% for 
fertilizer followed by water and diesel fuel. The 
shares of seed, human labor, machinery and biocides 
energy inputs were relatively low, indicating that 
they have been used in the right proportions by al-
most all the farmers. Chauhan et al. [20] reported that 
the contribution of fertilizer and diesel fuel energy 
inputs from total saving energy in paddy production 
were 33% and 24%, respectively. Mousavi-Avval et 

al. [19] reported that the contribution of electricity 
and seed energy inputs by 78.1% and 0.05% from 
total energy saving in soybean production was the 
highest and lowest.  

From the distribution of inputs used in corn 
production, a handsome amount of energy could be 
saved by optimum use of inputs. So the goal of sus-
tainability could be achieved by optimum use of in-
puts. We also determined the estimated potential of 
resource savings in each district as compared to Fai-
salabad. For example, efficiency score of DMU1 
(Jhang) was 60 %, that means same level of output 
can be achieved with 60% of the resources if the 
DMU is performing on frontier. This implies that by 
raising the performance of DMU1 to highest level, a 
total of 40% of resources could be saved. Similarly, 
there is a potential of resource savings i.e 5% and 
21% respectively, if DMU2 and DMU4 were per-
formed on frontier. The possible resource saving po-
tential in considered districts have been demon-
strated in Figure 5. 

2%
1%

48%

2%10%

1%

16%

20%

0

0.1

0.2

0.3

0.4

0.5

Jhang Toba Tek Singh Khanewal Faisalabad
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Advance farming is urgently required to over-

come the increasing food scarecity in the developing 
countries. Input-output energy analysis for crops is 
an cost-effective approach towards an efficient utili-
zation of available resources that can increase effi-
ciency and sustainability of old-agriculture. How-
ever, in the developing countries such as Pakistan, 
mismanagement of inputs lead to the loss of high 
fraction of corn-yield. To identify, the possible en-
ergy loss, we applied the energy balance at corn 
farms and data was analyzed by DEA that provided 
us optimum requirement and energy saving target. 
The energy consumed for the inputs in production of 
corn crops is 37361.62 MJ/ha with an average corn 
yield of 5592.548 kg/ha. Among all selected districts 
for the study area, Faisalabad is the most efficient 
district which is working at frontier line in case of 
corn crop, while average technical efficiency of corn 
growers was 83 %. The DEA approach found an im-
proper and inefficient trend of energy use in corn 
production, due to excessive consumption of energy 
inputs (mainly fertilizer, diesel fuel and water) in 
considered areas. Moreover, we also found a poten-
tial for energy improvement in corn crop with opti-
mum value of input energy 30969.47 MJ/ha and 
overall 17.11% resources could be saved in the study 
area if farmers operate at their efficient level. 

 
This study is part of PhD dissertation. We are 

thankful to China Scholarship council (CSC-refer-
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Bioleaching with  species is 

an environment-friendly and economical technology 
to remove heavy metals from sludge. Two strains of 
acidophilic sulfur-oxidizing bacterium were isolated 
from the secondary activated sludge of sewage treat-
ment plants. According to the colonial morphology, 
SEM image of strains, physiological-biochemical 
properties and 16S rRNA gene sequence analysis, 
the two strains were identified as

JJU-1 and JJU-4. The gene sequence of
JJu-1 was deposited into the GenBank database un-
der the following Accession No. KM101109. The 
microfiltration membrane experiment confirmed
that must be in direct 
physical contact with the sulfur particle before sul-
fur-oxidation could take place. The experiment re-
sults indicated that the two strains were efficient in 
acid production. Especially, the strain JJU-1 was su-
perior to JJU-4 in sulfur-oxidation and JJU-1 can 
grow at extreme acid environments (at a pH of 0.7 or 
below). The pH of strain JJU-1 declined from 3.03 
to 1.2 on the 8th day at optimum conditions (pH=2.5-
3.5, = 28-30 , sulfur size < 75 μm), and dropped 
from 3.1 to 0.8 in the presence of surfactant agent 
Tween-60 of 0.8 g·L-1. Therefore, 

 JJU-1 could be widely used in sewage 
sludge bioleaching for removal of heavy metals. 

, sulfur-oxidation, elemental 
sulfur, 16S rRNA; isolation 
 
 

 
With the widely development of urbanization 

process and wastewater treatment, a large amount of 
sewage sludge has constantly increased. According 
to the report, up to June of 2015, there were 3802 
municipal sewage treatment plants in China and 
about 161 million tons of sewage per day was treated 
[1]. It can be estimated about 44 million tons of wet 

sewage sludge (80% moisture content) per year was 
generated by municipal sewage treatment plants in 
China. The treatments and disposals of sewage 
sludge have been regarded as important environmen-
tal issue. There are several disadvantages hindering 
the utilization of sludge, such as high concentration 
of heavy metals.  

Bioleaching with  species is 
an environment-friendly and economical technology 
to remove heavy metals from sludge [2, 3, 4]. The 
mechanism takes place under aerobic conditions, 
and the bacterial activity either leads to the produc-
tion of sulfuric acid, resulting in the acidification of 
the sediments and extraction of heavy metals ad-
sorbed on sediment particles (indirect mechanism), 
or to the direct solubilization of metal sulfides by en-
zymatic oxidation stages (direct mechanism) [5, 6, 
7].  

The major microorganisms in sludge bioleach-
ing are , such as 

[7, 8, 9].  was first 
described in 1921 by Waksman and Joffe [10] and 
since then lots of studies have been carried out due 
to its participation in bioleaching processes. It found 
out the enzyme and mechanisms of sulfur oxidation 
by [11]. In order to ob-
tain additional insights about the bioleaching charac-
teristics of the bacterium, several draft genome se-
quence corresponding to 

 had been released and published [12, 13, 14].  
The biological oxidation of sulfur by 

 is the committed step of bi-
oleaching of heavy metal from sludge. The microor-
ganisms play important roles in maintaining acidic 
conditions by producing sulfuric acid. The exposure 
of  to heavy metals had 
resulted in greater rate of acid production [15]. Par-
ticularly, can grow at 
extreme acid environments (at a pH of 0.5 or below) 
[15]. However, the natural bacterial strains isolated 
from environment are still lack of acid producing ca-
pacity [16, 17, 18]. Therefore, some measures were 
employed to improve the sulphur-oxidation in the 
presence of  Pith 
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Otero et al. [19] added a surfactant agent (Tween 80) 
to a medium containing sulphur and a culture of 

which resulted in the increas-
ing of the sulphur oxidation rate and sulphuric acid 
production. Microwave and ultraviolet induction 
breeding were also adopted to further improve the 
acid production of 
[17]. 

In this work, two strains of acidophilic sulfur-
oxidizing bacterium were isolated and cultivated to 
investigate their characteristics of acid production. It 
is expected to find a method for improving the effect 
of its acid production in the bioleaching process. 

Strain JJU-1 was 
isolated from the secondary activated sludge of 
Jiujiang University Sewage Treatment Plant (Jiangxi 
Province, China). The treatment plant receives 
mostly domestic wastewater and the daily total 
wastewater was about 2000 tons. Strain JJU-4 was 
isolated from the secondary activated sludge of 
Jiujiang Industrial Park Wastewater Treatment Plant 
(Jiangxi Province, China). The daily total 
wastewater was 23 thousand tons and the CAST 
technology was applied. The sewage sludge was in-
cubated at 4  in a refrigerator before utilization. 

 
Waksman solid medium and 

Waksman liquid medium were used for isolation and 
enrichment of the sulfur-oxidizing microorganisms. 
The Waksman solid medium contained 2.0g of 
(NH4)2SO4, 0.1g of KCl, 0.33g of K2HPO4·3H2O, 
0.25g of MgSO4·7H2O, 0.01g of Ca(NO3)2·4H2O 
and 10 g of agar in 1000 ml of distilled water. The 
initial pH of the medium was adjusted to 3.0-3.5 be-
fore it was autoclaved at 105  for 30 minutes. The 
Waksman liquid medium contained 0.20 g of 
(NH4)2SO4, 3.93 g of K2HPO4·3H2O, 0.50g of 
MgSO4·7H2O and 0.19g of CaCl2 in 1000 ml of dis-
tilled water. In addition, 1g elemental sulfur was 
used as energy source for

. The pH of basal salt solution was adjusted to 
3.5-4.0 before it was autoclaved at 105  for 30 min. 

 
The 

incubation of sulfur-oxidizing bacteria was per-
formed according to the technique of Jain and Tyagi 
[20] with some modifications. Strain JJU-1 and JJU-
4 were first enriched with Waksman liquid medium 
at 28  before isolation respectively. The isolation 
process of JJU-1 and JJU-4 were just the same. Ten 
milliliter of sludge mixture was added to a flask con-
taining 90 ml of Waksman liquid medium. The flask 
was then incubated at 28  in a gyratory shaker at 
180 rpm. When the pH of medium dropped to below 
2.0, 5 ml of the acidified culture medium was added 
to another flask containing 95 ml of Waksman liquid 

medium. After the above procedures were repeated 
thrice, spread plate method was adopted to isolate 
and purify these isolates onto Waksman solid me-
dium. The colonies grown on solid medium were 
picked and enriched with Waksman liquid medium 
at 28  and 180 rpm after they were about one milli-
meter in size. After the multiple of isolation and pu-
rification, the strain JJU-1 and JJU-4 were isolated 
and designated. These isolates were stored at 4  for 
future bioleaching experiments. 

The morphology of bacteria was observed by 
scanning electron microscope (SEM). 

 

 strain of JJU-1 
DNA was extracted by the Ezup column of bacterial 
genomic DNA Extraction Kit (SK8255 biology en-
gineering Limited by Share Ltd, Shanghai). Then, 
the 16SrRNA genes of JJU-1 was amplified by PCR 
using forward primer (F27):5’-AGTTT-
GATCMTGGCTCAG-3’ and reverse primer 
(R1492):5’-GGTTACCTTGTTACGACTT-3’. 
Each 25μl reaction mixture contained 1μL dNTP 
(2.5 mmol·l-1), 2.5μl 10X buffer, 0.5μl of sample 
DNA, 0.2μl Taq DNA polymerase, 0.5μl of each pri-
mer (10uM), 1μl MgCl2 (25 mmol·l-1), and added 
distilled water to 25μl. Amplification was carried out 
with a program consisting of an initial denaturation 
at 94  for 4 minutes, 30sycles of 94  for 45 sec-
onds, 55  for 45 seconds, and 72  for 1 minute, a 
final elongation cycle at 72  for 10 minutes, and 
then stopped the reaction at 4 . The resulting PCR 
product was purified by agar extration kits and was 
sequenced by biology engineering Limited by Share 
Ltd, Shanghai. 

The incubation was performed 
at different temperatures and initial pH to obtain the 
optimal growth conditions of JJU-1and JJU-4, from 
20  to 45  and values ranging from 1.0 to 7.0. 
During the process, the OD600 value of the medium 
was periodically measured. 

 

To determine what energy source JJU-1and 
JJU-4 utilizes, the Waksman liquid medium was sup-
plemented with one of these energy source (in grams 
per liter): sulfur (10) and ammonium sulphate (2); 
sodium thiosulfate (10) and ammonium sulphate (2); 
peptone (1) and ammonium sulphate (2); glucose (1) 
and ammonium sulphate (2); ferrous sulfate (44.7) 
and ammonium sulphate (2). All cultures were incu-
bated at 28  for 7 days, and the initial pH of me-
dium was adjusted to about 3. During the process, 
the OD600 values and pH values of the medium were 
periodically measured. 

To determine what nitrogen sources JJU-1and 
JJU-4 utilizes, the strains grew in Waksman liquid 
medium which the ammonium sulphate was replaced 
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with ammonium carbonate, potassium nitrate and 
peptone as nitrogen source respectively, and ele-
mental sulfur was used as energy source. Specifi-
cally, Waksman liquid medium was supplemented 
with one of these energy source (in grams per liter): 
sulfur (10) and ammonium carbonate (1); sulfur (10) 
and Potassium nitrate (1); sulfur (10) and peptone 
(5). All cultures were incubated at 28  for 7days, 
and the initial pH of medium was adjusted to about 
3.0. During the process, the OD600 values and pH 
values of the medium were periodically determined. 

The sul-
fur particles less than or equal to 75 μm were used as 
energy source to determine sulfur-oxidation of JJU-
1 and JJU-4 in the experiment. Three grams of ele-
mental sulfur was added to a flask containing 350 ml 
of Waksman liquid medium and pH of medium was 
adjusted to about 4.0. After sterilized and cooled, 10 
ml of the bacterium solution of JJU-1and JJU-4 was 
added to flasks respectively. Finally, the flasks were 
incubated at 28  in a gyratory shaker at 180 rpm. 
The pH of the medium was periodically monitored 
during this process. 

 

To research the effect of surfactant agent on 
sulfur-oxidation, the strains of JJU-1 and JJU-4 in-
cubated at the optimum condition with sulfur parti-
cles less than or equal to 75 μm as energy source. 
Surfactant agent Tween-60 was added to a flask con-
taining 350 ml of Waksman liquid medium. The con-
centration of Tween-60 was optimally 0.8 g·l-1 and 
then pH of medium was adjusted to about 4. The fol-
lowing process was as mentioned above.  

 
 

The sulfur 
particles floated on the liquid surface during the 
early incubation of JJU-1 and JJU-4, then gradually 
dispersed and dipped into the bottom of the bottle. 
The medium gradually became turbid. The pH value 
of medium of JJU-1was declined sharply to about 
1.5 after 5 days. In contrast, it took 7 days for JJU-4. 
According to the SEM images (Figure 1 and 2), 
Strain JJU-1and JJU-4 were motile, gram negative, 
rod-shaped. Strain JJU-1 is 1-3 μm × 0.3 μm in size 
and JJU-4 is 0.5-1 μm × 0.5 μm in size. The colonies 
of JJU-1 and JJU-4 are rounding, moist, raised and 
yellowy with a regular edge. 

 

The two strains 
grew at temperatures ranging from 20  to 45  and 

initial pH values ranging from 1.0 to 7.0 for 7 days. 
According to Figure 3, the optimal temperature of 
the two strains was between 28  and 30 . Simi-
larly, the optimal pH of the two strains was between 
2.5 and 3.5 (Figure 4). However, the experiment re-
sults indicated that the sulfur-oxidation of JJU-1 was 
superior to JJU-4. 

 

 
The growth curves are shown 

in Figure 5. The pH of strain JJU-1 dropped from 3.4 
to 0.7 on the 7th day, while pH of strain JJU-4 dived 
from 3.9 to 1.6. The two strains showed efficient in 
sulfur-oxidation in comparison with the 

isolated by Wang et al. [21], which 
took 17 days for the decreasing of pH from 3.3 to 
1.0. Wen et al  [18] reported that 

 isolated from sewage sludge signifi-
cantly decreased the pH from 5.30 to 1.07 after a 
leaching period of 15 days. Particularly, JJU-1 can 
grow at extreme acid environments (at a pH of 0.7) 
just as previous study [15]. The OD600 values of 
strain JJU-1 were greater than that of strain JJU-4. 
The pH downtrend of two strains indicated that the 
acid production of strain JJU-1 was much better than 
strain JJU-4.  
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Energy sources (in grams per liter) Nitrogen sources  
(in grams per liter) JJU-1 JJU-4 

sulfur 10  ammonium sulphate 2  + + 
sodium thiosulfate 10  ammonium sulphate 2  + + 
peptone 1  ammonium sulphate 2  - - 
glucose 1  ammonium sulphate 2  - - 
ferrous sulfate 44.7  ammonium sulphate 2  - - 
sulfur 10  ammonium carbonate 1  + + 
sulfur 10  potassium nitrate 1  + + 
sulfur 10  peptone 5  + + 

Nont“+” means growth, “-” means no growth  

 

As shown in 
Table 1, the strains of JJU-1 and JJU-4 grew auto-
trophically by using elemental sulfur and sodium thi-
osulfate as sole energy source. However, Growth did 
not occur in media containing any of these energy 
sources (i.e. peptone, glucose and ferrous sulfate) as 
sole energy sources. It indicated that strains were not 
identified as   which 
could use ferrous sulfate as sole energy source. 

When the two strains incubated with ammo-
nium carbonate, potassium nitrate and peptone as ni-
trogen source respectively, the pH of the media de-
creased and the OD600 values of media increased. 
The results indicated that the two strains grew rap-
idly with inorganic nitrogen as nitrogen sources, 
whereas slowly with organic nitrogen as nitrogen 
sources. 

The preliminary conclusion could be achieved 
that the two strains were identified as 

 according to [22]. The following will 
be further carried on 16S rRNA gene sequence anal-
ysis.

 

The 16S rRNA gene sequence of two 
strains JJU-1 and JJU-4 were successfully amplified 
by PCR, with the expected fragment sizes of 1422 bp 
and 1387 bp, respectively. After sequencing the PCR 
product, the newly identified sequence of JJU-1 was 
deposited into the GenBank database under the fol-
lowing Accession No. KM101109. A BLAST search 
against the GenBank or NCBI databases showed that 
the 16S rDNA sequence of strain JJU-1 and JJU-4 



4739

all showed 99% similarity with 
 The phylogenetic tree was constructed by 

the neighbor-joining (NJ) method using the MEGA 
4 software. According to this phylogenetic analysis, 
strain JJU-1 was shown to be the closest to the 

 BAD2, while strain JJU-4 
clustered with 
and (Figure 6).  

 

It was confirmed that 
must be in direct physical contact with the sul-

fur particle before sulfur-oxidation occurs, and the 

size of sulfur particle has an effect on the sulfate for-
mation [23]. According to the prior research, the sul-
fur particles passing through 180 μm yielded lower 
rates of sulfate formation than these of size below 
180μm [24]. Therefore, the sulfur particles less than 
or equal to 75 μm were used as sole energy source to 
determine sulfur-oxidation of JJU-1 and JJU-4 in the 
experiment. The oxidation curves are shown in Fig-
ure 7. The pH of strain JJU-1 declined from 3.03 to 
1.2 on the eighth day, while dropped to 1.5 for JJU-
4. It demonstrated that the sulfur-oxidation of JJU-1 
was superior to JJU-4. 

 

 

 

pH

/d
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With surface tension of the medium 
is changed, the sulfur-oxidation rates will be in-
creased [23]. The conclusion demonstrated that 10-2 
g·L-1 surfactant agent Tween-80 could greatly pro-
mote the growth of  
[25]. When the concentration of Tween-60 was up to 
0.8 g·L-1, it was beneficial to the sulfur-oxidation of 

 [24]. In order to deter-
mine sulfur-oxidation of JJU-1 and JJU-4, the opti-
mal concentration of Tween-60 (i.e. 0.8 g·L-1) was 
utilized in the experiment. The sulfur-oxidation 
curves of JJU-1 and JJU-4 were shown in Figure 8. 
The pH of strain JJU-1 declined from 3.1 to 0.8 on 
the eighth day. It was interesting that the pH of strain 
JJU-4 decreased from 3.3 to 0.7 on the eighth day, 
which indicated that the sulfur-oxidation rates of 
strain JJU-4 was close to strain JJU-1 in the presence 
of surfactant agent. However, it was not inconsistent 
with above conclusion. The results demonstrated 
that the surfactant agent Tween-60 had greater effect 
on strain JJU-4 than JJU-1 due to the size of JJU-4 
was smaller than JJU-1.  

 

Some hypotheses assumed that insoluble ele-
mental sulfur should be soluble and then diffuse into 
the interior of the cell before the occurrence of sul-
fur-oxidation by . In 
previous experiments [24], some measures were 
adopted to accelerate the sulfur-oxidation, such as 
increasing the dosage of sulfur, reducing the size of 
sulfur and adding the surfactant agent. All these 
methods increased the direct contact space between 
bacteria and sulfur particles. Accordingly, it would 
be inferred that direct contact was a precondition for 
sulfur-oxidation.  

In order to certify the conclusion, three gram 
elemental sulfur was wrapped and sealed by a piece 
of flat microfiltration membrane with less than or 
equal to 0.1 μm micropore and then added to 300 
ml of Waksman liquid medium with 10 ml bacteria 
suspension. The flask was incubated at 28  in a gy-
ratory shaker at 180 rpm. The control experiment 
was carried on without flat microfiltration membrane 
at the same conditions.  

After 10 days, the pH values of medium which 
elemental sulfur was wrapped and sealed by flat mi-
crofiltration membrane approximately maintained at 
around 3.0, whereas the pH values of control exper-
iment dropped to about 1.0. In the experiment, the 
elemental sulfur particles were insulated from bacte-
ria by membrane to avoid the direct contact between 
bacteria and sulfur particle. The sulfur particles were 
observed by scanning election microscope, respec-
tively. As shown in Figure 9, the surface of sulfur 
particles, wrapped by flat membrane, were smooth 
and hardly eroded, whereas the sulfur particles of 
control experiment were seriously eroded. It was 
confirmed that  must 

be in direct contact with sulfur particles before sul-
fur-oxidation can take place. 

 

 
Two strains of JJU-1 and JJU-4 were isolated 

and characterized. The optimal temperature for 
growth was between 28  and 30  and the optimal 
initial pH was between 2.5 and 3.5. The strains grew 
autotrophically by using elemental sulfur as sole en-
ergy source, but not ferrous sulfate. The two strains 
grew rapidly with inorganic nitrogen as nitrogen 
sources, whereas slowly with organic nitrogen as ni-
trogen sources. It should be noted that the sulfur-ox-
idation of JJU-1 was superior to JJU-4. 

According to the morphological, biochemical 
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and physiological characterizations and 16S rRNA 
gene sequence analysis (more than 99% 16S rRNA 
sequence similarity), the two strains were identified 
as . The gene sequence 
of strain JJu-1 was deposited into the GenBank data-
base under the following Accession No. KM101109. 

When JJU-1 and JJU-4 used the optimum size 
of sulfur (less than or equal to 75 μm) as energy 
source at the optimal growth conditions, the rate of 
sulfur oxidization by JJU-1 was much better than 
JJU-4. However, the sulfur-oxidation rates of strain 
JJU-4 was close to strain JJU-1 in the presence of 
surfactant agent Tween-60, which had greater effect 
on JJU-4 than JJU-1 due to the size of JJU-4 was 
smaller than JJU-1.  

The strain JJU-1 has shown efficient in sulfur-
oxidation and can grow at extreme acid environ-
ments (at a pH of 0.7 or below). The pH of strain 
JJU-1 declined from 3.03 to 1.2 on the 8th day at op-
timum conditions (pH=2.5-3.5, T= 28-30 , sulfur 
size < 75 μm). In the presence of surfactant agent 
Tween-60 of 0.8 g·L-1, the pH of strain JJU-1 de-
clined from 3.1 to 0.8 on the 8th day. Therefore, JJU-
1 could be widely used in sewage sludge bioleaching 
for removal of heavy metals or bioleaching of sul-
phide minerals. 

The flat microfiltration membrane experiment 
confirmed that direct contact was a precondition for 
sulfur-oxidation of . 
Therefore, it is beneficial to find out some measures 
to accelerate the sulfur-oxidation. In the follow-up 
study, there is a need to investigate the effects of dif-
ferent anions and cations, osmotic pressure and ex-
tracellular polymeric substances on the sulfur-oxida-
tion.   
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ABSTRACT 
 

In this study, it was aimed to investigate the 
colonization of Erpobdella octoculata Linnaeus, 
1758 fauna in Tunca River (Edirne) at 3 stations and 
5 different leaf packages. In this respect, 5 sampling 
were performed and some water parameters were 
recorded in June - October 2012. The distribution of 
Erpobdella octoculata belonging to Erpobdellidae 
family according to leaf package types, months and 
stations were given. In addition, this species was rec-
orded for the first time in Tunca River of Trakya re-
gion. 
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INTRODUCTION 
 

Leeches involve over 15000 species in An-
nelida group. The majority of these species are ecto-
parasites and are blood-sucking animals. More than 
650 of these species are found in the Hirudinea class. 
These class members involve sea, freshwater and 
land leeches [1]. Not all leeches are blood-suckers. 
Some species are fed on invertebrates, individuals 
from other Annelida classes, snails and insect larvae. 
Blood-suckers live as ectoparasites in vertebrate an-
imals such as fish, frogs, turtles, snails and shellfish 
[2]. Although almost every group of vertebrates is a 
host, fish are the most attacked group [3-4]. 

Most leeches that are hermaphrodite live for 
about a year. The leeches that come out of the eggs 
in the spring, then they mature in the year following. 
Life deviations depend on the eating habits and the 
living environment. Although some leeches are in 
the sea, most aquatic species live in freshwater, such 
as the pool, lake, and the edge of lightly flowing 
streams, which are found in shallow plants. Even if 
the leeches are spread all over the world (from the 
pole oceans to the water resources in the desert) they 
are found in more temperate lake and pool waters. 
Reproduction structures are important character for 
defining families, genus, and species. 

Erpobdellid leeches are macrophagous preda-
tors of aquatic invertebrates [5], whose ancestors 
abandoned their blood-feeding habits [6-7]. The spe-
cies in this group have been studied both as a study 
of invertebrate species interactions [8-9] and as an 
indicator species for freshwater toxicology has been 
studied as a model for a long time [10-12]. 

Erpobdella octoculata is one of the most com-
mon species of leech in freshwaters [13]. Typical 
habitat examples are city park ponds, as well as low-
land lakes, streams and rivers [14- 15]. Many leeches 
have significant adverse effect on freshwater culture 
and animal health [16]. 

Such high concentrations may be present at the 
levels of streams contaminated by organic matter. 
(Up to 900 individuals / m2) [17]. It has been shown 
that E. octoculata mainly feeds on chironomid larvae 
(up to 80% of the diet) followed by oligochaeta and 
other invertebrates [18]. 

The leeches forming the research theme consti-
tute a group of benthic invertebrates both ecologi-
cally and economically important [19]. The first 
studies about the subject of our country scientists 
were initiated by Geldiay [20], in which the macro 
and micro fauna of Çubuk Dam and Emir Lake were 
investigated and Hirudo medicinalis species was re-
ported. Geldiay and Tareen [21] studied the benthic 
fauna of Gölcük Lake and reported species 
Helobdella stagnalis, Piscicola geometra, Hirudo 
medicinalis, E. octoculata and E. testacea. 

Then, the type of work carried out was deter-
mined species Hirudo medicinalis L., 1758, H. ver-
bana Carena, 1820, Helobdella stagnalis (L., 1758), 
Piscicola geometra (L. 1761), Erpobdella octocu-
lata Linnaeus, 1758, Dina vignai (Minelli, 1978), D. 
lineata (O.F. Müller, 1774), Haementaria costata (F. 
Mller, 1846), Batracobdella euxina Neubert & 
Nesemann, 1995, Hemiclepsis marginata (O.F. Mül-
ler, 1774), Glossosiphonia complanata (L., 1758), 
Haemopis sanguisuga L., 1758, Trocheta bykowskii 
Gedroyc, 1913 and Theromyzon tessulatum (O. F. 
Müller, 1774). 

This study aims to investigate the colonization 
of E. octoculata strain which is distributed in some 
stations in the Tunca River and to contribute to the 
uncovering of our country biodiversity in this con-
text. 
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MATERIALS AND METHODS 
 
Five samplings were carried out between June 

and October in 2012 in order to determine the colo-
nization of E. octoculata fauna at 3 stations in Tunca 
River in Trakya Region (Figure 1). 

First of all, the foliage of the trees and the 
growth of the leaves were expected until May. Then 
Juglans regia L. (walnut), Morus alba L. (mulberry), 
Ulmus leavis Pall. (elm) leaves were collected be-
cause of the widespread presence around the river. 
In addition, Buxus sp. (artificial boxwood) and Plat-
anus orientalis L. (dried plane leaf) poured from 
plane trees in the autumn of the previous year were 
collected. Then, 5 kg of potato bags were filled sep-
arately from each kind of leaves and these packages 
were ordered each month to receive a total of 5 po-
tato bags from each of the leaves. Leaf packets were 
connected to each other by durable wires and marked 
with different colored plastic numbers. When the 
leaves began to get decay in the coming months, it 
was guaranteed to be able to distinguish which leaf 
in which number. For each station, 25 leaf packets 
were prepared to collect a total of 5 leaf packs, one 
from each different leaf pack each month, and placed 
on the ground of the river. In order to prevent drifting 
with the water current, the floors were fixed with 
thick iron and connected to the land by ropes (Figure 
3). Within the following 5 months, a total of 5 leaf 
packets, one from each different leaf package, were 
collected from the sampling stations once a month. 

Leaves were filtered by mixing with a large amount 
of water in the bucket and washing the eyes in dif-
ferent sieves (Hole Range - 
1,18mm). By collecting with the help of pens, the 
first fixations were made with 4% formaldehyde so-
lution. For the determination of some small-sized 
species, Olympus WMZ model stereo-microscope 
was used. 

Determination of taxon type determined ac-
cording to Sawyer [4], Neubert and Nesemann [22], 
Elliott and Mann [23] and Koperski et al. [24]. 

The physico-chemical properties of the water 
samples from sampling stations and some parame-
ters were measured in the laboratory. These were; 
water temperature, pH, electrical conductivity, dis-
solved oxygen, total hardness and the amount of sus-
pended solids. 

 
 

RESULTS AND DISCUSSION 
 
Classis: Clitellata 
Ordo: Arhynchobdellida  
Familia: Erpobdellidae  
Genus: Erpobdella 
Species: Erpobdella octoculata (L., 1758)  
 
Registrations from Turkey. Gölcük Lake, 

 
ers in the North Aegean Region [26]; some lakes in 
Western Black Sea Region [19].  

 

 
 

FIGURE 1 
.00 D, 4632519.  

village (461067.00 D, 4623425.00 K, 40 m); 3. Trakya University Tunca Barracks (462965.63 D, 
4619414.88 K, 37m) 
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FIGURE 2 
Erpobdella octoculata (L., 1758) a) General dimensions of the body; b) The ringing structure of the classi-
cal Erpobdella genus; c) Dorsal colour pattern; d) Labial eye pairs; e) Right buccal eye pair; f) Male and 

female genital cavities; g) Anterior pull; h) Posterior pull; i) Atrium's dorsal view and horns 
 
 

Description. The length is relatively large 
leeches, which can be up to 3-7cm (Figure 2a). They 
have a segment structure with 5 rings. The width of 
the rings is similar and no false ringing occurs (Fig-
ure 2b). The anterior part of the body is conical and 

the front sucker is small. The clitellar and postklitel-
lar part of the body carries sharp side crests. The tail 
sucker is smaller than the maximum body width. 
Living individuals are ranging from greenish yellow 
to brownish red. Individuals stored in the stores are 
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light gray. The ventral part is usually pigments. In 
some populations, there may be 2 light-colored strips 
in the ventral part (Figure 2c). 

They have 4 pairs of eyes. Two pairs of these 
are labial (Fig. 2d) and two pairs are buccal (Fig. 2e). 
There are usually 2.5 rings between genital gaps 
(sometimes 3-3.5). The male genital gap is consider-
ably larger than the female genital gap (Figure 2f). 
Anterior pull is small (Figure 2g). The posterior pull 
is smaller than the maximum body width (Figure 
2h). The atrium is as flat and wide as the height, 
horns never sharply separate from the atrium (Figure 
2i). It has a wide distribution. 

The Tunca River aquatic fauna is rich. This can 
be attributed to the fact that the ground of the river 
has different substrates, the continuous flow of wa-
ter, and sometimes it is rich in shallow and vegeta-
tion for the reason that it draws too much water es-
pecially for the rice in the spring. There are no other 
species of leeches except the tide that is working in 
the river, and it belongs to the only species E. oc-
toculata. 

The values obtained from the physico-chemical 
measurements made in the study area are given in 
Table 1. 

According to Bray-Curtis similarity index, 
September and October (96%), September and Au-
gust (95%) are the most similar in terms of some 
physicochemical measurement values in Tunca 
River.  The least similar months are June and July 
(80%), but this is quite high. When the stations are 
compared in terms of similarity, the most similar sta-
tions are 3 and 2, then 1 and 3, and last 1 and 2 (Fig-
ure 3). 

The level of dissolved oxygen was found to be 
low during the months outside June due to the de-
crease in water level and the warming of the water 
due to the desiccation of the air and watering for ir-
rigation. The rate of dissolved oxygen was found to 
be high due to the fact that the water level was high 
in the river in June. Excess water shortage due to ex-
cessive water withdrawal for paddy fields in July 
could be considered as a reason for the high rate of 
suspended solids. 

Consequently, irrigation, sewage system, vari-
able flow rate, temperature, etc. affect the quality of 
water in Tunca. The structure of benthic macrofauna 
in the river changes with effects of environmental 
variables. 

 
 

CONCLUSION 
 
In general, all species of leech that live as ecto-

parasites on a living thing need similar ecological 
conditions. First, they prefer places where aquatic 
plants are abundant so they can approach the nutrient 
without distinction. In such environments there are 
more places to hide (leaves under the leaves and 
plants) and the target living will provide more prop-
agation as it will feed on abundant vegetation habi-
tats. Because these living things usually find nutri-
ents easier where plants are more abundant.  

Only E. octoculata (L., 1758) belonging to the 
Erpobdellidae family was found in the study area. E. 
octoculata are leeches known as stone leeches. They 
usually live in slow-flowing lotic habitats and often 
under the stones [23, 25]. This species, which is dis-
tributed in the Palaearctic region, does not have rec-
ords from Japan and North Africa, but it is also con-
sidered to be distributed in these regions [23]. There 
is also evidence that the distribution of E. octoculata 

 
E. 

octoculata, were identified in Tunca River. The spe-
cies is found in the leaf packs rather than the natural 
environment. It preferred more artificial boxing than 
leaf packs. It lives by hiding in the environment and 
uses invertebrates living in the environment as nutri-
ents. Because artificial boxwood are abundant in 
other groups (especially Chironomidae and Oligo-
chaeta). It was never found in walnut and mulberry 
leaf packs. The disappearance of the mulberry leaf in 
a short time is likely to have a negative impact on 
hiding and hunting. The antihelmintic effect of wal-
nut leaf may have kept it away from this leaf (Figure 
4). 

 
 

TABLE 1 
Some physicochemical parameter values according to stations in Tunca River 

 
 June July August September October 

Parameters 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
Water Temperature 
(o C) 

27 27 28 28 29 29 29 28 28 27 26 26 23 23 22 

pH 7,61 7,53 7,85 8,67 8,17 8,17 8,22 8,17 8,27 8,67 8,17 8,17 7,73 7,77 8,08 
Electrical conductiv-
ity (μS/cm) 

583 622 621 616 709 666 596 690 646 626 685 693 677 710 716 

Dissolved Oxygen 
(mg/lt) 

11,31 10,15 10,31 4,8 2,5 3,8 3,8 2,9 3,7 4,86 3,97 4,89 7,12 8,01 6,4 

Total hardness (FSO) 24,4 25 25,4 24.4 25 25,4 24,4 25 25,4 24,4 25 25,4 24,4 25 25,4 
Suspended solid 
(mg/lt) 

3,2 3,3 3 269 215 303 75 63 86 29 28 33 13 20 18 

(1, 2 and 3 localities) 
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FIGURE 3 

The dendrogram of similarity of stations and months in Tunca River in respect of benthic  
macroinvertebrates (single linkage, Bray-Curtis, log base 10) 

 

 
FIGURE 4 

Number and percentage of individuals in leaf package varieties of Erpobdella octoculata 
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FIGURE 5 

Number and percentage of individuals according to Erpobdella octoculata strain stations 
 

 
FIGURE 6 

Individual number and percentage of Erpobdella octoculata strain relative to the month 
 
 

When we look at the distribution of E. octocu-
lata according to stations, it is understood from fig-
ure 4 that it is intensively located at the 2nd station. 
3. never found in the station. Station 2 is richest in 
terms of plant variety and quantity, and station 3 is 
the least. For this reason, the number of individuals 
in the 2nd station is intense (Figure 5). 

As shown in Figure 6, it is observed that the 
highest number of individuals in the stream is in Sep-
tember and October, when the amount of water in the 
river is generally minimum. It may be that the num-
ber of leeches individuals is higher because the drift-
ing of organisms that occur at high water currents 
does not occur when the amount of water decreases, 
providing more nutrients. 

As a result, E. octoculata prefers natural vege-
tation more intensively at stations and months when 
water flow rate decreases. Camur-Elipek et al. [27] 
did not diagnose at the species level, even though the 

leech was found at a low density in the study of ben-
thos in Tunca River. The mentioned species have not 
been found in the literature before in the Tunca River 
and they are recorded for the first time for stations 
that have been identified. 
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ABSTRACT   
 

The aim of this article are to synthesis, conju-
gate and characterize of (ADH-1)c (cell adhesion 
molecule) cyclic peptide sequence c(N-Ac-
CHAVC-NH2) of N-CAD (N-cadherin) antagonist 
from a novel family of cyclic peptide antagonists. 
(ADH-1)c specifically targets and blocks N-cad-
herin, which can cause tumor vasculature disruption, 
inhibition of tumor cell growth, induction of tumor 
cell and endothelial cell apoptosis. (ADH-1)c is a cy-
clic pentapeptide vascular-disrupting agent with 
antineoplastic and antiangiogenic interactions. In 
peptide synthesis, microwave irradiation-assisted 
solid phase peptide synthesizer system with fluo-
renylmethyloxycarbonyl chemistry has been used to 
complete peptide sequences with high yields and 
smaller amount of racemization. macrocy-
clization was performed with ammonium acetate 
(5% w/v) following linear peptide synthesis. Conju-
gates of the cyclic peptide were synthesized with the 
EDTA chelator by application of water-soluble car-
bodiimide procedure. A wide range of HPLC (High 
Performance Liquid Chromatography) conditions 
for the purification of the peptides were examined by 
using an acetonitrile-based solvent system with 
CH2O2 as the ion pairing agent which has provided 
efficient purification. The purified peptide was char-
acterized by liquid chromatography-electrospray 
ionization-mass spectrometry (LC-ESI-MS). The 
formation mechanism, physicochemical properties 
and electrical charges of the synthesized conjugate 
was characterized by Fluorescence Spectrophotom-
eter, Zetasizer and LC-ESI-MS. 

 
 
KEYWORDS:  
Solid phase peptide synthesis, macrocyclization, conjuga-
tion, N-cadherin, (ADH-1)c, cancer 
 
 
 
 
 
 

INTRODUCTION 
 

Peptides are normally taken into account as 
poor drug candidates because of their low oral bioa-
vailability and propensity which rapidly metabo-
lized. Production of synthetic therapeutic peptides 
has become applicable with recent development of 
SPPS (solid-phase peptide synthesis) has invented 
by Merrifield [1]. The basic SPPS strategies are se-
quential synthesis, convergent synthesis and chemi-
cal ligation. Sequential synthesis involves the step 
by step extension of amino acids. Convergent syn-
thesis is generally a convenient way to synthesize 
peptides that contain greater than fifty amino acids 
in sequence [2]. CL (Chemical Ligation) helps to 
overcome the shortcomings of SPPS to synthesize 
peptides that are more than 50 amino acid residues 
[3, 4]. N-cadherin monomers exist in many different 
grades within the surface of the cell's plasma mem-
brane and at intercellular adhesive contacts, where 
they function as homophilic CAMs (Cell Adhesion 
Molecules) [5-7]. The monomers have to interact 
with in the plane of the plasma membrane to form 
stable intercellular adhesive junctions which as 
shown at Figure 1 demonstrating the site of cis and 
trans interactions. These -cis and -trans interactions 
are centred round the CAR (cell adhesion recogni-
tion) sequence HAV (His-Ala-Val), which is found 
towards the end of the EC1 (first extracellular) sub-
domain of N-cadherin [5-8]. The His (Histidin) and 
Val (Valin) residues collocate with cis interactions, 
whereas the Ala (Alanine) residue facilitates trans 
interactions [5-7]. Three types of antagonists are 
based upon the CAR sequence HAV: non-peptidyl 
peptidomimetics, synthetic linear peptides and syn-
thetic cyclic peptides [9]. Non-peptidyl pep-
tidomimetics of (ADH-1)c have also been identified. 
Unlike peptides, which are rapidly degraded by gas-
trointestinal enzymes, such small molecule inhibi-
tors might be suitable for oral administration [10, 
11]. Synthetic linear peptides which containing the 
HAV motif were the first peptides, have been shown 
as capable of inhibiting N-cadherin-dependent pro-
cesses [12-14]. Synthetic cyclic peptides, harbouring 
the HAV motif, were subsequently shown to act as 
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N-cadherin antagonists [15]. The most studied cyclic 
peptide is N-Ac-CHAVC-NH2 (designated (ADH-
1)c) [11]. This cyclic peptide is capable of disrupting 
a wide variety of N-cadherin-mediated processes 
like the linear peptide. Even more important, inhib-
iting effect of (ADH-1)c to angiogenesis has been 
shown [16]. (ADH-1)c does not affect the normal 
vascular system however might be cause of apopto-
sis of multiple myeloma [17], neuroblastoma [18] 
and pancreatic [19] cancer cells. Furthermore, 
(ADH-1)c in combination with a chemotherapeutic 
drug have shown commitment in the cancer thera-
pies [20].  
 

 
 

FIGURE 1  
Cadherin domain structure and N-cadherin-me-
diated cell-cell junctions. (ADH-1)c may function 
as signaling molecules to disrupt cadherin based 
cell-cell adhesion. The homologous repeats (C1-
C5) are bridged by calcium ions (Ca2+). The cy-

toplasmic domain binds to p120-catenin and alfa 
catenin binds to beta catenin to link the cadherin 

complex to the actins 
 

In this study, N-cadherin antagonist (ADH-1)c 
peptide which can be used as a targeted radionuclide 
therapy agent for diagnosis and therapy at different 
types of solid tumor types was synthesized and char-
acterized and for the first time (ADH-1)c peptide 
was conjugated with EDTA chelator and character-
ized with spectroscopic and chromatographic meth-
ods.  

 

EXPERIMENTAL  
 
Materials. All chemicals used in this study 

were obtained from commercial sources. Fmoc-
Cys(Trt)-Rink Amide MBHA Resin (100-200 mesh, 
subst.: 0.49 meq/g) was purchased from Ligand Bi-
otechnology Ltd. Fmoc-Cys(Trt)-OH, Fmoc-
His(Trt)-OH, Fmoc-Ala-OH, Fmoc-Val-OH, 1H-
Benzotriazolium-1-[bis(dimethylamino)meth-
ylene]5-chloro hexafluorophosphate (1-),3-oxide 
(HCTU), 1-Hydroxybenzotriazole hydrate 
(HOBt.H2O) were purchased from Fluka. N,Ndime-
thylformamide (DMF), N-Methyl-2-pyrrolidone 
(NMP), N,N-Diisopropylethylamine (DIPEA), Tri-
fluoroacetic acid (TFA), Acetic anhydride, Piperi-
dine, Dichloromethane (DCM), HPLC grade Ace-
tonitrile, Diethyl ether, Thioanisole, 1,2-Ethanedi-
thiol (EDT) Triisopropylsilane (TIS), 1-ethyl-3- (3-
dimethylaminopropyl) carbodiimide hydrochloride 
(EDC) and Ethylenediaminetetraacetic acid (EDTA) 
were ordered from Sigma-Aldrich (St. Louis, MO). 
Other chemicals were obtained from Merck (Darm-
stad, Germany). Ultra-pure water was obtained from 
Millipore Milli-Q system.        

 
Methods. Synthesis Procedure. Linear ADH-

1 was synthesized with N-terminal acetylation (Ac-
Cys-His-Ala-Val-Cys-CONH2) using Fmoc chemis-
try on a CEM Liberty Automated Microwave Pep-
tide Synthesizer. Firstly, resin beads (200 mg, 0.1 
mmol) were transferred to the 30 mL standard glass 
reaction vessel after swelling in DMF for three hours 
(25mL). Microwave energy used for the deprotec-
tion step was 55 W to maximum 45 °C for 2 min and 
it was 25 W to maximum 75 °C for 3 min for the 
coupling step. Respectively, HCTU/HOBT (0.5 M in 
DMF) and DIEA/NMP (2 M in DMF) solutions 
which used as activator and activator bases were 
added to fmoc protected aminoacides which dis-
solved in DMF on the microwave coupling step. The 
deprotection and coupling procedures were repeated 
for all amino acids in the linear ADH-1 sequence. 
After the coupling four amino acid residues, resin-
bound peptide was treated with a solution of acetic 
anhydride for acetylation of N-terminus of the pep-
tide sequence. After the acetylation the resin was 
cleaned by washing with three times in DMF and 
five times in DCM respectively for preparation of the 
cleavage process. Then, cleavage of the peptide from 
the resin beads and removing the side-chain protect-
ing groups was simultaneously performed with the 
TFA/TIS/EDT/H2O (92.5/2.5/2.5/2.5) cocktail solu-
tion. Crude peptide was precipitated with cold di-
ethyl ether (-20 °C) after the vacuum evaporation of 
TFA cocktail (Heidolph Laborota 4010). The ob-
tained peptide was lyophilized to a white powder 
[21-24].     

 
Macrocyclization Procedure. The choice of 

ring closure method in peptide macrocyclization 
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plays a key role in cyclization. Macrocyclization 
through disulfide bond formation is a typical side 
chain cyclization method. In this method, a disulfide 
bridge was formed between two cysteine aminoac-
ids. Linear ADH-1 peptide product was diluted to 1 
mM with ammonium acetate (5% w/v) and pH ad-
justed to 7.0 with ammonium hydroxide (25% w/v) 
for disulfide bond formation under nitrogen atmos-
phere [25]. During the cyclization process, 25 μL 
sample was taken from reaction medium in at the end 
of 1st and 24th hours and injected to an analytical 
column (Teknokroma Tracer Exel 120 ODS-
in the dimensions of 20 cm length and 2.1 mm inlet 
diameter) for monitoring the disulfide oxidation of 
the linear peptid. After the process was completed, 
the cyclic peptide was purified and lyophilized. 

 
Conjugation Procedure. Conjugates of the 

(ADH-1)c peptide, one of the N-cadherin antago-
nists, were synthesized with the EDTA chelator by 
the water-soluble carbodiimide procedure in the 
presence of EDC crosslinker. The amount of the 
EDTA required for the nADHpep / nEDTA = 1 ratio was 
calculated and stock solution of the EDTA was pre-
pared. The pH of the EDTA (0.510 mg) was reduced 
to 5 and constant amount of EDC was added for ac-
tivation one of four -COOH groups of the EDTA and 
then stirred for 2 hours. The peptide solution at a 
constant concentration was added to the activated 
EDTA and mixture was stirred overnight at 4 °C and 
then the pH raised to 7.4. The formation mechanism, 
physicochemical properties and electrical charges of 
the synthesized conjugates were characterized by 
Fluorescence Spectrophotometer, Zetasizer and LC-
ESI-MS [26].  

 
Analytical Procedure. LC-MS Conditions. 

Molecular weight of the peptide was confirmed by 
using LC-UV-PDA (photo-diode array) at 210 and 
280 nm and LC-MS (Shimadzu 2010 EV) with using 
Electro Spray Ionization (ESI) probe. Teknokroma 
Tracer Exel 120 ODS-
20 cm length and 2.1 mm inlet diameter was used. 
Eluent A (water, 0.1% (v/v) formic acid) and eluent 
B (acetonitrile, 0.1% (v/v) formic acid) gradient elu-
tion was programmed as follows: 0-5 min, 20% B; 
5-15 min, 20-40% B; 15-25 min, 40-80% B; 25-30 
min, 80-20% B at a flow rate of 0.2 mL/min. Higher 
and narrower peaks were achieved through adding 
formic acid to the mobile phase as ion pairing agent 
for better resolution than without using formic acid. 
Proteins and peptides are usually analyzed under 
positive ionisation mode, that's why analysis were 
carried out under the acidic conditions. [22, 23, 27]. 
Nitrogen was used as nebulizer gas, with a flow rate 
of 1,5 Lmin-1. The mass spectra were acquired from 
200 to 1000 m/z with a scan speed of 2000 m/z per 
s. 

 

Purification Conditions. Purity analysis was 
performed by using analytical reversed phase (RP)-
HPLC (Shimadzu) equipped with Shim-pack PRC-
ODS HPLC column (20 mm x 25 cm) and UV-PDA 
detector at 210 and 280 nm. Eluent A (water, 0.1% 
(v/v) formic acid) and eluent B (acetonitrile, 0.1% 
(v/v) formic acid) gradient elution was programmed 
as follows: 0-5 min, 20% B; 5-15 min, 20-40% B; 
15-25 min, 40-80% B; 25-30 min, 80-20% B at a 
flow rate of 14 mL/min [22].   

 
Fluorescence Spectroscopy Conditions. Flu-

orescence emission spectra of chelator and peptide-
chelator conjugates were obtained through QM-
4/2003 Quanta Master Steady State Spectrofluorom-
eter (Photon Technology International, Canada). 
Analysis were run in quanta counting mode with a 
slit gap of 3 nm for excitation and emission mono-
chromators. Excitation was performed in 280 nm. 
and spectra were measured between 290-  

 
Zeta-Sizer Conditions. Particle size, polydis-

persity index and zeta potential of the conjugates 
were determined by dynamic light scattering (DLS) 
technique (Malvern Zetasizer, ZS, Malvern, UK). 
Measurements were done in triplicate, at 25 °C, us-
ing 0.8872 cP viscosity and 1.330 refractive index 
for the solutions, dielectric constant 79; f(ka) 1.50 
(Smoluchowski). Before the measurements, all sam-
ples were diluted with ultra-pure water (Millipore). 
 
 
RESULTS AND DISCUSSION  

 
In this research, we have studied the SPPS of 

the small cyclic N-cadherin antagonist (N-Ac-
CHAVC-CONH2) with Fmoc chemistry. We have 
focused on the cyclization procedure and chromato-
graphic characterization of the peptide. Furthermore, 
conjugation and characterization of the peptide with 
EDTA were also studied. 

In this study the (ADH-1)c cyclic peptide ana-
logue was prepared from its linear peptide counter-
part by using Fmoc based SPPS method with 
HCTU/HOBt.H2O as the coupling agents. The cy-
clization process was based on the procedure de-
scribed by Dubey et al. [25]
performed with ammonium acetate (5% w/v) after 
synthesis, cleavage and characterization of the linear 
ADH-1 peptide sequence were done. Moleculer 
weight of linear and cyclic peptides were confirmed 
by mass spectrometry analysis. LC-UV chromato-
gram, LC-MS TIC (total ion chromatogram) and MS 
spectrum of linear ADH-1 peptide was illustrated on 
Figure 2A, 2B and 3 respectively. An ion, which is 
in the analysis medium binds to the peptide. As a re-
sult of this occasion peptide molecules convert into 
more hydrofobic structure. Therefore, a small peak 
seems to the next of high peak at Figure 2A. The mo-
lecular weight of peptide was calculated using m/z 
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values of these ions. The m/z values representing the 
molecular ions of [M+H+]+=575; [M+2H+]2+=287; 
[M+2(H2O+H+)+H+]+=613; [M+28(CO)]2+=314 
[M+2(H2O+H)++H+]2+=306,5 that is understood 
from the Figure 3. M stands for the molecular mass 
of the linear ADH-1 peptide. Molecular ion was ob-
served at m/z 575, which indicated that H+ atoms are 
attached to the peptide molecules (calculated mass 
from the empirical formula: m/z 572,71 Da). 
m/z=314 was assumed that the formyl group of for-
mic acid that used as ion pairing agents in LC-MS is 
attached to the peptide molecules. At this stage, leav-
ing a hydrogen atom from the amine group of pep-
tide. m/z 306,5 was indicated that two molecule hy-
dronium ion binds to the peptide molecules. 

Selection of the ring closure site plays a key 
role in peptide macrocyclization. A poor choice for 
closing the ring causes slow reaction rates, low 
yields, and undesired side reactions including race-
mization at the C-terminus residue or dimerization 

[28]. The side chain cyclization approaches (head-
to-side chain and side chain-to-side) typically in-
clude macrocyclization via the formation of a disul-
fide bridge. LC-UV chromatogram of (ADH-1)c cy-
clic peptide and LC-UV chromatogram of (ADH-1)c 
cyclic peptide at 1st and 24th hours comparetively 
were given on the Figure 4A and 4B. It is understood 
from Figure 4B that the disulfide oxidation was 
highly completed in 24 hours and cyclic structure 
was obtained. 

TIC and MS spectrum of (ADH-1)c cyclic pep-
tide were represented at Figure 4C and 5. Disulfide 
linkage was determined within LS-ESI-MS. The ob-
tained molecular ion peaks [M+H+]+=573, 
[M+2(H2O+H+)+H+]+=611, 
[M+2(H2O+H+)+2H+]2+=306 confirmed the theoret-
ical molecular weight (570,69 Da). The m/z 573 ion 
represents the monoisotopic peak and m/z 306 ion 
represents the double charged state of the intramo-
lecular disulfide-linked peptide.  

 

 
FIGURE 2  

LC-UV-PDA chromatogram (A) and LC-MS total ion chromatogram (TIC) (B) of linear ADH-1 peptide 
sequence sample. Chromatographic conditions in experimental 

 

 
FIGURE 3 

LC-MS spectra of linear ADH-1 sample. Chromatographic conditions in experimental 
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FIGURE 4  

LC-UV-PDA chromatogram of (ADH-1)c cyclic peptide (A), LC-UV-PDA chromatogram of ADH-1c 
cyclic peptide at 1st and 24th hour comparetively B), LC-MS total ion chromatogram (TIC) of (ADH-1)c 

sample (C). Chromatographic conditions in experimental 
 

 
FIGURE 5  

LC-MS spectra of (ADH-1)c sample. Chromatographic conditions in experimental 
 

 
FIGURE 6  

LC-UV choromatogram of purified (ADH-1)c cyclic peptide 
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The obtained cyclic crude peptide was sepa-
rated to fractions with preparative reversed-phase 
(RP)-HPLC. Collected fractions in prep. HPLC were 
analyzed by mass, and crude peptide was purified to 
give a white powder of (ADH-1)c. LC-UV chroma-
togram of purified peptide was illustrated in Figure 
6.   

Figure 7 shows the product ion spectra of the 
EDTA-(ADH-1)c conjugate. Peak at m/z 867 was 
proved formation of conjugate and at 849 without 
water ([(ADH-1)c]-EDTA - [H2O]) have supported 
this result. Fragmentation products of the conjugate 
were also observed at m/z 294 and 572.  

Since the conjugation may cause changes in the 
fluorescence spectrum, whereby the conjugate and 
chelators in this assay were characterized by the 
maximum emission and wavelength at the maximum 
fluorescence intensity. Typical fluorescence spec-
trum of the EDTA chelator and synthesized EDTA-
(ADH-1)c conjugate at pH 7 at nPeptide / nEDTA = 1 is 
shown in Figure 8. After cross-linking between the 
amine groups of the (ADH-1)c peptide molecule and 
the carboxyl groups of the anionic EDTA chelator, 

the fluorescence intensity of the synthesized conju-
gates were increased. A maximum of 8 nm red shift 
from 339 nm to 347 nm was observed.  

The zeta potential values of the synthesized 
npeptide / nEDTA = 1 bioconjugate are given in the Table 
1. The zeta potentials of the conjugate and EDTA 
chelator were found to be -61.3 mV and -42 mV, re-
spectively. When the zeta potential of the conjugate 
synthesized at npeptide / nEDTA = 1 ratio is examined, it 
is seen that the potential value of zeta decreases with 
conjugation. Whether or not forming of the conju-
gate have been carried out was proved from the dif-
ference between average molecular size of the con-
jugate and chelating agent. The increase in the size 
of the peptide-bound conjugate relative to the free 
chelator indicates that the conjugate has got larger 
and consequently the conjugate was formed [29, 30]. 
The analysis results are given in Table 1. 

In this work, synthesis, analysis and conjuga-
tion of (ADH-1)c cyclic peptide were studied. The 
synthesis of this peptide, the conjugation with a che-
lator and its characterization are the main parts of a 
novel theranostic design. 

 

 
FIGURE 7  

LC-MS spectra of EDTA-(ADH-1)c sample. Chromatographic conditions in experimental 
 

 
Figure 8 Fluorescence spectrum of EDTA-(ADH-1)c conjugates 
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TABLE 1  
Z-Average and Zeta potential values of EDTA-(ADH-1)c conjugate 

 Z-Average (nm) Zeta potential (mV) 
EDTA-(ADH-1)c Conjugate  327,8 ± 29,07 -61,3 ± 1,78 
EDTA (DMSO + PBS) 214,5 ± 10,95 -42 ± 1,89 
DMSO + PBS 115,4 ± 12,17 -13,2 ± 1,53 

 
 
CONCLUSIONS  

 
We performed the synthesis of the targeting 

peptide molecule, the conjugation with the chelating 
agent, and characterization studies.  

High purity peptide synthesis was carried out 
with microwave supported SPPS method. As consid-
ering complicacy of ionization of small and cyclic 
molecules, our (ADH-1)c's LC-ESI-MS results 
might enrich literature. In addition to LC-ESI-MS 
results, both increasing zeta average molecular size 
of the conjugate and changing of zeta potential of the 
conjugate and also occurring stoke shift in fluores-
cence spectrum of conjugate was supported the con-
jugate forming. 

These studies are the key steps in the synthesis 
of a radiopharmaceutical agent that can be applied as 
a theranostic agent in Nuclear Medicine and Molec-
ular Imaging Departments [31]. The present study 
can provide a radioactive metal-labeled N-cadherin 
antagonist which is obtained by binding a radioac-
tive metallic element such as gallium-68, lutetium-
177 to the (ADH-1)c conjugate. The radioactive 
metal-labeled cyclic (ADH-1)c molecule which con-
tains cancer therapeutic agent (ADH-1)c as an active 
ingredient is highly accumulated in cancer tissue and 
exhibits high cancer tissue-shrinking effect [32]. 
Therefore, by use of the cancer therapeutic agent, 
theranostic application can be effectively performed 
without causing adverse side effects. Also, by use of 
the cancer diagnostic agent, the efficacy of the can-
cer therapeutic agent can be predicted, and the ther-
apeutic effect thereof can be confirmed. Tomo-
graphic and scintigraphic kinetic studies using ani-
mal experiments are needed to assess the effects of 
this antagonist on tumors and their vasculature. 
These new indications can be imaged in the near fu-
ture in patients.   
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The present study was carried out at two loca-

tions over the experimental fields of Field Crops 
Department of Ankara University Agricultural Fac-
ulty and Eskişehir Transitional Zone Agricultural 
Research Institute. Two different hybrid sorghum 
cultivars (Sugar Grazer II and Digestivo) were used 
as the experimental material. Putrescine, jasmonic 
acid, kinetin, KNO3, salicylic acid and control 
treatments were applied to selected genotypes. The 
lowest number of days (the earliest) to 50% emer-
gence (9.75 days) was obtained from KNO3-primed 
aged Sugar Grazer II seeds at Eskişehir location. 
The greatest panicle seed yield per plant (78.21 g) 
was obtained from KNO3-primed unaged Digestivo 
seeds at Eskişehir location. The greatest seed yield 
per decare (694.91 kg/da) was obtained from sali-
cylic acid-primed aged Sugar Grazer II seeds at 
Eskişehir location. The greatest protein ratio 
(15.07%) was obtained from KNO3-primed unaged 
Digestivo seeds at Ankara location. Priming with 
salicylic acid, KNO3 and jasmonic acid yielded the 
best outcomes for quality traits of sorghum hybrids.  

 
 

  
Accelerated aging, priming, quality, seed, sorghum, 
yield. 

Sorghum is the fifth most important cereal 
crop that used cereals in human and animal nutri-
tion. It ability to grow in hot, dry environments, 
resistance to drought, and also can survive under 
water logged conditions. Currently, the conse-
quences for global warming and the consequent 
climate change forecast have increased aridity lev-
els and in frequency of extreme events of water 
shortage in different parts of the globe. Limited 
access to clean water supplies globally and the in-
creasing food demands due to an ever-increasing 
world population further exacerbate the droughts. 

In Turkey Central Anatolia, East Anatolia, South-
eastern Anatolia and Transition Zone also have a 
terrestrial climate of high temperature and low rain-
fall during summer and early autumn. [11, 45]. Ear-
ly season water shortages influence the germination 
and stand establishment because of the reduced 
water uptake throughout the imbibition phase of 
germination [39, 47, 50]. Priming treatments in-
volves the soaking of seeds in osmotica of low wa-
ter potential to regulate the amount of water sup-
plied to the seed. Priming ensures that some of the 
metabolic processes required for the germination to 
occur without the actual germination taking place. 
Primed seeds, usually pass the imbibition stages 
and lag stage of germination and are ready for ger-
mination [19]. A few processes take place at the 
time of priming at cellular level, such as the activa-
tion of cell cycle [18] and utilization of storage pro-
teins [22]. Priming of aged-seeds gradually restores 
the primary germination ability and it also reduces 
the lipid peroxidation levels [4]. Priming usually 
includes the soaking of seeds in osmotica of low 
water latency such as salicylic acid. Priming usual-
ly improves crop yields substantially [31], impedes 
ethylene bio-synthesis and it increases the chloro-
phyll content [27]. Polyamines (PAs), plant phenol-
ic substances of pervasive nature, play different 
roles in plant metabolism that include cell division, 
differentiation and proliferation, DNA, cell death, 
protein synthesis and gene expression [13, 29]. Xu 
et al. [52] reported that tobacco (  
L.) seed priming with putrescine improved the 
germination percentage, germination index, seed-
ling length and dry weight of the seed. Cytokinins 
can also be used as a priming agent. In a previous 
study, it was reported that cytokinins at 10 or 100 
mg L-1 considerably increased the rate of germina-
tion of the pigeon pea seeds as compared to the 
unprimed seeds [44]. Methyl jasmonate (MeJA) 
and its free acid jasmonic acid (JA) are known to 
affect many features of plant growth, including 
seed sprouting and seedling growth [16], tuber for-
mation, tendril coiling, leaf senescence, stomata 
opening, fruit ripening, root growth, fertility. MeJA 
also plays fundamental roles in plant defense re-
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sponses against insect harms and microbial patho-
gens attacks that impact plant growth and develop-
ment [51]. Numerous reports show that MeJA in-
hibited germination of seeds in angiosperms, such 
as  [35, 8], sunflower [14], 
tobacco [41] and cocklebur [38]. One of the conse-
quences of germination inhibition is the decrease in 
the growth of the root [14, 46]. Salicylic acid is 
(SA) an endogenous growth regulator of phenolic 
nature. SA treatments are accompanied by a tempo-
rary increase in the H2O2 levels. The seed treat-
ments using H2O2 has an easing effect on the oxida-
tive damage that is caused by the salt stress in 
wheat plants.  It seems possible that SA may apply 
its protective effect partly through the briefly in-
creased H2O2 levels. Kattimani et al. [32] indicated 
that primed seeds accompanied with nitrate solu-
tions produced energetic seedlings, more dry matter 
accumulation and an increase in the root length as 
compared to unprimed seeds. Sorghum seeds gen-
erally lose their biological characteristics in a short 
time. Such a case then influence plant genetic char-
acteristics and storage conditions. Sorghum seeds 
generally have 1000-seed weights of between 12-40 
g and they need quite well-prepared seed beds for 
production. Therefore, when the sowing was not 
made in mellowed soils in a shallow fashion, ger-
mination and emergence rates will be quite low. On 
the other hand, since seed vigor is lost rapidly, sor-
ghum seeds should be preserved under quite well 
conditions. Therefore, some priming chemicals are 
used to improve the seed vigor. This study was 
conducted under field conditions at Ankara and 
Eskişehir locations to investigate the effects of dif-
ferent priming chemicals on aged and unaged seeds 
of two hybrid sorghum cultivars (Sugar Grazer II 
and Digestivo). 
 
 
 
 

Experiments were conducted under field con-
ditions of two different locations (Ankara and 
Eskişehir). Aged and unaged seeds of sorghum hy-
brid (  L. Moench. X 

 Staph.) Sugar Grazer II cultivar and hybrid 
silage sorghum Digestivo cultivar were used as the 
plant material of the study. Five different chemicals 
(8 mg/L putrescine, 2 mg/L jasmonic acid, 100 
mg/L kinetin, 50 mg/L KNO3 and 4.5 mg/L salicyl-
ic acid) were used for priming treatments. A control 
treatment without priming was also included into 
the experiments. Seeds of each cultivar and treat-
ment were soaked into these solutions. Sugar Graz-
er II seeds were kept in solutions for 8 hours and 
Digestivo seeds for 6 hours. Following the priming 
duration, seeds were washed through distilled wa-
ter, dried in petri dishes at room temperature for 24 
hours and made ready for sowing. 

For aging, seeds 
were placed in plastic boxes and supplemented with 
distilled water to provide high relative humidity. 
Seeds were placed in a single layer over the wire 
section of the box as not to touch each other. Aging 
boxes were placed in zip lock bags to prevent mois-
ture loss and they were aged in an oven previously 
heated to 42°C at 100% relative humidity and dark 
for 24 hours. Following the aging procedure, aged 
seeds were placed in jars, closed with stretch film 
and kept in a fridge at 5°C for 24 hours to have the 
seed moisture balanced [20]. Experiments were 
conducted in four replications at both locations. 
Experimental results were subjected to variance 
analyses with Jump statistical software in accord-
ance with Randomized Blocks Factorial Experi-
mental Design. Significant differences were tested 
with F test and means were grouped with Duncan 
test.

 **L.T.A. 
1970-
2010 

2011 
**L.T.A. 

1970-
2010 

2011 
**L.T.A. 

1970-
2010 

2011 
**L.T.A. 

1970-
2010 

2011 
**L.t.A. 

1970-
2010 

2011 
**L.T.A. 

1970-
2010 

2011 

36.7 6.2 63.4 36.8 5.1 84.7 
50.0 11.3 59.8 43.4 10.2 81.8 
50.3 16.1 56.9 44.4 15.1 75.6 
50.3 20.2 52.0 31.0 19.1 74.3 
15.5 23.6 46.0 13.2 21.7 69.9 
12.0 23.3 45.8 8.7 21.4 66.6 
17.5 18.7 49.8 14.5 17.2 76.4 
33.2 13.0 60.9 30.6 12.0 76.8 

*Turkish State Meteorological Service, **L.T.A.: Long Term Average 



4761 

0-30 0-30 
8.20 7.54 
9.92 8.0 
1.24 1.77 
12.2 27.8 
430 493 

Clay loam Sandy clay 

Cultivar Seed 
aging Priming 

Number of days to 50% 
emergence Number of plants per m2 Plant height (cm) 

Ankara Eskişehir Ankara Eskişehir Ankara Eskişehir 

Sugar 
Graze II 

Aged 

Putrescine 18.75 jk* 14.50ns 12.50 g* 20.50 b* 221.1 d* 242.7de* 

Jasmonic acid 17.75 l 14.50 13.50 f 15.50 jk 216.1 ef 248.5 cd 
Kinetin 20.00 gh 16.25 17.00 d 19.00 cd 222.5 cd 242.0 e 
KNO3 15.75 m 9.75 16.00 e 20.50 b 222.4 cd 225.5 g 
Salicylic acid 18.50 k 15.25 20.00 b 20.50 b 226.6 bc 255.2 ab 
Control 23.50 d 19.25 12.50 g 15.00 k 166.3 j 190.4 kl 

Unaged 

Putrescine 18.25 kl 12.75 14.00 f 18.50 de 235.9 a 241.5 e 
Jasmonic acid 17.75 l 12.25 14.00 f 20.50 b 227.3 b 257.9 a 
Kinetin 20.50 g 17.50 12.50 g 19.50 c 235.7 a 250.3 bc 
KNO3 14.75 n 10.50 22.00 a 20.50 b 219.9 de 239.9 ef 
Salicylic acid 19.25 ij 14.50 18.00 c 18.00 ef 215.0 f 237.0 ef 
Control 26.25 b 20.25 12.50 g 15.50 jk 181.9 h 186.4 l 

Digestivo 

Aged 

Putrescine 21.25 f 20.75 19.50 b 15.00 k 189.7 g 196.8 jk 
Jasmonic acid 22.25 e 22.75 20.00 b 16.50 hi 173.8 I 216.7 h 
Kinetin 24.25 c 24.00 10.00 I 17.50 fg 166.1 j 186.8 l 
KNO3 19.75 hi 19.25 14.00 f 11.00 m 167.2 j 215.6 h 
Salicylic acid 20.25 gh 16.00 18.00 c 17.00 gh 170.6 ij 208.5 I 
Control 27.00 a 26.25 11.50 h 12.00 l 154.4 k 161.4 n 

Unaged 

Putrescine 21.75 ef 20.75 19.50 b 15.50 jk 172.6 i 234.2 f 
Jasmonic acid 19.25 ij 16.50 19.50 b 21.50 a 174.8 I 202.9 ij 
Kinetin 24.75 c 22.00 14.00 f 12.00 l 182.8 h 201.7 j 
KNO3 21.50 f 18.75 16.00 e 16.00 ij 174.2 I 192.8 kl 
Salicylic acid 16.25 m 13.75 18.00 c 17.00 gh 190.5 g 221.2 gh 
Control 26.25 b 23.25 14.00 f 12.00 l 156.3 k 169.4 m 

*) significant at p<0.05 and **) significant at p<0.01 ns: non-significant 

As it 
can be seen from Table 3, The effects of seed prim-
ing treatments on number of days to 50% emer-
gence of two different sorghum hybrids were found 
to be significant at Ankara location (p<0.05) and 
insignificant at Eskişehir location. On the other 
hand, effects of priming treatments on number of 
plants per square meter of two different sorghum 
hybrids were found to be significant at both loca-
tions (Ankara – Eskişehir) (p<0.05). In Ankara lo-
cation, the lowest number of days to 50% emer-
gence (27.00 days) was obtained from control 
treatment of aged Digestivo seeds and the greatest 
value (14.75 days) was obtained from KNO3-
primed unaged Sugar Graze II seeds (Table 3). In 
Eskişehir location, number of days to 50% emer-
gence of seed primed sorghum hybrids varied be-
tween 9.75 - 24.00 days. Present findings on num-
ber of days to emergence of KNO3-primed seeds 
comply with the results of İlbi and Eser [30] report-

ed for number of days to emergence of onion seeds 
was similar with the finding of Madakadze  
[37] reported for millet seeds and with the findings 
of Büyükçıngıl [10]. Present finding for KNO3 
primed seeds reported for sorghum seed. Preset 
finding for Jasmnic acid primed seeds comply with 
the finding of Tiryaki et al [49] reported for sor-
ghum seeds. 

The ef-
fects of seed priming treatments on number of 
plants per square meter of two different sorghum 
hybrids were found to be significant at both loca-
tions (p<0.05) (Table 3). In Ankara location, the 
greatest number of plants per square meter (22.00) 
was obtained from KNO3-primed unaged Sugar 
Graze II seeds and the lowest value (10.00) was 
obtained from Kinetin-primed aged Digestivo 
seeds. In Eskişehir location, the greatest number of 
plants per square meter (21.50) was obtained from 
Jasmonic acid-primed unaged Digestivo seeds and 
the lowest value (11.00) was obtained from KNO3-
primed aged Digestivo seeds. Present findings on 
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number of plants per square meter of putrescine-
primed seeds comply with the findings of Tekin 
and Bozcuk [48]  

 
The effects of seed prim-

ing treatments on plant height (cm) of two different 
sorghum hybrids were found to be significant at 
both locations (Ankara and Eskişehir) (p<0.05) 
(Table 3). In Ankara location, plant heights varied 
between 154.9 – 235.9 cm (Table 3) with the great-
est value from putrescine-primed aged Sugar Graz-
er II seeds and the lowest value from the control 
treatment of unaged Digestivo seeds. The putres-
cine-primed aged Sugar Grazer II seeds and kinet-
in-primed aged Sugar Grazer II seeds had statisti-
cally similar plant heights. In Eskişehir location, 
plant heights varied between 161.4 and 257.9 cm. 
The greatest plant height was obtained from 
jasmonic acid-primed aged Sugar Grazer II seeds 
and they were followed by salicylic acid-primed 
unaged Sugar Grazer II seeds which were placed in 
the same statistical group. The lowest value was 
obtained from the control treatment of unaged Di-
gestivo seeds. Putrescine exists in all living organ-
ism and plays significant roles in formation and 
development of metabolites and cells [21]. Present 
findings on plant heights were similar with the ones 
reported by Flores et al. [21] indicating increasing 
number of cells and cell sizes with priming treat-
ments. Benkova et al. [6] indicated that putrescine 
had significant effects on vegetative growth and 

development, especially on cell growth. Creelman 
and Mullet [15, 16] reported that jasmonic acid 
stimulated plant growth and ripening, improved 
fertility of pollens and increased protein ratios of 
the seeds. Senaranta et al. [43] pointed out the roles 
of salicylic acid in cell reproduction, plant growth 
and photosynthesis. Present finding comply with all 
those earlier reports. Effects of spray salicylic acid 
treatments on plant height were also reported by 
Datta and Nanda [17] for millet, by Gutierrez-
Coranado et al. [24] for soybean and by Kaydan 
and Yağmur [34] for lentils and wheat. Researchers 
reported similar findings with the present ones. 
Bray [9] also reported increasing plant heights with 
KNO3-priming. According to Bray [9], KNO3 

treatments improved seed performance and thus 
resulted in greater plant heights.  

 
The effects of seed 

priming treatments on shoot diameter of two differ-
ent sorghum hybrids were found to be significant at 
Ankara and Eskişehir locations (p<0.05) (Table 4). 
In Ankara location, shoot diameters varied between 
15.00 – 22.38 mm with the greatest value from ki-
netin-primed unaged Digestivo seeds and the low-
est value from the control treatment of aged Sugar 
Grazer II seeds. With regard to lowest shoot diame-
ter, control treatment of aged and unaged Sugar 
Grazer II seeds had statistically similar results. In 
Eskişehir location, shoot diameters varied between 
17.15 - 26.42 mm with the greatest value from  

 

Cultivar Seed 
aging Priming Shoot diameter (mm) Plant weight (g/plant) Number of days to 50% 

flowring 
Ankara Eskişehir Ankara Eskişehir Ankara Eskişehir 

Sugar 
Graze II 

Aged 

Putrescine 17.60 kl* 21.36ef* 341.1 h** 375.4 i* 83.00 f* 83.50 f* 
Jasmonic acid 19.07 gh 19.78 I 308.5 j 389.2 h 81.25 g 81.00 g 
Kinetin 16.72 mn 20.03 hi 368.4 efg 341.4 k 90.00 abc 84.25 ef 
KNO3 16.90 m 18.31 k 382.7def 513.2 c 73.75 j 85.50 de 
Salicylic acid 16.51 n 21.13 fg 545.9 a 350.5 jk 81.25 g 78.50 h 
Control 15.93 o 17.73 lm 229.6 m 280.2 m 89.75 bc 90.00 a 

Unaged 

Putrescine 16.55 n 17.53 m 367.6fg 352.2 j 85.00 e 75.50 I 
Jasmonic acid 17.82 k 20.79 g 396.5 d 563.7 b 82.00 fg 84.75 de 
Kinetin 17.58 kl 18.02 kl 426.9 b 475.4 d 90.00 abc 85.50 de 
KNO3 16.46 n 19.01 j 360.2 g 450.2 e 78.25i 86.00 cd 
Salicylic acid 18.89 h 21.60 e 434.3 b 407.3 g 83.00 f 83.25 f 
Control 15.88 o 17.15 n 245.4 l 289.2m 89.00 cd 90.00 a 

Digestivo 

Aged 

Putrescine 21.36 b 18.35 k 381.0 ef 352.3 j 89.00 cd 88.00 b 
Jasmonic acid 19.89 e 20.27 h 324.2 i 355.2 j 80.00 h 88.00 b 
Kinetin 22.38 a 24.97 b 545.9a 456.4 e 90.75 ab 91.00 a 
KNO3 19.29 fg 26.42 a 377.4 ef 596.6 a 88.00 d 91.00 a 
Salicylic acid 18.09 j 22.27 d 331.8 hi 436.8 f 78.00i 85.50 de 
Control 17.39 l 17.73 lm 212.7 n 311.1 l 88.00 d 87.25 bc 

Unaged 

Putrescine 20.73 c 22.52 d 383.6de 371.3 i 82.00 fg 88.00 b 
Jasmonic acid 20.34 d 18.11 kl 374.6 efg 377.8 i 86.00 e 87.00 bc 
Kinetin 21.53 b 24.97 b 437.3 b 477.7 d 89.00 cd 86.00 cd 
KNO3 18.52 i 19.23 j 346.1 h 411.8 g 89.75 bc 87.00 bc 
Salicylic acid 19.41 f 20.28 h 412.8 c 388.6 h 79.00 hi 85.50 de 
Control 18.19 j 17.84 lm 281.5 k 288.5m 91.00 a 87.50 b 

*: significant at p<0.05, **: significant at p<0.01, ns: non-significant  
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KNO3-primed unaged Digestivo seeds and the low-
est value from the control treatment of aged Sugar 
Grazer II seeds. Benkova et al. [6] indicated that 
cytokinins had significant effects on vegetative 
growth and development, especially on cell growth. 
Complying with the present findings, Hadinezhad 
et al. [25] reported increasing sapling diameters in 
chestnut oak ( ) with KNO3-
priming. 

As it can be seen from 
Table 4, The effects of seed priming treatments on 
plant weights (g/plant) of two different sorghum 
hybrids were found to be significant at Ankara 
(p<0.01) and Eskişehir (p<0.05) locations. In Anka-
ra location, plant weights varied between 212.7 - 
545.9 g/plant with the greatest value from kinetin-
primed unaged Digestivo seeds and the lowest val-
ue from the control treatment of unaged Digestivo 
seeds. In Eskişehir location, plant weights varied 
between 280.2 -596.6 g/plant with the greatest val-
ue from KNO3-primed unaged Digestivo seeds and 
the lowest value from the control treatment of 
unaged Sugar Graze II seeds (Table 4). Complying 
with the present findings, Bernier et al. [7], Chang 
et al. [12] and Benkova et al. [6] also reported in-
creasing plant weights with kinetin treatments. 
Benkova et al. [6] indicated that cytokinins played 
significant roles in plant vegetative growth-
development and especially on cell growth. Ac-
cording to Bernier et al. [7] and Chang et al. [12], 
cytokinins play significant roles in leaf formation, 

flowering and flower development. Bray [9] report-
ed increasing plant weights with KNO3 treatments 
since KNO3 improved seed vigor and thus had posi-
tive effects on plant weights. 

 

The effects of seed priming treatments on number 
of days to 50% flowering of two different sorghum 
hybrids were found to be significant at both loca-
tions (Ankara and Eskişehir) (p<0.05) (Table 4). In 
Ankara location, number of days to 50% flowering 
varied between 73.75 - 91.00 days. The greatest 
value was obtained from the control treatment of 
aged Digestivo seeds and they were flowed by ki-
netin-primed unaged Digestivo seeds, kinetin-
primed aged and unaged Sugar Grazer II seeds 
which all were placed in the same statistical group. 
The lowest value was obtained from KNO3-primed 
unaged Sugar Grazer II seeds. In Eskişehir location, 
number of days to 50% flowering varied between 
75.50 - 91.00 days. The greatest value was obtained 
from KNO3-primed unaged Digestivo seeds and 
they were followed by kinetin-primed unaged Di-
gestivo seeds and the control treatment of aged and 
unaged Sugar Graze II seeds which all were placed 
in the same statistical group. The lowest value was 
obtained from putrescine-primed aged Sugar Grazer 
II seeds. Present findings about the effects of pu-
trescine treatments on number of days to flowering 
comply with the findings of Bais et al. [5] for chic-
ory ( L.) seeds.  

Cultivar Seed 
aging Priming 

Panicle seed yield per 
plant (g/plant) Unit area seed yield (kg/da) Seed harvest moisture (%) 

Ankara Eskişehir Ankara Eskişehir Ankara Eskişehir 

Sugar 
Graze II 

Aged 

Putrescine 31.44 g* 67.16 c* 338.6 g** 590.8 e** 13.44ns 14.66 ij** 

Jasmonic acid 27.67 hij 59.89 e 302.6 ij 598.0 de 13.10 15.70 efg 
Kinetin 25.07 k 57.21 fg 231.0 n 556.4 f 13.19 13.90 lm 
KNO3 27.40 ij 71.25 b 271.1lm 610.5 d 14.40 16.74 b 
Salicylic acid 46.02 e 53.88 h 499.1 b 546.7 f 13.07 15.53 fg 
Control 22.51 l 36.72 m 215.3 o 414.7 l 15.01 16.14 cd 

Unaged 

Putrescine 28.43 hi 65.30 cd 262.4 m 629.1 c 14.94 15.67 fg 
Jasmonic acid 29.34 h 51.19 ij 293.7 jk 470.7 ıj 14.01 16.90 b 
Kinetin 24.81 k 53.19 hi 218.0no 498.0 gh 14.44 16.31 c 
KNO3 26.13 jk 51.31 ij 267.9lm 508.9 g 14.20 14.01 lm 
Salicylic acid 32.30 g 70.20 b 322.8 h 694.4 a 13.54 14.87 hi 
Control 22.87 l 43.61 l 200.1 p 447.0 k 15.41 17.60 a 

Digestivo 

Aged 

Putrescine 56.72 b 49.74 j 407.1 d 486.0 hı 11.70 13.76 m 
Jasmonic acid 54.10 c 50.86 j 320.3 h 471.6 ıj 11.59 14.92 hi 
Kinetin 63.09 a 66.16 c 268.7lm 438.6 k 12.26 15.02 h 
KNO3 57.69 b 78.21 a 555.5a 503.7 gh 12.47 14.20 kl 
Salicylic acid 51.04 d 76.40 a 398.8 d 668.9 b 13.08 14.47 jk 
Control 40.30 f 46.54 k 232.0 n 396.2 m 13.54 16.04 cde 

Unaged 

Putrescine 58.38 b 58.82 ef 451.5c 447.4 k 11.95 13.26 n 
Jasmonic acid 50.90 d 55.14 gh 344.0 fg 375.0 n 11.40 13.31 n 
Kinetin 54.00 c 66.84 c 308.8 hi 510.0 g 14.06 11.82 o 
KNO3 58.44 b 63.60 d 356.0 f 466.1 j 13.37 14.37 jk 
Salicylic acid 51.83 d 53.28 hi 380.3 e 456.9 jk 12.55 15.46 g 
Control 41.47 f 46.29 k 279.9 kl 375.0 n 14.93 15.88 def 

*: significant at p<0.05, **: significant at p<0.01, ns: non-significant 
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The 
effects of seed priming treatments on panicle seed 
yield per plant (g/plant) of two different sorghum 
hybrids were found to be significant at both Ankara 
and Eskişehir locations (p<0.05) (Table 5). In An-
kara location, panicle seed yields per plant varied 
between 22.51 - 63.09 g with the greatest value 
from kinetin-primed unaged Digestivo seeds and 
the lowest value from the control treatment of 
unaged Sugar Grazer II seeds and they were fol-
lowed by the control treatment of aged Sugar Graz-
er II seeds which were placed in the same statistical 
group. In Eskişehir location, panicle seed yields per 
plant varied between 36.72 - 78.21 g. The greatest 
value was obtained from KNO3-primed unaged 
Digestivo seeds, they were followed by salicylic 
acid-primed unaged Digestivo seeds which were 
placed into the same statistical group and the lowest 
value was obtained from the control treatment of 
unaged Sugar Grazer II seeds. Present findings 
about the effects of kinetin priming were similar 
with the findings of Angrish et al. [2], Kaya et al. 
[33], Ashraf and Foolad [3] and Pakmehr [40]. Cur-
rent findings about the effects of KNO3 treatments 
on yields comply with the findings of Hajikhani et 
al. [26] and Hussain [28] reported for sunflower. 

 
As it can be 

seen from Table 5, priming treatments had signifi-
cant effects on unit area seed yields (kg/da) at both 
Ankara and Eskişehir locations (p<0.01). In Ankara 
location, unit area seed yields varied between 
200.1-555.5 kg/da with the greatest value from 

KNO3-primed unaged Digestivo seeds and the low-
est value from the control treatment of aged Sugar 
Grazer II seeds. In Eskişehir location, unit area seed 
yields varied between 375.00 - 694.4 kg/da with the 
greatest value from salicylic acid-primed aged Sug-
ar Grazer II seeds and the lowest value from the 
control treatment of aged Digestivo seeds. Present 
findings about the effects of salicylic acid priming 
on seed yield were similar with the findings of Ah-
mad et al. [1] Raza et al. [42] and Senaranta . 
[43]. Klessig and Malamy [36] and Creelman and 
Mullet [15] indicated that jasmonic acid and sali-
cylic acid stimulated growth reactions in plant tis-
sues, thus increases plant growth and development 
and facilitated cation exchange under stress condi-
tions. Present findings about KNO3 treatments were 
similar with the results of Ghasemi-Golezani et al.
[23], but different from the findings of Hajikhani et 
al. [26]. Such differences were mostly because of 
genotypes and ecological conditions. 

 
The effects of 

seed priming treatments on seed harvest moisture of 
two different sorghum hybrids were found to be 
significant at Eskişehir location (p<0.01) (Table 5), 
but insignificant at Ankara location. In Eskişehir 
location, harvest moisture of the seeds varied be-
tween 11.82 - 17.60% with the greatest value from 
the control treatment of aged Sugar Grazer II seeds 
and the lowest value from kinetin-primed aged Di-
gestivo seeds. In Ankara location, harvest moisture 
of the seeds varied between 11.40 - 15.41%. Ber-
nier et al. [7] and Chang et al. [12] reported

Cultivar Seed 
aging Priming 

Thousand seedweight 
(g) Hectoliter weight (kg/hL) Protein ratio (%) 

Ankara Eskişehir Ankara Eskişehir Ankara Eskişehir 

 Sugar 
Graze II 

Aged 

Putrescine 15.40 mn* 14.91 i* 68.49 kl* 64.76 c* 12.32 k** 9.840 g* 

Jasmonic acid 15.66 lm 14.19 l 70.14 hi 61.71 k 11.87 m 10.91 c 
Kinetin 15.69 lm 15.50 g 71.82 ef 66.45 h 11.54 n 10.49 ef 
KNO3 15.46 mn 14.57 k 69.13 jk 67.40 ef 12.33 k 9.460 hi 
Salicylic acid 16.79 I 14.80 ijk 71.21 fg 64.46 j 12.94 hi 9.570 h 
Control 15.13 n 15.01 hi 67.57 m 67.58 e 11.02 o 9.140 j 

Unaged 

Putrescine 15.77 klm 14.89 ij 72.75 cd 67.19 efgh 12.10 l 10.37 f 
Jasmonic acid 15.65 lm 14.78 ijk 69.07 jk 67.34 efg 12.78 ij 9.490 h 
Kinetin 16.17 jk 14.59 jk 63.53 n 64.64 j 11.46 n 8.250 l 
KNO3 16.30 j 14.58 k 67.81 lm 61.49 k 12.45 k 8.660 k 
Salicylic acid 15.93 jkl 14.76 ijk 71.30 fg 65.56 i 12.73 j 10.96 c 
Control 16.21 jk 15.89 f 70.68 gh 60.26 l 11.11 o 8.110 l 

Digestivo 

Aged 

Putrescine 22.29 d 18.21 c 76.05 a 67.26 efg 12.14 l 9.650 h 
Jasmonic acid 23.12 c 18.75 b 73.15 c 72.11 b 13.83 d 10.54 def 
Kinetin 21.58 e 17.54 d 74.83 b 66.64 fgh 13.21 f 12.10 a 
KNO3 22.50 d 18.06 c 75.21 b 74.24 a 15.07 a 9.530 h 
Salicylic acid 22.08 d 20.57 a 76.10 a 71.94 b 13.18 fg 10.72 d 
Control 23.15 c 15.28 gh 72.21 de 70.01 d 11.98 lm 9.280 ij 

Unaged 

Putrescine 20.44 g 18.04 c 72.76 cd 66.56 gh 13.77 d 11.88 b 
Jasmonic acid 20.96 f 16.68 e 74.84 b 71.04 c 13.53 e 10.54 def 
Kinetin 24.36 b 18.21 c 73.09 c 70.33 d 14.77 b 10.72 d 
KNO3 19.44 h 18.90 b 68.83 k 73.82 a 14.45 c 10.56 def 
Salicylic acid 24.99 a 18.04 c 71.96 ef 69.96 d 13.33 f 10.66 de 
Control 24.66 ab 17.74 d 69.70 ij 71.46 bc 13.02 gh 10.50 ef 

*: significant at p<0.05, **: significant at p<0.01, ns: non-significant 
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significant roles of kinetin hormone in flowering 
and flower development and consequently on seed 
formation. Early formed seeds usually ripen early, 
thus have lower moisture levels at harvest. 

As it can be seen 
from Table 6, the effects of seed priming treatments 
on thousand seed weights were found to be signifi-
cant at both locations (Ankara-Eskişehir) (p<0.05). 
In Ankara location, thousand seed weights varied 
between 15.13 - 24.99 g. The greatest value was 
obtained from salicylic acid-primed aged Digestivo 
seeds, they were followed by the control treatment 
of aged Digestivo seeds which were placed in the 
same statistical group and lowest value was ob-
tained from the control treatment of unaged Sugar 
Graze II seeds. In Eskişehir location, thousand seed 
weights varied between 14.19 - 20.57 g with the 
greatest value from salicylic acid-primed unaged 
Digestivo seeds and the lowest value from jasmonic 
acid-primed unaged Sugar Graze II seeds. Present 
findings about the effects of salicylic acid treat-
ments on thousand seed weights were similar with 
the findings of Kaydan and Yağmur [34] reported 
for lentils and wheat seeds, but different from the 
findings of Pakmehr reported for cowpea. 

The effects of 
seed priming treatments on hectoliter weights of 
two different sorghum hybrids were found to be 
significant at both locations (Ankara-Eskişehir) 
(p<0.05) (Table 6). In Ankara location, hectoliter 
weights varied between 63.53 - 76.10 kg. The 
greatest value was obtained from salicylic acid-
primed unaged Digestivo seeds, they were followed 
by putrescine primed unaged Digestivo seeds which 
were placed in the same statistical group and the 
lowest value was obtained from kinetin-primed 
aged Sugar Grazer II seeds. In Eskişehir location, 
hectoliter weights vary between 60.26 - 74.24 kg. 
The greatest value was obtained from KNO3-
primed unaged Digestivo seeds, they were followed 
by KNO3 primed aged Digestivo seeds and the low-
est value was obtained from the control treatment 
of aged Sugar Grazer II seeds. Present findings 
about the effects of salicylic acid treatments on 
hectoliter weights were similar with the findings of 
Ahmad et al. [1], Raza et al. [42] and Senaranta et 
al. [43]. Current findings about the effects of KNO3 
treatments on hectoliter weights also comply with 
the findings of Hajikhani et al. [26] and Hussain 
[28].

 
As it can be seen from Ta-

ble 6, seed priming treatments had significant ef-
fects on protein ratios of two different sorghum 
hybrids at Ankara location (p<0.01) and Eskişehir 
location (p<0.05) (Table 6). In Ankara location, 
protein ratios varied between 11.2 - 15.07% with 
the greatest value from KNO3-primed unaged Di-

gestivo seeds and the lowest value from the control 
treatment of unaged Sugar Grazer II seeds. They 
were followed by the control treatment and aged 
Sugar Grazer II seeds which were placed into the 
same statistical group. In Eskişehir location, protein 
ratios varied between 8.11 - 12.10% with the great-
est value from kinetin-primed unaged Digestivo 
seeds and the lowest value from the control treat-
ment of aged Sugar Grazer II seeds. They were 
followed by the control treatment of unaged Sugar 
Grazer II seeds which were placed into the same 
statistical group. The greatest crude protein ratios 
of both cultivars were obtained from Ankara loca-
tion since Ankara had higher temperatures and pre-
cipitations and lower relative humidity values than 
Eskişehir. Crude protein ratios generally increase at 
hot temperatures and sandy soils. Present findings 
about the effects of KNO3 treatments on protein 
ratios were different from the findings of Hussain et 
al. [28] reported for sunflower. Cytokinins play 
significant roles in plant vegetative growth and de-
velopment. When the plants get into vegetative 
period early, leaf area index values increase, then 
such an increase allows plants to get more sunshine 
and to have higher photosynthesis rates and conse-
quently have higher protein ratios.  

Considering the entire findings, it was con-
cluded that reactions of priming agents were differ-
ent in aged and unaged seeds. Salicylic acid, 
jasmonic acid and KNO3 priming treatments yield-
ed positive and successful outcomes. It was con-
cluded based on current findings that priming 
treatments may result in different outcomes based 
on the cultivars and locations. Results may be posi-
tive in some locations and negative in some others. 
In seed industry, priming with different chemicals 
can successfully be used to stimulate-activate seed 
vigor. 
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XC-72 Carbon/PTFE gas diffusion electrode 

was prepared and characterized by Field Emission 
Scanning Electron Microscope (FESEM). This gas 
diffusion electrode has been applied to remove di-
methyl phthalate (DMP). Based on response surface 
methodology (RSM), central composite design 
(CCD) was used to study the effect of several oper-
ating parameters – Fe2+ concentration, the initial pH 
and cathodic potential on the DMP removal efficien-
cies. According to the experimental results, the RSM 
model was derived and the response surface plots 
were given. The optimal condition for removal of 
DMP is 0.49mM of c(Fe2+), -0.55V of cathodic po-
tential and initial pH=3. The actual degradation ratio 
of DMP could reach 90% under that condition. Apart 
from the discussing of the relative mechanism, the 
recyclability of XC-72 Carbon/PTFE gas diffusion 
electrode was also evaluated. 

Electro-Fenton, XC-72 Carbon/PTFE gas diffusion elec-
trode, dimethyl phthalate (DMP), response surface meth-
odology (RSM), optimal condition  
 

 
As one of typical indispensable additive of 

plastics, dimethyl phthalate (DMP) has been widely 
used [1, 2]. The total consumption of DMP is about 
6 million tons in the world each year [3]. However, 
overdose and metabolites of DMP may result in 
damage of human's endocrine systems [4, 5]. The 
threat of DMP has brought a great concern to aca-
demia and public.  

Usage of the advanced oxidation processes 
(AOPs) is a promising way for organic pollutant 
degradation [6]. Among AOPs, the electro-Fenton 
(EF) process is an effective method to combine hy-
droxyl radicals (OH ) produced in the Fenton reac-

tion with electrochemistry [7]. In classical EF pro-
cess (Fig. 1), reaction mechanism for the formation 
of OH  can be described as follows: 
Fe2++ H2O2 → Fe3++ HO•+OH-   (1) 
Fe3+ can be reduced to Fe2+ via Eqs. (2) and (3).  
Fe3++ H2O2 → Fe2+ + HO•2 + H+   (2) 
Fe3+ + HO•2 → Fe2++ O2+ H+    (3) 

 

 
 

However, the limitations of EF applications is 
the low concentration of H2O2 which produced by O2 

dissolved in the solution (O2 +2e-+ 2H+ → H2O2). 
Therefore, gas diffusion cathode (GDC) has been 
used to accelerate oxygen diffusion and enhance the 
availability of H2O2 [8]. Carbon and PTEF-based 
GDC has been applied to remove refractory organics 
from solutions in the EF process [9]. Response sur-
face methodology (RSM) has been applied to model 
and optimize several wastewater treatment processes 
including adsorption [10, 11], Fenton’s oxidation [12] 
and photocatalytic decolorization processes [13]. In 
this study, the RSM was used to study the influence 
of experimental parameters (Fe2+ concentration, ini-
tial pH and cathodic potential) on the degradation ef-
ficiency of DMP by EF process. The degradation ef-
ficiency was selected as the response for optimiza-
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tion and the functional relationship between the re-
sponse and the most significant independent varia-
bles (factors) was established by means of experi-
mental design. All the parameters are simultane-
ously applied in order to calculate their relative ef-
fect.  

 
 

 Dimethyl phthalate (DMP), was 
chosen as the model compound and used without 
further purification. Analytical grade sulfuric acid, 
anhydrous sodium sulfate, sodium hydroxide and 
ethanol polytetrafluoroethylene (PTFE) solution and 
XC-72 carbon were obtained from Aladdin Indus-
trial Corporation, Shanghai, China. 

Appropriate amounts of XC-
72 Carbon (0.1 g), PTFE (0.42 g), distilled water (60 
ml) and ethanol were mixed in an ultrasonic bath for 
10 min to create a highly dispersed mixture. The re-
sulting mixture was heated at 80 until it resembled 
an ointment in appearance. The ointment was 
bonded to 50% PTFE-loaded carbon papers and sin-
tered at 350  for 30 min under inert conditions (N2). 
The resulting plate was then cut to obtain operational 
plates XC-72 Carbon–PTFE plates of 25 mm diam-
eter and about 0.6 mm thickness. 

 Fig. 2 shows the 
schematic illustration of the experimental set-up. 
The experiments were conducted at room tempera-
ture in an open glass cell of 1L capacity and per-
formed at constant current. O2 was fed onto the an-
ode surface at a flow rate of 400 mL min 1 . The deg-
radation ratio of DMP was measured at 120 minutes 
after the processes started. 

The pH of solution was 
measured by Mettler-Toledo FE20 pH meter (Met-
tler-Toledo Instruments Co., Ltd., Shanghai). DMP 
was quantified by high performance liquid chroma-
tography (LC-20AT/SPD-M20, SHIMADZU, Ja-
pan). The column temperature was maintained at 
30 , and keeping the sample loop volume at 20
L. The concentration of DMP was determined by 
HPLC with the detection wavelength of 276 nm, 
which is the maximum adsorption of DMP. A mix-
ture of acetonitrile and water at a ratio of 50:50 (v/v) 
at a flow rate of 1.0 mL min-1 was used as the mo-
bile phase. Before taking HLCP test, the sample re-
moved from reactor was quenched with HLCP-grade 
methanol to prevent further degradation. 

The per-
formance of photo-Fenton process is closely related 
to the Fe2+ concentration, cathodic potential, and pH 
of the experimental solution. A series of experiments 
were carried out at different Fe2+ concentration from 
0.2 to 0.6mM while the initial pH from 1 to 5, ca-
thodic potential were kept at -1.5V and -0.5 V, re-
spectively. As shown in Fig. 3a, with the increasing 
concentration of Fe2+, the degradation ratio of DMP 
ascends to a constant value. Hence, 0.2mM and 
0.6mM of Fe2+ were chosen as the low and high level, 
respectively. As shown in Fig. 3b, the degradation 
ratio of DMP increases initially and then decreases 
with the increasing values of the pH [14]. Thus, 2.0 
and 4.0 were chosen as the low and high level of pH, 
respectively. Keeping the initial pH=3.0 and the con-
centration of Fe2+ at 0.4 mM, experiments were pro-
ceeded with cathodic potential from -1.5 to -0.2.V. 
According to Fig. 3c, the degradation ratio of DMP 
rises at first, and then falls with the increasing ca-
thodic potential. 
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Variable Symbol Coded levels 
 -1.68 -1 0 1 1.68 

Fe2+concentraton x1 0.06 0.2 0.4 0.6 0.74 
initial pH x2 1.32 2 3 4 4.68 
Cathodic potential x3 -1.04 -0.9 -0.7 -0.5 -0.36 

For passage from coded variable level to natural variable level, the following equations were used:  
X1=(x1-0.4)/0.2; X2=(x2-3); X3=(x3+0.7)/0.2,xi refer to the actual values Xi refer to the coded values 

In order to 
investigate the effect of the three independent varia-
bles, namely, Fe2+ concentration (χ1), initial pH (χ2) 
and cathodic potential (χ3) on the degradation of 
DMP, the following second-order polynomial re-
sponse equation was used to correlate the dependent 
and independent variables: 
Y=a0+a1X1+a2X2+a3X3+a11X12+a22X22+a33X32+a12X
1X2+a13X1X3+a23X2X3 

where Y is a response variable of the degrada-
tion ratio of DMP. ai are regression coefficients for 
linear effects, aii the regression coefficients for 

squared effects, aik the regression coefficients for in-
teraction effects, and xi are coded experimental lev-
els of the variables. 

The actual values of variable levels were se-
lected based on the results provided above. The ex-
perimental ranges and the levels of the independent 
variables for DMP removal are given in Table 1. A 
total number of twenty experiments was employed 
for response surface modeling. The experimental re-
sults and predicted values for DMP removal efficien-
cies are presented in Table 2. The Design expert  
software (version 8.0) was used for regression anal-
ysis. 
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No. 

Variable levels/ 
coded values 

Residual ratio/% 
(Y) 

Fe2+ concentration 
(X1) 

initial pH 
(X2) 

Cathodic potential 
(X3) 

Observed Predicted 

1 -1 -1 -1 82.33 79.46 
2 1 -1 -1 71.94 71.13 
3 -1 1 -1 72.17 74.51 
4 1 1 -1 61.95 68.76 
5 -1 -1 1 32.24 27.72 
6 1 -1 1 21.88 21.84 
7 -1 1 1 92 95.1 
8 1 1 1 86.65 91.81 
9 -1.68 0 0 82.15 84.42 
10 1.68 0 0 80.15 74.64 
11 0 -1.68 0 21.85 27.86 
12 0 1.68 0 91.78 82.53 
13 0 0 -1.68 82.17 80.02 
14 0 0 1.68 56.98 55.89 
15 0 0 0 87.1 88.5 
16 0 0 0 91.49 88.5 
17 0 0 0 81.23 88.5 
18 0 0 0 89 88.5 
19 0 0 0 90.6 88.5 
20 0 0 0 91 88.5 

 

Source F-value Prob-F  
model 30.1 <0.0001 Significant 

Lack of Fit 3.76 0.0863 Not Significant 
 
 

 

In Fig. 4, the morphology 
of XC-72 Carbon/PTFE Gas Diffusion Electrode 
was determined by scanning electron microscopy 
(SEM, JSM-6330F, Japan electron optics laboratory 
CO., LTD).  

 

 

Based on 

these results, an empirical relationship between the 
response and independent variables was attained and 
expressed by the following second-order polynomial 
equation: 

Y=88.5-2.91X1+16.25X2-

7.17X3+0.65X1X2+0.61X1X3+18.09X2X3-3.17X12-
11.77X22-7.26X32 

The relative contribution of the three variables 
to the degradation ratio of DMP (y) was directly 
measured by the respective coefficient in the fitted 
model. As indicated in Table 3, analysis of variance 
(ANOVA) of this model was given. The model “F-
value” of 30.1 implies the model is significant. Val-
ues of “Prob-F” less than 0.0500 indicate model 
terms are significant. Values greater than 0.1000 in-
dicate the model terms are not significant. The value 
of “Prob-F” in this model is far less than 0.0001 
(<0.0001), implying the terms in this model are sig-
nificant. The “Lack of Fit F-value” of 3.76 implies 
the “Lack of Fit” is not significant relative to the 
pure error. There is a 8.63% chance that a “Lack of 
Fit F-value” of that large could occur due to noise.  

According to Table 4, the value of “R-Squared” 
and “Adj R-Squared” are 0.9644 and 0.9324, respec-
tively, which indicate that the quadratic model have 
a satisfactory adjustment with experimental data. 
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The “C.V.” (coefficient of variance) is used to meas-
ure the reproducibility of the model. In general, a 
model can be considered reasonably reproducible if 
the value of “C.V.” is not bigger than 10% [15]. 
“Adeq Precision” measures the signal to noise ratio. 
A ratio greater than 4 is desirable. The ratio of 17.39 
indicates an adequate signal. This model can be used 
to navigate the design space. The value of “Std. Dev.” 
(5.96) and “Press” (2240.88) also illustrate that the 
quadratic model is reliable. 

 

Variable of model Values 
R-Squared 0.9644 
Adj. R-Squared 0.9324 
Std. Dev 5.96 
C.V. (Coefficient of 
variance) / % 

8.13 

Adeq. precision 17.39 
Press 2240.88 

 
In addition to regression coefficient, the ade-

quacy of the models was also evaluated by the resid-
uals (difference between the observed and the pre-
dicted response value). the Normal probability plot 
(Fig. 5a), internally studentized residuals versus pre-
dicted value plot (Fig. 5b) and predicted values of 
degradation ratio vs. experimental points plot (Fig. 
5c) were given. According to Fig. 4a, the linear 
shape plot indicates that the residuals follow a nor-
mal distribution and there is no need for transfor-
mation of response. The random scatter of residues 
suggests that the variance of original observation is 
constant for all values of the response, as shown in 
Fig. 5b. In Figure 5c, all points are distributing rela-
tively near to the regression, indicating that the pre-
dicted values of degradation ratio are in good agree-
ment with the experimental ones. Results confirm 
that the experimental values are in good agreement 
with the predicted values. 

The response surface of the model-
predicted responses, while one variable kept at con-
stant and the others varying within the experimental 
ranges, were obtained by the Design expert soft-
ware (version 8.0) and utilized to assess the interac-
tive relationships between the process variables and 
treatment outputs for electro-Fenton treatment of 
DMP. As can be seen from Fig. 6, the highest degra-
dation efficiency (>93%) occurred when Fe2+ con-
centration was kept at about 0.5mM. The degrada-
tion efficiency decreased with an increasing Fe2+ 
concentration. The initial pH and cathodic potential 
have a influence on the degradation efficiency.  
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The de-
sired goal in term of decolorization efficiency was 
defined as “maximize” to achieve highest treatment 
performance. The optimum values of the process 
variables for the maximum DMP efficiency are 
shown in Table 5. As is shown in Fig. 7, degradation 
ratio of DMP decreased to 40% with reused after 5 
times reused.  

 
 

Variables Optimum value 
Fe2+ concentration (mM) 0.49 
initial pH 3 
cathodic potential (v) -0.55 

 

 
The experimental design methodology was 

used to study the influence of experimental parame-
ters (Fe2+ concentration, initial pH and cathodic po-
tential) on the degradation efficiency of DMP by 
electro-Fenton. Based on the experimental results, 
an empirical relationship between the response and 
independent variables was attained and expressed by 
the second-order polynomial equation. ANOVA 
showed a high coefficient of determination value 
(R2=0.9644), thus, ensuring a satisfactory adjust-
ment of the second-order regression model with the 
experimental data. The optimal condition for treat-
ment of DMP was determined. Keeping initial pH=3, 
the concentration of Fe2+ at 0.49mM, the cathodic 
potential at -0.55V, degradation ratio of DMP could 
reach to the maximum. With high recyclability, Vul-
can XC-72 carbon gas diffusion electrode could be 
reused for over 5 times.  
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We report the pilot test by using the microbial 

activation technique at the second stage of the origi-
nal contact oxidation tank on the basis of the conven-
tional AOO method in treating PTA wastewater. It is 
proven that the COD in the effluent drops from 80 to 
50 mg L-1, which is about 37.5% enhancement in ef-
ficiency. Three cases with the inflow of 0.5, 1.0, and 
2.0 m3 h-1 were investigated. Our test indicates that 
the COD of effluent that is less than 50 mg L-1 can 
be guaranteed when the volume load of COD is less 
than 0.4 kg m-3 d-1. The mechanism of the microbial 
activation technique is discussed. Porous activated 
powders provide the large amount of surface for the 
growth of microbial agents, while the nutrient acti-
vated liquid greatly enhances the microbial activity 
in the local porous environment, facilitating the total 
oxidation of pollutant molecules in PTA wastewater. 

 
 

PTA, wastewater treatment, activated powder, activated 
liquid, COD, removal efficiency 

 
 

 
Purified terephthalic acid (PTA) has been 

widely used as an important raw material in petro-
chemical industry [1-3]. Generally, in PTA 
wastewater five aromatic compounds including 4-
carboxybenzaldehyde, benzoic acid, p-toluic acid, 
phthalic acid, and acetic acidcontribute about 75% to 
the total chemical oxygen demand (COD), invoking 
serious environmental problems [4]. 

So far, many techniques such as anaerobic and 
aerobic biological treatment [5-7], advanced oxida-
tion processes (AOP) [8], supercritical wateroxida-
tion [9], ultrasound enhanced ozonation [10], elec-
trocoagulation [11, 12], coagulation- flocculation 

[13], adsorption [14], membrane separation [15] and 
photocatalysis [16] have been used for the treatment 
of PTA wastewater. Among these methods, biodeg-
radation technology has been widely studied and 
used with lower costs and considerable efficiencies. 

In a petrochemical plant, PTA wastewater 
treated with the conventional AOO method cannot 
meet the new requirement for discharge. The exist-
ing treatment technique comprises of pretreatment, 
anaerobic, first-stage contact oxidation, intermediate 
sedimentation, second-stage contact oxidation, and 
the final sedimentation. With this PTA treatment 
technique, the COD in the outlet of the second-stage 
oxidation tank is about 80 mg L-1. 

In this work, we report the pilot test by using 
the microbial activation technique at the second 
stage of the original contact oxidation tank. The 
COD in the effluent reaches the level of lower than 
50 mg L-1, enhancing about 37.5% efficiency in re-
moving COD from PTA wastewater. 

 
 

 
The pilot test flow block is shown in Figure 1. 

The outlet of the intermediate sedimentation is lifted 
to the tester, the outlet of which is discharged into 
the existing second-stage contact oxidation tank. 

 

Test equipment includes lift pump, inte-
grated biochemical pool, water collection tank, ef-
flux pump, aeration fan, activated liquid dosing de-
vice, and activated powder dosing device. Detailed 
parameters refer to drawing (microbial activation 
technique test flow diagram). 

Potassium dichromate titration includes 500 ml 
all-glass reflux unit, electric stove, 25 mL acid bu-
rette, and 500 ml conical flask. 
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Other equipment includes the online COD in-
strument, PH instrument, thermometer, and flowme-
ter. 

Relevant agentia in-
cludes Potassium dichromate standard solution, Fer-
roin indicator solution, ammonium ferrous sulfate 
standard solution, mercury sulfate, and digestive 
juice. 

Whether the positions of the inlet and outlet and the 
ways of water distribution and collection meet the 
requirement of the process design must be checked 
and verified. 

Before formal working, aeration detection must 
be carried out. In detail, 1/4 to 1/3 capacity of the 
draught fan is delivered to the aeration pipe of mi-
crobial chemical pool, and check the quality of con-
nection between all nodes located at the pipe, guar-
anteeing that there is no leakage anywhere. 

Check all the places and their methods for fas-
tening, guaranteeing the reliability. 

Check the installation of aeration pipes and aer-
ators, guaranteeing that they are located at the same 
horizontal plane with the error less than 1mm.  

In the first operation, water level must be about 
0.5 m higher than the aeration pipes and aerators, 
then start the draught fan to check whether the aera-
tion pipes and aerators can work well. The system 
works perfectly when the air volume is large, the 
bubble is fine, and the tumbling is even. 

. Add 350 
g activated powders and 3.5 g activated liquid in 350 

L activation pot with full water. The culture finishes 
after continuous aeration for 72 hours (the diffusion 
velocity of the bubble emerging from water is 15 ~ 
30 cm s-1). 

Start the agitator with 10 m3 water in 
tank 1 and add 3 kg activated powders (300 mg L-1) 
and 100 g activated liquid (10 mg L-1) in it. After 72 
hours, another 3 kg activated powders are added and 
begin to fill water with the inflow of 5 m3 d-1. At the 
same time the activated liquid are added with the 
concentration of 5 mg L-1 corresponding to the in-
flow. When tank 2 is full the agitator is started. 

The effective volume of tank 2 is 
about 16.5 m3. And the dissolved oxygen is con-
trolled by air inflow of aeration with the concentra-
tion of 2~3 mg L-1 detected in 2 hours. Then 6 kg 
activated powders (about 1000 mg L-1) and 60 kg ac-
tivated liquid (about 10 mg L-1) are added into tank 
1 and aerates for 48 hours. Afterwards, the inflow is 
set as 0.5 m3 h and the activated liquid (10 mg L-1) is 
added from the inlet of tank 1. At the same time, the 
microbe cultured in the activation pot is also added 
evenly with the dosage of 1/3 volume of the activa-
tion pot per day (it is suggested that the microbe is 
first diluted in another pot and added with a dosing 
pump). 1/3 volume water, 110 g activated powders, 
and 1.1 g activated liquid are supplemented in the 
activation pot.

At the initial stage, the inner recycle is per-
formed. The effluent discharges when the COD  
stabilizes. The inflow maintains at the level of 0.5 
m3h-1 until the COD in effluent meets the design 
value. Then, the inflow is adjusted to 1.0 m3 h-1 and 
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performs the same procedure. The test finishes when 
the inflow reaches 2.0 m3 h-1 and COD in effluent 
meets the design value. 

 
 

 
Twenty eight days after the microbe culturing, 

the inflow, the quality of inflow and effluent, the 
dosage, and the actual volume load are recorded cor-
responding to different inflow of 0.5, 1.0, and 2.0m3 
h-1 respectively. 

When the inflow is 0.5 m3 h-1, the dosage of ac-
tivated powders and liquid and the online COD in the 
inflow and effluent are shown in Figure 2. The dos-
age of activated powders and liquid is fixed at the 
level of 10 mg L-1 and 20 mg L-1. It can be seen that 
the COD in the effluent locates between 39 and 49 
mg L-1 when the COD in inflow is between 226 and 
363 mg L-1. Although the COD in the inflow fluctu-
ates in a large scale, the COD in the effluent distrib-
utes in a very narrow region. This indicates that the 
system has an efficient impact resistance. 

Figure 3 shows the case of the inflow of 1.0 

m3/h. The COD in effluent increases slightly when 
the COD in the inflow increases dramatically but 
with an apparent delay. However, the COD in the ef-
fluent remains to be lower than 50 mg L-1. The COD 
in effluent returns smoothly to the equilibrium value 
of about 37 mg L-1 when the COD in inflow drops 
down. At the highest value of COD in inflow we in-
crease the dosage of activated powders from 5 to 10 
mg L-1 and that of activated liquid from 10 to 27 mg 
L-1. But this change in dosage of activated powders 
and liquid seems to be of no effect on reducing the 
COD in effluent. 

Figure 4 shows the case of the inflow of 2.0 m3 
h-1. The dosage of activated powders and liquid are 
10 mg L-1 and 27 mg L-1 respectively. When the 
COD in inflow is between 124 and 134 mg L-1, the 
COD in effluent is no more than 50 mg L-1. 

 
When the volume load is lower than 0.4 kg m-3 

d-1, the COD is lower than 50 mg L-1. Compared to 
the conventional AOO method the COD removal ef-
ficiency by using the microbial activation technique 
has an enhancement of 37.5%. 

 

In the early an-
aerobic biological treatment, macromolecular or in-
soluble organic materials have been decomposed 
into small organic molecules, which are in favor of 
the growth of filamentous bacteria in the next aero-
bic biological treatment. However, the overgrowth of 
filamentous bacteria can cause the serious sludge 
bulking. One effective method in controlling the fil-
amentous sludge bulking is to take the bio-contact 
oxidation technique, which effectively reduces the 
overgrowth of the free-floating filamentous bacteria 
in the tank [17]. 

In our microbial activation technique, activated 
powders are the porous materials similar to the acti-
vated carbon, providing great amount of surface for 
the growth of filamentous bacteria. Moreover, the 
porous activated powders can effectively adsorb 
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small organic molecules. Thus, the porous activated 
powders provide the local bacteria- and pollutant- 
rich environment at the same time, which can greatly 
enhance the oxidation efficiency.  

To maintain the the local rapid oxidation pro-
cess, it is necessary to provide nutrients for the con-
tinuous growth of microbial agents. In our research, 
it is found that the mole ratio of C: N: P = 100: 5: 1 
in the activated liquid can effectively enhance the 
microbial activity, facilitating the total oxidation re-
action of the small pollutant molecules.  

 
 

 
Firstly, when the COD of inflow is less than 

363 mg L-1, the COD of effluent is less than 50 mg 
L-1. The efficiency in removing COD rises about 
37.5%, compared with the old existing system. Sec-
ondly, the COD of effluent does not decrease appar-
ently when the concentration of activated powders 
and liquid increases. Thirdly, when the inflow is 2 
m3 h-1 and its COD is between 100 and 200 mg L-1, 
the COD of effluent is the lowest with the value be-
tween 37 and 40 mg L-1. 

Therefore, there is no influence on the COD of 
effluent when dosage doubles. When the COD of in-
flow fluctuates between 83 and 363 mg L-1, the final 
COD of effluent drops to less than 50 mg L-1. Our 
test indicates that the COD of effluent that is less 
than 50 mg L-1 can be guaranteed when the volume 
load of COD is less than 0.4 kg m-3 d-1. 

Apart from the porous activated powders that 
provide the large amount of surface for the growth of 
microbial agents, appropriate mole ratio of nutrient 
elements of Carbon, Nitrogen, and Phosphorus (100: 
5: 1) is important for the enhancement of microbial 
activity in PTA wastewater. 
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The heavy metal and nutrient contents of sur-

face water were determined in an area affected by 
coal mining-related subsidence. Samples were col-
lected from sites (  = 42) in the Huainan region of 
China, and the sources of pollution were also inves-
tigated. The concentrations of several pairs of metals 
were correlated (P-As, Cu-Ni, and Fe-Mn), indicat-
ing that they originated from same source. This was 
substantiated by analysis of spatial distribution, 
which found that two pairs of metals (Cu-Ni and Fe-
Mn) had similar distributions. Principal component 
analysis indicated that three components explained 
70% of the total variance in water quality, being N, 
P-As, and Cd-Pb. The Water Quality Integrative Pol-
lution Index and the land use type of each sampling 
site were obtained, and correlations between them 
were observed.  

Coal mine, metal pollution, land use, Huainan, subsidence  
 
 

 
The Huainan mining area has one of the thir-

teen largest coal reserves in China and is its sixth-
largest electricity producer. It is rich in good quality 
coal and has a large capacity for production [1]. 
While mining has undoubtedly brought wealth and 
employment, it has simultaneously caused extensive 
environmental degradation and disruption to soci-
ety’s traditional values [2]. The environmental chal-
lenges include damage to hydrological systems, min-
ing waste disposal, and air pollution [3]. Addition-
ally, the excavation of coal seams has caused exten-
sive land subsidence. Where subsidence has ex-
ceeded the depth of the water table, groundwater has 
inundated the land and formed perennial water-
logged zones [4]. 

Coal mining processes are also regarded as the 
main anthropogenic source of heavy metals. Heavy 

metals in coal or coal gangue can be released by 
many processes, including weathering, washing, 
leaching, and combustion. Besides metals, nutrients 
(nitrogen and phosphorous) are also carried into sub-
sident land by rainfall runoff [5, 6]. Eutrophication 
within these waters is the most important environ-
mental issue in this region [7]. 

Over the last few decades, trace metal mobility 
and partitioning in the soils and sediments of coal 
mining areas has received intense attention because 
of the potentially great hazards it poses to the eco-
sphere and to humans [8-14]. However, in spite of 
prolific mining activities, little information is avail-
able from Huainan on trace metal pollution and its 
fate in surface waters. Until now, there has been lim-
ited recognition of the pollution of water bodies 
caused by subsidence. The objectives of the present 
work were to (1) assess water quality in terms of sev-
eral standards; (2) evaluate the spatial distribution of 
heavy metals across the sampling area; (3) explore 
trace element sources by multivariate statistics; and 
(4) determine the relationship between water quality 
and land use types. The results will be useful for im-
proving water management practices. 

 
 

The study area en-
compasses the city of Huainan and extends to the 
city of Fuyan in western Anhui Province. From west 
to east, the area spans longitudes 116°14'38.19'' to 
116°53'05.67'' E, while from south to north it spans 
latitudes 32°36'10.49'' to 32°51'59.42'' N. The study 
was conducted during December in 2016. Samples 
from 42 sites were used to assess water quality in 
subsidence areas of Huainan, Anhui Province (Fig-
ure 1). 

The total phosphorous (TP), total nitrogen (TN), 
and ammonia nitrogen (NH3-N) contents of the wa-
ter samples were determined by following Chinese 
standard methods [15, 16]. Water TP was analyzed 
by the ammonium molybdenum ascorbic acid 
method, with water samples digested using mixed, 
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concentrated, nitric and perchloric acids. The con-
centrations of TN in water samples were analyzed 
using the UV spectrophotometric method after pre-
treatment by alkaline potassium persulfate oxidation. 
The NH3-N concentrations were measured by Ness-
ler's reagent spectrophotometry method. Dissolved 
trace heavy metals were measured by inductively-
coupled plasma-atomic emission spectrometry (ICP-
AES, Perkin Elmer). To ensure quality control, each 
batch of samples was assessed with detection stand-
ard reference material and spiked samples. All anal-
yses were conducted in triplicate to increase the ro-
bustness of the results.  

 

Principal component anal-
ysis (PCA) was employed to explore the possible 
sources of trace elements. This involved reducing the 
dataset’s dimensions to exclude less influential fac-

tors and was conducted as described in [17]. A Pear-
son correlation coefficient matrix was constructed 
with the investigated elements to assess the extent of 
the inter-metallic relations. All data analysis was 
conducted using SPSS 16.0 software

Water quality was assessed according to the 
water quality integrative pollution index, which is an 
indicator of comprehensive water quality Before cal-
culating the WQI, the dataset was first standardized 
to avoid the numerical ranges of the original varia-
bles by -scale transformation, as follows [18]: 

…Eq. (1) 

where,  stands for the normalized value of the
th indicator at the th sampling site, the subscripts of 

 represent the original value of the th indicator at 
the th sampling site, and  is average of the th in-
dicator. Subscripts  and  are natural numbers. Three 
principal components were extracted with excellent 
cumulative in the present work. A principal compo-
nent index ( ) was calculated as: 

……Eq. (2) 

where  is the index of the principal compo-
nent ranging from 1 to 3, and  is the component 
value from the component matrix. Then, the WQI 
value for each sampling site was calculated as  
multiplied by the initial eigenvalues of each compo-
nent [19]. Land use pattern analysis was performed 
via GIS spatial analysis technology using ArcGIS 
10.1 for Desktop software. The buffer circle areas 
were set at radii of 1 and 5 km [20]. All contour maps 
of elemental and WQI distributions were drawn us-
ing Surface 10 software. 
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Surface water was sampled 
at 42 subsidence sites. Descriptive statistics of its 
physical and physicochemical characteristics and its 
elemental concentrations are presented in Table 1. 
The concentrations of trace elements in the samples 
were low but detectable at all locations.  

Of note are the concentrations of toxic metals 
found in the water bodies surrounding the mining 
area. The levels of Cr ranged from 5.71—103.323 
μg/L with a mean ± SD of 14.373 ± 22.914. The large 
SD reflects the uneven distribution of Cr concentra-
tions, with high levels detected at certain sites such 
as ZJ-01 (116º30′08.34" E, 32º45′46.97"N). As val-
ues varied from 0.593 to 17.523 μg/L with “mean ± 
SD” of “3.503 ± 3.783” μg/L, Cd mean concentra-
tion was 0.039 μg/L with SD of 0.018 μg/L. A mi-
nority of the samples (4 samples located near the 
Xinji area; 116º32′51.94"E, 32º41′58.71"N) were 
found to have Hg concentrations above the permis-
sible limit (1μg/L) for drinking water (according to 
the GB 5749-2006 standard). The mean concentra-
tions of trace elements Pb, Hg, and Cr were 21.20, 
1.8, and 14.35 μg/L in the Datong mining subsidence 
area, and were 45.8, 2.1, and 14.9 μg/L in the Xie’er 
mining subsidence pool, respectively [21]. 

It is noteworthy that pH values ranged from 
7.1—12.6 (mean ± SD = 9.102 ± 1.131) indicating 
that all samples were slightly alkaline. However, 
they were within the permissible range for all cate-
gories of the Chinese surface water quality standard 
GB 3838-2002. In general, the results suggest there 
is a higher rate of metal release into the sediment-
water system at lower pH than at higher pH [22]. 
However, the association between pH and Zn and Cd 

metal concentrations was much weaker. Hence, acid-
ification has not resulted in increased concentrations 
of Zn and Cd occurring in rivers [23]. 

 
A Pearson 

correlation analysis was used to provide some infor-
mation on the relationships between trace metals and 
their common sources and pathways. [24] Results 
showed strong and statistically significant (  < 0.05) 
correlations between concentrations of As-P (  = 
0.834), Cu-Ni (  = 0.984), and Pb-Cd (  = 0.686). 
This suggests that these elements originate from 
common or similar sources [25]. Also, significant 
but relatively moderate correlations were found be-
tween N-Mn (  = 0.41), Fe-Mn (  = 0.524), and Fe-
Pb (  = 0.377), suggesting that the sources of these 
metals are linked to some extent (Table 2). The val-
ues of TN were the sum of NO3-N, nitrite-nitrogen 
(NO2-N), NH3-N and organically-bonded nitrogen 
concentrations. This could explain the strong corre-
lations between TN and NH3-N concentrations (  = 
0.733,  < 0.01).  

 
Based 

on their total mean concentrations, the elements were 
categorized into two grades divided by a 10.0 μg/L 
threshold. The more abundant elements were Fe, Mn 
and Zn (> 10.0 μg/L), while As, Cd, Hg and Pb were 
less abundant. Figure 2 illustrates the variation in 
heavy metal concentrations and their distribution 
across the sampling sites. The distributions of Ni and 
Cu were extremely similar. Meanwhile, Fe had three 
areas of high concentration and had a similar distri-
bution to that of Mn, which was most concentrated 
at 32.7°0'0'' N, 116.7°0'0'' E. Based on the spatial dis-
tribution of 10 heavy metal elements, we  conclude  

 TP TN NH4 Cr Mn Fe Ni Cu Zn As Cd Hg Pb 
TP 1             

TN 0.389* 1            
NH4 0.149 0.733** 1           
Cr -0.109 -0.285 -0.224 1          

Mn 0.197 0.410** 0.395** -
0.116 1         

Fe 0.025 0.084 0.182 0.347* 0.524** 1        

Ni -0.086 -0.188 -0.193 0.006 -0.076 0.007 1       

Cu -0.088 -0.19 -0.184 -
0.003 -0.052 0.013 0.984** 1      

Zn -0.117 0.001 0.004 -
0.051 0.033 0.014 0.13 0.074 1     

As 0.834** 0.292 -0.024 0.003 0.049 0.107 -0.043 -0.06 -0.07 1    

Cd 0.096 0.076 -0.153 -
0.119 0.032 0.141 0.266 0.223 0.321* 0.219 1   

Hg 0.091 0.136 0.213 -
0.085 -0.065 0.01 -0.044 -

0.083 
-

0.166 0.019 0.08 1  

Pb 0.176 0.391* 0.082 -
0.131 0.188 0.377* 0.147 0.132 0.168 0.283 0.686** 0.013 1 

*. Correlation is significant at the 0.05 level (2-tailed).  
**. Correlation is significant at the 0.01 level (2-tailed). 
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 Zn      Pb      Ni 

 
Mn      Hg      Fe 

 
Cu      Cr      Cd 

 

 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total % of 
Variance 

Cumula-
tive % Total % of 

Variance 
Cumula-
tive % Total % of 

Variance Cumulative % 

2.601 32.514 32.514 2.601 32.514 32.514 1.965 24.564 24.564 
1.66 20.749 53.263 1.66 20.749 53.263 1.936 24.205 48.769 

1.383 17.289 70.552 1.383 17.289 70.552 1.743 21.783 70.552 
0.95 11.878 82.431       

0.842 10.52 92.951       

0.265 3.317 96.268       
0.165 2.059 98.327       
0.134 1.673 100       

that Ni, Cu and Cd concentrations were higher in the 
surface water of Fuyang city than in Huainan. There 
were higher concentrations of Mn, Fe and Cr in sub-
sidence areas of Huainan than in Fuyang. 

The num-
ber of significant factors and the percentage of vari-
ance explained by each were calculated (Table 3). 
The first three PCs explained about 70.55 % of the 
total variance, with eigenvalues > 1.3. Only PCs with 
eigenvalues > 1.3 were considered crucial. Because 
the initial eigenvalue of the third PC was 1.383, the 
initial eigenvalue of the fourth PC decreased dramat-
ically to 0.95. Thus, the first three PCs were used for 
further analysis. The first PC, with 35.51 % of the 
total data variance, had a strong positive loading of 
nitrogen in the forms of TN and NH3-N, indicating 
that there was a strong interrelationship between 
them. The second PC, responsible for 22.749 % of 
the total variance, had strong positive loadings of TP 
(0.942) and As (0.946). The third PC accounted for 
19.289% of the total variance, with strong loadings 

of Cd (0.927) and Pb (0.871). The communalities of 
the variances with high values (0.137—0.929) indi-
cates that the extracted factors fit well except for el-
ements Cr (0.31) and Hg (0.137). 

The influence of land use on the water quality 
of streams is scale-dependent and varies temporally 
and spatially [26]. As mentioned in the Liu (2016), 
construction land was the main source of pollution 
of the Taihu Lake basin. To the best of our 
knowledge, there was no research on the effect of 
coal mining subsidence on surface water quality. The 
magnitude of nutrient losses from agriculture to 
ground and surface water has been demonstrated [27, 
28]. In particular, N and P losses can negatively af-
fect the quality of soils, ground water, surface water 
and the atmosphere, thus affecting the functioning of 
ecosystems and the earth as a whole [29]. 

We obtained the WQI for all surface water sam-
ples obtained from subsidence sites. The  values  
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ranged from 0.0273 to 9.8756, indicating that water 
quality varies substantially. The spatial distribution 
of the WQI indicates that surface water in the 
Fuyang coal mining subsidence area was polluted to 
some extent. This phenomenon could be explained 
by recent excavation activities which may have 
caused liquor from coal gangue to leach into surface 
water.  

We also gave consideration to the relationship 
between land use type, and nutrient and toxic heavy 
metal concentrations (Figs. 3 and 4). The concentra-
tions of N and P clearly varied with land use type, 
with a positive relation with agriculture field to some 
extent. However, metal concentrations had no rela-
tion with land use and appeared to be randomly dis-
tributed. Previous findings have consistently re-
ported close relationships between urban land use 
and water quality [30]. Agricultural land use has 
shown a significant positive correlation with chemi-
cal oxygen demand (CODcr), indicating that agricul-
ture is one of the primary causes of water quality de-

terioration [31]. Hosen et al. (2014) reported that in-
creasing the impervious coverage of catchment areas 
was associated with decreasing amounts of dissolved 
organic matter (DOM) in streams[32].  

 
 

 
The subsidence area of Huainan is extensively 

used as a water source for irrigation, washing, live-
stock, and the domestic needs of rural inhabitants. In 
particular, subsidence areas have been used as fish-
ery water body, which is the main pathway of water 
pollution. The results of the present study demon-
strate that nutrients are moderately abundant in water, 
while heavy metals are less abundant, except for Fe 
(> 300 μg/L), Mn (> 30 μg/L), and Ni (> 10 μg/L). 
We also found that correlated elements (P-As, Cu-Ni, 
and Fe-Mn), could be derived from the same source 
from the pedosphere. The distribution of trace ele-
ments in the water body indicates that the main 
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heavy metal pollutants varied according to the sam-
pling site. The relationship between WQI and land 
use type revealed that water quality was affected by 
the land type of water and agriculture directly. The 
percentage of the land use type of water and agricul-
tural land was positively correlated with the concen-
trations of N and P, rather than those of heavy metals. 
The results also suggest that the integration of water 
quality chemistry and GIS technology is useful as a 
new method for assessing pollution sources and 
aquatic toxicity. 
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In this study, six kinds of Cu2+ polluted soils 
were prepared by adding different concentrations of 
Cu2+ in typical purple soil, the physiological charac-
teristics such as germination rate, plant height, 
above-ground biomass and underground biomass of 
two pastures on the six Cu2+ polluted samples were 
determined by indoor potted experiments, and the 
correlation among the various physiological indica-
tors were analyzed. The results indicated: (1) Low 
concentration of Cu2+ could promote seed germina-
tion of the two pastures, when the concentration of 
Cu2+ exceeded 20 mg/L, seed germination of 

 was suppressed, but under 100 
mg/L Cu2+, seed germination of  was further 
promoted. The growth rate (plant height) of the 

 was slightly higher than that of 
, but the concentration of Cu2+ had little ef-

fect on the height of two herbage plants. (2) The 
above-ground biomass of two pastures was inhibited 
in the first 15-days when the Cu2+ concentration 
in excess of 20 mg/L, but  was greatly in-
hibited under the same conditions. When the Cu2+ 
concentration was 50~200 mg/L (

), the fresh weight and dry weight of the 
 (above-ground biomass) in 30-day 

were gradually decreased compared to 20 mg/L, 
while the above-ground biomass of  in-
creased with the increase of Cu2+ concentration. (3) 
The root of two herbage plants could reach a maxi-
mum of both the fresh weight and dry weight at 20 
mg/L Cu2+ treatment, but the root weight decreased 
with different degrees when Cu2+ concentration in 
exceed of 20 mg/L, and the root weight reduction of 

 was greater than at the 
same conditions. (4) The correlation among the plant 
height, the above-ground biomass and the under-
ground biomass of the was pos-
itive, while the correlation between the above-
ground and underground physiological indexes of 

 was lower. 
 

  
Cu2+ pollution, purple soil, pastures, physiological charac-
teristics 
 
 

Copper is an essential trace element for plant 
growth, but it is also a kind of heavy metal element 
which is polluting the environment [1]. When Cu2+ 
enters the soil environment, it is difficult to biode-
grade, and it is harmful to human health when people 
absorb Cu2+ through breath, hand or mouth touching 
and other ways [2]. Furthermore, Cu2+ can also enter 
the surface water and groundwater through leaching 
and runoff, and result in potential hazards for water 
environment [3]. In recent years, with the rapid de-
velopment of industrial technology, "three wastes" 
emissions seriously increased, leading to soil envi-
ronment contaminated by heavy metals, copper has 
become one of the dominating element in soil heavy 
metal pollution [4], copper pollution treatment work 
has become a difficult and hotspot of research [5]. 

At present, the physical, chemical and biologi-
cal repair methods were mainly used in the soil re-
mediation for reducing the heavy metal migration 
and the biological validity, so as to restore the origi-
nal nature and function of soil [6-7]. In recent years, 
phytoremediation as a green remediation technology 
has attracted much attention. it was through cultivat-
ing plants in contaminated soil, and using the accu-
mulation effect of heavy metals by normal plants to 
fix the soil, it was a new repair method by dealing 
with the final harvest of plants which has enriched 
heavy metals [3]. Furthermore, as a potential appli-
cation method for bioremediation, phytoremediation 
had the advantages such as low cost, less environ-
mental disturbance, no secondary pollution, environ-
mental friendly, large area implements, purify and 
beautify the environment [8-10]. Researches showed 
that low concentrations of copper pollution condi-
tions could not only improve the seed germination 
rate of plants, but also promote the growth of plant 
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[11-12], when copper ions in the soil (Cu2+) ex-
ceeded a certain load could seriously affect the 
growth of crops and vegetation [13-15]. Study on Hu 
et al. [16] showed that 5 µmol/L copper was toxic to 
maize ( ) seedlings, the growth of 
roots and shoots was inhibited obviously, and with 
the increase of Cu2+ concentration, the growth inhi-
bition was more obvious. When Yuan et al. [17] 
studied the effects of heavy metal copper on the plant 
height of  ( ), 
it was found that low concentration of copper (< 25 
mg/kg) could promote the growth of , and 
the high concentration of copper (> 25 mg/kg) could 
inhibit the growth of . The previous re-
searches on copper ion pollution of plants had made 
provisionality progress. if a plant with strong growth 
ability and short growth cycle can be used for copper 
ion adsorption, and a bioremediation research for 
typical copper polluted soil can be carried out, it will 
promote the sustainable development of regional ag-
riculture, but necessary research is relatively defec-
tive.  

 and  are two grass 
species adapted to climatic conditions in Sichuan 
province. They are also a soil and water conservation 
plants with extensive ecological plasticity. Studies 
on the cultivation techniques of these two plants in 
saline alkali environment, the breeding of resistant 
varieties and the mechanism of resistance had exten-
sive implemented [18-20], but researches about 
heavy metal pollution in ecological environment was 
not deep enough. This study was based on the typical 
purple copper contaminated soil, and potted experi-
ment on the growth ability of the two grass species 
was implemented, changes of physiological indexes 
of  and  in different con-
centration of copper contaminated soil were evalu-
ated to provide a theoretical reference for the reme-
diation study of copper contaminated soil. 

 
 

Potted soil was col-
lected from the typical purple soil in the experi-
mental field of China West Normal University. After 
multi-point sampling, the soil samples were mixed 
evenly, dried and crushed, and their physical and 
chemical properties were determined after screen-
ing, as shown in Table 1. The tested pastures were 

 and , and the seed was 
provided by Yayi flowers Taobao shop. The concen-
tration of copper pollution in the experimental treat-
ment was counted by Cu2+, prepared with 
CuSO4·5H2O. This analytical reagent was purchased 
from Xilong Chemical reagent Co., Ltd. 

 
The impurities, insects 

and low-maturity seeds were discarded, and 180 full 
seeds of two pastures was selected respectively. The 

seeds were soaked by potassium permanganate solu-
tion (1%) for 15 min, and cleaned with deionized wa-
ter 3 times, dehydrated by the filter paper. In pot ex-
periment, the polluted concentration of Cu2+ were set 
at 0 (CK), 20, 50, 100, 150 mg/L and 200 mg/L, and 
two replicates per treatment. Plastic pots with diam-
eter of 18 cm, height of 11 cm were used in the pot 
experiment, then 6 pots were filled with 1 kg of pur-
ple soil respectively. Followed by adding different 
concentrations of 250 mL Cu2+ solution, after Cu2+ 
solution penetrated the soil, 30 seeds with the same 
kind of pasture were evenly seeded under the soil 
surface of each pot with 1~2 cm, and watered 100 
mL per week after germination (4 times in total). The 
germination rate and plant height were measured at 
the growth stage, and the above-ground and under-
ground biomass of pasture were measured after har-
vest.   
 

Soil 
layer 
(cm) 

pH 
value 

CEC 
(mmol/kg) 

TOC  
content 
(g/kg) 

Cu2+  
content 
(mg/kg) 

0~30 8.08 288.46 16.66 18.60 
 

At the beginning of 
the experiment, the germination of 

 and  were observed daily, and the ger-
mination number of seeds was recorded every 12 h 
during germination. When the number of germina-
tion was no longer changed in the consecutive 3 d, it 
was thought to be complete and statistical germina-
tion rate. The formula of germination rate is: germi-
nation rate = (seed germination number / total num-
ber of seed tested) × 100%. The average plant height 
of  and  seedlings were 
measured 1 times every 3 days after germination, a 
total of 10 times. 

After 15 d of growth, the pastures were har-
vested half, and the other half were harvested after 
30 d of growth. The plants were divided into above-
ground parts (stems and leaves) and underground 
parts (roots) during harvest. Firstly, the dust and dirt 
in plant samples should be cleaned by tap water, and 
then rinsed with deionized water 2~3 times, filtered 
the water and weighed the each part separately. After 
weighing, the samples were put into the bag and 
dried to constant weight, and then weighed the dry 
weight of the above-ground parts and underground 
parts.  

 
EXCEL and SPSS16.0 statis-

tical analysis software were used to process the ex-
perimental data. 

 
 
 
 
 



 4791 

Figure 1 showed that the germina-
tion rate of  and  were 
all higher than that of untreated (CK) under the con-
dition of low concentration (20 mg/L) of Cu2+ pollu-
tion, and the increment were 6.67% (

) and 3.33% ( ) respectively. For 
, high concentration (20~200 mg/L) 

of Cu2+ had significant inhibitory effect on the ger-
mination; With the increase of Cu2+ concentration, 
the germination rate decreased in varying degrees 
comparing with CK, and the lowest germination rate 
was 70% (100 mg/L), decreased by 20% compared 
with CK; While in 100~200 mg/L under the treat-

ment of Cu2+ had different effect on  germi-
nation, the highest germination rate could enhance 
10% compared with CK. 

The germination rates of two pastures under 
different Cu2+ treatments were all more than 70%. 
The germination rates of two kinds of pasture were 
the same (90%) at CK treatment, with the increase of 
Cu2+ concentration, the germination rates of 

 and  seeds increased at first 
and then decreased, and the highest germination rate 
of the two groups appeared in 20 mg/L (

) and 100 mg/L ( ) treatments re-
spectively. Low concentration of Cu2+ promoted the 
germination of  and  
seeds, high concentrations of copper had inhibitory 
effect on the germination. Gao et al. [21] also found 
lower Cu2+ concentration (< 10 mg/L) could promote 
the seed germination and seedling growth of 

. 
 

Figure 2 showed that after the germination of 
 (after 3 d), the plant height grad-

ually increased with the increasing growth time. In 
the first 6 d (3~9 d) after germination, the plant 
growth rate was higher, the average daily growth 
height was 1.63 cm, and the maximum was 1.88 
cm/d. At 9~30 d, plant height increased slowly, the 
total growth was 2.7 cm. For , the average 
daily growth height in the first 6 d was 1.88 cm, the 
maximum was 2 cm/d, and 9~30 d increased by 3 
cm. In general, the growth rate of  plant 
height was slightly higher than that of 

, indicating that  had stronger adapt-
ability to copper contaminated soil. For different 
Cu2+ concentration treatments, the length of the first 
9 d of the 20 mg/L treatment was better, but the over-
all difference was not significant. It indicated that the 
Cu2+ concentration had little effect on the plant 
height of the two pastures.
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The fresh weight and dry weight of 
 and  growing for 15 days (Figure 

3) could be found that with the increase of Cu2+ con-
centration, the above-ground fresh weight and dry 
weight of the two pastures were all reduced in differ-
ent degrees compared with CK (0 mg/L). The fresh 
weight and dry weight for  in the 
treatment of CK were 0.8632 g and 0.1292 g respec-
tively, and it showed 0.7029 g and 0.0559 g of 

under CK treatment. ’s 
biomass of above-ground parts was bigger than that 
of . The minimum values of fresh weight 
and dry weight presented at the Cu2+ treatment of 
100 mg/L ( ) and 50 mg/L 
( ). For the different Cu2+ treatments, 0 mg/L 
and 20 mg/L treatments were adapted to plant 
growth of the two pastures. Low concentration of 
Cu2+ promoted plant growth, when the concentration 
of Cu2+ was more than 20 mg/L, the growth of plants 
would be inhibited. The results was consistent with 
the germination results of the two pastures. The fresh 
weight and dry weight of the two pastures showed a 
corresponding relationship, but the fresh weight / dry 
weight of  was 1.88 times larger than that of 

. 
For the 30 days growing biomass of pasture 

(Figure 4), fresh weight and dry weight were 0.9320 
g and 0.1110 g of  under CK. At 
the concentration of Cu2+ was 20 mg/L, fresh weight 
and dry weight was the largest, and showed 1.29 and 
1.2 times higher than that of CK respectively. When 
the treatment concentration of Cu2+ was 50~200 
mg/L ( ), the fresh weight and dry 
weight decreased gradually compared with 20 mg/L, 
and the decrease range was 0.1742~0.4050 g (fresh 
weight) and 0.0346~0.0355 g (dry weight) respec-
tively. For the upper part of , 30 days of 

fresh weight and dry weight basically increased with 
the increase of Cu2+ concentration, the above-ground 
fresh weight and dry weight of Cu2+ at 20~200 mg/L 
increased by 0.0288~0.2047 g and 0.0032~0.0258 g, 
respectively, comparing with CK. The biomass in 30 
days of the two pastures was affected by the copper 
ions showed the opposite results. The variation trend 
of 30 days biomass for showed 
the same to 15 days biomass, fresh weight and dry 
weight was the largest at 20 mg/L. But for , 
the 30 day biomass was the highest when the Cu2+ 
concentration of 200 mg/L, indicating that the accu-
mulation and adaptability of Cu in the  in-
creased rapidly after 15 days of growth [22]. 
 

In 
Figure 5, the underground (roots) fresh weight and 
dry weight of  and  fluc-
tuated with the increase of Cu2+ concentration. Root 
fresh weight and dry weight were 0.0962 g and 
0.0179 g of  under CK, at the 
concentration of Cu2+ was 20 mg/L, the fresh weight 
and dry weight of roots reached the maximum, were 
1.56 and 1.53 times higher than that of CK. When 
the Cu2+ concentration in 50~200 mg/L, the root 
fresh weight and dry weight decreased to different 
extent comparing with 20 mg/L, and reduced in the 
range of 0.0108~0.0260 g (fresh weight) and 
0.0003~0.0059 g (dry weight). For , the root 
fresh weight and dry weight were the greatest under 
20 mg/L Cu2+ treatment, presenting 0.0877 g (fresh 
weight) and 0.0144 g (dry weight) respectively, 
while the minimum values appeared at Cu2+ concen-
tration of 50 mg/L (fresh weight) and CK (dry 
weight) treatment respectively. The root fresh 
weight and dry weight of two pastures decreased by 
0.0008~0.0391 g ( ) and 0.0006~0.0061 g 
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( ) at Cu2+ concentration of 
50~200 mg/L compared with 20 mg/L, and the re-
duction of  was greater under the same con-
ditions. For the different concentration of Cu2+ treat-
ment, root fresh weight and dry weight of two kinds 
of pasture all showed a corresponding relationship, 
but the root fresh weight and dry weight of 

 was significantly higher than that of 
, indicating that the adaptability of 

 roots to purple soil polluted by Cu2+ was 
stronger. The two pastures was grown well under the 
treatment of Cu2+ in 20~200 mg/L, indicating that 
the high concentration of Cu2+ promoted the root 
growth of two kinds of pasture. 

 

Table 2 

showed a closely positive correlation between differ-
ent physiological index of . The 
plant height and root fresh weight, root dry weight 
were highly correlated (very significant). The above 
ground fresh weight on the 15 day and the above 
ground dry weight on the 15 day, the above ground 
dry weight on the 30 day, also the fresh weight and 
dry weight on the 30 day had a moderate positive 
correlation. At the same time, root fresh weight and 
root dry weight also showed significantly positive 
correlation, and the rest treatments showed low cor-
relation or no correlation. Under the condition of 
copper ion pollution, some plant height and biomass 
of  were positively correlated 
with the underground biomass, indicating that 

 could adapt to different concentra-
tions of Cu2+ pollution. 
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Correlation  
coefficients 

Plant 
height 
(cm) 

Above 
ground 
fresh 

weight on 
15 days (g) 

Above 
ground 
fresh 

weight on 
30 days (g) 

Above 
ground dry 
weight on 

15 days (g) 

Above 
ground dry 
weight on 

30 days (g) 

Root fresh 
weight (g) 

Root dry 
weight (g) 

Plant height (cm) 1 0.0346 0.0277 0.1093 0.0860* 0.9345** 0.9319** 
Above ground fresh 
weight on 15 days (g)  1 0.2317 0.7758 0.6277 0.0472 0.0006 

Above ground fresh 
weight on 30 days (g)   1 0.3641 0.5210 0.1023 0.0398 

Above ground dry 
weight on 15 days (g)    1 0.3533 0.1025 0.0653 

Above ground dry 
weight on 30 days (g)     1 0.1190 0.1856 

Root fresh weight (g)      1 0.8334* 
Root dry weight (g)       1 

Note: ** or * indicates that the correlation coefficient is significant at =0.01 or =0.05 level ( =0.9172 or 
=0.8114 when the degree of freedom =4 and the level of significance =0.01 or =0.05), the same below. 

Correlation  
coefficients 

Plant 
height 
(cm) 

Above 
ground 
fresh 

weight on 
15 days 

(g) 

Above 
ground 
fresh 

weight on 
30 days 

(g) 

Above 
ground dry 
weight on 
15 days 

(g) 

Above 
ground dry 
weight on 
30 days 

(g) 

Root fresh 
weight (g) 

Root dry 
weight (g) 

Plant height (cm) 1 0.4781 0.0126 0.0978 0.0011 0.0265 0.0049 
Above ground fresh 
weight on 15 days (g)  1 0.2849 0.5308 0.2425 0.0262 0.1004 

Above ground fresh 
weight on 30 days (g)   1 0.002 0.9543** 0.6109 0.5689 

Above ground dry 
weight on 15 days (g)    1 0.1776 0.0366 0.0007 

Above ground dry 
weight on 30 days (g)     1 0.6659 0.5201 

Root fresh weight (g)      1 0.9329** 
Root dry weight (g)       1 

 
 

Table 3 showed that the plant height of 
 was low correlated with the above ground 

fresh weight on 15 d. The above ground fresh weight 
on 15 d and the dry weight on the 15 day, also the 
above ground dry weight on 30 d and the root fresh 
weight, the dry weight of the root were all moder-
ately correlated. The above ground fresh weight on 
30 d was significantly correlated with the dry weight 
on 30 d, and was moderately correlated with root 
fresh weight and root dry weight. Root fresh weight 
was highly correlated with root dry weight, and the 
rest treatments showed low correlation or no corre-
lation. It could be seen that under the influence of 
copper ions, the correlation between the the upper 
part and the underground part of the  was 
not high, which indicated that the growth of the 

 affected by the pollution of copper ion was 
more than that of 

 
(1) Under 20 mg/L Cu2+ pollution, the incre-

ment of germination rates on the two pastures were 
6.67% ( ) and 3.33% ( ) 
than that of CK. High concentration (20~200 mg/L) 
Cu2+ had obvious inhibitory effect on the germina-
tion of , and 100~200 mg/L Cu2+ 
treatment promoted the germination of  in 
some degree. The plant height growth rate of

was slightly higher than that of 
, and the Cu2+ pollution had little effect on 

the plant height of two pastures. 
(2) Under 0~20 mg/L Cu2+ treatment, the 

above-ground biomass of the pasture was larger, and 
the growth rate of the plant was inhibited when the 
concentration of Cu2+ was more than 20 mg/L, the 
above-ground biomass of  on 15 
days was larger than that of under the same 
conditions when the concentration of Cu2+ was 20 
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mg/L, the above-ground biomass of 
 were the highest on 30 days. When the con-

centration of Cu2+ was 50~200 mg/L (
), the fresh weight and dry weight of 

 gradually decreased compared to 
20 mg/L of Cu2+. The above-ground fresh weight and 
dry weight of  (30 days) kept increasing 
with the increase of Cu2+ concentration. 

(3) When the concentration of Cu2+ was 20 
mg/L, root fresh weight and dry weight of two pas-
tures were the highest, but in the 50~200 mg/L, it
decreased in different degree compared with that of 
20 mg/L. In addition,  decreased more 
greatly under the same conditions. 

(4) The plant height and above-ground biomass 
had a high positive correlation with below ground 
biomass of , the correlation be-
tween above-ground and below ground parts of 

 biomass was not high. 
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Environmental and genetic factors play im-

portant role for the development of venous thrombo-
embolic diseases. This study investigated the preva-
lence coagulation factor V Leiden (FVL) and factor 
II G20210A (FII) in a sample (N=96) of the Turkish 
population depending on age and weight. Partici-
pants were stratified into two age groups: 20-39 
years, 40-59 years and their body mass index: normal 
(<24.9), obese (>25). The heterozygous FII genotype 
was identified in 2 (8.33%) of normal donors in 20-
30 years while it was found in 1 (4.16%) of obese 
donors in 40-59 years. The mutant homozygous FVL 
genotype was found in 1 (4.16%) of obese donors in 
20-30 years. The distribution of allele and genotype 
frequencies of FVL and FII polymorphisms did not 
differ significantly between normal and obese 
groups. Also, the frequencies of carriage rates of 
FVL and FII polymorphisms in 20-39 and 40-59 
years were similar. In our study, observed FII allelic 
frequencies are higher than other healthy populations 
whereas the prevalence of factor V Leiden gene pol-
ymorphism was found to be consistent. Knowledge 
of the prevalence of these coagulation factor varia-
tions in a given population may contribute to the de-
sign of effective preventive measures against venous 
thrombosis. 

Factor II, Factor V Leiden, Healthy Population, Polymor-
phism, Venous thrombosis 

 

 
Obesity is a serious health and social problem 

that leads to haemostatic system and thrombosis-re-
lated diseases. Unfortunately, the number of obese 
adults have increased significantly over the last 25 
years across all racial/ethnic and age groups [1]. Ag-
ing is very complex and multifactorial process that 
progresses to the gradual deterioration in normal 

function and leads to degenerative diseases and death 
[2]. Previous studies have shown that aging is one of 
the strongest and most prevalent risk factor for ve-
nous thrombosis [3]. But, venous thromboembolism 
is a multicausal disease as consequence of environ-
mental and genetic risk factors [4]. Factor V Leiden 
(FVL) G1691A and factor II G20210A are the most 
common inherited factors for thrombosis. Single nu-
cleotide substitution G1691A in factor V gene leads 
to an amino acid substitution, therefore, active pro-
tein C can't neutralize activated factor Va which acts 
as a cofactor in the conversion prothrombin to throm-
bin [5]. Based on venous thrombosis patients’ data, 
it has been suggested that heterozygous FVL carriers 
have 7 fold higher risk of deep venous thrombosis 
[6]. Factor II G2021A is the second most common 
mutation after Factor V Leiden mutation. This muta-
tion is associated with the increase of plasma pro-
thrombin quantity and resulting from the substitution 
of guanidine adenine at the 20210 locus in the un-
translated 3' region of the FII gene [7]. Studies re-
ported that heterozygous FII carriers have 3 fold 
higher risk of deep venous thrombosis. 

Most of the genetic factors are associated with 
venous thrombosis in selected patient groups, but the 
relationship between genetic and environmental risk 
factors still is not fully understood in healthy popu-
lation. Therefore, in this study, we investigated FII 
G20210A and Factor V Leiden genes related to ve-
nous thrombosis diseases in a healthy Turkish popu-
lation for different age and weight and compared the 
frequencies of these coagulation factor variations 
with other populations. 

 
 

This prospective study 
was carried out in the Regional Blood Center of 
Cukurova University. The study’s protocol was ap-
proved by the Human Subject Ethics Committee of 
the Cukurova University (2016, 24) and was con-
ducted in accordance with Helsinki Declaration. Pe-
ripheral blood was collected in disodium EDTA 
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from 96 male Caucasian healthy blood donors living 
in Cukurova Region. Participants were stratified into 
two age groups: 20-39 years, 40-59 years and their 
body mass index: normal (<24.9), obese (>25).  

Genomic DNA was iso-
lated from buffy coat using Qiagen DNA extraction 
kit. The Factor II G20210A and Factor V Leiden 
genotypes were determined by Real Time PCR 
(Roche, Cobas Z 480) using commercial kits from 
TIB, MOLBIOL, LightMix (CN: 40-0593-64, 40-
0594-64).  

The differences in genotype 
were analysed statistically using Fischer’s exact test. 
The associations between allele frequencies in all 
groups were evaluated by computing the odds ratios 
(OR) and their confidence intervals using Hardy-
Weinberg equilibrium. P<0.05 was considered sta-
tistically as significant. 

 
All donors of obese in 20-39 age group and nor-

mal in 40-59 age group were found to have homozy-
gous for FII G20210A while 2 (8.33%) of normal do-

nors in 20-39 age group and 1 (4.16%) of obese do-
nors in 40-59 age group were found to have hetero-
zygous (TABLE 1-2). Cardiovascular diseases rep-
resented by 30% of global deaths in 2008 and still 
remain the most important cause of morbidity and 
mortality in worldwide. In the studies conducted, it 
was observed that more than 80% of cardiovascular 
disease-related deaths occurred in low- and middle-
income countries, and the incidence was similar in 
males and females. The polymorphisms in coagula-
tion factors are among the unchangeable risk factors 
of cardiovascular diseases [8]. Previous studies with 
healthy populations in different regions reported 
that, the prevalence of factor II G20210A was 0.6-
2.4% in North Europe, 1.1-4.0% in South Europe, 
0.7-2.5% in North America, 0.0-3.7% in Africa, 1.3-
2.0% in Hispanic, 0.0-1.8% in West Asia, 6.8% in 
Chilean native, 0.0% in East Asia and 0.0% in Indi-
ans of Malesia [9-20]. In this study, results showed 
that the prevalence of heterozygous prothrombin fac-
tor II G20210A genotype was higher than other pop-
ulations but it was not related to the age and body 
mass index (p=0.361 between normal and obese do-
nors in 20-39 years, p=1 between normal and obese 
donors in 40-59 years). Higher prevalence of hetero-
zygous may be due to differences in the genetic 
background due to heavy/fatty dietary habits and en-
vironmental factors as well as the constant migration 
status. 

 

22 (91.66%) 24 (100%) 24 (100%) 23 (95.83%) 
2 (8.33%) - - 1 (4.16%) 

- - - - 

46 (95.83%) 48 (100%) 46 (95.83%) 46 (95.83%) 
2 (4.16%) - 2 (4.16%) 2 (4.16%) 

 

 

22 (91.66%) 23 (95.83%) 22 (91.66%) 22 (91.66%) 
2 (8.33%) - 2 (8.33%) 2 (8.33%) 

- 1 (4.16%) - - 
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46 (95.83%) 46 (95.83%) 46 (95.83%) 46 (95.83%) 
2 (4.16%) 2 (4.16%) 2 (4.16%) 2 (4.16%) 

 
The most common genetic defect of venous 

thrombosis is Factor V Leiden G1691A polymor-
phism. In this study, the heterozygous and mutant 
homozygous FVL genotypes were identified in 2 
(8.33%) of normal and 1 (4.16%) of obese donors in 
the 20-39 age group. In 40-59 age group, the hetero-
zygous FVL were found in 2 (8.33%) of normal and 
2 (8.33%) of obese donors (TABLE 3-4). The prev-
alence of heterozygous FVL G1691 in the Aegean 
region of Turkey was declared as 7.3% in healthy 
population [21]. The prevalence of the FVL carriers 
in different regions were reported to be 1.1-7.3% in 
North Europe, 0.6-5.1% in Central Europe, 0.9-4.0% 
in South Europe, 2.7-3.0% in North America, 1.0-
10.2% in Africa, 0.4-1.4% in Hispanic and 2.1- 3.8, 
2.7% in Australia, 5.5% in Chilean residents, 1.9% 
in Northern India and 5.5% in South India [22-31]. 

In our study, the prevalence of heterozygous FVL 
was found to be consistent with the reported studies. 
However, it is understood that is not depending on 
age and body mass index (p=0.244 between normal 
and obese donors in 20-39 years, p=1 between nor-
mal and obese donors in 40-59 years). Factor V Lei-
den mutation is estimated to have occurred in the vi-
cinity of Anatolia approximately 15.000 to 30.000 
years ago [33]. This explains the geographic distri-
bution of this polymorphism on the general popula-
tion and the high prevalence rate in our region. 

 
 

 
In this study, the prevalence of factor II 

G20210A was higher than other healthy populations, 
whereas the prevalence of FVL was found con-
sistent. The genetic structure of the Turkish popula-
tion is complicated by the demographic history and 
the reason for its location in Central Asia, Europe 
and the Middle East. There are differences between 
the genetic of Turkish and European populations, 
which contribute to the explanation of the health 
problems and the pharmacogenetic differences ob-
served in Turkish populations living in Europe. Also, 
comprehensive knowledge about the lifestyle and 
eating habits of the Turkish population will 
strengthen understanding of the relationship between 
environmental and genetic risk factor of cardiovas-
cular diseases. A comparison of genotype frequen-
cies among healthy populations at different age 

groups is a useful strategy for evaluating polymor-
phisms associated with vascular diseases. In addi-
tion, having knowledge of the prevalence of these 
coagulation factor variations in a given population 
may contribute to the design of effective preventive 
measures against venous thrombosis. 
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ABSTRACT 
 
Hymenoleana nana is a traditional tea and me-

dicinal herb in China. In this study, hydrated ferric 
oxide was successfully impregnated into H. nana tea 
residue by precipitation, and its properties of Ca2+ 
and Mg2+ removal from aqueous solutions were in-
vestigated. Batch experiments were conducted to as-
sess the factors affecting adsorption of Ca2+ and 
Mg2+, including contact time, initial pH, tempera-
ture, and initial concentration of metal ions. Adsorp-
tion equilibrium and kinetic models were also fitted. 
Results indicated that the modified tea residue exhib-
its the maximum adsorption capacity for Ca2+ or 
Mg2+ under the conditions of pH 6.0 and 40ºC, and 
the highest metal uptakes ofCa2+ and Mg2+ per gram 
dry matter were 16.39 and 13.16 mg/g, respectively. 
Sorption process reached equilibrium after a contact 
time of 60 min. In addition, the adsorption behavior 
of Ca2+ and Mg2+ by the modified tea residue fitted 
the Langmuir isotherm model well, and the pseudo
second order kinetic model can be used to describe 
adsorption. The H. nana tea residue, which is of low 
commercial value and easily obtained, can be used 
after modification as an efficient Ca2+ and Mg2+ ad-
sorbent for softening hard water in Xinjiang. 
 
 
KEYWORDS: 
Hydrated ferric oxide, modified tea residue of kulumuti, 
adsorption, alkali earth metal ions, isotherms and kinetics 

 
 

INTRODUCTION 
 
Hard water with high Ca2+ and Mg2+ content 

presents several problems human health and indus-
trial production and causes massive economic losses 
to industries [1]. High hardness of water can result in 
clogged pipes owing to scale precipitation and re-
duced the heat transfer efficiency in industries [2]. 
Scale deposition increases energy consumption and 
maintenance costs and even result in production in-
terruption or plant shutdown [3]. Hard water not only 

affects industrial production but also exerts a harm-
ful effect on human health. Long term drinking of 
hard water can easily cause a variety of lithiasis. 
Steeping the tea in hard water changes the color and 
flavor of original tea and reduces the quality of tea 
drinks.  

Numerous treatment processes, such as mem-
brane filtration [4], ion exchange [5, 6], adsorption 
on activated carbon [7 10], and chemical precipita-
tions [11], are currently used for the removal of 
metal ions from aqueous solutions. These methods 
display good scavenging effect but are not cost ef-
fective solutions. Owing to the high cost of activated 
charcoal, numerous publications have recently fo-
cused on the removal of metal ions from aqueous so-
lutions by using adsorption techniques with environ-
mentally friendly and low cost biomass materials. 
Most of the investigated sorbent materials are ob-
tained from natural biomass, such as the leaves [12], 
rice hulls [13], soils [14], zeolite [15], fungi [16, 17], 
and algae [18 20]. However, most of these raw ma-
terials show unsatisfactory sorption capacity toward 
metal ions. Thus, reasonable structure modification 
is expected to enhance metal sorption capacity. For 
example, Altundogan et al. reported that copper is 
removed from aqueous solution by sugar beet pulp 
modified by sodium hydroxide and citric acid [21]. 
Wong et al. studied the removal of lead and copper 
by tartaric acid treated rice husk [22]. Guo et al. used 
chemically modified maize straw to investigate its 
adsorption characteristic for cadmium [23]. Multiple 
studies have shown that chemical modification posi-
tively affects the adsorption capacity of raw materi-
als toward metal ions. 

Hymenoleana nana is commonly grown in the 
northwest region of China, such as Xinjiang Prov-
ince. However, the tea herb with many bioactivities 
remains undeveloped, since it grows at an altitude of 
4000 to 4500 meters. Water hardness (1027 mg/L) in 
Xinjiang Province is much higher than permitted 
level of 450 mg/L in China. This finding is beneficial 
to the health of local people. A wandering herdsman 
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can resist altitude sickness and the harm of hard wa-
ter by using the local tea herb. In fact, tea leaves 
mainly comprise insoluble cell wall, such as cellu-
lose, hemicelluloses, and lignin [24]. Moreover, tea 
residue usually contains a large number of carboxyl 
groups, amino groups, and other functional groups, 
as demonstrated by its infrared (IR) spectrum. In 
other words, tea residue exhibits good potential as a 
metal or heavy metal adsorbent. Recently, several re-
searchers have reported the application of tea residue 
as metal scavengers for the removal of chromium 
[25], copper [26], lead [27], nickel [28]. Moreover, 
research has shown that hydrated ferric oxide is ca-
pable of efficiently adsorbing heavy metal ions [29-
32]. With the aim of softening hard water in the 
northwest region of China by using local tea residue 
as a simple water softening method for local herds-
men or nomads, this work attempted to modify Ku-
lumuti (H. nana) tea residue by hydrated ferric oxide 
and use the modified residue as a new sorbent. 

In our study, tea residue from Kulumuti was se-
lected as raw material, and iron (III) chloride was im-
pregnated by precipitation to obtain a new sorbent. 
Meanwhile, the potential of tea residue in removing 
calcium and magnesium from aqueous solutions was 
researched. Batch experiments were conducted to 
evaluate the influence of solution pH, contact time, 
temperature, and initial concentration of metal ions 
on adsorption. In addition, isotherm experiments and 
kinetics of batch adsorption were discussed. The 
possible binding mechanism of the modified tea res-
idue was also preliminarily discussed using Fourier 
transform infrared (FTIR) spectroscopy. The re-
search can provide a reference to healthy tea drink-
ing method in the northwest of China by using local 
tea leaf or residue to soften ground water or well wa-
ter because water with high hardness is common in 
northwest China. This work can also provide a 
method for adsorbing alkali metal earth ions for en-
vironmental pollution mitigation using local tea res-
idue. Moreover, Xinjiang is the largest cotton pro-
ducing province in China and is rich in mineral re-
sources, causing abundant textile and heavy metal 
wastewater. Therefore, pollution is worsening in this 
area. Thus, our work can also be a reference to con-
trol the organic or inorganic pollution matters in 
waste water using the Kulumuti tea residue. So, our 
work is significant on accelerating ecological devel-
opment. 

 
 

MATERIALS AND METHODS 

Preparation of the adsorbent. The dried aer-
ial parts of whole plants of Kulumuti (nickname in 
Xinjiang) or H. nana were collected from Tashikur-
gan, Xinjiang Province, China in October 2016 and 

identified by Prof. Ping Sheng from the Xinjiang 
Medical University. Prior to the experiments, col-
ored components and other soluble matters were re-
moved from tea plants by washing and soaking with 
boiling water. This procedure was repeated until the 
resulting water was colorless. Cleaned tea residue 
was then dried in an oven for 24h at 50°C, grounded 
with a blender, and sieved to obtain particles with the 

 grams of tea 
residue was mixed with 1L of 0.15MFeCl3 solution 
in a 2L beaker. The mixture was agitated at 200 rpm 
for 24h at room temperature. Treated tea residue was 
poured onto a decompress filter and rinsed with dis-
tilled water to remove excess FeCl3 solution. The 
product was dried at 50ºC until constant weight and 
designated HNF. HNF was mixed with a solution 
containing 5% NaCl and 0.2M NaOH at a ratio of 
1.0g of material to 20 mL of solution. The mixture 
was shaken at 200rpm for 24h at room temperature. 
Subsequently, modified tea residue was placedona 
on gauze and washed by deionized water to remove 
excess base. This procedure was repeated until no 
pH variation in wash water was observed. We dried 
the final product in an oven at 50ºC until constant 
weight and named it as HN HFO. The final product 
was stored for all the experiments. 

 
Adsorbate solution preparation containing 

Ca2+ and Mg2+. The adsorbate solution was prepared 
by dissolving analytical grade anhydrous calcium 
chloride and anhydrous magnesium chloride in pure 
water to obtain the required concentration. The ini-
tial pH value of the solution was adjusted to 6.0.  

 
Batch adsorption experiments. Batch adsorp-

tion experiments involved equilibrating 1 g of HN
HFO with 100 mL of aqueous solution at a given 
concentration in a beaker. The removal rate was neg-
ligible after 60 min of preliminary experiments. 
Therefore, a contact time of 60 min was used for 
batch tests. The effect of contact time (5 90 min), 
initial concentration of metal ions (200 1200 mg/L), 
pH (3 8), and quantity of the HN HFO (0.5 3.0 g) 
on single uptake was also studied. For pH values (3
8) adjustments, 0.1M HCl and 0.1M NaOH solutions 
were used.  

 
Adsorption kinetics and isotherm experi-

ments. For obtaining the kinetic curves, the mixture 
solution was shaken on a digital display mixer at a 
speed of 200 min 1, and 5 mL of the solution was 
sampled at various time intervals. For isotherm ex-
periments, a known weight of HN HFO (1.0 g) was 
equilibrated with 100 mL of metal ion solution of 
known concentration ranging from 100 mg/L to 
1000 mg/L in a flask. 
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FIGURE 1 

Effect of pH on the adsorption of Ca2+and Mg2+by HN HFO: 0.5 or 1g of HN HFO mixed with 100mL 
Ca2+ or Mg2+ solution respectively at 40ºC. 

 

 
FIGURE2 

Effect of adsorbent dose on the adsorption of Ca2+or Mg2+on HN HFO:100mL of Ca2+ solution and Mg2+ 
solution respectively at 40ºC and pH=6. 

 
RESULTS AND DISCUSSION 

 
Effect of solution Ph. As reported by numer-

ous studies, pH plays an important role in the sorp-
tion uptake of metals by biomasses. Figure 1 shows 
the adsorption capacity of Ca2+ or Mg2+ per gram of 
HN HFO(q) within the pH value range of 3 8. The 
HN HFO adsorbent showed the maximum adsorp-
tion capacity at pH 6.0 for Ca2+or Mg2+. The adsorp-
tion capacity of Ca2+ or Mg2+wasthelowest at pH<4 
and increased with increasing pH value from pH4 to 
pH 6. This phenomenon may be ascribed to the var-
iation in interchangeable ions binding with the func-
tion groups of the HN HFO matrix, such as H+ ions. 
The concentration and surface charge of the adsor-
bent may also affect adsorption capacity under dif-

ferent pH values. At low pH values, adsorbent exhib-
ited low adsorption capacity because of the competi-
tion between H+ ions and cations in the solution. Ow-
ing to high negative charge on the adsorbent surface 
at elevated pH values, the adsorbents displayed 
strong attraction toward cations. The cations in solu-
tion can form complexes and precipitate with OH  
ultimately with further increase in pH value [33, 34]. 
Numerous biomass materials, such as orange peel 
[35] and coconut shell [36], present analogical re-
sults. Thus, the optimum pH for adsorption of Ca2+ 
and Mg2+ was graphically determined at pH 6.0. 

 
Effect of adsorbent dose. The effect of adsor-

bent dose on the adsorption of Ca2+ and Mg2+ on 
HN HFO was studied, and the results are shown in 
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Figure2. The removal percentage of metal ions in-
creased with increasing adsorbent dose in 100mLof 
adsorbate solution from 0.5 g to 3.0 g. The number 
of adsorption sites increased by further increase in 
the weight of adsorbent dose, leading to a high re-
moval percentage of metal ions. Meanwhile, the ad-
sorption capacity of metal ions adsorbed per gram of 
adsorbent decreased, whereas the adsorbent dose in-
creased (Figure 3). This phenomenon may be as-
cribed to the decrease in metal ion concentration to a 
low value at high adsorbent dose, and the adsorption 
sites did not become saturated for adsorbing metal 
ions. This condition resulted in low q  values when 
the system reached equilibrium [37]. 

 
Effect of initial metal ions concentration. 

Figure 4shows the influence of initial metal ion con-
centration on adsorption capacity. The adsorption 

capacity per gram of HN HFO for Ca2+ or Mg2+ in-
creases with initial concentration. The adsorption ca-
pacities of per gram of HN HFO on Ca2+and Mg2+ 
reached a maximum value at a concentrations of 
1000 mg/L for Ca2+ and 600 mg/L for Mg2+. How-
ever, the adsorption capacity of HN HFO decreased 
with the increase in metal ion concentration. This re-
sult indicated a limitation of the adsorption process. 

 
Adsorption isotherms. Ambient temperature 

is a significant influencing factor for sorption. The 
effect of temperature on the removal of Ca2+and 
Mg2+ by HN HFO was studied. Isothermal adsorp-
tion experiments were performed at 303, 313, and 
323 K. Experimental data were fitted to the Lang-
muir [38] and Freundlich [39] models and used to 
describe adsorption equilibrium. Table 1 shows the 
linear forms of isotherms. 

 

 
FIGURE 3 

Comparison of adsorption capacities oftheCa2+or Mg2+ on HN HFO:100mLof solution 
at 40ºC and pH=6. 

 

 
FIGURE 4 

Effect of the initial concentration of Ca2+ or Mg2+onthe adsorption capacity of HN HFO:1 g of HN HFO 
mixed with 100mL Ca2+ and Mg2+ solution respectively at 40ºCand pH=6. 
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TABLE 1 
The Linear Forms of the Langmuir and Freundlich isotherms 

Isotherms name Langmuir Freundlich 

Equation qe = qmkLce / (1 + kLce) qe = KFce
1/n 

Linear form ce/qe = 1/kLqm + ce/qm ln qe = ln KF + 1/n ln ce 

qe Amount of solute adsorbed by per gram of adsorbent at equilibrium state 
qm Amount of solute adsorbed by per gram of adsorbent when all corresponding sites are covered 
ce Residual solute concentration in liquid phase at equilibrium state 
KF andn Constants related to the Freundlich adsorption capacity and the adsorption intensity respectively 
kL Constant of the Langmuir isotherm 

TABLE 2 
The parameters of the Langmuir and Freundlich isotherms 

Metals Temp(K) Langmuir Freundlich 
qm (mg/g) KL (L/mg) R2 Kf (mg1 nLn/g) 1/n R2 

Ca2+ 303K 15.87 0.0260 0.994 1.257 0.499 0.971 
 313K 16.39 0.0277 0.999 1.507 0.466 0.990 
 323K 16.12 0.0273 0.998 1.423 0.477 0.983 

Mg2+ 303K 12.66 0.0574 0.994 1.639 0.454 0.988 
 313K 13.16 0.0624 0.998 1.857 0.430 0.982 
 323K 12.82 0.0619 0.998 1.766 0.444 0.981 

 

 
FIGURE 5(a) 

Adsorption isotherms of Ca2+ according to the Langmuir model (1g of HN HFO mixed with  
100mL adsorbate solution at pH6.0) 

 
FIGURE 5(b) 

Adsorption isotherms of Ca2+ according to the Freundlich model  
(1 g of HN HFO mixed with 100mL adsorbate solution at pH6.0) 

 



© by PSP  Volume 27  No. 7/2018 pages 4802-4812        Fresenius Environmental Bulletin 

4807

Adsorption isotherms ofCa2+ and Mg2+ on HN
HFO are shown in Figures 5 and 6. The relative pa-
rameters of the Langmuir and Freundlich models are 
summarized in Table 2. The higher R2 value suggests 
that experimental data were fitted the Langmuir 
model better than the Freundlich model [40]. Values 
of1/n for Ca2+or Mg2+are in the range of0 1, indicat-
ing favorable adsorption[41]. HN HFO shows 
higher adsorption capacity for Ca2+compared with 
Mg2+. The maximum adsorption capacity qm for 

Ca2+and Mg2+ by HN HFO were 16.39 and 13.16 
mg/g at 313K, respectively. 

Numerous researchers have investigated other 
natural biomasses as low-cost biosorbents to remove 
metal ions. The sorption capacities for Ca2+ and 
Mg2+ by HN HFO and other materials are listed and 
compared in Table3. In general, H. nana or Ku-
lumuti is a superior adsorbent than other natural bio-
adsorbent materials because the modified HN HFO 
tea residue exhibits higher adsorption capacity. 

 
 

TABLE 3 
Reported adsorption capacities for several natural materials 

Adsorbent qmax (mg/g) Reference 
 Ca2+ Mg2+  
Natural zeolitic tuff -  2.5 [42] 
Rice husk activated carbon 15.14 6.90 [43] 
Kraft fiber 0.426 -  [44] 
Sugar cane bagasse 
modified with tartaric acids 

14.72  [45] 

Chemically modified 
cellulose 

15.6 13.5 [46] 

Hymenoleana nana 1.3 1.1 this paper 
HN HFO 16.39 13.16 this paper 

 

 
FIGURE 6(a) 

Adsorption isotherms of Mg2+ according to the Langmuir model  
(1g of HN HFO mixed with 100mL adsorbate solution at pH6.0) 

 
FIGURE 6(b) 

Adsorption isotherms of Mg2+according to the Freundlich model  
(1 g of HN HFO mixed with 100mL adsorbate solution at pH 6.0) 
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TABLE 4 
Second order kinetic parameters for the adsorption of Ca2+and Mg2+by HN HFO 

Metal 
Initial solution 
concentration 

(mg/L) 

Initial adsorption rate 
h ((mg/g)/min) 

Rate constant 
k2((mg/g)/min) 

Experimental 
adsorption capacity 

qexp(mg/g) 

Predicted adsorp-
tion capacity qpre 

(mg/g) 
R2 

Ca2+ 1000 1.968 0.0073 14.25 16.39 0.995 
Ca2+ 800 1.366 0.0087 10.76 12.5 0.997 
Mg2+ 600 1.005 0.0074 9.98 11.63 0.995 
Mg2+ 480 0.993 0.0077 9.24 11.36 0.999 

 

 
FIGURE 7 

Adsorption of Ca2+and Mg2+by HN HFO over time (1g of HN HFO mixed with 100mL of  
solution at 40ºCand pH6.0) 

 

 
FIGURE 8 

Pseudo second order model for the removal of Ca2+ by HN HFO mixed with 100mL of  
solution at 40ºC and pH 6.0 

 
Adsorption kinetics. Figure 7 shows that the 

equilibrium ofCa2+ and Mg2+adsorptionwas reached 
at 60 min. The uptake of Ca2+ and Mg2+increasedrap-
idly in the first 10 min and then increased slowly un-
til the system reaches equilibrium. 

Adsorption kinetics describes the uptake rate of 
the adsorbate and its residence time. The results first 
showed a rapid increase in adsorption capacity for 
each ion on HN HFO, followed by a slow increase. 
Initially, the driving force was high owing to the con-
centration difference between the solid liquid inter-
face and the solution, leading to a high adsorption 
rate[47]. The adsorption rate decreased owing to a 

slow diffusion of adsorbate into HN HFO. In this 
study, the first-order model and the second-order 
model were fitted to experimental data and to de-
scribe the dynamic adsorption. The Lagergren 
pseudo-first-order model [48] is illustrated in Eqs. 
(1) and (2) 

dq/dt= K1 (qe  qt)    (1)  
ln(qe  qt ) = lnqe  K1t  (2) 
The pseudo-second order model [49] can be ex-

pressed in Eqs.(3) and (4) 
dq/dt = K2 (qe  qt)2   (3) 
t/qt = 1/K2qe

2 + t/qe   (4) 
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FIGURE 9 

Pseudo second order model for the removal of Mg2+ by HN HFO mixed with 100mL of  
solution at 40ºC and pH 6.0 

 

 
FIGURE 10 

FT IR spectra of tea residue and HN HFO loaded with different metal ions 
 
 
In Eqs. (1) (4), qt and qe are the amount of 

metal ions adsorbed per gram of adsorbent (mg/g) at 
any time t and at the equilibrium time, respectively, 
andk1 and k2 are the adsorption rate constants. The 
initial adsorption rate (h (mg/g/min)) is equal tok1qe 
and k2qe

2 for two models. 
Figures 8 and 9 show that the experimental data 

fitted the pseudo-second order model better than the 
pseudo-first order model according to the squared 
correlation coefficient R2. The kinetic parameters of 
the pseudo-second order model are calculated and 
presented in Table 4. The initial adsorption rate in-
creased with the initial Ca2+ or Mg2+concentration, 
and the rate constant (k2) decreased with increasing 
initial metal Ca2+ or Mg2+concentration. The calcu-
lated q values (16.39 and 12.5 mg/g for Ca2+ and 
11.63 and 11.36 mg/g for Mg2+) also approached ex-
perimental data (14.25 and 10.76 mg/g for Ca2+ and 
9.98 and 9.24 mg/g for Mg2+) [50]. For the exchange 
mechanism or driving force, this finding may be due 

to the concentration difference between the metal ion 
concentration in the solution and that on the solid
liquid interface. Thus, high initial adsorbate concen-
tration indicates high initial adsorption rate for se-
lected adsorbate[51]. The adsorption of Ca2+ or Mg2+ 
may be partially ascribed to the exchange of alkali-
earth metal ions with Na+ or H+. In addition, physical 
adsorption may also partially be dedicated to the ad-
sorption of Ca2+ or Mg2+ by HN HFO. 

 
Infrared spectra analysis. The functional 

groups responsible for adsorbing Ca2+or Mg2+ were 
determined by FTIR analysis. The IR spectra of tea 
residue HN HFO loaded with Ca2+ or Mg2+ is shown 
in Figure 10. The IR spectrum of the tea residue 
showed an intense band at 3385cm 1, indicating the 
presence of the hydroxyl groups on the adsorbent 
surface. The adsorption peak at 2920cm 1was asso-
ciated with C H stretching vibration. Moreover, the 
strong peak at 1020cm 1was in accordance with the 
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vibration of the C O group of carboxylic acids. In 
addition, spectral peaks observed at 1650 cm 1corre-
sponded to the stretching vibrations of the carbonyl 
portion of the amide function groups [52]. After ad-
sorption of metal ions, these bands shifted slightly, 
suggesting that the reactive groups participated in 
adsorption reaction. In a word, metal ions, such as 
Ca2+ or Mg2+ in solution, were bound to HN HFO 
and occupied the possible adsorption sites. Tea resi-
due was loaded with ferric oxide through ionic ex-
change or complexation reaction before use and was 
thus responsible for Ca2+or Mg2+ adsorption. How-
ever, the adsorption capacity of unmodified tea resi-
due was not comparable with that of HN HFO. This 
condition indicated that the structural modification 
of Kulumuti tea residue is important for the adsorp-
tion of Ca2+ or Mg2+ by HN HFO. 

 
 

CONCLUSION 
 
In this study, HN HFO was successfully pre-

pared by impregnating ferric chloride into tea resi-
due. Practical tests for the removal of Ca2+ or Mg2+ 
in aqueous solution by HN HFO show that HN
HFO possesses good adsorption potential. The max-
imum adsorption capacities for Ca2+and Mg2+ per 
gram of HN HFO were 16.39 and 13.16 mg/g at pH 
6.0 and 40 . This finding indicated that HN HFO 
possesses a strong capability for removing Ca2+ or 
Mg2+. The results also showed that the adsorption ca-
pacity was influenced by adsorbent dose and initial 
adsorbate concentrations in the solution. The adsorp-
tion kinetics followed the pseudo second order 
model better than the pseudo first order model. The 
adsorption equilibrium was reached at 60 min of 
contact time. In addition, experimental data fitted the 
Langmuir isotherm model better than the Freundlich 
isotherm. Furthermore, the adsorption of Ca2+ or 
Mg2+ can be characterized as complexation and ex-
changing reactions with hydrated ferric oxide-loaded 
tea residue, that is, HN HFO. Compared with un-
modified tea residue, HN HFO exhibited improved 
adsorptive capacity for Ca2+ or Mg2+. The results fur-
ther demonstrated that HN HFO exhibits greater po-
tential, such as Ca2+ or Mg2+ removal from hard wa-
ter, compared with other modified natural bio-
sorbents indicated in this study. Considering that H. 
nana is a widely available material in the northwest 
region of China, further studies, such as those on the 
removal of harmful heavy metal ions by modified tea 
residue from industrial wastewater, the recycled use 
of HN HFO, or the adsorption and desorption cycles 
for removing cations by HN HFO, should be carried 
out and given considerable attention 
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ABSTRACT 
 

Turkey has a rather important place for flora 
or botanic tourism with its plant diversity resources 
and there has been a substantial rise in the number 
of activities realized within this scope in recent 
years. Within this scope, it is extremely important 
to elaborate on these resource areas included within 
the geography of our country for flora tourism 
activities and reveal their potentials in terms of 
sustainability. In this study, the Beskayalar and 

 Natural Parks included within the 
protected area system of our country were exam-
ined and their woody plant potentials tried to be 
revealed within the scope of the flora tourism val-
ues. The obtained results indicated that both natural 
parks were satisfactorily good for the flora or bo-
tanic tourism activities thanks to the presence of 
woody taxon, but there was more taxon diversity in 
the Beskayalar natural park.  

 
 

KEYWORDS:  
Species diversity, ecotourism, Kocaeli, botanic tourism. 

 
 

INTRODUCTION 
 
In parallel to the rapid change taking place in 

the world, the understanding of tourism changes, 
too. Tourism activities having been performed on 
the basis of the triple of sea, sand and sun for many 
years have differed in recent years in a way to cover 
nature protection-based tourism activities. People 
have started to prefer quieter places in quieter peri-
ods to mass tourism and this has developed such 
tourism phenomena as ecotourism, responsible 
tourism, green and nature tourism. 

Ecotourism features prominently among the 
various alternative forms of tourism being debated 
[1]. Ecotourism, one of the phenomena making use 
of environmental values as the most important 
resource, taking shape as an alternative in the tour-
ism sector and identifying with the concepts of 
nature-based and sustainability [2, 3], is defined as 

environmentally responsible, enlightening travel 
and visitation to relatively undisturbed natural areas 
in order to enjoy and appreciate nature (and any 
accompanying cultural features both past and pre-
sent) that promotes conservation, has low visitor 
impact, and provides for beneficially active socio-
economic involvement of local populations [4]. 
According to this definition, ecotourism can in-
volve both cultural and environmental tourism and, 
in addition, benefits to the local population should 
be an integral part of the activity [5]. 

Ecotourism is divided into such sub-activity 
areas as trekking, photo safari, mounted nature 
walks, agriculture and farm-based tourism, bike or 
tableland tourism, mountain climbing and flora or 
botanic tourism [6]. The flora or botanic tourism 
included within these activity areas appears to have 
become a type of tourism covering activities which 
many people perform or at least want to perform at 
least a few times a year in recent years. Flora or 
botanic tourism covers all the activities of daytrips, 
nature walks and knowing the nature starting with 
picnics, examining plants and adding a sample plant 
taken from the nature to living spaces [6]. 

Turkey geography is very rich in terms of bio-
logical (vegetation, wild life, ecosystem, habitat, 
etc.) and physical natural resources (geographical 
position, geology, mineralogy, paleontology, etc.) 
and aesthetic resources [7] and it is an important 
source for especially rich bio-diversity, flora or 
botanic tourism activities [8]. This opportunity 
gives to the country prestigious place between the 
three continents [9].  In Turkey, most of the places 
having biological, physical and aesthetic resource 
values are included within the system of protected 
areas and this system includes 11 different struc-
tures, namely national park, nature protection area, 
natural park, natural monument, wild life improve-
ment area, protection forest, natural site, special 
environmental protection area, ramsar area, bio-
sphere reserve, world heritage area [10].  

Of these structures, Natural Parks are the areas 
having such important functions as the protection, 
management, development and restoration of great 
landscapes as well as the development of the rec-
reation opportunities of countries by achieving the 
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maintainable uses of natural resources and especial-
ly the promotion of tourism development in areas 
which are weak in terms of structure and also they 
provide opportunities for many activities such as 
environmental education, special activities for chil-
dren and young people, recreation, physical exer-
cise, coming together with nature and landscape 
and exploring cultures [11, 12]. 

Natural Parks defined as the nature parts 
which have vegetation and wild life characteristics 
and are appropriate for people to have a rest and 
enjoy themselves within the view integrity are one 
of the 11 structures included within the system of 
protected areas in our country. Nature-based tour-
ism and recreation, including in protected areas, is 
increasing worldwide [13] and in Turkey. One of 
the most important places in term of nature-based 
tourism is nature parks in Turkey. Because of their 
natural resource values, natural parks are very im-
portant places for the flora and botanic tourisms as 
well as they are areas where biological riches are 
taken under protection [14]. On the other hand, 
these types of protected areas play an important role 
in the monitoring of global change and in longitu-
dinal ecological studies [15].  

As of July 2015, in Turkey, there are 203 nat-
ural parks declared on an area of 969.574,2 decares. 
As of area, 3,55 % of the natural parks in Turkey 
are located within the city borders of Kocaeli. The 
city of Kocaeli has 8 Natural Parks spreading on a 
total area of 34.419,6 decares, namely 
Beskayalar, Eriklitepe, Kuzuyayla, Suadiye, Uz-

and Uzunkum [16]. 
Within the scope of this study, the natural 

ered to have important values in terms of flora or 
botanic tourism were evaluated in terms of woody 
taxon included among the key and permanent ele-
ments of landscape. 

 
 

MATERIALS AND METHODS 
 
Research material and study area. The ma-

terial of the study was composed of the natural 
16.029,73 

decares  with an area of 10.998,30 
decares, which are located within the city borders 
of Kocaeli. 

The city of Kocaeli, the third city of the Mar-
mara region in terms of population, is located be-
tween the east longitudes of 29° 22'-30° 21' and the 
north latitudes of 40° 31'-41° 13' to the west of the 
Marmara Region. There is the Black Sea in the 
north; there are the cities of Istanbul and Yalova 
and the Sea of Marmara in the west; there are the 
cities of Bursa and Bilecik in the south; there is the 
city of Sakarya in the east. 

While the Gulf coast and the Black Sea coast 
enjoy a temperate climate, the mountainous parts 

enjoy a harsh climate. It can be stated that the cli-
mate of Kocaeli forms a transition between the 
Mediterranean climate and the Black Sea climate. 
In the city center, summers are hot with a little rain 
and winters are rainy and from time to time snowy 
and cold [17]. According to the average of the data 
of 65 years, the annual rainfall is 809,3 kg/m2 in the 
city. The average number of warm rainy days is 
136,1; the annual average temperature is 14,9°C; 
the average number of snowy days is 12 [18]. 

 
The Natural Park. The 

lies within the 
borders of the Gebze county of Kocaeli, is located 
between the north latitudes of 40° 49' 30", 40° 54' 
00" and the east longitudes of 29° 30' 00", 29° 33' 
30".  is 6,5 km to the 
north of the Izmit Gulf. The highest points in the 
Natural Park are Topluca tepe with an altitude of 
280 m in the north and Düzmese Tepe with an 
altitude of 224 m. Within the natural 
park, there are five continental ecosystems, namely 
Maquis/ Pseudomaquis ecosystem, Deciduous oak 
ecosystem, Anthropogenic meadow/pasture ecosys-
tem, Wet forest ecosystem and Agricultural areas 
and Stream ecosystem [19] and an aquatic ecosys-
tem (Figure 1). 

 
The Beskayalar Natural Park. The Beskaya-

lar Natural Park, which lies within the borders of 
the Izmit county of Kocaeli, is located between the 
north latitudes of 40° 35' 00", 40° 37' 30" and the 
east longitudes of 29° 52' 00", 29° 56' 30". The 
Beskayalar Natural Park is 12 km to the south of 
the Izmit Gulf. In the Natural park, the highest 
points are Bayrak tepe with an altitude of 1073 m in 
the central part of the park and Damla cape with an 
altitude of 1068 m in the southwest border. Moreo-

northwest border, is 280 m. Within the Beskayalar 
natural park, there are two continental ecosystems, 
namely Deciduous forest ecosystem and Anthropo-
genic meadow/pasture ecosystem and Stream eco-
system [20] and an aquatic ecosystem (Figure 2). 

 
Method. The method of the study was de-

signed in two stages. In the first stage, interviews 
were held with the institutions responsible for the 
region and the natural parks and information about 
the study areas was collected through literature 
review. In the second stage, with the aim of deter-
mining the woody plants existing in both natural 
parks, terrain studies were carried out in different 
periods and the obtained data was compared with 
those of the previous studies [19-29] and evalua-
tions were made in relation to the woody taxon 
existing in the natural parks. 
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FIGURE 1 

 natural park 
 

 
FIGURE 1 

The Borders of the Beskayalar natural park 
 

TABLE 1 
Distribution of the woody plant groups in the natural parks 

 

Natural parks Taxonomic group Number of taxon 
             Number                                % 

 
Gymnospermae 5 3,58 
Angiospermae 59 42,14 

 
Gymnospermae 3 2,14 
Angiospermae 73 52,14 
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RESULTS 
 

The evaluations indicated that the Beskayalar 
 natural 

park in terms of woody taxon. As a result of the 
evaluations, it was determined that there were 76 
woody plant taxon in the Beskayalar natural park 
and there were 64 woody plant taxon in the 

of the woody plant taxon included in both natural 
parks fell in the category of Angiospermae (Table 
1).   

When the distribution of the woody taxon ex-
isting in both natural parks according to the phyto-
geographical regions was examined, it was found 
that 46 of the determined 108 taxons fell into the 
category of Europe-Siberia, 18 fell into the category 
of Mediterranean and 44 fell into the category of 
Unknown. The biggest group was composed of the 
Europe-Siberia phyto-geographical region woody 
taxon (Table 2, Figure 3). It was determined that 
26,57% of the woody taxon included within the 

of the woody taxon included within the borders of 
the Beskayalar natural park were the elements of 
the Europe-Siberia phyto-geographical region (Fig-
ure 4). 

It was observed that the woody taxon existing 
in both natural parks were included in 33 families, 
namely Aceraceae, Anacardiaceae, Aquifoliaceae, 
Araliaceae, Betulaceae, Caprifoliaceae, Celas-

traceae, Cistaceae, Cornaceae, Corylaceae, Cu-
pressaceae, Ephedraceae, Ericaceae, Fabaceae 
(Leguminosae), Fagaceae, Hypericaceae (Guttifer-
ae), Juglandaceae, Lauraceae, Liliaceae, Morace-
ae, Oleaceae, Platanaceae, Pinaceae, Rhamnaceae, 
Rosaceae, Salicaceae, Santalaceae, Staphylleaceae, 
Styracaceae, Taxaceae, Tiliaceae, Ulmaceae, Vita-
ceae. On the other hand, the woody taxons belong-
ing to the families of Aceraceae, Aquifoliaceae, 
Celastraceae, Hypericaceae (Guttiferae), Staphyl-
leaceae, Taxaceae and Tiliaceae were not encoun-
tered ayalar natural park and the woody 
taxons belonging to the families of Cistaceae, 
Ephedraceae, Rhamnaceae, Santalaceae, Styraca-
ceae, and Vitaceae were not encountered in the 
Beskayalar natural park. It was determined that the 
woody taxons belonging to the family of Rosaceae 
existing within the borders of both parks placed the 
first in number (Figure 5).  

When the distribution of the determined 
woody taxon according to species was examined, it 
was observed that there were 45 species of woody 

were 49 species of taxon in the Beskayalar natural 
park.  Moreover, the number of common species 
was determined to be 24 (Table 3). When the tax-
ons existing in both natural parks were examined, it 
was observed that some taxon were common in 
both natural parks; there were a total 108 taxon in 

number of common taxon was 32 (Table 4).  

 
 

TABLE 2 
Numbers of the woody taxon according to the phyto-geographical regions 

 
Phyto-geographical regions Number of taxon 

Euro-Siberian 46 
Mediterranean 18 
Non specific to particular phytogeographical region 44 

 

 
 

FIGURE 3 
Distribution of the woody taxon according to the phyto-geographical regions (%) 

42,60%

16,66%

40,74%
Euro-Siberian

Mediterranean

Non specific to particular
phytogeographical region



© by PSP  Volume 27  No. 7/2018 pages 4813-4821        Fresenius Environmental Bulletin 

 4817 

 
 

FIGURE 4 
Distribution of the woody taxon into phyto-geographical regions according to the natural parks (%) 

 

 
 

FIGURE 5 
Distribution of the woody taxon according to the families 

 
TABLE 3 

Numbers of the woody taxon in the natural p  
 

Classification by Genus   
Genus number 45 48 
Genus number (common) 24 24 
Genus number (different) 21 25 
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TABLE 4 
The woody taxon in the natural p  

 
Taxon   Taxon   

Acer trautvetteri Med-
wed. 

 * Arbutus unedo L. *  

Acer campestre L. 
subsp. campestre 

 * Erica arborea L. * * 

Acer platanoides L.  * Erica manipuliflora 
Salisb. 

*  

Pistacia terebinthus L. 
subsp. palaestina 

*  Rhododendron ponticum   
L. subsp. ponticum 

 * 

Pistacia lentiscus L. *  Vaccinium arctostaphylos 
L. 

 * 

Cotinus coggyria 
Scop. 

 * Calicotome villosa   
(Poiret) Link. 

*  

Rhus coriaria L.  * Chamaecytisus hirsutus 
(L.) Link. 

 * 

Ilex aquifolium L.  * Chamaecytisus supinus 
(L.) Link. 

* * 

Ilex colchica Pojark.  * Genista carinalis Gris. *  
Hedera helix L. * * Genista lydia Boiss. var. 

Lydia Griseb. 
* * 

Alnus glutinosa (L.) 
Gaertn. subsp.  
glutinosa 

* * Genista tinctoria L. * * 

Betula litwinowii Do-
luch. 

 * Spartium junceum L. *  

Sambucus ebulus L. * * Fagus orientalis Lipsky.  * 
Sambucus nigra L.  * Castanea sativa Miller.  * 
Euonymus europaeus 
L. 

 * Quercus cerris L. var.  
cerris 

 * 

Euonymus latifolius 
(L.) Miller. subsp.  
latiolius 

 * Quercus coccifera L. *  

Cistus creticus L. *  Quercus frainetto Ten. * * 
Cistus salviifolius L. *  Quercus hartwissiana Ste-

ven 
* * 

Cornus mas L. * * Quercus infectoria Olivi-
er subsp. infectoria 

*  

Cornus sanguinea L. 
subsp. australis 

* * Quercus petraea  
(Mattuschka) 
Liebl.subsp. petraea 

 * 

Carpinus betulus L. * * Quercus pubescens 
Willd. 

 * 

Corylus avellana L. 
subsp. avellana 

 * Hypericum calycinum L.  * 

Corylus maxima Mill.  * Juglans regia L. * * 
Corylus colurna L.  * Pterocarya fraxinifolia  * 
Cupressus  
sempervirens L. 

*  Laurus nobilis L. * * 

Juniperus oxycedrus 
L. subsp. oxycedrus 

* * Ruscus aculeatus L. var. 
aculeatus 

*  

Ephedra campylopoda 
C.A.Meyer 

*  Ruscus aculeatus L. var. 
angustifolius 

*  

Ephedra majör L. *  Ruscus aculeatus L.  * 
Arbutus andrachne L. *  Ruscus hypoglossum L.  * 
 
 
 
 



© by PSP  Volume 27  No. 7/2018 pages 4813-4821        Fresenius Environmental Bulletin 

 4819 

TABLE 4 
 

 
Taxon - 

kayalar 
- 

kayalar 
Taxon - 

kayalar 
- 

kayalar 
Ficus carica L. * * Rosa horrida Fischer * * 
Morus alba L. *  Rosa sempervirens L. * * 
Phillyrea latifolia L. *  Rubus sanctus Schreber * * 

Ligustrum vulgare L. * * Rubus canescens DC. var. 
glabratus 

* * 

Jasminum fruticans L. *  Rubus discolor  Weihe Et Nees. * * 
Olea europaea L. *  Rubus hirtus  Waldst. Et Kit.  * 
Fraxinus ornus L.  * Sarcopoterium spinosum 

(L.) Spach. 
*  

Fraxinus ornus L. subsp. ornus  * Sorbus aucuparia L.  * 
Platanus orientalis L. * * Sorbus torminalis  (L.) 

Crantz 
 * 

Pinus maritima Poir *  Populus alba L. *  
Pinus sylvestris L.  * Populus tremula L.  * 
Paliurus spina-christi Miller *  Salix alba L. * * 
Crataegus microphylla C.Koch. * * Salix cinerea L. * * 
Crataegus monogyna Jacq. 
subsp. monogyna 

* * Salix elaeagnos Scop.  * 

Cydonia oblonga Miller * * Salix fragilis L.  * 
Laurocerasus oficinalis Roemer  * Osyris alba L. *  

Malus sylvestris Miller subsp. 
orientalis 

* * Staphylea pinnata L.  * 

Mespilus germanica L.  * Styrax officinalis L. *  
Prunus x domestica L. *  Taxus baccata L.  * 
Prunus spinosa L. subsp. dasyphylla  * Tilia argentea Desf. Ex Dc.  * 
Prunus divaricata Ledeb.  * Tilia cordata Miller  * 
Prunus laurocerasus L.  * Celtis australis L. *  
Pyracantha coccinea Roemer *  Ulmus glabra Hudson * * 

Pyrus amygdaliformis Vill. *  Vitis sylvestris Gmelin *  

Pyrus comminus L. * *    
Rosa canina L. * *    
 
 
DISCUSSION AND CONCLUSION 

 
Various pressures having emerged in recent 

years in parallel to the phenomenon of industriali-
zation and urbanization are creating negative effects 
on countries' floristic riches. In order for floristic 
riches to be sustainable and, at the same time, to be 
able to be used as a tourism resource, the protected 
areas are of great importance. At the same time, 

places established, certified and managed via laws 
and other effective means with the aim of protect-
ing the nature in the long term together with eco-
syst [30, 31] appear 
as natural sites used for eco-tourism purposes in the 
world [32]. 

However, the impacts of tourism on rare flora 
including that in protected areas has not been gen-
erally recognized as a specific type of threat, even 
though there is evidence of negative environmental 

impacts from tourism on these taxa in protected 
areas [33]. For this reason, the areas which are rich 
in bio-diversity are evaluated under the protected 
area status with the aim of getting rid of these pres-
sures. Budowski [34] mentioned that those protect-
ed areas where tourism is wholly or partially based 
on nature could provide an economic value for 
conservation of species and habitat [35]. 

Turkey having extremely rich plant diversity 
with more than 12000 taxons in terms of flora and 
botanic tourism, there are 203 natural parks with 
high taxon diversity and 8 of these natural parks are 
included within the borders of the city of Kocaeli. 
There are 4
[28] and 293 taxon in the Beskayalar natural park 
[27], which were evaluated within the scope of the 
study and are very important in terms of biological, 
physical and aesthetic resource values. When only 
the woody plant taxons are taken into consideration, 
it is observed that there are 108 woody taxons in 
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both natural parks. As it is known, natural and cul-
tural resources are mentioned among the elements 
creating the tourism supply of countries and regions 
[36] and plants occupy an important place among 
these resources. Plants are alive landscape elements 
showing lively, dynamic, decorative, aesthetic and 
functional features and they are actively used both 
in urban and rural landscape applications [37]. In 

natural parks, too, appear as important supply areas 
within the scope of flora or botanic tourism.  

By considering the fact that not only the func-
tions of the woody plants, which are the key and 
permanent elements of landscape [38], but also 
their such dendrological properties as sizes, shapes, 
textures and colours give shape to a landscape and 
make it acquire a character [6], trip routes should be 
created in the natural parks with the aim of evaluat-
ing these as a tourism resource. The trip routes 
should be created in a way to reflect all the diversi-
ty and the area or trip guides should be trained so as 
to be able to serve in the trip routes. On the other 
hand, units where the herbarium samples of the 
taxons belonging to the natural parks will be in-
cluded and trainings will be given in relation to the 
environment and amenity spaces of which users and 
visitors can make use should be introduced to the 
area within the framework of long-term develop-
ment plans.  

In conclusion, these comprehensive activities 
to be carried out in the natural parks in relation to 
flora or botanic tourism activities might not only 
contribute to the sustainable uses of the areas and 
the protection of bio-diversity, but also they might 
promote the development of the local people via 
generating income. 
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Sweet corn landraces are grown for local mar-
kets in Khyber Pakhtunkhwa, Pakistan. The present 
study aimed to document agronomic characteristics 
of landraces under different microclimatic regimes. 
Four landraces {Mingora (MNG), Mansehra (MNS), 
Swabi (SWB) and Parachinar (PRC)} with cv. Azam 
(check) were planted on five dates at almost one 
month interval at New Developmental Farm Univer-
sity of Agriculture Peshawar, Pakistan. Randomized 
complete block (RCB) design with split plots was 
employed. Planting dates and landraces alone or in 
combination significantly affected all parameters 
studied. Sweet corn attained maximum internode 
length under early plantations (April/March) in 2007 
and 2008. Whereas, maximum number of leaves 
plant-1, ear length, kernels ear-1and 1000-grain 
weight (TGW) were recorded from July plantations 
in both years. Landrace SWB produced maximum 
number of leaves plant-1. However, higher ear 
length, kernels ear-1 and TGW were recorded for 
Azam (check) in both years. Landrace SWB is there-
fore recommended for planting late in July to obtain 
higher yield attributes. 

Sweet corn, maize, landraces, planting dates, ear length, 
grain weight 

 
Maize (  L.) is the third most important 

cereal crop in Pakistan. It is mainly grown world-
wide for three distinct markets viz., fresh, canned, 
and frozen [1]. United Stated of America, Mexico, 
Nigeria, France and Hungary are the major produc-
ing countries [2]. Maize is grown in the widest range 
of environments. It is planted up to 58° N and 40° S 
in the Southern Hemisphere. It can grow below sea 
level in the Caspian plain and up to 4000 m above 
sea level in the Peruvian Andes [3]. Its production 

has not been able to keep pace with the demand, ex-
cept in a very few countries [4]. Sweet corn (

L var Strut) is one of several types 
of maize, which also includes flint corn, dent corn, 
popcorn, flour corn, and pod-corn [5]. It is mainly 
produced for three distinct markets in the world- 
fresh, canning, and freezing. Sweet corn consump-
tion, in the world, has increased over the past 30 
years [6]. It is grown in different areas of Khyber 
Pakhtunkhwa including Swat, Mansehra and Swabi 
districts, for local markets [7]. There is great poten-
tial in sweet corn market and if its yield become at 
par with field corn the income of the farmers can be 
increased several fold. The main reason of low yield 
is due to very little systematic research been done on 
this crop, particularly in Khyber Pakhtunkhwa.  

Early farmers selected seed from best-looking 
plants in their fields. In the course of selection, the 
farmer gave preference for certain traits, such as 
grain size, color, and taste [8]. This mechanism gave 
rise to the formation of landraces. It is important that 
landraces be collected and preserved throughout the 
world, particularly in areas where modern cultivars 
are replacing germplasm that have been used for 
crop production for a long time. Surveying both 
qualitative and quantitative traits of existing land-
races may be useful in maintaining their genetic di-
versity and preserving them from genetic erosion [9]. 
Planting time, environment and variety selection are 
the key factors significantly affecting growth, yield 
and yield components [9-14]. Microclimate plays an 
important role in maximizing growth and yield of 
sweet corn. Microclimate can be altered in many 
ways among which planting date is the most im-
portant factor to be considered. To fully explore 
grain production potential of sweet corn, it is essen-
tial to know how plants interact morphologically and 
physiologically in a community and to realize man-
agement practices, which allow them to get the most 
out of growth resources in their environment [15].  

Keeping in view the importance of indigenous 
landraces and role of planting date for achieving 
higher yields, this study was therefore initiated to 
document numerous qualitative and quantitative 
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traits of landraces and to find out optimum planting 
date. 
 
 

 
These experiments were carried out at New De-

velopmental Farm (NDF), University of Agriculture 
Peshawar, Pakistan during 2007 and 2008. Experi-
mental field is located at 34° N latitude, 71.3° E lon-
gitude and 350 m above sea level. The soil of the 
field was analyzed for organic matter [16], pH, EC 
[17], P and K [18]. Soil was low in organic matter 
(0.87 %), alkaline in reaction (pH 8.2), having EC 
(0.74 dSm-1), total N (0.04 %), AB-DTPA extracta-
ble P (1.15 mg P2O5 kg-1) and high in exchangeable 
K (506 mg K2O kg-1). Temperature, humidity, and 
precipitation recorded during the period of experi-
ment are given in Table 1. 

The landraces were named and abbreviated 
against the names of the places from where they 
were collected. Landraces were Mingora (MNG), 
Mansehra (MNS), Swabi (SWB) and Parachinar 
(PRC). Variety Azam was included as check. Plating 
dates, during 2007, were 25th April, 25th May, 16th 
June, 26th July and 18th August, while in 2008, Au-
gust sowing was omitted due to very poor crop stand 
and grain yield, instead sowing in March was added. 
Sowing dates during 2008 were 17th March, 30th 
April, 17th May, 21st June and 26th July. Landraces 
were planted in 4m × 3.6m plots having 6 rows, 4 m 
long. Treatments were replicated three times in ran-
domized complete block design with split plot ar-
rangements. Planting dates were allotted to main 
plots while landraces were maintained in sub-plots. 
Treatments were randomized in main and sub-plots. 
The crop was sown in 60 cm apart rows. A basal dose 
of 120:70 kg N:P2O5 ha-1 was used. Urea and single 
super phosphate were used as sources of N and P, 
respectively. The crop was irrigated at two weeks in-
terval. Furadan (Carbofuran 3%) @ 19.76 kg ha-1 
was applied in the early stages of growth to control 
attack of stem borers. Weeds were manually eradi-
cated.  

Data was recorded on number of leaves plant-1, 
middle internode length, ear length, kernels ear-1, 
and 1000-grain weight. The data on number of 
leaves plant-1 was calculated by counting the number 
of leaves of 10 randomly selected plants in each sub-
plot and were averaged. Middle internode length 
data was recorded with the help of measuring tape 
from 10 randomly selected plants in each subplot and 
averaged. Ear length was measured from 10 ran-
domly selected ears in each subplot with measuring 
tape. Kernels ear-1 was calculated from 10 randomly 
selected ears in each subplot. Thousand grains were 
counted from each subplot and weighed by an elec-
tric balance to record data on 1000 grain weight. The 
data were statistically analyzed, using analysis of 
variance technique in MSTAT-C. Means were com-
pared using least significant difference (LSD) test 
[19].  

 
 

Planting dates (P) 
and landraces (R), in both years, had significantly af-
fected number of leaves plant-1 (Fig. 1a). P×R inter-
action was also found significant. July planting re-
sulted in maximum number of leaves plant-1 during 
both years. However, in 2007, May and August 
planting produced lowest number of leaves plant-1, 
while in 2008, May planting produced lowest num-
ber of leaves plant-1. Final leaf number in maize de-
pends upon the rate and duration of leaf initiation 
[20]. Significant effects of planting dates on leaf 
number in sweet corn are reported by Williams [21]. 
Shah and Ahmad [22] attributed more number of 
leaves to favorable climatic conditions particularly 
temperature which accelerated vigorous growth. Ste-
venson and Goodman [23] reported lowest leaf num-
bers in exotic races of maize under short day regime. 
They partially supported our results as lowest leaf 
numbers during 2007 were attained when grown un-
der short days (August planting).  

 
 

Month Average T (°c) R. Humidity (%) Total Rainfall (mm) 
March 17.31 (21.18) 65.50 (47.81) 32.2 (0) 
April 25.30 (22.92) 55.38 (52.03) 0.8 (16.8) 
May 27.97 (29.29) 49.61 (41.97) 0.2 (0) 
June 32.42 (32.55) 49.35 (62.73) 0 (16) 
July 31.31 (32.56) 64.73 (72.45) 0 (27) 
August 31.95 (31.29) 65.77 (75.61) 20.2 (150.9) 
September 29.26 (28.98) 66.72 (69.90) 22 (16.7) 
October 23.06 (24.46) 46.88 (65.07) 0 (0) 
November 18.44 (18.68) 73.60 (56.37) 8 (0) 

 83.4 (227.4) 
Without parenthesis = for year 2007   With parenthesis = for year 2008 
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During both years, landrace SWB produced 
significantly higher number of leaves (Fig. 1b). 
Lowest number of leaves was produced by PRC and 
Azam in 2007, while in 2008; PRC produced mini-
mum number of leaves. Leaf number is an important 
trait for characterization of landraces in maize [24]. 
Different genotypes showed different number of 
leaves plant-1 when grown under a range of planting 
dates with varying temperature regimes. Presence of 
variability among different genotypes in response to 
temperature of leaf initiation and leaf appearance 
rate has been demonstrated by Padilla and Otegui 
[22]. Interaction SWB × July recorded maximum 
number of leaves during both years. Since different 
planting dates means different environments and 
when genotypes are compared over a range of envi-
ronments their quantitative characters frequently 
vary with environments [25]. 

 
The effects of plant-

ing date (P) and landraces (R) on internode length of 
sweet corn are depicted in Fig 2a & 2b. Analysis of 
the data revealed significant effects of treatments 
and their interaction. In year I, maximum internode 
length was recorded when crop was planted in April, 
while minimum internode length was observed in 

August sown crop. On the other hand, in year II, 
maximum internode length was noted in mid-March 
planting, while minimum internode length was ob-
served in June planting. These results showed that 
early planted sweet corn resulted in lengthy inter-
nodes as compared to late plantings. This may be due 
to longer growth periods employed by early plant-
ings. According to Birch et al. [26] growing environ-
ment may affect the pattern of internode extension. 
Salfer and Rawson [27] concluded in their study that 
photoperiod do have significant effect on reproduc-
tive phase of stem elongation. Internode elongation 
is a photomorphogenic process which requires very 
little light energy to get a growth-regulating response 
[28]. On the other hand, Berbecel and Eftimescu [29] 
and Novoa and Loomis [30] stated that moisture 
stress is mainly responsible for reduced internode 
length. 

Landrace MNG recorded maximum internode 
length while, Azam noted minimum internode length 
during both years (Fig. 2b). Shorter internodes re-
duce evapo-transpiration and increase tissue water 
retention capacity during grain filling [31]. Inter-
nodes are active sinks during pollination and com-
pete for assimilates during grain filling [32]. Hence, 
shorter internodes may be desirable as they compete 
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less for assimilates during grain filling. The differ-
ences in internode length may be due to stem elon-
gation periods and differences among genotypes 
[27]. During both years P×R interaction was found 
significant. In 2007, P×R interaction showed that in-
ternode length of MNG was greater when planted in 
April, whereas, internode length of PRC was lowest 
when planted in May. In 2008, maximum internode 
length resulted from MNG × March planting. On the 
other hand lowest internode length was noted for 
PRC × June planting. These results evidenced that 
different genotypes interacted differently with dif-
ferent environments regarding internode elongation. 
These results are partially supported by Birch et al. 
[26] who evidenced the presence of genotype by en-
vironment interaction in relation to internode length. 

 
Data on mean ear length of 

sweet corn as affected by planting dates (P) and land-
races (R) are given (Fig 3a & 3b). Statistical analysis 
of the data showed that ear length of sweet corn was 
significantly affected by P and R during both years. 
P×R interaction was also found significant. Sweet 
corn planted in July recorded higher ear lengths dur-
ing both years. May plantings recorded lowest ear 
lengths during both years. These results suggest that 
sweet corn planted late in July had more efficiently 
utilized the intercepted light with higher transloca-
tion of photo-assimilates to the ear. Rehman and 
Khalil [33] found higher ear length in mid-March 
planting as compared to other planting dates (March 
3, 23, and April 2, 12 and 22). Their findings par-
tially support our results as mid-March planting in 
2008 produced longer ears compared to April plant-
ing. Significant effects of planting date on ear length 
of sweet corn were also reported by White [34] and 
Ming et al. [35]. 

In 2007, highest ear length was recorded by 
Azam followed by landrace SWB, while MNG and 
PRC recorded lowest ear lengths. On the other hand, 
Azam recorded highest ear length, while lowest ear 
length was noted for PRC in 2008. Azam is a com-
posite cultivar possessing genetic potential for 
higher production [36] and because of genetic supe-
riority Azam may have produced long ears. Similar 
results are reported by Rehman and Khalil [33]. 
They determine higher ear length in Azam when 
compared with other pop corn and sweet corn culti-
vars. Significant differences between varieties for 
ear length are reported earlier by other workers [35, 
37, and 38] in corn. Landraces usually have smaller 
ears compared to improved varieties [39]. Data re-
garding P×R interaction showed that maximum ear 
length was noted when Azam was planted in July, 
while minimum ear length was recorded for PRC in 
May planting, during both years. The differences in 
ear length may be due to differences in genetic po-
tential and adoptability to environmental conditions.  

Grain yield, in 
maize, is mainly dependent upon the number of ker-
nels plant-1 that reaches maturity [40, 41]. Kernels 
ear-1 (KPE) of sweet corn was significantly affected 
by planting dates (P) and landraces (R), during both 
years (Fig 4a & 4b). P×R interaction was also signif-
icant. In both years, maximum KPE were observed 
in July planting followed by April planting. Mini-
mum KPE were observed in August planting during 
2007, while in 2008, minimum KPE were recorded 
in May planting. Lower temperature and incident so-
lar radiation during grain set and filling stage are im-
portant factors resulted in lowest KPE in August 
planting. Zaki et al. [42] also reported lowest KPE in 
mid-August planting. The number of kernels set is 
more critical and more affected by environmental 
conditions [43]. Otegui and Melon [44] stated that 
unfavorable conditions around silking can cause ces-
sation of ear development and ear abortion. There-
fore, reduction in the number of viable kernels ear-1 
may occur [45, 46]. This may be the reason for mid-
May planting which recorded lowest KPE. In 2007, 
Azam produced highest KPE followed by SWB, 
while PRC produced lowest KPE. In 2008, mean val-
ues for varieties suggested that Azam produced high-
est KPE followed by landrace SWB, while PRC pro-
duced lowest KPE. Different KPE among cultivars 
may be due to their different genetic makeup and 
adoptability to environmental conditions of Pesha-
war. As Azam is a synthetic cultivar hence it pro-
duced more KPE. Among landraces, SWB was su-
perior in production of KPE and the possible reason 
may be that it was collected from an area (Swabi) 
whose environmental conditions are almost identical 
to Peshawar. These results advocate that late July 
may be an optimum time for sowing of sweet corn to 
gain maximum KPE. Tollenaar [47] attributed re-
ductions in kernels plant-1 to unfavorable environ-
mental conditions at flowering. Significant interac-
tion of planting date and cultivar was also reported 
by Khan and Zada [48]. 

 
Data on mean 1000-

grains weight (TGW) of sweet corn as affected by 
planting dates (P) and landraces (R) are given in fig. 
5a & 5b. Statistical analysis of the data showed that 
TGW was significantly affected by P and R with sig-
nificant P × R interaction, during both years. In 2007, 
TGW decreased from 178 in April and May planting 
to 176 in mid-June planting. In late July planting, 
however, TGW reached to maximum (185). Further 
delay in planting to mid-August realized minimum 
TGW value (156). In 2008, maximum TGW (189) 
was again obtained from late July planting, while 
minimum TGW (170) was observed in mid-May 
planting. Reduction in grain weight was found by de-
laying planting date from mid-September to mid-De-
cember [49]. Andrade et al. [50] stated that low tem-
perature may have a negative effect on kernel weight 
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through biomass partitioning to the grains. This may 
be true in case of mid-August planting which pro-
duced grains of lowest weight. In August planting 
grain filling period coincided with low temperature 
(Table 1) which may have caused negative effect on 
grain weight.

During both years, Azam noted highest TGW 
followed by landrace SWB, whereas lowest TGW 
was recorded in MNG (Fig 5b). Since Azam is a syn-

thetic variety which more efficiently translocated as-
similates to the grains during grain set and filling pe-
riod resulting in heavier grains. Among landraces 
SWB produced heavier grains compared to other 
races. Significant effect of cultivar on TGW was re-
ported by others [51, 52]. In the first year, Azam rec-
orded maximum TGW in July and April plantings, 
while minimum TGW was observed when PRC was 
planted in August. In the second year, interaction of 
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Azam × July recorded highest TGW, while mini-
mum TGW was recorded from interaction of PRC × 
May. Grain set is a critical period which is mostly 
affected by temperature and genotype [53]. 
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ABSTRACT 

The field experiment was conducted in agricul-
tural research field under the department of field 
crops, faculty of agriculture, University of Dicle, 
Turkey (37°53' N, 40°16' E) during spring wheat 
growing season of 2011-12 for assessing the grain 
yield and quality of sixteen spring wheat genotypes 
grown under late sown rainfed condition (high tem-
perature combined with drought stress) as compared 
with early sowing in irrigated condition (favourable 
environment). The experiment was laid out in a split-
split plot design with three replications. Two sowing 
times: early sowing (cool environment) and late 
sowing (warm environment) were allocated in main 
plots, sub-plots were in two irrigation conditions 
(rainfed and irrigation) and finally sub-sub plots 
were arranged with sixteen spring wheat genotypes. 
Data on grain weight (GW), grain protein content 
(GPC), grain starch content (GSC), test weight 
(TW), Zeleny sedimentation volume (ZT), dry glu-
ten content (DGC), gluten index (GI) and grain flour 
content (GFC) were determined to know the adverse 
effect of high temperature in combined with drought 
stress. The results of the present study indicates that 
high temperature combined with drought (late sown 
heat stress condition) significantly influenced the 
grain yield and quality parameters of all tested wheat 
genotypes. Grain protein content showed a positive 
correlations with DGC and ZT, while negative cor-
relation with GW under normal and heat stress con-
ditions. Moreover, a significant negative association 
was found between GSC and GPC content due to the 
adverse effect of high temperature in combined with 
drought stress. These results support that the perfor-

- -
- -

of the most important traits of grain quality under ad-
verse environment. Therefore, the genotypes may be 
considered as prospective good candidates for new 
wheat varieties for cultivation under heat (late sow-

ing) and drought stress (rainfed) conditions of Tur-
key.  
 
 
KEYWORDS:  
GGE-biplot analysis, correlations, drought, heat, geno-
type, wheat, stress. 
 
 
INTRODUCTION 

 
Wheat (Triticum aestivum L.) is one of the 

widely adapted cereals, grown in warm and humid to 
dry and cold environments [1, 2]. Among the cereals, 
it is stands first in terms of production and acreage, 
while due to the frequent food shortages for increas-
ing population its importance has been risen day by 
day [3, 4]. The global requirements of wheat by 2020 
about 950 million tons to achieve food needs im-
posed by the increase of population and further, this 
could be reached, if global wheat productivity is im-
proved by 2.5% per annum [5, 6]. 

The grains of wheat usually use as a number of 
edible product like chapatti, bread, biscuit, noodles 
and pasta [7]. Flour quality of wheat mainly depend 
on proteins, energy, amino acids, carbohydrates, li-
pids, minerals and vitamins. Based upon the solubil-
ity, grain proteins of wheat is classified as albumins, 
globulins and gliadins (monomeric) and glutenins 
(polymeric) [8]. The rheological properties like vis-
cosity and elasticity of flour depends on the balance 
of these two proteins determines [9], for example, 
gliadins determine the viscosity, while glutenins is 
generally associated with elasticity of dough. How-
ever, starch is the major constituent of flour and 
plays a significant role in food product quality. Dur-
ing yeast fermentation, it is helpful in setting of 
bread loaf and retro-gradation during storage 
through providing carbon [10]. The large granules 
increase the resistance to extension of dough, while 
small starch granules increase the extensibility [11].  

Although wheat has a wide range of climatic 



© by PSP  Volume 27  No. 7/2018 pages 4830-4837        Fresenius Environmental Bulletin 

4831 

adaptability, however, many biotic factors such as 
diseases, insect pests, and weeds and abiotic factors 
such as drought, high temperature, salinity, flooding, 
freezing, high irradiation, and nutrient deficiency or 
toxicities limit its yield [3, 4, 12]. Among the abiotic 
factors, high temperature and drought are the most 
important environmental factors that limiting the 
grain quality and net productivity of wheat in all over 
the world, especially in Mediterranean environment 
[13, 14], where high temperature combine with 
drought effect on the phenology, growth and produc-
tivity of rainfed crops than individual stress [3, 4].  

According to Jiang et al. [15], anthesis and 
grain-filling period are the most critical growth 
stages of wheat under adverse environmental condi-
tions that leads to negatively influence the grain 
quality of wheat. Under late sown condition, high 
temperature in combination with drought deteriorate 
the grain quality of wheat through late flowering, 
thereby forcing the grain filling period [1]. Similarly, 
Labuschagne et al. [9] reported that during grain fill-
ing period increased temperature, increase the sever-
ity of drought through reducing soil moisture as well 
as air humidity resulting to the force maturity 
through shortened the duration of glutenins synthe-
sis. While, Wardlaw and Moncur [16], noticed that 
the late sown wheat face heat stress during flowering 
resulting to reduce grain size; but grain protein accu-
mulation is increased than starch under heat stress 
condition.  

Therefore, development of new drought and 
heat stress tolerant wheat genotypes with good grain 
quality are crucial to meet the food demand of in-
creasing population in the world, under future chang-
ing climate such as heat and drought stress condition 
[14]. Currently various strategies are being applied 
to increase heat stress-tolerance in wheat through un-
derstanding the impact of climate variability (rise in 
temperature and drought stress) under rainfed condi-
tions during grain-filling period of wheat [17]. But, 
little works have been done to study effect of high 

temperature and drought stress on protein and starch 
accumulation of wheat. In the context, the present 
study was undertaken to evaluate the effect of sow-
ing time (especially early and late sown heat stress) 
in combine with drought on grain quality of wheat 
under rainfed and irrigated conditions.  

 
 

MATERIALS AND METHODS 
 
Experimental site and design. The field ex-

periment was conducted in agricultural research field 
under the department of field crops, faculty of agri-
culture, University of Dicle, Turkey (37°53'N, 
40°16'E) during spring wheat growing season (in the 
year 2011-12). The experiment was arranged in a 
split-split plot design with three replications. Two 
sowing times i.e., early sowing (cool environment) 
and late sowing (warm environment) were allocated 
in main plots and sub plots were arranged with two 
irrigation conditions (rainfed and irrigation) and fi-
nally sub-sub plots were arranged with sixteen 
spring wheat genotypes. Plot size was 8.4 m2 (six 
rows, 20 cm apart) 

 
Plant material and growing conditions. The 

sixteen spring bread wheat genotypes consist of 
commercial cultivars were used as plant material. 
The experimental methodologies have been fol-
lowed as described previously by [18, 19]. Mean and 
maximum temperature (°C) during the early sowing 
(cool environment) and late sowing (warm environ-
ment) conditions are presented in (Fig.1). 

 
Seed rate, fertilizers and irrigation. The seed 

rate was 450 seeds m-2. Fertilizer, phosphorus (40 kg 
ha-1 P2O5) was added before sowing as triple super 
phosphate form. Whereas, nitrogen was applied as 
ammonium nitrate in three split 40, 80 and 40 kg       
N ha 1  20 and 

 
 

 
FIGURE 1 

Climatic data in the cool and warm environments during the growing periods.  
[PM; physiological maturity]. 
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30, respectively. The experiment were established as 
a first and second sowing time, December and April, 
respectively. While the first sowing time represented 
the conventional sowing date, the second sowing 
time with growing period was rather drought and 
high temperature than the previous sowing time. 

The factor of irrigation was determined as rain-
fed (drought) and irrigated conditions. Rainfed con-
ditions did not take supplementary irrigation, except 
only for emergence. Irrigated conditions were ad-
justed to keep plants to field capacity. Amount of 
water (mm) in the environment during the growing 
period were presented in (Fig. 1). 
 

Determination of grain quality traits. Data 
on quality parameters, including grain weight (GW), 
as thousand grain weight (g), grain protein content 
(GPC) (%), grain starch content (GSC) (%), test 
weight (TW) (kg hl-1), Zeleny sedimentation volume 
(ZT) were determined. The dry gluten content 
(DGC) were determined from grain samples with a 
near infrared transmittance spectrophotometer (In-
fratec 1241-grain analyzer, Foss Tecator AB, Swe-
den). Grain flour content (GFC, %), test weight 
(kg/hl), gluten index (GI) were measured according 
to Approved Method 38-12 [20]. 

 
 

Statistical analysis. GGE biplot analysis is a 
useful tool for data analysis, with visual displays, 
from trials conducted in multiple environments, as 
well as useful for plant breeders and geneticists to 
study complex genotype and environment interac-
tions [21]. Specifically, in the GGE biplot analysis, 
two-way data from multi-location trials are dis-
played visually as the G main effect and the GE in-
teraction effect. The data were statistically analyzed 
by using (Stat Soft, Inc., 2005, data analysis software 
system, version 7.1. www.statsoft.com.). 

 
  

RESULTS  
 
Results obtained from the present study re-

vealed that mean square values of genotypes were 
significant for all studied traits due heat stress and 
irrigation regimes (Fig. 2 and Fig. 3). The highest 
value of major grain quality in this experiment was 

Inqilab-
by - - -irrigated 
condition and the lowest values were in stress condi-
tion (late sown heat and drought (rainfed) condition). 
These genotypes, therefore be considered to culti-
vate under late sown drought (rainfed) condition.  

 
FIGURE 2 

Biplot based on principal component analysis for grain quality traits in 16 wheat genotypes: Principal 
component analyses (PCA) score plots of PC1 versus PC2. Eigenvalues are presented as vectors for the 

following grain quality traits and genotypes in cool environments.GW, grain weight; GPC, grain protein 
content; GSC, grain starch content; TW, test weight; ZT, Zeleny sedimentation volume; DGC, dry gluten 

content; GI, gluten index and GFC, grain flour content. 
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FIGURE 3 

Biplot based on principal component analysis for grain quality traits in 16 wheat genotypes: Principal 
component analyses (PCA) score plots of PC1 versus PC2. Eigenvalues are presented as vectors for the 

following grain quality traits and genotypes in warm environments.GW, grain weight; GPC, grain protein 
content; GSC, grain starch content; TW, test weight; ZT, Zeleny sedimentation volume; DGC, dry gluten 

content; GI, gluten index and GFC, grain flour content. 
 
The GGE-biplot analysis is a suitable method 

to analysis the interaction between wheat quality 
properties and wheat genotypes growing under dif-
ferent environments. In this research, quality traits of 
genotypes were explained by the Principal Compo-
nent Analysis (PCA) to construct the zone with re-
gard to quality trait expression. Hence, explanation 
was varied to environment (Fig. 2 and Fig. 3). The 
examined genotypes might be arranged into four 
groups based on their performance under stress and 
non-stress conditions. 

 
Cool rainfed environment (Cool Rainfed). Prin-

cipal Component Analysis PC1 and PC2 explained 
up to 50.80% and 20.75% of total variance, respec-
tively and total of 71.15% (Fig. 2). The results of 
grain weight (GW), test weight (TW), grain flour 
content (GFC) and grain starch content (GSC) are 
very important traits in discriminating the genotypes 
(Fig. 2). It was observed and grain weight and test 
weight were a group and they were positively and 
significantly correlated. In this concern, grain flour 
content and grain starch content was similarly a 
group and they have significantly and positively cor-
related with each other. In respect to differences 

- - -

-  
in the positive sense of the grain weight (GW), test 
weight (TW), grain flour content (GFC) and grain 
starch content (GSC) vectors, indicating that they 
performed particularly well for these quality traits 
(Fig. 2). Furthermore, genot -
duced a higher grain weight (GW), test weight (TW) 
than other genotypes, as well as, it is also achieved 
high value in grain flour content (GFC) and grain 
starch content (GSC) (Fig. 2). 

 
Cool irrigated environment (Cool Irrigated). 

Regarding the cool irrigated environment Principal 
Component Analysis PC1 and PC2 explained up to 
32.14% and 30.23% of total variance and total of 
62.37% (Fig 2). Results indicated that Zeleny sedi-
mentation volume (ZT), grain protein content 
(GPC), grain flour content (GFC), dry glutenins 
(DG) and grain weight (GW) are very important 
traits in discriminating the genotypes (Fig. 2). Under 
cool irrigated environment (Cool Irrigated), genotypes, 

-
- - - - -

-
of the Zeleny sedimentation volume (ZT), grain pro-
tein content (GPC), grain flour content (GFC), dry 
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glutein (DG) and grain weight GW vectors, indicat-
ing that they performed particularly well at these 
quality traits (Fig. 2). 

 
Concerning warm rainfed environment 

(Warm rainfed). Under warm rainfed environment 
Principal Component Analysis PC1 and PC2 enlight-
ened up to 36.25% and 20.70% of the total variance, 
and the total 56.95% (Fig. 3). Majority of quality pa-
rameters were positively correlated except test 
weight (TW) and grain starch content (GSC) were 
negatively correlated with each other. Glutenin in-
dex (GI), grain weight (GW) and grain starch content 
(GSC) are very important traits in discriminating the 
genotypes (Fig. 3
ated in the positive sense of the glutenin index and 
grain weight vectors indicating that they performed 
particularly well at these quality traits (Fig. 3). 

positive sense of the grain protein content vector 
(Fig. 3). 

 
For warm irrigated environment (Warm irri-

gated). For warm irrigated environment Principal 
Component Analysis (PC1) explained up to 34.91% 
of total variance and PC2 explained 28.25%, and to-
tal of 63.16% (Fig. 3). Similar to previous environ-
mental condition, results of biplot analysis also indi-
cated that grain starch content (GSC), grain flour 
content (GFC), test weight (TW) and grain weight 
(GW) are very important traits in discriminating the 
genotypes (Fig. 3). Furthermore, the environment in 
cool irrigated is most suitable followed by that of 

-
- - -  

superior as good and stable genotypes for end-use 
quality parameters under stress environment. 
 
 
DISCUSSION  

 
Development of new drought and heat tolerant 

wheat genotypes with good grain quality are crucial 
for researcher to meet the food demand of increasing 
population in around world [13]. In the present study 
quality traits viz., grain weight (GW), grain protein 
content (GPC), grain starch content (GSC), test 
weight (TW), Zeleny sedimentation volume (ZT), 
dry gluten content (DGC), gluten index (GI) and 
grain flour content (GFC)) of sixteen wheat geno-
types were studied under favourable and adverse 
conditions (high temperature in combine with 
drought stress) for assessing the genotypes which are 
suitable to grow under adverse condition. Results ob-
tained from the present study revealed that mean 
square values of all genotypes for all studied quality 
traits were significant due heat stress and irrigation 
regimes (Fig. 2, 3). The findings of the present study 
also similar with earlier study as reported by [9], who 
noticed that increased temperature and drought stress 

during grain filling period resulted to early maturity 
and shortened duration of glutenin synthesis, which 
in turn reduced dough strength. While, Jiang et al. 
[15], noticed that the late sown wheat face heat stress 
during flowering that lead to decrease the productiv-
ity as well as grain quality of wheat. Similarly, an-
thesis and grain-filling period are most important 
critical growth stages of wheat, but under stress con-
ditions, the time duration of two stages are shorten 
that leads to negative effect on grain quality of wheat 
[16]. The results of the present study also confirm by 
earlier study, who noticed that under late sown con-
dition, grain quality of wheat genotypes affects 
through flowering late, or forcing the grain filling 
period through the coincide of high temperature 
stress [1]. Furthermore, water stress/drought might 
lead to the significant effect on seed quality traits of 
different crops [22-31]. Wheat traits could be asso-
ciated in a positive or a negative way to each other, 
and the association performance is independent of 
the breeding aims and could change from surround-
ings conditions to another [32].  

Considering on the GGE-biplot analysis (Fig. 2 
and Fig. 3), the results of the present study also con-
firmed by previous studies as reported by [33, 34], 
who noticed that the examined wheat genotypes 
were divided into some groups by GGE-biplot anal-
ysis. The genotypes which performed good under 
30% of field capacity, were most suitable for regions 
with very short water availability [35]. Genotypes 
which were superior under 70% of field capacity, 
these have appropriate for the area of about normal 
water availability [35].  

These results are in agreement with the findings 
of [36], [37]. Considering the biplot genotypes with 
scores gave high (stable genotypes), and genotypes 
with scores had low (unstable genotypes). These re-
sults appear some variations from that of the rela-
tionship analysis among pairs of properties as the 
biplot describes the inter-relationships among all 
traits concurrently on the basis of the overall data 
that offering [38].  

Furthermore, the GGE-biplot could designate 
the interrelation among the genotypes, additionally 
their stability and contribution toward an individual 
character [39]. Genotypes grouping in the biplot des-
ignated that the genotypes of the quality traits groups 
appeared similar performance to quality attributes 
[34]. The protein contents, gluten quality and con-
tents have significantly and negatively correlated 
with grain weights under normal and stress condi-
tions [40]. Genotype-by-environment interactions 
and the negative correlation between grain yield and 
grain gluten content of wheat had been established in 
different studies [41]. 
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CONCLUSION 
 
From the results and discussion of the present 

study, it can be concluded that grain weight (GW), 
grain protein (GPC), grain starch (GSC), test weight 
(TW), Zeleny sedimentation volume (ZT), dry glu-
ten (DGC), gluten index (GI) and grain flour content 
(GFC) of sixteen wheat genotypes significantly in-
fluenced by the adverse effect of high temperature in 
combine with drought stress. Among the quality pa-
rameter, grain protein showed the positive correla-
tions with DGC and ZT, while GW showed the neg-
ative correlation under normal and stress conditions. 
Similarly, a significant negative association was 
found between GSC and GPC content due to the ad-
verse effect of high temperature in combine with 
drought stress. Considering on genotypes, -

- - -
found better in respect of the most important traits of 
grain quality under adverse environment. Therefore, 
the genotypes are prospective good candidate ad-
vance lines for new wheat varieties cultivation under 
heat (late sowing) and drought stress (rainfed) in 
Mediterranean Environment of Turkey. 
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This study was conducted to identify promising 

genotypes and provide materials for further breeding 
studies by evaluating the agronomic characteristics 
of broomcorn genotypes traditionally grown in 
Adapazarı and its vicinity. Six village genotypes 
grown at different locations were used as material 
and the study was conducted in 2015 and 2016. The 
results showed that plant heights of the genotypes 
were in the range of 182.10-154.50 cm. The tallest 
plant was Genotype-6. Leaf length was in the range 
of 7.42 to 6.13 mm. The longest leaf length was ob-
tained at 7.42 mm in Genotype-2. The maximum leaf 
width of 8.12 mm was obtained in Genotype-1. The 
longest panicle length was in Genotype-1 and the 
heaviest panicle weight was obtained in Genotype-5. 
Panicle length and panicle weight are important mor-
phological constructs. Genotype-1 and Genotype-5 
were found to be promising genotypes for broom-
corn production. The highest panicle seed weight 
and weight of 1000 seeds were obtained in Geno-
type-1. The results showed that there were positive 
and significant correlations among panicle weight, 
leaf width and leaf length, panicle length and panicle 
seed weight. On the other hand, leaf width, panicle 
seed weight and panicle weight had positive relation-
ships, whereas panicle seed weight, weight of 1000 
seeds and leaf width also had a significant relation-
ship.

Broomcorn, genotypes, agronomic characteristics 

 
Sorghum (  (L.) Moench) 

2n=20 belongs to the Andropogoneae tribe of the Po-
aceae family [8]. It is a self-pollinated crop [16]. Sor-
ghum and its varieties are used in many areas such 
as grains, silage, green and dry feed, brooms, sau-
sages, wall coverings.  (L.) Mo-
hench. vartechnicum (Körn.) is a type of sorghum 
with long fiber, flexible and sturdy panicule and it is 
used in broomcorn construction [3].  

Broomcorn ( ) is not actually 
corn but instead it is related to the sorghums used for 
grain and syrup ( ). Broomcorn has 
a coarse and fibrous seed head that has been used to 
make various types of brooms and brushes for sev-
eral centuries. While there are still craftspeople cre-
ating these natural brooms today, this crop is now 
more commonly used to make decorative items such 
as wreaths, swags, floral arrangements, baskets and 
autumn displays. It takes about 60 sprays (heads) to 
make a broom, but wreaths and dried arrangements 
require only a few plants [13]. This plant of Central 
African origin is mostly grown in Mediterranean 
countries. The long panicular varieties of broom-
cornwere first used in broomstones in Italy in the late 
1500's [6, 19]. The U.S. demand for broomcorn has 
declined with the rise in sales of synthetic brooms. 
About half of the current national need for broom-
corn is being met by imports from Mexico, another 
key factor contributing to the decline in domestic 
acreages. It may not be possible for Kentucky grow-
ers to compete with broomcorn wholesalers; how-
ever, there are still a number of artisans and crafts-
people who pride themselves in making high-quality 
brooms by hand. These entrepreneurs, many of 
whom use imported broomcorn, may be interested in 
a readily available local supply. As with any spe-
cialty product, it is best to identify a market before 
planting the crop [13]. 

Broomcorn has been grown in Turkey for many 
years in the procinces of Sakarya and Edirne, as well 
as their districts. In recent years, with the widespread 
use of electric vacuum cleaners at homes and offices 
and the spread of brooms made of nylon (plastic) fi-
bers, the craftsmanship of using natural fibers as a 
raw material has declined, leading to a decrease in 
the planting area of the broomcorn. The broomcorn, 
which is produced in small quantities, is sold to 
broom producers.  

From very ancient times until recently, sweep-
ing was one of the most common acts of house-
workseen throughout Turkey. Like other handcrafts, 
producing brooms for sweeping was quickly with-
drawn from our daily lives, unable to keep pace with 
the innovations of modern life. For this reason, while 
organic sweeps used in cleaning houses are disap-
pearing, a cultural accumulation formed over the 
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broom for centuries is also under the threat of extinc-
tion.  

As a matter of fact, the United Nations Educa-
tional, Scientific and Cultural Organization [20] fre-
quently points out that the socio-cultural characteris-
tics of a country and distressing events lead to mi-
gration from rural areas to urban areas and emptying 
of rural areas. This is a tragedy of humanity, and it is 
emphasized that the cult created during hundreds of 
years is an unbearable loss. Today, if organic prod-
ucts are preferred, the use of hand-made sweeping 
tools is expected to become widespread. The broom-
cornused to make brooms from flower buds is seen 
as a result of work done especially in poultry feed, 
medicine and cosmetics industry, while stalks and 
leaves can be used in paper industry [10, 11]. In a 
survey, it was revealed that staple stalks of broom-
corn had a low value as feed, but immature grains 
were close to the feed value of the oat [6]. U.S. 
broom is used in silage production and dairy fatten-
ing [15].  

Studies were conducted to determine more 
closely the degree of dominance of the Dwa gene of 
sorghum [Sorghum bicolor (L.) Moench] and inves-
tigate further the relationships between height and 
other agronomic traits. Isogenic lines of ‘Martin,’ 
‘Plainsman’, ‘Redlan,’ and ‘Tx403,’ homozygous 
for the dominant and recessive allele of Dws were 
compared to heterozygous lines produced from 
crosses of each short line to its tall counterpart. 

The data were collected and analyzed for culm 
height, grain yield, test weight, kernel weight, pani-
cles/plant, peduncle length and node number. Height 
genotype influenced total yield, test weight, pani-
cles/plant and kernel weight, as well as culm height. 
Cultivar  height interactions were observed for 
height, test weight, and kernel weight. Height ap-
peared to be partially dominant. The degrees of dom-
inance recorded for Martin, Plainsman and Redlan 

were 0.70, 0.70 and 0.82, respectively. Yields of the 
heterozygous lines were not significantly different 
from those of the corresponding homozygous tall 
lines. In general, heterozygous lines had test weights 
and kernel weights equal to those of the tall homo-
zygous fines and higher than those of the short par-
ents. Heterozygous lines tended to have more pani-
cles/plant than did either the tall or short lines [5]. 

According to Sakarya Commodity Exchange 
records, between 2010 and 2017, the amount of 
broomcorn cuts traded on the stock exchange ranged 
from 372 to 1000 tons. The prices of kilograms of 
broomcorn cuts harvested just below the panikiler 
ranged from 0.85 to 1.600 YTL in recent years. The 
price decreases annually when production is exces-
sive, and it increases when production is low. The 
subject of this study was the broomcorn, which has 
an important place in the Sakarya region and has not 
been examined in Turkey in an agricultural perspec-
tive almost at all. The purpose of this study was to 
determine some agricultural characteristics of the 
broomcorn genotypes grown in Sakarya, the most 
important region where broomcorn is bred in Tur-
key, and determine the genotypes suitable for the re-
gional conditions.  

 
 

 
This study was carried out in 2015 and 2016 in 

Adapazarı, which is located at 29º 57'-30º 53'E and 
40º 17'- 41º 13'N in the northeastern part of the Mar-
mara region where broomcorn is widely grown. The 
aim of this study was to identify promising geno-
types and provide material for further breeding stud-
ies by evaluating the agronomic characteristics of the 
genetics of broomcorn that is traditionally grown in 
Adapazarı. For this reason, data were collected from 

 

2015 6.79 18.76 12.76 7.35 66.67 
2016 10.54 24.78 18.59 5.95 58.80 

Long-term 8.60 19.30 13.30 63.70 62.73 
2015 13.80 25.40 19.11 5.63 72.53 
2016 13.47 24.00 19.58 5.76 69.17 

Long-term 12.70 24.40 17.80 54.40 71.20 
2015 17.27 26.34 21.73 15.24 78.15 
2016 18.32 30.28 25.29 13.95 65.75 

Long-term 16.60 28.10 22.10 80.80 70.90 
2015 19.07 29.91 26.03 9.80 68.04 
2016 19.18 30.61 25.77 0.72 70.23 

Long-term 19.00 30.20 24.30 46.00 69.90 
2015 20.51 31.45 27.49 5.72 66.87 
2016 21.09 31.55 25.73 9.17 78.00 

Long-term 19.20 30.30 24.20 47.10 71.90 
2015 19.07 29.51 25.00 14.73 73.23 
2016 15.56 28.07 22.74 4.96 68.64 

Long-term 15.30 26.90 20.30 58.70 73.60 
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different places where broomcorn was grown. In the 
study, 6 village genotypes were used as the material. 
The data obtained from the study were analyzed for 
variance by combining yearsin a completely ran-
domized design with three replications. The statisti-
cal significance of the differences between the 
means was determined by Duncan’s analysis. Rela-
tionships between plant characteristics were deter-
mined by correlation analysis. All analyses were per-
formed in the MSTATC package program. 

The average temperature values for the first 
year of the study in April and June of 2015 were 
12.76 and 21.73 °C respectively which is lower than 
the long-term average temperatures. In May, July, 
August and September, these values were 19.11, 
26.03, 27.49, 25 °C respectively and they were found 
to be higher than the long-term average. In 2016, the 
second year of the study, the average temperatures 
were 18.59, 19.58, 25.29, 25.77, 25.73 and 22.74 °C 
in April, May, June, July, August and September re-
spectively, which were higher than the long-term av-
erage. The average rainfall in 2015 and 2016 in 
months when broomcorn was grown well below the 
long-term average, but humidity was high (Table 1). 

 
The mean values of thecharacteristics for 6 

broomcorn genotypes, Plant length, Leaf length, 
Leaf width, Panicle length, Panicle weight, Panicle 
seed weight and 1000 seeds weight are presented in 
Tables 2, 3 and respectively, and the relationships 
between characteristics are given in Table 4. 

According to the result ofthevar-
iance analysis ontheplant height values of the 
broomcorn genotypes in the study, the genotype and 
year × genotype interaction was statistically signifi-
cant at the level of 0.01. Total rainfall during the 
broomcorn growth season in the year 2015 was more 
than 1.6 times the total rainfall in 2016, and this 
caused significant differences in plant height. The 
mean plant height changed in the range of 182.10-

154.50 cm among the genotypes (Table 2). Arslang-
iray [2] compared height and yield values for eight 
different plant species, including corn, sorghum, su-
dangrass, sorghum-sudangrass hybrids and broom-
corn, among the second crop conditions in the Cuku-
rova region. The researcher reported that sudangrass 
was the tallest (277 cm) plant in comparison to-
broomcorn (261 cm). Geren and Kavut [9], between 
the years 2006 and 2007, used corn, sorghum, sudan-
grass, sorghum-sudangrass hybrid and broomcorn as 
their material and reported that plant height of these 
broomcorn varieties was in the range of 257.1-258.0 
in. These results were differrent from thouse in our 
study. The highest plant height was obtained from 
Genotype-6 in both years of the experiment. The 
shortest plant height was detected in Genotype-2 in 
the second year of the experiment. Genotype-6 had 
the tallest plant in both years. Annual climate change 
did not affect this genotype. Therefore, the genotype 
is regarded as a stable genotype in terms of plant 
height. 

According to the variance analy-
sis results, the leaf length year × genotype interaction 
was significantat the level of0.01 level. Leaf length 
ranged from 7.42 to 6.13 mm based on genotype (Ta-
ble2). The longest leaf length was obtained at 7.42 
mm in Genotype-2 in both years. The shortest leaf 
length was 6.13 mm in 2015 in Genotype-3. Leaf 
length is a characteristic that varies based on genetics 
[4]. Leaf length is also affected by environmental 
conditions and it particularly decreases plant density 
[14]. 

As a result of the leaf width vari-
ance analysis, there was no statistically significant 
difference between the years, but there was a signif-
icant difference at the level of 0.01 among the geno-
types. Genotype-1 had the maximum leaf width of 
8.12 mm and Genotype-5 had the minimum leaf 
width of 5.57 mm. The plant has a broad leaf struc-
ture, so much that it has a direct impact on yield. 
Larger-leaved genotypes are do more photosynthesis 
than other genotypes and this causes higher perfor-
mance. Therefore, leaf width has an important role 
in the genotypes preferred for yield. 

175.40 b 178.40 ab 176.90 B 7.24 ab 7.10 ab 7.17 A 7.97 8.28 8.12 A 76.61 ab 77.25 a 76.93 A 
158.70 de 154.50 e 156.60 F 7.42 a 7.42 a 7.42 A 7.62 7.25 7.43 B 74.42 bcd 74.19 bcd 74.31 B 
160.40 d 161.10 d 160.70 E 6.13 e 6.67 cd 6.40 B 6.02 6.44 6.23 CD 72.64 cd 73.81 cd 73.22 B 
175.80 b 170.30 c 173.00 C 6.39 de 6.64 cd 6.51 B 6.36 6.67 6.52 C 73.08 cd 75.25 abc 74.17 B 
168.50 c 170.30 c 169.40 D 6.31 de 6.51 cde 6.41 B 5.57 5.57 5.57 D 74.31 bcd 74.53 bcd 74.42 B 
182.10 a 181.20 a 181.60 A 6.27 de 6.89 bc 6.58 B 5.70 5.66 5.68 D 72.06 d 68.55 e 70.31 C 
170.12 169.30  6.62 6.87  6.54 6.65  73.85 73.93  

4.532 3.205 0.3887 0.2749  0.6632 2.469 1.746 
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72.97 abc 74.08 abc 73.53 B 34.91 35.92 35.42 A 20.55 20.11 20.33 A 
76.67 ab 77.28 a 76.97 A 34.33 36.11 35.22 A 17.27 19.08 18.18 B 
66.56 efg 72.36 bcd 69.46 C 33.27 34.81 34.04 AB 16.39 16.83 16.61 C 
70.67 cde 72.17 bcd 71.42 BC 32.92 33.36 33.14 B 15.72 16.55 16.14 C 
62.56 g 64.67 fg 63.61 D 32.14 33.44 32.79 BC 16.41 17.16 16.79 C 

68.14 def 63.67 fg 65.90 D 31.64 30.83 31.24 C 16.64 16.72 16.68 C 
69.59 70.70  33.20 34.07  17.16 17.74  

4.316 3.052  1.785  1.268 

 

-0.255 1      
-0.189 0.460 1     
-0.439 0.828* 0.487  1   
-0.156 0.845* 0.736  0.874* 1  
-0.547 0.719 0.812*  0.812* 0.878* 1 
0.073 0.780 0.694  0.551 0.862* 0.725 

*(P≤0.05) 
 
 

There are significant differ-
ences among punicule species of sorghum [1, 18]. 
The length of the panicle is a particularly important 
morphological factor for broomcorn. This is be-
cause, for a good broomcorn speciment, there should 
be a high number of branches of the panicle, uniform 
distribution, flexibility and the dimensions should be 
about 50.8 cm [6, 10]. In the study, significant dif-
ferences in panicle length were found at the level of 
0.01 in terms of genotype and year × genotype inter-
actions. The longest panicle length was 77.25 cm and 
the shortest was 68.55 cm, which were obtained from 
Genotype-1 and Genotype-6 respectively in 2016 
(Table 2). In the study by Deepakkumar Shinde [7], 
panicle length had a direct and positive (0.009) effect 
on grain yield on the genotypic level, while it had a 
direct and negative (-0.002) effect on the phenotypic 
level at Dharwad. In parallel to these results, Patel 
[17] reported a positive indirect effect on grain yield 
and and Ivanar [12] reported a positive direct effect 
on grain yield. 

Variance analysis of panicle 
weight revealed significant differences at the level of 
0.01 in the genotypes and year × genotype interac-
tion. Panicle weights in the year × genotype interac-
tion changed between 62.56 and 77.28 g (Table 3). 
The highest panicle weight was found in Genotype-
2 in 2016 and the lowest was found in Genotype-5 in 
2015. The difference among the genotypes between 
the years may be explained by more rainfall in 2016 
than in 2015. 

In the variance analysis 
of panicula grain weight and theyear × genotype in-
teraction, statistically significant differences were 

found at the level of 0.01 level. Panicle grain weight 
varied in the range of 31.24-35.42 g in the year × 
genotype interaction (Table 3). The highest pani-
clegrain weight was found in Genotype-1 and the 
lowest was in Genotype-6. 

In the analysis of variance 
for 1000 seeds weights, statistically significant dif-
ferences were found at the level of 0.01 in the year × 
genotype interaction.1000 seeds weight in the year × 
genotype interaction changed between 16.14 and 
20.33 g (Table 3). The highest 1000 seeds weight 
was found in Genotype-1 and the lowest was in Gen-
otype-4.

It is 
important to know the correlation between plant 
characteristics and characteristics of genotypes on 
the basis of breeding studies. For this purpose, a cor-
relation analysis was performed for some character-
istics. The results may be summarized as follows: 
Correlation coefficients between leaf length and pan-
icle weight (r = 0.828*) and between leaf length and 
leaf width (r = 0.845*) were significant and positive 
(Table 4). Panicle length and panicle seed weight (r 
= 0.812*), panicle weight and leaf width (r = 0.874*) 
andpanicle weight and panicle seed weight (r = 
0.812*) had positive and significant correlations. 
Leaf width and panicle seed weight (r = 0.878*), and 
leaf witdth and 1000 seeds weight (r = 0.862*) had 
positive and significant correlations. Zheng [21], in 
their their study in 2005, used the millet varieties of 
Xiagu 2, Hongtuigu, Jiugenqi, Shuanglugu, Datong 
14, Huangruangu, Jingu 20, Jingu 21, Jingu 22, Jingu 
27, Jingu 32, Jingu 33, Jingu 35, Yugu 9, Daligu to 
study the correlations between the main agronomic 
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characteristics of millet. Their results showed that 
the period of vegetative growth of millet, the seed 
weight of a spike, the area of the third leaf near the 
spike, the weight of a spike, the area of the second 
leaf near the spike had highly significant postive cor-
relations with growth season. Spike weight, spike 
degree of thickness, the area of the second leaf and 
the area of the third leaf near the ear had highly sig-
nificant positive correlations with the seed weight of 
a spike. The degree of spike thickness, the area of the 
second leaf near the spike, growth season, the period 
of vegetative growth of millet, the area of the third 
leaf near the spike hadhighly significant positive cor-
relations with the weight of a spike. On the other 
hand, spike length had a significant negative corre-
lation with the weight of a spike. All biological char-
acteristics except plant height had a positive correla-
tion with the others. For millet breeding, varities 
with a larger area of the second leaf near the spike, 
longer growth season, bigger seed weight of a spike, 
shorter and thicker spike should be used. The results 
are consistent with those in our study. 

This study was conducted to identify promising 
genotypes and provide materials for further breeding 
studies by evaluating the agronomic characteristics 
of broomcorn genotypes traditionally grown in 
Adapazarı and its vicinity. Six village genotypes 
grown at different locations were used as material 
and the study was conducted in 2015 and 2016. In 
the study, plant height of the genotypes ranged from 
182.10 to 154.50 cm. The tallest plant height was 
found in Genotype-6. The longest panicle length was 
in Genotype-1, while the highest panicle weight was 
in Genotype-5. Panicle length and panicle weight are 
important morphological characteristics, especially 
for broomcorn production. Therefore, Genotype-1 
and Genotype-5 were found to be promising geno-
types for broomcorn production. 

 
 

 
As a result of the study, the highest panicle seed 

weight and 1000 seeds weight were obtain in Geno-
type-1. Panicle seed weight and 1000 seeds weight 
are important characteristics for grain production. 
This is the reason why Genotype-1 is a promising 
genotype for usage as feed. 
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ABSTRACT 

 
Polyphenol oxidase enzymes (PPOs) obtained 

from Agseftali (Prunus persica L.), which was 
native peach genotypes under Igdir province eco-
logical condition in Turkey, was purified by affinity 
chromatography and then, PPOs immobilized on 
new matrix antimony doped tin oxide (SnO2:Sb) 
thin films by adsorption method for the first time. 
In here, the films were synthesized by spray pyroly-
sis technique in laboratory condition, easily. The 
immobilization of PPOs onto SnO2:Sb thin films 
was confirmed by scanning electron microscopy 
(SEM) and fourier transform infrared spectroscopy 
(FTIR). Obtained free and immobilized PPOs onto 
thin film were compared according to some enzyme 
optimization points such as optimum pH and tem-
perature. The optimum pH of the free and immobi-
lized PPOs was found as 6.0. The optimum temper-
ature of PPOs increased from 20°C to 30°C with 
immobilization on the thin film. Km values of the 
free and immobilized enzymes were obtained as 2 
mM and 1.4 mM, respectively. L-Tyrosine oxida-
tion of the enzymes enhanced with immobilization 
of PPOs onto SnO2:Sb thin films. The immobiliza-
tion on SnO2:Sb thin films aslo provided to increase 
the satibilty and life time of the PPOs because they 
could be used 3 times and retained approximately 
50% of activity following 18 repeated usage in a 15 
days. The PPOs can be thougt as an activist towards 
4-methylcatechol substrate and, the usability of the 
enzymes can be significantly increased via immobi-
lization onto SnO2:Sb thin films. 

 
 

KEYWORDS:  
Polyphenol oxidase, purification, SnO2:Sb thin film, 
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INTRODUCTION 
 
Enzymes are biocatalysts with high specifici-

ty, high catalytic efficiency and bio-degradability 
and, hence they can be used major application in 
industrial applications and medical sciences since 
they increase the rate of chemical reaction by low-
ering of the activation energy [1]. When the en-
zymes are immobilized by some processes, they 
have many advantages as commercial [2]. Immo-
bilzed enyzmes have high stability than free en-
zymes and, they can be easily separated from the 
reaction mixture, used repeatedly and continuously 
and so, the enzyme consumption is considerably 
reduced [3-4].  

The enzyme immobilization materials are im-
portant for industrial processes and, the industry 
needs to alternative immobilization materials. Con-
ductive metal oxides including TiO2 [5-6], SnO2 [7-
9], ZnO [10-11] and tin doped indium oxide (ITO) 
[9, 12-16] have growing interest for enzyme immo-
bilization [17-19]. In contrast to metallic or carbo-
naceous electrode materials, the high amount of 
oxygen functionalities on the metal oxide surface 
provides a protein-friendly environment [9]. 
Among the available conductive metal oxides, tin 
doped indium oxide (ITO) is the most widely used 
for the enzyme immobilizations [20], but indium is 
expensive and has limited availability in the nature 
[9]. Thus, beside the attempt to decrease the In/Sn 
molar ratio in novel types of ITOs [21], SnO2-based 
conductive oxides have presented as promising 
alternatives [22-23]. Since the SnO2 is a n-type 
semiconductor with a wide band gap energy (3.6 
eV at 300 K), it can be used for various applications 
such as solar cells, electrochemistry sensors and 
biosensor [24]. In particular, antimony-doped tin 
oxide (ATO) is a very promising alternative due to 
high surface area, nontoxicity, good biocompatibil-
ity, catalytic activity and chemical stability [24]. To 
preparation of tin oxide thin films, some techniques 
such as spray pyrolysis [25], spin coating [26], 
chemical vapor deposistion [27] etc. have been 
performed by researchers. Among them, spray 
pyrolysis is a simple and inexpensive method for 
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doped or undoped tin oxide thin film deposition 
[28]. 

Polyphenol oxidase enzymes (PPOs; tyrosi-
nase, catechol oxidase), (E.C. 1.14.18.1) are a cop-
per containing metalloenzyme and, they are notably 
found in plants, fungi and some bacterial strains 
[29-30]. PPOs execute two different activites: first 
one is to serve for the hydroxylation reaction which 
transforms monophenols to o-diphenols (monophe-
nolase activity) and, second activity is the oxidation 
reaction which transforms o-diphenols to o-
quinones (diphenolase activity). At the end of the 
second activity, reaction products are polymerized 
to brown, red, or black pigments [31]. Because of 
these properties, PPOs can find extensive applica-
tion in the field of biosensors [32], waste water 
treatment for removal of toxic compounds [33] and 
production of L-DOPA [34]. 

For immobilization of PPOs, various materials 
such as ZnO Nanorods [35], conducting polymer 
reduced with graphene oxide metal oxide [36], 
graphite electrodes [37] were used. However, ATO 
has been only rarely employed in combination with 
biomolecules [38-39] and only a few reports exist 
for proteins [9, 40-41]. As far as we know, the 
immobilization of Agseftali PPOs on SnO2:Sb thin 
film has not been reported in the literature. The 
main aims of this study are to purificate of poly-
phenol oxidase from Agseftali (Igdir province in 
Turkey ecological condition), to prepare a new 
matrix for the immobilization and to compare its 
optimum conditions before and after immobiliza-
tion for the industrial treatments.  

 
 

EXPERIMENTAL SECTION 
 
Materials. Agseftali were picked from a na-

tive garden in the city of Igdir in Turkey and stored 
frozen at -20°C for experiments. All chemicals used 
in the study were purchased from Sigma Chemical 
Co. (St. Louis, MO) and Merck Millipore (Darm-
stadt, FRG). CNBr activated-Sepharose-4B was 
selected as a column matrix. L-tyrosine and p-
amino benzoic acid were used as a spacer arm and 
ligand, respectively. An affinity gel used in this 
study was synthesized according to the method 
Arslan et al. 2004 [42]. 

 
Enzyme purification. A 25 g frozen Agseftali 

was grounded and homogenised in 50 mM of sodi-
um acetate (pH 5.0) buffer solution which was 
containing 1% (w/v) polyethylene glycol (PEG) in 
a porcelain mortar [43]. It was filtered through 
muslin cloth (folded 4 times) and centrifuged for 30 
minutes at 10000 rpm at 4°C. Supernatant of Agsef-
tali was used as a crude enzyme extract. Cold ace-
tone, which was equal to the volume of the superna-
tant acquired, was added to the crude enzyme ex-
tract and kept in an ice bath overnight at 4°C. The 

supernatant was also centrifuged at 10000 rpm for 
30 minutes at 4°C. The precipitate of the extract 
was redissolved in a convenient volume of 50 mM 
acetate buffer (pH 5.0) solution [44]. Purified with 
the affinity column (Sepharose 4B-L-tyrosine-p-
amino benzoic acid) was synthesized by Arslan et 
al [42] and concentrated via ultrafiltration (Ultracell 
Membrane 10,000 MWCO Millipore, Amicon, 
USA). 

The protein concentration was determined ac-
cording to Bradford's method using bovine serum 
albumin as a standard [45]. Polyacrylamide gel 
electrophoresis (PAGE) of the enzyme was per-
formed according to the method of Laemmli (1970) 
(Bio-Rad Laboratories, Inc.) [46]. 

 
Determination of PPOs activity, substrate 

specificity and enzyme kinetics. PPOs activity 
was monitored spectrophotometrically at 494 nm 
for 4-methylcatechol and catechol, at 500 nm L-
tyrosine and for the other substrates [47]. The assay 
was performed with substrate solution (stock 100 
mM catechol, 100 μl). Equal volume of 3-methyl-2-
benzothiazolinone hydrazone hydrochloride hydrate 
(stock 10 mM, 100 μl) and 20 μl dimethylforma-
mide (original bottle) were diluted to 900 μl with 
50 mM acetat buffer at pH 5.0 and then, 100 μl 
enzyme solution was added to the buffer. The refer-
ence cuvette was included all the reactantas outside 
enzyme (Spectrophotometer agilent cary 60 was 
used). One unit of PPO activity was defined as the 
amount of enzyme causing 0.001 increase of ab-
sorbance per minute in 1 mL of reaction mixture. 
Specific activity of PPO was calculated by enzyme 
activity per milligram of protein [48].  

As to the activity of immobilized PPOs, it was 
calculated according to the surface area of support. 
The active units per surface area of support (A) is 
defined as: 

A(U/cm2) = Uact/Acm2 

where Uact is the activity of immobilized enzyme, 
Acm2 is the surface area of support (cm2). 

One unit of immobilized PPOs activity was 
defined as the enzyme amount of per centimeter 
causing 0.001 increase of absorbance per minute in 
1 mL of reaction mixture. 

PPOs substrate specificity was assayed by 
three substrates; 4-methylcatechol, catechol and L-
tyrosine. Activity of the enzymes were calculeted as 
a percent relative activity with respect to maximum 
activity (100%) [48]. 

The kinetic parameters of PPOs were obtained 
by measuring the rate of at various substrate con-
centrations ranging from 0.5 to 10 mM in the stand-
ard reaction mixture (at optimum conditions). The 
Michaelis Menten constant (Km) and maximum 
velocity (Vmax) parameters were determined from 
Lineweaver Burk plots [49]. 

 
SnO2:Sb thin films preparation. To prepare 
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the thin film gel, 8.370 g SnCl2.2H2O and 0.278 g 
SbCl3 were added to 120 mL and 20 mL absolute 
ethanol in different vessels, respectively. These 
vessels were stirred separately on a magnetic stirrer 
for an hour at 80°C. Afterwards, the two solutions 
were mixed in one vessel and stirred for an hour 
again at 80°C. Finally, the clear homogenous gel 
was obtained [50]. 

Microscopic glasses (10 mm × 10 mm × 1 
mm) were used as substrates. The substrates were 
cleaned an ultrasonic cleaner and then dried. The 
obtained gel solution was sprayed onto 270°C pre-
heated substre using a perfume atomizer [51]. The 
substrate-nozzle distances were kept at 60 cm dur-
ing all experiments. Finally, all films were annealed 
in a furnace for an hour at 500°C. 

 
Immobilization of PPO onto SnO2:Sb thin 

films by adsorption method. Immobilization of 
Agseftali PPOs onto SnO2:Sb thin films was 
achieved by exposing the thin layers to the enzyme 
solutions. After overnight exposure of the thin films 
to the enzyme solution at 4°C, the samples were 
rinsed 3 times with pH 5.0 acetate buffer (50 mM) 
to remove any unbound proteins. The efficiency of 
immobilization was evaluated in terms of immobi-
lization yield as shown below: 

Immobilization yield (%) = (A - B) / A × 100  
where A is the activity of PPOs added to the initial 
immobilization solution and, B is the total activity 
of the residual PPOs in the immobilization and 
washing solution after the immobilization proce-
dure [52]. 

 
Characterization of enzyme immobilization 

on thin film surface. The surface morphology of 
the thin films before and after PPOs immobilization 
were analysed using scanning electron microscopy 
(SEM) (ZEISS, EVO LS10) and Fourier transform 
infrared (FT-IR) spectra, which is (Perkin Elmer) in 
the range of 650 4000 cm-1 at room temperature.  

 
Optimum pH and pH stability of enzymes. 

The effect of pH on free and immobilized PPOs 
activity were examined using 50 mM glycine-HCI 
(pH 2.0 and pH 3.0), 50 mM sodium acetate (pH 
4.0 and pH 5.0), 50 mM phosphate (pH 6.0 and pH 
7.0) and 50 mM Tris-HCI (pH 8.0 and pH 9.0) 
buffers (under optimum conditions). The maximum 
activity was accepted as 100%, and the relative 
activities were calculated by comparing with it [48]. 
The pH stability of the free and immobilized PPOs 
activity were determined by incubating the protein 
in the above-mentioned buffers at 4°C for 24 hours. 
The percentage residual enzyme activities were 
calculated through comparison with non-incubated 
enzyme [48]. 

 
Optimum temperature and thermal stabil-

ity of enzymes. The optimum temperatures were 

determined various temperatures in the range of 0
70°C, in the presence of suitable substrate. The 
results were expressed as the percentage of relative 
activity [48]. The thermal stabilities were measured 
by incubating the free and immobilized PPOs at 
various temperatures between 20°C and 70°C in a 
water bath for 15, 30, 45 and 60 minutes, then sam-
ples were rapidly cooled to the room temperature. 
The percentage residual enzyme activities were 
calculated through comparison with non-incubated 
enzymes [42].  

 
Storage stability and reusability of immobi-

lized PPOs. The storage stability at 4°C of the 
immobilized PPOs was investigated over a period 
of 15 days [53]. Immobilized PPOs based on re-
peated use were investigated by measuring the 
enzyme activity after each successive run. After 
each reaction with the substrate, the immobilized 
PPOs were washed with a phosphate buffer (50 
mM, pH 6.0) and put into fresh substrate to restart 
the reaction [54]. 
 
 
RESULTS AND DISCUSSION 

 
Enzyme purification. PPOs from the Agsef-

tali were successfully purified 85.15-fold (Table 1) 
by the Sepharose 4B-L-tyrosine-p-amino benzoic 
acid affinity column. The amount of proteins was 
determined spectrophotometrically at 280 nm and, 
PPOs activity was analyzed for all fractions (Fig. 
1). The peak with the highest protein content and 
maximum PPOs activity were separated and col-
lected for further studies. Using the same affinity 
column, PPOs have previously been purified from 
Morus alba L. [42], Boletus erythropus [55], Lac-
tarius piperatus L. [56], Ocimum basilicum L. [57] 
and Pyrus elaegrifolia [58] with purification of 
between 11.5-fold and 74-fold. 

Polyacry-lamide gel (8%) was prepared for 
native and sodium dodecylsulphate gel electropho-
resis. The purity of the PPOs after purification was 
analysed by native PAGE (Fig. 2A) and SDS
PAGE (Fig. 2B). As shown in Fig. 2A, one promi-
nent band could be observed when one side of the 
native gel was stained with Coomassie Brilliant 
Blue R-250. When the other side of the native gel 
was stained with L-DOPA (24 mM L-3,4-
dihydroxyphenylalanine; L-DOPA), the activity 
was observed within the same protein band, verify-
ing that the purified protein was the one with PPOs 
activity.  

The electrophoretic pattern of the protein from 
SDS PAGE revealed that the purified PPOs con-
tained two dominant bands with molecular weights 
of 41.11 and 48.16 kDa. These results have sug-
gested that the protein has at least two subunits of 
different molecular weights (Fig. 2B). The graph of 
Rf vs. log Mw is shown in Fig. 2C. Similar native 
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gel and SDS gel profiles have previously been re-
ported for the Malpighia glabara L. PPO [59]. The 
molecular weight of PPOs obtained from SDS 

PAGE has been reported to be 32.5 kDa for chest-
nut PPOs [60] and 40.0 kDa for Lactarius piperatus 
PPOs [56]. 

FIGURE 1 
Purification of Agseftali (Prunus persica L.) PPO by affinity chromatography using 

4B-L-tyrosine-p-amino benzoic acid. 
 

 
A   B 

 
C 

FIGURE 2 
Native and SDS-gel electrophoresis of PPO from Agseftali (Prunus persica L.). A) Native electrophoresis 
of purified Agseftali (Prunus persica L.) PPO. a) Gel stained with 24 mM L-DOPA, b) Gel stained with 
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Coomassie Brillant Blue R-250. B) SDS-PAGE of purified Agseftali (Prunus persica L.) PPO. Gel was 
stained with silver. a) Crude extract, b) Acetone precitation, c) Prufied PPO, d) Molecular weight marker. 

2C) Standart Rf vs. log Mw graph of PPO using the SDS-PAGE result 
TABLE 1 

Summary of purification of the polyphenol oxidase from Agseftali (Prunus persica L.) 

Purification steps 
Total 

activity 
Protein 

(mg/mL) 
Total 

protein (mg) 
Specific activity 
(U/mg protein) 

Yield (%) Purification fold 

Crude Extract 224000 3.74 187 1197.86 100.00 1 
Acetone Precipitation 97200 0.49 4.9 19836.73 43.39 16.56 
Affinity chromatography 8160 0.02 0.08 102000.00 3.64 85.15 

 

  
A       B 

FIGURE 3 
SEM images of A) SnO2: Sb thin film surface B) PPO immobilized SnO2: Sb thin film 

 

 
FIGURE 4 

FTIR spectra of a) SnO2:Sb thin film and b) PPO immobilized SnO2:Sb thin film 
 

Immobilization of polyphenol oxidase en-
zyme. Agseftali PPOs were immobilized on 
SnO2:Sb thin films as 23.75% immobilization yield 
(As described in section 2.5). The surface structure 
of the thin films before and after immobilization 
were examined using a scanning electron micro-
scope (SEM) with a magnification of 5000x. The 
surface morphologies of the thin films are com-

pletely different than after immobilization ones. 
The images have revelaed that the thin films is 
granular structure (Fig. 3A), and after immobiliza-
tion, the granular structure of the thin films have 
disappeared and formed as spherical-like structure 
(Fig. 3B). 

The FTIR spectras of the samples have been 
measured in the range of 650 4000 cm-1 and, they 



© by PSP  Volume 27  No. 7/2018 pages 4844-4856        Fresenius Environmental Bulletin 

4849 

are shown in Figs. 4a and 4b. The peaks at 762, 878 
-1 in Figs. 4a and 4b are assigned to 

the Sn-O-Sn, Sn-OH and SnO2 lattice stretching 
vibrations, respectively [61]. In addition, the varia-
ble peaks between the 1558 and 2167 cm-1 wave-
numbers correspond to the -OH groups of residual 
water and alcohol [62]. When Fig. 4a is compared 
with Fig. 4b, the broad band at 1558 cm-1 has dis-
appeared and, sharp bands has appeared at 1555 

and 1653 cm-1. In Fig. 4b, the peaks at 1653 and 
1555 cm-1 are assigned to the amide I band, which 
is associated with the C=O stretching vibration due 
to addition of protein molecules, and the amide II 
band resulted from N-H and C-N stretching of the 
protein backbone, respectively [63]. The broad peak 
at 2914 cm-1 can be attributed to the C-H stretching 
vibrations [1]. 

 

 
FIGURE 5 

Schematic representation A) Microscopic glasses B) SnO2:Sb thin film C) PPO immobilized  
SnO2:Sb thin film 
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FIGURE 6 
A) Effects of pH on the activity A) free and B) immobilized PPO B) The pH stability of A) free and B) 

immobilized PPO. 
The peak broadening and shifting of the spec-

trum of SnO2:Sb thin film with PPOs indicate that 
the internal environment is changed by the adsorp-
tion between PPOs and SnO2:Sb thin films. Electro-
static, hydrophobic/hydrophilic and van der Waals 
forces interactions may be included in the attach-
ment of protein to surfaces [64]. A schematic of the 
immobilization of PPOs is shown in Fig. 5. 

 
Substrate specificity and enzyme kinetics. 

The free and immobilized PPOs were tested on 
different phenolic substrates such as 4-
methylcatechol, catechol, L-tyrosine. The analyses 
were performed at pH 6.0 and 20°C for free en-
zyme, and at pH 6.0 and 30°C for immobilized 
enzyme.The highest activities were observed in the 
presence of 4-methylcatechol for free and immobi-
lized enzymes (Table 2). The naturally occurring 
amino acid, 1-3,4-dihydroxy phenylalanine (L-
DOPA) are a precursor of dopamine, which is a 

ease. L-DOPA can be produced from L-tyrosine 
using tyrosinase [65]. Therefore, the analysis of the 
tyrosinase activity of PPOs is important. In this 
study, we found that the relative L-tyrosine oxida-
tion was enhanced by the immobilization proce-
dure. 

  
TABLE 2 

Substrate specificities of the free and immobi-
lized PPO of Agseftali (Prunus persica L.) 

Substrate 

Free PPO 
Relative 
activity  

(%) 

Immobilized 
PPO  

Relative 
activity  

(%) 
4-Methylcatechol 100.00 100.00 
Catechol 75.70 79.72 
L-Tyrosine 26.16 56.42 

 
The substrate saturation curve for 4-

methylcatechol suggests that the free and immobi-
lized PPOs follow the simple Michaelis Menten 
kinetics. Km and Vmax values for each activity of 
PPO were determined from the linear regression 
analysis of 1/V versus 1/[S]. The Km values of the 
free and immobilized enzymes are 2 mM and 1.4 
mM, respectively. When the Vmax value the free 
enzymes is 100,000 U/mg protein, for immobilized 
enzymes, the Vmax values are 27.78 U/cm2 and 
14285.71 U/mg protein when calculated per square 
centimetre protein. 

 
Effects of pH and temperature on PPOs ac-

tivity and stability. The effect of pH on the free 
and immobilized PPOs activities were examined at 
different pH values between 2.0 and 9.0 with 4-

methylcatechol as a substrate, using the 50 mM 
buffer system as described above. The PPOs activi-
ty of both the free and immobilized PPOs has been 
found to be the highest at pH 6.0 (Fig. 6A). The 
immobilized PPOs are retain greater activity at an 
acidic pH when compared to the soluble enzymes. 
This result is matched with the result of a study 
which investigated the immobilization of Solanum 
tuberosum PPOs on Celite 545 [66]. 

In addition, as shown in Fig. 6B, the behaviour 
of the immobilized enzymes were different from 
that of the free enzyme after incubation at various 
pH values between 3.0 and 8.0 for 24 hours. De-
spite there is no change in optimum pH values, 
when the enzymes have immobilized on the thin 
film, they have exhibited a much higher pH re-
sistance than the free enzymes, especially in acidic 
conditions. 

We investigated the effect of temperature on 
the activity of the free and immobilized PPOs with-
in the 0 70°C temperature ranges. The optimum 
temperatures for the free and immobilized PPOs 
were found as 20°C and 30°C, respectively (Fig. 
7A). A dramatic decrease in relative activity sug-
gests that the free PPOs were sensitive above 20°C 
temperatures. However, the immobilized enzymes 
have showed broadening in temperature-activity 
profile when compared to the unimmobilized en-
zymes (Fig. 7A). Unlike the soluble enzymes, the 
immobilized enzymes retain significantly higher 
enzyme activity at higher temperatures. The immo-
bilized PPOs have relatively more tolerance to 
temperatures between 30 70°C (Fig. 7A). These 
results have indicated that the usability of the PPOs 
at temperatures above 20°C can be improved by the 
immobilization. The binding of the enzymes to a 
matrix can make it more resistant to the denaturing 
effect of heat. 

The activities of the free and immobilized 
PPOs were retained after a 60 minutes incubation 
between 20 and 40°C (data does not shown here). 
The thermal stability of the immobilized PPOs is 
more superior than the free PPOs between 50 and 
70°C (Fig. 7B). At 70°C, the free PPOs have com-
pletely lost its initial activity, whereas the immobi-
lized PPOs have retained approximately 20%, 19% 
and 16% of its initial activity after 30, 45 and 60 
minute incubations, respectively. The higher ther-
mal stability of immobilized PPOs can be attributed 
to the stabilisation of the enzymes via the preven-
tion of conformational denaturation at high temper-
atures. These results are good aggrement with 
Forde et al. [67] and Xu et al. [68], who reported 
that the immobilization process induced a 10 15% 
greater activity within the tested temperature range. 
It has been reported that immobilized enzymes may 
have a higher thermal stability, which is connected 
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to the reduction of its conformational flexibility 
[69]. 

 
Storage stability and reusability of the im-

mobilized PPO. Storage stability is one of the most 
important parameters for enzyme immobilization. 
The activity of the immobilized PPOs was deter-
mined following storage in a phosphate buffer (50 
mM, pH 6.0) at 4°C every day for a period of 15 
days (Fig. 8A). The results have showed that the 
immobilized PPOs have retained 59.13% of its 
initial activity after being stored for 15 days. The 

redisponibility of an enzymes are especially critical 
for industrial applications. The reusability of the 
immobilized enzymes have been displayed in Fig. 
8B. We observed that the enzyme maintained 
80.56% of its initial activity after each subsequent 
use, and had lost approximately 50% of its activity 
after being used 18 times. This results have implied 
that reusility in this study is higher than results 
reported for the potato PPOs immobilization on the 
tentacle carrier. The activity of the immobilized 
potato PPOs on the tentacle carrier reduced to 55% 
after six repeated tests [70]. 
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A) Effects of temparature on the activity A) of free and B) immobilized PPO. B) Thermal stability of free 
(straight line) and immobilized PPO (dotted line). 
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FIGURE 8 
A) The storage stability profile of immobilized PPO B) Reusability of immobilized PPO 

 
 
CONCLUSIONS 

 
In this study, Agseftali (Prunus persica L.) 

PPOs were purified and immobilized onto new 
matrix SnO2:Sb thin film, and both the free and 
immobilized enzymes were characterized for indus-
trial applications. This study mainly aimed to pre-
pare a new matrix for the immobilization of PPOs. 
Agseftali PPOs were successfully immobilized onto 
SnO2:Sb thin film formed by the spray pyrolysis 
and, these results have been confirmed by SEM and 
FTIR analyzes. The immobilization process signifi-

cantly was enhanced the thermal stability and pH 
stability at an acidic pH. We were able to success-
fully reuse the immobilized PPO 18 times, and 
59.13% of its initial activity was retained over a 
period of 15 days. The relative L-DOPA formation 
via L-tyrosine oxidation was also increased by the 
immobilization procedure. According to the results 
the SnO2:Sb thin films can be used as immobiliza-
tion matrix for PPO in the production of L-Dopa. In 
addition, biosensor applications have become im-
portant nowadays. We predict that PPOs biosensors 
can be used in applications because they are 
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SnO2:Sb thin film semiconductors [9]. The results 
from this kind SnO2:Sb thin films demonstrate that 
the immobilized enzyme may be a good candidate 
for industrial and biotechnological applications for 
PPOs. 
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Diallel analysis are curial to determine the 

most suitable parents and crosses, and to select 
appropriate method in breeding programs. This 
study was conducted to investigate the genetic 
parameters, general and specific combining abilities 
for some yield component in an 8 × 8 half diallel 
bread wheat cross populations including 28 F3 pop-
ulations and their eight parental lines. The experi-
ment was conducted in randomized complete block 
design with four replications at Lüleburgaz/ 
Kırklareli under farmer conditions in 2016-2017 
cropping year. According to variance analysis, 
genotypes were found significantly different for all 
investigated traits. Based on results of the genetic 
parameters, all investigated traits were controlled 
by dominance gene effects. In addition, over domi-
nance effects were found in all investigated traits. 
Due to low narrow sense heritability, selection in 
later generations might be much more useful. The 
general and specific combining abilities (GCA and 
SCA) were also found as significant for all investi-
gated traits in this study. When general combining 
ability values were evaluated, Krasunia odes’ka and 
Lucilla were suitable genotypes for increased yield 
and yield components. According to specific com-
bining ability values, Masaccio × Lucilla, Krasunia 
odes’ka × Lucilla, Krasunia odes’ka × Masaccio, 
Gl-14 × Masaccio, Esperia × Lucilla, Esperia × 
Masaccio, Esperia × Gl-14, As-14 × Krasunia 
odes’ka, Midas × Krasunia odes’ka and Midas × 
Gl-14 crosses were promising for all traits exam-
ined. 

 
 

Bread wheat, diallel analysis, combining ability, inher-
itance 
 
 

 
Wheat (  L.) is the most used 

and widely grown crop plant [1] due to its rich 
nutrient content [2] and being the main ingredient 
of bread which is the most widely consumed fiber 

carrying food in Turkey and the world [3, 4]. Bread 
wheat is in the first place with 7.6 m ha production 
area and 20.6 m tons production in Turkey [5], 
however, mostly grown under rain-fed (77.1%) 
conditions [1]. Yield can be increased with some 
agricultural practices [6], grain yield is determined 
by environmental and genetic factors [7] and plant 
breeding is the most valid method to develop high 
yielding genotypes. However, increasing grain 
yield is a difficult task for both breeders and grow-
ers [8]. 

The grain yield is a complex trait affected by 
genotype and environment. The yield components 
such as grain number/weight per spike are also 
quantitative traits controlled by genotype and envi-
ronment. The diallel analysis is the most used ap-
proach to understand the heritability of complex 
traits. It is a powerful tool to select parents and 
crossing the most combined genotypes for the de-
sired traits. Predictions of genetic parameters are 
crucial for plant breeders to select the most suitable 
selection method [9, 10]. 

In breeding of self-pollinated crops such as 
wheat, it is very important to know gene effects to 
start selection in segregation populations. If the 
gene effect of the desired trait is additive gene ef-
fect, the selection starts in F2 generation according 
to pedigree method, if the trait was controlled by 
non-additive gene effect, therefore, the selection 
would start in later generations according to the 
bulk method [11, 12]. 

The diallel analysis is a method to determine 
heritability of yield and yield components and suit-
able parents to use in breeding programs and it is 
usually applied in F1 generation of the segregation 
populations. However, it might be used to obtain 
genetic information in F2 and F3 stages where het-
erozygosity is high. Once the genetic structure of 
the segregation populations is well known, the 
success of achieving the goal of breeding may be 
high [13]. 

The aim of the study were i; to determine her-
itability of wheat grain yield components ii; to 
select promising genotypes and parents to improve 
those yield components, and iii; contribute to cur-
rent breeding programs. 
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This study was carried out in Luleburgaz-

Kırklareli location in 2016-2017 cropping season. 
The eight bread wheat (  L.) geno-
types such as Midas, As-14, Rumeli, Esperia, Gl-
14, Krasunia odes’ka, Masaccio and Lucilla from 
different origins were used as plant materials. 
Those genotypes were crossed between each other 
as 8 × 8 non-reciprocal cross combinations in 2013-
2014 cropping season and the F1 plants were plant-
ed in 2014-2015 and the F2 plants were planted in 
2015-2016 growing season and F3 plants were ob-
tained. The plant materials (F3 populations and the 
parents) were planted in a 3 meter 2 row plots with 
20 cm apart and 10 cm inter-rows. The experiment 
was arranged in a randomized complete block de-
sign with four replications. The fertilizers were 
applied as 90 kg/ha N and 100 kg/ha P2O5 at plant-

ing and 90 kg/ha N as top dressing at tillering stage. 
Twenty plants were selected from each plot and 
spikes were collected. Spike length (SL), spikelet 
number per spike (SNS), grain number per spike 
(GNS), grain weight per spike (GWS), and grain 
yield per plant (GYP) were investigated. 

The data obtained from the experiment was 
subjected to pre-variance analysis and the diallel 
tables were created for the statistically significant 
traits and diallel analysis were performed [14, 15]. 
The variance analysis of the diallel tables were 
done according to [16] and [17] by MS Excel soft-
ware as described by [18]. The estimation of genet-
ic parameters with diallel analysis were done as 
suggested by [16, 19, 20, 21, 22 and 23], the analy-
sis of combining abilities were done in method 2 
and model 1 which are developed by [24]. The 
diallel analysis was done using TARPOPGEN sta-
tistical software developed by [25]. 

Genotypes    
Midas (1) 8.5 no 2.11 l-q 10.39 m-r 
As-14 (2) 8.0 o 18.0 jkl 41.2 l-p 1.84 o-s 9.25 p-t 
Rumeli (3) 8.9 mn 19.0 g-l 48.0 h-m 2.25 j-o 11.30 k-p 
Esperia (4) 8.5 no 18.5 h-l 40.0 m-p 1.73 p-s 8.66 q-t 
Gl-14 (5) 8.0 o 17.5 l 43.7 k-o 2.14 k-p 10.67 l-q 
Krasunia odes’ka (6) 18.5 h-l 44.0 k-o 
Masaccio (7) 1.63 qrs 8.16 rst 
Lucilla (8) 8.5 no 18.0 jkl 44.2 k-o 
Crosses      
1X2 10.8 c-ı 22.0 abc 73.5 ab 3.62 bc 18.11 bc 
1X3 11.1 b-f 20.0 d-h 51.7 f-k 2.63 f-k 13.19 f-k 
1X4 10.5 f-j 18.0 jkl 55.5 d-h 2.68 f-j 13.37 f-k 
1X5 11.2 a-e 21.2 bcd 61.7 cd 3.22 cde 16.15 cde 
1X6 11.0 b-f 20.0 d-h 61.2 cde 3.06 d-g 15.29 d-g 
1X7 10.2 ıjk 41.2 l-p 2.00 n-r 9.98 n-s 
1X8 10.2 ıjk 19.7 d-ı 58.0 def 
2X3 10.3 g-k 20.7 c-f 53.2 d-j 2.73 e-j 13.72 f-k 
2X4 10.1 jkl 19.7 d-ı 42.7 l-p 2.60 g-l 13.06 g-l 
2X5 18.2 ı-l 38.5 nop 2.09 m-q 10.50 m-r 
2X6 11.1 b-f 22.7 ab 54.2 d-ı 3.33 bcd 16.64 cd 
2X7 17.7 kl 39.7 m-p 
2X8 10.2 h-k 18.2 ı-l 49.7 f-l 2.26 j-o 11.31 k-p 
3X4 11.5 ab 45.0 j-o 2.54 h-m 12.75 h-m 
3X5 10.6 e-j 18.0 jkl 57.0 def 3.02 d-h 15.15 d-h 
3X6 9.7 kl 18.0 jkl 53.0 e-j 2.25 j-o 11.38 k-p 
3X7 11.1 b-f 20.0 d-h 51.5 f-k 2.45 ı-n 12.30 ı-n 
3X8 10.9 b-h 20.0 d-h 58.2 def 3.81 b 19.16 b 
4X5 10.4 f-j 19.5 e-j 53.2 d-j 2.64 f-k 13.30 f-k 
4X6 10.7 d-j 18.0 jkl 1.94 o-s 9.80 o-t 
4X7 11.4 a-d 21.0 cde 51.5 f-k 3.11 def 15.50 def 
4X8 11.4 abc 19.7 d-ı 55.5 d-h 2.90 d-ı 13.98 e-j 
5X6 10.7 d-j 20.2 d-g 61.0 cde 2.86 d-ı 14.28 d-ı 
5X7 11.0 b-g 19.2 f-k 46.2 ı-n 2.48 ı-n 12.57 ı-m 
5X8 10.8 b-ı 20.0 d-h 44.2 k-o 2.54 h-m 12.80 h-m 
6X7 20.5 c-g 67.2 bc 3.26 cd 16.29 cde 
6X8 22.7 ab 56.7 d-g 3.23 cde 16.19 cde 
7X8 11.1 b-f 20.7 c-f 3.30 cd 16.66 cd 
 F3 mean values 10.8 19.9 53.5 2.81 14.05 
Parental mean 
values 

8.4 18.0 43.0 1.94 9.71 

General mean values 
C.V. % 
LSD (0.05) 

10.0 
4.86 

0.70-** 

19.0 
6.00 

1.64-** 

49.7 
11.94 

8.57** 

2.55 
13.63 

0.50** 

12.77 
13.17 

2.41** 
 *p≤0.05; ** p≤0.01  
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The investigated traits, the genetic parameters 

for each trait, and general and specific combining 
ability have been shown in Table 1, Table 2, and 
Table 3, respectively. All investigated traits were 
found significantly different (p≤0.01) in this re-
search. 

Krasunia odes’ka had the highest spike length 
as 9.4 cm among the parents, while the F3 plants 
from the As-14 x Gl-14, Krasunia odes’ka x Ma-
saccio and Krasunia odes’ka x Lucilla crosses had 
the highest spike lengths as 11.9 cm among the 
crosses (Table 1). According to the half diallel 
variance analysis the dominance variance (b) and 
components (b1 and b3) were found significantly 
different (Table 2). The genetic parameters were 
found different and the difference between additive 
gene variance and dominance variance (D-H1) was 
found negative (-5.094*), suggesting that the genet-
ic effect for the spikelet length was concluded as 
dominance gene effect. The average value of domi-
nance degree (H1/D)1/2 was found as 3.150 and 
exhibited over dominance. The dominant and reces-
sive allele frequencies (H2/4H1) was found as 0.240 
that meant inequality of dominant and recessive 
allele frequencies at dominant loci in parents. The 
dominant and recessive allele ratio (KD/KR) was 
found as 1.431 and this value indicated the majority 
of the dominance alleles. The effective gene num-
ber was determined as three because the value was 
found as 3.288 (K= h2/ H2) for the gene number.  

The relationship between theoretical domi-
nance and the actual value of parents was negative-
ly correlated, indicated that parents with higher 
spike length had dominant genes. The narrow sense 

heritability was found as 0.098. The GCA and SCA 
were found significant as 0.515** and 1.807**, 
respectively and the ratio of GCA/SCA was found 
as 0.28. These data indicated the importance of 
SCA which also meant dominance gene effect on 
spike length. The GCA of the parents was identified 
positive and significant for Krasunia odes’ka as 
0.348**, while negative and significant values were 
found as -0.352** and -0.287** for As-14 and 
Masaccio, respectively. In terms of specific com-
bining ability of the crosses, As-14 x Gl-14 cross 
showed the highest value SCA value as 1.974** 
(Table 3). It was concluded that the spike length 
trait was controlled by dominance gene variance 
which was also indicated by previous studies [26, 
27, 28]. However, Yıldırım [29] determined addi-
tive gene effect and Soylu [30] and Kutlu et al. [8] 
found both additive gene effect and non-additive 
gene effect. 

The Wr-Vr graphic for variance (Vrx) and co-
variance (Wry) values for spike length of the half 
diallel F3 population was shown using eight geno-
types in Figure 1.  

In terms of Wr-Vr graphic for spike length, the 
regression line crossed the Y axis at negative direc-
tion (a:-0.768), which was evaluated as the herita-
bility of the spike length by over dominance. It was 
supported by the average dominance degree 
(H1/D)1/2 determined as 3.150 (Table 2). The geno-
types numbered as 1, 3, 4, 5, 6 and 8 were close to 
the origin evaluated as having mostly dominance 
genes and the genotypes numbered as 2 and 7 were 
far to the origin evaluated as having mostly reces-
sive genes (Figure 1). In a previous work, Şener 
[31] reported over dominance for the spike length. 
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In terms of spikelet number per spike (SNS), 

Midas cultivar had the highest spikelet number 
(19.5) among parents, while Rumeli x Esperia cross 
had the highest spikelet number (23.5) among 
crosses (Table 1). According to half diallel variance 
analysis, dominance variance (b), and components 
(b1 and b3) were found significantly variable (Table 
2). The genetic parameters were not found different 
and the difference between additive gene variance 
and dominance variance (D-H1) was found as nega-
tive (-14.099) and the genetic effect for the spikelet 
number per spike was concluded as dominance 
gene effect. The average dominance degree 
(H1/D)1/2 was found as 2.995 that indicated the over 
dominance for the SNS. Dominant and recessive 
allele frequencies (H2/4H1) were found as 0.231 and 
also pointed inequality of dominant and recessive 
allele frequencies for SNS. The ratio of dominant 
and recessive alleles (KD/KR) was 1.553 and 
showed majority of the dominant alleles. The gene 
number (K= h2/ H2) was found as 0.729, therefore 
the effective gene number could not be calculated. 
The correlation between theoretical dominance and 
actual value of parents was found as negative and 
this concluded as genotypes with higher spikelet 
numbers had dominant genes. The specific combin-
ing ability of the SNS was found as 0.106. The 
SCA and GCA were found significant and the ratio 
of GCA/SCA was 0.48 which indicated that SNS 
was controlled by SCA and also dominance gene 
variance was important (Table 2). According to the 
GCA of the parents, Krasunia odes’ka was positive 
and, Gl-14 and Masaccio were negative and signifi-
cant (-0.394* and -0.794**, respectively). Accord-
ing to the SCA of hybrid combinations, Rumeli x 
Esperia cross had the highest SCA value with 
3.619* (Table 3). After comparing the three meth-
ods, it is proposed that dominance gene variance 
was effective for SNS. Previous literature reported 

dominance gene effect [27, 32], additive gene effect 
[29, 33] and both additive and non-additive gene 
effects [8] for spikelet number per spike. 

According to Wr-Vr graphic for spikelet num-
ber per spike, the regression line crossed the Y axis 
under origin at negative direction (a:-0.125), which 
indicated over dominance was important for SNS. 
This evaluation was supported by the average dom-
inance degree (H1/D)1/2 3.150 (Table 2). The geno-
types numbered as 1, 3, 5 and 8 were close to the 
origin and mostly had dominance genes. The geno-
types numbered as 2 and 7 were far to the origin 
and had mostly recessive genes. In addition, the 
genotypes numbered as 4 and 6 were far to the 
regression line and it is concluded as the epistatic 
gene effect might be important for SNS (Figure 2). 
Incomplete dominance for spikelet number per 
spike was reported by [29]. 

According to grain number per spike (GNS), 
Midas cultivar had the highest grain number (48.2) 
among parents, while Masaccio x Lucilla cross had 
the highest number (79.7) among crosses (Table 1). 
The dominance variance (b) and the components (b1 
and b3) were found significantly different as a result 
of half diallel variance analysis (Table 2). The ge-
netic parameters were found insignificant and the 
differences between additive gene variance and 
dominance variance (D-H1) was found as negative 
(-473.094) and indicated dominance gene variance 
effect on grain number per spike. The average dom-
inance variance (H1/D)1/2 was found as 4.414 and 
showed over dominance on GNS. The dominance 
and recessive allele frequencies were found as 
0.242 which indicated the imbalanced frequencies 
of dominance and recessive alleles in dominant 
loci. In addition, the ratio of dominance and reces-
sive alleles was found as 1.153 which also exhibit-
ed the majority of the dominant alleles. The value 
for the gene number (K= h2/ H2) was found as 
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0.693, therefore the number of gene could not be 
calculated. The correlation between theoretical 
dominance and actual values of the parents was 
negative and exhibited that the parents with the 
higher GNS had dominant genes. The narrow sense 
heritability of the investigated traits was found as 
0.007. The SCA and GCA were found significantly 
different (P≤0.01) and the ratio of GCA/SCA was 
found as 0.72 which indicated that dominance gene 
variance effective on GNS (Table 2). General com-
bining ability of the parents was positive on Midas 
and Lucilla and negative on As-14 and Esperia. In 
terms of specific combining ability of the crosses, 
the highest values were obtained from Masaccio x 
Lucilla and Midas x As-14 crosses and the other 
positive SCA values might be considered to in-
crease GNS (Table 3). When compared three meth-
ods used in the study to evaluated gene effects, it is 
stated that dominance gene variance was effective 
on grain number per spike. In previous studies, 
Akgün [11] and Aydoğan and Yağdı [27] reported 
non-additive gene effect while Şener et al. [33] 
determined additive gene effect on GNS. However, 
Kutlu et al. [8] indicated both additive and non-
additive gene effect on GNS.  

According to Wr/Vr graphic of GNS, the re-
gression line crossed the Y axis at the positive di-
rection (a: 3.164) which exhibited partial domi-
nance on the heritability of the trait. In contrast to 
the Wr/Vr graphic, it was evaluated as superior 
dominance at the average dominance degree 
(4.414). The genotypes numbered as 1, 3, 4, 5 and 6 
were close to the origin evaluated as having mostly 
dominance genes and the genotypes numbered as 2 
and 7 were far to the origin had mostly recessive 
genes. The genotype 8 was took place far from the 
regression line evaluated that epistatic gene effect 
might be important on GNS (Figure 3). Yıldırım 
[29] reported a partial dominance on GNS in his 
work. 

Krasunia odes’ka had the highest grain weight 
per spike (2.34 g) among parents while Midas x 
Lucilla was the highest among crosses (4.49 g) 
(Table 1). Additive variance (a), dominance vari-
ance (b), and components (b1 and b3) varied for 
GWS (Table 1). The dominance effect of heterozy-
gote locus (h2) was significantly different (P≤0.05) 
according to the half diallel cross analysis. The D-
H1 value was found as -2.043 and evaluated that 
dominance gene effect was effective on GWS. The 
average dominance degree (H1/D)1/2 was found as 
4.590 and exhibited over dominance on GWS. The 
dominance and recessive alleles frequency (H2/4H1) 
was 0.232 and indicated imbalanced dominance and 
recessive allele ratio in dominance loci. The posi-
tive F value (0.162) indicated the majority of the 
dominance alleles for GWS. The ratio of domi-
nance and recessive alleles (KD/KR) was 1.418 and 
supported the majority of dominance alleles. The 
value for gene number (K= h2/ H2) was 1.141, 
therefore the effective gene number was determined 
as 1 (Table 2). The theoretical dominance and actu-
al value of the parents was negatively correlated 
which indicated the parents with higher GWS had 
dominance genes. The narrow sense heritability of 
the investigated traits was 0.046 (Table 2). Both 
GCA and SCA varied for GWS (P≤0.01) and the 
ratio of GCA/SCA was 0.63, indicated that domi-
nance gene effect effective on GWS (Table 2). The 
GCA of the Midas, Krasunia odes’ka and Lucilla 
parents were positive and significant (Table 3). Of 
the three methods used in the study to determine 
gene effects showed different results, but this meth-
od was recommended by [15], it is proposed that 
GWS was controlled by dominance gene effect. 
Our findings were supported by [34], [35] and [36] 
that reported dominance gene effect on grain 
weight per spike. 
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a 0.499 1.626 77.161 0.304* 7.401* 
b 1.798** 3.228** 107.848** 0.487** 12.134** 
b1 36,267** 21.542** 686.466** 4.653** 117.653** 
b2 0.232 0.712 30.882 0.252 6.061 
b3 0.623** 3.192** 105.855** 0.361** 8.984** 
E 0.064 0.334 9.145 0.031 0.729 
D 0.571 1.769 25.596 0.102 7.691 
F 0.638 2.296 16.090 0.162 0.819 
H1 5.665* 15.867 498.690 2.144 41.111 
H2 5.434* 14.635 482.150 1.991 44.043 
D-H1 -5.094* -14.099 -473.094 -2.043 -33.421 
(H1/D)1/2 3.150 2.995 4.414 4.590 2.312 
H2/4H1 0.240 0.231 0.242 0.232 0.268 
KD/KR 1.431 1.553 1.153 1.418 1.047 
h2 17.869** 10.672 334.214 2.271* 8.908 
K= h2/ H2 3.288 0.729 0.693 1.141 0.202 
Hg 0.562 0.514 0.587 0.601 0.730 
Hd 0.098 0.106 0.047 0.046 0.151 
ryr, (Wr+Vr) -0.921 -0.469 -0.746 -0.706 0.838 
GCA 0.515** 1.582** 77.312** 0.305** 23.168** 
SCA 1.807** 3.245** 107.814** 0.486** 8.195** 
GCA/SCA 0.28 0.48 0.72 0.63 2.83 

* p≤0.05; ** p≤0.01; “D”-“a”-“GCA”: Measures additive effect, “H1”-“H2”-“(b-b1-b2-b3)”-“SCA”: Measures dominance 
effect, F: Determines frequencies of dominant to recessive alleles in parents, E: Shows environment effect, H2/4H1: Deter-
mines proportion of genes with positive and negative effects in the parents, √(H1/D):Measures average degree of dominance, 
(KD/KR): Ratio of the total number of dominant against recessive alleles.

The Wr-Vr graphic for grain weight per spike, 
and regression line crossed the Y axis under the 
origin on negative direction (a:-0.087). This situa-
tion was due to over dominance effect on the GWS. 
It was also supported by average dominance degree 
(4.590) of the GWS. The genotypes numbered as 3, 
4, 5, 6 and 7 were close to origin had mostly domi-
nance genes, while the genotypes numbered 2 and 8 
were far to the origin concluded as having mostly 
recessive genes. The genotype with number 1 was 

far to the regression line and it considered that 
epistatic gene effect may be effective (Figure 4). 
Ljubicic et al. [36] stated over dominance effect on 
grain weight per spike. 

In terms of plant grain yield (GYP), Krasunia 
odes’ka had the highest value (11.68 g) among the 
parents, while Midas x Lucilla cross had the highest 
grain yield per plant (GYP) (22.38 g) among F3 
crosses. According to half diallel variance analysis, 
additive variance (a), dominance variance (b) and 
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components (b1 and b3) were found significantly 
different (Table 2). The genetic parameters were 
calculated according to the half diallel variance 
analysis and they were not significant. The differ-
ence between additive gene variance and domi-
nance variance (D-H1) was -33.421, which showed 
dominance gene variance for GYP. The average 
dominance degree (H1/D)1/2 was found as 2.312 and 
it indicated a dominance gene variance effect on 
GYP. The dominance and recessive allele frequen-
cies (H2/4H1) were determined as 0.268 that indi-
cated an imbalanced dominance and recessive allele 
frequencies (Table 2). The ratio of dominance and 
recessive alleles (KD/KR) was determined as 1.047 
that showed the majority of dominance alleles. The 
gene number (K= h2/ H2) was determined as 0.202, 
therefore the gene number could not be determined. 
The theoretical dominance and actual value of par-
ent were positively correlated which exhibited that 
the genotypes with higher grain yield were affected 
by recessive genes. The narrow sense heritability of 
the GYP was 0.151. The GCA and SCA values 
were found statistically different for grain yield per 
plant and the ratio of GCA/SCA was 2.83 which 
meant GCA was important for GYP and also af-
fected by additive gene variance (Table 2). In terms 
of GCA of the parents, As-14 and Lucilla were 
positive and significant (1.804** and 1.889**, 
respectively) and Midas and Rumeli were negative 
and significant (-2.977** and -0.663**, respective-
ly). In addition, the highest SCA value was ob-
tained from As-14 x Lucilla cross (5.597**) (Table 
3). The used methods to determine gene effects 
showed different results in the study. Based on the 
analysis made according to [15], it was concluded 
that GYP was controlled by dominance gene effect. 
In previous studies, El-Hosary et al. [35], Ljubicic 
et al. [36], Topal and Soylu [37], Altınbaş and To-
sun [38] and Yao et al. [39] also reported domi-

nance gene effect. On the other hand, both additive 
and non-additive gene effects was reported by [40] 
on GYP. 

According to the Wr-Vr graphic for grain 
yield per plant, regression line crossed the Y axis 
under the origin on negative direction (a:-1.490). 
This situation was concluded as over dominance 
effect on the GYP (Figure 5). It was also supported 
by average dominance degree (2.312) of the GYP. 
The genotypes numbered as 1, 3, 4, 5, 6 and 7 were 
close to origin and mostly had dominance genes, 
while the genotypes numbered 2 and 8 were far to 
the origin and determined as having mostly reces-
sive genes. Our findings were in agreement with 
Kutlu et al. [8] and Ljubicic et al. [36] who reported 
over dominance effect on grain weight per spike. 

 
 

 
Based on genetic parameters, the non-additive 

gene effects (b and components, H1, H2 and SCA) 
were found as significant, thus the selections in 
earlier stages would decrease the selection success. 
Single plant selections could be made in latter stag-
es and the bulk selection method might be suitable 
for the traits affected by non-additive gene effects 
in this study. 

Krasunia odes’ka and Lucilla cultivars were 
the most suitable parents according to the GCA 
values, while Masaccio x Lucilla, Krasunia odes’ka 
x Lucilla, Krasunia odes’ka x Masaccio, Gl-14 x 
Masaccio, Esperia x Lucilla, Esperia x Masaccio, 
Esperia x Gl-14, As-14 x Krasunia odes’ka, Midas 
x Krasunia odes’ka and Midas x Gl-14 crosses had 
the highest SCA values and were concluded as 
promising crosses. 
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Midas (1) -0.047 0.231 3.894** 0.241** -2.977** 
As-14 (2) -0.352** 0.006 -2.631** -0.167** 1.804** 
Rumeli (3) 0.073 0.281 0.519 0.041 -0.663** 
Esperia (4) 0.091 0.106 -4.031** -0.166** 0.078 
Gl-14 (5) 0.051 -0.394* -1.106 -0.039 0.054 
Krasunia odes’ka (6) 0.348** 0.381* 1.769 0.107* 0.093 
Masaccio (7) -0.287** -0.794** -1.431 -0.214** -0.278 
Lucilla (8) 0.123 0.181 3.019** 0.198** 1.889** 
1x2 0.947** 2.269** 21.064** 0.932** -2.664** 
1x3 0.772** -0.006 -3.836 -0.261 1.855** 
1x4 0.179 -1.831** 4.464 -0.006 -1.534* 
1x5 0.969** 1.919** 7.789** 0.406** 0.500 
1x6 0.472* -0.106 4.414 0.100 1.479* 
1x7 0.257 -1.181** -12.386** -0.643** -1.675* 
1x8 -0.178 -0.156 -0.086 1.437** -4.465** 
2x3 0.327 0.969* 4.189 0.242 -1.038 
2x4 0.084 0.144 -1.761 0.322 -1.604* 
2x5 1.974** -0.856 -8.936** -0.313* 1.200 
2x6 0.852** 2.869** 3.939 0.773** 0.301 
2x7 -1.213** -0.956* -7.361** -0.703** -4.630** 
2x8 0.177 -1.431** -1.811 -0.380** 5.597** 
3x4 1.134** 3.619** -2.661 0.051 0.553 
3x5 0.149 -1.381** 6.414** 0.404** -1.981** 
3x6 -0.973** -2.156** -0.461 -0.507** 4.123** 
3x7 1.087** 1.019* 1.239 0.009 -4.423** 
3x8 0.452* 0.044 3.539 0.957** -3.001** 
4x5 0.132 0.294 7.214** 0.228 1.930** 
4x6 -0.016 -1.981** -12.161** -0.618** -1.883** 
4x7 1.319** 2.194** 5.789* 0.874** -0.589 
4x8 0.984** -0.031 5.339* 0.251 4.108** 
5x6 0.049 0.769* 9.164** 0.175 -3.432** 
5x7 0.959** 0.944* -2.386 0.116 2.632** 
5x8 0.424* 0.719 -8.836** -0.234 -1.053 
6x7 1.587** 1.419** 15.739** 0.753** -0.329 
6x8 1.127** 2.694** 0.789 0.307* -2.269** 
7x8 1.012** 1.869** 26.989** 0.699** 1.489* 

    * p≤0.05; ** p≤0.01 
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The discard and its losses is an important issue 

with the principles of sustainable and responsible 
fishery for researchers and the fishing technology. In 
this study, discard fate, which is caught and released 
into the sea by discarding in the Iskenderun Bay 
trawl fishery, was investigated. Small individuals of 

 (N: 340),  (N: 
236) and  (N: 148) with low eco-
nomic value were evaluated as discard fish in the 
commercial trawl fishery. In order to estimate sur-
vival rates, the three fish species individuals were 
taken to observation tanks on the fishing vessels and 
waited for 30 minutes after trawl was hauled. In ad-
dition to, barotrauma treatment experiments were 
carried out with a formed pressure tank which pro-
duces the pressure gradient at the depth where the 
species is caught. Barotrauma treatment has been 
providing a significant contribution to increase the 
discard survival rate. In particular, it was observed 
that barotrauma treatment significantly contributed 
to the survival rate of the  individuals. The 
discard survival rates of ,  and 

were calculated 53.4%, 65%, 68.1% with 
barotrauma treatment and 12.9%, 41.8%, 59% with 
1 atm respectively. 

 
Survival rate, discarded fish, Barotrauma treatment tank 
(BTT), Trawl Fishery 
 
 

Concept of fisheries has been changing day by 
day in accordance with the ecosystem approach. 
Nowadays, in global fisheries, ecosystem and pro-
tection are at the forefront instead of to catch more 
items [1, 2]. Sustainability, selectivity, charismatic 
fish species, protected species and discard concept in 
fisheries are essential issues in the fisheries research 
[2, 3].  

Discard term in fisheries add up to the part of 
the catch giving back to the sea [4]. The annual 
amount of global discards was cited by Alverson et 
al. [5] in 1994, as 27 million tons while Kelleher [6] 

estimated it at 7.3 million tons in 2005. Studies have 
indicated that this value is approximately 10 million 
tons, in the last five years [2, 3]. This value ranges 
from 30% to 70% in the total catch for Iskenderun 
Bay trawl fishery [7]. The recent reform of the Com-
mon Fisheries Policy creates a landing obligation for 
species which are focus on catching limits and for 
species which are focus on the Minimum Conserva-
tion Reference Size as defined in Annex III of the 
1967/2006 Regulation (EC) in the Mediterranean 
[8].  

Fishing technology researches have been con-
ducting very comprehensive studies sustainable eco-
system frame in different regions of the world to dis-
card mitigation. [9-16]. These studies include modi-
fications to increase species and length selectivity in 
trawl fishing gear [17-27]. Although there are posi-
tive results of these studies, discard and related mor-
tality are still not well known in the trawl fishery. 
Estimation of discard mortality in fishery is basically 
carries out by using 2 methods. A method that can be 
defined as direct estimation. In this method, the sur-
vival rate is determined by observing in the tank the 
discarded individuals after the fishing operations 
[28, 29]. The other method can be called indirect 
methods. This method is evaluated by determining 
the differences in physiological parameters and be-
havioral impairment of discarded fish [30-35]. 

The main factor that affects survival rate when 
fish are discarded is the pressure differences and the 
resulting barotrauma effect [36-42]. These effects re-
strict swimming ability and behavior of fish by 
swelling the gases in body cavities especially in air-
bladder [43]. This is an important problem especially 
in bony fish with swimming bladder [44-48]. In this 
study, exchanges of survival rates of discarded fish 
were investigated by turning depth pressure corre-
sponding to the depth of the fish are caught with ba-
rotrauma treatment tank (BTT) after trawl operation. 

 
 

 
This study was conducted with commercial 

trawl fishing vessel in the Iskenderun Bay (Fig. 1). 
This region is preferred because of the depth and 
availability of the species used in the research.  
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Species Barotrauma Treatment Direct observation 
(N) Mean length (cm)  Mean length (cm) 
170 11.3±0.7  11.6±1.3 
118 18.4±2.3  18.1±3.3 
74 14.3±3.6  15.4±3.2 

 

 

 
10 trawl hauling operation were made for this 

study. All trawl hauling time is 120 minutes as stand-
ard for this study. The information about the species 
used in the study are given in Table 1. 

Except for physically injuries or death, the fish 
exposed to barotrauma after trawling operation were 
observed in normal tank and barotrauma treatment 
tank (BTT). The tank is given Fig. 2 shows both real 
appearance and technical drawing. BTT is made of 
steel material and pressure to 16 bar test pressure. It 

has a capacity of 300 liters, transparent glass and wa-
ter inlet. In this tank (BTT), the pressure is provided 
by simple hand pump. Immediately after fish have 
been put in this tank, the pressure is increased to 3 
bar. Likewise, in the other group, the fish was taken 
to polyamide fish tanks size (Normal Tank) approx-
imately the same.  

The survival rates of discard were determined 
as percentages in the 30-minute observation results. 
The obtained results were compared with each other 
species separately by using ANOVA analysis in 
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SPSS package program. In addition, MANOVA test 
was used to demonstrate the overall effect of ba-
rotrauma treatment. 

 
 

 
 
In this study all individuals were treated with 

the assumption that they could be discarded after 
trawling operation. Because a significant proportion 
of the captured  and  individu-
als was below the minimum landing size (MLS) in 
this study. There was no minimum landing size 
(MLS) for . At the same time mean length 
at first sexual maturity (Lm) for  in Isken-
derun Bay is 11.02 cm [49].  At the end of this study 
it was observed that there were larger and smaller in-
dividuals in the . In these experiments, the 
majority of  individuals affected by ba-
rotrauma indicated high survival rate with ba-

rotrauma treatment. This case was identified as a re-
markable result for discarded N. randalli fate. were 
It was observed that When  individuals 
were observed in normal tanks without barotrauma 
treatment, it was recorded that the mortality occurred 
in a very short time.  individuals, which 
could not exhibit normal swimming behavior 15-20 
minutes due to barotrauma in the normal fish obser-
vation tank, were showed rapid improvement and 
natural swimming behavior with 3 bar in barotrauma 
treatment tank (BTT). Because these barotrauma 
treatment experiments were limited to 30 minutes on 
the commercial fishing vessel, dead and survival in-
dividuals of  were determined rapidly 
(Table 2). 

Survival rates of  individuals were 
showed that the barotrauma treatment gave success-
ful results for survival rate after fishing operations. 
When SPSS ANOVA analysis was applied, it was 
observed that there were significant differences in 
survival rate. The survival rate data of  is 
the first data given after fishing operations. 

Hauling number BTT (3 bar) Normal Tank (1atm) 
(N) Survive Survival rate (%) (N) Survive Survival rate (%) 

1 16 11 69 16 3 19 
2 18 10 56 18 1 6 
3 15 9 60 15 2 13 
4 12 6 50 12 1 8 
5 20 13 65 20 5 25 
6 17 10 59 17 1 6 
7 23 9 39 23 5 22 
8 17 6 35 17 2 12 
9 18 8 44 18 2 11 
10 14 8 57 14 1 7 

Mean   53.4±3.53   12.9±2.17 
 

Hauling number BTT (3 bar) Normal Tank (1atm) 
(N) Survive Survival rate (%) (N) Survive Survival rate (%) 

1 10 7 70 10 6 60 
2 12 10 83 12 8 67 
3 15 14 93 15 12 80 
4 8 5 63 8 3 38 
5 14 9 64 14 7 50 
6 10 6 60 10 3 30 
7 11 7 64 11 2 18 
8 18 10 56 18 4 22 
9 6 2 33 6 1 17 

10 14 9 64 14 5 36 
Mean   65±5.02   41.8±6.87 
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Hauling number BTT (3 bar) Normal Tank (1atm) 
(N) Survive Survival rate (%) (N) Survive Survival rate (%) 

1 6 4 67 6 3 50 
2 5 4 80 5 5 100 
3 6 5 83 6 4 67 
4 8 6 75 8 5 63 
5 4 3 75 4 3 75 
6 5 3 60 5 3 60 
7 11 6 55 11 4 36 
8 9 6 67 9 5 56 
9 7 4 57 7 2 29 

10 13 8 62 13 7 54 
Mean   68.1±3.09   59±6.29 

 
Survival rates for , which is an im-

portant concentration in Iskenderun Bay trawl fish-
eries, were observed after trawl operation. Minimum 
landing size (MLS) for  20 cm in the area. 
Nevertheless, lengths of captured  individ-
uals in the area are below minimum landing size 
(MLS). It was observed that  had a very 
high survival rate after trawl operation. Although we 
were not observed barotrauma effects on  
individuals after trawl hauling operation, we per-
formed barotrauma treatment with barotrauma treat-
ment tank (BTT). According to the results, ba-
rotrauma treatment gave positive result for survival 
rate of  not as much as  (Table 
3). In statistical comparisons, barotrauma treatment 
was found to be beneficial by SPSS ANOVA analy-
sis.  

Survival rates of  were high after 
trawling fishery operations. This species has been 
evaluated as “Least Concern” according to the IUCN 
Red List of Threatened Species since 2014 [50]. 
However, there is no minimum landing size (MLS) 
for this species in our country commercial fishery 
regulations. At the same time mean length at first 
sexual maturity (Lm) of 14.2 cm for  in 
the Eastern Mediterranean [51]. Barotrauma treat-
ment also gave positive results for this species ac-
cording to observations of survival rate after the 
trawl hauling operation. The difference between the 
survival rates of barotrauma treatment and normal 
tanks was found to be significant by the ANOVA 
analysis of the SPSS package program. 

Information of discard ratio was presented (as 
discards/total species catch) in EU Mediterranean 
(for Croatia, Greece, Italy and Spain) bottom trawl 
fisheries for selected bony fish, elasmobranch and 
decapod species [16]. According to Tsakagaris et al. 
(2017) [16],  showed different discard 
ratios depending on the regions. However, we could 
not find any literature about discard survival rates for 

,  and  after trawl 
fishery operations. Therefore, discard survival rate 

data of these species could not be evaluated compar-
atively in this study. 

 
As a result of this study, it was understood that 

pressure factor played an important role during the 
released for discard survival rates of , 

 and into the sea again. This 
study has showed that discards can survive after fish-
ing operations if they release to sea under suitable 
conditions. The relevant literature on this issue also 
supports this idea. 
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ABSTRACT 
 
The Eastern Mediterranean Region is described 

as the richest region in terms of wetlands and in this 
study aimed to examined the microbiological char-
acteristics of the wetland lands of Amik, Gavur and 
Golbasi Lakes in Eastern Mediterranean Region. 
The relationships between total microorganism 
counts and some soil characteristics of 3 different 
wetland lands in the Eastern Mediterranean region 
have been determined. As a result of the biological 
analyzes carried out on three different wetland soils; 
the highest number of total actinomycetes were 
found from microorganisms in the field soils, this is 
followed by the moment of total algae, total bacteria 
and the total fungi. It was first observed that micro-
bial activity in the soil of Amik Lake, where the most 
degradation was caused by drying, decreased. In the 
same area, the total amount of fungi, bacteria, algae 
and actinomycetes was found to be the lowest in this 
study. It has been found that the total amount of 
fungi, bacteria and actinomycetes in the soil of Ga-
vur Lake, which has been degraded to moderate 
level, is the highest value. It has been observed that 
the total amount of algae is the highest in the Golbasi 
Lakes, which is still partially preserving its wetland 
characteristics. As a result, it has been determined 
that all microorganism groups in the Gavur and 
Golbasi Lake areas are considerably higher than 
Amik Lake soil, which has undergone decaying, 
based on the lands in the lake. There were statistical 
relations between total fungi with the soil organic 
matter (r= 0.432**), percent saturation (r= 
0.555***), soil reaction (r= -0.526***), plastic limit 
(r= 0.413**) and liquid limit (r= 0.414**) values. 
There was a positive relationship between total algae 
with organic matter (r= 0.541***), and negative re-
lations with soil reaction (r= -0.484***). It was de-
termined that there was a positive correlation be-
tween the total actinomycet and the plastic limit and 
the liquid limit (r= 0.437**, r= 0.362*), which is 
negative between bulk weight and hydraulic conduc-
tivity (r= -0.360*, r= -0.381**). 

 
 

KEYWORDS:  
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INTRODUCTION 
 
Wetlands can be distinguished by three main 

criteria: hydrology, physico-chemical environment 
and biodiversity. They are natural areas, where bio-
logical diversity is the richest, with the functions and 
values that cannot be compared with any other eco-
system on earth. Soil, in addition to its physical and 
chemical functions, has a complex biological struc-
ture [1]. Microorganisms that provide biological ac-
tivity in the soil provide soil fertility in various forms 
[2]. It is known that the major groups of microorgan-
isms are bacteria, algae, fungus and actinomycetes 
[3]. The plant and organic layer on the soil are both 
a source of nutrients and shelter for fungi. All soil 
microorganisms are critically important in the 
preservation of soil functions, with their roles in key 
ecosystem processes such as decomposition of or-
ganic material; removal of toxic substances; carbon, 
nitrogen, phosphorus and sulfur cycles and for-
mation of soil structure in natural soils and tillages 
[4]. The wetland ecosystem is characterized by hy-
dric soils that support hydrophilic vegetation. Hy-
drology is known as a dominant factor that controls 
microbial processes in wetlands [5-6-7]. High water 
level increases the rate of the anaerobic functions 
such as denitrification, methane genesis and, amount 
of sulphate reducing [8]. And the aerobic function 
such as nitrification decreases this rate [9]. 

In a study in Amik, Gavur and Golbasi Lakes, 
the chemical properties of the field soils were inves-
tigated; and the higher level of degradation and min-
eral decomposition in Amik Lake soils is explained 
by the higher pH value of the plain soil and the rela-
tive increase in the amount of calcium carbonate in 
the soil [10]. The soil reaction is important for plant 
growth; and it has been noted that, pH has a great 

ity of toxic ions in water and the activity of microor-
ganisms [11]. Many studies have indicated that; mi-
crobial activity should naturally increase as the level 
of organic material increases; and the microorganism 
activity and especially the number of fungi raise in 
environments where soil pH is low [12-15]. The de-
composition of soil organic matter is proportional to 
the functions of all microorganisms in the soil. 

The purpose of this study is; determine the total 
microorganism population in wetland soils of Gavur, 



© by PSP  Volume 27  No. 7/2018 pages 4874-4882        Fresenius Environmental Bulletin 

4875 

Amik and Golbasi Lakes, which are located in the 
Eastern Mediterranean Region. The statistics of the 
total numbers of microorganisms among the three ar-
eas were examined by making comparisons.  

 
 

MATERIALS AND METHODS  
 
Working area. Amik, Gavur and Golbasi 

Lakes, located in Eastern Mediterranean Region, are 
considered as important wetlands of Turkey (Figure 
1). Amik Lake, which is the first research area, is lo-
cated within the boundaries of the Hatay province of 
the Mediterranean Region. Gavur Lake, which is 
chosen as the second research area, is located in the 
Antakya-Kahramanmaras graben and with an aver-
age altitude of 478 m above sea level. The third re-
search area was Golbasi Lakes in Adiyaman prov-
ince. The Golbasi Lakes (Inekli, Azapli and Golbasi 
Lake), which form the most important wetland be-
tween the Mediterranean Region and the Southeast-
ern Anatolia Region, are located in the Golbasi De-
pression within the Eastern Anatolian Fault Zone. 
Soil specimens were taken from the soil profiles 
opened with a cross section from the lake open-water 
zone of Amik, Gavur and Golbasi Lakes, according 
to the horizon basis. For microbiological analysis, 48 
soil samples were used as material in this study. 
 

Methods. The total number of microorganisms 
in the soil samples taken was determined in accord-
ance with the principles reported by Jackson [16], 
Potato Dextrose Agar (PDA) medium for determin-
ing the total number of fungi; Plate Count Agar 
(PCA) medium for determining the total number of 
bacteria; algae medium for determining the total 
number of algae, and starch-casein medium for de-
termining the total actinomycetes were created ac-
cording to methods reported by Kiziloglu and Bilen 
[17]. Percentage of saturation with water was ana-

lyzed according to Demiralay (1993) [18], soil reac-
tion analysis by Thomas [19], electrical conductivity 
by Tüzüner [20], organic matter analysis by Nelson 
and Sommers [21], available phoshorus analysis by 
Olsen et al. [22] reported by Kuo [23], bulk density 
analysis reported by Demiralay (1993) [18], aggre-
gate stability analysis by Kemper and Koch [24], 
plastic limit and liguid limit analysis by Sayin [25]. 
Variance analysis was performed by using SPSS 
program (IBM SPSS Advanced Statistics version 
19.0.0) with the data obtained from the biological 
analyses on all 48 soil samples taken from Amik, Ga-
vur and Golbasi Lakes wetlands. As a result of the 
variance analysis performed on both the field soils 
and the soil contained in the lake open-water zone, 
the differences between the groups that were found 
to be significant were examined by Duncan's multi-
ple comparison tests. In addition, a logarithmic 
transformation has been applied to the data to pro-
vide the assumptions of the variance analysis. 

 
 

RESULTS AND DISCUSSION 
 
The results of the biological analysis performed 

on three different areas are given in Table 1. When 
Table 1 was examined, the maximum average num-
ber of fungi was found in Gavur Lake soil with 
3.97*105 cfu g-1, followed by Golbasi Lakes and 
Amik Lake respectively. The total number of bacte-
ria was found to be the highest in Gavur Lake and 
the lowest in Amik Lake. The total number of algae 
was highest in Golbasi Lakes and the lowest in Amik 
Lake, and the total number of actinomycetes was 
found to be highest in the Gavur Lake and the least 
at Amik Lake. It was observed that the lowest total 
fungi, bacteria, algae and actinomycetes were found 
in the soil of Amik Lake, while the highest number 
of total fungi, bacteria and actinomycetes were found 
in Gavur Lake and the highest number of algae was 
found in Golbasi Lakes. 

 
 

 
 

FIGURE 1 
Satellite view of work areas 
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TABLE 1 
Total number of soil microorganisms 

Horizon Fungi Bacteria Algae Actinomycete 
 cfu g-1 cfu g-1 cfu g-1 cfu g-1 

Amik Lake 
Minimum 1.10*103 7.30*104 1.30*103 5.00*103 
Maximum  6.00*105 1.09*106 2.40*105 4.05*106 
Average 9.47*104 2.76*105 7.18*104 1.05*106 

Gavur Lake 
Minimum 4.00*103 2.90*104 2.00*103 4.20*104 
Maximum  1.20*106 8.42*106 7.04*106 2.17*107 
Average 3.97*105 1.34*106 1.19*106 3.26*106 

Golbasi Lakes 
Minimum 1.30*103 9.30*103 1.25*104 2.63*104 
Maximum  2.50*106 8.40*106 1.39*107 1.53*107 
Average 3.60*105 1.20*106 1.80*106 3.03*106 

 

 
FIGURE 2 

Relationship between total fungi and total bacteria 
 

As a result of the correlation analysis, it was de-
termined that there is a significant positive correla-
tion (p<0.5) between the total number of fungi in the 
soil and the total number of bacteria (Figure 2). Sim-
ilar findings have been reported by He et al. [26], 
where researchers have studied the soil under differ-
ent vegetation. They reported that there was a strong 
positive correlation between total bacteria and total 
fungus counts by performing Pearson correlation 
analysis. The most important role of bacteria and 
fungi in the soil is to provide soil ventilation. It was 
determined that there was a significant positive cor-
relation (p<0.01, p<0.01) between the total number 
of fungi and the total number of algae and the total 
number of actinomycetes. These findings support 
that the optimal living conditions for fungi and acti-

nomycetes are similar. Huang et al. [27], have iden-
tified 3 wetlands in China's Chongqing city as pilot; 
and they have studied soil microorganisms and en-
zyme activities. They pointed out that there was a 
positive correlation between the total number of 
fungi in the soil and total actinomycete at the p<0.01 
significance level. Egambardiyeva [28] investigated 
the microbial population activity in the soil of the 
Chatkal biosphere reserve. For this, 5 different soils 
(typical sierozem soil, dark sierozem soil, brown car-
bonated soil, typical brown soil, decomposed brown 
soil) were identified; and it was concluded that the 
least microbial activity was in sierozem soil and the 

been reported that there is a similar increase in total 
actinomycetes and fungus amounts, especially in 
brown carbonated soil. 
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As a result of the correlation analysis between 
the total number of fungi in the soil and the satura-
tion percentage value, soil organic matter and avail-
able phosphorus value; it is found that there is a sig-
nificant positive (p<0.01, p<0.1, p<0.5) relationship. 
Since soil organisms play an important role in the 
decomposition of organic residues that fall on the 
soil, the diminution or disappearance of these crea-
tures causes the organic waste falling to the soil to 
remain and accumulate for a long time without de-
composing. Decreasing or stopping of the decompo-
sition also slows down the supply of mineral nutri-
ents required for plants [29]. As reported by Abaci 
Bayar [10], the amount of organic matter (1.23%) of 
Amik Lake soils, which are dried and subjected to 
the most soil degradation, is much lower than the 
amount of organic matter (11.42%) of Gavur Lake 
soils. In this case, it can be stated that the total mi-
crobial activity in Gavur Lake is higher than the mi-
crobial activity in the soil of Amik Lake. It was 
found by the same researcher that the value of the 
saturation percentage of Gavur Lake soils is different 
and higher than the values of Amik Lake and Golbasi 
Lakes.  

It was determined that there is a significant neg-
ative (p<0.01) relationship between the total number 
of fungi and soil reaction. Many studies have indi-
cated that there is a negative relationship between the 
amount of fungi in the soil and the soil reaction, re-
garding the numbers of microorganisms in both arid 
and rainy seasons. Because; it is found that the total 
number of fungi in the soil is the highest when the 

cies of fungi can develop in these soils and they form 
the dominant flora [30]. Rousk et al. [31] in the re-
search conducted in North and South America on ar-
able lands; indicated that soil pH is associated with 
soil microorganisms and fungus concentration in-
creases at low pH. They have indicated that fungal 
populations exhibit optimal growth and development 
at the maximum level at 4.5 pH value, and are less 
affected by pH and have a weaker relationship with 
it. This finding was supported by Aciego-Pietri and 
Brookes [32]. Vineela et al. [14], in a study con-
ducted in semi-arid regions of India; have reported 
that, the microbial activity and especially the number 
of fungi have increased in environments where soil 
pH is low. Deslippe et al. [33], reported a negative 
correlation between the total amount of microorgan-
isms and the soil reaction in their research, indicating 
that microbiological activity decreased at high pH.  

It is stated that there is a significant negative 
(p<0.1) relationship between the total number of 
fungi and the volume weight of soil. Similar findings 
were reported by Li et al. [34]; in the experimental 
farm of Henan Agricultural University in China; that 
there is a negative correlation between volume 
weight and number of fungi in corn-cultivated soils; 

and the increase in volume weight negatively affects 
microorganism numbers and microbial activity. It 
was determined that there is a significantly positive 
(p<0.5, p<0.1, p<0.1) relationship between the total 
number of fungi and the wet aggregate stability, and 
between plastic limit and liquid limit values. Soil mi-
croorganisms show better growth in the soil with a 
good aggregate structure. In the research conducted 
by Kadioglu [35] on the lands of Tuzcu and Tepe vil-
lages, it was determined that from the topographic 
positions of peak point to the foothill, aggregate sta-
bility and total number of the fungi have increased.  

As a result of the correlation analysis, it was de-
termined that there was a significant positive corre-
lation (p<0.01) between the total number of bacteria 
and the total number of total algae and total actino-
mycetes. Balasooriya et al. [9]; at the study on the 
wetland in the northern part of Bourgoyen-
Ossemeersen in Belgium; have stated that, the 
amount of bacteria and the amount of actinomycetes 
increases, as the depth increases. It was stated that 
there was a significant positive correlation (p<0.5, 
p<0.1) between total bacterial count, and soil satura-
tion percentage value and amount of organic matter. 
Soil organic matter is the source of nutrients for mi-
croorganisms in the soil. In particular, the soil or-
ganic matter consists of all the vegetative and animal 
carcass materials and their transformed products in 
and on the mineral soil. Naturally, as the level of or-
ganic matter increases, microbial activity will natu-
rally increase. Morrissey et al. [36], in their search 
near Chesapeake Bay (Virginia); have stated that soil 
organic matter and active microbial activity in the 
soil are proportional to each other and there is a very 
strong positive correlation between them. Jeanneau 
et al. [37] and Kadioglu [35] found that there is a 
positive correlation between soil organic matter and 
microorganism amount. They stated that there is a 
high number of bacteria in the soil where the soil or-
ganic matter content is high and there is a positive 
relation between them. 

It was found that there is a significant positive 
correlation (p<0.01) between the total number of al-
gae and the total number of actinomycetes. Anand et 
al. [38], in their study at Canada in the Ontario region 
on the soil of industrial air pollution near Sudbury; 
Reported a positive correlation between total blue 
green algae and total actinomycetes numbers at 
p<0.05 significance level. It was found that there was 
a significant negative correlation (p<0.01) between 
the total number of algae and the soil reaction, and a 
significant positive correlation (p<0.01) between the 
total number of algae and the soil organic matter 
value (Figure 3). Lombard et al. [39] reported that 
microorganism structure in the soil and soil function 
are related to some physical and chemical properties 
such as soil pH and organic matter content.   
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FIGURE 3 

Relationship between total algae and soil organic matter 
 

 
FIGURE 4 

Relationship between total actinomycetes and plastic limit 
 
Organic matter has a great effect on microor-

ganisms by being basic nutrients in the soil, and serv-
ing nutrients to plants. Rousk et al. [15] reported that 
soil pH is associated with soil microorganisms, and 
it has been found that some microorganisms and al-
gae are abundant in mild acid and slightly alkaline 
soil.  

As a result of the correlation analysis made in 
the soil; (p<0.5, p<0.01) between the total number of 
actinomycetes in the soil and the percentage of satu-
rations and organic matter values. In Gokcan  work 
[40] in Amasya Suluova, it has been observed that 
there is a linear increase in microbial activity due to 

the increase of organic matter in the soil. However, 
as the profile is followed to the lower layers; It has 
also been reported that there is a decrease in the mi-
croorganism population depending on organic mat-
ter and nutrient reduction. A significant negative 
(p<0.5, p<0.1) relationship was found between the 
total actinomycete number and the volume weight of 
the soil and the hydraulic conductivity value. In Li et 
al.  study [34] conducted in China, similar findings 
indicated that there was a negative correlation be-
tween volume and actinomycete numbers in culti-
vated land and that the increase in volume was neg-
atively affecting the number of microorganisms and 
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microbial activity. A significant positive correlation 
(p<0.5) was found between the total number of acti-
nomycetes and the plastic limit and the liquid limit 
as the result of the correlation analysis (Figure 4). 

One way analysis of variance was performed on 
the distributions of microorganisms in the first two 
horizons of Amik Lake, Gavur Lake and Golbasi 
Lakes soils, and the logarithmic transformation is ap-
plied to give the assumptions of the variance analy-
sis. The difference between total fungus and total al-
gae counts of Gavur and Golbasi Lakes soils was not 
statistically significant. The total number of fungi 
and total algae of Amik Lake soils were found to be 
different and lower than the values of the other two 
lake area soils. The difference between the total 
number of fungi and algae in the soil of Amik Lake 
and the soil of these two lake areas was statistically 
significant (p<0.05). It is stated that the difference in 
statistics between total bacteria and total actinomy-
cet numbers of the Amik, Gavur and Golbasi Lakes 
soils is not significant. Organisms respond very 
quickly to soil and environmental changes. Udotong 
et al. [30] reported that the number of microorgan-
isms in soil samples taken during the rainy season is 
higher than the population of microorganisms in the 
dry area, in the study of microbiological and phys-
ico-chemical field on the wetland soil in the Eketan 
city of Nigeria. Especially the high level of ground-
water level of the Amik Lowland soils from the re-
search area can be shown as the reason for the mi-
croorganism population to be lower than the other 
lake areas. Microorganisms that provide soil bio-
logic activity provide soil fertility in a variety of 
forms. It is known that some rocks, especially ser-
pentine, release the toxic elements (nickel, cad-
mium) that prevent plant life and at the same time 
inhibit microbial life [1]. By Abaci Bayar [10], it is 
stated that, limestone rich in calcium and serpentine 
rich in magnesium are widely found in the research 
areas of Amik, Gavur and Golbasi Lakes. It is 
thought that the alterable magnesium contents of 
Amik Lake is different and higher than the content 
of magnesium of Gavur and Golbasi Lakes, because 
of the more widespread serpentin-derived rocks in 
this area. It is known that in the regions of Islahiye, 
Hassa and Kirikhan, where lowland is fed with sur-
face waters, serpentine rocks are widespread and 

many mining operations, where chromium mine is 
excavated, are found. Along with these findings; the 
fact that the presence of serpentine is dominant in the 
soil of Amik Lake, reveals that the population of mi-
croorganisms is lower. This data shows how wetland 
lands, which are intended to be included in agricul-
tural production and use, are transformed into low-
productivity soils. 

When the research area in the open-water zone 
soils of the lakes are considered; all the microorgan-
ism groups in Gavur and Golbasi Lake area were 
found to be quite higher than the soils of Amik Lake; 
and the difference between the significant groups 
was examined by Duncan multiple comparison test 
and given in Table 2. Although the difference be-
tween the total number of algae of the Gavur and 
Golbasi Lakes is not statistically significant, the dif-
ference between the total number of algae of the 
Amik Lake and the other two lakes is statistically 
significant (p<0.05). It is known that, at the top of 
the main nutrition sources of microorganisms are the 
organic matter found in the soil. As stated by Abaci 
Bayar [10], the organic matter levels of the soils of 
Golbasi and Gavur Lakes (5.44%, 11.42%) are 
higher than the organic matter value of the soil of 
Amik (1.23%), which makes it possible to find 
higher microorganism populations in this soil. The 
productivity of soils is closely related to the level of 
keeping soil organisms. Along with the transfor-
mation of nutrients into the form that they can be 
used by the plants, the soil fertility ensures that many 
physical and chemical conditions are at suitable lev-
els for plant breeding. The low level of organic mat-
ter in the soil affects the microbial activity, which 
causes the productivity of the soil to decrease or dis-
appear. From this point of view, the productivity of 
Amik lowland soils is less than that of Golbasi and 
Gavur Lake lands. The fertility of the Amik low-

ago, was observed at lower levels than the Gavur 
Lake and Golbasi soils that underwent less degrada-
tion. In addition the correlation table of some micro-
biological, physical and chemical analyzes made in 
the study area is shown in Table 3. 

 

 
 

TABLE 2 
Multiple comparison test of the microbiological properties of the soil in the lake  

open-water zone (Duncan Test) results 
Area Number Fungi Bacteria Algae Actinomycete 
  cfu g-1 cfu g-1 cfu g-1 cfu g-1 
Amik Lake 6 4.6746±0.817 5.4240±0.341 4.6030b±0.908 6.0038±0.579 
Gavur Lake 8 5.2576±0.784 5.4782±0.553 5.1375a±1.044 6.1308±0.846 
Golbasi Lakes 16 5.2781±0.605 5.6476±0.916 5.8241a±0.992 6.2055±0.896 
Sig.  p<0.197 p<0.778 p<0.039 p<0.879 

The average values shown in the same column with different symbols according to Duncan test was statistically 
significant at p
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TABLE 3 
Correlation chart of microbiological, physical and chemical analyses made in soil 

 TF TB TA Tac SP OM AP pH Db WAS Ks PL LL 
TF -             
TB 0.343* -            
TA 0.487*** 0.593*** -           
Tac 0.525*** 0.592*** 0.753*** -          
SP 0.555*** 0.285*  0.366* -         
OM 0.432** 0.390** 0.541*** 0.506*** - -        
AP 0.306* - - - - - -       
pH -0.526*** - -0.484*** - - - - -      
Db -0.427** - - -0.360* - - - - -     
WAS 0.329* - - - - - - - - -    
Ks - - - -0.381** - - - - - - -   
PL 0.413** - - 0.437** - - - - - - - -  
LL 0.414** - - 0.362* - - - - - - - - - 

TF=Total fungus; TB=Total bacteria; TA=Total algae; Tac=Total actinomycete; SP=Saturation percentage; 
OM=Organic matter; AP=Available phosohorus; pH=Soil reaction; Db= Volume weight; WAS= Wet aggregate 
stability; Ks= Hydraulic conductivity; PL=Plastic limit; LL= Liquid limit 
 

CONCLUSIONS 
 
Wetlands are one of the most important ecosys-

tem types of the earth with their natural functions and 
economic values, balancing the water regime of the 
environment, regulating the climate, realizing the 
highest of the world's carbon retaining function after 
the tropical forest and oceans, hosting many living 
creatures, and having extremely high biological 
productivity. 

In this study, attempts were made to determine 
the changes occurring as the result of the applica-
tions on the three wetlands extending in the Eastern 
Mediterranean Region. These three wetlands are 
listed as Amik Lake in the south, Gavur Lake in the 
north, and Golbasi Lakes in the north. The elevation 
of the region increases from south to north, reaching 
478 m in Gavur Lake basin and 885 m in Golbasi 
basin, while the height of the Amik basin is 83 m 
from the sea. The biological characteristics of a total 
of 48 soil samples in both the lake area and the lake 
open-water area of the research areas were exam-
ined, and the findings were evaluated, and the sizes 
of soil degradation in each field were compared in 
terms of microbial values. Although the difference 
between total fungus and total algae numbers of Ga-
vur and Golbasi Lakes area is not statistically signif-
icant, the difference between total fungus and total 
algae counts of Amik Lake and two other lake areas 
is statistically significant. Firstly, it was observed 
that microbial activity decreased in Amik Lake soil, 
where the most degradation was occurred by drying, 
and total amount of fungi, bacteria, algae and actino-
mycetes were found to be at their lowest values. Mi-
crobial life is prevented because of the reasons such 
as the high level of groundwater level of the Amik 
Lake area soil, the widespread availability of serpen-
tine, which is rich in magnesia, in the area. It is 
known that serpentine rocks are common in Islahiye, 
Hassa and Kirikhan regions, where lowland is fed 
with surface runoff waters, and many mining opera-
tions, from which chromium mine is extracted, are 

found. The amount of total algae was found to be the 
highest in the Golbasi Lakes, which partially re-
tained their wetland characteristics. The Gavur Lake, 
which is moderately degraded, has the highest levels 
of total fungi, bacteria and actinomycetes in the soil. 
When the microorganism values of the soils of the 
lake open-water zone are examined statistically; alt-
hough the difference between the total number of al-
gae of the Gavur and Golbasi Lakes lands is not sta-
tistically significant; the difference between the total 
number of algae of the Lake Amik and the other two 
lakes is statistically significant. As the organic mat-
ter level of the Golbasi and Gavur Lake lands is 
higher than the organic matter level of the Amik 
Lake soils; populations of microorganisms in the soil 
were also found at higher levels. The extremely low 
microbial activity of the Amik Lake soils, which is 
one of our most important wetlands that have been 
dried and cultivated, has been assessed as a sign that 
the productivity of these soils are at low levels. 

Amik Lake; depending on the beginning of the 
drying of its soils before the other lake areas; has lost 
its wetland characteristics due to the high level of 
mineralization and degradation in the soil. Despite 
there is a spatial increase in the agricultural land in 
this area, which is opened to agriculture by drying; it 
is concluded that, today, the fertility of the soil is in 
low levels regarding the crop production considering 
the many negative features present in the soil, and 
there also will be problems in the future. The area 
that is started to be dried in the second place was the 
wetland of Lake Gavur. Because of the inadequacy 
of the drainage channels in the ground, it is observed 
that; the soils were under the water during a signifi-
cant part of the year, the progress that had been ex-

achieved, and after all, it lacked the economical and 
natural contributions of the lowlands as it had lost its 
lowland characteristics. The result was that the 
Golbasi Lakes soils, which had the least soil degra-
dation, maintained their wetland characteristics at a 
better level than the other lake areas. 
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ABSTRACT 
 
Manganese sulfate residues would be generated 

when pyrolusite ore is used for manganese sulfate 
production. Two kinds of residues derived from dif-
ferent pyrolusite processes were characterized using 
XRF, ICP-MS, XRD and SEM, including manga-
nese sulfate residue from pyrolusite and pyrite 
method (MSR-PP) and manganese sulfate residue 
from flue-gas desulfurization method (MSR-FD). 
The concentrations of water-soluble metals from 
MSR-PP and MSR-FD were investigated. It shows 
that water-soluble manganese concentrations in 
MSR-PP and MSR-FD were as high as 1850 and 
2170 mg/L, respectively, which might be a manga-
nese contaminant source. Extraction procedure for 
leaching toxicity experiments shows that MSR-PP 
should be identified as hazardous waste for its ex-
traction metal of nickel achieved 5.79 mg/L. 
 
 
KEYWORDS: 
Manganese sulfate residue, characterization, toxicity as-
sessment,pyrolusite, nickel  
 
 
INTRODUCTION 

 
Manganese has been widely used in industry. 

Pyrolusite (MnO2) and rhodochrosite (MnCO3) are 
the two most common mineral forms of manganese 
ores in China. For low valance manganese ores 
(MnCO3), hydrometallurgical process can be used 
directly to obtain manganese through acid leaching 
and separation. For high valance manganese as main 
mineral (MnO2), ores have to be treated through re-
duction roasting followed by acid leaching;alterna-
tively, directly reductive leaching in acid medium in 
presence of different reductants [1]. The common re-
ducing agents reported in literatures for manganese 
dioxide hydrometallurgical reduction and extraction 
include ferrous iron, H2O2 [2], sulfur dioxide/flue-
gas [3, 4], sulfides, ig. sphalerite [5], CaS [6], pyrite 
[7, 8], organics matters, like methanol [9], oxalic 
acid [10], glucose [11], and waste/by-product of 

plant, such as sawdust [12], cane molasses [13], 
corncob [14], waste tea [15], etc.  

In reality, most of the above reductants were 
based on laboratory scale study for reason of cost or 
efficiency. However, SO2 flue-gas and pyrite have 
well been extended and applied as reductive leaching 
for low grade manganese oxide ores in industrial 
production for Chinese manufacturing enterprises. 
Correspondingly, two types of manganese sulfate 
residues would be generated from the two process. 

Manganese sulfate residue from pyrolusite and 
pyrite (MSR-PP), is generated in the process of ex-
traction of manganese sulfate production using py-
rite as reductant. The pyrolusite and pyrite method, 
also called two-ores method, is a conventional 
method for manganese sulfate production and suita-
ble for ores with 18-30% Mn, by which process 
about 50% manganese sulfate was produced in 
China. To produce 1 ton of manganese sulfate, 2-3 
tons of MSR-PP would be produced (based on man-
ganese ore with 20% Mn), and the situation is getting 
worse as the grade of manganese ores decreases with 
the depletion of rich ore resources.  

Manganese sulfate residue from flue-gas desul-
furization (MSR-FD), discharged from manganese 
mineral powder leaching process in presence of flue-
gas desulfurization is another manganese sulfate res-
idue. The flue-gas desulfurization method is newly 
developed for treatment of lower manganese ores (of 
15-20 wt % Mn) and also solve the problem of flue-
gas. What's more, under the same yield of manga-
nese sulfate, the amount of MSR-FD is less than 
MSR-PP, ca. 2 tons for per ton manganese sulfate.  

The aim of the present work was to characterize 
the two manganese sulfate residues and assess the 
environmental impacts of water soluble heavy ele-
ments. The corrosivity and toxicity test was also em-
ployed in this study to identify the category of man-
ganese sulfate residues. 
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EXPERIMENT 
 
Samples and analysis methods. Two kinds of 

manganese sulfate residues (MSR-FD and MSR-PP) 
were collected from a manganese sulfate plant in 
Guizhou, southwest of China. Representative sam-
ples were crushed and thoroughly homogenized for 
characterization and toxicity leaching test. 

The main chemical compositions of the col-
lected samples were determined using XRF (PANa-
lytical PW2424), and the XRF analysis was deter-
mined in conjunction with a loss-on-ignition (LOI) 
at 1000°C. The resulting data from both determina-

-MS 
(Perkin Elmer Elan 9000) was used to analyze trace 
elements concentration in the samples. Residue sam-
ples were also characterized by powder X-ray dif-
fraction (XRD) and scanning electron microscopy 
(SEM). Powder X-ray diffraction measurements 
were performed using a PANalytical Empyrean dif-
fract
pared by compaction into a silicon sample holder, 

o and 70o was scanned. 
Samples for SEM observation were viewed in an FEI 
Scios scanning electron microscope with an Oxford 
Instruments Energy 250 energy dispersive spectrom-
eter system (EDS).  

 
Water leaching and extraction toxicity ex-

periments. Regarding to water leaching experi-
ments, residue samples were leached using distilled 
water to investigate the water-soluble form of metal 
ion concentration. Specifically, 10.0 grams of each 
residue sample was weighted and placed in a 250 mL 
conical flask with 100 mL distilled water. After 8 h 
shaking and 16 h standing, the solution was centri-
fuged and filtered. The leached solution was then 
stored for water-soluble metal determination (ICP-
MS or ICP-AES). 

The corrosivity and toxicity of manganese sul-
fate residues were tested according to the standards 
for hazardous properties for hazardous wastes, i.e., 
the identification standard for hazardous wastes - 
Identification for corrosivity (Chinese national 
standard GB5085.1-2007) and Identification stand-

ard for hazardous wastes - Identification for extrac-
tion toxicity (Chinese national standard GB5085.3-
2007), respectively. Specifically, 150 grams of each 
residue sample was weighted and placed in a conical 
flask with 1500 mL extraction solution, which was 
made up of guaranteed reagents (2:1 V/V of H2SO4: 
HNO3) with a pH 3.2. After 18 h shaking, the acids 
extraction solution was centrifuged and filtered. The 
leached solution was then collected for extraction 
toxicity determination (ICP-MS or ICP-AES).  

 
 

RESULTS AND DISCUSSION 
 
Chemical composition. The results of major 

chemical composition of the samples obtained using 
XRF are listed in Table 1. It shows that SiO2, Fe2O3, 
MnO, SO3 and Al2O3 occurred as major constituents 
in both MSR-PP and MSR-FD. High SiO2 and low 
MnO content of MSR-FD indicated a better effi-
ciency of manganese extraction for flue-gas desulfu-
rization method in comparison to two-ores method. 
The content of Fe2O3 in the two residues was close, 
of ca. 18-19%. Especially, CaO in MSR-PP was as 
high as 6.54%, while MSR-FD only contained 
0.29% CaO. This difference can be attributed to py-
rite accompanying with high calcium and also ad-
dition of lime for neutralization in process of two-ore 
method. K2O, Na2O, MgO and TiO2 were present in 
the both residues, but in less quantities, with contents 
of less than 1%. 

Generally, trace metals can transfer and enrich 
in industrial by-product wastes in comparison to raw 
ores for extraction or separation of the valuable com-
ponents. As an example of bauxite residue, gallium, 
scandium, yttrium and lanthanides were widely re-
ported as secondary resources [16], whilst As, Cr and 
radioactive elements were regarded as hazardous to 
environment for the high concentrations [17-19]. In 
the study, from aspects of resource and environment, 
trace elemental analysis of the manganese sulfate 
residues was performed. Table 2 gives the minor and 
trace elements concentrations in MSR-FD and MSR-
PP determined by ICP-MS. Ba presented in both 
MSR-FD and MSR-PP as the minor component, 

 
TABLE 1 

Main chemical composition of manganese sulfate residues (wt %) 
Sample SiO2 Fe2O3 MnO SO3 Al2O3 CaO K2O MgO Na2O NiO P2O5 TiO2 LOI 

MSR-PP 33.09 18.42 7.29 22.2 3.94 6.54 0.44 0.50 0.03 0.18 0.38 0.08 22.95 
MSR-FD 54.06 19.74 4.81 6.18 5.23 0.29 0.45 0.08 0.58 0.04 0.60 0.12 11.79 

TABLE 2 
Concentrations of trace elements in MSR-FD and MSR-  

 Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb Nd 
MSR-PP 9640 144.5 280 3.33 11.50 6.34 2.43 15.0 12.65 1.5 2.34 70.2 0.79 5.5 53.0 
MSR-FD 5700 135.5 370 2.74 11.70 6.72 2.50 13.1 12.35 1.9 2.40 70.3 0.91 6.8 53.5 

 Pr Rb Sm Sn Sr Ta Tb Th Tm U V W Y Yb Zr 
MSR-PP 13.15 22.1 11.30 29 720 1.0 1.93 4.25 0.85 5.79 461 6 83.0 5.11 58 
MSR-FD 13.35 25.8 11.35 3 395 0.4 1.91 5.99 0.93 7.10 613 5 74.4 5.85 72 
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with a concentration of 5700 and  respec-
tively. Rare elements including gallium, niobium, yt-
trium and lanthanides were lower than those in baux-
ite residue, and it had no economic value in current 
conditions.  
 

Mineral composition.Powder X-ray diffrac-
tion was performed (Fig. 1) to identify the mineral 
phase composition of the two manganese sulfate res-
idues since they are from different processes and 
possess different chemical compositions.  

Quartz can be matched in XRD curves of MSR-
FD and MSR-PP, and it was the dominant mineral 
phase accordingly to the chemical composition. Sil-
icon oxide came from manganese ore without chem-
ical reaction during the both hydrometallurgical 
leaching process. Iron, naturally present with man-
ganese minerals, was mostly found in the form of 
iron alumosilicates and in small amounts in the man-
ganese oxides [20]. Along with the dissolution of 
manganese oxides, iron oxides also entered into the 
solution, and then would be precipitated in the resi-
due when manganese sulfate was separated. As ob-
served from Fig.1, goethite and iron sulfite were sug-
gested as iron-phase in MSR-FD, while hematite was 

obviously indentified in the pattern of MSR-PP. Be-
sides, MSR-PP contained calcium sulfate, including 
gypsum (CaSO4·2H2O) and calcium sulfate hydrate 
(CaSO4·0.5H2O). 

 
SEM analysis. The SEM micrographs of the 

samples are presented in Fig. 2. As seen from the im-
ages, MSR-PP was composed of (i) Columnar or 
large blocked idiomorphic structure, identified for 
gypsum by EDS, (ii) large particles, and (iii) very 
fine particles. The surfaces of large particles aggra-
vated with small particles with complex composi-
tions. SEM micrographs of MSR-FD also present 
different size of particles. The surface of silicon ox-
ides was smooth with a clear crystal face (Fig. 2 B, 
point a), whilst the particles of manganese oxides 
had a porous surface with irregular shapes (Fig. 2 B, 
point b). The particle sizes of both residues generally 
were less than 10 microns. 

 
Environmental properties: water-soluble 

metals. Water-soluble metals from the two kinds of 
manganese sulfate residues were determined and the  

 

 
FIGURE 1 

XRD patterns of MSR-PP and MSR-FD 
 

 
FIGURE 2 

SEM images of manganese sulfate residues, (A) MSR-PP and (B) MSR-FD 
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data are presented in Table 3. It shows that the con-
centrations of silver, arsenic, beryllium, chromium, 
mercury and lead were under the concentration lim-
its value stipulated in Integrated Wastewater Dis-
charge Standard (GB8978-1996). However, the wa-
ter-soluble cadmium and nickel in the leachate of 
both MSR-PP and MSR-FD exceeded the limit 
value, especially in MSR-PP the concentrations were 
as high as 0.771 and 5.11 mg/L, respectively. Table 
3 also gives the concentrations of some metals which 
were not stipulated in the Integrated Wastewater 
Discharge Standard. The water-soluble manganese 
from MSR-PP and MSR-FD reached 1850 and 2170 
mg/L, respectively. Although manganese is an es-
sential metal, in excess, it is neurotoxic [21, 22]. Ac-
cording to the World Health Organization, concen-
tration of manganese <0.1 mg/L in tap water is ac-
ceptable for users, but it is recommended that the 
concentration does not exceed 0.05 mg/L [23]. Man-
ganese plays an important role inmetabolism and is 
essential for humans. However, it can also produce 
toxic effects, provided that their intake surpasses the 
suggested upper limits [24]. Since the water-soluble 
manganese concentrations of leachate from both 
MSR-PP and MSR-FD reached ca. 2000 mg/L, the 
residue could be a contaminated source when the 
rain water occurred on them. 

Environmental properties: Identification for 
extraction toxicity. 
designated by the Basel Convention on the Control 
of Trans boundary Movements of Hazardous Wastes 
and Their Disposal for substances which present one 
or more hazardous properties, i.e. corrosivity and 
toxicity. In this study, the corrosivity and toxicity 
test from the MRS samples were conducted (Table 
4). The results show that the pH values of samples 
do not exceed the corrosivity limit. However, nickel 
concentration of extracting solution from MSR-PP 
slightly exceed the limit value stipulated in Identifi-
cation standard for hazardous wastes-Identification 
for extraction toxicity (GB5085.1-7, 2007). There-
fore, MSR-PP should be categorized as a hazardous 
material, while MSR-FD is general industrial waste.  

From this perspective, MSR-PP cannot be dis-
charged directly for hazardous waste should be man-
aged in a special way. MSR-PP is generated by the 
pyrolusite and pyrite method for manganese sulfate 
production, and nickel might come form pyrolusite 
or pyrite. It indicates that using flue-gas desulfuriza-
tion to produce manganese sulfate is a clean indus-
trial method, which discharge the residue with less 
contaminant than the pyrolusite and pyrite method. 

 
TABLE 3 

Testing results for water-soluble metals from manganese sulfate residues 
 Unit MSR-PP MSR-FD Limits a 
Ag mg/L <0.001 <0.001 0.5 
As mg/L 0.01 <0.001 0.5 
Be mg/L <0.001 <0.001 0.005 
Cd mg/L 0.771 0.253 0.1 
Total Cr mg/L <0.001 <0.001 1.5 
Hg mg/L 0.001 0.002 0.05 
Ni mg/L 5.11 1.455 1.0 
Pb mg/L 0.001 0.001 1.0 
Al mg/L 0.71 0.72  
Cu mg/L 0.001 0.002  
Fe mg/L 0.04 0.11  
Mn mg/L 1850 2170  
Se mg/L 0.01 0.01  
Zn mg/L 0.78 1.00  
pH  6.9 6.6 6-9 

aThe limits of water-soluble metals are reference to Integrated Wastewater Discharge Standard (GB 8978-1996). 
 

TABLE 4 
Testing results for corrosivity and extraction toxicity of manganese sulfate residues 

 Unit MSR-PP MSR-FD Limits a 
Ag mg/L <0.001 <0.001 5 
As mg/L 0.01 <0.001 5 
Ba mg/L 0.151 0.113 100 
Be mg/L <0.001 <0.001 0.02 
Cd mg/L 0.800 0.270 1 
Cr mg/L <0.001 0.001 15 
Cu mg/L 0.001 0.001 100 
Hg mg/L <0.001 0.005 0.1 
Ni mg/L 5.79 1.530 5 
Pb mg/L 0.001 0.002 5 
Se mg/L 0.01 0.01 1 
Zn mg/L 0.46 0.63 100 
CN- mg/L <0.005 <0.005 5 
F- mg/L 0.99 0.53 100 
pH  6.8 6.6 2.0-12.5 

aThe limits of hazardous properties are reference to Identification standard for hazardous wastes (GB5085.1-7, 2007). 



© by PSP  Volume 27  No. 7/2018 pages 4883-4888        Fresenius Environmental Bulletin 

4887

CONCLUSIONS 
 
The characteristics of manganese sulfate resi-

dues depend on ore sources and refining processes. 
Overall, two kinds of manganese sulfate residues 
(MSR-PP and MSR-FD) had a similar major compo-
nents with a different content. MSR-PP had a high 
content of manganese (7.29% MnO) and sulphate 
(ca. 22 % SO3) and low content of silicon (ca. 33% 
SiO2), while MSR-FD contained high silicon (ca. 
54% SiO2) and low manganese (4.81% MnO) and 
sulphate (ca. 6% SO3). In additional, MSR-PP con-
tained 6.54% CaO, which was in the form of gypsum 
and calcium sulfate hydrate from the XRD analysis. 
Quartz was the dominant phase in the both residues.  

Water-soluble manganese concentrations in 
MSR-PP and MSR-FD were as high as 1850 and 
2170 mg/L, respectively. The high concentration of 
manganese was thought to be a contaminant source 
for environment pollution. Extraction procedure for 
leaching toxicity experiments showed that MSR-PP 
was identified as hazardous waste for its extraction 
metal of nickel achieved 5.79 mg/L while MSR-FD 
was a general waste according to Chinese Standard.  
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The unique qualities of areas with natural land-

scape features help provide sustainability. Moreover, 
their different vegetation covers and ecosystems 
contribute to the preservation of their visual attrac-
tion. In recent years, the demand for natural areas has 
not only been seen at a recreational level, but has also 
become associated with the conservation and sus-
tainability of those areas. Although the concept of 
sustainability is expressed from an ecological point 
of view, studies indicate that the visual aspect is also 
an important component. Thus, in this study, a visual 
quality assessment was carried out which considered 
both objective and subjective evaluations of different 
habitat types. Efteni lake-wetland and Melen Ağzı 
dunes (Düzce), Anzer, Ayder, and Çat Düzü high-
lands (Rize), and Sultanmurat and Taşli highlands 
(Trabzon) were selected as the study areas. A visual 
quality analysis was conducted with a total of 43 par-
ticipants (23 students, 16 local inhabitants and four 
lecturers) in order establish their preferences in areas 
with different landscape characteristics. For the de-
termination of the visual qualifications of these ar-
eas, a total of 24 photographs showing typical im-
ages representing each habitat type (three photo-
graphs for each) were employed. Taking perceptual 
parameters into consideration, assessment of visual 
quality was made according to the points given to 
each photo by the participants. Consequently, differ-
ences in visual quality were found to be influenced 
by the demographic status of the participants, differ-
ences in habitat types, recreational trends and the 
conservation status of the habitats.  
 
 

  
Habitat, landscape, visual, differences, characteristics. 
 
 

 
Green and natural areas are an important part of 

the ecosystem as well as being important for their 
positive effects on the human psyche [1]. Today, 
considering the destruction and economic exploita-
tion of these areas, their ecological importance is not 

always being taken into account. However, plants 
are an important source of that most basic of life re-
quirements‒ oxygen, and thus, are very important in-
deed for the existence of future generations. In order 
to establish this perception, people must be made to 
understand through their own experience by spend-
ing time in natural surroundings that they need these 
areas. They must become aware that life is not pos-
sible without natural areas and therefore, these green 
areas must be maintained and their sustainability 
must be ensured for the future of human wellbeing. 
Today, the construction projects resulting from in-
creasing human demands create pressure on urban 
green spaces, are not in harmony with existing his-
torical buildings and disrupt the traditional texture of 
the city. This negative situation weakens the rela-
tionship between Man and the environment and con-
tributes to the deterioration of the environmental per-
ceptibility. For these reasons, environmental issues 
are often disregarded and rejected [2]. 

With the decline of open green spaces, aware-
ness of the importance of nature and the value of the 
management of natural resources is rapidly increas-
ing [3]. In order to preserve the diversity of natural 
landscapes, the importance of visual landscape qual-
ity as well as natural resource value must be consid-
ered [4]. Visual landscape quality is a term which 
emerged as a result of landscape evaluations made 
from the perceptual and emotional perspectives of 
the viewers [5]. Visual landscape has an important 
place in the human life experience [6]. The visual 
components of the landscape reveal not only aes-
thetic values, but also the cultural, economic and bi-
ological interrelationships of these values [7, 8, 9]. 
Today, visual quality assessment has become more 
important for data collection in planning studies. The 
purpose of visual quality assessment is to determine 
whether a landscape is aesthetically appropriate and 
to define some of the factors that affect the prefer-
ences for certain areas and physical landscape com-
ponents [10].  

In recent years, natural beauty has become one 
of the most important criteria for evaluating land-
scape. One reason for this is thought to be that peo-
ple's visual perception is more developed than other 
types of perception [11]. Therefore, visual quality 
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can be seen as an important part of the human-envi-
ronment interaction [12]. As well as the mental, 
physical and socio-economic differences among 
people, there are also differences in their evaluation 
of visual preferences for landscape [13].  

Visual preferences are generally evaluated by 
research methods such as surveys. Researchers ask 
participants to select or score their favorite photo-
graphs to determine the variety of landscape prefer-
ences [13-19]. There are many visual quality evalu-
ation studies on various habitat types, including 
those on rural landscapes [20, 21], wetlands, rivers, 
lake-wetlands [22-24], forests [25], agricultural 
landscapes [26, 27], roadside and road corridors [28-
30], rocky habitats [31, 32], coastal landscape areas 
[33, 34] and mountainous areas [35, 36]. Most of 
these studies have attempted to assess the different 
settings found in a single habitat or to determine their 
seasonal changes. In the present study, habitats with 
different characteristics were selected and an attempt 
was made to determine the visual statuses among 
them.  

The aim of this study was to assess the visual 
value of those areas that stand out with their natural 
landscape features and to determine the conservation 
status of the different habitat types in order to ensure 
their visual and ecological sustainability. Accord-
ingly, visual landscape quality was assessed by pho-
tographing different types of visibly unique habitats 

which attract attention and can be seen along forest 
roads, in riparian areas, in forests, in rocky areas, in 
highlands, around waterfalls, in lake-wetlands and in 
aquatic-dune areas. The relationship between the pa-
rameters and preferences were evaluated according 
to the fractal dimension and visual quality of the pho-
tographs. 

 
 

The study areas selected were An-
zer, Ayder, Sultanmurat, Çat Düzü and Taşlı (high-
lands), Efteni (lake-wetlands) and Melen Ağzı (sand 
dunes) in the provinces of Düzce, Rize and Trabzon, 
located on the northern Black Sea coast of Turkey 
(Figure 1). The main reasons for choosing these 
areas were that they have unique natural beauty, they 
accommodate different habitat types, and they are lo-
cations with special vegetative status in Turkey. 

 
The natural materials of the study 

were the habitat types, and the visual materials were 
the photographs taken in these areas (Figure 2), 
which included forests, riparian areas, rocky habi-
tats, roadside venues, waterfalls and highland vege-
tation located in Rize and Trabzon, and dunes and 
lake-wetlands located in Düzce.  
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The analysis of the visual quality, as 

the primary stage of the research method, was based 
on the Scenic Beauty Estimation Method developed 
by Daniel [37] for visual quality estimation. This 
method is regarded as an effective means of reveal-
ing the reaction of viewers to groups of photographs 
[8, 11, 38] by enabling them to respond correctly and 
appropriately about the quality and visual evaluation 
of the landscape [36, 39]. In this study, which is dis-
cussed within this context, the purpose was to deter-
mine visual preference statuses of different habitat 
types by using visual evaluations. This method has 
been used in many previous studies [14, 20, 22, 29, 
30, 31, 35, 40-44]. 

Typical images representing areas based on 
eight different habitat types were selected in order to 
determine visual landscape quality. Areas selected 
for the study were photographed in June and July 
2015 in order to capture the most ideal vegetation 

period and to represent a remote overview of the hab-
itats. In total, 941 photographs were taken in order to 
allow the assessment of the areas from all angles. 
The images were evaluated subjectively according to 
their picture quality, artificial elements in the picture 
such as cars, houses, infrastructural materials etc. 
and their ability to represent the habitat. Three exam-
ples from each habitat made up the 24 images used 
in the questionnaire.  

With the help of the se-
lected photographs, a questionnaire form was cre-
ated for use in the visual landscape quality analysis. 
The questionnaire form prepared in the study frame-
work was applied to 43 individuals representing 
three different groups (23 students, 16 local inhabit-
ants and four lecturers). 

The first part of the questionnaire concerned 
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participant demographic characteristics such as gen-
der, age, and educational and occupational status. In 
the second part, the participants were asked to eval-
uate visual preference situations such as naturalness, 
diversity, impressiveness, clarity, compatibility, in-
terestingness, excitement and attractiveness by as-
signing between 1 (lowest) and 7 (highest) points to 
each photo. In the third part, they were asked to score 
conceptual parameters such as the conservation sta-
tus of the area and activities recommended for that 
area.  

According to the re-
sults of the questionnaires, the data belonging to the 
different habitat types were subjected to statistical 
evaluations. The obtained variables were converted 
into a Microsoft Excel file as raw data. The SPSS 22 
program was then used to determine the relation-
ships between these data. The following materials 
were used in the research process:  

• Descriptive statistics to determine the de-
mographic status of participants and the visual val-
ues of different habitat types and photo groups 

• Correlation analysis in determining the re-
ciprocal relationships between visual parameters and 
different habitat types and groups of photographs 

• Regression analysis in the identification of 
the parameters that were the most important factors 
in determining the visual preferences of different 
habitat types and groups of photographs 

The significance level was determined as  < 

0.05 or  < 0.01. In the study, weighted means were 
assigned to the scores given for the visual qualities 
of the photographs by the individual study partici-
pants. These mean values were used to determine 
whether or not the preferences of the participants dif-
fered according to their profession, sex, age, or edu-
cational status [4, 13, 35, 45]. 

 
 

The eight different habitat 
types visually evaluated in the study and their gen-
eral landscape characteristics are summarized in Ta-
ble 1. 

According to data obtained from the questionnaires, 
Table 2 shows that there are 43 participants, 60% 
male and 40% female. The highest participation rate 
in the age group category (68%) was of those rang-
ing from 20-30 years old. In terms of education, il-
literate individuals and primary–high school stu-
dents had the highest participation rate (44%), 
whereas the ones who were studying at university 
had the lowest participation rate (12%). Regarding 
professional status, the highest participation rate was 
that of students (54%), with 37% allotted to other 
professions and the lowest participation rate belong-
ing to teaching staff (9%).  

Rocky surfaces create a barrier for the surrounding vegetation due to the combination of factors such as low water retention 
capacity, shortage of nutrients, seed holding and germination difficulties, and greater wind and sun exposure. Many Alpine 
plants are currently being used in landscaping and botanical design due to popular demand. It is generally possible to find 
succulent ground cover as well as  var. , , spp. and occasionally 
woody species such as  in rocky vegetation habitats. 
This includes true riparian vegetation and the wider vegetation band which affects the stream, covering only a narrow area 
and characterized by changes in water level and high soil moisture. Riparian habitats consist of streams, pebbles, stones, 
rocks, and water-tolerant plants that love humid soil. In addition to important herbaceous species and ground cover such 
as moss and fern,  species are also found in these places. 
This consists of cold-resistant plants which have high moisture and low heat demands, the most common types being fern, 
moss species, ,  and . Plants found in these areas 
are similar to those of riparian habitats. 
This type consists of herbaceous ground cover plants of changeable nature found in the Eastern Black Sea highlands and 
also includes dwarf grass species. 
The trees, shrubs and ground cover types in this habitat must be hardy because of their constant exposure to passing vehi-
cles. , ,  species, as well as campanula, fern and some invasive ground 
cover species are included among roadside vegetation. 
The concepts of “sand” and “dune” cannot be considered separately. Sand is a soil component which is resistant to decom-
position and rich in minerals. In order to for a dune to form in a place, a sand source must be present. However, dunes do 
not form in every sandy area, but must be supported by other factors. Dune vegetation includes shrubs and ground cover, 
with the most important plant species of this vegetation type being and . 
This basically consists of trees. Forest trees include  and 

. Also included are shrubs, ground cover and undergrowth such as 
 and ferns.  

This comprises plants that love stagnant water and have a high demand for humidity, mainly ground cover or shrubs 
including wetland plants such as  spp.,  sp., sp. Stones and rock fragments are typically found 
around lake-wetland areas.  
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Female 18 60 
Male 25 40 
20-30 29 68 
30-40 8 19 
40< 6 13 
None 19 44 
High school 19 44 
College and above 5 12 
Student 23 54 
Educational staff (lecturers) 4 9 
Other 16 37 
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1 6.30 4.42 5.23 5.16 5.88 3.98 5.07 4.21 
2 5.07 4.51 4.72 5.12 4.74 4.09 4.63 4.98 
3 6.30 5.49 5.86 5.79 5.65 5.77 5.79 5.72 
4 5.79 4.28 4.53 4.74 4.98 4.23 4.33 4.51 
5 6.40 5.70 6.14 5.79 5.91 5.67 6.12 6.23 
6 6.23 4.93 4.72 4.98 5.51 4.37 4.37 4.63 
7 6.30 5.09 5.70 6.07 5.74 5.26 5.51 5.67 
8 4.93 3.35 3.44 4.05 3.42 3.12 3.14 3.60 
9 6.40 6.09 6.19 6.07 6.05 5.77 5.93 6.12 
10 5.91 5.21 5.05 5.07 5.19 4.72 4.84 5.05 
11 6.26 5.28 5.47 5.40 5.56 5.47 5.33 5.33 
12 6.51 6.19 6.19 6.23 6.30 5.98 6.00 6.19 
13 6.42 6.07 6.02 6.02 6.14 6.09 6.07 6.05 
14 6.14 5.86 5.67 5.86 5.84 5.49 5.60 5.74 
15 6.51 5.28 5.81 6.05 5.86 6.09 5.74 5.91 
16 5.88 5.05 4.56 4.63 5.16 4.67 4.47 4.51 
17 6.56 6.23 6.33 6.19 6.26 5.60 5.91 6.19 
18 5.58 5.21 5.07 5.33 4.98 4.74 4.84 5.07 
19 6.49 5.21 5.81 5.56 5.79 5.98 5.84 5.58 
20 6.30 5.81 5.51 5.60 5.58 5.26 5.44 5.40 
21 6.77 6.33 6.49 6.42 6.47 6.40 6.42 6.40 
22 6.30 5.72 5.26 5.51 5.72 4.74 4.72 5.00 
23 6.30 5.72 5.26 5.51 5.72 4.74 4.72 5.00 
24 5.02 3.70 3.30 3.58 3.53 3.42 3.19 3.21 

Total 6.12 5.23 5.33 5.42 5.48 5.08 5.17 5.25 

. According 
to the arithmetic means of the photographs (referred 
to by their numbers) used in the questionnaire (Table 
3), the most natural one was 21 and the most unnat-
ural one was 8, the most diverse was 21 and the least 
diverse 8, the most impressive was 21 and the least 
impressive 24, the clearest was 21 and the least clear 
24, the most compatible was 21 and the least com-
patible 8, the most interesting was 21 and the least 
interesting 8, the most exciting was 21 and the least 
exciting 8, the most attractive was 21 and the least 
attractive 24.  

The visual quality values of the habitat types 
are given in Table 4. Among the eight habitats in the 

survey, the most natural one was the waterfall habitat 
and the least natural one the dune habitat, the most 
diverse was the waterfall habitat and the least diverse 
the dune habitat, the most impressive was the water-
fall habitat and the least impressive the dune habitat, 
the clearest was the waterfall habitat and the least 
clear the dune habitat, the most compatible was the 
waterfall habitat and the least compatible the dune 
habitat, the most interesting was the waterfall habitat 
and the least interesting the dune habitat, the most 
exciting was the waterfall habitat and the least excit-
ing the dune habitat, the most attractive was the wa-
terfall habitat and the least attractive the dune habi-
tat.  
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When the correlation analysis in Table 5 is ex-
amined, the scores for the survey photographs ac-
cording to gender status show that the naturalness, 
diversity, impressiveness, clarity, compatibility, ex-
citement, and attractiveness gradually decreased 
from males to females. Namely, the men found the 
photographs more natural or more interesting than 
the women did. As the ages of the participants in-
creased, the perception of naturalness also increased. 
Although the older participants found the photo-
graphs more natural, the younger ones saw them as 
less natural. As educational status increased, the per-
ception of naturalness, diversity, and clarity also in-
creased in direct proportion. The university gradu-
ates found the photographs more natural, diverse and 
clear than the illiterate participants, while the high 
school students found the photos less natural than the 
university students. According to occupational sta-
tus, the perception of naturalness was higher for 
other occupations than for the students, whereas the 
sense of interestingness, excitement, and attractive-
ness of the lecturers was higher than for the students 
and other occupations. Thus, although the students 
found the photos less natural, the lecturers found 
them more natural, and the lecturers and students 
saw the photos as more interesting, exciting and at-
tractive, while those in other professions found them 
to be less interesting, exciting and attractive.  

Regression analysis was performed in order to 
examine the prominent parameters in determining 
the visual quality values of the different habitat 
types. Accordingly, the main determinants in the vis-
ual quality assessment of different habitat types were 
responses to conservation issues as well as to excite-
ment, interestingness, and attractiveness (Table 6).  

 

In the study, the participants were asked 
whether the presented habitat type should be pre-
served. According to their answers, the habitats il-
lustrated in the numbered photographic images that 
should absolutely be protected were numbers a, c, e, 
i, l, m, n, o, q, s and u. The areas that should be par-
tially protected were numbers b, d, f, g, j, k, p, r, t, v 
and w while the habitat in number 8 was selected as 
being less in need of protection and number 24 was 
selected as being in need of intervention. Regarding 
the assessment of habitat level, responses indicated 
that the riparian (a, i & q) and waterfall (e, m & 21) 
habitats should absolutely be protected, whereas the 
roadside (b, j & r), the rocky (c, k & s), the highland 
(d, l & t), the forest (f, n & v) and the lake-wetland 
(g, o & w) habitats were in need of partial protection. 
The dune area habitat (h, p & x) was considered as 
needing less protection.  
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6.42 5.58 5.91 5.81 6.06 5.12 5.64 5.50 
5.52 4.98 4.95 5.17 4.97 4.52 4.77 5.03 
6.35 5.33 5.71 5.58 5.67 5.74 5.65 5.54 
6.20 5.43 5.41 5.53 5.62 5.16 5.26 5.36 
6.53 6.03 6.22 6.08 6.17 6.05 6.20 6.22 
6.22 5.50 5.22 5.45 5.69 4.87 4.90 5.12 
6.43 5.00 5.47 5.69 5.60 5.48 5.35 5.46 
5.28 4.03 3.77 4.09 4.04 3.74 3.60 3.78 
6.11 5.23 5.33 5.42 5.47 5.08 5.16 5.25 
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P.C. -.143** -.165** -.117** -.090** -.076* -.126** -.117** -.038 
Sig.  .000 .000 .000 .004 .015 .000 .000 .219 
P.C. .123** -.018 -.039 .033 .036 -.043 -.059 -.058 
Sig.  .000 .567 .208 .282 .254 .165 .057 .063 
P.C. .119** .128** .028 .080* .059 .024 -.009 -.013 
Sig.  .000 .000 .367 .010 .057 .448 .764 .683 
P.C. .151** -.011 -.051 .035 .045 -.104** -.137** -.109** 
Sig.  .000 .720 .099 .256 .152 .001 .000 .000 
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3.796 .122 
 

31.062 .000 
.386 .055 .214 7.015 .000 
4.618 .319 

 
14.484 .000 

.287 .065 .159 4.405 .000 
-.121 .043 -.101 -2.790 .005 
4.390 .322 13.641 .000 
.314 .065 .173 4.815 .000 
-.306 .064 -.256 -4.810 .000 
.230 .058 .202 3.946 .000 
4.509 .325 

 
13.892 .000 

.288 .066 .159 4.379 .000 
-.214 .074 -.179 -2.913 .004 
.324 .069 .284 4.673 .000 
-.201 .081 -.176 -2.489 .013 

 
 

Participants who viewed the different habitat types 
were asked what kind of activities they wanted to 
conduct in that area. Hiking/trekking, with 112 re-
sponses, was the most recommended activity, and 
was suggested for photos b, j and v. In other words, 
this activity was recommended for the roadside and 
forest habitats. The second most selected activity 
was photography, with 73 responses, mainly for pho-
tos c, e, k, s and u, which were the rocky and water-
fall habitats. The third most suggested activity was 
picnicking, with 53 responses, mostly for photos a 
and q, which were riparian habitats. Other preferred 
activities included camping (33 responses) in ripar-
ian and highland habitats, climbing (28 responses) in 
rocky habitats, bicycling (21 responses) in roadside 
and forest habitats, relaxing (21 responses) in rocky 
and lake-wetland habitats, fishing (19 responses) in 
dune and lake-wetland habitats, enjoying the scenery 
(16 responses) in lake-wetland habitats, motoring 
(13 responses) in roadside habitats, swimming (13 
responses) in dune habitats, holidaying (9 responses) 
in highland habitats, swimming (7 responses) in ri-
parian habitats, rafting (7 responses) in riparian hab-
itats and animal husbandry (6 responses) in highland 
habitats. When the suggested activities were evalu-
ated in terms of the habitats, the most preferred ac-
tivities were picnicking in the riparian habitat, hiking 
in the roadside habitat, photography in the rocky 
habitat, hiking in the highland habitat, photography 
in the waterfall habitat, hiking in the forest habitat, 
camping in the lake-wetland habitat and swimming 
in the dune habitat.  

 
 

In the 
study, all the results obtained in the determination of 
the visual values of the habitat types were related to 

the demographic status of the participants, which 
was quite similar to findings of previous studies [14, 
23, 31, 35, 44]. The most prominent demographic 
feature was gender. Kaplan and Kaplan [11] stated 
that there was an important relationship between 
gender and perception of natural formations and ex-
plained that male and female participants have dif-
ferent visual tendencies. The reduction of green 
zones in urban areas in particular has made the resi-
dents’ views on natural areas even more diverse. The 
visual desire and tendency toward natural areas has 
generally been attributed to the decline of green ar-
eas under the pressure of urbanization. At the same 
time, the increasing trend towards biodiversity (i.e., 
increased vegetation cover) has also revealed a rising 
interest in these fields [1]. According to the overall 
evaluations made by the participants, the general ten-
dency in the visual preferences of habitats selected 
from natural areas was positive and the results ob-
tained showed that an increase in diversity also af-
fected the levels of appreciation and interest posi-
tively. There are differences between the visual pref-
erences for changes in different landscape patterns 
and in perceptual tendencies towards natural and un-
natural patterns, whether urban or rural; in particular, 
the size, variety and space-mass ratio of the pattern 
have different perceptual values [46].  

One of the most important findings of this study 
was that the visual preference levels for different 
habitat areas based on water such as waterfalls and 
lake-wetlands were higher than for other landscape 
areas. Likewise, Kalın et al. [36] pointed out that of 
the different landscape characters, the most favored 
ones are the landscape habitats close to water such 
as riparian and lake-wetlands. The lowest visual con-
servation value in the present study belonged to the 
dune type that had the least vegetation cover. From 
this viewpoint, areas where biodiversity was high 
due to the increase in water and vegetation cover 
were found to be more deserving of preservation. 
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The presence of tree groups in a plant composition 
has been shown to be more favorable and preferable 
[43, 47] and this study determined that preferability 
levels and appreciation were quite high for forest 
vegetation with intense tree coverage.  

The most effective visual evaluation parame-
ters regarding different plant compositions and dif-
ferent landscape characters were determined to be 
naturalness, continuity, interestingness and excite-
ment. As a result of this study, the most effective vis-
ual evaluation parameters in determining the visual 
preferences of different habitat types were impres-
siveness, interestingness, and excitement. 

 

Soliva and Hunziker [48] stated 
that areas which are protected and have protection 
status are more preferable than cultural landscape ar-
eas. At the same time, they emphasized that some 
highly appreciated areas have been determined as 
protected areas. This study indicated that areas with 
available protection status, such as wetlands and wa-
terfalls, were more deserving of protection and had a 
higher visual preference. However, even when the 
vegetation status was low, the visual preference and 
protection status of the highland habitat was high. 
The main reason for this was the effect of the green 
color of the vegetation. In his study, Eroglu [43] re-
vealed that color is the most important element 
among perceptual factors and that the presence of 
green color in a composition affects the visual appre-
ciation positively.  

It is recognized that the kind of recreational 
pursuits preferred in different habitats is an im-
portant factor, especially in determining the need for 
natural areas. The demands for outdoor recreational 
activities are increasing day by day, and people want 
to perform such activities largely in natural areas 
[17]. The different natural attractions of these areas 
play an important role in the diversity of such activ-
ities. Akbar et al. [28, 45] and Kent and Elliott [49] 
have indicated that this situation is not only related 
to the visual values that these areas possess, but also 
to their biodiversity and landscape characteristics. 
Moreover, in this study, it was shown that different 
activity preferences such as hiking, photography, 
picnicking and camping were also related to the vis-
ual appreciation of these diverse habitat types. One 
of the most important findings of this study was that 
the most preferred recreational tendency for all hab-
itat types, regardless of their diversity, was hiking. 

 
 

 
In this study, it was determined that the most 

important factor in the appreciation of the natural ar-
eas was water (and habitat types associated with wa-
ter). The more desirable images and habitats usually 
included a water element. Other images and habitats 

that did not include a water element were less pre-
ferred. It was concluded that those who viewed the 
different habitat types predominantly recommended 
hiking, photography, picnicking and camping in 
those habitats, respectively. 

According to the results of the questionnaire, 
the most appreciated habitat type was the waterfall, 
while the sand dune habitat was the least appreci-
ated. The habitats definitely determined to be in need 
of preservation were those of the riparian and water-
fall, whereas the sand dunes were determined to re-
quire intervention. 

In this, as in many such studies, the assessment 
and evaluation of the visual quality of a landscape 
were based on participant visual quality scores 
which depended on their appreciation of photo-
graphs. However, in determining the landscape char-
acter and visual quality of a natural landscape image 
through photographs, objective as well as subjective 
evaluations are useful. Different ecologically spe-
cific habitats contain vegetation types which offer an 
important visuality in terms of landscape. The sus-
tainability of landscape aesthetics requires the 
preservation of the ecosystems that offer this visual-
ity. Therefore, visual evaluation and analysis of dif-
ferent natural landscape components such as vegeta-
tion should be included in landscape planning and 
management studies. 
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Olive pomace or Olive Mill Solid Residue 

(OMSR) is the solid residue derived from the olive 
oil extraction process and it can be used as raw ma-
terial in a composting process from which a high nu-
tritional soil conditioner could be produced. Lipids 
are difficult to be biodegraded by aerobic microor-
ganisms during the thermophilic composting period, 
and hence, a prolonged lag phase is observed with a 
very slow temperature increase when Fats, Oils and 
Grease (FOGs) are present. The objective of this 
study is the development of a dynamic model that 
can predict the biodegradation of a III-phase OMSR 
FOGs content during a composting period using in-
dustrial scale data of Water Holding Capacity 
(WHC), pH and Oxygen Uptake Rate (OUR). The 
created dynamic model was based on the theory of 
time series analysis and the theory of statistical anal-
ysis of residuals. The model was validated in a batch 
OMSR co-composting system with OMWW (Olive 
Mill Waste Water) and gave a prediction efficiency 
of 91%. 

Composting of OMSW, residual analysis, dynamic predic-
tion model, FOG degradation. 

 
 

 
Composting consists, mainly, of three phases: 

(a) the thermophilic phase or stabilization phase of 
the biodegradable organic carbon, (b) the mesophilic 
phase or maturation phase, and finally (c) the psy-
chrophilic phase or humification phase [1]. The most 
critical phase of composting is the thermophilic sta-
bilisation phase. Its outcome affects the other two 
phases that follow. Therefore, adequate control of 
this phase is key to the success of the whole process 
of composting [2]. 

The co-composting of Olive Mill Solid Resi-
dues (OMSR) with Olive Mill Wastewater 
(OMWW) is a promising treatment method for Olive 
Mill Wastes (OMW) [3]. However, the high lipids 

content of OMSR (4-6%) is a strong inhibition factor 
for the development of the thermophilic stage [4]. 
The lag time for the increasing of temperature up to 
the thermophilic region is proportional with the re-
maining concentration of lipids (FOGs) inside the 
OMSR. Therefore, the FOGs reduction monitoring 
during the OMW composting process, is necessary 
for controling the “lag period of hydrophilication”. 
On the other hand, there is not any accurate analysis 
on-line measurement of FOGs during composting, 
especially in a windrow system. Moreover, in order 
to have an effective control tool for the FOGs bio-
degradation in the OMSW composting system it is 
necessary to create a mathematical non-deterministic 
model that will be based on easy measurement pa-
rameters, such as pH, oxygen uptake rate (OUR) and 
water holding capacity (WHC) of the substrate, pre-
dicting the present FOGs concentrations from exper-
imental data obtained from the previous composting 
days.  

The experimental 
results from a batch lab scale system of OMSR co-
composting with OMWW, previously described by 
Tsiodra et al. [5], were used to create a dynamic 
model that correlates measurements of previous data 
of three of the most important variables (OUR, pH 
and WHC) with the present measurements of the 
FOGs. The cross-correlation procedure is based on 
residual theory created by [6]. According to this the-
ory, a multi-function correlation is created between 
a dependent variable (e.g. FOGs) and multiple inde-
pendent variables (e.g. OUR, pH and WHC), in a 
multi-parametric system, using a step by step proce-
dure where in a following step the statistical effect of 
the previous examined parameters (residuals) are 
substitute from the total effect. In each step, using 
each of the possible linear equations, the best corre-
lated parameter is taken and the effect of this equa-
tion is substituted from the correspondence value of 
the main examined parameter. The final model could 
be dynamic if measurements from previous dates of 
the independent variables are taken into account for 
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the estimation of the present value of the dependent 
variable. The dynamic model was validated twice in 
a batch industrial-scale open pile windrow compost-
ing system of OMSR which is described below. 

pH 4.2 
BOD5 (mg/L) 25850 
COD (mg/L) 80250 
Total Suspended Solids (TSS) (mg/L) 4580 
Volatile Suspended Solids (mg/L) 4024 
Total Phosphorous (mg/L) 870 
Total Kjeldahl Nitrogen (mg/L) 1150 
Total Phenolic Compounds  
(TPC) (mg/L) 

14250 

Moisture, % 55.50 
Fats and oils, % of TS (total Solids) 4.85 
Nitrogen content substances, % of TS 7.39 
Total sugars, % of TS 2.13 
Cellulose, % of TS 37.39 
Hemicellulose, % of TS 17.04 
Ash, % of TS 3.66 
Ether extraction substances, % of TS 8.61 
Lignin, %of TS 21.97 
Kjendahl Nitrogen content, % of TS 1.093 
Phosphorous content as P2O5, % of TS 0.113 
Potassium content as K2O, % of TS 0.83 
Calcium content as CaO, % of TS 0.95 
Total Carbon content, % of TS 56.13 
C/N ratio 51.34 

 
The experimental procedure took place in the 

industrial area of a compost producing company 
(ORGANOHUMIKI THRAKIS IKE), where ten 
windrow lines of 100 tons of OMWR each were pro-
ceeded. The initial raw material consists with 90% of 
OMWR, 1-2% of olive leafs and 8-10% of maturated 
compost. The latter was added so as to provide the 
necessary microorganisms for an easy initiation of 
the process. Moreover, 27 kg of urea per ton of raw 
material was supplied in order to reduce the C/N ra-
tio up to about 20/1. Every day, 50 kg of pretreated 
OMWW per ton of raw material were added to the 
composting pile. The OMWW was chemical pre-
treated with Fenton’s reagents as described by Vlys-
sides et al. [7]. Both the OMWW and the OMSR 
were received from a typical centrifugal III-phase ol-
ive mill plant operating in the district of Alexan-
droupolis city. The windrow was agitated once per 
day by using a windrow turner. The temperature in 
the compost was initially decreased right after an ag-
itation. However, the provided oxygen results in 
strengthening the microbial activity which recovers 
the drop in temperature 2-3 hours after the agitation 
occurs. The duration of the experimental procedure 
and sampling analysis were continued for 4 months. 

The initial composition of OMWW and OMSR used 
in the experiments are presented in Tables 1 and 2, 
respectively.  

The temperature is 
monitored throughout the entire composting process. 
During three months of composting, every day three 
samples were taken for analysis from three different 
points of each pile. One from the middle of each 
windrow and two from the edges. For each sampling, 
the sample was taken from the internal of the wind-
row (at least 15 cm from the surface). The samples 
were analyzed for FOGs content (g/kg), pH, WHC 
(% of Total Solids) and Oxygen Uptake Rate g/kg/d 
(OUR) according to Standard test compost Methods 
of Analysis [8]. 

The obtained experi-
mental data which were used to develop the dynamic 
regression model for FOG concentration prediction 
order to predict the FOG concentrations was based 
on other key variables such as the oxygen uptake rate 
(OUR), the pH and the WHC. 

The dynamic model used in this study was de-
veloped from measurements recorded at equally 
spaced time intervals of one day. If the response of 
FOGs conc. at time t is denoted by Yt, the model will 
contain terms of the form: 

Υt-1, Υt-2 , …, Υt-n  
Where: Υt-n = response n sampling periods in 

the past 
Additionally, for variables, Xj, which act as in-

puts, terms of the following type will appear in the 
model: 

Xj,t, Xj,t-1, Xj,t-2,…, Xj,t-m 
Where Xj,t-n = current measurement of variable 

j at n sampling periods in the past 
The model form, which is linear in the coeffi-

cients, is: 
Υt = ko + A1Yt-1 + A2Yt-2+ … + AnYn+ k10X1,t+ 

... + k1mX1,t-m+ k20X2,t+ … + k2nX2,t-n+ .... 
This model is called a lagged regression model 

because the variables that are the “independent vari-
ables” are current values or values at previous times 
or “lags” [9]. 

The step by step building of the regression 
model using the residual analysis method consists of 
the following steps: 

 
 Choose the variable best correlated 

with the Y-variable, transform it as necessary to pro-
duce a straight line, and perform a least-squares re-
gression with the dependent variable (Y-variable to 
be predicted with a correlation coefficient R0). The 
result will be an equation of the form: 

 

Where: is the predicted value of Y-variable, 
b0 and b1 are constants and X1 is a variable 

 

)(ˆ
110 +=

Ŷ
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Calculate “residuals” as follows: 
Zi = Yi – [b0+ b1 f(X1,i)] 
Where: Zi = residuals, Yi = data for variable to 

be predicted and X1,i = data for variable X1. 

Choose the best-correlated X-variable. 
Transform the X-variable, if necessary, to yield a lin-
ear plot. 

 Add the new, transformed variable to 
the regression model, and perform a least-squares fit, 
resulting in: 

= b0 + b1 f(X1) + b2 g(X2) 

Calculate residuals and repeat the pro-
cess until all variables have been added. Each time 
the correlation coefficient R of the model is: 

R = R0 + R1 (1-R0) + … 
Each term of the equation expresses the partic-

ipation of each variable in the final correlation coef-
ficient. 

 Check the goodness-of-fit of the model. 
Moderate deviations from a straight line may not be 
serious [6]. The adequacy of a theoretical model im-
plies the difference between the observed and the ex-
pected results. 

 
 

During the composting process, the tempera-
ture was increased from 36oC to 60oC. However, the 
first 40 days (hydrophilication period) it did not ex-
ceed above 45oC. The moisture of the composting 
material was maintained in the first weeks to 50-60% 
by adding pretreated OMWW while during the final 
stages of the composting process the moisture was 
dropped to 43%. 

The Water Holding capacity (WHC) was re-
duced from 282% to 144%. The pH range was be-
tween 5.5 to 8.7 while the electrical conductivity was 
reduced from 3800 mS/cm to 1700 mS/cm. Moreo-
ver, the phytotoxicity values showed that the com-
posting material at the end of the process has been 
bioconverted to a phytonutrient soil conditioner. The 
FOGs content was reduced from 5 %, which was the 
initial value, to 0.6 % during the first 40 days of com-
posting. All the results are presented in Table 3. 

According to obtained composting data from 
previous studies performed in our group [5] and the 
methodology described previously, the following 
equation was developed where R2 is 91% in order to 
predict the concentration of FOGs: 

FOGt= -1.953ln(OUR)t - 6+0.014*(WHC)t-5 - 
0.170*pHt-2 + 2.291 

Where t is the present day measurement of cor-
responding parameter where as the (t-n) is the lag 
time measurement of corresponding parameter be-
fore n days. 

Time       pH       WHC     OUR       FOG 
days   %        (mg/g/d)    % 
1 5.55 279 0.00 5.0 
2 5.75 259 0.79 4.0 
3 5.95 247 0.64 3.7 
4 5.84 253 0.31 3.2 
5 5.35 272 1.59 3.0 
6 5.79 282 1.27 3.9 
7 5.55 284 1.11 3.3 
8 5.55 280 1.43 3.7 
9 5.53 243 1.75 3.7 
10 6.00 243 1.59 2.8 
11 5.90 243 1.60 3.0 
12 6.10 220 2.10 2.5 
13 5.99 265 3.10 2.4 
14 6.20 237 2.10 2.7 
15 6.50 260 2.06 2.5 
16 5.92 260 2.31 2.7 
17 6.46 223 2.48 3.0 
18 6.50 231 2.90 2.4 
19 5.82 223 3.30 2.4 
20 5.87 247 3.00 1.8 
21 5.77 233 3.30 1.9 
22 6.13 263 3.00 1.8 
23 5.60 234 3.50 1.3 
24 5.68 230 3.80 1.3 
25 5.55 237 3.30 1.2 
26 6.28 222 3.81 1.5 
27 6.63 214 3.50 1.1 
28 6.02 232 4.05 1.5 
29 6.04 202 4.29 1.3 
30 6.48 223 4.76 1.2 
31 6.92 237 5.10 1.4 
32 6.35 247 5.46 0.0 
33 6.31 255 5.79 1.2 
34 5.67 255 6.28 0.9 
35 5.87 219 6.61 0.1 
36 6.05 248 6.40 0.0 
37 6.40 222 6.94 0.4 
38 6.93 256 8.81 0.8 
39 6.69 242 7.71 0.6 
40 6.07 259 8.50 0.6 
41 6.80 240 9.10 0.6 
 
According to this relationship, the present value 

of FOG in an OMSW-OMWW co-composting pile 
can be predicted by using the OUR value received 
before six days, the WHC value received before five 
days, and finally, the pH value received before two 
days. The above model was validated twice in a 
batch open pile windrow composting system. The re-
sults are presented in Table 3 as well as the predic-
tions of FOGs are presented in Figure 1 together with 
the corresponding measurements. As it is observed, 
experimental data are adequately predicted by model 
simulations. 

 

Ŷ
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The experimental results demonstrate that the 

FOGs are completely degradated in about 35 days of 
composting. During that period, the temperature of 
the piles was not risen above 45oC which proves that 
the assimilation of FOGs is not performed by ther-
mophilic bacteria. The methodology of regression 
analysis by residuals for the construction of a dy-
namic model to predict the amount of FOGs present 
in the compost proved to be in agreement with the 
experimental findings.  
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ABSTRACT 

 
The influences of urea injection delay strategies 

on emission performance and NH3 slip in the transi-
ent test cycle conditions are studied with air-assisted 
urea injection system for a heavy duty diesel engine. 
The laws of the edge delay strategies are experi-
mental studied about NOx conversion efficiency, 
NH3slip and urea consumption. The experimental re-
sults indicate that NOx emission increases with the 
rising edge delay time increasing, and declines with 
the falling edge delay time increasing. The NH3 slip 
has a inflection point along with the increasing of the 
rising edge delay time and the falling edge delay 
time. For this study, when both emission perfor-
mance and urea consumption could achieve the best 
results when the rising edge delay time is 500ms and 
falling edge delay time is 100ms. 
 
 
KEYWORDS:  
Diesel engine, Selective catalytic reduction (SCR), Urea 
injection, Emission characteristics, NH3 slip 

 
 

INTRODUCTION 
 

With the deterioration of the environment and 
the consequent more stringent emission standards, a 
series of after-treatment system are proposed for the 
diesel engine applications. Among these after-treat-
ment systems, the selective catalytic reduction 
(SCR) system is utilized to convert NOx emission to 
nitrogen, the diesel oxidation catalyst (DOC) is used 
to o oxidize the hydrocarbon and carbon monoxide, 
and the diesel particulate filter (DPF) is used to cap-
ture the particle matters [1, 2]. To meet future emis-
sions legislation standards, high NOx conversion ef-
ficiency in the after treatment system is required in 
the SCR approach [3-5].  

The urea solution is injected into the exhaust 
and decomposes to NH3with heating by exhaust. 
Conversion efficiency of NOx is depending on the 
appropriate temperature, urea injection time and in-
jection amount closely. However the temperature of 
cordierite carrier has a certain lag with the change of 

the diesel engine's working condition due to the spe-
cific heat capacity of the cordierite carrier [5]. The 
escape of ammonia will be very large when the 
working condition changes from low exhaust tem-
perature to high exhaust temperature if this feature is 
not considered, which would be produced secondary 
pollution. On the other hand, it would lead to the 
lower NOx conversion efficiency if the urea injec-
tion is insufficient. So it is necessary to establish a 
reasonable urea injection strategy to obtain the re-
quired higher NOx conversion efficiency and 
lowerNH3slip. Yujun Liao experimental studied the 
heat transfer characteristics of spray/Wall interaction 
in diesel SCR system under exhaust flow conditions 
[6]. Lucio Postrioti described a new methodology for 
inspecting the behaviour of urea-water sprays in re-
alistic conditions based on a hot-air flow tunnel ena-
bling optical inspection of the spray through phase-
Doppler anemometry and back-light imaging [7]. Ja-
kovBaleta simulated the physical processes of all rel-
evant phenomena occurring during the SCR process 
including chemical reactions taking part in the cata-
lyst [8]. Jungmo Oh analyzed the spray characteris-
tics of a urea injector and to determine the distribu-
tion of urea solution droplets in a transparent mani-
fold using laser diagnostics and a high speed camera 
[9]. Jiang Lei researched the influence of injection 
precision of urea solution on the catalytic perfor-
mance for diesel SCR system, and the load step ratio 
was introduced to modify the NOx emission during 
transient working conditions [10]. 

These studies have carried out detailed analysis 
of the effects of injection uniformity of urea solution, 
exhaust temperature on the catalytic efficiency. 
However, the temperature of the catalyst carrier is 
lagging behind the change of the exhaust tempera-
ture during the transient working condition. The in-
fluence of urea injection delay on the emission per-
formance of SCR system during transient conditions 
is experimental studied using gas assisted urea injec-
tion system in this paper, the effects of different urea 
injection delay control strategy and delay time on the 
NOx conversion efficiency and the NH3 slip is ana-
lyzed in this study. 
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EXPERIMENT SETUP AND METHODS 
 
Experiment setup. The engine used in these 

experiments was equipped with common rail system 
of BOSCH. Table 1 and Fig.1 show the relating 
specifications and detailed information about the test 
bench, respectively. The urea injection used for SCR 
is air-assisted urea injection system; the detailed 
specification of SCR is shown in Table 2. The exper-
iments were carried out by using Electric dynamom-
eter, Exhaust gas analyzer and NH3 slip analyzer to 
focus on torque and speed, concentration of NOx and 
O2, and NH3 slip, respectively, the details of these 
equipments were shown in Table 2. 

 
Urea delay injection control strategy. The 

calibration of urea injection quantity is decided by 
the mass ratio of the ammonia and nitrogen oxides, 
which is based on exhaust flow (to reflect catalyst 
space velocity) and catalyst temperature (estimated 
by the exhaust temperature before and after the cata-
lyst) under steady working condition, and the cali-
bration process of urea injection quantity MAP in en-
gine control is based on rotational speed and fuel 
quantity, which should weight and consider balance 
of the NOx conversion efficiency and NH3 slip under 

calibration working conditions. 
Catalyst temperature cannot be reflected truly 

by the exhaust temperature due to the thermal inertia 
of ceramic substrates when engine is ran intransient 
test cycle conditions, the changes of catalyst temper-
ature lag behind which of the exhaust temperature 
when the load is changed. The actual amount of 
NH3neededfor catalyst theoretically does not match 
to the decomposed NH3 by urea injection when load 
increased. So the no reacting NH3 will overflow and 
escape into atmosphere, which would lead to second-
ary pollution; on the other hand, the demanded NH3 
for catalytic reaction is insufficient when load de-
clined, which is detrimental to the catalytic effi-
ciency. In view of the characteristics of the SCR urea 
injection system, the characteristics of the rising 
edge delay and the falling edge delay were defined, 
and the first order system is introduced to amend-
ment urea injection quantity. The differential equa-
tion of the rising edge delay and the falling edge de-
lay were shown in equation (1) and (2). 

 

1

1

11 Ts

T

s
sC   (1) 

1

1

2Ts
sC    (2) 

 
TABLE 1 

Test engine specifications 
Project Specification 
Engine Type 6 cylinders in-line/Turbocharger /Inter-cooling 
Fuel supply system high pressure common rail  
Bore×Stroke /mm×mm 126 ×155 
Swept volume/L 11.6  
Compress Ratio 17 : 1 
Rated power / kW 338  
Rated speed / r/min 1900 
Maximum torque / N·m 2110 
Idle Speed /r/min 650 
EGR type Electronic control EGR 
After treatment SCR 
Emission standard EURO IV 

 

 
FIGURE 1 

Schematic of experimental setup 
TABLE 2 
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Specifications of SCR 
Parameter/Unit SCR 
PGM/g/L 1.06 
Material Cordierite 
Pore/(cell/cm2) 62 
Wall thick/mm 0.10 
Diameter/mm 267 
Length/mm 407 
Volume/L 22 

TABLE 3 
Experimental setup 

Equipment Model Manufacturer Measuring principle Accuracy of measurement 

Electric dynamometer INDYS66JD AVL 
- Speed: ±1r/min 
- Torque: ±0.1%FS 

Exhaust gas analyser MEXA-7100D HORIBA 
NOx: GLD 1ppmvol 
O2:MPD 0.01%vol 

NH3 slip analyser LDS6 SIMENZ In-situ optical measurement 1ppmvol 

 
(a) The curve of The curve of  

FIGURE 2 
First-order system response curve 

 
In which s1 is the plural variable of the rising 

edge delay, s2 is the plural variable of the falling edge 
delay, T is the time constant of first-order system. 

The unit step response of the rising edge delay 
and the unit impulse response with falling delay 
could be obtained by the Lagrangian inverse trans-
formation for the equation (1) and (2), respectively. 

)0(1 11

1
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                     (3) 

)0(
1
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                     (4) 

In which t1 is the time of the rising edge delay, 
t2 is the time of the falling edge delay, T is the time 
constant of first order system. 

The unit impulse response curve of rising edge 
delay and falling edge delay were shown in Fig. 2. 
The transient output value at T1 moment is 63.2% of 
steady state output valve during the process of the 
rising edge delay; and which is 36.8% of steady state 
output valve during the process of the falling edge 
delay. The urea injection adopts the rising delay 
strategy when the diesel engine changes from the 
low temperature to high temperature working condi-
tion, the actual injection increase with time gradually 
according the unit impulse response curve of rising 
edge delay, so the peak of NH3 slip due to the lag of 
temperature rising should be control. Conversely, the 

falling delay strategy when the diesel engine changes 
from the high temperature to low temperature work-
ing condition.  

In order to achieve the purpose of taking into 
account the performance of emission and the econ-
omy of urea consumption, the delay strategies of ris-
ing edge and falling edge for correction of urea in-
jection must be considered at the same time. 

 
 

RESULTS AND DISCUSSION 
 
The influence of rising edge delay strategy 

on the emission performance. The influences of the 
rising edge delay time on NOx conversion effi-
ciency, NH3 slip and urea consumption under the 
ETC cycle is shown in Fig. 3.The urea consumption 
was gradually reduced with the increase of the delay 
time from 0 to 1000ms, which reduced 10.3%;the 
NOx conversion efficiency also decreased 12.2% at 
the same time,, when the delay time is set within 400 
ms to 800 ms, the declining trend of the NOx con-
version efficiency is slight; Amount of NH3 slip de-
creases first and then increases with the increase of 
the delay time, the inflection point appears at 600 ms. 
So the urea consumption and NH3slip could be re-
duced effectively by using the rising edge delay 
strategy. 
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FIGURE 3 
The influences of rising edge delay on the performance of emissions 

 

 
FIGURE 4 

The influences of falling edge delay on the performance of emissions 
 

The influence of falling edge delay strategy 
on the emission performance. The influences of the 
falling edge delay time on NOx conversion effi-
ciency, NH3 slip and urea consumption under the 
ETC cycle is shown in Fig. 4. The urea consumption 
gradually increased with the increase of the delay 
time, and the NOx conversion efficiency increased 
at the same time. The urea consumption increased 
7.9% and the NOx conversion efficiency increased 
12.0%when the delay time increase from 0 ~ 300ms, 
however, it is important to note that the peak value 
of NH3 slop increased 164%. The peak concentra-
tions of NH3slip decreases first and then increases 
with the increase of the delay time, the inflection 
point appears at 100ms. Therefore, 100 ms was se-
lected as falling edge delay time by weight and con-
sider balance of between the emission performance 
and urea efficiency. 

 

The influence of mixing delay strategies on 
the emission performance. The influence of falling 
edge delay time (set as 100 ms) and the rising edge 
delay time (set as 0, 200ms, 400ms, 600ms, 800ms) 
on NOx conversion efficiency and the NH3 slip were 
shown in Figure 5. It can be seen that the overall dis-
tribution is similar to the trend when the rise edge 
delay is only considered, namely he urea consump-
tion and NOx conversion efficiency are declining 
along with the increase of the rising edge delay time, 
t, the decline trend of NH3slip quantity is steady. 
When the rising edge delay time increased from 0 to 
800 ms, urea consumption dropped 19.4% and NOx 
conversion efficiency decreased 12.9%. Compre-
hensive consideration, the better emission perfor-
mance and efficiency of urea could be achieved 
when the falling edge delay time is 100ms and rising 
edge time is set within the range of 400ms to 600ms.  
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FIGURE 5 

The influence of mixing delay strategies on the emission properties 
 

 
FIGURE 6 

The influence of mixed delay strategies on the ammonia escape at ETC 
 

The influence of the injection delay strategy 
on the transient NH3 slip. The influence of injec-
tion delay strategy on the transient NH3 slip during 
ETC cycle was shown in Figure 6. The transient NH3 
slip has a distinct decline trend within the first 450s 
of the test cycle and 1600s with the increase of the 
rising edge delay time. Diesel engine running in ur-
ban working conditions during the first 450s of ETC 
cycle, in which the working conditions changes fre-
quently, most of the time in the speed and low load 
region, the exhaust temperature is low, so the NOx 
conversion efficiency is low, excessive urea injec-
tion could easily lead to an obvious increase in the 
peak NH3 slip. 

Near the 1600s of ETC cycle, the diesel engine 
is in the high speed condition, the speed is more sta-
ble at this period. The diesel engine load is low in the 
period of 35s before 1598s, so the exhaust tempera-
ture is low, so large amounts of NH3 were stored in-

side the catalyst, which will be released when the ex-
haust temperature increased due to the engine load 
increase suddenly after 1598s, the reaction couldn t 
consume these NH3, so leading to the emergence of 
the peak NH3 slip. The injection delay strategy im-
proved the responsiveness of urea injection to the 
change of exhaust temperature, which could reduce 
the NH3 slip obviously. 

 
 

CONCLUSIONS 
 
The influence of urea injection delay strategies 

on NOx conversion efficiency, NH3 slip in the tran-
sient test cycle conditions for urea SCR system is 
studied in this paper. A reasonable rising edge delay 
strategy not only can reduce the peak NH3 slip ef-
fectively, but also can reduce the urea consumption; 
and reasonable falling edge delay strategy is condu-
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cive to make full use of the NOx conversion effi-
ciency. Therefore, delay strategies can be used for 
weight and balance the NOx conversion efficiency, 
urea consumption and NH3 slip during the develop-
ment and calibration of the urea injection strategies, 
furthermore, the emission performance and the econ-
omy of urea could be optimized. 
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The large-scale fan-shaped tidal sand ridges in 

the south Yellow Sea along the Jiangsu Coast is 
characterized by a special geomorphology system in 
landform feature and in hydrodynamic conditions. 
This paper deals mainly with the changes of beach 
profile, tidal troughs in the sand ridges and present 
movement of the total tidal sand ridges using satellite 
images, bathymetric maps and field survey data. The 
results show that the tidal sand ridges are in a stage 
of separation with the number of sand ridges increas-
ing and the average area of each ridge decreasing. 
The movement of tidal sand ridges in this area is af-
fected by tidal currents and submarine topography. 
Tidal sand ridges formed rapidly and the tidal 
troughs were developed greatly in the condition of 
tidal current; the migration of main tidal troughs are 
the main drive of the whole sand ridges’ changes and 
directly affect the shift direction of big sand ridges. 
Sand ridges tend to be accumulated in center area 
and outer area eroded. 

Tidal sand ridges, southern Yellow Sea, satellite images 
and GIS, change 
 
 

 
There are large-scale fan-shaped tidal sand 

ridges in the south Yellow Sea along the Jiangsu 
Coast (China), between the modern Changjiang 
River delta in the south and the abandoned Huanghe 
River delta in the north (Fig. 1). It extends about 200 
km in length and 140 km in width, containing 10 
large scale linear sand ridges (including submarine 
sand ridges), the largest sand ridges in China. It is a 
special geomorphology system in landform feature 
and in hydrodynamic conditions. The sand ridges ex-
tend in the direction of north, NE, east and south with 
a top point at Qianggang Town and look like a fan 
shaped. The tidal sand ridges consist of more than 70 

individual tidal sand ridges.  
The tidal sand ridges are an important kind of 

geomorphic unit on many continental shelves and 
coastal regions, and they are widely distributed in es-
tuaries, coastal bays and at the ends of straits [1, 2]. 
Scientists have studied them since 1963. Since then, 
many studies have been made in tidal sand ridges. 
For instance, the internal structure and sedimentol-
ogy of tidal sand ridges have been described [3, 4]; 
the formation and evolution of tidal sand ridges have 
been studied [5]; the depositional patterns and the 
classification of tidal sand ridges have been dis-
cussed [6, 7].  

The radial tidal sand ridges in the southwestern 
Yellow Sea off the Jiangsu coast were discovered in 
the 1950s, first reported in literatures in the 1970s, 
and studied in detail in the 1980s [8, 9]. Previous 
studies basically focused on morphology, surface-
sediment distribution, tidal current pattern, and 
partly concerned the formation and evolution of the 
marine radial tidal sand ridges [8, 10-15]. More re-
cently, the tidal sand ridges’ formation mechanism, 
dynamic environment and evolution have been ana-
lyzed [16, 17, 18] and its environment of formation 
and the sediment supplier were discussed recently [4, 
19, 20]. 

Although there are many scientists have con-
cerned the formation and change of the tidal sand 
ridges, the modern stability and its evolution have 
not paid attention yet. The paper deals mainly with 
the changes of beach profile, tidal troughs in the sand 
ridges and present movement of the total tidal sand 
ridges using satellite images, bathymetric maps and 
field survey data. 

 

 Sediments in the research area are 
mainly fine sand, silty sand and clayey silt. The 
coarser sediments are located near the coastline and 
the edge sand ridges, the finer seaward and the 
trough bottom between sand ridges. The tidal ridges 
are mainly composed of fine sand, while silty sand, 
silt and clayey silt are usually distributed in the
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troughs. In some deeply eroded parts of the tidal 
channels, however, coarse calcic-cemented-sand-
grain nodules can be found, comprising up to 29% of 
the sediments [22]. 

The facies is made up of sand, silt-sand and 
mud of gray color, with 40¯85% sand, 15¯40% silt, 
and 5¯15% clay. Flaser bedding, bi-directional cross-
bedding and graded bedding are well developed. 
Small cross-bedding, flaser and wavy bedding are 
present in the lower part of the unit and horizontal 
bedding and symmetric ripple marks occur in the up-
per part of the unit. Shell debris and foraminifers are 
common. The graded bedding is 10-20 cm thick and 
usually occurs in vertically superimposed sets to 
form rhythmite. The foraminifer assemblage indi-
cates that the facies was deposited in a shallow ma-
rine environment [15]. 

There are many sediment suppliers in research 
area, including two important parts: erosion from the 
abandoned Huanghe River delta in the north and 
flow from the present Changjiang River in the south. 
The content of suspended sediment in satellite im-
ages was high at both places [23]. The strong erosion 
at the abandoned Huanghe River delta and its sub-
marine bottom in the north provided the study area 
about 40 billion m3 sediment [24], most of which en-
tered the center of sand ridge areas and caused parts 
of the sand ridges to accrue rapidly up to 100 m/a in 
the north [25]. Comparison of different images 
showed that sand ridges in the north area moved fre-
quently; and that the positional change rate of some 
small ones was up to 350 m/a [12], resulting in lots 
of sediment re-suspended.  

Tidal currents are radial with flood tidal cur-
rents converging to the center of the research area 
and ebb currents diverging to the sea, and the tidal 
currents are forward and backward [26]. The conver-
gent¯divergent tidal current field in the study area is 

a result of propagation and reflection of the tidal 
waves in the East China Sea and the Yellow Sea. The 
progressive tidal wave from the Pacific Ocean, 
through the East China Sea, propagates in the Yel-
low Sea, which meets the Shangdong Peninsula and 
is reflected, forming an anti-clockwise rotary tidal 
wave system. The wave system meets the progres-
sive tidal wave system from the East China Sea and 
form the special tidal current pattern in the tidal sand 
ridges area, off Qianggang area in southwestern Yel-
low Sea [19, 26, 27]. 

The tidal range is 6¯7 m on an average at the 
research apical area. The maximum tidal range of 
9.28 m appears at Huangshayang, and the tidal range 
decreases gradually toward south and north [15]. 

The surface velocity of spring tidal currents is 
more than 1.5 m/s with the maximum up to 4.4 m/s 
in the northern part of the research area [28] and 1.0 
m/s, with the maximum of 2.5 m/s in the southern 
part [29]. The average velocity of the spring flood-
ebb tidal currents is strong enough to erode loose 
sediments on the sea floor, which make them re-sus-
pended. The re-suspended sediments are one of the 
sediment sources for the formation of the sand ridges 
which is similar to that in the North Sea [30, 31]. 
However there is something which are different from 
the North Sea. The sand ridges are located at near 
coast and parts of them are above the sea level and 
the waves are important factors which make the sub-
marine sediments re-suspended. 

 
Satellite images 

including Landsat thematic mapper (TM), NOAA, 
Synthetic aperture radar (SAR) images acquired 
from 1987 to 2000 were used to monitor the move-
ments of submarine main tidal troughs and sedi-
ments distribution and diffusion. Two bathymetric 
maps (1966 and 1979) were used to compare the 



4912

sand ridges’ change in vertical and other bathymetric 
maps for additional comparison. Field survey (lim-
ited beach profiles) were made for testing.  

Satellite images were processed in a special 
software-ENVI 5.0. Many methods of image pro-
cessing, such as image enhancement, band stretch-
ing, multi-band false colour composite, histogram 
modification, supervised and unsupervised classifi-
cation etc. were tested to see if they could improve 
images interpretation [32, 33]. Nine training samples 
for typical tidal sand ridges and seawater areas were 
chosen to analyze their optical features for super-
vised classification.  

The nautical charts from 1966 to 1977 and SAR 
images in 1995 and 2000 were interpreted and ana-
lyzed to obtain the positions of main tidal trough tal-
wegs. After the process of radiate reference, geo-rec-
tify and speckle noise removal et al. in ENVI 5.0, 
SAR images were analyzed to extract the positions 
of main tidal trough in software-ArcGIS 10.2. Alt-
hough the boundary standards of the trough’s tal-
wegs during different periods are different, there is a 
little difference in bordering the main trough’s tal-
wegs. 

Bathymetric maps and aerial photos were dig-
itized and analyzed in a GIS software-Mapinfo.12. 
Suitable number control points must be selected in 
order to compare shoreline changes in different maps 
or satellite images. Usually more or less permanent 
natural morphological features such as a corner of 
bluff edge, top point of escarpment on beach, the turn 
of beach scarp, branch of small river; permanent hu-
man made structures, such as human made channel 
on land, permanent building on beach, dam or big 
house, bridges et al., and the most seaward edge of 
permanent vegetation, such as big trees.  

The beach profiles were measured between 
1999 and 2000 using an GTS-310 metric apparatus 
with an accuracy of 0.01 m in order to analyze the 

beach profile changes and tidal troughs shift.  
 
 

 4 E-W profiles from north to south and 2 or 3 
times surveyed between January 16, 1999 and Sep-
tember 10, 2000 are used to monitor the seasonal 
changes of beach elevation. The results are shown in 
Figs. 2-5. 

The profile 1 is located at north of Tiaozini sand 
ridge, which was surveyed between January 16, 
1999 and June 3, 2000. The beach accumulated in 
winter and eroded in summer which covered almost 
all beach. The amount of erosion was changed from 
0 (balance in erosion/accumulation) to 30 cm with 
the positional distance increasing seaward, and the 
general thickness of erosion was 20 cm with the 
maximum up to 50 cm. The small troughs’ move-
ments were more rapidly than that of tidal flat, espe-
cially for those troughs at 400 m and 2, 800 m from 
baseline, where the troughs are widened a lot with 
the maximum of 150 m (Fig. 2). 

Profile 2 is located at south of profile 1, which 
was surveyed in January, May and September 2000. 
The result showed that the beach changes are small 
(only several centimeters) between September and 
January, but much large (up to 60-70 cm) between 
May. The beach altitudes at 2600 m from baseline 
are 3.19 m, 2.65 m and 3.14 m respectively surveyed 
in January, May and September, and the same value 
are 1.81 m, 1.24 m and 1.87 m at 4500 m, which 
showed erosion in May and deposition in January 
and in September. The types of troughs’ changes are 
horizontal shift and vertical erosion for large ones 
and shift rapidly and merged for small ones (Fig. 3). 
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Profile 3 is located in the middle of the 

Tiaozini sand ridges with different beach change 
feature. There is erosion and deposition on beach 

and no change trend in the three surveys, espe-
cially the erosion in May is no obvious. The trough 
is shifting in side direction. A trough located at 200 
m from baseline in May is moved 60 m seaward in 
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September. Some troughs are shifted forward and 
backward. There is a trough which crossed the 
profile at 1, 926 m from baseline in January and at 
2,073 m in May and at 1, 988 m in September. 
There are less small troughs’ mergence or disap-
pearance (Fig. 4). 

Profile 4 is located at south of Tiaozini sand 
ridge. Almost all the profile is deposition from 
January through May to September. The beach al-
titude at 250 m from baseline is 3.96 m in January, 
3.99 m in May and 4.09 m in September and 13 
cm sediments deposited. The same value at 3, 000 
m from baseline is 3.12 m, 3.14 m and 3.26 m re-
spectively and the difference is 14 cm. While the 
beach altitude at 7, 000 m from baseline is 0.89 m 

in May and 1.48 m in September and the differ-
ence is up to 59 cm. The depositional volume is 
increasing from upper to lower beach. The 
trough’s changes are more obvious than that of 
tidal flat. The big trough is moved greatly in hori-
zontal and in vertical. The east side of a trough 
crossed the profile at 1, 600 m from baseline 
moved 500 m westward from the position in May 
to that in September and the altitude of the trough 
bottom is 2.57 m in January, 2.62 m in May and 
3.71 m in September. The thickness of sediment 
deposition is about 1m from May to September 
(Fig. 5). 
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 2 bathy-
metric maps (1966 and 1977) and 2 SAR images 
(1995 and 2000) were used to analyze the velocity 
and the trend of trough’s movements in a relative 
long period (more than 5 years).  

Fig. 6A was the trough change map between 
1966 and 1977. The south of the Xiyang trough in 
1977 was divided into two parts by northward ex-
tended ridge—Beijianzi ridge and the main trough--
east branch was located at the position similar to the 
single trough in 1966 (Fig. 6A). The pattern of north-
ern Xiyang had no much changes except the position 
of the talweg’s division point, which was moved 
about 2.5 km northward (Fig. 6A). 

The Chenjiawu trough’s talweg shifted south-
eastward with the maximum movement of 1.1 km at 
the outer of the tidal sand ridges, while the southwest 
part of the trough shifted slowly at the inner of the 
tidal sand ridges (Fig. 6A). The Kushuiyang trough 
moved westward or eastward with a range of 310 m-
770 m at the outer of the tidal sand ridges during this 
period and moved southward at the inner of the tidal 
sand ridges obviously (Fig. 6A). The east part of the 
Huangshayang trough shifted northward, with the 
maximum movement of 1.1 km, while the west part 
shifted 400 m southward. The head of the trough was 
extended 1.1 km northwestward between 1966 and 
1977 (Fig. 6A). 

The two branches pattern of the Xiyang trough 
did not changed between 1995 and 1977, but the di-
vision point of trough moved 4.3 km northward. The 
division point of talweg moved westward slowly and 
the shift increased with the trough going north with 
the maximum movement of about 830 m (Fig. 6B). 
Chenjiawu trough moved 1.5-2.4 km westward and 
the shoreline of the Dongsha sand bank retreated too, 
parts of troughs extended inland of Dongsha sand 
bank with head water erosion (Fig. 6B). Kushuiyang 
trough moved north westward too with the maxi-
mum distance of movement about 2.1 km. Huang-
shayang trough moved north westward slightly 
(about 110 m) at the outer of the sand ridges and it 
had no change trend at the inner of the sand ridges 
(Fig. 6B). 

The west branch moved 2.5 km (maximum) 
eastward and the east branch 100-200 m westward 
between the Chuandonggang harbor and the Dong-
taihe River between 1995 and 2000 (Fig. 6C). Chen-
jiawu trough has little shift in 5 years, the north of 
which has small shift range of 200 m with no obvious 
trend, while the south of which moved eastward with 
an average distance of 300 m (Fig. 6C). Kushuiyang 
trough moved 0.4 to 1.1 km south eastward at the 
outer of the sand ridges and it has no shift trend at 
the inner of the sand ridges (Fig. 6C). Huangshayang 
trough has shifted 1 km (outer of the sand ridges) to 
0.5 km (inner of the sand ridges) north westward and 
north in 5 years (Fig. 6C). 

Xiyang has moved eastward totally after 34 
years and the shift range was increased southward 
from the Sanyazi sand bank with its maximum of 1.5 
km. The area of Xiyang’s width was enlarged for the 
west side - the beach was moved westward, espe-
cially for the south part which mean the talweg’s 
movement westward (Fig. 6D). Chenjiawucao 
trough was moved westward about 1.4 – 1.9 km (Fig. 
6D). The movement of Kushuiyang trough was de-
creased from the outer (1.2 km) to inner (almost sta-
ble) of the sand ridges, then it was increased up to 
2.4 km (Fig. 6D). Huangshayang trough was moved 
NWW about 2.8 to 1.2 km from outer to inner of the 
sand ridges and it was near stable at the upper reach 
of the trough (Fig. 6D). 

 
 After 

digitized the Bathymetric maps in 1966 and 1979, 
the number of sand ridges, the area of each ridges 
and the total area of tidal sand ridges in the two pe-
riod were compared in Mapinfor 7.0. 

The results showed that there are 17 small sand 
ridges with area less than 10 km2 (the area was 
counted above 0 m in bathymetric map, it is the same 
followed) and the average area of each one was 6.4 
km2 in 1966, while there were 21 sand ridges with 
the average area of about 5.8 km2 in 1979. Some 
small sand ridges have decreased and even disap-
peared, for example, the area of Liangyuesha in the 
northern of the tidal sand ridges was decreased from 
60.04 km2 in 1966 to 43.92 km2 in 1979. Other sand 
ridges were increased during this period; for exam-
ple, the area of Sanyazi Island in the Xiyang trough 
was increased from 6.4 km2 to 15.93 km2 (1966-
1979). 

The elevation the tidal sand ridges were calcu-
lated too. The elevation of sand ridges is varied from 
–32 m to 5.8 m with the average elevation of –7.5 m 
in 1966, while it varied from –34 m to 7.8 m with the 
average elevation of –5.6 m in 1979. It shows that 
the sand ridges are accumulated of 1.9 m averagely 
after 13 years. 

The center of tidal sand ridges with 60 km in E-
W and N-S direction separately was calculated. The 
elevation of sand ridges is varied from -31.5 m to 5.8 
m with the average elevation of –0.97 m in 1966, in-
cluding sand ridges area of 2, 242 km2 above sea 
level with the average elevation of 1.7 m and 1, 358 
km2 below sea level with the average elevation of –
5.3 m. While it varied from –33.6 m to 7.8 m with 
the average elevation of 0.49 m in 1979, including 
sand ridges area of 2, 293 km2 above sea level with 
the average elevation of 3.9 m and 1, 307 km2 below 
sea level with the average elevation of –5.4 m. It 
shows that the sand ridges are accumulated of 1.46 
m in all area and 2.2 m averagely in those sand ridges 
above sea level, while it eroded in trough after 13 
years (Fig.7). 
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The changes of beach profile 
is a long-tern result of interaction between beach and 
hydrodynamics [34]. Tidal currents, waves and tide 
are the main controls on the profile changes of ero-
sion and accretion on beaches [35,36]. The seasonal 
characteristic of beach profile located at the Tiaozini 
sand ridges is accumulation in winter and erosion in 
summer (Figs. 2-5). However, it is different from 
other beach profile. For example, the beach accumu-
lated in summer and eroded in summer at middle part 
of Huanghe River delta from 1985 to 1986 [35]. The 
reason caused the seasonal accumulation- erosion of 
beach is the seasonal change of wind-induced waves, 
whereas there is different mode wind-induced waves 
act on Tiaozini sand ridges and Huanghe River delta. 
The prevailing wind is southeast and weak in sum-
mer, and it is northeast and strong in winter at both 
Tiaozini sand ridges and Huanghe River delta. The 
strong waves caused by big wind in winter strongly 
act on tidal-flat in Huanghe River delta and result in 
erosion of beach profile in winter [35, 37]. Owing to 
Tiaozini sand ridges are surrounded by land at west, 
Dongsha sand ridge at northeast, Zhugesha sand 
ridge at east and Jiangjiasha sand ridge at southeast, 
and there is little influence of the wind-induced 
waves on Tiaozini sand ridges. However, strong 
wind-induced waves in winter erode submarine sed-
iments and made higher sediment concentration in 
winter than sediment concentration in summer 
nearby sea area of Tiaozini sand ridges [38]. The wa-
ter of high sediment concentration move toward 
beach of Tiaozini sand ridges [11]. The rotary tidal 
wave system of Southern Yellow Sea meets the pro-
gressive tidal wave system from the East China Sea 
in the Tiaozini sand ridges-Jiangjiasha sand ridge 
area and result in seawater jam and large numbers of 

sediment deposition around Tiaozini sand ridges, 
which caused Tiaozini sand ridges accumulate rap-
idly [11]. Consequently the seasonal erosion-accu-
mulation changes of beach profile located at Tiaozini 
sand ridges mainly result from seasonal difference of 
high sediment concentration. 

 

 Subei 
sand ridges were consisted of more than 70 sand 
ridges with many big tidal tronghs between them, in-
cluding Xiyang trough, Chenjiawu trough, Kushui-
yang trough, Huangshayang trough et al. (Fig. 1), 
which are the main channels for sand and water 
transportation in the radial tidal sand ridges. Their 
movements have close relationship with the change 
of sand ridges, although their shifts are backward 
and forward slowly. The movements of big tidal 
troughs directly affect the siltation-erosion changes 
and shifts direction of big sand ridges.  

The comparison of two bathymetric maps 
showed that the changes of the central area in radial 
tidal sand ridge (Tiaozini and its surrounding beach) 
were mainly focused on the around tidal trough. The 
area with the maximum shift extended outward with 
an apex at radial tidal sand ridge and looked like a 
ray shape, which is similar to the distribution and the 
extend of the main tidal troughs (Figs. 1, 7) and it 
demonstrated the shifts of tidal troughs have very 
important influence on the changes of sand ridges. 

The trough talweg was shifted eastward obvi-
ously with the maximum shift of 1.1 km at south of 
the Xiyang trough’s East Branch and located near the 
west side of the Dongsha ridge in 1977, which 
eroded the southwest side of the Dongsha ridge a lot 
during 11 years. The head of the trough was ex-
tended southward and connected with some troughs, 
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separating the Dongsha ridge from the Tiaozini ridge 
completely (Fig. 6A).  

The area of Dongsha sand ridge decreased ob-
viously, especially at the east and south of the ridge 
due to the effect of trough’s shifts at the east and west 
edge of the ridge during 1966-2000. Because the 
south branch of Xiyang trough shifted southeast-
ward, the south of Dongsha sand ridge was incised 
and the area decreased. From 1966-1977, the tidal 
trough’s talwegs of Huangshayang and Kushuiyang 
leaned southeastward and caused the Jiangjiasha 
sand ridge and some small ones shifted southeast-
ward, the talweg of which located very near small 
sand ridges (Fig. 6A).  

The distance between two branches’ talweg of 
Xiyang trough increased from 1.4 km in 1977 to 2.7 
km in 1995 in the south of division point, which re-
sulted in the retreat of the west coast of the Dongsha 
sand ridge with the range of about 1.3 km (Fig. 6B). 
As a result of Xiyang trough’s talweg movement, the 
beach of the Dongsha sand bank’ south retreated 
about 2-3 km eastward during 1977-1995 (Fig. 6B). 

The west branch of Xiyang trough was wide 
and extended south westward, which separated the 
Tiaozini sand bank from beach totally in flood tide 
in 1995. It moved eastward since then and the maxi-
mum movement was 3.4 km, the head of which have 
retreated about 2 km since 1995 (Fig. 6C).  

Chenjiawucao trough was moved westward 
and caused the east beach of the Dongsha sand bank 
to retreat with the maximum range of 2.3 km. Some 
new small sand banks were formed in the east of the 
talweg (Fig. 6D). 

 
The for-

mation of the modern tidal sand ridges in the north-
ern part of the Changjing River Delta began about 
150 years ago when the Huanghe River’s channel 
turned northward. Before that, lots of sediments 
transported shoreward had already formed the large 
delta in the north of the research area. The evolution 
of the tidal sand ridges can be divided into three 
stages since then. In the first stage, ocean dynamics 
replaced river dynamics in the abandoned estuary. 
The sediment supply was sharply decreased by de-
creased river flow, but was increased by erosion sed-
iments from the abandoned delta, submarine bottom, 
etc.; so the beach retreated rapidly. Lots of sediments 
were deposited and many small sand islands formed 
nearshore. Part of the sediments went southward 
with tidal current and was deposited in the research 
area. The Changjiang River estuary was then located 
north of its present position. River flow was an im-
portant sediment supply for the tidal sand ridges area. 
Historical records showed the Huanghe River chan-
nel burst into the Bohai Sea. This stage spanned 
about 10-30 years.

After that, the retreat of the abandoned delta 
beach slowed down but the erosion of the submarine 
bottom and small sand islands was still going on in 

the second stage. In the northern part of the sand 
ridges area, most of the small sand islands moved 
southward with the tidal current and alongshore cur-
rent; while the Changjiang River estuary shifted 
southward gradually so that the supply of sediment 
for the southern part of the sand ridges area was de-
creased, which made the sand ridges change fast in 
the northern part and slowly in the southern part. Be-
cause of the limited sediment supply and domination 
by tidal current, the tidal channel formed rapidly and 
the tidal sand ridges were developed greatly at this 
stage. 

When balance between the topography of sand 
ridges area and ocean dynamics was reached, the 
evolution of tidal sand ridges entered its third stage. 
It began at the beginning of the 20th century in the 
southern part of the sand ridges area and in the 1950s 
in the northern part. The main sand ridges (especially 
those in the north area) changed slowly, while the 
small sand ridges were still moving toward the cen-
ter. Observational results together with contour maps 
and comparison between TM images in different 
time showed that the small sand ridges outside were 
moving toward the center at about 0.35-0.8 km/a, ex-
cept for the NE areas’ sand ridges, which extended 
outside recently. Typhoons and strong storms were 
the main disturbing factors in sand ridges evolution. 
A hydrodynamic survey showed that the sand ridges 
area had recovered recently from the erosion caused 
by the 1974 typhoon. 

Although the changes of the sand ridges were 
undulate, it is in a stage of separation with the num-
ber of sand ridges increasing and the average area of 
each ridge decreasing. The range of the tidal sand 
ridges was drawn back from the beginning of the last 
century to 1970’s. The north and the east edges have 
withdrawn about 20 km during this period. At the 
same time, the trunk tidal trough—Xiyang was 
widen and the main current line movement eastward, 
the head of tidal trough extension southward; the 
area of main sand ridge—Dongsha island decrease: 
backward in east, west and north sides and only for-
ward in south side; the periphery of Tiaoziji ridge 
and other sand ridges run to bits and pieces and the 
area reduced evidently due to the head of trough ex-
tended. 

From the comparison of two bathymetric maps, 
we can obtain that the total area and the average of 
sand ridges both decreased obviously despite the in-
crease of total number of sand ridges, especially the 
number of outer small sand ridges with area less than 
10 km2. For example, the numbers of small sand 
ridges with area less than 10 km2 (the area was 
counted above 0m in bathymetric map, it is the same 
followed) increased from 17 in 1966 to 21 in 1979; 
the total number of small sand ridges varied from 41 
in 1966 to 61 in 1979, while the total area of sand 
ridges and annual average of area of sand ridges 
above sea level decreased 352 km2 and 27 km2, re-
spectively. The sand volume in central area of sand 
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ridges was increased of 5.23*109 m3 and 71.2% of 
sand ridges area accumulated and 28.8% eroded. It 
is evident that the matter moved toward the center of 
tidal sand ridges (Fig.7). 

 
 

 
 
This study discusses the movement or migra-

tion of tidal sand ridges in the south Yellow Sea 
along the Jiangsu Coast, using satellite images taken 
on different dates, bathymetric maps and field survey 
data. The results suggest that the changes of tidal 
sand ridges are governed by the southern Yellow Sea 
tidal wave system and topography of sand ridges 
area. The changes of tidal sand ridges can be de-
scribed as: (1) big tidal sand ridges are separating 
and the total area of the sand ridges is decreasing in 
the condition of tidal current; (2) the rapid swing of 
main tidal troughs are the main drive of the whole 
sand ridges’ siltation-erosion changes and directly 
affect the shift direction of big sand ridges; (3)the 
whole tidal sand ridge is generally prone to division 
and retreat, whereas peripheral sand ridges move ob-
viously to the center of the tidal sand ridge and the 
center area of sand ridges is accumulated and outer 
area eroded. The migration modes of the tidal 
troughs play an important role in the changes of sand 
ridge and their interrelationships should be consid-
ered in future extensions of this study.  
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ABSTRACT 
 
In this research, a series of unique experiments 

were carried out in both smooth and composite 
roughened rectangular open channels using three 
types of river sediments over a wide range of flow 
characteristics. Five different boundary roughness 
combinations were considered on the walls and bed 
to have a comprehensive data in the case of symmet-
ric and asymmetric boundary roughness distribution. 
At first, different estimation methods of Manning s 
coefficient for composite channels were evaluated. 
In this regard, Strickler s empirical formula was re-
vised and the results showed that the Colebatch s 
method, using the proposed formula, provides better 
results compared to the other methods with an aver-
age relative error of 3.95%. Regarding Darcy-
Weisbach friction factor, some empirically derived 
equations are presented which give the value of 
Nikuradse equivalent roughness size, ks, as a func-
tion of the d50 value of roughness particle size. To 
overcome the implicit determination of the friction 
factor, f, a new formula is presented by using the 
gene expression programming for uniformly rough-
ened rectangular channels with an average relative 
error and corresponding correlation coefficient of 
6.7% and 98.8%, respectively. Another empirical 
equation is then presented to approximate the Man-
ning s n with an average error less than 2.9%. 
 
 
KEYWORDS:  
Composite Channel, Flow Resistance, Friction Factor, 
Manning Roughness, Rectangular 

 
 

INTRODUCTION 
 
Flow in open channel engineering applications 

is always subjected to the resistance due to the flow, 
and dissipation of energy. In turbulent flow, un-
wanted developments of secondary currents and the 
effect of corners on the 3D behavior of flow showed 
the need for more refined analysis and detailed meas-
urements [1]. Flow resistance in open channels can-

not be easily determined as it depends upon the de-
tails of the cross-section shape [2, 3], the longitudi-
nal variation in planform geometry [4], the boundary 
roughness distribution [5, 6, 7] and the structure of 
secondary flows [8, 9, 10].  

After Chezy, Manning and Darcy-Weisbach, a 
large number of papers have been published on pipes 
and open channel flow with smooth and rough sur-
faces [11, 12, 13, 14, 15, 16]. It has long been 
acknowledged that the Karman-Prandtl and Cole-
brook-White pipe flow equations are inaccurate in 
open channels resistance studies. It is so, due to the 
effect of channel cross-sectional shape. In this re-
gard, considerable experimental research efforts 
were carried out focusing on smooth channels with 
different cross sections [17, 18]. In nature, however, 
most rivers are complicated by the irregularities in 
their cross-sectional shape and the non-uniform dis-
tribution of resistance around the wetted perimeter. 
Some channels, for example, are made up of differ-
ent materials for the walls and the bed or have a 
grassy vegetated banks. Some other researchers have 
focused on differentially roughened channels, using 
artificial uniform roughening materials on the 
boundary, (e.g. Tzelepis et al. [19]) or using natural 
gravels on the bed (e.g. Javid [20] and Zeng et al. 
[21]). However, there are few studies focusing on the 
flow resistance in composite or uniformly roughened 
rectangular channels with non-mobile boundaries.  

Because of the importance of such channels 
from the viewpoint of designing, examination of 
flow resistance by evaluating the effect of roughness 
particle size and various combinations of lateral 
boundary roughness distribution under laboratory 
conditions becomes vital. To this extend, this study 
experimentally investigates the flow resistance in 
composite roughened rectangular channel using 
three types of sediments and five different roughness 
combinations. In addition, several methods are eval-
uated to determine the Manning s roughness coeffi-
cient. As it is necessary to obviate the determination 
of flow resistance in practical applications, this 
study, presents some empirically derived equations 
to predict the friction factor and the Manning s 
roughness coefficient for uniformly roughened and 
smooth rectangular open channels. 
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MATERIALS AND METHODS 
 
Methodological considerations. In open chan-

nel flow analysis, the conventional approaches to 
calculate the resistance coefficients have been pro-
vided by the Manning, Darcy-Weisbach or Chezy 
form as follows: 

   (1) 

    (2) 

    (3) 

where Kn is a dimensional parameter which depends 
upon the selected units and is equal to 1 m1/2/s in SI 
units and equal to 1.486 ft1/2/s in FPS system; U is 
the cross-sectional mean velocity; R is hydraulic ra-
dius; S is the slope; and g is gravitational accelera-
tion. By deriving U from the above three equations 
and setting equal the relationship between n, f, and C 
is then provided as 

   (4) 

For either composite wall roughness or a mobile al-
luvial bed, Manning s roughness coefficient n has to 
be empirically derived for each channel reach or 
cross-section.  

 
Manning Roughness coefficient n. In compo-

site channels, wall roughness changes along the wet-
ted perimeter and the local point wall shear and re-
sistance also vary along the wetted perimeter.  There-
fore, the value of the resistance coefficient for the 
cross-section changes with the flow depth. A sum-
mary of composite roughness formulas is listed in 
Table 1. 

It can be found from Table 1 that Equations (5)-
(9) deals with the assumptions on how we can divide 
subareas to compute Ai and Ri. One of the common 
methods for dividing the subareas is the use of bisec-
tors at the break points of the roughness or boundary 

of the channel cross-section. Some other division 
methods for open channels are comprehensively dis-
cussed by Javid [17] and Han et al. [30]. The simple 
linear division line is usually preferred in order to 
give more compatible values for different depths [1]. 

No laboratory and field data have been col-
lected regarding rectangular channels for a compre-
hensive comparison of the formulas listed in Table 1. 
In addition, the precise determination of local rough-
ness, ni, in Equations (5)-(14) adds to the difficulty 
of estimating total roughness across the channel in 
flow resistance surveys. One of the most known 
methods to determine the ni has been provided by the 

 
    (15) 

where dm is the characteristic particle size of the sed-
iment, so that m% of the particles in the total grain 
size distribution are smaller than dm; and C'n is con-
stant. Table 2 shows some suggested values of C'

n. 
 
Friction Factor f. Colebrook-White [32] pro-

posed the friction equation as  

  (16) 

in which ks is the relative roughness and is termed 
the Nikuradse equivalent sand roughness [16], Re is 
Reynolds number and c1, c2 and c3 are constants 
which 
respectively [33]. Some other suggested values of 
these coefficients for smooth and rough channels 
were well reviewed by Javid [20]. Literature on sed-
iment transport shows that the ks can be related to dm 
by the equation as follows: 

ks= m    (17) 
in the above formula  is the coefficient of propor-
tionality. Such criteria for different values of m have 
been used by different investigators. Some proposed 
values of the coefficient  are listed in Table 3.  

 
 

TABLE 1 
Formulas for Composite Channel Resistance Coefficient 

 
Eq. No. nc Reference  Eq. No. nc Reference 
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TABLE 2 
Proposed sediment size by different investigators in  (after Javid [20]) 

 
Investigator(s) Measure of ks   
Strickler (1923) d50 0.0474 21.1 
Meyer-Peter & Muller (1948) d90 0.0385 26 
Keulegan (1938) d50 0.0395 25.3 
Irmay (1949) d65 0.0416 24 
Lane & Carlson (1953) d75 0.0473 21.14 
Henderson (1966) d50 0.041 24.39 
Hager (1999) d50 0.048 20.83 
Sturm (2010) d50 0.039 25.64 

 
TABLE 3 

Some suggested values of coefficient of sand equivalent roughness size and sediment size for open 
channels. (after Javid [20]) 

 

Investigator(s) 
Measure of 

Sediment Size, dx 
s/dx 

Strickler (1923) d50 3.3 
Keulegan (1938) d50 1 
Meyer-Peter & Muller (1948) d50 1 
Irmay (1949) d65 1.5 
Einstein & Barbarossa (1952) d65 1 
Lane & Carlson (1953) d75 3.3 
Leopold et al. (1964) d84 3.9 
Simons & Richardson (1966) d85 1 
Engelund & Hansen (1967) d65 2.0 
Limerinos (1970) d84 2.8 
Mahmood (1971) d84 5.1 
Ackers & White (1973) d35 1.23 
Kamphius (1974) d90 2.0 
Thompson & Campbell (1979) d50 2.0 
Hey (1979), Bray (1979) d84 3.5 
Gladki (1979) d80 2.5 
Van Rijn (1982) d90 3.0 
Ikeda (1983) d84 1.5 
Hammond et al. (1984) d50 6.6 
Colosimo et al (1986) d84 3.6 
Ikeda et al (1987) d90 1.5 
Whiting & Dietrich (1990) d84 2.95 
Lopez and Barragan (2008) d84 2.8 

 
 
Experimental Apparatus and Procedure. To 

meet the aims of this study, experiments were con-
ducted at the University of Urmia under uniform 
flow conditions in a 15.4 m long glass-walled rigid 
tilting flume with a cross section of 302.7 mm wide 

 450 mm deep. The flume was supported by two 
hydraulic jacks and rotated around a hinge joint be-
neath the beginning of the channel and the maximum 
obtainable slope was S0=2%. We measured flow 
rates with a calibrated electromagnetic flowmeter 
with standard deviation about 0.9%. We also meas-
ured water temperature using a digital thermometer 
with an accuracy of 0.1oC. To form the channel 

roughness, three types of river sediments materials 
were used which had been previously sifted using 
ASTM standard sieves. Figure 1(a) shows the curves 
of particle size distribution from sieve analysis for 
each type of materials used in this research. We 
densely glued these materials on 1m × 0.302m glass 
plates with 4 to 6 mm thickness using a waterproof 
glue and then placed consecutively inside the chan-
nel. Figure 1 (b) & (c) shows sample of three pre-
pared roughened plates and some types of different 
composite channels, respectively. 
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(a) (b) 

 
(c) 

FIGURE 1 
(a) Particle Size Distribution; (b) Sample of roughened plates; (c) Some different types of roughened 

composite channels 

TABLE 4 
Series of experiments with different  

combination of R2 roughness 

Test Number 
Left Wall 
Roughness 

Right Wall 
Roughness 

Bed 
Roughness 

126 to 150 Smooth 
Smo

oth 
R2 

151 to 175 R2 R2 Smooth 
176 to 200 R2 R2 R2 
201 to 225 Smooth R2 Smooth 
226 to 250 Smooth R2 R2 

 
The d50 values of the roughness particle size of 

these materials were R1 =0.697, R2 =3.2 and R3 =6.71 
mm. We used the overall geometric mean line as the 
boundary of the channel cross section rather than ir-
regular one to compute the hydraulic radius, area and 
wetted perimeter. Totally, we completed 393 tests 
for a wide range of flow condition with various 
roughened boundaries combinations, consisting of 
97 tests on the uniformly roughened channel, includ-
ing the simple smooth channel measurements, and 
296 tests on the composite roughened channel. Some 
series of experiments with different combination of 
R2 roughness on the channel boundary are listed in 
Table 4. We considered the flow discharges as 10, 
15, 25, 30 and 45 L/s, and the channel slopes were 
0.001, 0.002, 0.004, 0.009 and 0.016. In these exper-
iments, in addition to the uniform flow depth meas-
urements, velocity profiles and boundary shear 
stresses were also measured in most cases. The 

breadth of the flume, B, varied between 288.07 and 
302.7 mm, and the depth of flow, H, varied between 
25.7 and 300 mm. From the experimental measure-
ments, Re varied between 20378 and 102604, and the 
Froude number varied between 0.20 and 2.68. 

 
 

RESULTS AND DISCUSSION 
 
Regarding Equations (1)-(2), estimating the 

Manning s roughness coefficient, n, and the friction 
factor, f, in composite open channels is closely re-
lated to several parameters like flow characteristic, 
channel shape and boundary roughness. In order to 
evaluate the effects of these parameters on the flow 
resistance, the characteristics of flow were initially 
observed through the measurements of 393 different 
tests from different roughened boundary combina-
tions with 4 types of roughness including the smooth 
boundary. 

 
Manning Roughness Coefficient. To find the 

most compatible method which is listed in Table 1, 
first a comparison was made between the Manning s 
roughness coefficients estimated from the flow 
measurements and the prediction made using Equa-
tions (5)-(14). In this respect, a numerical investiga-
tion was conducted using Strickler s empirical for-
mula [31]. Therefore, Equation (15) may be gener-
ally given as follows: 
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   (18) 
in which b1 and b2 are constants. The analysis using 
SPSS software [34] pointed out that Strickler s for-
mula [31] using the d50 value of the roughness parti-
cle size, has a better agreement with experimental 
measurements. The most precise results were 
achieved by choosing b1=0.0474 and b2=5.8. Then, 
another evaluation was made regarding dividing sub-
areas to compute Ai and Ri, by altering the angle of 
linear division line at the break of the boundary of 
the channel cross-section. The analysis showed that 
using the bisector line ( =45°) can yield the most ac-
ceptable results. It is necessary to mention that Man-
ning s roughness coefficient for glass was consid-
ered as 0.00935 which was derived by averaging the 
experimental measurements for the smooth channel. 

If one defines the relative error as 

     (19) 
then the average relative errors between the formulas 
in Table 1 and the experimental data can be summa-
rized in Table 5. In Table 5, for example the SRiRj is 
related to the channel boundary condition with 
smooth glass on the left wall, Ri roughness on the bed 
and Rj roughness on the right wall. 

One can see from Table 5, Equations (5)-(9) in 
which the computation of Ai or Ri play an important 
role, yields more suitable results in average com-
pared with Equations (10)-(14). In this group of 
methods, Colebatch [24] method by using Equation 
(9), yields more precise results compared the others 
with an average error of 3.95%, although the scatter 

error about 4.62% was observed while using Strick-

coefficient b2=6 in Equation (18). Figure 2(a) illus-
trates the comparison between the n calculated from 
the flow measurements and the prediction made us-
ing Equation (9). 

To summarize the calculation process it could 
be said that Equation (11) is more favorable and 
yields acceptable result that is independent of com-
puting the Ai or Ri. As shown in Table 5 and Figure 
2(a), Colebatch's formula, similar to the other meth-

constant value for uniformly roughened channels. 
These errors are denoted by the dashed elliptical 
lines in Figure 2(a). To avoid these errors, another 

n determination is discussed 
in the following section. 

 
 

TABLE 5 
Comparison of Manning s roughness coefficient calculated using Eqs. (7)-(16) and  

the experimental data 

 Method name and Equation number 
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Eq. 5 Eq. 6 Eq. 7 Eq. 8 Eq. 9 Eq. 10 Eq. 11 Eq. 12 Eq. 13 E1. 14 

R3R3R3 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 3.48 
R3SR3 16.43 5.02 5.04 5.46 3.41 6.37 4.82 14.57 5.25 9.57 
SR3S 14.07 6.85 6.71 7.58 6.86 5.93 5.60 15.65 6.59 10.69 
SR3R3 10.86 3.05 3.28 3.00 2.38 6.50 4.29 8.75 3.60 5.81 
SSR3 10.45 2.74 2.77 2.38 2.48 3.58 2.96 10.93 2.79 5.94 
R2R2R2 2.78 2.78 2.78 2.78 2.78 2.78 2.78 2.78 2.78 2.78 
R2SR2 11.31 5.18 5.55 4.43 3.88 8.08 6.70 9.83 6.04 7.05 
SR2S 10.18 5.09 5.14 4.77 4.02 3.38 3.82 12.63 5.15 8.62 
SR2R2 9.95 5.25 5.50 4.97 4.28 6.90 6.20 8.69 5.89 6.88 
SSR2 8.34 3.33 3.32 3.09 2.62 2.40 2.70 8.80 3.26 5.45 
R1R1R1 2.99 2.99 2.99 2.99 2.99 2.99 2.99 2.99 2.99 2.99 
R1SR1 6.01 4.29 4.67 3.78 3.59 5.65 5.39 5.20 5.16 4.92 
SR1S 4.32 3.27 3.05 4.50 4.67 3.20 3.02 3.56 2.88 3.02 
SR1R1 5.90 5.84 6.05 5.55 5.47 6.62 6.48 6.47 6.36 6.27 
SSR1 4.01 2.96 2.90 3.51 3.48 2.80 2.80 3.64 2.86 3.11 
Smooth 6.79 6.79 6.79 6.79 6.79 6.79 6.79 6.79 6.79 6.79 
Max Abs. 
Average (%) 

16.43 6.85 6.71 7.58 6.86 8.08 6.79 15.65 6.79 10.69 

Average (%) 7.98 4.30 4.37 4.32 3.95 4.84 4.43 7.80 4.49 5.84 
Correlation 
Coefficient 

0.861 0.892 0.896 0.895 0.900 0.897 0.901 0.902 0.902 0.902 
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(a) (b) 

  

(c) (d) 
FIGURE 2 

Comparison of the experimental measurements with (a) those estimated using Equation (9); (b) 
those predicted using Equation (22); (c) those calculated using Equation (23); (d) those calculated us-

ing Eqs. (22) & (4) 
 

Friction Factor. According to Equation (16), 
estimation of the friction factor depends on the rela-
tive roughness (ks) determination. Many investiga-
tors have tried to connect this theoretical concept to 
the physical characteristics of the surface roughness 
[35]. In Equation (16), Depending on the used parti-
cle size such as d50 or d84, the values of c1, c2 and c3 
will differ for a set of data. In this case, for the chan-
nels with uniform boundary roughness distribution, 
ks is calculated by substituting f, Re and R from the 
flow measurements and the Nikuradse s constants in 
Equation (16). Under this Assumption, the average 
values of ks for uniformly roughened channels with 
R3, R2, R1 materials and the smooth channel were 
found to be equal to 16.59, 9.42, 2.17 and 0.16 mm 
with an average relative error of 0.09%, 0.08%, 
0.09% and 1.15%, respectively.  

In general, Equation (20) estimates the value of 
ks with the average relative error and corresponding 
correlation coefficient of 2.8% and 99.9%, respec-
tively. 

 (20) 
in which d50 and ks are in millimetre. 

Another numerical investigation points out that 
the  coefficient is not constant and depends on the 
d50 value of the roughness particle size. Equation 
(21) shows the relation between the  and the d50 
value with an average relative error about 0.08% and 
a correlation coefficient of 99.9%. 

  (21) 
 

It can be found from Equation (21) that while d50 in-
creases,  decreases. 

Friction factors could be determined by using 
the Equation (16) together with Nikuradse s con-
stants and the calculated values of ks with an average 
relative error of 11.2%. But Equation (16) is implicit 
in f. To overcome this drawback, gene expression 
programming (GEP) method [36] is used to present 
Equation (22) [20]. This equation estimates the f with 
an average relative error and a corresponding corre-
lation coefficient of 6.7% and 98.8%, respectively. 
The maximum relative average error about 9.9% was 
observed while using Equation (22) to determine the 
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friction factor in the channel with smooth bounda-
ries.  

  
Figure 2(b) illustrates the friction factor f calcu-

lated from the flow measurements and the prediction 
made using Equation (22). 

As mentioned in the previous part, using the 
traditional methods by means of Equations (5)-(14) 
to determine the n for uniformly roughened chan-
nels, yields a constant value. To avoid these incom-
patibilities and achieve an appropriate function, sev-
eral attempts have been made using the above men-
tioned GEP method. Equation (23) agrees with the 
experimental measurements with an average relative 
error and a corresponding correlation coefficient of 
2.88% and 99.3%, respectively. 

  
 
Figure 2(c) illustrates the n calculated from 

flow measurements and the prediction made using 
Equation (23). However, theoretically, to summarize 
the calculation process, n could be determined by us-
ing the Equation (22) and substituting the f in Equa-
tion (4). Figure 2(d) shows the results of the compar-
ison between the calculated n from the flow meas-
urements and the prediction made using Equation 
(22) and (4). Comparison between the Figures 2(c) 
and 2(d) shows that the predictions made using 
Equations (22) and (23), with a little negligence are 
similar. Although Equation (22) slightly underesti-
mates the measurements for the channel with smooth 
boundary, but yields the most precise results in n de-
termination for the rough channel with R1 on the 
boundaries.  

The authors believe that the presented Equa-
tions from (20)-(22), may be valid for uniformly 
roughened rectangular channels with d50 greater than 
6.71 mm, although additional laboratory studies are 
needed. However, for uniformly roughened channels 
with d50 less than or equal to 6.71 mm many numer-
ical studies have been conducted which all prove the 
validation of the presented relations in the range of 
experimental condition. 

 
 

CONCLUSION 
 
In this study, the new series of experimental 

data for composite roughened rectangular channels 
has been used to validate the most prominent meth-
ods for determination of Manning s roughness coef-
ficient. In this regard, Strickler s empirical formula 
[31], has been revised to provide more accurate re-
sults. Numerical analysis pointed out that, Colebatch 
[24] method yields the most precise results with an 

average relative error and correlation coefficient of 
3.95% and 90%, respectively.  

Equations (20) and (21) were presented to for-
mulate the relation between the relative roughness ks 
and  coefficient with d50 value roughness particle 
size by an average relative error and correlation co-
efficient of less than 2.8% and 99.9%, respectively. 
Moreover, Equation (22) which generally agrees 
with the measurements by an acceptable average rel-
ative error less than 6.7% and correlation coefficient 
about 98.8% was offered in explicit form to predict 
the friction factor. Finally, Equation (23) was pre-
sented to determine the n with an average relative er-
ror and correlation coefficient about 2.88% and 
99.3%, respectively. 

The results verified that the proposed formulas 
are applicable for flows with Reynolds number rang-
ing from 20378 and 102604, Froude number from 
0.20 and 2.68, and the aspect ratio (B/H) from 0.95 
to 11.78. 
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It is a major method to produce ginsenoside 
compound K using microbial transformation. 
Therefore the selection of efficient strains is the 
prime requirement. Based on the synergetic rela-
tionship, the microbial flora R2A48 was obtained 
from the soil of planting ginseng, which had a 
strong capability to transform ginsenoside com-
pound K by the method of TLC and HPLC, the 
content of ginsenoside compound K was 36.96mg/g. 
High-throughput sequencing results showed that the 
dominant flora of Bacterium were Bacillus 
(47.25%), Ochrobactrum (25.58%), Enterococ-
cus(9.36%), Rhizobium (4.2), Exiguobacterium 
(2.06%), Buttiauxella (2.01%), Serratia (1.95%), 
Allobacillus (1.87%), and Stenotrophomonas 
(1.66%). The dominant flora of Fungus were un-
classified (77.18%), Penidiella (4.37%), Penicillium 
(4.01%), Trichaptum (2.22%), Remersonia (1.78%), 
Pyrenophora (1.21%), Malassezia (1.07%). The 
transformation pathway was Rd→F2→compound 
K. Compared with single strain, this study provides 
a new method and mentality for the microbial 
transformation on ginsenoside compound K, and 
had the significance in the production of ginseno-
side. 

  
Ginsenoside compound K, Micro flora R2A48, Dominant 
flora, Transform mechanism 

Ginsenoside is the main active components of 
Panax ginseng. At present, more than 50 kinds of 
ginsenosides have been isolated and identified [1]. 
Among them, ginsenoside compound K belongs to 
protopanaxadiol ginsenoside. It does not exist in 
Panax ginseng, and is a degradation product of oth-
er protopanaxadiol ginsenosides in the human in-
testinal tract. Ginsenoside compound K is an im-
portant active component to play a medicinal role, 
and a potential Anticancer drugs. It has effective 
inhibition on the growth and metastasis of cancer 

cells [2, 3], and a certain effect on anti-aging [4, 5], 
anti-inflammatory [6, 7] and so on. It is a key point 
that how to obtain a large amount of ginsenoside 
compound K in modern pharmaceutical research. 
The main methods for modifying glycosyl chains 
are chemistry, enzyme, and microbial transfor-
mation. Microbial transformation has been widely 
used because of low cost and less by-products 
compared with other methods. The transform 
mechanism of microbial transformation is that the 
glycosyl chains of ginsenosides is modified by mi-
crobial enzymes, and a new product is obtained 
through the change of the structure. Factors are 
affect the effect of microbial transformation such as 
strain, substrate, temperature and pH value [8-10]. 

The screening of effective transformation 
strains is the key to microbial transformation of 
ginsenoside compound K. Therefore, it is research 
focus that looking for the strain with high specific-
ity and conversion rate at present. Many scholars 
once researched the transformation of ginsenoside 
by intestinal flora. For example, 4 strains belonging 
to Bifidobacterium, Eubacterium, and Bacteroides 
were obtained in the intestinal tract by Bae. et al. 
[11], and produced compound K from ginsenoside 
Rc. However, most of the intestinal flora in test 
were Anaerobicbacteria, and with high cost, low 
yield. scholars were constantly looking for some 
new strains for transformation of ginsenosides 
compound K, and focused on fungi. Fermentum A8 
enriched and separated from the earth growing 
Gingsen by Han et al. [12], and could transform the 
Leaves Saponins of Panax Notoginseng to make the 
ginsenoside compound K production more specially 
and efficiently. The Fusarium spp. m14 was 
screened and isolated from the soil in the botanic 
garden planted for P. ginseng by Cui et al. [13], and 
found to transform the SFPG efficiently to ginseno-
side compound K, the content of C-K was 24.99 
mg/g. Paecilomyces Bainier sp.229 isolated from 
the soli of ginseng plantation localities by Li. et al. 
[14], shows strong glycisidase activity that can 
transform ginsenoside Rb1 to compound K effi-
ciently. The optimum culture conditions required 
for the efficient production of ginsenoside com-
pound K by P. bainier sp. 229 via biotransformation 
of ginseng saponin substrate have been determined, 
and resulted in an 82.6% yield of ginsenoside 
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compound K [15]. Penicillium oxalicum sp. 68 was 
screened from soil by Gao et al. [16], and found to 
be able to transform protopanaxadiol-type ginseno-
sides to produce a series of bioactive metabolites. 
The sole product is Compound K and the maximum 
yield reached 87.7 % (molar ratio) using the par-
tially purified glycosidase. These research 
achievements provides an important basis for the 
industrialization of compound K. However, these 
studies mainly focused on the microbial transfor-
mation by single strain, and most were still in the 
initial stage. 

There is a complex synergetic relationship 
between microorganism in nature. A composite 
microbial system MC1 with highly efficient cellu-
lose degradation was obtained according to syner-
getic relationship by Cui et al. [17], and the effi-
ciency was higher than that of pure culture, which 
greatly promoted the development and utilization of 
cellulose resources. However, the research has not 
been applied to the microbial transformation of 
ginsenoside. In this study, the microbial flora 
R2A48 was obtained from the soil of planting gin-
seng based on the synergetic relationship, which 
had a strong capability to transform ginsenoside 
compound K. This study provides a new method 
and mentality for the microbial transformation on 
ginsenoside compound K, and had the significance 
in the production of ginsenoside. 

 

Experiments were conducted in the 
ginseng cultivation, Fusong Country, Jilin Province, 
PR China. Four 10m×10m sites were randomly 
selected at different growing years level (15 years, 
20 years, 25 years, and 30years). We selected 
1m×1m plot by five point sampling at each site and 
then proceeded to take the soil samples. The soil 
samples were taken using 13mm diameter core at a 
10 cm depth. All samples were kept at 4°C.

0.1ml were inoculated 
in conical flask with 50ml medium after serial dilu-
tion (100-fold) of 1g dry soil suspension, and kept 7 
days at 30°C. R2A, MRS, PDA, and LB were se-
lected for culture medium. Ginsenoside was used as 
substrate, the concentration was 0.1%. 

The inoculum concentration of 
Enrichment culture was 0.5%, the substrate con-
centration was 3%, and shaking culture for 14 days 
with 110 r/min and 35°C. 

The 
reaction mixture was extracted with n-butyl alcohol 
saturated with H2O, and 5μl was used in silica gel G 
to isolate ginsenoside compound K. The eluent was 
CHCl3/MeOH/H2O (65:35:10, by vol., lower phase). 

Colored at 105°C with an alcoholic solution of sul-
furic acid (10%) after removed eluent by volatiliza-
tion. The compound K was collected via TLC anal-
ysis. 

HPLC was per-
formed using Agilent 1260 (Agilent Technologies 
Inc.). The detection wavelength was 203 nm. The 
column used was a ODS, and the mobile phase uti-
lized gradient conditions with CH3CN (solvent A) 
and distilled H2O (solvent B). The program of 
HPLC Gradient Elution were as follows: 0-35min, 
19%A; 35-55min, 19%-29%A; 55-70min, 29%A; 
70-100min, 29%-40%A. The column temperature 
was 30°C, flow rate was 1.0 ml/min, and sample 
size was 20μl.

DNA was extracted 
from 4ml sample using E.Z.N.ATM Mag-Bind Soil 
DNA Kit (OMEGA) according to the instructions 
of the manufacturer. PCR amplification of bacterial 
communities 16S rDNA fragments was carried out 
using the primers 341F (CCCTACACGACGCT 
CTTCCGATCTGCCTACGGGNGGCWGCAG) 
and 805R (GACTGGAGTTCCTTGGCACCCG 
AGAATTCCAGACTACHVGGGTATCTAATCC). 
PCR amplification of fungal communities 18S 
rDNA fragments was carried out using the primers 
NS1 (CCTACACGACGCTCTTCCGATCTNGTA 
GTCATATGCTTGTCTC) and Fung (GACTGGA 
GTTCCTTGGCACCCGAGAATTCCAATTCCCC 
GTTACCCGTTG). The reaction mixture (30μL) 
consisted of 10-20ng Genomic DNA, 15μL of 
2×Taq master Mix, 1μL of Bar-PCR primer 
F(10uM), and 1μL of Primer R (10uM). The first 
round PCR reaction conditions was 3min of dena-
turation at 94 °C, 5 cycles of 30s at 94 °C, 20s at 
45°C and 20s at 65°C, and 20 cycles of 20s at 
94 °C, 20s at 55°C, and 30s at 72°C, followed by an 
extension step at 72°C for 5 min. The second round 
PCR reaction conditions was 3min of denaturation 
at 95 °C, 5 cycles of 20s at 94 °C, 20s at 55°C, and 
30s at 72°C, followed by an extension step at 72°C 
for 5 min.

The accurate quantification of PCR products 
was detected by Qubit3.0 DNA Kit, and mixed 
equally for high-throughput sequencing. High- 
throughput sequencing of PCR product was carried 
out by Sangon Biotech (Shanghai) Co., Ltd. 
 
 

The series 
of microbial flora that were initially isolated from 
the collected soil samples were incubated in the 
medium for the biotransformation tests. According 
to TLC analysis (Figure 1), the R2A48 was selected 
as the fermentation microbial flora which gave the 
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most effective biotransformation of ginsenoside 
compound K. HPLC analysis showed that the con-
tent of compound K was 36.96mg/g under the fol-
lowing conditions: substrate concentration was 3%, 
conversion temperature was 35°C, shaking rate was 
140r/min, and conversion time was 14d.

In order to inves-
tigate the transformation pathway of ginsenoside 
compound K, the products were detected by TLC at 
different times. As shown in Figure 2, a portion of 
ginsenoside Rd was converted into F2 on the third 
day, the content of ginsenoside F2 decreased on the 
fifth day, and ginsenoside compound K was formed. 
This suggested that ginsenoside compound K was 
converted by the microbial flora R2A48 in the fol-
lowing sequence: Rd→F2→compound K.

 
For re-

vealing the composition of the microbial flora 
R2A48, DNA was extracted and selected for 
High-throughput sequencing. The diversity indices 
were analyzed and indicated in Table 1. The Seq 
num, Coverage, and Simpson index of Bacterium 
were lower than Fungus, the OUT num, Shannon 
index, ACE index, and Chao1 index were higher 
than Fungus. These suggested that the diversity of 
Bacterium was higher than Fungus in the microbial 
flora R2A48. 

The composition of the microbial flora R2A48 
were analyzed based on 16S rDNA fragments 
and18S rDNA fragments by High-throughput se-

quencing, and indicated in Figure 3 and Figure 4. 
The dominant flora of Bacterium were Bacillus 
(47.25%), Ochrobactrum (25.58%), Enterococcus 
(9.36%), Rhizobium (4.2), Exiguobacterium 
(2.06%), Buttiauxella (2.01%), Serratia (1.95%), 
Allobacillus (1.87%), and Stenotrophomonas 
(1.66%) (Figure 3). The dominant flora of Fungus 
were unclassified (77.18%), Penidiella (4.37%), 
Penicillium (4.01%), Trichaptum (2.22%), Remer-
sonia (1.78%), Pyrenophora (1.21%), Malassezia 
(1.07%) (Figure 4). The community function was 
predicted and analyzed by PICRUSt. The results 
suggested that there were Membrane Transport, 
Carbohydrate Metabolism, Amino Acid Metabolism, 
Replication and Repair, Energy Metabolism, Cellu-
lar Processes and Signaling, Metabolism of Cofac-
tors and Vitamins, Xenobiotics Biodegradation and 
Metabolism, et al. 

 
Many studies mainly focused on the microbial 

transformation ginsenoside compound K by single 
strain. However, the transformation of organic mat-
ter was usually carried out by synergetic relation-
ship between microorganism in nature. Therefore, it 
is valuable to transform ginsenoside compound K 
base on synergetic relationship between microor-
ganism. 

Microbial flora Seq 
num 

OUT 
num 

Shannon 
index 

ACE 
index 

Chao1 
index Coverage Simpson 

Bacterium 38524 1942 2.82 113170.11 36467.55 0.95 0.13 
Fungus 47064 770 1.51 18005.34 6278.72 0.99 0.55 
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In our study, the microbial flora R2A48 was 
obtained from the soil of planting ginseng, which 
had a strong capability to transform ginsenoside 
compound K. The transformation pathway was 
Rd→F2→compound K. The content of ginsenoside 
compound K was 36.96mg/g with ginsenoside as 
substrate, and higher than the content (24.99mg/g) 
reported by Cui et al. [13] This study provides a 
new method and mentality for the microbial trans-
formation on ginsenoside compound K. 

The dominant flora of Bacterium were Bacil-
lus, Ochrobactrum, Enterococcus, Rhizobium, Ex-
iguobacterium, Buttiauxella, Serratia, Allobacillus, 
and Stenotrophomonas in the microbial flora 
R2A48. However, it does not exist Bifidobacterium, 
Eubacterium, and Bacteroides reported by Bae et al. 
[11], Bifidobacterium, Lactobacillus delbrueckii 

reported by Chi et al. [18] It is possible to exist 
undetected Bacterium which could transform gin-
senoside compound K. The dominant flora of Fun-
gus were unclassified, Penidiella, Penicillium, 
Trichaptum, Remersonia, Pyrenophora, Malassezia 
in the microbial flora R2A48. Penidiella and Peni-
cillium were extensive used in transformation of 
ginsenoside compound K [14-16]. The reason 
might be that they had strong ability to produce 
glucosidase [19-22]. No research on Trichaptum, 
Remersonia, and Pyrenophora in transformation of 
ginsenoside compound K. It is noteworthy that 
there was a large amount of unclassified (77.18%), 
Whether they could be used to transform ginseno-
side compound K should have a future investiga-
tion. 
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Ginsenoside compound K is a promising nat-
ural product that could be used for the treatment of 
numerous human pathologies. Our study suggested 
that the microbial flora R2A48 may have potential 
applications in the microbial transformation of gin-
senoside compound K. The transformation effi-
ciency will be raised by optimization of strain and 
condition in the future, and provides the basis for 
industrialization. 
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Sludge activated carbon is prepared by using 

waste water as main raw material and sulfuric acid 
as activator. The physicochemical properties of 
sludge activated carbon were characterized by spe-
cific surface area measurement and scanning elec-
tron microscopy. The bottle-point static adsorption 
experiments and dynamic column adsorption exper-
iments were carried out to study the removal effi-
ciencies of COD and colorimetric in activated sludge 
from coal-based chemical wastewater. The bottle-
point method static test showed that the COD re-
moval rate and colorimetric removal rate of activated 
sludge decreased with the increase of pH, and in-
creased with the increase of dosage. The experi-
mental sludge prepared activated carbon maximum 
adsorption capacity of single layer at 323K was 
108.3 mg / g. The dynamic tests showed that the ad-
sorption rate of 12 BV / h and the sludge adsorbent 
have a good effect on the removal of COD and 
chroma, which can reach the first grade of the na-
tional integrated wastewater discharge standard. 
 
 

Sludge Activated Carbon, Advanced Treatment, Coal 
Chemical Industry Wastewater 
 
 

 
Coal chemical wastewater is a complex indus-

trial wastewater generated from coal treatment, in-
cluding high temperature carbonation, coal gas puri-
fication and byproduct recovery processes. Cur-
rently, the treatment processes used for coal chemi-
cal wastewater generally include pretreatment and 
biological treatment [1]. Biological treatment pro-
cess is the main treatment technology for coal chem-
ical wastewater due to the low cost, simple operation 
and maintenance and maximal mineralization of 
contaminants [2]. Many contaminants in coal chem-
ical wastewater are toxic, mutagene and carcino-
genic, including phenols, mono- and poly-cyclic ni-
trogen-containing aromatics, oxygen- and sulfur-
containing heterocyclic compounds and polynuclear 
aromatic hydrocarbons (PAHs) [3, 4], which makes 

coal chemical wastewater much recalcitrant for bio-
degradation. Thus, the secondary effluent from bio-
logical treatment process, namely bio-treated coal 
chemical wastewater (BCCW), contains certain 
amount of the above substances and cannot meet cor-
responding discharge standards. Hence, further re-
moval of remaining refractory organic pollutants in 
BCCW remains of fundamental importance to the 
environment. 

At present, the common method of coal chem-
ical industry wastewater treatment is mainly floccu-
lation method, adsorption method and activated 
sludge method. Flocculation method uses water 
treatment chemicals for coagulation and sedimenta-
tion of sewage treatment facilities, covers an area of 
large, contaminated material only transferred from 
the water to the sludge, not harmless degradation, 
and follow-up sludge disposal problems. Adsorption 
method using activated carbon and other adsorbent 
material, with high removal efficiency [5-8], but the 
expensive, short life, high operating costs. Prepara-
tion of inexpensive carbonaceous adsorbent can 
avoid the current lack of adsorption method, domes-
tic and foreign sludge activated carbon has done a lot 
of basic research. Activated carbon is a kind of ad-
sorbent which is widely used in environmental pol-
lution control. The cost of existing commercial acti-
vated carbon is high, and the use of activated carbon 
is limited to a certain extent. It is always a hot topic 
to study the production of activated carbon from var-
ious types of carbonaceous materials with low cost. 
Sludge contains a large amount of organic matter, 
under high-temperature carbonization activation 
conditions, has the potential to convert to activated 
carbon [9-12]. 

Activated sludge treatment of sewage (waste 
water) in the process of generating a large number of 
excess sludge, the remaining sludge in addition to 
containing large amounts of water, but also contains 
refractory organic matter, heavy metals and salts and 
a small amount of pathogenic microorganisms and 
parasite eggs And so on, is a difficult to deal with 
solid waste. Since sewage sludge is rich in organic 
carbon, it can be converted into sludge activated car-
bon under suitable conditions [13-16]. This not only 
provides a new way for resource utilization of final 
sludge disposal, but also can Produces a lower cost 
adsorbent than commercial activated carbon. At pre-
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sent, little research has been done on the deep treat-
ment of wastewater from the production of coal 
chemical wastewater by sludge activated carbon. In 
this paper, the activated sludge from wastewater 
treatment plant was used as raw material to prepare 
sludge activated carbon by chemical activation 
method. The effects of activated sludge on COD of 
biochemical degradation of coal chemical industry 
wastewater and color removal are studied. In this pa-
per, the physical and chemical properties of sludge 
adsorbent were characterized by specific surface 
area measurement and infrared analysis. The static 
and dynamic adsorption behavior of COD on acti-
vated sludge and chrominance was studied. 

Microwave oven NN-GT556W 
(Shanghai Matsushita Microwave Co., Ltd.), digital 
scanning electron microscope KYKY2800B (Chi-
nese Academy of Sciences Instrument Factory), 
ASAP -2010 surface area aperture tester ((Mi-
cromeritics Instrument Co., Ltd.), 722 spectropho-
tometer (Shanghai Meida Instrument Co., Ltd.), 
TG328A electro-optical analytical balance (Shang-
hai Balance Analytical Instrument Factory), ZD-85 
temperature oscillator (Jiangsu Jintan Medical In-
strument Factory), diameter 12 mm glass adsorption 
column, DHL-B computer constant current pump 
(Shanghai Qingpu Huxi Instrument Co., Ltd.).

 
Sodium hydroxide, hydrochloric 

acid, anhydrous ethanol, concentrated sulfuric acid, 
ferrous ammonium sulfate, potassium dichromate 
(analytical grade, Sinopharm Chemical Reagent 
Company); dehydrated sludge (water content 
80.8%) (a sewage treatment plant in Shaanxi Prov-
ince); Coal chemical waste water from a coal chem-
ical plant in Yulin City sewage treatment station, the 
wastewater COD concentration of 134.6mg / L, 100 
times the color. 

In this experiment, the COD 
of waste water was determined by potassium dichro-
mate method, and the colorimetric of waste water 
was determined by dilution factor method. 

The sludge drying, the water content 
decreased to about 10%, with 25% sulfuric acid so-
lution soaking, stirring, drained after 48h. Into the 
crucible with lid, and then into the microwave car-
bonization activation, microwave power 500W, to 
maintain 240s. Remove after cooling, fully im-
mersed in hot water above 70 ° C, while sulfuric acid 
can be recovered. The activated carbon is then 
washed thoroughly with hot water to a pH greater 

than 5. After drying into the dryer cooling, grinding 
100 mesh sieve to obtain sludge activated carbon, 
spare. 

Weigh 
0.2,0.4,0.6,0.8,1 g experimental preparation of acti-
vated carbon sludge placed 250mL conical flask, fol-
lowed by adding 100mL coal chemical wastewater, 
placed at a temperature of 323 K water bath oscilla-
tor to 120 r / min speed oscillation 12 h, the adsorp-
tion to achieve equilibrium; Determination of equi-
librium solution COD and color removal rate.

 
Weigh the 

quality of 0.6g experimental preparation of 6 parts of 
activated sludge activated carbon, respectively, 
placed in 250mL conical flask, followed by adding 
100mL coal chemical wastewater treatment, with 
NaOH to pH were adjusted to 2,4,6,8, 10,12, into a 
temperature of 323K water bath thermostatic oscil-
lator, 120r / min speed oscillation 12h, to achieve 
equilibrium adsorption, the determination of equilib-
rium solution COD and color removal rate.

 

Weigh the quality of 0.6g experimental prep-
aration of sludge activated carbon 11, were placed 
250mL conical flask, adding 100mL coal chemical 
wastewater, placed in 323 K water bath thermostatic 
oscillator to 120 r / min speed oscillation. Samples 
were taken every 10, 20, 30, 40, 50, 60, 80, 120, 180, 
240 and 360 min to analyze the relationship between 
adsorption time and adsorption capacity.

 

5 mL of the experimental sludge activated car-
bon was added to the adsorption column by a wet 
packing method. The coal chemical industry 
wastewater was collected at a flow rate of 12 BV / h 
(controlled by a constant current pump) through a 
glass adsorption column and collected and measured 
Adsorption of effluent COD and color values for its 
breakthrough curve.
 
 

Char-
acterization The specific surface area (SBET), the 
Smicro, the total pore volume (Vt), the micropore 
volume (Vmicro) of activated carbon from sludge 
were determined by nitrogen adsorption at 77 K us-
ing an ASAP 2010 surface area analyzer, Transition 
pore volume (Vmeso) and average pore size (DP), 
the data in Table 1. As can be seen from Table 1, the 
sludge activated carbon prepared from mud acti-
vated carbon contains a certain amount of transition 
pores, and the average pore size lies in the transition 
pore region (2 to 50 nm is the transition pore region).
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Adsorbent SBET/m2·g-1 Smicro/m2·g-1 Vt/mL·g-1 Vmicro/mL·g-1

 Vmeso/mL·g-1 Dn/nm 
Experimental prep-
aration of sludge 
activated carbon 

262.1 170.4 0.225 0.091 0.102 3.42 

 

 

 

 
 

Surface morphology using the 
Chinese Academy of Sciences KYKY2800B scan-
ning electron microscope (Figure 1). As is clear from 
Fig. 1, the surface of the sludge activated carbon ba-
sically exhibits an irregular porous structure. And 
the surface has obvious large aperture phenomenon, 
there are more large holes in the transition hole to the 
internal extension. In addition, there are particles of 
impurities inside the pores, which impede the further 
extension of the pores. 

Different sludge activated carbon dosage of coal 
chemical wastewater COD and color removal rate, 
the results shown in Figure 2. As can be seen from 
Fig. 2, when the dosage increases from 0.2g to 1g 
(based on 100mL wastewater), the removal rate of 
COD from coal-based chemical biochemical waste 
water increased from 53.9% to 94.2% 51% rate in-
creased to 91%. When the dosage is 0.02 ~ 0.06g / 
mL, the removal rate increases rapidly. When the 
dosage is more than 0.06 g / mL, the removal rate 
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increases slowly. Therefore, in the subsequent ad-
sorption experiments, sludge adsorbent dosage were 
selected 0.06 g / mL wastewater. 

 

The effect of different pH on 
the removal of COD and chroma in biochemical 
treatment of coal chemical wastewater by sludge ac-
tivated carbon is shown in Fig.3. As can be seen from 
Figure 3, pH has a greater impact on activated sludge 
biofuel treatment of coal chemical industry. Sludge 
activated carbon COD and color removal rate in-
creases with the increase of pH decreases. When the 
pH was increased from 2 to 12, the removal rate of 
COD from activated sludge was reduced from 93.1% 
to 80.2% and the color removal rate was reduced 

from 80% to 60%. The reason is that: experimental 
preparation of sludge activated carbon surface con-
tains some polar functional groups, the surface func-
tional groups under alkaline conditions negatively 
charged, while coal chemical industry wastewater 
mainly contains a variety of organic compounds, 
these organic compounds also have a negative 
charge in alkaline conditions, both Electrostatic re-
pulsion between the two may result in a decrease in 
COD and color removal.

 
Experimental prepara-

tion of sludge activated carbon biochemical waste 
water coal chemical and COD adsorption isotherms 
shown in Figure 4 and Figure 5.

 
 

 



 

 

4940 

 
 

With the increase of temperature, the amount of 
COD adsorbed by the two adsorbents increased, in-
dicating that the adsorption process is an endother-
mic process. Appropriate temperature increase is fa-
vorable for adsorption. 323K. Under this experi-
mental operating condition, the maximum COD and 
chromatic adsorption capacity of activated sludge 
prepared by the experiment was 108.3 mg / g and 50 
times / g, respectively. 

(1) The removal rate of COD and chroma of 
sludge activated carbon prepared from sulfuric acid 
and activated sludge decreases with the increase of 
pH, and increases with the increase of dosage. 

(2) The activated sludge with sludge as raw ma-
terial and sulfuric acid as activator has the specific 
surface area of 261.1m2 / g and the pore size is dom-
inated by transition pore. 

(3) Sludge Activated Carbon In the process of 
COD and colorimetric adsorption in biochemical 
waste water from coal chemical industry, the pH 
value and activated carbon dosage have a great in-
fluence. The adsorption of COD and chroma at acti-
vated sludge of activated sludge at 293, 308 and 323 
K is endothermic. 

(4) The sludge activated carbon prepared by la-
boratory has good dynamic adsorption capacity for 
COD and colorimetric in coal chemical industry 
wastewater, and can reach the national first-class dis-
charge standard. In addition, the sludge activated 
carbon prepared by sludge and sulfuric acid micro-
wave also has a good removal effect on ammonia ni-
trogen in the coal chemical industry biological 
wastewater, and the effluent can meet the national 
first-class discharge standard. The sludge activated 

carbon has very good performance in the process of 
coal chemical industry biological wastewater treat-
ment Good research and development and applica-
tion prospects. 
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Four biosurfactant-producing bacteria strains 

with high -hexadecane degradation efficiency were 
isolated from activated sludge in a sequential batch 
reactor (SBR) in Weizhou terminal oilfield 
wastewater treatment plant, designated SBR14, 
SBR27, SBR28, and SBR45. Strains SBR14 and 
SBR45 were identified as , 
while strains SBR27 and SBR28 were identified as 

sp, based on 16S rDNA sequence anal-
ysis. The strains maintained growth activity under 
the following conditions: -hexadecane concentra-
tion of 0.05–1% (v/v), salinity of 5–100 g/L, and pH 
of 5.0–9.0. Under optimal conditions: salinity of 15–
25 g/L, pH of 6.0–7.0, inoculation amount of 5%, 
and a temperature and shaking speed of 37 °C and 
160 rpm, respectively, the hexadecane (0.3%, v/v) 
degradation rate of each strain reached 93.74%, 
65.66%, 73.27%, and 87.79% respectively, after 16 
days of incubation. The crude products of these four 
strains were extracted, and the purified products 
were analyzed by thin layer chromatography and 
Fourier transform infrared spectroscopy. The prod-
ucts were identified as phospholipids biosurfactant, 
with yields of 0.564, 0.605, 0.435, and 0.657 g/L, for 
strains SBR14, SBR27, SBR28, and SBR45 respec-
tively. The growth of strains agrees with the Logistic 
model, exhibiting specific growth rates of 0.1375, 
0.254, 0.145, and 0.066 d-1, respectively. Meanwhile, 
hexadecane utilization followed the first order reac-
tion kinetics model, with half value periods of 5.874, 
10.046, 7.967, and 6.729 days, respectively. 

-hexadecane, , sp., 
metabolic dynamic kinetics, phospholipid biosurfactant 
 
 

 
Oil spill accidents occur during oil production, 

transport, and smelting processes, resulting in large 
amounts of crude oil flowing into the water and soil, 
which leads to serious environmental pollution and 

poses a serious threat to the ecological environment 
and human health [1, 2]. The major components of 
oil are alkanes, polycyclic aromatic hydrocarbons 
(PAHs), and cycloalkanes. As the most common pe-
troleum contaminants, alkanes account for more than 
50% of oil pollutants [3]. In the natural environment, 
short-chain alkanes (<C4) are easy to volatilize, 
while long-chain alkanes ( C17) have characteris-
tics of a solid state and low pollution. However, me-
dium chain alkanes (C5–C16) are liquid, chemically 
stable, non-volatile, and have high hydrophobicity. 
Therefore, they are not easily naturally degraded, 
and can cause persistent environmental pollution [4, 
5]. -hexadecane (hereafter C16) is an important me-
dium chain alkane in paraffin-based crude oil, which 
is often used as the standard material for determining 
diesel combustion quality [6]. Needless to say, C16 
poses tremendous harm to the human body and the 
environment. 

Microbial remediation is currently one of the 
most important methods of decontaminating oil pol-
lutants in the environment, but the hydrophobicity of 
C16 limits the use of microorganism substrates [7, 8]. 
As products of microbial metabolism, biosurfactants 
have stable chemical properties, good emulsification 
activity, low-toxicity, and are environmentally 
friendly [9, 10]; therefore, these can improve degra-
dation of C16 by microorganisms.  

Weizhou crude oil is obtained from the western 
South China Sea oil field, whose main ingredients 
are C13-C16 -alkanes. Long-chain alkane degrad-
ing bacteria discovered in China and abroad are 
mostly found in petroleum contaminated soils [11-
13]; however, highly salt resistant -hexadecane de-
grading bacteria isolated from oil-field wastewater 
treatment plants are rarely reported, despite their im-
proved remediation ability in hypersaline environ-
ments. The total salinity of wastewater sludge in the 
sequential batch reactor (SBR) of Weizhou terminal 
wastewater treatment plant is 27.4–31.8 g/L, and the 
concentration of oil is 30–52 mg/L, which makes this 
sludge an ideal source for the isolation of C16-de-
grading bacteria. 

In this study, four biosurfactant-producing bac-
teria strains with high C16 degradation ability were 
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isolated from hypersaline sludge. This research rep-
resents the first analysis of C16 degradation and bi-
osurfactant-production by , 
and will provide a theoretical basis and technical 
support for future use of bacteria in oil pollution re-
mediation. 

 
 

The enrichment medium 
contained (per liter): 3.0 g beef extract, 10.0 g pep-
tone, and 15.0 g NaCl. The mineral salt medium 
(MSM, per liter) consisted of 0.5 g NH4Cl, 0.5 g 
KH2PO4, 1 g K2HPO4, 0.5 g MgSO4, 0.01 g KCl, 
15.0 g NaCl, and 1% trace element solution. The al-
kanes medium was prepared by adding a certain vol-
ume of -hexadecane to the MSM. The composition 
of the trace element solution (per liter) was: 0.01 g 
CaCl2, 0.5 g FeCl3, 0.38 g CuSO4, 1.15 g ZnSO4, and 
1.69 g MnSO4. 

One milliliter of activated sludge was added 
to a test tube containing 10 mL of sterile distilled wa-
ter, and the tube was vortexed for 2 min. The mi-
crobes isolated from samples were enriched by cul-
tivation in the MSM with 0.01% (v/v) C16 as the 
sole carbon source at 37  in a rotary shaker at 160 
rpm for 7 d. After 7 d of incubation, 1 mL of the su-
pernatant broth was transferred into another MSM 
with 0.01% (v/v) C16. Enrichment cultivation was 
carried out under the same conditions, and the same 
steps were repeated five times. The concentration of 
C16 gradually increased from 0.01% to 0.05% dur-
ing cultivation. One ml of broth of each culture of 
the fifth inoculation was gradient diluted and spread 
on enrichment medium plates. After incubation at 
37  for 2 d, single colonies were separated and in-
oculated in an alkane medium.  

16S rDNA 
gene analysis of strains was conducted using the se-
lected bacterial genomic DNA as a template under 
standard reaction conditions with the universal pri-
mers 27F (5’–AGAGTTTGATCCTGGCTCAG–3’) 
and 1492R (5’–GGTTACCTTGTTACGACTT–3’) 
to distinguish the genus of species. The 20 µL am-
plification system consisted of 4 µL 5×Fastpfu 
Buffer, 250 μmol/L dNTPs, 0.8 µL of primer, 0.4 µL 
of FastPfu DNA polymerase, 10 ng DNA template, 
and double distilled water. The PCR parameters were 
as follows: 2 min of pre-denaturation at 94°C, 30 cy-
cles of denaturation at 95°C for 30 s, annealing at 
55°C for 30 s, extension at 72°C for 45 s, and a final 
extension of 10 min at 72°C. PCR products were sep-
arated by electrophoresis in 1% (w/v) agarose gels 
for purification. The sequence similarity comparison 
was conducted using the BLAST database 

(https://blast.ncbi.nlm.nih.gov/) of the National Cen-
ter for Biotechnology Information (NCBI). After 
multiple sequence alignments, the phylogenetic tree 
was constructed using the Neighbor-Joining method 
(Fig. 1). 

 
The enrich-

ment culture broth (OD600 = 0.6) was inoculated with 
5% (v/v) to 30 mL MSM, which contained different 
concentrations of C16 (0.05%, 0.1%, 0.3%, 0.6%, 
1%, v/v), by shaking (160 rpm) at 37 °C for 7 d. 
Growth of microbes was determined by OD600 and 
C16 concentrations at regular intervals to study the 
tolerance of the substrate. Similarly, the effects of sa-
linity and pH on C16 degradation were tested using 
different salinities (5, 15, 25, 35, 45, 75, 100 g/L) and 
pH (5.0, 6.0, 7.0, 8.0, 9.0) with a C16 concentration 
of 0.3% (v/v).  

The degradation rate of -hexadecane iso-
lates was evaluated using a GC-2010 plus gas chro-
matograph (Shimadzu Co., Ltd., Japan). The concen-
tration of C16 was determined by extracting the 
whole fermentation bottle at a certain time, and add-
ing a certain volume of C16 to the fermentation broth, 
then thoroughly shaking. The supernatant broth was 
collected, and the residue was extracted repeatedly. 
Two supernatant broths were combined and dehy-
drated, followed by gas chromatograph analysis. Gas 
chromatography parameters were as follows: the 
temperature of interface was 280 °C, and the carrier 
gas was high purity N2 with a flow rate of 3 mL/min. 
The sample size and the split ratio were 1 μL and 
25/1, respectively. The initial column temperature 
was 120 °C, retention time was 1 min, and the tem-
perature was raised to 280 °C at a speed of 15 °C 
/min. The flow rate of H2 and air were 40 mL/min 
and 400 mL/min, respectively. The detector temper-
ature was 280 °C [5]. 

The biosurfactant was extracted as de-
scribed by Zhou et al. [14] with slight modification. 
The fermentation broth was centrifuged (4000 rpm 
at 4 for 30 min) to remove bacteria. The superna-
tant broth was adjusted to pH 2.0 by adding 6 N HCl. 
The floccules were collected by centrifugation for 5 
min at 4000 rpm after standing for 12 h at 4 . Then, 
the faint yellow crude surfactant was obtained with 
a serial acid-alkaline wash. The crude product was 
extracted with ethyl acetate, and freeze-dried. Finally, 
the purified surfactant was obtained, and the eluted 
fractions were characterized by thin layer chroma-
tography (TLC). A certain amount of purified surfac-
tant was dissolved in methanol, and then spotted on 
a silica gel plate with a solvent system of chloroform : 
methanol : water (65:15:4, v/v) [15]. The chemical 
composition of purified biosurfactant samples was 
identified by Fourier transform infrared (FT-IR) 
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spectroscopy (Nicolet 5700). 

The segment 
lengths of DNA after PCR amplification were 1401 
bp, 1380 bp, 1406 bp, and 1395 bp for strains SBR14, 
SBR27, SBR28, and SBR45, respectively. Fig. 1 il-
lustrates that strains SBR14 and SBR45 were closely 
related to , and strains 
SBR14 and SBR45 had high sequence similarity 
with  sp.. is a common 
oil-degrading bacteria. Khorasani et al. [16] found 
that  sp. cloacae can degrade 78.9% of 
heavy oil under optimal conditions, and produce bi-
osurfactant during the metabolic process. Hua et al. 

[17] found that the  strain TU 
can efficiently degrade C16, and produce extracellu-
lar polysaccharides during metabolism, which facil-
itates the biological utilization of substrates. 
Pankajkumar et al. [18] discovered that an 

 sp. strain could efficiently degrade alkanes 
and PAHs, and the alkane degradation rate was up to 
98% within 30d. Previous research on the degrada-
tion of environmental pollution by 

is very limited; currently, there are only 
three studies involving the degradation of petroleum 
pollutants [19-21]. For example, Sarma et al. [20] re-
ported that PS4040 iso-
lated from oil sludge could degrade pyrene by up to 
61.5% within 20d. This study is the first to report that 

is capable of degrading 
C16 and producing biosurfactant.
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As shown in Fig.2, the initial C16 concen-
tration was in the range of 0.05%–1%, and all four 
strains showed the best performance when C16 con-
centration was set at 0.05%, with a degradation effi-
ciency of over 90% within 7 d. With an increase of 
the initial C16 concentration, the degradation rate 
decreased accordingly. When the concentration in-
creased to 0.1%, degradation efficiencies of all four 
strains were above 78.5%. However, as the concen-
tration increased to 0.3%, the strains showed varied 
adaptability, and degradation efficiencies were 
45.25%, 33.0%, 37.7%, and 49.65%, respectively, 
for strains SBR14, SBR27, SBR28, and SBR45. 
When the concentration reached 1%, the degradation 
rate of strains SBR14 and SBR45 decreased to 22.1% 

and 19.77%, respectively, while that of SBR27 and 
SBR28 was only 8.7% and 6.91%, respectively. This 
result is probably caused by the thick oil film cover-
ing on the liquid surface formed by a high concen-
tration of C16, which limits the transmission of oxy-
gen and inhibits microbial metabolic activity. In ad-
dition, showed better per-
formance than  sp. for C16 degradation 
at high initial concentrations. 

 

As shown in Fig. 3, the strains tolerated a wide range 
of salinity, and maintained degradation efficiency 
over 20% for salinity values of 5–35 g/L. For strains 
SBR14 and SBR45, the degradation efficiency was 
positively correlated with salinity in the range of 5–
15 g/L, with maximum degradation rates of 45.25% 
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and 49.65% within 7 d, respectively. With an in-
crease of salinity, the degradation efficiency de-
creased markedly. For strain SBR28, the degradation 
efficiency increased with salinity within the range 5–
25 g/L, with the highest degradation rate at 49.2%. 
Further increases in salinity caused a decrease in the 
degradation rate. Strain SBR27 showed a wider sa-
linity tolerance range of 5–35 g/L, and degradation 
rates were between 32.95% and 39.75%. With salin-
ity values between 35 g/L and 100 g/L, the C16 deg-
radation rate became negatively correlated with sa-
linity. This may be attributable to the salting-out ef-
fect in a hypersaline environment, which reduces the 
activities of dehydrogenase and oxidase in microor-
ganisms. In addition, the increase of osmotic pres-
sure may result in the dehydration of cells, which 
further leads to separation of the protoplasm, and af-
fects cell metabolism. All four strains have strong sa-
linity tolerance, and  is su-
perior to  sp..This result is comparable 
to the result of Manoj et al. [22], which showed a 
maximum salinity tolerance of 100 g/L. 

As 
shown in Fig.4, all strains could tolerate a wide range 
of pH values in the range of 5.0–9.0, while strains 
SBR14, SBR28, and SBR45 were more adaptable to 
different pH environments. All strains showed better 
degradation efficiency at pH 6.0–7.0 than at pH 8.0–
9.0. Strains SBR14 and SBR28 showed a maximum 
degradation rate of 52.47% and 53.97% at pH 7.0, 
respectively, while strains SBR27 and SBR45 
reached a maximum degradation rate of 51.4% and 
47% at pH 6.0, respectively. At pH 5.0, the degrada-
tion rate of SBR27 was much higher than that of the 
other three strains, suggesting that  sp. 

has better acid tolerance than 
. The degradation rates of all four strains are 

similar to that of Ramasamy et al. [23] (54.20% on 
day 14).

The yield of the biosurfactant extracted 
from the fermentation broth of the four strains 
SBR14, SBR27, SBR28, and SBR45, was 0.564, 
0.605, 0.435, and 0.657 g/L, respectively. TLC re-
sults showed that the spot color was light blue with 
Rf values of 0.52, 0.63, 0.54, and 0.33, respectively, 
when using phosphomolybdic acid-ethanol as the re-
agent for the color reaction. Thus, the surfactant pro-
duced by the four strains may contain phospholipid 
components. To our knowledge, only a few types of 
yeast and bacteria, such as [24], 

[25], and [26], can produce phos-
pholipids; therefore, this result suggests the discov-
ery of a new phospholipid-biosurfactant producer. 

Fourier transform infrared spectra of biosurfac-
tants extracted from the four strains are shown in Fig. 
5. The peak at 3289 cm-1 was strong and wide with 
no splitting indicating a -OH bond. The absorption 
peaks at 2965 and 2931 cm-1 were caused by C-H 
stretching vibrations of -CH3 and -CH2-, showing 
saturated aliphatic chains in the products. The ab-
sorption peaks at 1680–1620 cm-1 corresponded to 
C=C bonds. Bimodal peaks at 1537 and 1405 cm-1 
were formed by vibrational coupling of C=O absorp-
tion bands. A C-O stretching vibration appeared at 
1320–1210 cm-1. Some studies have found charac-
teristic peaks of the phospholipid (P-O-C) at approx-
imately 1090–1040 cm-1 [27, 28]. Combined with the 
TLC results, this suggests that the surfactant pro-
duced by the strains was a phospholipid. 
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The metabolic profiles 
of strains in MSM with -hexadecane (volume con-
centration of 0.3%, mass concentration of 2.32 g/L) 
as the sole carbon source are shown in Fig. 6. The 
initial 0–3 d were the cell growth period, with slow 
cell growth and hydrophobicity limiting utilization 
of C16. The following 3–13 d constituted the loga-
rithm growth period of bacteria. As the nutrient of 
beef extract and peptone in the enrichment medium 
was depleted by bacteria, C16 was utilized as a car-
bon source, and the bacteria started to secrete phos-

pholipid surfactants to regulate the growth environ-
ment, increasing the contact area between cells and 
substrate, as well as utilization of the substrate. The 
OD600 of measured cells showed an obvious increase 
with time. Between day 13 and 16, the OD600 was the 
highest and most stable, and increased biomass and 
surfactant accumulation further promoted degrada-
tion of C16. The degradation rate of each strain in-
creased with time, which was in accordance with the 
increase of OD600. The C16 degradation rates of 
strains SBR14, SBR27, SBR28, and SBR45 were 
93.74%, 65.66%, 73.27%, and 87.79%, respectively, 
at the end of 16 d. 

( )
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Strain Linearfitting equation R-squared value (R2) Growth dynamics equation 

SBR14 y=-1.689+0.1375x 0.75006  

SBR27 y=-2.248+0.254x 0.98899  

SBR28 y=-1.388+0.145x 0.84345  

SBR45 y=-1.05+0.066x 0.85246 
 

 

The dry 
weight of cells was determined by the constant 
weight method [29], and measured as t (Fig. 7). The 
logistic model is a function of biomass, initial bio-
mass, growth rate, fermentation time, and maximum 
biomass, which analyzes the growth state of micro-
organisms grown in conditionally restricted environ-
ments, and it more accurately reflects the growth of 
bacteria. The equation is as follows: 

 

       1  

Where t is the microbial biomass at time t, g/L; 
0 is the initial biomass, g/L; m is the growth rate 

constant, d-1; and max is the maximum biomass of 
microorganisms, g/L. 

 

    2  

Equation (2) is obtained by taking the loga-
rithm on both sides of equation (1). max and t can 

be measured during the experiment, making 

 a straight-line equation for t, and 

the slope of the straight line is the rate constant of the 
cell growth. The biomass 0 in the initial medium 
was calculated from the intercept as 0.288 g/L, 0.136 
g/L, 0.279 g/L, and 0.529 g/L for strains SBR14, 
SBR27, SBR28, and SBR45, respectively. By sub-
stituting parameters max, 0, and m into Equation 
(1), the kinetic equation for cell growth during C16 
degradation was determined. Compared with the 
growth rate constant, strain SBR27 showed the fast-
est growth rate, while SBR45exhibited the slowest 
growth. However, Fig. 6 shows that both the OD600 
and C16 degradation rate of strain SBR45 were 
higher than those of SBR27 during the entire incu-
bation process. The growth rate of strain SBR45 was 
the lowest, but it made full use of the substrate me-
tabolism, so the degradation rate was relatively high. 
By fitting the equation R2 values, it is clear that the 
model showed a good fit with the dry weight of the 
biomass. 

 

0.1375

1.85
1 5.414 −=

+

0.254

1.42
1 9.469 −=

+

0.145

1.4
1 4.007 −=

+

0.066
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+
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0
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1
1

μ
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Strain First order reaction 
kinetics equation 

R-squared value 
(R2) 

Second order reaction kinetics 
equation 

R-squared vale 
(R2) 

SBR14 t=2.633e-0.118  0.91625 1/C -1/C0=0.354 -1.277 0.6465 
SBR27 t =2.403e-0.069  0.9732 1/C -1/C0=0.049 -0.065 0.966 
SBR28 t =2.443e-0.087  0.95742 1/C -1/C0=0.076 -0.122 0.90316 
SBR45 t =2.635e-0.103 0.91673 1/C -1/C0=0.161 -0.506 0.730 

 

As shown in Fig. 8, the C16 degradation effi-
ciency of the four strains was optimal within 
16d.Through a regression analysis of the experi-
mental data, C16 degradation can fit either primary 
or secondary reaction kinetics. The curves of 

( / )-t and(1/ -1/ )-t were obtained according 
to the first order reaction kinetics equation (Equation 
3) and the second order reaction kinetics equation 
(Equation 4), and the curve equation is shown in Ta-
ble 2.

                       3  

              4  
t is the substrate concentration at time t, g/L; 

0 is the initial substrate concentration, g/L;  is the 
degradation rate constant, d-1; and the half-life is 
t1/2=(In2)/ ,d. 

As shown in Table 2, C16 degradation showed 
a higher fitting degree with the first-order reaction 
kinetic model according to the correlation coefficient 
R2.The  value suggests that SBR14 had the fastest 
degradation rate, i.e., t1/2=5.874 d, while SBR27 was 
the slowest, i.e., t1/2=10.046 d. Combined with the 
results of growth kinetics, it is apparent that, in a 
hypersaline environment (NaCl concentration of 15-
25 g/L), the metabolic capacity of C16 of 

 SBR14 and SBR45, was superior to 
that of  sp., SBR28 and SBR27. Thus, 

exhibited greater potential 
for bioremediation of oil pollutants in a high salinity 
environment. 

 

 
(1) Four bacteria strains capable of -hexade-

cane degradation coupled with biosurfactant produc-
tion were isolated from the activated sludge of an 
SBR in Weizhou terminal oilfield wastewater treat-
ment plant. Two strains were identified as 

; thus, this study is the first report on 
the C16 degradation capability of this strain. The 
other two strains were identified as  sp.. 
The biosurfactant produced by the four strains was 
identified as a phospholipid. 

(2) The strains utilized -hexadecane under the 
following conditions: C16 concentration of 0.05–1% 
(v/v), salinity of 5–100 g/L, and a pH of 5.0–9.0, 
showing strong environmental adaptability. Under 
the optimum conditions: temperature of 37 °C, salin-
ity of 15–25 g/L, pH 6.0–7.0, inoculation rate of 5% 
(v/v), and shaking speed of 160 rpm, the degradation 
rate of C16 (0.3%, v/v) for SBR14, SBR27, SBR28, 
and SBR45 was 93.74%, 65.66%, 73.27%, and 
87.79%, respectively, after incubation for 16 days. 

(3) The C16 degradation rate of 
 was higher than that of  sp., 

0
−=

01 / 1 /− = +
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whereas the growth rate showed the opposite trend. 
Both genus of C16-degrading bacteria showed good 
potential for the remediation of oil pollutants, espe-
cially long-chain alkanes. 

 
 

This study was supported by the National Nat-
ural Science Foundation of China (No.31400096), 
by the China Association of Marine Affairs (No. 
2016AB033), and by the Open Foundation from 
Fishery Sciences in the First-Class Subjects of 
Zhejiang (No. 20160006). 

The authors declare that there is no conflict of 
interest. 

 
 

 
[1] Ulrich, A.C., Guigard, S.E., Foght, J.M., Sem-

ple, K.M., Pooley, K., Armstrong, J.E., Biggar, 
K.W. (2009) Effect of salt on aerobic biodegra-
dation of petroleum hydrocarbons in contami-
nated groundwater. Biodegradation. 20(1), 27-
38. 

[2] Hassanshahian, M. (2013) Hexadecane- degra-
dation by  and 
strains isolated from hydrocarbon contaminated 
soils. Jundishapur Journal of Microbiology. 6(7), 
573-579. 

[3] Xia, W., Du, Z., Cui, Q., Dong, H., Wang, F., He, 
P., Tang, Y. (2014) Biosurfactant produced by 
novel  sp. WJ6 with biodegrada-
tion of n-alkanes and polycyclic aromatic hy-
drocarbons. Journal of Hazardous Materials. 
276(5), 489-498. 

[4] Bouchez-Naïtali, M., Vandecasteele, J.P. (2008) 
Biosurfactants, an help in the biodegradation of 
hexadecane? The case of  and 

 strains. World Journal of Micro- 
biology and Biotechnology. 24(9), 1901-1907. 

[5] Shiri, Z., Kermanshahi, R.K., Soudi, M.R., Fa-
rajzadeh, D. (2015) Isolation and characteriza-
tion of an -hexadecane degrading 

 KSS1060 from a petrochemical 
wastewater treatment plant. International Jour-
nal of Environmental Science and Technology. 
12(2), 455-464. 

[6] Tao, L., Wang, F.H., Guo, L.P., Li, X.L., Yang, 
X.J., Ai, J.L. (2012) Biodegradation of -hexa-
decane by bacterial strains B1 and B2 isolated 
from petroleum-contaminated soil. Science 
China Chemistry. 55(9), 1968-1975. 

[7] Shavandi, M., Mohebali, G., Haddadi, A., 
Shakarami, H., Nuhi, A. (2011) Emulsification 
potential of a newly isolated biosurfactant- pro-
ducing bacterium,  sp. strain TA6. 
Colloids and Surfaces B Biointerfaces. 82(2), 
477-482. 

[8] Nie, H., Nie, M., Xiao, T., Yan, W., Tian, X. 
(2016) Hexadecane degradation of 

 NY3 promoted by glutaric acid. 
Science of the Total Environment. 575, 1423–
1428. 

[9] Rodrigues, L., Teixeira, J., Oliveira, R., Mei, H. 
C.V.D. (2006) Response surface optimization of 
the medium components for the production of 
biosurfactants by probiotic bacteria. Process Bi-
ochemistry. 41(1), 1-10. 

[10]Gargouri, B., Contreras, M.d.M., Ammar, S., 
Segura-Carretero, A., Bouaziz, M. (2017) Bio-
surfactant production by the crude oil degrading 

 sp. B-2: chemical character-
ization, biological activities and environmental 
applications. Environmental Science and Pollu-
tion Research. 24(4), 3769-3779. 

[11]Acer, Ö., Güven, K., Bekler, F.M., Gülgüven, R. 
(2016) Isolation and characterization of long-
chain alkane–degrading sp. BT1A from oil-con-
taminated soil in Diyarbakır, in the Southeast of 
Turkey. Bioremediation Journal. 20(1), 80-87. 

[12] Jing, S., Tang, Y. (2017) A Study on The Degra-
dation Characteristics of a Strain of Degrading 
Medium-long Chain Alkane. Journal of China 
West Normal University. 38, 141–145 

[13]Lu, M., Zhang, Z., Wei, X., Sun, S. (2011) Iso-
lation and characterization of long-chain n-Al-
kane-degrading  from con-
taminated soil. Petroleum Science and Technol-
ogy. 29(18), 1895-1905. 

[14]Zhou, H., Chen, J., Yang, Z., Qin, B., Li, Y., 
Kong, X. (2015) Biosurfactant production and 
characterization of  sp. ZG0427 isolated 
from oil-contaminated soil. Annals of Microbi-
ology. 65(4), 2255-2264. 

[15]Dynska-Kukulska, K., Ciesielski, W., 
Zakrzewski, R. (2013) The use of a new, modi-
fied Dittmer-Lester spray reagent for phospho-
lipid determination by the TLC image analysis 
technique. Biomedical Chromatography. 27(4), 
458-465. 

[16]Khorasani, A.C., Mashreghi, M., Yaghmaei, S. 
(2014) Optimization of biomass and biokinetic 
constant in Mazut biodegradation by indigenous 
bacteria BBRC10061. Journal of Environ- men-
tal Health Science and Engineering. 12(1), 98-
104. 

[17]Hua, X., Wu, Z., Zhang, H., Lu, D., Wang, M., 
Liu, Y., Liu, Z. (2010) Degradation of hexade-
cane by  strain TU that se-
cretes an exopolysaccharide as a bioemulsifier. 
Chemosphere. 80(8), 951-956. 

[18]Pankajkumar, J., Vijaik, G., Hardik, P., Madan, 
L., Jaroli, D.P. (2010) Characterization of 2T en-
gine oil degrading indigenous bacteria, isolated 
from high altitude (Mussoorie), India. World 
Journal of Microbiology and Bio-technology. 
26(8), 1419-1426. 

 



4951 

 

[19]Sarma, P.M., Bhattacharya, D., Krishnan, S., Lal, 
B. (2004) Degradation of polycyclic aromatic 
hydrocarbons by a newly discovered enteric 
bacterium, . Applied 
and Environmental Microbiology. 70(5), 3163-
3166. 

[20]Sarma, P. M., Duraja, P., Deshpande, S., Lal, B. 
(2010) Degradation of pyrene by an enteric bac-
terium,  PS4040. Bio-
degradation. 21(1), 59-69. 

[21]Adetitun, D., Olayemi, A., Kolawole, O. (2014) 
Hydrocarbon-degrading Capability of Bacteria 
isolated from a Maize-Planted, Kerosene- con-
taminated Ilorin Alfisol. Biokemistri. 26(1), 13–
18. 

[22]Manoj, K., Vladimir, L., Angela, D.S.M., Olafa, 
I. (2007) A halotolerant and thermotolerant 

 sp. degrades hydrocarbons and produces 
tensio-active emulsifying agent. World Journal 
of Microbiology and Biotechnology. 23(2), 211-
220. 

[23]Ramasamy, S., Arumugam, A., Chandran, P. 
(2017) Optimization of  
(KU923381) for diesel oil degradation using re-
sponse surface methodology (RSM). Journal of 
Microbiology. 55(2), 104-111. 

[24]Adamu, A., Ijah, U.J.J., Riskuwa, M L., Ismail, 
H.Y., Ibrahim, U.B. (2015) Study on biosurfac-
tant production by two  species. Interna-
tional Journals of Scientific Research. 3(1), 13-
20. 

[25] Janek, T., Łukaszewicz, M., Krasowska, A. 
(2013) Identification and characterization of bi-
osurfactants produced by the Arctic bacterium 

 BD2. Colloids and Sur-
faces B Biointerfaces. 110(10), 379-386. 

[26]Nwaguma, I.V., Chikere, C.B., Okpokwasili, 
G.C. (2016) Isolation, characterization, and ap-
plication of biosurfactant by 

 strain IVN51 isolated from hydrocar-
bon-polluted soil in Ogoniland, Nigeria. Biore-
sources and Bioprocessing. 3(1), 40-42. 

[27]Garg, P., Pardasani, D., Mazumder, A., Purohit, 
A., Dubey, D.K. (2011) Dispersive solid-phase 
extraction for in-sorbent Fourier-transform in-
frared detection and identification of nerve 
agent simulants in analysis for verification of 
chemical weapon convention. Analytical and 
Bioanalytical Chemistry. 399(2), 955-963. 

[28]Kycia, A. H., Vezvaie, M., Zamlynny, V., Lip-
kowskia, J. (2012) Non-contact detection of 
chemical warfare simulant triethyl phosphate 
using PM-IRRAS. Analytica Chimica Acta. 
737(15), 45. 

 
 
 
 
 
 

[29] Javers, J., Gibbons, W., Karunanithy, C. (2012) 
Optimizing a nitrogen-supplemented, conden- 
sed corn soluble medium for growth of the Pol-
yhydroxyalkanoate producer 

KT217. International Journal of Agri-
cultural and Biological Engineering. 5(4), 62-67. 

 
 
 

 
 

School of Fishery,  
Zhejiang Ocean University,  
Zhoushan 316022, Zhejiang – China 
 
e-mail: xuyongjiu@zjou.edu.cn 
 
 
 



4952 

 
School of Management, China University of Mining and Technology, Xuzhou 221116, China 

 
This study examined urbanization rate, resident 

consumption level, energy structure and energy in-
tensity of per capital carbon emissions of residents’ 
living energy (CERLE) with STIRPAT model incor-
porating ridge regression. Then, we measured per 
capital CERLE of China’s 30 provinces from 2007 
to 2012 and analyzed its distribution by using quar-
tile maps, and finally used Moran's I index to con-
duct spatial correlation diagnoses. Empirical results 
indicate that energy structure can lead to a decrease 
in per capital CERLE while urbanization rate, resi-
dent consumption level and energy intensity are op-
posite. The estimated elastic coefficients suggest that 
energy structure is the most important driving factor 
of per capital CERLE. Additionally, the coefficients 
increase after the spatial correlation factors in the re-
gions are introduced, which indicated that it will un-
derestimate the effect of the driving factors on per 
capital CERLE if the spatial factors are not taken 
into account. 

 
 

  
Carbon emissions of residents' living energy (CERLE), 
STIRPAT, Moran' I index, spatial dependence, China

 
The Intergovernmental Panel on Climate 

Change (2001) has pointed out that a feasible meas-
ure to address climate change—adjusting the pattern 
of household consumption. Some of the OECD 
countries have begun to implement the relevant 
emissions reduction policies to ease the pressure on 
CERLE [1]. China is at a stage of rapid industriali-
zation and urbanization, with a large population, and 
the living standards of the residents have been rising 
steadily. This will inevitably lead to an increase in 
residents' living energy consumption and the scale of 
the production sector, which will eventually lead to 
a corresponding increase in carbon emissions [2]. 
Fig.1 indicates that the total amount of China’s 
CERLE is rising rapidly and CERLE will face seri-
ous difficulties owing of residents’ living energy will 
be further improved. People are accustomed to blam-
ing the carbon emissions for the production depart-
ment, observing carbon emissions from the perspec-
tive of the physical and technical economic perspec-
tives(PTEP) associated with production, and doing a 
lot of researches [3, 4, 5, 6, 7], thereby ignoring the 
area of CERLE. However, with the increase of 
China’s population, residents' income level and the 
change of consumption pattern, the promotion effect 
of residents’ consumption will be more and more en-
hanced. Therefore, the contradiction between expan-
sion of consumption and low-carbon energy conser-
vation will intensify. 
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Carbon emissions reduction should be realized 
depending on the action taken and emissions reduc-
tion which is achieved at the provincial level. It is 
well known that because of its vast territory there is 
remarkable regional disparity among economic de-
velopment and carbon emissions in China. The issue 
of spatial dependence cannot be ignored in making 
policy. The spatial effect indicates that policies of 
CERLE adopted in one province may cause spillover 
effects onto neighboring provinces, so provinces 
need take joint action to balance climate change mit-
igation and economic policy goals. The main focus 
of this study is the spatial dependence in regional 
CERLE. To identify the spatial dependence, we use 
provincial panel data in 2007 and 2012 to examine 
the spatial distribution of China’s CERLE. In addi-
tion, we analyze this spatial dependence as well as 
the dominating factors by specifying spatial panel 
data models. We hope that this study can provide a 
scientific suggestion for policy makers to implement 
a regional carbon-reduction strategy of CERLE. 

Many studies in China have shown that the pro-
portion of CERLE in total carbon emissions is in-
creasing year by year, and CERLE should not be ig-
nored. Fan Ying et al. sort out the consumption of 
urban and rural residents from 1998 to 2002 and uses 
input-output method to calculate the carbon emis-
sions generated by the energy consumption of resi-
dents' terminal energy [8]; Ding et al. calculated that 
China’s energy consumption caused by household 
consumption was 29141.97 PJ in 2012, which ac-
counts for 24.7% of the total energy consumption [9]; 
A study by Tian Xin et al. showed that Chinese resi-
dents' carbon dioxide emissions accounted for up to 
35% of the total carbon dioxide emissions in 2007. 
At the same time, the trend of increasing household 
consumption carbon emissions was increasing seri-
ously [10]; In addition, some scholars have also cal-
culated the CERLE in various regions in other coun-
tries. Carbon emissions from consumption by French 
residents were already 90% of industrial carbon 
emissions by 2013 [11]; Common and Salma has 
been studying Australian household energy con-
sumption since 1992 [12]; Shonali Pachauri has 
studied the changes in carbon emissions generated 
by the growth of electricity consumption in India 
[13]; Weber and Perrels calculated and compared 
CO2 emissions from household consumption in 
France, Germany and the Netherlands [14]. Analyz-
ing the influencing factors of carbon emissions is 
necessary to make polices and conduct scenario 
analysis for carbon emission reduction. Cellura et al. 
conducted SDA to analyze the relationship between 
indirect energy consumption, carbon emission and 
Italian household consumption [15]; Ala-Mantila et 
al. researched the relationship between urbanization, 
direct greenhouse gas emissions and consump-

tion[16]; Sohag et al. measured the dynamic influ-
ence of household consumption on CO2 emission 
from living energy consumption in Malaysia from 
1971 to 2010 [17]; Ahmad et al. analyzed the impact 
of direct energy consumption on carbon emissions in 
Indian [18]; Lin et al. utilized STIRPAT to analyze 
how China's urbanization affects transportation en-
ergy consumption under different incomes [19]; Li 
et al. applied STIRPAT model to analyze the impact 
of urbanization and industrialization on energy con-
sumption and carbon emissions [20]. Based on the 
STIRPAT, Fan et al. [21] and Li et al. [22] found that 
China’s CO2 emissions are determined by economic 
growth, the industrial structure, the population, and 
the urbanization rate and technical levels. A possible 
disadvantage of the above researches is that all ig-
nore the significant spatial interaction influences. 
However, Anselin [23] and LeSage [24] found that a 
region would more or less affected by neighboring 
regions. It is necessary to consider the spatial effects 
when we study issues of carbon emissions. Based on 
this reason, this study tends to discuss the per capital 
CERLE from the spatial perspective. 

The rest of this paper is organized as follows: 
Section 2 reviews many related literatures. Section 3 
describes the methodologies used and data descrip-
tion. Section 4 gives empirical analyses and results. 
Section 5 summarize the conclusions and implica-
tions. 

CERLE are 
calculated through the carbon emission coefficient 
method provided by the IPCC [25], being that carbon 
emissions are the sum of the products of various 
types of energy consumption and their coefficients. 
This paper divides residents' living energy into five 
categories [26]: coal, oil, natural gas, heat and elec-
tricity. The corresponding formula for calculating 
CERLE is as Eq. (1):

           (1) 
Where, stands for the sum of five types of 

CERLE; i is a natural number from 1 to 5, which rep-
resents coal, oil, natural gas, electricity and heat;  
represents the consumption of i-th energy in resi-
dents' living energy use;  represents the carbon 
emission coefficient of i-th energy, the carbon emis-
sion coefficient of this paper has been deducted from 
oxygen. 

 
Ehrlich and 

Holden established the IPAT(Impact=Population
Affluence Technology) identity in the early 1970s 
[27]. The IPAT has been treated as an easily under-
standable, widely used framework for measuring the 
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driving factors of environmental pressure. 
Later the IPAT was extended to STIRPAT 

model [28], which can statistically model non-pro-
portionate impacts of variables on the environment. 
The model was described as follows: 

 
        (2) 

Where, I denotes the environmental pressure 
indicator; P represents the population; A is the afflu-
ence; T is the technology; a is the model coefficient; 
b, c and d are coefficients of P, A and T; e denotes 
the random error. To analysis driving effect on 
growth factors of per capital CERLE, we select the 
urbanization rate as demographic factors; the resi-
dent consumption level as the rich degree of factors; 
the energy structure and energy intensity as the tech-
nical factors. By taking natural logarithm on both 
sides, the STIRPAT model was expanded as follows: 

 

              (3) 

Based on the existing literatures 
on carbon emissions of living energy, as well as the 
availability of the data, we collected data of residents’ 
living energy in China from 1990-2014 which are 
derived from 

 in . Data 
of urbanization rate, resident consumption level, en-
ergy structure and energy intensity are derived from 

. In order to eliminate the 

impact of price changes, data of resident consump-
tion level and energy intensity are according to the 
calculation of the fixed value of 1990. Due to facili-
tate researches of indirect residents’ carbon emis-
sions and compare with CERLE, data of 2007 and 
2012 are selected to be analyzed. The total amount 
of residents' direct energy consumption is derived 
from  which is in the statistical 
yearbook of each province; The total population of 
each province comes from the 

. This study calculates per capital CERLE in 30 
provinces. The results are shown in Table 2.

The index of Moran's 
I is divided into Global Moran's I and Local Moran's 
I according to space. Global Moran's I was first pro-
posed by Moran 1948, it analyzes the overall spatial 
relationship of all objects to determine whether there 
are discrete state, cluster state, or random state in 
space or not. However, it cannot distinguish the de-
gree of spatial autocorrelation variation. In order to 
further analyze the degree and distribution of spatial 
autocorrelation, Local Moran's I is usually intro-
duced to measure the spatial autocorrelation value of 
a unit area [29]. The Global Moran's I index is ex-
pressed as Eq. (4): 

        (4) 

Variable Definition Unit Symbol 
per capital CERLE per capital carbon emissions of residents' living energy t/person I 
urbanization rate proportion of urban population in the total population % P 
resident consumption level Money spent by residents. yuan C 
energy structure proportion of consumption of coal in living energy. % ES 
energy intensity per unit GDP of Energy consumption. t/yuan EI 

1 Beijing 0.41 0.44 16 Henan 0.11 0.19 
2 Tianjin 0.34 0.43 17 Hubei 0.13 0.18 
3 Hebei 0.16 0.25 18 Hunan 0.11 0.16 
4 Shanxi 0.19 0.30 19 Guangdong 0.17 0.23 
5 Neimenggu 0.29 0.65 20 Guangxi 0.07 0.13 
6 Liaoning 0.30 0.35 21 Hainan 0.05 0.12 
7 Jilin 0.19 0.24 22 Chongqing 0.11 0.19 
8 Heilongjiang 0.21 0.39 23 Sichuan 0.04 0.17 
9 Shanghai 0.29 0.31 24 Guizhou 0.18 0.25 
10 Jiangsu 0.11 0.19 25 Yunnan 0.09 0.14 
11 Zhejiang 0.16 0.24 26 Shanxi 0.12 0.23 
12 Anhui 0.09 0.13 27 Gansu 0.14 0.20 
13 Fujian 0.15 0.22 28 Qinghai 0.20 0.25 
14 Jiangxi 0.08 0.11 29 Ningxia 0.18 0.22 
15 Shandong 0.15 0.22 30 Xinjiang 0.19 0.34 



4955 

Where, , n is the number of re-

gions,  stands for observations of the i-th region, 
 represents the spatial weight matrix. The value 

of  is 1 when the region i is adjacent to the re-
gion j, the value of  is 0 when the region i is not 
adjacent to the region j. The Local Moran's I index is 
expressed as Eq. (5): 

               (5) 
Where  represents the spatial weight ma-

trix which accomplishes line standardization;  
represent the value of Z after being normalized.  is 
the product of the value of the i-th area and the 
weighted average of its adjacent areas’ value. 

There are two main 
types of spatial econometric models. The two mod-
els are corresponded with different setting modes of 
spatial interaction. The first one, namely the spatial 
lag model (SLM). It contains endogenous interaction 
effects among dependent variables. This model is ap-
plied to the situation where the economic activity of 
a region is affected by the economic activities of ad-
jacent regions. The second one, namely the spatial 
error model (SEM). It contains interaction effects 
among the error terms. This model is applied to a sit-
uation where regional interaction effects are caused 
by the omitted variables that affect both the local and 
adjacent regions. [30-31]

The two models are specified as Eqs. (6)-(7): 
SLM: 

             (6) 
SEM: 

              (7) 

Where,  represents the dependent variable; 
 denotes an n k matrix of exogenous explanatory 

variables;  reflects the influence of the explana-
tory variables on the dependent variable;  is spa-
tial weight matrix of n n order which usually being 
contiguity matrix;  is dependent variable of spa-
tial lag which reflects the endogenous interaction ef-
fects among the dependent variable;  and  de-

note a vector of random error terms and the interac-
tion effects among the random error terms;  is a 
vector of random error terms that are normally dis-
tributed;  is the spatial autoregressive coefficient 
that reflects the spatial dependence of sample obser-
vation values; and  is the spatial autocorrelation 
coefficient of the error terms. The  can be indi-
cated that spatial spillover effects of the dependent 
variable are obvious if it is significant statistically. 
The  implies that there are some factors different 
from the explanatory variables making contributions 
to the autocorrelation of the error terms if it is signif-
icant statistically. 

 
 

Due to per capital 
CERLE, urbanization rate, resident consumption 
level, energy structure, energy intensity and other 
variables all belong to time series, when the se-
quence is not stable, the traditional regression 
method is easy to obtain pseudo-regression results. 
Therefore, before regression, the sequence need to 
be tested for stationarity.

Unit root tests on five sets of 
data were conducted one by one, the results of each 
variable are shown in Table 3. LnES and LnEI are 
stationary series while the other three variables are 
not. So further cointegration test is required. 

LnI, LnP and LnC were 
measured by OLS, then the unit root test of the re-
sidual series was conducted. The result is shown in 
Table 4. It can be concluded that there is a co-inte-
gration relationship among LnI, LnP and LnC. So the 
five series of STIRPAT model all pass the test and 
the next OLS can be conducted.

The OLS was used for multi-
ple linear regression to determine whether there is 
multicollinearity between independent variables. It 
can be seen from Table 5 that R-squared of the re-
gression equation was 0.988, F test was significant. 
However, VIF of the four independent variables are 
very big, so we can diagnose there is multicollinear-
ity among the four variables.

LnI 1 -2.076 5% -1.956 I(1) 
LnP 2 -5.05 1% -2.674 I(2) 
LnC 1 -3.638 10% -3.249 I(1) 

LnES 0 -7.725 1% -2.665 I(0) 
LnEI 0 -3.755 5% -3.622 I(0) 
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Test critical values -2.903417 0.0057 
1% level 
5% level 
10% level 

-2.669359  
-1.956406  
-1.608495  

constant -3.540 0.002  
LnP -3.090 0.006 55.389 
LnC 5.537 0.000 173.945 
LnES -2.324 0.031 121.385 
LnEI 18.083 0.000 5.794 

  Note: R-squared=0.988, F=420.251, Sig=0.000 

When multicollinearity oc-
curs, its generation of large standard errors among 
related independent variables will happen; these er-
rors have large variances in the regression model, 
and make the regression model unstable. These 
standard errors can be significantly eliminated by us-
ing a certain method so that the negative conse-
quences of these errors can be effectively reduced. In 
order to reduce multicollinearity, this study adopted 
ridge regression, which can acquire acceptably bi-
ased estimates with smaller mean square errors in in-
dependent variables through bias variance tradeoffs. 
In order to find the driving factors of energy-related 
CO2 emissions in Guangdong, Wang et al. [32] em-
ployed ridge regression to his extended STIRPAT 
model. 

Using NCSS to analyze ridge regression esti-
mation based on Eq. (3), the relationship between 
VIF and k was shown in Fig.2. When k=0.64, stand-
ardized Betas are almost stable and VIF is low 
enough. Thus, k=0.64 was chosen to perform ridge 
regression based on our data. The results are shown 
in Table 6. 

As indicated in Table 6, R square is 0.630 and 
the overall fit is basically good. T-value proved there 
is a significant relationship between the independent 
variables and the dependent variable. Additionally, 
the F statistic value is significant at the level of 0.01. 
Therefore, the fitted ridge regression equation is as 
Eq. (8): 

                 (8) 
From a relative perspective, it is known by 

standard regression coefficients of individual varia-
bles that the importance of these driving factors can 
be described by the absolute values of their standard-
ized coefficients in decreasing order from big to 
small as: energy structure, resident consumption 
level, urbanization rate, energy intensity. Energy 
structure has a biggest negative influence on per cap-
ital CERLE which indicate that the proportion of 
coal using in China's living energy has decreased, 
and the proportion of other energy sources (oil, gas, 
electricity, heat, etc.) has increased in the past two 
decades. In addition, it can be seen from the stand-
ardized coefficients of various influencing factors 
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that the impact of residents' consumption level and 
urbanization rate on per capital CERLE can be far 
greater than the impact of energy intensity on per 
capital CERLE. 

 
GeoDa is used 

to map the spatial distribution of carbon emissions 
based on the quartile so we can analyze the differ-
ences in the spatial distribution of carbon emissions 
in 30 provinces of China [33, 34, 35]. Fig.3 and Fig.4 
show the quartile graphs of per capital CERLE in 
2007 and 2012 vividly.

It can be seen from the two graphs intuitively 

that the per capital CERLE is decreasing from north 
to south which means a large amount of per capital 
CERLE is mainly concentrated in the northern re-
gions. Except Neimenggu, Jilin, Heilongjiang and 
other heavy industry provinces, Beijing, Tianjin and 
Shanghai which are economically developed munic-
ipalities also have relative higher per capital CERLE. 
In addition, by comparing the quartile of the two pic-
tures, the inter-quartile ranges have increased from 
0.083 tons per person to 0.128 tons per person which 
indicates the degree of dispersion and variation of 
per capital carbon emissions in 30 provinces in 
China between 2007 and 2012 has increased. 

LnP 0.300 0.053 0.226 0.085 
LnC 0.149 0.021 0.264 0.074 
LnES -0.201 0.029 -0.267 0.082 
LnEI 0.068 0.088 0.049 0.217 

Constant -3.701 0.000 0.000 0.000 
Note: R-squared=0.630, F=8.513, Sig=0.000 
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2007 0.3523** 0.1118 3.6340 0.01 
2012 0.3406** 0.1099 3.4055 0.01 

Note: *, **, and *** indicate the significance level at 10%, 5%, and 1%, respectively. 
 
In order to describe the distribution of CERLE 

in various regions specifically, this study analyzes 
the distribution change of carbon emissions de-
tailedly according to the partition of four major eco-
nomic areas (eastern, northeastern, central and west-
ern regions) in China [36]. 

(1) Northeastern region. The level of per cap-
ital CERLE is the highest in the northeastern region. 
From 2007 to 2012, the distribution of carbon emis-
sions in the four northeastern provinces (including 
Heilongjiang, Jilin, Liaoning and Neimenggu) basi-
cally doesn’t change significantly. Among them, 
Heilongjiang, Liaoning and Neimenggu have high 
carbon emissions while Jilin is slightly lower, but 
still in the middle and high level. The reason for this 
phenomenon is that Northeastern region is an im-
portant oilfield and coal base in China. Residents in 
the area are relatively more accessible to energy and 
have lower energy costs, especially energy has a 
steady development in Neimenggu in recent years. 
Therefore, the issue of CERLE should be pay atten-
tion to when energy resources are developped in 
Northeastern region. 

(2) Central region. Among the six provinces 
of Shanxi, Henan, Hubei, Hunan, Jiangxi and Anhui, 
only Hunan province has ranged from the middle-
low carbon emission zone to the low carbon emis-
sion zone in the five years, and the other provinces 
have remained unchanged. Overall, CERLE in the 
central region are not much, with Shanxi leading car-
bon emissions of this area. 

(3) Eastern region. Beijing, Tianjin, Shanghai 
are in the high carbon emission levels; Hebei, 
Zhejiang, Guangdong are in the middle-high carbon 
emission levels; Shandong, Jiangsu, Fujian are in the 
middle-low carbon emission levels; only Hainan is 
in the low carbon emission level. The distribution of 
carbon emission in the eastern provinces has not 
changed from 2007 to 2012. Overall, there are sig-
nificant differences in the level of carbon emissions 
of living energy in the eastern region, mainly be-
cause of the different economic development levels 
in the eastern provinces. 

(4) Western region. Qinghai Province drops 
from the high level of carbon emissions in 2007 to 
the middle-high level of carbon emissions in 2012 
while Xinjiang is the opposite. Ningxia drops from 
the middle-high level of carbon emissions to the 
middle-low level of carbon emissions while Chong-
qing and Shanxi from the low and middle-low level 
of carbon emissions to the middle-low and middle-

high level of carbon emissions respectively. How-
ever, Gansu, Sichuan, Yunnan, Guizhou and 
Guangxi remain basically unchanged. Overall, there 
are also significant differences in the level of resi-
dents per capital carbon emissions in the western re-
gion, and per capital CERLE of provinces which 
make few carbon emissions maintains a relatively 
good level. 

 
Global 

Moran's I index and GeoDa are selected to diagnose 
the spatial correlation of CERLE in the 30 provinces 
of China. Results of the diagnosis are shown in Table 
7. The value of P is 0.01 (both less than 0.05) which 
indicates that there is a significant spatial depend-
ence on Chinese per capital CERLE. The value of 
Moran's I is positive, which indicate that there is a 
positive spatial autocorrelation in Chinese per capi-
tal CERLE. That is, the adjacent provinces and cities 
in our country have mutual influence and similar 
property values.

In order to analyze the relationship between lo-
cal provinces and neighboring provinces, this paper 
draws Fig. 5 and Fig. 6 which report the Moran’s I 
scatter plots in 2007 and 2012. The two figures di-
vide per capital CERLE by four quadrants into four 
spatial correlation patterns. The positive spatial au-
tocorrelation exists in the provinces which are in the 
first and third quadrants while the negative spatial 
autocorrelation exists in the provinces which are in 
the second and fourth quadrants. Thereinto, the first 
quadrant represents that regions with high level of 
carbon emissions of per capita are surrounded by re-
gions with high level of carbon emissions of per cap-
ita too; the second quadrant represents that regions 
with low level of carbon emissions of per capita are 
surrounded by regions with high level of carbon 
emissions of per capita; the third quadrant represents 
that regions with low level of carbon emissions of 
per capita are surrounded by regions with low level 
of carbon emissions of per capita; the fourth quad-
rant represents that regions with high level of carbon 
emissions of per capita are surrounded by regions 
with low level of carbon emissions of per capita [37]. 

As Fig.5 shows, Nengmenggu, Shanxi, Xin-
jiang, Heilongjiang, Jilin, Liaoning, Beijing, Tianjin 
and Ningxia are in the first quadrant which means 
these provinces is positive correlation between high 
per capital carbon emission and high spatial lag (H-
H); Gansu, Hebei, Jiangsu are in the second quadrant 
which means these provinces is negative correlation 
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between low per capital carbon emission and high 
spatial lag (L-H); Shanxi, Shandong, Henan, Anhui, 
Sichuan, Hubei, Chongqing, Hunan, Jiangxi, 
Zhejiang, Fujian, Guangxi and Yunnan are in the 
third quadrant which means these provinces is posi-
tive correlation between low per capital carbon emis-
sion and low spatial lag (L-L); Qinghai, Shanghai 
and Guizhou are in the fourth quadrant which means 
these provinces is negative correlation between high 
per capital carbon emission and low spatial lag (H-

L). Hainan stretches across the second and third 
quadrants and Guangdong stretches across the third 
and fourth quadrants. That is to say, most of the prov-
inces are concentrated in the first and third quadrants, 
with sample size of 30% and 47% respectively, ac-
counting for 77% of the total sample. It is indicated 
that positive correlations exist in per capital CERLE 
of China’s most provinces and spatial clustering ef-
fects exist in provinces which have similar per capi-
tal carbon emissions levels. 
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As Fig.6 shows, Heilongjiang, Liaoning, Bei-
jing, Tianjin, Neimenggu, Shanxi are in the first 
quadrant; Jilin, Shanxi, Ningxia, Gansu are in the 
second quadrant; Hebei stretches across the first and 
second quadrants; Shandong, Henan, Jiangsu, 
Zhejiang, Fujian, Jiangxi, Anhui, Hunan, Hubei, 
Chongqing, Sichuan, Yunnan, Guangxi, Guangdong 
are in the third quadrant; Hainan stretches across the 
second and third quadrants which is the same as 
2007; there are Shanghai and Xinjiang in the fourth 
quadrant; Qinghai and Guizhou stretch across the 
third and fourth quadrants. Most of the provinces are 
concentrated in the first and third quadrants, with 
sample size of 23% and 47% respectively, account-
ing for 70% of the total sample which is 7% fewer. 
The results indicate that there is also a positive cor-
relation of per capital CERLE in most provinces of 
China. However, there is a certain decrease in the 
clustering effect during the five years. 

In addition, we can find that the spatial correla-
tion between provinces and cities is generally similar 

except Xinjiang, Jilin, Ningxia and Jiangsu by com-
paring the distribution of Moran’I scatter plots in 
2007 and 2012 (Table 8). Among these four prov-
inces, Ningxia and Jilin transform the quadrants 
mainly because of changes in their own internal lev-
els of carbon emissions while Xinjiang and Jiangsu 
have no changes in per capital carbon emissions with 
their H-H, L-H correlations turning into H-L, L-L 
correlations. In conclusion, this part proves that the 
spatial correlation of the 30 provinces and cities in 
China is significant [38]. 

 
In 

order to verify the spatial correlation and the degree 
of various factors furtherly, the spatial lag model and 
the spatial error model were both applied in the re-
gression analysis. Table 9 exhibits the estimation re-
sults of influencing factors of per capital CERLE in 
2007 and 2012 under different specifications. Col-
umns 2 to 3 shows the results of the SLM model, and 
columns 4 to 5 shows the results of the SEM model.

 
Year Quadrants Number Provinces 

2007 H-H 9 Nengmenggu, Shanxi, Xinjiang, Heilongjiang, Jilin, Liaoning, Beijing, 
Tianjin, Ningxia 

L-H 3 Gansu, Hebei, Jiangsu 
L-L 13 Shanxi, Shandong, Henan, Anhui, Sichuan, Hubei, Chongqing, Hunan, 

Jiangxi, Zhejiang, Fujian, Guangxi, Yunnan 
H-L 3 Qinghai, Shanghai, Guizhou 

Others 2 Hainan with low per capital carbon emission; Guangdong with low spatial 
lag 

2012 H-H 6 Beijing, Tianjin, Heilongjiang, Liaoning, Neimenggu, Shanxi 
L-H 4 Jilin, Shanxi, Ningxia, Gansu 
L-L 14 Shandong, Henan, Jiangsu, Zhejiang, Fujian, Jiangxi, Anhui, Hunan, Hu-

bei, Chongqing, Sichuan, Yunnan, Guangxi, Guangdong 
H-L 2 Shanghai, Xinjiang 

Others 4 Hebei with high spatial lag; Hainan with low per capital carbon emission; 
Qinghai and Guizhou with low spatial lag 

  

Variables SLM  SEM  

 2007 2012 2007 2012 

LnP 0.562***(0.000) 0.818(0.207) 0.494***(0.000) 2.055***(0.000) 
LnC 0.846***(0.000) 0.623(0.133) 0.793***(0.000) -0.015(0.963) 

LnES 0.141*(0.064) 0.144***(0.007) 0.119*(0.052) 0.118**(0.015) 
LnEI 0.719***(0.000) 0.518***(0.000) 0.554***(0.000) 0.684***(0.000) 

/λ 0.043(0.683) 0.189(0.158) 0.551**(0.002) -0.465*(0.090) 
Adj-R2 0.799 0.709 0.833 0.707 
Sigma2 0.056 0.048 0.047 0.049 

Log-likelihood 0.538 2.801 2.078 2.137 

Note: The numbers in parentheses represent p-values. *, **, and *** indicate the significance level at 10%, 5%, 
and 1%, respectively. 
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In 2007, as shown in column 2 and column 4, 
the coefficients of four factors were significantly 
positive, demonstrating that increases in factors im-
prove per capital CERLE to a certain extent. Specif-
ically, when other variables are constant, a 1% in-
crease in urbanization rate will be accompanied by a 
56.2% increase in per capital CERLE in the SLM 
model and a 49.4% increase in the SEM model; a 1% 
increase of resident consumption level was found to 
be associated with a 84.6% increase in per capital 
CERLE in the SLM model, and a 79.3% increase in 
the SEM model; line 5 and line 6 show that a 1% 
increase in energy structure and energy intensity will 
be along with a 14.1% and 71.9% increase in per 
capital CERLE in the SLM model and a 11.8% and 
68.4% increase in the SEM model respectively when 
other variables are constant. 

In 2012, the results showed that the P-value of 
LnP and LnC don’t pass the significance test in the 
SLM model while only LnC doesn’t pass the signif-
icance test in the SEM model. The fitted value of the 
space error model reaches 70.7%, which indicates 
that the spatial error model is in line with the actual 
situation. Among the three influencing factors which 
pass tests of P-value in the SEM model, the elastic 
coefficient of LnP is 2.055, the elastic coefficient of 
LnES is 0.118, and the elastic coefficient of LnEI is 
0.684. These results indicated that the urbanization 
rate is the main influencing factor of per capital 
CERLE and the higher the proportion of urban pop-
ulation in China is, the higher per capital CERLE is; 
Energy intensity is also one of the factors which af-
fect per capital CERLE in the provinces which indi-
cates that the technological level of these technolog-
ically advanced provinces are not high enough to re-
duce per capital CERLE. LnP and LnEI also prove 
that our country is at the left end of the "inverted u-
shaped" curve of the environmental Kuznets [39,40]; 
The energy structure also has a certain effect on per 
capital CERLE. It explains the provinces with high 
pollution energy also have high amount of per capital 
CERLE. All these empirical results are consistent 
with the literature [41] basically. 

Comparing the results of Table 9 with Table 6, 
we can find that the degree of the influences of ur-
banization rate, energy structure and energy intensity 
on per capital CERLE have increased after the spa-
tial correlation factors are introduced. That is to say, 
the increase of the urbanization rate, energy structure, 
energy intensity of a region can produce spillover ef-
fects and drive the development of neighboring re-
gions. So, it will underestimate the effect of the three 
factors on per capital CERLE if the spatial factor is 
not taken into account. 

 
It is becoming increasingly difficult to ignore 

the spatial dependence in energy and environmental 
researches. However, past literatures hardly consid-
ered the spatial spillover effects on carbon dioxide 
emissions. In order to fill this gap, we firstly applied 
carbon emission coefficient method calculate 
CERLE and then examined the impact factors of per 
capital CERLE with STIRPAT model incorporating 
ridge regression, and finally analyzed the spatial sit-
uation of CERLE at the provincial level.

The Moran's I index was applied to make spa-
tial correlation diagnosis for CERLE and the spatial 
econometric model was used to make a quantitative 
analysis of the significance of other factors after the 
introduction of spatial factors to CERLE. After the 
introduction of space elements, the urbanization rate, 
energy structure and energy intensity have a relative 
reduction in the impact of CERLE and the urbaniza-
tion rate is the main influencing factor of per capital 
CERLE in Chinese 30 provinces and cities; The im-
pact of residents' consumption level on CERLE is 
not significant, which indicates that the spatial ele-
ment is one of the important factors in the study of 
CERLE in China. On the basis of the above conclu-
sions, this research puts forward some feasible im-
plications as follows: 

(1) The research shows that the urbanization 
rate is the main factor which affect per capital 
CERLE in China. But in the next two decades, China 
is still at the stage of rapid urbanization which will 
bring heavy pressure on CERLE. We can't expect to 
reduce carbon emissions by controlling the rate of 
urbanization, so it is necessary to promote urbaniza-
tion in low- carbon, high-quality and orderly. Cities’ 
pattern should be designed scientifically, raising the 
residents' energy-saving awareness should be treated 
as an important goal of humanistic cultivation of ur-
banization and the development of urbanization 
should be in a new direction of intensive, green and 
low-carbon. 

(2) According to past scholars' results, it 
showed that carbon emissions of fossil fuels still ac-
count for a large proportion of CERLE [42]. So, it is 
necessary to optimize and adjust the structure of res-
idents' living energy, and actively promote China's 
low-carbon power generation industry and reduce 
the power supply of coal-fired power by increasing 
the development of clean energy. 

(3) The energy intensity table proves China's 
industrial problem and its influence cannot be ig-
nored under the spatial effect. The suggestions given 
by this study unfold in three aspects which are im-
proving industrial process, upgrading industrial 
structure, optimizing industrial space layout and so 
on: firstly, the improvement of manufacturing pro-
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cess needs to be taken seriously. In pursuit of quan-
tity, we should pay more attention to quality; sec-
ondly, in order to upgrade the industrial structure, we 
need not only to speed up the upgrading of existing 
industrial products, but also to create a modern in-
dustrial corridor of green and low-carbon industries 
such as high-tech industries and services, so as to 
transform Chinese economy from extensive to inten-
sive; finally, in terms of optimizing industrial space 
layout, the government needs to guide the scientific 
and efficient distribution and migration of industrial 
structure, and create regional industrial clusters with 
competitive advantages and green low carbon so that 
the government will have a leading role in the low-
economic and high-emission provinces and cities. 
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ABSTRACT 

 
Tobacco whitefly (WF), Bemisia tabaci (Gen-

nadius) (Hemiptera: Aleyrodiae) has been consid-
ered as an economic pest on many host plants world-
wide. Three Bacillus spp.: B. subtilis (Bs), B. amylo-
liquefaciens (Ba) and B. thuringiensis var. kurstaki 
(Bt) has been tested againt the whitefly. Effect of 
bacterial strains on one whitefly generation revealed 
that numbers of adults and fourth nymphal instars 
were more in the control treatment compared to 
those of the three bacterial strains. Biological control 
of B. tabaci using Bacillus pathogens is vital and an 
evolving approach that needs to be investigated care-
fully and its ecological safety made it necessary for 
scientists and farmers to be interested of its im-
portance.  

 
 

KEYWORDS:   
B. subtilis (Bs), B. amyloliquefaciens (Ba) and B. thurin-
giensis var. kurstaki (Bt), Tween20, Whitefly 

 
 

INTRODUCTION  
 
Cauliflower is considered one of several vege-

tables in the species Brassica oleracea in the genus 
Brassica, which is in the family Brassicaceae. It is 
an annual plant which reproduces by seeds. Only the 
head the cauliflower is eaten by human consumers 
[1,53]. Cauliflower is relatively difficult to grow 
compared to cabbage, with common problems such 
as an underdeveloped head and poor curd quality [2, 
53, 54]. The plant grows best in cool daytime tem-
peratures (21 29 °C), with plentiful sun, and moist 
soil conditions high in organic matter and sandy soils 
[3]. Pests affecting cauliflower are aphids, root mag-
gots, cutworms, whitefly, moths, and flea beetles [2]. 
Tobacco whitefly (WF), Bemisia tabaci (Gennadius) 
(Homoptera: Aleyrodiae) has been considered as a 
major pest on more than 500 host plants worldwide 
[4, 53, 54], including vegetables, wild crops, orna-
mental plants [5, 53] and greenhouse crops [6, 53]. 
In Jordan, WF is a key pest of vegetables [7, 53, 54]. 
The crop damage could be directly by excessive sap 
removal, or indirectly by promoting the growth of 

sooty mold, inducing systemic disorders through 
feeding, or by transmitting viruses [8, 9, 53, 54] such 
as tomato yellow leaf curl virus (TYLCV) and cu-
cumber vein yellowing virus (CVYV). These viruses 
are major trouble to tomato and cucurbits crops, 
which could cause yield reductions ranging from 50 
to 100% [10, 53, 54]. 

The use of insecticides led to serious economic, 
social and environmental problems. Economically 
and there is high development and production costs 
of insecticides in addition to reduced pesticides ef-

chemical pesticide industry continues to develop 
new more expensive compounds and led to increase 
pesticides prices. Socially and ecologically, they 
have caused human death and diseases and environ-
ment pollution. Target insect needs short time to be 
suppressed by an insecticide. However, more than 
99.9% of the sprayed pesticide enters the environ-
ment through soil, water and food cycles [11, 53, 
54]. Therefore, it is essential to search for other con-
trol methods to achieve integrated pest-management 
(IPM) programs for controlling this pest [12, 53, 54].  

Alternative methods for insect control could 
provide acceptable levels of pest control with lower 
hazards. One of these alternatives is the use of bio 
insecticides that contain microorganisms or their bi-
products. Bio insecticides have valued importance 
because their toxicity to animals and human is very 
low. Compared to insecticides, they are safe for both, 
farmers and consumers. Although chemical insecti-
cides are more commonly used in the world, some 
bio control agents can replace them [13, 53, 54]. 

A number of biological control agents such as 
bacteria, fungi, viruses, pheromones, and plant ex-
tracts have been used for the control of insect pests 
that attack many agricultural crops [14, 53, 54]. The 
most widely used in the world are preparations of 
Bacillus thuringiensis (Bt) [15, 53]. The insecticidal 
activity of (Bt) is due to containing parasporal inclu-
sions produced during sporulation. Bioinsecticides 
based on the proteinaceous-endotoxin of (Bt) consti-
tute part of a more ecologically rational pest control 
strategy [16, 53]. Bt strains have been isolated 
worldwide from different habitats, including soil, in-
sects, stored-product dust, and deciduous and conif-
erous leaves [17, 53, 54]. B. thuringiensis infects 
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many insects belonging to different orders including 
Lepidoptera, Diptera, Coleoptera, Hymenoptera, 
Hemiptera, Phthiraptera, Orthoptera, and Mal-
lophaga [15, 53]. 

Plant growth-promoting rhizobacteria (PGPR) 
are defined as beneficial bacteria that live freely in 
the soil, rhizosphere, rhizoplane, and phylosphere 
[18, 53]. PGPR promotes plant growth either by af-
fecting plant metabolism directly through supplying 
the plants with substances that are usually in short 
supply such as nitrogen, phosphorus and iron. Addi-
tionally, they enhance producing hormones and im-
prove stresses tolerance in the plants. Moreover, a 
biocontrol-PGPB, promote plant growth indirectly 
by preventing harmful effects of some phytopatho-
genic bacteria, fungi, nematodes and viruses [19, 53, 
54]. 

In the absence of major pathogens, many soil 
and especially rhizosphere bacteria can stimulate 
growth of crops by directly affecting plant metabo-
lism and have been used in environmental applica-
tions [20, 53, 54].  

The Bacillus species; B. subtilis and B. amylo-
liquefaciens are abundant in rhizospheres. They have 
proved to be effective in plant growth promoters that 
mean plant biomass increase, early reproductive ma-
turity, and biotic and abiotic stress tolerance [17, 53]. 
B. subtilis is one of the widely soil studied bacteria 
for plant growth promotion [21, 53]. Its success is 
due to rapid surface colonization of plant through 
biofilm formation [22, 53] and offers many ad-
vantages to crops including increase in yield [20] and 
offers a role of systemic resistance against a variety 
of fungal and bacterial pathogens, and few phloem 
feeders [23, 53]. B. amyloliquefaciens is also one of 
the most persistent and abundant bacteria in rhizo-
spheres [24, 53, 54] with anti-pathogen activities 
[25, 53]. It helps plant to take essential nutrients and 
therefore reduces the rates of fertilizer application 
[26, 53]. It was found to improve yield in lettuce and 
other vegetables [27, 53]. 

The beneficial effects of PGPR are believed to 
occur, to a certain extent, as a direct consequence of 
a resistance response known as 'induced systemic re-
sistance' (ISR) [28, 29, 53]. The ISR is a plant de-
fense state that is associated with an enhanced re-
sistance to broad range of pathogens [30, 53]. How-
ever, the ISR produced by PGPR does not require 

substantial reprogramming of the transcriptome, 
since changes in gene expression are usually weak or 
undetectable [31, 53]. In contrast, ISR is character-
ized by the establishment of a primed state for de-
fense in which defense-related responses are induced 
more rapidly upon pathogen or insect attack, thereby 
leading to an augmented and metabolically less 
costly state of resistance [30, 32, 53] 

The genus Bacillus includes several beneficial 
PGPR species and related strains e.g. B. pumilus, B. 
pasteurii, B. amyloliquefaciens and B. subtilis which 
are often utilized as a bio-control agent [17, 53]. 
These bacteria can promote growth and provide 
plant protection by antibiosis and/or ISR elicitation 
in many crops. For example reduced insect herbi-
vores in cucumber [33, 53, 54]; however ISR caused 
reduction of P. syringae pv. tabaci in the field and 
greenhouse [34, 53] and Peronospora tabacina [35, 
53]. Another example for the ISR response was in 
the field and greenhouse against the cucumber mo-
saic virus [36, 53] and tomato mottle virus [37, 53], 
respectively. Recently, inoculation of B. subtilis to 
soilless tomato crops grown under greenhouse con-
ditions provided the resistance of tomato to the 
whitefly B. tabaci [38, 53, 54]. However, it is the aim 
of this study to evaluate three Bacillus strains against 
the tobacco whitefly to the effective one with the 
other agricultural practices to decrease the pest pop-
ulation to less than the economic threshold. 

 
 

MATERIALS AND METHODS 
 
Bacterial Strains. Three Bacillus spp. were 

used in this study: Bacillus amyloliquefaciens; Ba-
cillus subtilis, and B. thuringiensis. Information re-
garding the three Bacillus spp. are presented in Table 
(1) as previously mentioned by the same workers 
[53]. 

 
Enrichment of Bacterial Strains. A bacterial 

mass from each of the Bacillus strains were inocu-
lated separately into nutrient broth (16g in one liter 
distilled water sterilized by autoclaving at 121 °C for 
15 minutes) amended with 0.10 % Tween 20. The 
inoculated tubes were placed overnight on orbital 
shaker at 37 ºC± 2 ºC at 150 rpm. 

 
 

TABLE 1 
Information about bacterial strains used in this study. 

 
Bacillus sp. Host Location Year Source 

B. amyloliquefaciens Mint Madinah, KSA 2014 Taibah University 
B. subtilis Olive Amman, Jordan 2016 Jordan University 
B. thuringiensis 
subspecies kurstaki 
(Btk)  

Formulated as powder 2013 NCARTT 
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FIGURE 1 

Effect of Bacillus strains, T20 and control on the mean number of WF 4th instars. Bacteria's suspensions 
(107 108 cells/ml) with a rate of 30 ml/kg soil were added to the pots at weekly intervals under green house 

condition. Bt: B. thuringenesis, Ba: B. amyloliquifaciens, Bs: B. subtilis, T20: Tween20, Control: Water. 
 
 

Bemisia tabaci Culture. A three weeks-old 
cauliflower (Solid Snow) transplants at the primary 
leaf stage were individually transplanted into a plas-
tic pot (15 cm diameter) filled with (1: 1/soil: sand). 
Plants were kept in cages under greenhouse condi-
tions and irrigated as needed. Whiteflies were reared 
under greenhouse conditions and identified accord-
ing to Carver and Reid [39]. A whitefly culture was 
established and maintained at the greenhouses at the 
Department of Plant Protection, Faculty of Agricul-
ture, and University of Jordan. WF colonies were 
kept in (1×1×1m) cages covered with fine mesh on 
all sides. A continuous supply of new cauliflower 
plants were provided as needed for the colony re-
plenishment. 

 
B. tabaci Development Bioassay The proce-

dure used in bioassay was performed using Valen-
zuela-Soto [23] method. Cauliflower plants were 
sprayed with the following: B. subtilis (1x108 
CFU/ml) - 24 hrs old + whitefly (WF); B. subtilis 
(1x108 CFU/ml)- 24 hrs old alone; B. amyloliquefa-
ciens (1x108 CFU/ml)- 24 hrs old + whitefly (WF); 
B. amyloliquefaciens (1x108 CFU/ml)- 24 hrs old 
alone; B. thuringiensis var. kurstaki (1x108 
CFU/ml)- 24 hrs old + whitefly (WF); B. thurin-
giensis var. kurstaki (1x108 CFU/ml)-24 hrs. old 
alone; WF alone, plants with distilled water or 
Tween 20 with whitefly as controls. Five plants per 
treatment were used. The experiments were per-
formed using 7-days-old B. tabaci adults. Ten WF 
males and ten female adults were collected from B. 
tabaci-infested plant leaves by aspirator into glass 
vials and were released after being placed at the base 

of each pot individually covered with 10 cm diame-
ter plastic jars. The jars were constructed to have 
three opening that were covered with muslin for ven-
tilation.  

The infested plants were confined inside Per-
spex cages (1×1×1m). After two days, B. tabaci 
adults were removed from the plants by gentle aspi-
ration. Infested leaves were collected after 28 days 
in order to evaluate the development from egg to 
adult by counting the number of pupae and adults (or 
empty pupal casings left behind by the emerged adult 
at the end of the life cycle of B. tabaci) on plants.  

 
Statistical Analysis Data for the effect of bac-

terial strains on one WF generation was done using 
a two-way ANOVA, where treatment and WF stage 
were used as independent variables. 

 
 

RESULTS 
 
Effect of Bacterial Strains on One Whitefly 

Generation. Mean number of fourth instars. 
There was a significant difference in number of life-
4th instars in (Ba, Bs and Bt) compared to (T20 and 
control) treatments (F (8.45) = 8.36, P < 0.0001) 
(Table 2). Bs, Ba and Bt had a negative effect on the 
4th instars of WF (Figure 1). 
 

Mean number of cast skins. Maximum mean 
number of cast skins was in control, followed by T20 
treatment (Figure 2). Bt and Ba treatments had no 
significant difference in cast skins number, but less 
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than that in the control and T20 treatments. The low-
est number of cast skins was in Bs treatment which 
was significantly less than all other treatments ex-
cept with Ba treatment (F (8.45) = 8.36, P < 0.0001) 
(Table 2). 

 
Mean number of adults. Maximum mean 

number of Adults was in control, followed by T20 
treatment (Figure 3). Bt and Ba treatments have no 
significanct difference in adults number, but less 
than that in the control and T20 treatments. The low-
est number of adult was in Bs treatment which was 
significantly less than all other treatments except Ba 
treatment (F (8.45) = 8.36, P < 0.0001) (Table 2). 

 
Mean number of all stages. Control treatment 

had the maximum number of all WF stages (Figure 
4), while Bs treatment has the lowest.  There was a 

significance difference in number of all WF stages 
(F (4.45)=89, P < 0.0001) (Table 2). Bt, Ba and Bs 
treatments had significantly less number of all WF 
stages. 

 
 

DISCUSSION  
 

The current study aimed to test the effect of dif-
ferent Bacillus spp. as PGBR on cauliflower plant 
and on whitefly B. tabaci different stages mortality 
in vitro and under greenhouse conditions. B. tabaci 
is a globally devastating and harmful sucking insect 
that feeds directly as nymphs and adults on the 
plants, transfer many plant viruses mainly Gemini 
viruses [40, 41, 53, 54] and excrete honeydew that 
helps the development of sooty  

 
 

TABLE 2 
Effect of the Bacillus strains, T20 and control on the number of the different WF stages. 

 

Treatment 
 Mean number of ±SE 

 Adult Cast skin Fourth instar  All stages 
Ba  5.75±0.739cd 5.75±0.739cd 9.00±0.559b  6.8cd 
Bs  2.00±0.790d 2.00±0.790d 8.00±0.612b  4.00d 
Bt  9.25 ±2.814c 9.00±2.692c 10.00±3.082b  9.42c 
T20  20.75±0.960b 20.50±0.829b 15.25±1.082a 

 
18.83b 

Control  32.75±1.243a 34.00±1.802a 16.75±1.192a 27.83a 
LSD  2.96 2.96 2.96  2.3 

*Means followed by different letters within each column are significantly different (p < 0.05) using LSD. Bt: B. 
thuringenesis, Ba: B. amyloliquifaciens, Bs: B. subtilis, T20: Tween20, Control: Water. 
 

 
FIGURE 2 

Effect of Bacillus strains, T20 and control on the mean number of WF cast skins. Bacteria's suspensions 
(107 108 cells/ml) with a rate of 30 ml/kg soil were added to the pots at weekly intervals under green house 

condition (20±5 ºC; 50-70 RH). Bt: B. thuringenesis, Ba: B. amyloliquifaciens, Bs: B. subtilis, T20: 
Tween20, Control: Water.  Means followed by different letters within each row are significantly different 

(p < 0.05). 
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FIGURE 3 

Effect of Bacillus strains, T20 and control on the mean number of WF adult. Bacteria's suspensions  
(107 108 cells/ml) with a rate of 30 ml/kg soil were added to the pots at weekly intervals under green house 

condition (20±5 ºC; 50-70 RH). Bt: B. thuringenesis, Ba: B. amyloliquifaciens, Bs: B. subtilis, T20: 
Tween20, Control: Water. Means followed by different letters within each row are significantly different 

(p < 0.05). 
 

 
FIGURE 4 

Effect of Bacillus strains, T20 and control on the mean number of all WF stages. Bacteria's suspensions 
(107 108 cells/ml) with a rate of 30 ml/kg soil were added to the pots at weekly intervals under green house 

condition. Bt: B. thuringenesis, Ba: B. amyloliquifaciens, Bs: B. subtilis, T20: Tween20, Control: Water. 
 
 
mold and indirectly affect the photosynthesis [42, 
53, 54]. It is difficult to control this pest convention-
ally due to its high reproductive rate and preference 
to habitat on the undersurface of leaves [43, 53, 54]. 
Biological control is one of the good alternative so-
lutions to pesticides for fighting this pest, because it 
is environmentally friendly and effective against 

pathogens that are difficult to control by conven-
tional means [44, 53, 54]. 

In this study, the bacterial strains were chosen 
because of their ability to control different plant dis-
eases and insect pests on different plants. The plant-
beneficial Bacillus spp. form resistant spores against 
many stresses such as chemicals, mechanical dam-
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age, high temperature and pH [45, 53] and it can im-
prove the plant health under adverse stress condi-
tions [46, 53]. 

Results from our study indicated that the tested 
Bacillus strains-treated plants significantly increased 
the mortality of the different whitefly stages. Bs and 
Ba which promoted the plant growth had also the 
highest negative effect on survival of nymph and 
adult development of whitefly. Induced systemic re-
sistance and growth promoting could be one expla-
nation for this result. ISR is a latent defense that is 
activated only after the plant is under pathogen or 
pest attack [47, 53, 54]. Our outcome was in agree-
ment with many earlier studies. For example, Hanafi 
[38] found that inoculation of tomato plants with a 
PGPR Bs strain led to a significantly lower survival 
of B. tabaci's nymphs and pupae. Valenzuela-Soto 
[23] found that B. subtilis inoculation on tomato 
plants retarded the development of B. tabaci. The re-
sults were not obvious until the 28th day of the ex-
periment where the numbers of 4th instar nymphs, 
pupae, empty pupal cases, and emerged adults were 
reduced. That study demonstrated growth promoting 
and ISR establishment due to PR protein genes in re-
sponse to B. tabaci infestation. Moreover, Murphy 
[37] found that certain strains Bacillus sp., i.e B. am-
yloliquefaciens, B. subtilis, and B. pumilus reduced 
the number of the silver whitefly WF (Bremisia ar-
gentifolii) significantly. Crystal inclusions could be 
another explanation for increasing mortality of the 
different stages of whitefly. In two studies conducted 
by Obeidat, B. thuringenesis isolates collected from 
different habitats in Jordan exhibited toxicity against 
larvae and adults of Drosophila melanogaster due to 
the different inclusions [48, 53] and due to the endo-
and exotoxins they produce [49, 53]. Crystal proteins 
have been reported in B. subtilis [50].  On the other 
hand, a biosurfactant has been isolated from B. amy-
loliquefaciens and has a pesticidal effect on mos-
quito [51, 53] and Spodoptera littoralis [52, 53]. 
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Pollution of the aquatic environment by micro-
plastic could be having a massive impact on marine 
life. As far as the dimensions of the microplastics de-
crease, the negative effects are also increasing. In 
this study, the effects of 10-22 µm diameter fluores-
cent polyethylene microplastics (PEMs) on 

 and were investi-
gated. The acute toxicity and population growth test 
were conducted on . According 
to the tests LC50 value was calculated as 0.764 
mg/mL (0.4-1.458, 95% confidence limits). Statisti-
cally significant differences were found in the 90-
hour population growth test compared to the control. 
According to genotoxic evaluation on 

 with single cell gel electrophoresis (Comet), 
tail length, tail intensity and tail moment were in-
creased by PEMs compared to the control. In con-
clusion, PEMs (10-22 µm) have negative effects on 
both aquatic organisms  and 

. 
 
 

Acut toxicity, , , mi-
croplastic, genotixicity, polyethylene 

 
Plastics are polymeric materials that are found 

in almost every aspect of our daily life because of 
their ease of handling and their many advantages. 
When the use of plastics began to become popular in 
the 1950's, the annual production amount was 1-1.5 
million tons, but today it reached 330 million tons 
and it is estimated that this amount of consumption 
will reach about 540 million tons in 2020 [1]. Today, 
more than 20 different types of plastics have indi-
rectly beneficial effects on public health as a result 
of their medical applications and their use. On the 
other hand, the toxic effects of organic compounds 
such as phthalates and their derivatives, bisphenol A 
(BPA) and di- (2-ethylhexyl) phthalate (DEHP) used 
in making plastics have been shown in many studies 
[2-7]. Unfortunately, it is a very unlikely situation to 

see microplastic particles starting from a few mi-
crometers to 500 micrometers in aquatic ecosystems. 
Studies on this subject in previous years have shown 
that microplastics are found extensively throughout 
the world [8], even in Antarctica [9]. The 5 Gyres 
Institute estimates that a total of 15-51 trillion micro-
particles are present in the oceans, weighing between 
93 and 236 tonnes [10]. Microplastics occur primar-
ily as a result of personal care and cosmetic products, 
and secondly as a result of the disintegration of 
larger plastic wastes and they cause pollution by af-
fecting the aquatic ecosystem [11]. Because of their 
size, microplastics that are thought to be food 
sources are ingested by many aquatic organisms as 
if it were part of the food chain. This ingestion has 
been shown on many living organisms such as Crus-
taceans (Copepod, Krill, Amphipoda), Molluscs 
(mussel, oyster) [12-15], fishes [16] and whale [17]. 
Digestion of the microplastics was determined in the 
laboratory studies on many organisms, such as algae 
[18], plankton [19], Cnidarians [20], Echinoderms 
[21, 22] and Polychaeta [23].  

Microplastics, which are a common concern for 
potential toxic effects, have become important con-
taminants today. Therefore, studies on microplastics 
used by aquatic biota need to be increased. 

 was reared in 
ASTM (American Society for Testing and Materi-
als) medium at 20 °C ± 1 under a constant light–dark 
cycle (14 h light–10 h dark). The culture medium 
was refreshed three times a week and they were fed 
three times per week with the Spirulina sp. and 

. Neonates used for toxicity 
tests were from the third to the fifth brood, and the 
sixth brood was used to start a new culture.

The acute toxicity of the microplastics on 
 was evaluated with the use of the 

biotest, Rotoxkit M (MicroBioTests Inc., Belgium).  

Polyethylene microspheres which are used 
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as application material in our work have been sup-
plied by Cospheric Innovation in Microtechnology. 
PEMs have a density of 1.20 g/cc and diameters in 
the range of 10-22 μm (Cas no: 9002-88-4).

 was obtained by placing rotifer 
cysts and incubated at 25°C in continuous light 
(3000-4000 lux for 24-26 h). Then, the newborn ro-
tifers were separated into petri dish. All determina-
tions for the acute toxicity were performed strictly 
according to producer protocols, compatible with 
ASTM E1440-91 [24]. 

For the population growth test, 500 rotifers 
were placed in 500mL beakers and observed for 5 
days.  The water salinity was adjusted to about 20 
ppt, the temperature was 27-28 °C and the pH was 
around 7-8, and it was cultured under constant light. 
Based on LC50 values, the population growth studies 
were subjected to various concentrations of PEM 
such as, 0.05, 0.1, 0.2, and 0.4 µg/mL.  The culture 
medium was renewed everyday with appropriate 
concentrations of PEM. The experiments were ter-
minated after 5 days. 

Daphnia, less than 24 h old, is 
placed in 100 mL petri plates and exposed to PEMs 
at concentrations of 0.2, 0.1, 0.05 mg/mL for 24 
hours. At the end of the period, hemolenf was ob-
tained by homogenization of whole organism. 1 ml 
PBS, 20 mM EDTA and 10% DMSO solution were 
used as the buffer. Following homogenization, 150 
μL of the sample is mixed with equal amounts of low 
melting agar (0.65%) and spread on the slides previ-
ously coated with agar (0.65%) and and immediately 
covered with a cover slip. The slides were placed on 
ice for 10–15 min. After solidification, the coverslip 
was gently removed and immersed in a cold lysing 
solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris 
pH=10, in which 10% DMSO and 1% Triton X-100 
were added) at 4 0C for at least 1 h. After lysis, the 
slides are placed in buffer (300 mM NaOH, 1 mM 
EDTA, pH = 13) in the electrophoresis tank and al-
lowed to stand for 20 min. The DNA was electro-
phoresed (1 V/cm, 300 mA) for 20 min, then the 

slides were rinsed with neutralization buffer (0.4 M 
Tris, pH=7.5). Each slide was stained with 50 mL of 
20 µg/mL ethidium bromide. The slides were exam-
ined using a fluorescent microscope (BAB research 
microscope) equipped with an excitation filter of 546 
nm and a barrier filter of 590 nm at 400X magnifica-
tion. The tail length, tail moment and tail intensity 
(%) of 100 comets on each concentration were deter-
mined, using specialized Image Analysis System 
(BS 200 ProP; BAB Imaging System, Ankara, Tur-
key).

For the 
acute toxicity test, rotifers are examined under a ste-
reomicroscope. For each concentration, 5 wells are 
examined separately, and live and dead rotifers are 
recorded. During the observation, rotifers that did 
not move for 5 seconds were evaluated as dead. The 
mortality rate for each concentration is calculated in 
percentage (%). 

For reproductive and population growth test, 5 
concentrations were calculated for each concentra-
tion and the average number of rotifers per mL. In 
addition, the body measurements of these individu-
als for development were evaluated in two different 
parameters, width and height under the BX51 Olym-
pus stereo microscope.  

Reproductive test results were analyzed by z-
test, comet assay results by t-test, and LC50 values by 
probit analysis (IBM SPSS 22 package program) 
during the statistical analysis of the obtained data. 

Concentrations of 0.5, 1, 5, 10 
and 100 mg / mL were tried in preliminary studies 
on and at the concentrations of 
5, 10 and 100 mg / mL all of them died and 9 and 14 
individuals died at concentrations of 0.5 and 1 mg / 
mL, respectively. The data obtained with the deter-
mined concentrations are presented in Table 1 and 
probit analysis and regression graph are shown in 
Graphic 1.

 

 

Test Substances C 
mg/mL NLO NDO M 

(%) 
Control - 29 1 3,3 

PEMs (10-20 µm) 6,4 - 30 100 
 3,2 8 22 73,3 
 1,6 15 15 50 
 0,8 14 16 53,3 
 0,4 19 11 36,6 
 0,2 23 7 23,3 
 0,1 25 5 16,6 
 0,05 30 0 - 

C: concentrations, NLO: number of living organisms, NDO: number of dead organisms, M: mortality 
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TSs 
mg/mL 

0 h 24 h 48 h 72 h 96 h 
n/mL n/500mL n/mL n/500mL n/mL n/500mL n/mL n/500mL n/mL n/500mL 

Control 1 500  618  676  710  742 
0,4 1 500  560*  558*  612*  632* 
0,2 1 500  530*  564*  660**  646* 
0,1 1 500  540*  592*  598*  660* 

0,05 1 500  620  654  664**  712 
* p<0,001, ** p<0,05, TS: Test substances, n: number of individuals 
 
 

According to these results, probit analysis was 
performed to calculate the LC50 value and it was cal-
culated as 0.764 mg/mL (0.4-1.458, 95% confidence 
limits). 

Brachionus plicatilis 
showed an increase in the number of starting indi-
viduals at all concentrations at the end of the 90-hour 

reproductive test (Graphic 2). This increase was 48% 
in control, 42.4% in 0.05, 32% in 0.1, 29.2% in 0,2 
mg / mL and 26.4% in 0,4 mg/mL. 

At the end of 24, 48, 72 and 96 h of application, 
all concentrations (except 0,05 mg/mL) decreased 
the number of individuals in the culture in a statisti-
cally significant manner compared to the control. 
(p<0,001) (Table 2). 
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The concentration of 0.05 mg / mL showed 
more proliferation than the control at the end of the 
24 hour culture period. At the end of the following 
administration periods, the number of individuals in 
the control group was higher than the number of in-
dividuals in the application concentration of 0.05 
mg/mL. This difference was found to be statistically 
significant only after 72 hours (p <0,05). It is obvi-
ous that PEMs applied on this basis has negative ef-
fects on the reproduction of . 

In the same test, 20 individuals were taken from 
each culture for each application concentration, and 
the growth rates were evaluated for each application 
time, both height and width.  According to the results 

obtained no statistically significant difference was 
found between control and application concentra-
tions.  

 
It was determined that 

individuals regarded miroplastics as nutrient source 
and ingested them when polyethylene microspheres 
were applied to  medium (Figure 1).

In this test, the genotoxic effect of polyethylene 
microspheres (10-22 μm) on  was 
determined by single cell gel electrophoresis. 100 
cells were examined for each concentration, and the 
tail length, tail moment and tail density parameters 
were evaluated (Table 3).  

According to the obtained data, tail length in-
creased with PEM application in all concentrations 
compared to control. This increase was significant in 
all treatment concentrations except 0.05 mg/mL. 
When the increases in tail length were assessed ac-
cording to the concentrations, it was determined that 
these increases were dose dependent (r=0,82) 
(Graphic 3-a). 

Comet tail moment similarly increased in all 
concentrations compared to the negative control and 
0.1 and 0.2 mg/mL, which provided these increases, 
were found to be statistically significant and they are 
dose depended (r=0,73) (Graphic 3-b). 

In addition to the above comet parameters, it 
was found that all application concentrations signif-
icantly increased the tail intensity compared to the 
control. This increase also has a strong correlation (r 
= 0.80) (Chart 3-c). 

 
 

Test Substances Period (h) Concentrations Tail Length Tail Moment Tail Intensity 
Control 24 0 10,832±1,27 8,689±1,25 225,761±0,52 
PEM 24 0,05 13,272±1,64 10,698±1,58 222,964±0,63a 

  0,1 17,167±1,97b 14,507±1,89b 231,271±0,69a 
  0,2 19,955±2,17a 16,903±2,12a 231,259±0,73a 
  0,4 19,520±2,11a 15,420±1,93a 233,827±0,76a 

a = p <0.001, b = p <0.01 (statistically different from negative control). PEM: Polyethylene microsphere 
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According to terrifying predictions made about 

plastics, about 10% of the plastics produced are en-
tering our oceans [25, 26]. For this reason, unfortu-
nately, it is not a surprise that plastics are the com-
mon pollutants of aquatic ecosystems. According to 
Enomia's [27] report, about 12.2 million tons of plas-
tic are entering the ocean every year and 0.95 million 
tons of these are microplastics.  

Microplastics can enter the sea in the form of 
polyethylene particles from materials such as shop-
ping bags and polyester fibrils from textiles. Also, 
they can directly reach the aquatic ecosystem from 
cosmetics. Microplastics can passively float in the 
oceans as well as reach sediments. According to the 
report, microplastics which comes from marine paint 
(16 thousand tons), cosmetics (35 thousand tons), 
road paint (80 thousand tons), building paints (130 
thousand tons), textiles (190 thousand tons), pellet 
spills (230 thousand tons), vehicle tyre dust (270 
thousand tons) sink to the seabed.  

The harmful effects of microplastics in the 
aquatic environment have recently started to be dis-
cussed and researched. In the literature, it is seen that 
the studies conducted in this subject have been 
started mostly within the last few years and the num-
ber of these studies needs to be increased. 

Besseling et al. [18] evaluated reproduction and 
chlorophyll density of  ex-
posed to polystyrene (~70 nm) at the concentrations 
of 0.22-103 mg / L for 5 days and the researchers 
found that there were decrease in terms of reproduc-
tion and chlorophyll density. Later, when these algae 
were used as nutrients in  culture, 
malformations in body shapes of Daphnia, decrease 
in body size and reproduction were detected. Au et 
al. [28] conducted a study on , an am-
phibian crust. In this study, polyethylene micro-
spheres 10-27 μm in diameter to 0-100.000 parti-
cles/mL were applied and consequently, researchers 
found that they had an effect on growth and repro-
duction of  and this effect was statis-
tically significant. In our study, as in the studies 
mentioned above, when fluorescent polyethylene 
microplastics were given to  
culture media, they were perceived as nutrients and 
digested by these rotifers. The reproduction rate of 

was affected by PEMs at al-
most all application concentrations depending on 
time and in the 24-hour acute toxicity test, PEMs 
were found to cause mortality or immobilization.  

Although the survival rates of 
 did not show a significant decrease com-

pared to the control in the application of polyeth-
ylene microplastics of 10-45 μm size for 5 days, 
there was a decrease in body mass [22]. Similarly, 
Ugolini et al. [29] stated that  took 
PEM into the body within 24 hours, and microplastic 

presence was detected after 7 days in almost all indi-
viduals in their study of polyethylene microspheres 
10-45 μm in diameter. They noted that the micro-
plastics administered over a 7-day period had no ef-
fect on survival.  In our study, it was also found that 
both  and  took 
PEMs into the body within the first 24 hours. Unlike 
these studies, when we look at the data of 

 at the end of 24 hours in our exper-
iment, the applications of 0.1, 0.2, 0.4, 0.8 mg/mL 
are resulted in death or inactivity of 16.6%, 23.3%, 
36.6% and 53.3%, respectively. The differences in 
results may be due to the microparticles we used 
were fluorescent and the particle sizes were smaller 
than used microparticle by the researchers. 

The intake of microplastics by aquatic verte-
brates and invertebrates has important effects on 
their physiological functions such as respiration, nu-
trition, growth and reproduction [23]. In addition to 
these effects, microplastics tend to adsorb persistent 
organic pollutants (POPs). In studies on this subject, 
the desorption of POPs has been shown in vivo and 
in vitro in various organisms (fish, mussel, lug-
worm). According to these studies, contaminated 
microplastics are first taken up by the organisms as 
nutrients. Then, POPs that are absorptive to these mi-
croplastics are also transferred to these organisms. 
The effects of both microplastic and POP + micro-
plastic combination on neurotransmission, energy 
production and oxidative metabolism have been 
demonstrated [30-33]. In a study conducted on this 
subject, Avio et al. [32] showed that pyrene (PR) 
contamination of polyethylene (PE) and polystyrene 
(PS) microparticles increased with dose and time. 
Also, the researchers performed toxicological as-
sessment of the separate effects of both contaminat-
ing (PE + PR, PS + PR) and pure microplastic (PE, 
PS) on . According to the 
results of the researchers,  
observed PR accumulation in different tissues of the 
body except microplastics. Single-cell gel electro-
phoresis (comet) and micronucleus test were per-
formed from the mussel hemolymph by applying PE, 
PE+PR, PS and PS+PR at a size less than 100 μm. In 
the comet test, PE and PS caused statistically signif-
icant damage to mussel DNA. Unlike the comet test, 
in the micronucleus test in which the nuclear abnor-
mality was evaluated, only statistically significant 
differences were found in PE + PR and PS + PR ap-
plications compared to the control. As a result, it is 
clear that polyethylene or polystyrene microplastics 
are causing damage to DNA. In our comet experi-
ment, all application concentrations of the PEM of 
10-22 μm in size significantly increased the DNA 
tail length, tail moment and tail intensity compared 
to the control. If we look at the microplastic dimen-
sions used in our work and in the study of Avio et al. 
[32], it is unlikely that a material of this size (10-100 
μm) will reach the DNA through the cell membrane 
and cause such genotoxic damage. The hypothesis 
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that should be considered here is that microplastics 
may increase the production of reactive oxygen spe-
cies (ROS) and the increased amount of ROS may 
cause breakage of DNA strands. Intracellular ROS 
levels were evaluated by Jeong et al. [34] in 

 exposed to PS microplastics of 
sizes 0.05, 0.5 and 6 μm for 24 hours. According to 
the obtained results, the level of ROS increased in 
inverse proportion to the particle sizes. This result 
shows that the increase of microplastic and reactive 
oxygen species may lead to the eventual DNA dam-
age. 

The harmful effects of microplastics on living 
organisms are evident when the above mentioned 
studies and the results of our work are evaluated. In 
addition, as a result of the production trends of plas-
tics, their mode of use and varying demographic 
data, the increasing frequency of microplastics in 
aquatic environments [35] undoubtedly leads to 
great concern.  

 
 

 
In conclusion, more effort is needed to increase 

the studies about effect of microplastic on living sys-
tems and to make people aware of plastic/micro-
plastic. 

 
This study was funded by The Scientific and 

Technological Research Council of Turkey 
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A total of 3072 individuals with 99 species be-

longing to 6 families were identified in 43 sampling 
sites from the Republic of Moldova. The rates of 
individuals of three families (Pieridae, Hesperidae 
and Papilionidae) differed in the others when all 
habitat types: forest, meadow, moor and urban. The 
dominant group included 

 and 
. The relative number of these spe-

cies is more than 1.70 % and the totally 22.56 %. 
The forest habitats had the higher species richness 
than others. At the same time, they are more com-
mon in the areas within the Eurasian and Palearctic 
zones. Since the southern moors of Moldova were 
actually located on the western extension of the 
Eurasian’s. The fauna in the Scythian zone was 
represented by only three species. The species, 

 from the family Lycaenidae 
was first identified for the Moldova with this study. 

Rhopalocera, habitat types, diversity indices, zoogeo-
graphical distribution, rare species. 

The ecological-faunistic complex situation of 
butterflies is important for biodiversity. Anthropo-
genic changes or interventions result in a reduction 
in the number of species at fauna [1]. The first 
study on butterflies of the Bessarabia region was 
made in 1906 and identified 59 species, 44 of them 
as Rhopalocera [2]. The places where the captured 
species are located (Şaba village, Şabolat, Hotin 
and Akerman) are now located within the borders 
of Belgorod-Dnestrovsk cities of Ukraine nowa-
days. Miller and Zubowsky [3, 4] formed the list of 
Lepidoptera from 103 species in Moldavia. A com-
plete summary of the Lepidoptera including 1200 
species was prepared and mentioned as 
Rhopalocera 96 of them, 4 in Papilionidae, 14 in 

Pieridae, 40 in Lycaenidae, 38 in Nymphalidae [5]. 
The bioecological characteristics of butterflies and 
informations of the 6 species (  
L.,  L., 

 Den. and Schiff.,  L., 
 H.-S.,  Den. and Schiff.) 

were mentioned in the book, namely Rare and En-
dangered Species in Moldova [6]. The Law No. 
439-XIII about living things including in 34 rare 
species of Lepidoptera fauna came into force on 
April 27, 1995 in the Republic of Moldova. These 6 
species recorded in the law. Andreev and Der-
janschi [7] collected 26 butterflies and 3 moths 
from the edges of forests, in the countryside and 
steppe plants around Kopanka, Talmaza and Res-
keiets villages. Svechkarev and Tischenkov [8] 
determined 35 butterflies and 31 moths between 
1989 and 1994 in the nature conservation area of 
Novo-Andriyaşevka at Slobodzeya province of 
Transdniyester region and was firstly found 

 (L.) belonging to Nymphalidae 
family. In the nature reserve area of Yagorlik at the 
same region, Tischenkov [9] studied 52 species of 
Rhopalocera on the calcareous slopes of Goyan 
village covering vegetations and shrubs of step 
from 1997 to 2002 and added three new species – 

 (Den. and Schiff., 1775), 
 (Reverdin, 1913),  

(L., 1758) in Moldova fauna. Three years later, the 
same author took inventory of 39 butterflies and 46 
moths in this area [10]. Danila [11] was to do the 
preliminary list of Lepidoptera fauna consisting of 
55 species with 42 butterflies in the nature conser-
vation areas of "Padurea Domneasca" and "Plaiul 
Fagului". One of the most important fauna reports 
for Rhopalocera is the list consisting of 103 species 
belong to 7 families in Rebuplic of Moldova. The 
diversity of species was evaluated 52 lepidopters 
with 25 butterflies belong to 5 families in areas 
which the nature conservation laws thought nothing 
of them [12]. Four species,  
(Staud., 1886),  (Scop., 1763), 

 (Nickerl, 1850) and 
(Obert., 1910) were expressed for fauna 

newly. The catalog of the USSR butterflies stated 
one species of Pieridae family,  
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(Esper, 1781) previously unrecorded for the Repub-
lic of Moldova [13]. There were mentioned biolo-
gies, ecologies and distributions of 63 species be-
longing to 7 families in ecology encyslopaedia [14, 
15]. Also, three species of Lycaenidae, 

 Haw.,  L. and 
 Bergstr. were observed as ecological and bio-

logical [16]. G. Buşmachiu et al. [17] found 171 
species of Collembola and Coleoptera as well as 21 
species of butterflies in the course of the biodiversi-
ty researches of invertebrates on the slopes at river 
basins of Moldova.  

After 1950, the studies on the biological prop-
erties of species focused on the effective control 
methods against lepidopter species damaging for-
ests and agricultural cultures. In recent years, stud-
ies on fauna have been carried out by Danila [11] 
and research on the protection of rare species by 
Andreev and Derjanschi [7]. However, all of these 
studies are of narrow frame nature and not fully 
reflect the butterfly diversity and fauna of Moldova.  

This study gives weight to the current situa-
tion and zoo-geographical analysis of Rhopalocera 
in natural ecosystems and agricultural areas of 
Republic of Moldova.  

A survey was conducted with species collect-
ing from 43 sampling sites in Moldova (Figure 1). 
These sites noted altitudes and geographical coor-
dinates display different land characteristics (Table 
1). The lands were categorized as forest, meadow, 
moor and urban. Distribution of sampling localities 
was set as 43 settlements and around 23 provinces 
of Moldova, 9 in the north of the country, 8 in the 
center, and 6 in the south. All of the butterflies were 
collected with sweep net along transects using Pol-
lard walk method [18]. Chi-square independence 
test was done to compare diversity among different 
land use patterns. Also, the collected data were 
analyzed using the Shannon-Weaver Diversity 
Index (H) [19]. The quantitative determination on 
species composition in Rhopalocera was catego-
rized as dominant, multiple, moderate, small and 
rare abundance (D= abundance of a species in site 
(n) / total abundances in site (N)). The species was 
calculated as D > 1.7 %, 1.2 % < D < 1.70 %, 0.7 % 
< D < 1.19 %, 0.2 % < D < 0.69 % and D < 0.2 % 
respectively [20].  
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No. Sites 
Geographical positions Provinces 

(N) (E) Altitude(m) North Centre South 
1. Năslavcea 48o28'34" 27o33'47" 186 Ocnița 
2. Brînzeni 48o05'20" 27o12'12" 253 Edineț 
3. Fetești 48o10'32" 27o08'13" 265 Edineț 
4. Gordinești 48o09'21" 27o08'23" 247 Edineț 
5. Fîntîna Albă 48o09'27" 27o28'08" 223 Edineț 
6. Druța-Horodiște 47o57'35" 27o16'33" 169 Rișcani 

7. Balatina (“Suta de 
Movile”) 47o46'32" 27o16'52" 98 Glodeni   

8. Lipovanca 47o40'35" 27o58'04" 132 Sîngerei 
9. Chișcăreni 47o31'30" 28o04'18" 113 Sîngerei 
10. Glinjeni 47o37'29" 27o51'41" 161 Sîngerei 
11. Sărata Veche 47o29'59" 27o46'08" 65 Fălești 

12. 
Balatina 
(“Pădurea Dom-
nească”) 

47o36'24" 27o23'34" 57 Glodeni   

13. Arionești 48o22'88" 27o51'21" 181 Dondușeni 
14. Rudi 48o20'02" 27o52'57" 221 Soroca 
15. Grigorăuca 48o13'18" 28o05'55" 203 Soroca 
16. Cosăuți 48o12'07" 28o14'55" 78 Soroca 
17 Soroca 48o08'13" 28o18'16" 108 Soroca 
18. Napadova 48o01'11" 28o37'43" 86 Florești 
19. Pruteni 47o31'43" 27o32'50" 49 Ungheni 
20. Lopatna 47o30'48" 29o01'26" 158 Orhei 
21. Ivancea 47o16'44" 28o52'44" 154 Orhei 
22. Vatici 47o19'50" 28o35'32" 136 Orhei 
23. Lozova (Codrii) 47o06'22" 28o21'42" 139 Strășeni 
24. Cîprieana 47o05'55" 28o29'34" 346 Strășeni 
25. Copanca 46o41'15" 29o34'51" 14 Căușeni 

26. Rădenii Vechi 
(Plaiul Fagului) 47o17'46" 28o01'54" 199  Călărași  

27. Sadova 47o12'37" 28o19'12" 249 Călărași 
28. Chișinău 47o01'41" 28o50'23" 86 Chișinau 
29. Codru 46o58'30" 28o49'39" 111 Chișinău 
30. Calfa 46o53'31" 29o22'59" 125 Anenii Noi 
31. Răzeni 46o43'49" 28o52'38" 183 Ialoveni 
32. Purcari 46o30'54" 29o53'01" 55 Ștefan Vodă 
33. Cimișlia 46o33'13" 28o45'49" 82 Cimișlia 

34. Bugeac  
(“Bugeac”) 46o23'17" 28o40'38" 66   Comrat 

35. Vișnevca 46o19'55" 28o27'35" 144 Comrat 
36. Cucoara 46o03'27" 28o07'54" 6 Cantemir 
37. Cantemir 46o16'63" 28o10'78" 13 Cantemir 
38. Vadul lui Isac 45o44'34" 28o16'25" 120 Cahul 
39. Cioc-Maidan 46o20'10" 28o52'19" 104 Ceadîr-Lunga 
40. Răscăieți 46o35'03" 29o45'41" 83 Ștefan Vodă 
41. Giurgiulești 45o29'43" 28o10'52" 61 Cahul 
42. Troițcoie 46o31'24" 29o02'32" 165 Cimișlia 
43. Colibaș 45o43'28" 28o10'19" 5 Cahul 

A total of 3072 individuals with 99 species be-
longing to 6 families were identified in four land 
using types in Moldova. Nymphalidae family was 
dominant, whereas Riodinidae had the least number 
of individuals (Table 2). There was a significant 
difference in the species diversity among habitat 
types by Shannon’s diversity index. The highest 
index was found for the forest. There were no ob-
served differences between the meadow and moor 
in the diversity indices, although the number of 
species and specimens are different. The lowest 
diversity was calculated for the urban, although the 
number of species and specimen is higher than the 

meadow (Table 3). The individuals were collected 
in habitat types to them of all families except Ri-
odinidae. The rates of individuals of three families 
(Pieridae, Hesperidae and Papilionidae) differed 
from the others when all habitat types were taken 
into consideration. Regarding the dependency rate 
between family and land use, the chi-square inde-
pendence test was applied data (Table 4). As a 
result of the chi-square independence test, there is a 
statistically dependence between the family and the 
land use at the significance level of p = 0.001. Ac-
cording to the obtained data and their presences in 
site, the dominant group included 
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and . The relative number of these 
species is more than 1.70 % and the totally 22.56 
%. The multiple groups was represented with 19 
species into the relative number varying between 
1.20 % and 1.70 % in site and totally 26.37 %. 
There were 31 species from 0.70 % to 1.19 % in the 
moderate group. The total relative number of spe-
cies in this group was 29.37 %. The small group 
with a relative number ranging between 0.20 % and 
0.69 % covered 30 species and totally 11.53 %. 
There were 10 species in the rare group with a 
relative number not exceeding 0.20 % and totally 
0.91 %. In this study, the indicator complex of 
Rhopalocera species consisted of 60 species. This 
complex represented by dominant, multiple and 
moderate groups covered a total relative number of 
84.55 %.  

These species underlying of fauna on the 
study area were 

and
 in April,  and 

 in May, 
 

and  from family Nymphalidae and 
and  from 

family Pieridae in June, species from families Hes-
periidae, Pieridae, Nymphalidae and Lycaenidae in 
July. The highest species diversity of Rhopalocera 
was observed in June and July. Towards the end of 
the season, while number of the specimens were 
gradually decreasing, there was only a slight in-
crease in population of them from families Nym-
phalidae and Lycaenidae at the end of August. The 
end of the season was seen  
emerging in the fall and the species overwintering 
in September and October. 

Family Forest Meadow Moor Urban 
spp spec spp spec spp spec spp spec 

Hesperidae (11) 8 50 6 6 5 12 5 10 
Papilionidae (4) 4 21 2 2 3 19 1 2 
Pieridae (14) 14 463 9 46 10 145 8 35 
Nymphalidae (38) 36 871 7 18 16 180 12 48 
Riodinidae (1) 1 49 1 3 0 0 0 0 
Lycaenidae (31) 30 468 6 56 14 291 15 277 
Total 93 1922 31 131 48 647 41 372 

 
Habitat types No. of spp. No. of spec. Shannon-Weaver d 

Forest 93 1922 1.518027 0.334913 
Meadow 31 131 1.126075 0.327921 
Moor 48 647 1.276932 0.329854 
Urban 41 372 0.941668 0.253575 

 

Family 
Land use 

Total 
Forest Meadow Urban 

Hesperiidae 50 18 10 78 
Papilionidae 21 21 2 44 
Pieridae 463 191 35 689 
Nymphalidae 871 198 48 1117 
Riodinidae 49 3 0 52 
Lycaenidae 468 347 277 1092 
  1922 778 372 3072 

 Value df Asymp.Sig.(2-sided) 
Pearson Chi-Square 435,481ª 10 ,000 
Likelihood Ratio 438,549 10 ,000 
Linear-by-Linear Associa-
tion 220,776 1 ,000 

N of Valid Cases 3072   
ª0 cells (0,0%) have expected count less than 5. the minimum expected count is 5,33. 
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Region 
Habitat 

Forest Meadow Moor Urban 
Cosmopolit 1 1 1 - 
Holarctic 5 6 3 5 
Palearctic 13 4 5 4 
Western-Palearctic 16 4 10 7 
Eurasian 44 10 22 17 
European 9 2 3 5 
Ponto-mediterranean 3 3 2 2 
Mediterranean-Caucasian 2 1 1 1 
Scythian - - 1 - 
Total 93 31 48 41 
% 93,93 23,23 48,48 41,41 

Ten species of butterflies (

 and ) from family 
Lycaenidae,  and 

 from family Nymphalidae and, 
 and  from family 

Pieridae were rare. The majority of these species 
were found in the pristine environment on the urban 
areas. In the forest areas, there were 

 and 
, while the species  was 

found in the meadow areas. The moor habitats 
included an species,  and 

. Protection of habitats is necessary to en-
sure the continuity of these species mentioned.  

The zoogeographical distribution of the ob-
tained butterflies was determined in this study (Ta-
ble 5). They are more common in the areas within 
the Eurasian and Palearctic zones. Since the south-
ern moors of the Republic of Moldova were actual-
ly located on the western extension of the Eura-
sian’s. The fauna in the Scythian zone was repre-
sented by only three species. One of these species, 

, has been clarified with this study. 
The forest habitats had the higher species 

richness than others. These findings are similar to 
other studies [21, 22]. According to Sagwe et al. 
[22] the land cover characteristics and diversity of 
host plants can affect butterfly richness and density.  

 
 

This study is important to know the butterfly 
species richness for different habitats and zoogeo-
graphical distribution in the Republic of Moldova.  

The species,  from the 
family Lycaenidae was first identified for the Re-
public of Moldova with this study. 

The obtained data have been added to the new 
edition of the Red Book of the Republic of Moldo-
va on rare and perennial species as one species, 

 in the CR category, seven species 

in the EN category, six species in the VU category, 
six species in the LC category and one species in 
the DD category. Also, two species (

 and ) from family Lycaenidae 
have been recommended to be included in the Na-
tional Operations List. 

 
Authors thank the supports of Istanbul Univer-

sity and Academy of Sciences of Moldova for PhD 
thesis research. 
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The Identify of heterotic groups among in-
breeds is key to the progress of a maize hybrid breed-
ing program. So, the objectives of this study were 
aimed to determine combining ability and classify 
sixteen new yellow maize inbred lines which were 
crossed with three types of testers. The F1 resulting 
topcrosses plus two check hybrids were evaluated at 
two locations in a randomized complete blocks de-
sign with four replications. Analysis of variance indi-
cated that the mean squares due to locations (Loc), 
crosses (C) and C x Loc interaction were highly signif-
icant for the major studied traits under investigation. 
Mean squares due to lines, testers and line×tester in-
teraction were significant for all studied traits. The 
additive gene effects were most responsible for control-
ling the inheritance of all traits except for grain yield. 
The best inbred line which showed desirable GCA ef-
fects for grain yield was L10. Tester SC162(T2) was 
the best combiner for the major traits. The 16 inbred 
lines were classified into three different heterotic 
groups using HSGCA method. These groups could 
be used in breeding program for selecting the best 
parents in making crosses. 
 
 

  
Line×tester, combining ability, heterotic group, 

Maize is one of the most important staple food 
crop for more than 1.2 billion people in the world, 
specially at Africa and Latin America. Maize (

 L.) is one of the main important cereal crops in 
global world [1]. It is using as food, fodder, and fuel. 
Furthermore, oil of maize is suitable for the con-
sumption of human due to the presence of unsatu-
rated fatty acids [2]. Further, it its high productivity 
of grain and forage yield [3]. In developed countries, 

maize is widely used as raw materials for pharma-
ceutical, livestock and many agro-allied industries 
[4]. 

In Egypt maize is the third most essential staple 
food crop both in terms of area and production [5]. 
The main goal of the Egyptian national maize pro-
gram is to develop new single and three way crosses 
with high yielding especially yellow hybrids. The 
performance of hybrid is related to the general com-
bining ability (GCA) and specific combining ability 
(SCA) of the inbred lines involved in the hybrid [6]. 

 In any breeding program the choice of the cor-
rect parents is the secret of the success. Hence, esti-
mation of combining ability (GCA and SCA) is im-
portant in breeding program for hybridization [7, 8]. 
The analysis of general combining ability (GCA) 
and specific combining ability (SCA) are important 
to screen the best inbred lines for hybrid improve-
ment and hybrid combinations with good specific 
combining ability [9, 10]. Meanwhile, the inbred line 
can be used as [11, 12], further, the single cross can 
be used as a tester [13]. 

Heterotic group was defined as a group of re-
lated or unrelated genotypes from the same or differ-
ent populations, which display similar combining 
ability and heterotic response when crossed with 
genotypes from other genetically distinct germplasm 
groups [14, 15]. Heterotic groups specific and gen-
eral combining ability (HSGCA) method is a practi-
cal and easy to follow procedure to classify maize 
inbred lines into known heterotic groups, the new 
method was more reliable and efficient than tradi-
tional maize heterotic group classification methods 
that use SCA-GY and molecular markers [16, 17]. 

The objectives of this study were to determine 
general and specific combining ability effects, nature 
of inheritance for grain yield and other studied traits, 
identify the superior single and three way crosses in 
grain yield and classifying the inbred lines into het-
erotic groups using specific and general combining 
abilities (HSGCA method) derived from line x tester 
analysis. 
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1 1474.56** 372893.42** 108669.12** 11.63 568.82** 7213.97** 129.47** 

6 46.60 3082.18 1192.48 3.97 21.73 32.75 9.11 

49 30.57** 1613.70** 1156.64** 6.94** 41.24** 61.99** 7.53** 

47 29.45** 1498.73** 1119.26** 7.01** 37.28** 61.05** 7.69** 

1 20.25** 1207.56** 784.00** 6.76** 57.76** 76.12** 2.01 

1 93.53** 7423.43** 3286.14** 3.83* 210.84** 92.04** 5.13* 
49 3.35** 210.83 200.27** 1.29* 18.77** 22.37** 2.41** 
47 3.09** 183.65 172.87** 1.30* 18.03** 19.12** 2.25** 
1 4.00 22.56 650.25* 0.09 56.25** 111.83** 9.25** 

1 14.92** 1676.56** 1038.09** 2.02 16.07 85.66** 3.21 

294 1.61 177.75 104.83 0.84 6.31 6.23 0.87 
*and** Significant at 0.05 and 0.01 levels of probability, respectively. 

The present investigation was conducted at two 
locations (Sakha and Sids Agricultural Research Sta-
tions), Agriculture Research Center Egypt, during 
the two growing summer seasons 2015 and 2016. 

The genetic materials used 
in this study were three types of testers as male par-
ents namely; inbred line Cim/z (T1),  single cross 
(SC)162 (T2) and population(Pop) Sk9 (T3) as well 
as sixteen new yellow inbred lines as female parents 
namely;  Sk2 (L1), Sk3 (L2), SkD-4 (L3), Sk10 (L4), 
Sk11 (L5), Gz639 (L6), Gz658 (L7), Gz666 (L8), 
Gm1004 (L9), Gm1021 (L10), Hp704-10 (L11), 
Sk5003/20 (L12), Sk5010/6 (L13), Sk5011/2 (L14), 
Sk5007/32 (L15) and Sk8008/1 (L16) . 

In 2015 season the three male testers and the 
sixteen female parents were crossed according to 
line x tester design to produce 48 F1 top crosses as 
out lined by [18]. In 2016 season, two field experi-
ments were conducted at two locations; Sakha and 
Sids Agricultural Research Stations. 

The experimental design was Randomized 
Complete Blocks Design with four replications. 
Each replicate contained 48 F1and two commercial 
check hybrids, single cross162 (SC162) and three-
way cross 360 (TWC360). Each entry was grown in 
a single row 6 meter long, 0.80m and 25 cm between 
hills and one plant were left per hill. The agronomic 
processing and farming practices were done accord-
ing to each experimental site.  

Days to 50% silking (was rec-
orded as the number of days from planting to 50% 
silking), Plant height (cm) was measured from each 
plot from soil surface to upper most node as an aver-
age of 5 guarded plants, Ear height (cm) was meas-
ured from the soil surface to the upper most ear bear-

ing node for 5 guarded plants from each plot, Num-
ber of rows / ear, Number of kernels / row.  (Random 
sample of 10 ears was taken from each plot to meas-
ure traits, 4 and 5 as an average), 100 kernels weight 
(g) taken at random from the shelled grains of each 
plot and weight and Grain yield (shelled grain weight 
per plot adjusted to 15.5% grain moisture and trans-
formed to ton per hectare). 

Statistical analysis was 
performed for each location. Combined analysis be-
tween the two locations was done whenever homoge-
neity of error mean squares was detected for the stud-
ied characters according to [19]. The combining abil-
ity analysis was done using line×tester procedure as 
suggested by [18]. Heterotic groups specific and gen-
eral combining ability (HSGCA) were made accord-
ing to [16] as follows: HSGCA= cross mean ( )– 
tester mean (  = GCA + SCA

Where; 
 = the mean yield of the cross between the 

Lth line and Tth tester 
= the mean yield of the Tth tester across the Lth 

lines. 
 
 

The combined analysis 
of variance for the studied traits across two locations 
is presented in Table 1. Mean squares of locations 
were highly significant for all studied traits except 
for number of rows/ear. This result indicated that the 
environmental conditions at the two locations were 
different for growing maize. These results are in 
agreement with [20, 21, 22, 23, 11, 12]. 

The mean squares due to Genotypes and their 
partitions; crosses(C), checks (Ch) and C vs. Ch 
were significant or highly significant for all studied 
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traits except for checks of grain yield. Similar results 
were obtained by [7, 23].  

The interaction between the genotypes (G) and 
their partitions (C, Ch and C vs. Ch) with locations 
(Loc) were significant or highly significant for all 
studied traits except for G×Loc and C×Loc of plant 
height, for Ch×Loc of days to 50% silking, plant 
height and number of rows/ear and for C vs. Ch×Loc 
of number of rows/ear, number of kernels/row and 
grain yield. These results are in agreement with those 
obtained by [7] of crosses(C) for days to 50% silk-
ing, plant height and grain yield, indicating that these 

crosses differed in their order from location to an-
other for these traits. 

Mean performance of the 
F1 top crosses and two check hybrids for nine traits 
across two locations are presented in Table 2. Num-
ber of days to 50% silking ranged from 59.63 days 
for L14xT3 to 69.25 days for L6xT2. Plant height 
ranged from 204.38cm for L14xT1 to 275.25cm for 
L10xT2. Ear height ranged from 99.75 cm for 
L14xT1 to 162.00 cm for L10xT2. 

67.63 235.75 121.00 15.15 39.38 39.39 8.82 
65.75 241.88 132.38 14.55 42.95 41.38 10.39 
63.63 222.88 119.50 15.58 42.60 37.31 9.48 
66.00 230.50 116.75 15.40 40.40 36.58 9.04 
65.38 245.88 139.25 14.10 41.45 37.85 10.17 
64.13 239.25 132.00 17.10 44.20 33.98 9.64 
67.63 234.63 126.38 15.00 43.08 38.75 9.86 
66.50 260.13 136.00 14.50 41.05 37.40 10.59 
63.75 249.75 137.25 15.60 42.50 35.11 8.29 
63.75 228.63 105.75 15.25 38.50 38.51 8.97 
63.75 247.38 128.63 15.05 42.48 37.08 10.27 
62.38 225.88 115.25 15.90 40.65 33.88 9.32 
64.88 240.75 125.13 14.25 40.15 38.03 9.32 
64.88 260.88 146.25 14.00 43.80 35.74 8.75 
63.13 239.75 128.63 14.80 41.83 32.49 9.26 
68.13 233.13 121.13 15.00 42.33 33.69 8.31 
69.25 253.38 139.25 14.58 39.85 32.23 6.50 
63.75 245.63 136.88 15.05 42.50 36.48 9.24 
68.75 221.25 127.25 15.65 40.48 38.13 9.10 
66.00 243.75 139.75 14.60 44.23 35.73 10.72 
65.00 232.38 136.50 16.38 41.70 33.68 9.44 
65.50 244.75 116.50 15.20 41.75 36.69 8.42 
65.38 250.63 134.88 13.80 45.48 37.49 9.69 
62.13 230.38 123.25 15.20 42.53 33.31 9.36 
67.00 215.38 112.13 17.25 37.10 30.14 7.98 
65.88 242.63 133.63 15.60 43.60 32.75 8.81 
64.50 236.63 136.38 17.45 42.10 27.85 8.97 
64.88 243.63 130.38 14.75 39.55 40.61 10.64 
64.75 275.25 162.00 14.35 42.33 39.54 12.33 
64.38 236.63 130.38 15.80 38.43 37.13 8.40 
63.63 225.13 119.63 14.80 37.78 34.30 8.43 
63.25 251.38 143.50 13.95 40.03 32.73 9.09 
61.63 228.50 124.50 14.50 37.58 34.03 9.02 
65.88 240.88 121.75 14.20 36.48 35.51 7.84 
64.75 262.63 144.63 14.50 42.48 37.25 10.56 
63.25 250.88 134.38 15.35 37.80 37.79 9.48 
66.63 234.00 113.00 16.30 40.60 32.25 8.27 
63.75 256.38 129.25 15.60 43.33 36.24 9.87 
62.88 226.75 114.50 16.00 43.20 34.03 9.82 
61.75 204.38 99.75 16.33 40.65 32.36 9.14 
63.38 233.00 122.38 15.65 44.03 32.83 9.28 
59.63 211.63 106.50 17.08 42.00 32.03 8.61 
67.38 230.63 117.25 16.45 42.63 36.31 8.28 
65.13 246.50 134.38 15.75 44.70 37.84 9.45 
64.63 230.13 123.75 16.78 41.38 36.61 8.77 
65.63 227.75 123.00 14.85 37.45 38.18 7.50 
64.75 251.38 143.25 13.73 40.83 35.56 8.19 
63.00 230.63 132.13 15.05 40.45 36.89 8.22 
68.38 269.25 149.50 14.15 46.90 35.95 10.08 

66.13 251.88 135.50 15.45 43.10 40.31 9.37 

1.24 13.06 10.03 0.90 2.46 2.44 0.91 
1.63 17.20 13.21 1.18 3.24 3.22 1.20 
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15 47.22** 1922.41** 1484.74** 13.74** 47.83** 125.76** 9.63** 
2 247.69** 16145.18** 12292.5** 45.97** 252.27** 128.35** 27.78** 
30 6.01** 310.45** 191.63* 1.53* 17.92** 23.09** 5.39** 
15 5.35** 229.05 317.66** 1.91* 33.36** 26.59** 2.26** 
2 3.46 471.69 516.02* 4.95** 34.11* 35.66* 1.88 
30 1.93 171.74 76.70 0.78 9.32 14.22* 2.25** 
282 1.79 176.32 113.44 0.98 7.73 8.14 0.87 

*and** Significant at 0.05 and 0.01 levels of probability, respectively. 
 

1.83 114.44 85.15 0.35 1.52 1.26 0.22 
0.52 17.33 14.36 0.09 1.07 1.11 0.35 

σσ 0.06 4.57 7.98 0.064 0.68 0.61 0.03 
σσ 0.03 000 000 000 0.39 1.52 0.34 

 

Number of rows/ ear ranged from 13.73 for 
L16xT2 to 17.45 for L9xT3. Number of kernels /row 
ranged from 36.48 for L12xT1 to 46.9 for SC 162, 
100 kernel weight ranged from 27.85 for L9xT3 to 
41.38 for L1xT2. Grain yield ranged from 6.50t/ha 
for L6 x T2 to 12.33t/ha for L10xT2.  

The results for grain yield exhibited that five 
three way crosses; L1×T2 (10.39t/ha), L3×T2 
(10.59t/ha), L7×T2 (10.72t/ha), L10×T2(12.33t/ha) 
and L12×T2(10.56t/ha) increased significantly com-
pared with commercial hybrid TWC360 (9.37t/ha). 
These hybrids will be test in yield trails for further 
evaluation and it could be used in breeding program 
to improve grain yield. 

 
The mean squares for 

lines (L), testers (T), lines×testers (L×T) and their 
interaction with locations (Loc) for all studied traits 
across two locations are presented in Table 3. The 
results showed that the mean squares for L, T and 
L×T were significant for all studied traits, indicating 
that the inbred lines behaved differently in their re-
spective top crosses and that greater diversity exists 
between testers, while significant L×T interaction, 
meaning that the inbred lines performed differently 
their respective top crosses depending on the type of 
testers used for these traits. Similar results were ob-
tained by [24, 12] for grain yield.  

 The interaction between L×Loc and T×Loc 
were significant or highly significant for all studied 
traits except for LxLoc of plant height and for T×Loc 
of days to 50% silking, plant height and grain yield. 
While, L×T×Loc were significant for 100 kernels 
weight and grain yield, only. These results are in 
agreement with those of [25, 26, 10]. 

. 
Estimates of genetic components of both GCA (ad-
ditive gene effects) and SCA (non-additive gene ef-
fects) and their interaction with locations for the 
studied traits are presented in Table 4. Data showed 
that K2GCA was higher thanK2 SCA for all traits except 
for grain yield, indicating that the additive gene ef-
fects were the most responsible for controlling the 
inheritance of these traits. While, the non-additive 
gene effects were of greater importance in the inher-
itance of grain yield. These results were similar to 
those obtained by [24, 12] for grain yield. 

σ2GCAxLoc and σ2SCAxLoc exhibited that the addi-
tive gene effects were more interacted by locations 
than non-additive gene effects for days to 50% silk-
ing, plant and ear heights, number of rows/ear and 
number of kernels/row while the reverse was true for 
100kernel weight and grain yield. These results sup-
port the findings of [13, 12, 27] for 100 kernel weight 
and grain yield.  

The gen-
eral combining ability effects of 16 inbred lines and 
three testers for nine traits across two locations are 
presented in Table 5. Negative GCA effects are de-
sirable when selecting for earliness, short plant and 
ear height, while positive GCA effects are desirable 
for improvement of grain yield and yield component 
traits.  

The favorable GCA effects for earliness were 
shown in the inbred lines, L4, L11 and L14. The in-
breed lines L7, L9 and L14 had significant negative 
values for short plants. For short ear height, the in-
breed lines L4, L13 and L14 were the best combiner.  
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0.89** -5.08 -3.58 -0.10 0.45 3.64** 0.39* 
0.39 -0.04 1.46 0.19 0.70 0.51 0.49** 

1.18** 9.59** 5.34* -0.31 0.91 1.43* 0.41* 
-1.48** -4.62 -11.33** 0.11 -0.80 0.85 0.38* 
-0.48 8.55** 5.46* -0.93** 0.62 -0.20 -0.05 

2.27** 5.46* 4.54* -0.43* 0.24 -1.57** -1.15** 
1.81** -6.12* 6.63** 0.32 0.74 0.14 0.58** 
-0.44 3.34 -3.00 -0.60** 1.99** 0.10 -0.01 

1.02** -7.04** -0.50 1.53** -0.42 -5.28** -0.58** 
-0.11 13.26** 13.04** -0.35 -1.17* 3.39** 1.29** 

-1.94** -3.58 1.34 -0.81** -2.88** -1.90** -0.32 
-0.15 12.88** 5.71** -0.68** -2.34** 1.18* 0.13 
-0.36 0.46 -8.96** 0.69** 1.03 -1.45* 0.15 

-3.19** -22.24** -18.33** 1.11** 1.03 -3.24** -0.15 
0.93** -2.83 -2.75 1.03** 1.58** 1.22* -0.33 
-0.32 -1.99 4.92* -0.77** -1.67** 1.18* -1.19** 
1.16 -7.88** -9.33** 0.09 -1.44** 0.57* -0.42** 

0.38** 12.86** 10.21** -0.64** 1.36** 0.59* 0.50** 
-1.54** -4.98** -0.89 0.55** 0.08 -1.16** -0.08 

0.53 5.31 4.26 0.39 1.11 1.14 0.37 

0.70 6.99 5.61 0.52 1.46 1.50 0.49 

0.75 7.51 6.03 0.56 1.57 1.61 0.53 

0.99 9.88 7.93 0.74 2.07 2.12 0.69 

0.23 2.30 1.84 0.17 0.48 0.49 0.16 

0.30 3.03 2.43 0.22 0.63 0.65 0.21 

0.32 3.25 2.61 0.24 0.68 0.69 0.22 

0.43 4.28 3.43 0.32 0.89 0.92 0.30 

*and** Significant at 0.05 and 0.01 levels of probability, respectively. 
 
 

Also, the results revealed that L9, L13, L14 and 
L15 had significant GCA effects for number of 
rows/ear, while L8 and L15 for number of ker-
nels/row. For 100 kernel weight, L1, L3, L10, L12, 
L15 and L16 were the best combiner. The results ex-
hibited that the inbred lines L1, L2, L3, L4, L7 and 
L10 had significant and desirable values for grain 
yield. These inbred lines could be used in maize 
breeding programs to improve grain yield.   

On the other side in Table 5, the results showed 
that the inbred line, Cim/z(T1) as a tester was the 
best combiner for short plant and short ear height. 
While, tester SC162(T2) had the best and significant 
values of general combining ability for number of 
kernels/row, 100 kernel weight and grain yield. The 
population Sk9(T3) as a tester was the best combiner 
for earliness and number of rows/ear. Significant 
GCA effect for grain yield and other traits in maize 
was also reported by several researchers such as [24, 
25].

The esti-
mates of SCA effects of F1 top crosses for the studied 
traits across two locations are presented in Table 6. 
The results exhibited that the desirable SCA effects 
were obtained for the topcrosses L6xT3, L7xT2, 
L10xT1, L13xT2, L14xT1 and L15xT2 for earliness, 
L10xT3 for short plant, L3xT2 and L10×T3 for ear 
height.

The results showed that L2xT3 had significant 
desirable SCA effects value for number of rows/ear. 
For number of kernels/row, the best SCA effects val-
ues were for L2xT3, L3xT1, L6xT1 and L12xT2. 
Four topcrosses (L5xT1, L6xT3, L9xT2 and 
L12xT3) had significant desirable values of SCA ef-
fects for100 kernel weight. While five topcrosses 
(L3×T1, L6xT1, L6xT3, L10xT2 and L12xT2) had 
the best significant desirable values of SCA effects 
for grain yield.   

These top crosses could be useful in the maize 
hybrid program. Analysis of specific combining 
ability (SCA) is important to screen the better inbred 
lines for hybrid improvement [9]. 



4991 

L1×T1 0.80 10.13* 6.03 -0.01 -0.93 -0.53 -0.32 
×T2 -0.30 -4.48 -2.13 0.22 0.01 1.33 0.32 
×T3 -0.50 -5.65 -3.90 -0.21 0.92 -0.80 000 
L2×T1 -0.33 -0.16 -3.26 -0.18 -0.18 -0.15 -0.16 
×T2 -0.17 -5.53 -0.30 -0.94** -1.99* 1.08 0.05 
×T3 0.50 5.68 3.55 1.12** 2.17* -0.93 0.11 
L3×T1 0.51 -5.66 2.49 0.07 2.23* 1.18 0.69* 
×T2 0.16 -0.90 -7.42* 0.06 -2.57** -0.21 0.51 
×T3 -0.67 6.56 4.93 -0.13 0.34 -0.97 -1.21** 
L4×T1 -0.70 2.55 -1.47 -0.22 -0.68 1.51 -0.13 
×T2 0.08 0.56 1.87 0.27 0.64 0.00 0.25 
×T3 0.63 -3.11 -0.40 -0.05 0.05 -1.51 -0.12 
L5×T1 -0.58 1.51 1.12 -0.18 -0.23 2.18* 0.63 
×T2 0.20 0.89 2.70 0.43 0.34 -0.21 -0.86** 
×T3 0.38 -2.40 -3.82 -0.26 -0.12 -1.97* 0.23 
L6×T1 -0.08 -3.03 -1.97 -0.05 2.15* -1.07 0.72* 
×T2 1.83** -3.53 -3.38 0.43 -3.03** -2.46* -2.01** 
×T3 -1.75** 6.56 5.35 -0.38 0.88 3.53** 1.30** 
L7×T1 1.01* -3.33 2.08 0.07 -0.23 1.72 -0.23 
×T2 -0.96* -1.57 -4.96 -0.32 0.72 -0.67 0.46 
×T3 -0.04 4.89 2.89 0.24 -0.49 -1.05 -0.23 
L8×T1 0.01 10.72* 0.95 0.24 -0.10 0.39 -.031 
×T2 0.66 -4.15 -0.21 -0.28 0.97 1.00 0.03 
×T3 -0.67 -6.57 -0.74 0.04 -0.87 -1.39 0.28 
L9×T1 0.05 -8.28 -5.92 0.36 -2.43* -0.74 -0.18 
×T2 -0.30 -1.78 -3.96 -0.53 1.39 2.00* -0.28 
×T3 0.25 10.06* 9.89** 0.16 1.05 -1.26 0.13 
L10×T1 -0.95* -0.33 -1.22 -0.39 0.82 0.97 0.60 
×T2 -0.30 10.56* 10.87** 0.10 0.76 -0.17 1.37** 
×T3 1.25** -10.23* -9.65* 0.29 -1.58 -0.80 -1.97** 
L11×T1 -0.37 -1.99 -0.26 0.45 0.65 0.14 0.003 
×T2 0.04 3.52 4.08 0.18 0.09 -1.50 -0.26 
×T3 0.33 -1.52 -3.82 -0.63 -0.74 1.36 0.25 
L12×T1 0.09 -2.70 -2.51 -0.55 -0.89 -1.95 -1.03** 
×T2 -0.26 -1.69 0.83 0.43 2.18* -0.09 0.76* 
×T3 0.17 4.39 1.68 0.12 -1.28 2.03* 0.26 
L13×T1 1.05* 2.84 3.41 0.45 -0.39 -2.57* -0.63 
×T2 -1.05* 4.47 0.12 0.06 -0.32 1.54 0.05 
×T3 0.00 -7.32 -3.53 -0.51 0.72 1.03 0.58 
L14×T1 -0.99* -4.08 -0.47 -0.09 -0.14 -0.65 0.55 
×T2 1.41** 3.81 2.62 0.02 0.43 -0.04 -0.23 
×T3 -0.42 0.27 -2.15 0.08 -0.28 0.70 -0.32 
L15×T1 0.51 2.76 1.45 -0.14 1.07 -1.24 -0.13 
×T2 -0.96* -2.11 -0.96 0.10 0.51 0.37 0.11 
×T3 0.46 -0.65 -0.49 0.04 -1.58 0.86 0.02 
L16×T1 0.01 -0.95 -0.47 0.16 -0.68 0.80 -0.05 
×T2 -0.09 1.93 0.24 -0.23 -0.11 -1.96 -0.28 
×T3 0.08 -0.98 0.22 0.08 0.80 1.16 0.33 
L.S.Dsij 0.05 0.92 9.20 7.38 0.69 1.93 1.97 0.64 
L.S.Dsij 0.01 1.22 12.11 9.71 0.90 2.54 2.60 0.85 
L.S.Dsij –skl 
0.05 1.31 13.01 10.44 0.97 2.72 2.79 0.91 

L.S.Dsij –skl 
0.01 1.72 17.13 13.74 1.28 3.58 3.68 1.20 

*and** Significant at 0.05 and 0.01 levels of probability, respectively. 
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0.07 0.71 0.39 
0.33 0.54 0.60 
1.10 0.92 -0.80# 
0.25 0.63 0.26 
0.58 -0.91# 0.18 
-0.43 -3.16# 0.15 
0.35 1.04 0.35 

-0.32# 0.02 0.27 
-0.76 -0.86# -0.07 
1.89 2.67 -0.68# 
-0.31 -0.57# -0.07 

-0.91# 0.89 0.39 
-0.47# 0.20 0.73 
0.39 -0.38 -0.47# 

-0.43# -0.22 -0.31 
-1.24 -1.46# -0.86 

# means that this inbred line belongs to tester group. 
 

Estimates heterotic groups 
specific and general combining ability effects 
(HSGCA) for grain yield are presented in Table 7. 
According to [16], the heterotic group specific and 
general combining ability (HSGCA) method was 
used to classify the inbred lines into groups accord-
ing to the following; Step1, place all inbred lines (the 
16 inbred lines) in the same heterotic group as their 
tester. Step 2, kept the inbred line with the heterotic 
group, where its HSGCA effects had the smallest 
value (or largest negative value) and it removed from 
other heterotic groups. Step 3, if the inbred line had 
positive HSGCA effect with all representative test-
ers, it will be cautious to assign that line to any het-
erotic group because the line might belong to a het-
erotic group different from the testers used in the in-
vestigation.  

For grain yield, there were three groups as fol-
lows. Group 1 (tester Cim/z): which contained four 
inbred lines (Gz666, Sk5003, k5010 and Sk5007), 
Group 2 (tester SC162): which contained five in-
breed lines (Sk11, Gz639, Gm1004, Hp704 and 
Sk8008) , Group 3 (tester Pop Sk9): which contained 
three inbreed lines (SkD4, Gm1021 and Sk5011) and 
The method was not able to classify four inbred lines 
(Sk2, Sk3, Sk10 and Gz658).  

The above results could be used in breeding 
program in selecting the best parents for making 
crosses. A heterotic group is a collection of closely 
related inbred lines which tend to result in vigorous 
hybrids when crossed with lines from a different het-
erotic group, but not when crossed to other lines of 
the same heterotic group [28]. GCA and SCA are es-
sential under different conditions because under 
each conditions specific combiners were significant 
[8]. In selection followed by hybridization, GCA and 
SCA are essential; because GCA impacts are due to 
preponderance of genes with additive effects and 
SCA indicates predominance of genes with no addi-
tive effects [29, 8]. Although, both of GCA and SCA 

impacts are dependent on germplasm set assessment 
and the specific conditions sampling, so it mightn’t 
be generalized application [30, 8]. 

 
 

 
From the mentioned results it could be reported 

that the additive gene effects were most responsible for 
controlling the inheritance of all traits except for grain 
yield. The tester SC162 behaved as an excellent com-
biner for most studied traits. Five three way crosses 
(L1xT2, L3xT2, L7xT2, L10xT2 and L12xT2) were 
significantly superior than the check TWC360. The 
inbred L10 exhibited good general combiner for 
grain yield. The TWC L10× T2 exhibited the highest 
SCA effects and suitable combination for grain 
yield. The resulting three heterotic groups could be 
used in breeding program for selecting the best par-
ents in making crosses. 
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Homologous recombination plays an important 

role in maintaining the genome stability of prokary-
otic and eukaryotic organisms. In this study,  
gene expression and alterations in homologous re-
combination frequency were investigated under 
H2O2 and CuSO4 induced oxidative stress in the uni-
cellular, eukaryotic model organism, 

. 
In order to increase the recombination fre-

quency,  mutant strains 
that possess distant located genes on the same chro-
mosome were chosen and crossbred. The zygotes 
were treated with oxidative stress inducing CuSO4 
and H2O2. After the stress treatments, alterations in 
homologous recombination were investigated by us-
ing random spore analysis. Moreover, 

 gene expression was analyzed 
with real-time PCR. We observed that the H2O2 and 
CuSO4 stress treatments decrease both gene 
expression and homologous recombination fre-
quency in the fission yeast.  

  
Fission yeast, homologous recombination, , H2O2 
stress, CuSO4 stress, oxidative stress, chemical stress 
 
 

 
Gene expression regulation is one of the crucial 

mechanisms by which organisms respond to altera-
tions in pH, osmolarity, temperature, and harmful 
toxins in their environment. This regulation leads to 
an increase in the stress protein levels and decrease 
in non-essential cellular activities. The reduction in 
the non-essential cellular activity permits cellular re-
sources to be conserved for adapting to the stress 
conditions, as well as repairing the damaged macro-
molecules [1]. 

Transition metals are important in facilitating 
many biological processes due to their ability to do-
nate and accept electrons, iron, copper, and manga-

nese. For example, transitions metals those are pros-
thetic groups of proteins can catalyze redox reac-
tions. Nevertheless, excessive amounts of these 
metal ions can be toxic to cells [2]. A transitive 
metal, copper (Cu2+), which serves as a cofactor to 
several enzymes, has been reported to cause exten-
sive damage in microorganisms in high concentera-
tions. Copper (Cu2+) can react with superoxide anion 
(O2−) and hydrogen peroxide (H2O2); this reaction 
results in hydroxyl free radical (OH-) release. Hy-
droxyl free radical (OH-) is one of the reactive oxy-
gen species (ROS), and can cause damage to various 
cellular macromolecules either directly – by oxidiz-
ing carbohydrates, amino acids, phospholipids, and 
nucleic acids – or indirectly [3, 4]. 

Reactive oxygen species (O2−, OH-, H2O2) are 
produced during the aerobic growth mostly as a con-
sequence of electron transfer in the mitochondrial 
membrane. A set of cellular defense mechanisms 
scavenge O2− and H2O2, so that a balance between 
production and detoxification is accomplished, and a 
non-toxic, steady-state is reached [5].  

Homologous recombination is necessary for 
the recovery of the cells from oxidative stress [6]. 
Homologous recombination refers to the interaction 
of DNA sequences with homology and plays an es-
sential role in the maintenance of genome stability in 
prokaryotic and eukaryotic organisms by (1) repair-
ing double-strand breaks (DSBs), (2) repairing sin-
gle-strand gaps that are caused by replication fork 
collapse or DNA-damaging agents. Homologous re-
combination is also vital in meiosis for establishing 
a physical connection between homologous chromo-
somes [7].  

In ( ), 
both meiotic recombination and DNA breakage are 
regulated by rec6, rec7, rec12, rec14, and rec15 pro-
teins; thus, breakage and recombination are biologi-
cally linked [8, 9]. The fission yeast rec12 protein 
catalyzes double-strand DNA (dsDNA) breaks that 
initiate recombination [10, 11]. Rec12 protein and its 
active site tyrosine are important for crossover re-
combination. In meiosis, catalytically-active rec12 is 
required for normal chiasmatic segregation, while 
catalytically-inactive rec12 protein facilitates achi-
asmatic segregation. Moreover, rec12 and its active 
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site tyrosine are necessary for proper equational 
chromosome segregation during Meiosis II [10]. 

 is an eukaryotic uni-cellular organism 
and ascomycete yeast that is often known as “fission 
yeast”. The defining characteristic of this phylum is 
that sexual spores are formed inside a saclike struc-
ture called “ascus” [12]. Only after nutritional deple-
tion, especially of a nitrogen source, zygotes are 
formed if partners are present of the opposite mating 
type [13]. has been an important model or-
ganism in cell cycle regulation, sexual differentia-
tion, chromosome dynamics, and polarized cell 
growth studies [14]. Furthermore, the fission yeast 
has also been used to understand the transition be-
tween the vegetative and sexual life cycles [15].  

In this study, we investigated how H2O2 and 
CuSO4 induced oxidative stress affects the  
gene expression and homologous recombination rate 
in . The gene expression was analyzed by 
using real-time PCR, while random spore analysis 
was performed to determine the differences in re-
combination frequencies. To spot any morphological 
changes on the asci, we utilized fluorescence micros-
copy techniques. Here, we report that chemically-in-
duced oxidative stress reduces both  expression 
level and homologous recombination frequency in 
the fission yeast. 

 
 

 
 and  wild-type strains; and 

, and  mutant strains were 
grown in standard rich media (YEA), minimal media 
(MMA), and sporulation media (SPA) as recom-
mended by Gutz et al. [16] and Leopold et al. [17].  

Stress 
conditions have been described in Table 1, and 
crossing scheme has been shown in Table 2. 

Sporulation media was used for crossbreeding.
After crossing, cultures were kept in a 25˚C incuba-
tor for 2 days for RNA isolation, and 21 days for ran-
dom spore analysis. 

Crossed strains (Table 2) were incubated 
for 21 days at 25°C. Samples were collected with 
distilled water. Then, 1 ml of the cell culture was 
mixed with 3 ml of absolute ethanol and 6 ml of dis-
tilled water and kept at 18°C for 20 minutes to kill 
the vegetative cells. Later, mixtures were diluted 
enough to be counted on a spread plate, both YEA 
(dilution factor 1:1000) and MMA (dilution factor 
1:100), and were incubated at 30°C for 5 days. 

Control Sample - 
0.5 M CuSO4 60 minutes 
1 mM H2O2 15 minutes 

x
x 
x

 
As for the flourescent microscopy, stressed and 

crossbred strains were collected and fixed by using 
alcohol, following Forsburg and Rhind [18] method. 
DAPI (4',6-diamidino-2-phenylindole, Roche) stain 
was used, and ascus/zygote pictures were taken with 
an Olympus BX53F flourescent microscope.  

 
 Total 

RNA isolation was performed using Roche High 
Pure RNA Isolation Kit, according to manufacturer’s 
instructions. Before using the kit, the cells were me-
chanically homogenized by shaking rigorously to-
gether with glass beads and Phosphate-Buffered Sa-
line (PBS). Subsequently, isolated RNAs were con-
verted to cDNA by Roche Transcriptor First Strand 
cDNA Synthesis Kit, according to manufacturer’s 
instructions. 

 

G+C Ratio 
% 

TM 

˚C Product length (bp) 

Forward 5'-CAAACCGTAGTCGATGAG -3' 50 57 155 Reverse 5'- GGACCCAAATACCAATCC -3' 50 57 

G+C Ratio 
% 

TM 

˚C Product length (bp) 

Forward 5'- AGATTCTCATGGAGCGTGGT-3' 50 56,1 100 Reverse 5' - TCAAAGTCCAAAGCGACGTA -3' 45 54,2 
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 The se-
quence of  gene was obtained from NCBI da-
tabase, and primers were selected based on the sug-
gestions of PrimerQuest Tool software (Table 3). 
Primers were synthesized by Invitrogen. 

The changes in mRNA levels of gene after the 
stress treatments were investigated by using Real-
Time PCR, in which actin primers used as 
the housekeeping genes (Table 4) and SYBR Green 
I used as the fluorescent marker. The reaction was 
performed in the Light Cycler 480 (Roche) instru-
ment. The cDNAs from samples and the primers 
were added LightCycler 480 SYBR Green I Master 
(Roche), according to manufacturer’s instructions. 
 
 

 To investi-
gate the effects of the chemically-induced oxidative 
stress on recombination, we tested two different 
crossbred strains’ (

) homologous recombination frequencies by 
using random spore analysis. Our results show that 
0.5 M CuSO4 treatment decreases the recombination 
rates by 34% in the strain, and 45% 
in the strain, compared to the respec-
tive controls (Table 5). The other stress treatment, 1 
mM H2O2, reduces the recombination frequency by 
13% in the strain, and 47% in the 

strain (Table 5). 

Given that the Rec12 protein is 
known to initiate homologous recombination by de-
ploying double strand DNA breaks (dsDSBs), we 
probed the  gene expression levels by using 
real-rime PCR, which compares relative  
mRNA levels to  mRNA levels. Our analysis 
showed that 0.5 M CuSO4 treatment decreased the 

 expression dramatically: ~50% in 
, and ~35% in the crossing 

(sample A and C, respectively, Figure 1). As for the 
1mM H2O2 treatment, the  expression was re-
duced by ~35% in both of the strains (sample B and 
D, respectively, Figure 1). 

 

 control 38 - 
 0.5 M CuSO4 25 -34% 
 1 mM H2O2 33 -13% 
 control 36 - 
 0.5 M CuSO4 20 -44% 
 1 mM H2O2 19 -47% 
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 We observed morphological anom-
alies in crossing asci (1%) that were 
exposed to 0.5 M CuSO4 (Figure 2). Other crossings 
and treatment conditions did not exhibit any kind of 
irregularities. 

As mentioned before, tyrosine residue in the ac-
tive site of the rec12 protein is important for crosso-
ver recombination. In order to examine its im-
portance, we crossbred the cells in two different me-
dia: one including 50 mg/L tyrosine SPA, the other 
is the regular SPA. SPA with tyrosine had 11/200 as-
cus/vegetative cell ratio comparing to 3/200 of the 
regular SPA media (data not shown). 

 
 

 
Developmental defects such as abnormal spore 

placement, decreased number of spores, and abnor-
mal spore formation are frequently observed in

mutants. It has been reported that such pheno-
types occur due to a disruption in Meiosis II. Spore 
formation of is controlled by spindle pole 
body in Meiosis II [10]. is directly related to 
nucleosomes, and histone modifications are thought 
to alter chromatin-Spo11 / Rec12 interactions [20]. 
Mallela et al. [21] showed that mutants have 
reduction in the survival rate of their spores. To date, 
studies on wild-type  showed that the cells 
are more resistant to hydrogen peroxides (Menadion, 
1-chloro-2,4-dinitrobenzene etc.) than any other 
stress factors, due to the fact that hydrogen peroxide 
molecules can be efficiently decomposed by the cat-
alase enzyme [22]. 

Chen et al. [23] investigated the effects of H2O2 

treatment in three concentrations (low: 0.07 mM, 
medium: 0.5 mM, and high: 6 mM) on the fission 
yeast, and they found that the gene expression profile 
is readjusted as a response. It was reported that the 
expression of more than 3000 genes has changed in 
at least one dose of hydrogen peroxide; approxi-
mately 150 genes were induced at all the three doses. 
The gene expression responses in medium and high 

H2O2 cells remained almost identical; however, 
changes in transcript levels were peaked at the me-
dium concentration. They reasoned that it was be-
cause cellular regulatory mechanisms were damaged 
due to the overexposure. Mortality rates of the cells 
were 67% in the high dose and 22% in the medium 
dose. An increase in the formation of superoxide rad-
icals was identified in H2O2-treated cells, and it was 
suggested that the damage initiated by H2O2 causes 
further damage with the formation of superoxide 
radical [24]. 

Almost all living cells need copper (Cu+2) for 
some biological processes, such as iron transporta-
tion, oxidative stress protection, hormone produc-
tion, blood coagulation, and cell growth [25]. 

Copper (Cu+2) metal is an integral part of en-
zymes that are vital and play a role in many biologi-
cal processes. Copper, normally bound to proteins, 
can also be in free form to catalyze hydroxyl radi-
cals.  and  studies show that copper 
causes oxidative damage and affects important cel-
lular events. When copper is applied at high concen-
trations, it causes oxidative damage to lipids, pro-
teins, and DNA, leading to neurodegenerative dis-
eases [26]. 

Copper metabolism of  is less studied 
than . The fission yeast responds much 
quicker to copper stress in lower concentrations 
compared to  [27]. Copper uptake in 

 is necessary for copper and copper-dependent 
proteins to function. Thus, in case of copper defi-
ciency, the alterations in meiosis and the gene ex-
pression profile of copper transporters are examined 
[28]. 

In this study,  cells were exposed to 
stress conditions of H2O2 and CuSO4, and the recom-
bination frequencies were analyzed by using random 
spore analysis method. It was observed that the cells 
exposed to 0.5 M CuSO4 stress had the most dra-
matic reduction in the recombination frequency. In a 
study conducted by Chen et al. in 2008 [23], it was 
determined that the cells exposed to 1 mM H2O2 
stress, which is considered medium-low, had a 
higher recombination frequency than 0.5 M CuSO4 
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stress. 
Physiological differences in some of the  

x   strains treated with 0.5 M CuSO4 

stress (1%) were observed under fluorescence micro-
scope as well. In studies conducted by Sharif et al. in 
2002 [10], developmental defects were frequently 
observed in the  mutants. 

Environmental conditions which require adap-
tation, such as stress, have always been important re-
search subject to understand how these conditions 
affect the organisms, and how they respond to these 
conditions. Whether organisms respond to the alter-
ations in their natural habitats in a cellular level has 
always been a curious question. The stress factors we 
have chosen have been studied in different groups of 
organisms, including yeast; and in this study we 
aimed to illuminate the cellular response to these 
conditions. When mutations occur in some  
genes related to recombination (  and -

), a decrease in the meiotic recombination fre-
quency has been observed [29]. As our real-time 
PCR analysis show the expression of the  gene 
decreased, as well as the recombination frequency. 
As a result, gene expression and homologous recom-
bination of the  gene are both reduced and af-
fected by chemically-induced oxidative stress. 

Taking PubMed as a reference, there are not 
enough publications on CuSO4 stress condition in 
yeast -162 articles, of which only 3 are in . 
Our study contributes to the research on CuSO4 

stress in the fission yeast, and gives insight into how 
copper-related stress influences homologous recom-
bination. We hope that our study helps in under-
standing oxidative stress responses in the eukaryotic 
cells. 
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In the present paper, Reactive Yellow 15 re-

moval from aqueous solution by heterogeneous fen-
ton oxidation was investigated using 23 full factorial 
design. Fenton oxidation was conducted using a 
Fe/CuO catalyst in the presence of hydrogen perox-
ide (H2O2) in a batch process. The effects of pH of 
the reaction, catalyst concentration and reaction time 
were examined under the following conditions: 30o 

C of temperature, 50 ppm initial dye concentration, 
8% Fe and 50 mM H2O2 concentration. The factors 
used in experiments and their levels have been deter-
mined as follows: initial pH: (2.0 and 8.0) Catalyst 
amount: (0.025g/25 ml and 0.1g/25 ml) and reaction 
time (10 and 60 minutes). The significance of effects 
has been statistically identified through ANOVA 
(variance analysis) within the confidence interval of 
95% (statistical software, Minitab-18). When the ef-
fects of main factor are analysed, ANOVA results 
have indicated that time has the highest critical ef-
fect. While pH has had a negative effect, catalyst 
amount has had a positive effect. When the dual in-
teractions are analysed, it has been observed that 
time-pH interaction has had the highest effect. A 
maximum colour removal was achieved as 97.6% at 
a low initial pH (2), high catalyst amount (0.1g), and 
high time (60 min) in a significance level of 5%. 

 
 

Experimental Design Method, Dye removal, Fenton’s pro-
cess, Fe/CuO catalyst, Wastewater  

 
 

Since synthetic dyes are extensively used in 
textile industries, textile wastewater is an important 
problem for conventional treatment plants in the en-
tire World [1, 2]. Among these dyes, the most used 
type is the reactive azo dye. Additionally, these dyes 
are the most problematic pollutants of textile 
wastewaters [1]. Approximately 10–15% of overall 
production is released into the environment, mainly 
via wastewater. This is very dangerous since these 

dyes are non-biodegradable under aerobic condi-
tions, and therefore the discharge of reactive azo 
dyes-containing wastewaters can cause several prob-
lems to the aquatic life [3, 4]. 

Traditionally, coagulation/flocculation [5], 
membrane cut-off [6] and adsorption processes (ac-
tive carbon) [7] are applied in refinement of solu-
tions containing dye. All these methods are costly 
and ineffective or create toxic waste-products. 
Therefore, alternative methods named advanced ox-
idation processes have started to draw attention in re-
cent years [3, 8]. Advanced oxidation processes 
(H202/UV, TiO2/UV,O3/UV, Fe+2/H2O2) are based 
on the formation of quite reactive species such as OH 
radicals which have the ability of oxidising substan-
tial amount of organic pollutants found in industrial 
waste water. Advanced oxidation processes could in-
discriminately transform toxic and permanent or-
ganic substances into harmless end products [9-11]. 

Among advanced oxidation processes, Fen-
ton’s process has not only transformed chemically 
polluting agents, but present very attractive ad-
vantages such as the complete mineralization of 
some compounds, their oxidation at very low con-
centrations, the generation of environmentally 
friendly by-products, the applicability within wide 
temperature ranges, and the low consumption of en-
ergy in comparison with other wastewater treatment 
methods [9, 12]. The Fenton’s process is based on 
the reaction between Fe+2 and H2O2 to produce hy-
droxyl radicals [13] and the efficiency of this process 
is dependent on Fe+2 and H2O2 concentration and the 
reaction pH. According to studies carried out, pH 
value should be between 3 and 5 [14]. Although the 
Fenton’s process could be applied as homogenous 
and heterogeneous systems, homogenous systems 
are generally not sufficient since these systems con-
tains ferric ion mud and this causes high levels of 
metal concentration in the solution. Besides, these 
systems allow working within a narrow pH range (2-
3) and there is a possibility for ferric ions to be deac-
tivated because of complex substances [15]. Due to 
these disadvantages, fenton like heterogeneous cata-
lysts have started to be used recently where ferric 
ions are immobilized on a solid support [16]. It is 
easy for these catalysts to leave the liquid phase and 
they could be used over and over [17]. In this study, 
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we have used the Fe-supported CuO catalyst for de-
colourization of Reactive Yellow 15 (RY15). 

The technique known as statistical design of ex-
periments is a powerful technique for process char-
acterisation, optimisation and modelling [18]. The 
Design of experiments is used with minimal effort 
for the evaluation of the statistical significance of in-
dividual experiment parameters as well as the inter-
action between factors that are not possible in a clas-
sical experiment. Thus, much information can be ex-
tracted with a minimal number of experimental trials 
[19]. 

In recent years, the most commonly used de-
signs have been two level full/fractional factorial de-
signs. Full factorial design is considered to be the 
most suitable design when the study is directed to-
wards gaining knowledge of the effect of the varia-
bles on the process [20]. This study is an application 
of the full factorial design of experiment to deter-
mine the effects of operational parameters on the het-
erogeneous Fenton-type oxidation of the RY15. In 
order to find out the optimum Fenton oxidation con-
ditions, a two-level factorial design (23) has been 
used. To the best of our knowledge, a statistical de-
sign of colour removal of RY15 using Fe/CuO as a 
catalyst has not been reported previously. 

 
 

 

All chemicals were used without 
further treatment. The Reactive Yellow 15 (RY15) 
azo dye used in this study was supplied from the Bur-
boya Co. (Bursa, Turkey). The molecular formula 
and molecular weight of RY15 is C20H20N4Na2O11S3 
and 634.57 g/mol, respectively. The chemical struc-
ture of RY15 is shown in Figure 1. Hydrogen perox-
ide (30% w/w) and Fe(NO3)3·9H2O were obtained 
by Sigma-Aldrich Co. (Germany). CuO (Acros or-
ganics) (97%) was purchased from Thermo Fisher 
Scientific (Belgium). Moreover, all of the solutions 
were prepared using distilled water. 

 

 
The 8.0 wt.%. Fe/CuO catalyst was 

prepared with co-precipitation. For this purpose, so-
lutions containing the metal salt and salt of a com-
pound that would be converted into the support were 
contacted by stirring with a base solution in order to 
precipitate as hydroxide form. After washing, it is 
converted into oxides by being heated. 

The surface morphology of catalyst was deter-
mined by scanning electron microscopy (Model 
SEM-JEOL JSM 5600LV). The specific surface area 

(SSA) of the catalyst was also calculated by the BET 
(Brunauer, Emmett and Teller) theory using a Quan-
tochrome Autosorb 1-C device. Both of preparation 
and characterization of the catalyst was detailed in 
our previous study [21].  

The Fenton tests were conducted 
at 30°C temperature in 100 mL flasks kept in ther-
mostatic water-bath. The required amounts of cata-
lyst and H2O2 were added simultaneously into the 
dye solution with adjusted pH and the solution was 
placed in the water bath. Thereafter, samples were 
withdrawn periodically and centrifuged to remove 
suspended particles for 5 min at 4000 rpm. After it 
was centrifuged, the absorbance value of the solution 
was read at a wavelength of 413 nm at the upper 
phase in the UV-spectrophotometer (Shimadzu, 
model UV-120-01). Finally, the decolorization effi-
ciency was found by determining the concentration 
difference before and after the reaction. 

 
 

Initially, preliminary ex-
periments were conducted to decide the most influ-
ential operating parameters such as pH, catalyst con-
centration, contact time and their levels. The results 
of preliminary experiments were given in our previ-
ous study [21]. After the preliminary experiments, 
the effect of the experimental parameters chosen as 
independent variables, initial pH of the reaction (A), 
catalyst amount (B) and contact time (C), was inves-
tigated using a 23 full factorial design under the fol-
lowing conditions: 30°C of temperature, 50 ppm in-
itial dye concentration, 8% Fe and 50 mM H2O2 con-
centration.  

The factors and levels used in the experiments 
were shown in Table 1. Experiments were performed 
according to the full factorial design matrix (with 
two repetitions) given in Table 2. The results were 
analyzed with the Minitab 18 software to obtain the 
effects, coefficients, and other statistical plots (Pa-
reto, main effects, interactions). 

 

Factors Low level (-1) High level (+1) 
pH (A) 2 8 
Catalyst amount 
(B) g/25 ml 

0.025 0.1 

Time (C) min 10 60 

The significance of the effects was checked by 
the ANOVA (Table 3) with a confidence level of 
95%. T-test is used for determining the significance 
of regression coefficients of factors. As seen in the 
variance table, the corrected R2 value is 97.33% and 
the estimated R2 value is 94.31%. The fact that R2 
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values are high indicates that the change in the col-
our removal could be explained by the relevant fac-
tors. The F values indicates the significance of inter-
action between variables. Higher values of T and F 
shows the most effective factor. The fact that the 
probability values are lower than 0.05 (p<0.05) 
means factors have an interaction between each 
other; however, if the values are higher than 0.05, it 
means the relevant factors do not have a significant 
effect or even it may be ignored. To sum up, as seen 
in the Table 3, it has been concluded that time is the 
most important factor and catalyst amount comes af-
ter it while the least effective factor is pH. 

Normal probability diagram is used to identify 
the real effects (Figure 2). As seen in the Figure 2, 
the catalyst amount, time and pH-time all have a crit-
ical effect. In the normal probability diagram, those 
on left side of the curve has a negative effect (AC) 
while those on the right side of the curve (B, C) has 
a positive effect. C (time) that is farthest to the curve 
has the biggest effect. 

 
Color Removal % 

Run A B C Actual Predicted 
1 -1 -1 -1 9.00 8.00 
2 +1 -1 -1 23.0 26.5 
3 -1 +1 -1 34.0 30.4 
4 +1 +1 -1 50.2 44.1 
5 –1 -1 +1 83.0 80.9 
6 +1 -1 +1 66.2 62.2 
7 -1 +1 +1 97.6 97.1 
8 +1 +1 +1 79.7 76.2 
9 -1 -1 -1 7.00 8.00 
10 +1 -1 -1 30.0 26.5 
11 -1 +1 -1 26.8 30.4 
12 +1 +1 -1 38.0 44.1 
13 -1 -1 +1 79.0 80.9 
14 +1 -1 +1 58.2 62.2 
15 -1 +1 +1 96.6 97.1 
16 +1 +1 +1 72.6 76.2 

 
 

Source DF Adj SS Adj MS F-Value P-Value 
Model 7 13332.7 1904.7 79.14 0.000 
Linear 3 11999.9 4000.0 166.19 0.000 
    pH 1 14.3 14.3 0.59 0.464 
    Catalyst amount 1 1226.8 1226.8 50.97 0.000 
    Time (min) 1 10758.9 10758.9 447.02 0.000 
  2-Way Interactions 3 1331.0 443.7 18.43 0.001 
    pH*Catalyst amount 1 12.1 12.1 0.50 0.499 
    pH*Time (min) 1 1294.2 1294.2 53.77 0.000 
    Catalyst amount*Time (min) 1 24.8 24.8 1.03 0.340 
  3-Way Interactions 1 1.8 1.8 0.07 0.794 
    pH*Catalyst amount*Time (min) 1 1.8 1.8 0.07 0.794 
Error 8 192.5 24.1   

Total 15 13525.2    

*Significant effects at 95% confidence level (p < 0.05) 

S  R-sq R-sq(adj)  R-sq(pred) 
4.90593  98.58 %  97.33%  94.31% 
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The effects of the main factor and the interac-
tion between the factors have been respectively ana-
lysed in order to determine the level of those having 
a critical effect in Figure 3 and 4. In the effects of 
main factor diagram, it could be seen that how the 
three factors (catalyst amount, pH, and time) affect 
dye removal process. As seen in the Figure 3, better 
results have been obtained when the time and cata-
lyst amount is at their higher level and pH is at its 
lower level. In other words, pH has created a nega-
tive effect while catalyst amount and time have had 
a positive effect. Since the curve of time diagram is 
higher, time factor creates the highest critical effect.  

The diagram in the Figure 4 indicates the inter-
action between a factor and other factors. Since the 
lines of time and pH intercept here, the interaction of 
pH-time creates a substantial effect. 

The interactions on the right side of the line of 
the pareto chart is significant (Figure 5). According 
to this chart, the amount of catalyst, time and pH-
time dual interaction are the most important param-
eters affecting dye removal. With regard to the re-
sults, the effect of time (C) is more significant than 
the amount of catalyst (B) and pH value (A). In other 
words, the effect of time is much more than that of 
other factors. The effect of time-pH interaction is 
more than that of catalyst amount. 
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Term Effect Coef SE Coef T-Value P-Value VIF 
Constant 

 
53.18 1.23 43.36 0.000 

 

pH -1.89 -0.94 1.23 -0.77 0.464 1.00 
Catalyst amount 17.51 8.76 1.23 7.14 0.000 1.00 
Time (min) 51.86 25.93 1.23 21.14 0.000 1.00 
pH*Catalyst amount -1.74 -0.87 1.23 -0.71 0.499 1.00 
pH*Time (min) -17.99 -8.99 1.23 -7.33 0.000 1.00 
Catalyst amount*Time (min) -2.49 -1.24 1.23 -1.01 0.340 1.00 
pH*Catalyst amount*Time (min) 0.66 0.33 1.23 0.27 0.794 1.00 

 
The estimated coefficients are obtained in 

terms of coded variables as seen in Table 4. Simi-
larly, the regression equation created for dye re-
moval is as seen Equation 1. Since A and C (pH-
time) have a critical effect together, A (pH) is left 
within the model. The estimated percentage values 
gave been obtained for dye removal by using regres-
sion model and these have been given in the last col-
umn of Table 2. 

Colour%=53.18-0.94 A+ 8.76 B + 25.93 C-0.87 AB 
-8.99 AC-1.24 BC+ 0.33 ABC  (1) 

 
The obtained maximum percentage for dye re-

moval is 97.10 as seen in Table 2. Namely, dye re-
moval could be realised in maximum levels when pH 
level is lower and time and the amount of catalyst is 
at their higher levels. In addition to this, time is the 
most important factor of all. As a result of the valid-
ity test carried out with the best values obtained, the 
similar result have been achieved with 97.6% and the 
first is result is confirmed. Consequently, it is 
thought that the model used in studies is valid. 

 
In this work, the decolourization of Reactive 

Yellow 15 (RY15) was conducted using Fe(III)-se-
piolite catalyst in the presence of hydrogen peroxide 
(H2O2) in a batch process. In order to determine the 
effects of various operational parameters, a full fac-
torial design was performed. According to the statis-
tical procedure, the time was found to have the most 
significant effect upon the colour removal. More-
over, the interactions between factors AC also sig-
nificantly influence the removal. The value of the 
predicted determination coefficient (R2(pred) = 
94.31%) is in reasonable agreement with the value of 
the adjusted determination coefficient (R2(adj) = 
97.33 %). Under the optimum conditions (the initial 
pH = 2, catalyst concentration = 0.1 g/25 mL, and 
contact time = 60 min), colour removal is predicted 
as 97.10% and the corresponding confirmatory trial 
value is 97.6. This value fits well to the dataset of 
predicted values by considering 95% prediction in-
terval. 
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ABSTRACT 

 
In this study Edali F1 and Balhan F1 melons 

(Cucumis melo L.) grafted onto different rootstocks 
(TZ 148 and Jumbo) under water stress conditions 
(W1-100%, W2-50%, W3-25%). FRAP (Ferric 
reducing antioxidant power) values increased with 
the use of TZ 148 and Jumbo rootstocks. At water 
stress, grafting generally increased ascorbic acid val-
ues. -carotene amount was stated for 

-carotene values 
of Balhan/TZ148 melons increased with water 
stress. p-hydroxybenzoic acid was the compound 
with the highest quantity among the tested phenolic 
compounds. Citric, maleic, fumaric and formic acid 
quantities increased with enhancement of water de-
ficiency whereas tartaric, succinic and acetic acid de-
creased. Fructose and saccharose quantity decreased 
as the amount of water given to plant decreased but 
glucose level was not affected. Consequently, graft-
ing of melons onto favorable rootstocks seems to en-
hance the amount of health related compounds under 
water stress conditions.  

 
 

KEYWORDS: 
Agronomic properties, bioactive compounds, grafting, 
melon, rootstock, water stress.  

 
 

INTRODUCTION 
 
Drought, which is one of these environmental 

stresses affects the functions of almost all plants, and 
reduces the efficiency of a product. For instance, 
water stress causes serious reduction both in growth 
and in quantity and quality of many plants. Until 
now, it has been attempted to increase the product 
resistance against water stress or drought through the 
traditional breeding programs. Hence, new 
approaches such as efficient use of water, selection 
of drought-tolerant species and rootstocks are used 
to alleviate the effects of water stress. Of these 

approaches, a method of grafting high-yield 
genotypes onto selected rootstocks as an alternative 
to traditional breeding methods is a promising 
approach to increase the tolerance of vegetables to 
biotic and abiotic stresses [1]. Herein, grafting is a 
method for improving water use efficiency in arid 
conditions, and reducing product loss and water 
stress [2]. Grafting is also used for enhancing the 
tolerance of plants to adverse soil conditions (low 
soil and weather temperatures, salinity and excessive 
moisture etc.), better uptake of water and nutrients 
and their efficient usage, earliness and providing 
increased yields [3]. Considering the effects of 
global warming, the production of grafted seedling 
will become popular in the future. Grafting is 
generally applied to the crops belong to Solanaceae 
(tomatoes, potatoes and peppers) and Cucurbitaceae 
(watermelon, melon and cucumber) families in 
Japan, Korea, China, Israel, Turkey, Spain, Italy, 
Greece, France, Netherlands, Germany and USA [4]. 
The production and consumption of melon (Cucumis 
melo), a member of Cucurbitaceae family, is quite 
common both in the world and Turkey. In Turkey, 
melon is the most commonly grown vegetable in 
terms of quantity after the watermelon. RS 841, TZ 
148, Strongtosa, Maximus, Macis, Nun 9075 and 
Sguash No:3, Jumbo are the most widely used 
rootstocks recently. The agricultural and 
physiological processes that affect the fruit quality of 
grafted plants have been more studied particularly 
for watermelon, melon, cucumber and tomatoes. 
Additionally, studies conducted on the effects of 
grafting have generally focused on official quality 
parameters such as size, shape, color, form and 
freshness etc. Nevertheless, the quality attributes 
such as bioactive compounds, organic acids, sugars 
and flavor are not much considered or pay very little 
attention. Furthermore, the biochemical and 
molecular mechanisms in the grafting process still 
have not been fully understood [5]. Understanding 
the effects of agricultural and technological factors 
and their interactions is an important issue for the 
production of foods rich in bioactive compounds [6]. 
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Therefore, new and deep studies are required for 
understanding biochemical and molecular 
mechanisms of grafted plants on flavor and health 
related compounds [5]. For example; some of 
following findings were observed in the studies 
focused on effects of different rootstocks: Increase 

-carotene of melon grafted onto P360 
rootstock [7]; lycopene increment in grafted 
watermelon [8] and increase in ascorbic acid content 
of grafted cucumber [9]. Amongst phenolic 
compounds; rutin and quercetin were found to be 
higher in grafted melons compared with standard 
and hybrid types [10]. However, researches on the 
effects of grafting on health related compounds 
including phenolic components, vitamins and 
organic acids under water stress are limited. 
Therefore, the selection of the appropriate 
rootstock/scion combinations with favorable effects 
on fruit quality particularly the bioactive compounds 
is an essential necessity [5]. Considering the 
consumer demand for vegetables rich in health 
related compounds, we have investigated the effects 
of different rootstocks/scion combinations on 
bioactive compounds (ascorbic acid, beta-carotene, 
phenolic compounds and organic acids), sugar 
components and antioxidant activity as well as 
agronomic properties (morphological, physiological, 
stomatal screening, pomological, quantitative and 
qualitative features) under water stress. The idea 
focused in this study is whether the utilization of 
different rootstocks (TZ148 and Jumbo) in grafting 
of different melon cultivars (Edali F1 and Balhan F1) 
is able to increase the bioactive compounds under 
different water stress conditions. To our knowledge, 
the effects of grafting of melon cultivar on above 
mentioned attributes of melons under water stress 
have not yet been investigated in detail. For this 
purpose, Edali F1 winter-melon (Cucumis melo var. 
inodorus) genotype from Altinbas group and 
summer-melon Balhan F1 from cantaloupe group 
were grafted onto the most commonly used 
rootstocks TZ 148 and Jumbo derived from crosses 
of Cucurbita maxima x C. moschata. Grafted 
seedlings were grown under water stress treatments 
consisting of W1-control (100 %) W2-50 % and W3-
25 % water application levels. Agronomic and 
biochemical properties of melons were examined.  

 
 

MATERIALS AND METHODS 
 
Chemicals. Standards of phenolic compounds 

(purity > 99%) gallic acid, catechin, p-hydroxyben-
zoic acid, vanillic acid, caffeic acid, chlorogenic 
acid, rutin, trans-p-coumaric acid, trans-ferulic acid, 
myricetin, trans-resveratrol, trans-cinnamic acid, 
naringenin, kaempferol, isorhamnetin were from Eh-
renstorfer GmbH, syringic acid and quercetin were 
from Alfa Aesar, protocateuchuic acid was from 
HWI Analytik. Methanol, metaphosphoric acid, 

acetic acid, hexane, acetone, ethanol and acetonitrile 
were from Merck (Darmstadt, Germany). Ascorbic 
acid, sugars, lycopene, beta-carotene and 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) were from Sigma-Al-
drich (St. Louis, MO). Trolox (6-hydroxy-2,5,7,8-
tetramethyl chroman-2-carboxylic acid) and Folin-

ere from Fluka Chemie 
GmbH (Switzerland).  

 
Grafting and Growth Conditions of Melons. 

Two melon cultivars Edali F1 winter-melon (Cu-
cumis melo var. inodorus) genotype from Altinbas 
group and summer-melon Balhan F1 from canta-
loupe group were used in this research. These melon 
cultivars were grafted onto the most commonly used 
rootstocks TZ 148 and Jumbo derived from crosses 
of Cucurbita maxima x C. moschata in Turkey in 
2013. Grafting was carried out in Antalya seedling 
facilities. Slant-cut grafting method was used. Un-
grafted seedlings were used as controls. Grafted 
melon seedlings were planted on open-field area by 
locating the graft union to be remained above the soil 
line considering recent rainfall statistics in the GAP 
Agricultural Research Institute (GAPTAEM) in San-
liurfa region in Turkey in May 2013 at an altitude of 
410 meters at a latitude and longitude of 36º42' and 
38º58', respectively. The experiment field was char-
acterized as clay textured soil. Field capacity of the 
soil was about 32.21 % and 21.61 % at wilting point. 
The average dry bulk density at a 90 cm soil depth 
was 1.41 g/cm3 with pH of 7.6. Electrical conductiv-
ity and pH of the irrigation water were 0.52 dS/m and 
7.3, respectively. The weather during the experiment 
at the field was dry and hot with air temperatures up 
to 46°C and relative humidity averaging about 34 %. 
Annual average rainfall was about 380 mm. The 
seedlings were planted with 2 m and 0.6 m spacing 
between and within rows with 10 plants per plot. The 
trial was based on completely randomized split block 
design by laying irrigation application in main plots 
and cultivars in subplot and rootstocks in sub-sub-
plots. Randomized split block design was estab-
lished according to 3 different rootstocks (TZ 148, 
Jumbo and ungrafted control), 2 cultivars (Edali F1 
and Balhan F1) and 3 different irrigation levels (100 
%, 50 % and 25 %) with three replications each, in 
the total (3x2x3x3) 54 plots. Preplant soil samples 
from three different soil depth (0-30, 30-60 and 60- 
90 cm) were taken from the field and analyzed. Ac-
cording to results of soil analysis fertilization prac-
tice was applied using 10:15:20 kg/ha N:P2O5:K2O 
one month before planting. The whole part of phos-
phorus fertilizer was applied before deep pre-plow-
ing through fertilizer sprinkler machine whereas ni-
trogen and potassium fertilizers through drip irriga-
tion system in 4 and 2 portions, respectively. Re-
quired maintenances were conducted in the plots. 
Weed control was carried out with mechanical and 
chemical means and finally, disease and pest control 
were performed using chemical methods through 
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continuous monitoring. The first and last plants of 
each plot were reserved for the buffers and three 
plants after planting with one-month interval for bi-
omass and other morphologic measurements. Yield 
and yield components were analyzed in the rest of 
plants. Melons were harvested at a full ripe stage 
starting from July 2013 considering the harvesting 
criteria and transferred to cold storage (relative hu-
midity about 50-60%, temperature 18 °C) keeping in 
separated compartments. 
 

Irrigation Treatments. Three irrigation levels 
were established. The amount of water applied to 
each plot was determined by considering the field 
capacity. The control plots received 100 % (W1-
control) field capacity irrigation. To impose water 
deficit stress, the moisture level equivalent to 50 % 
(W2) and 25 % (W3) of field capacity irrigation was 
maintained. Drip irrigation was used. Irrigation was 
started in all plots when 50 % of the water holding 
capacity at the 90 cm soil depth is removed and 
continued to apply irrigation until existing field 
moisture level attained. Profile probe was used for 
the determination of soil moisture content. 

 
Agronomic Properties of Melon Plants. The 

method by Smart and Bingham [11] was used to 
evaluate leaf relative water content (LRWC) of 
melons. LRWC of melon plants was determined on 
leaves which completed their development at fifteen 
days interval between 13:00 to15:00 hours. These 
measurements, taken at intervals of fifteen days, 
were assessed. The leaf samples were soaked for 4 
hr to achieve turgidity following measurement of 
fresh weight and then oven-dried at 85ºC for 24 
hours. LRWC was calculated using the following 
formula:  
LRWC (%) = [(FW-DW) / (TW-DW)] x 100 where 
FW: Fresh weight DW: Dry weight TW: Turgor 
weight 

The plant dry matter ratio was determined to be 
used for the calculation of water use efficiency. 
Plants were cut 2 cm above the root collar and dried 
at room temperature for a while. Then, plants were 
dried in an oven at 65 º C until constant weight. 
Results were presented as percentage.  

Water usage efficiency for each irrigation level 
and cultivars was determined according to Alizadeh 
et al. [12]. Water usage efficiency for each irrigation 
level and cultivars was determined in units of kg/m3 
using the soil moisture change during the vegetation. 

Stoma experiments were determined according 
to the method supplied by Sari et al. [13]. From each 
plot 3 leaves were analyzed for the stomatal 
characteristics during the cultivation period for once 
in July using microscope. 3 stomata width and length 
per leaf and stoma number in unit area were 
determined.  

Total yield, early yield and marketable yield 
(kg/da) were evaluated in harvested melons. 

Furthermore, fruit weight (kg)of melons were 
measured in three samples in each plot. Brix (soluble 
solid) values with hand refractometer (Atago, 
JAPAN). Panel test (0-5 scale) was conducted with 
10 panel members where 0 indicated the very bad 
and 5 very good. 

 
Biochemical Properties of Melons. Ferric 

reducing antioxidant power (FRAP) assay, DPPH 
radical scavenging method and total phenolic 
content (TPC) were used for the determination of 
antioxidant activity of melon samples. The method 
by Benzie and Strain [14] was used for FRAP assay. 
The FRAP reagent was prepared by mixing 25 mL 
of 0.3 mol/L acetate buffer at pH 3.6 with 2.5 mL of 
10 mmol/L 2,4,6-tripyridyl-striazine (TPTZ) 
solution in 40 mmol/L HCl, and 2.5 mL of 20 
mmol/L FeCl3.6H2O solution. One hundred 
microliters of the melon juice was mixed with 3 mL 
of freshly prepared FRAP reagent and incubated for 
4 min. Absorbance was measured at 593 nm. The 
method by Molyneux [15] was used for DPPH 
radical scavenging activity of melons. Trolox (25-
1000 μM) was used as a positive control for the 
calibration curve. 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging activity of melon 
samples was tested. The change of absorbance of 
purple coloured DPPH radical was monitored in the 
presence of antioxidants at 517 nm wavelength. 
Trolox (0,001-0,02 mg/mL) was used as a positive 
control. The values are expressed as SC50 (mg 
sample/mL) required to scavenge 50% of the initial 
DPPH. Lower DPPH values indicate higher 
antioxidant activity. Folin-Ciocalteau procedure 
was used for the determination of TPCs of melon 
samples the results were calculated as a mg of gallic 
acid equivalents (GAE) per mL melon juice [16]. 
Folin-Ciocalteau procedure was used for the 
determination of TPCs of melon samples the results 
were calculated as a mg of gallic acid equivalents 
(GAE) per mL melon juice. 

After the washing under the tap water, melons 
were peeled and seeded. To prepare the samples for 
the chemical and biochemical analyses, about 700 g 
edible mesocarp tissue of melons was combined and 
homogenized with Waring blender. The 
homogenized portion was filtered through Whatman 
No.1 filter paper and the filtrate was centrifuged 
9000g for 10 min at +4 ºC. Then the supernatant was 
kept at -80 ºC until the analyses of phenolic 
compounds, organic acids and sugars. For the 
ascorbic -carotene analyses , 5 gr of 
homogenized portion of melon samples were kept at 
-18 ºC under nitrogen atmosphere until analyses 
performed in a short time. 

Ascorbic acid content of melon samples was 
determined using the method developed by Sawant 
et al. [17]. Ascorbic acid content of melon samples 
was determined using a HPLC system (Shimadzu, 
Japan) (Model SPD-20A/20AV) equipped with a 
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UV-Vis detector. Separation was carried out on a 
4.6 mm x 250 mm ODS 4 RP-C18 column with a 
particle diameter of 5 μm at wavelength a of 278 nm. 
The oven temperature and flow rate were 30 º C, and 
0.9 mL/min, respectively. Mobile phase A was 
prepared from 1% (v/v) acetic acid in ultra-pure 
water, while B was methanol (A: 95%, B: 5%). 
Quantification was performed using standard curve 
plotted with standard solutions of ascorbic acid (1-
75 mg/L). 

-carotene was determined according to 
method of Mu-Lin et al. [18]. -carotene was 
determined with HPLC system (Shimadzu, Japan) 
(Model SPD-20A/20AV) equipped with a UV-Vis 
detector. A C18 column (250 x 4.6 I.D., 5 μm 
particles, Inertsil ODS 2) was used for the 
separation at 450 nm wavelength. Mobile phases 
were A (acetonitrile-H2O 9:1) and B (ethyl acetate). 
Flow rate and column temperature were maintained 
at 1.0 mL/min and 30 ºC, respectively. 
Quantification was performed with different 

-carotene standards (1-75 mg/L). 
Separation of phenolic compounds was 

performed with the method developed by Wen et al. 
[19] with the some modifications. Separation of 
phenolic compounds was performed on a HPLC 
system (Shimadzu, Japan) (Model SPD-20A/20AV) 
equipped with a UV-Vis detector. A 0.05 % glacial 
acetic acid in water (A) and an acetonitrile (B) 
mixture were used with the following gradient : 0-2 
min 8-10 % B; 2-27 min 10-30 % B; 27-37 min 30-
56 % B; 37 min 8 % B, before it returned to the 
initial conditions. was used. Separation wavelength, 
column, flow rate and temperature values were as 
follow: 280 nm wavelength, ODS3 column (250 
mm × 4.6 mm id, 5 m particle; Inertsil),1.2 mL/min 
and 30 ºC, respectively. Quantification was done 
with different concentrations of phenolic 
compounds standards (1-50 mg/L). Before 
injection, the pH of supernatant of melon samples 
was adjusted to 1.0 and it was subjected to solid 
phase extraction tubes (Finisterre SPE C18). The 
elution of phenolic compounds was performed with 
methanol-acetic acid (70:30). 

Determination of organic acids (citric, tartaric, 
succinic, maleic, formic, acetic and fumaric acids) 
was performed on a HPLC system (Shimadzu, 
Japan) (Model SPD-20A/20AV) equipped with a 
UV-Vis detector. MetaCarb 87H Column (300*7.8 
mm, Agilent Technologies) and guard column 
MetaCarb 87H (50*4.6 mm, Agilent Technologies) 
were used for the separation. Oven temperature, 
flow rate and wavelength were 35 ° C, 0.6 mL/min 
and 210 nm, respectively. 0.1 N H2SO4 was used as 
a mobile phase. Quantification was performed with 
different concentrations of organic acid standards 
(3-150 mg/L). The sugar content (glucose, fructose, 
sacsharose, ribose, arabinose, galactose, maltose, 
trehalose, mellebiose, melezitoz of melon samples 
was conducted using HPLC (Elite LaChrom, 

Hitachi, Japan) system equipped with refractive 
index detector. Reverse phase-amide column 
(200/4.6 Nucleosil 100-5 NH2) was used for the 
separation of sugars. Oven temperature and flow 
rate values were 45 ºC and 1.5 mL/min, 
respectively. Mobile phase and injection volume 
were (79: 21, v/v) and 25 μL, respectively. 

 
Statistical Analysis. The data were analyzed 

with JMP statistical software. The treatments were 
established according to randomized split block de-
sign with three replicates. The acquired data were 
subjected to variance analysis (ANOVA) and the 
means were compared with least significant differ-
ences (LSD) test.  
 
 
RESULTS AND DISCUSSIONS 

 
Agronomic Performance of Melons. Leaf-

water relationship is one of the most important pa-
rameters used for determination of resistance of 
plants against drought or their level of tolerance. 
There is a relationship between water stress and leaf 
relative water capacity [20]. When LRWC is 50% or 
lower, stomas close and this causes a decrease in the 
assimilation of CO2. This leads to decrease in photo-
synthesis, unsustainable plant development and oc-
currence of oxidation damages [21]. For plants 
which are resistant or adapted to drought, the rates of 
LRWC are higher [22]. LRWC values are signifi-
cantly affected from water stress (Figure 1a). When 
the effects of water levels on leaf water capacity are 
considered, the highest LRWC rate was obtained in 
all measurement periods with W1 (whole water) ap-
plication and the lowest LRWC rate was obtained 
from W2 water application. LRWC values of all 
Edali melons were higher than those of all Balhan 
melons. LRWC values of TZ 148 rootstock were 
higher than those of Jumbo rootstock.  

In the case of drought, variation occurs in dry 
matter accumulation of different stages of plant veg-
etation [23]. In this study, the highest rate of dry mat-
ter was generally determined with W3 water appli-
cation and the lowest value was determined in W2 
water parcels (Figure 1b). Dry matter values belong-
ing to Balhan F1 were found to be higher than those 
of  F1.  

When water usage efficiency, one of most im-
portant of samples to which water reduction or 
drought were applied were investigated, maximum 
water usage efficiency values (4.54 kg/m3) were ob-
tained for ungrafted Edali F1 plants with W3 water 
application (Figure 1c). Minimum water usage effi-
ciency values, on the other hand, were determined 
for Balhan F1 grafted onto Jumbo  
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FIGURE 1 

Relationship between water stress and a) leaf relative water content (%) b) plant dry mater of melons (%) 
c) water usage efficiency (kg/m3) d) total, marketable, not marketable yield (kg) B.W1: Balhan F1. 
Control, B.W2: Balhan F1. 50 % Water, B.W3: Balhan F1. 25 % Water, B.J.W1: Balhan. Jumbo. 

Control, B.J.W2: Balhan. Jumbo. 50 % Water, B.J.W3: Balhan. Jumbo. 25 % Water, B.T.W1: Balhan. 
TZ148. Control, B.T.W2: Balhan. TZ148. 50 % Water, B.T.W3: Balhan. TZ148. 25 % Water, E.W1: 

 
 

TABLE 1 
The effect of water stress on fruit weight, brix and sensory properties of melons 

 Fruit Weight (Kg) Brix (%) Panel Test 
BALHAN F1-W1 1.49B-D 13.33a 5a 
BALHAN F1-W2 1.10E-G 11.31bc 5abc 
BALHAN F1-W3 1.13d-f 8.14e-h 5a 
BALHAN/ JUMBO-W1 0.88F-I 9.00d-g 3efg 
BALHAN /JUMBO W2 0.90F-I 11.50bc 3fgh 
BALHAN/JUMBO-W3 0.55J 7.60g-  3h 
BALHAN /TZ148-W1 1.40C-E 9.83c-f 4efg 
BALHAN/TZ148 W2 0.88F-I 11.50bc 4bcd 
BALHAN/TZ148-W3 0.85G-J 8.20f-h 3fgh 
EDALI F1-W1 1.98A 12.50ab 5ab 
EDALI F1-W2 1.41CD 7.17  4def 
EDALI F1-W3 1.43CD 10.50c-e 5abc 
EDALI /JUMBO-W1 1.69A-C 7.00  4def 
EDALI/ JUMBO  W2 0.66H-J 9.00d-g 3gh 
EDALI/ JUMBO-W3 0.60IJ 6.33  3gh 
EDALI/ TZ148-W1 1.78AB 10.67cd 4def 
EDALI/ TZ148-W2 1.01FG 9.17d-g 4cde 
EDALI/ TZ148-W3 0.96F-H 5.17j 5ab 

* Means followed by the same letter are not significantly different, Small letters indicate  
significant differences at p<0,01, capital letters at p<0.05, Bolded values mean statistically not significant. 

 
rootstock plants in parcels with W2 water applica-
tion. Drought endamages stomatal regulation. This, 
at the same time, means that no loss of water for 
plants in the case of water loss periods [24]. The 
plants that are tolerable to abiotic conditions such as 

water stress and drought are the ones which can ar-
range their stomatal mechanisms. The variations in 
the width, length and number of stoma are important 
in terms of understanding the cellular reactions of 
plants under stress conditions. When the width meas-
urements of stoma were investigated, water levels 
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did not affect the width of stoma (Table 1). Balhan 
F1 grafted onto Jumbo had the highest stoma lenght 
value at W2 water level. Stoma number were in-
creased with water stress (Table 1). Balhan F1 had 
the highest stoma number at W3 water level. 

When the data were taken into consideration in 
terms of total, marketable and unmarketable yield, it 
was determined that as water reduction increased, to-
tal, marketable and unmarketable yield also de-

had maximum yield (total and marketable) but with 
water stress yield values decreased too much.  

Average fruit weight values of all Edali melons 
was found higher than that of all Balhan melons (Ta-
ble 1). For rootstock groups, on the other hand, fruit 
weights of ungrafted applications were found higher 
than TZ 148 and Jumbo rootstocks. The lowest fruit 
weight was found for the cultivars grafted onto 
Jumbo rootstock. Edelstein et al. [25] stated that 
grafted plants had more improved values in terms of 
fruit weights. There are also studies in literature that 
are inconsistent with each other about the effect of 
using grafting on the quality of fruits. It should be 
regarded that these differences might be due to dif-
ferences in environmental conditions [26]. In this 
study, as the water reduction increased, the weights 
of fruits decreased. This result was in accordance 
with the studies of Karipcin et al. [27] carried out for 
watermelon.  

Brix degree is one of the most important param-
eters identifying the quality of fruits. As seen in Ta-
ble 1 among these cultivars, brix degree of Balhan 
F1was found to be higher. The maximum brix degree 
among rootstocks was determined for ungrafted 
(control) plants. Brix degree values of TZ 148 and 
Jumbo rootstocks were statistically in the same 
group. It can be stated that the brix degree values of 
grafted melons decreased. It was determined by So-
teriou et al. [28] that water-soluble dry matter values 
were not affected by grafting. In addition to water 
reduction, brix degree values decreased. Long et al. 
[29] stated in their study that water stress affected the 
brix degree negatively before and during harvest. 
Water stress that might occur in the critical period of 
sugar accumulation slows down the rate of photo-
synthesis and decreases sugar accumulation. Yild-
irim et al. [30] stated that 75% irrigation level during 
maturation period increased water-soluble dry mat-
ter content.  

Irrigation levels and cultivars did not indicate a 
statistical difference in terms of panel test. When the 
rootstocks were investigated, maximum panel score 
was determined for ungrafted (control) group and the 
second maximum score was indicated for TZ 148 
group (Table 1).  

 
Antioxidant Capacity of Melons. Antioxidant 

capacity of melons was measured via total polyphe-
nolic matter procedure, FRAP (Fe(III) Reduction 
Antioxidant Capacity) and DPPH (2,2- diphenil-1-

picrylhydrazil) radical scavenging methods. When 
Table 2 was investigated, it was observed that differ-
ent water regimes, rootstocks and scions affected 
FRAP, DPPH and total phenolic contents signifi-
cantly.  

When total polyphenol values were investi-
gated, grafting increased total polyphenol content of 
melons. Highest values were determined for Balhan 
F1 grafted onto Jumbo 
TZ148. As water reduction increased, total polyphe-
nol values decreased (Table 2). Similarly, it was rec-
orded by Mehrjerdi et al. [31] that total phenol values 
of chickpea types to which water stress was applied 
decreased. Total polyphenol values recorded for 
control group were found higher than total polyphe-
nol values of Edali F1 grafted onto Cucurbita mos-
chata rootstock under normal irrigation conditions in 
a study performed by Kolayli et al. [10]. Although 
total polyphenol content is an important parameter in 
terms of antioxidant activity, differences were ob-
served with their radical scavenging values. The rea-
son for these differences might be due to the radical 
scavenging capacity effects of antioxidant enzymes 
or other components having antioxidant properties 
which were not determined during this study [32]. 
Undergoing a functional change for different phe-
nolic compounds under different environmental con-
ditions might be another reason for these differences 
[4].  

When DPPH values were investigated in terms 
of cultivars (Table 2), DPPH radical scavenging ef-
fect of Edali F1 was found higher than that of Balhan 
F1. Radical scavenging effects of TZ 148 rootstock 
and control (ungrafted) rootstock were found lower 
than that of Jumbo rootstock. When the effect of wa-
ter reduction was considered, it was determined that 
as water reduction increased, DPPH radical scaveng-
ing effect decreased.  

A statistical difference was not observed be-
tween FRAP values of cultivars. When the root-
stocks were investigated, the FRAP values of TZ 148 
and Jumbo rootstocks were in the same group and 
were found higher than the values of ungrafted (con-
trol) group. As water reduction increased, a decrease 
in FRAP values was observed. The highest FRAP 
value was determined at W1 level for Edali F1 
grafted onto TZ 148 rootstock whereas the lowest 
FRAP value was obtained at W2 irrigation level for 
Balhan F1 grafted onto Jumbo rootstock (Table 2). 
FRAP values of control group were found higher 
than the FRAP values of Edali F1 grafted onto Cu-
curbita moschata rootstock under normal irrigation 
conditions in the study of [10].  

 
carotene and phenolic 

compounds of melons. Stress changes the morpho-
logical, physiological and biochemical responses of 
plants. In order to decrease negative effects of reac-
tive oxygen components formed under stress condi-
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tions, the plants produce antioxidants such as ascor-
bic acid, glutation,  

TABLE 2 
The effect of water stress on antioxidant activity 

 Total Phenolic Content mg GAE / 
mL melon juice 

DPPH-SC50 
g/mL melon juice 

FRAP 
 

BALHAN F1-W1 0.10 cd ±0.07 0.12 de ±0.01 0.33e-g±0.05 
BALHAN F1-W2 0.07 cd ±0.02 0.64a±0.21 0.22 ±0.03 
BALHAN F1-W3 0.01d±0.00 0.23cd±0.02 0.27f- ±0.03 
BALHAN/ JUMBO-W1 1.17a±0.20 0.09e±0.01 0.31f-h±0.05 
BALHAN /JUMBO W2 0.24c±0.00 0.16de±0.02 0.17 ±0.01 
BALHAN/JUMBO-W3 0.07 cd ±0.00 0.12 de ±0.03 0.35d-g±0.04 
BALHAN /TZ148-W1 0.24c±0.04 0.13de±0.02 0.52b±0.07 
BALHAN/TZ148 W2 0.12cd±0.06 0.41b±0.18 0.31f-h±0.06 
BALHAN/TZ148-W3 0.15 cd ±0.01 0.29bc±0.01 0.35d-g±0.07 
EDALI F1-W1 0.64b±0.21 0.17c-e±0.04 0.27g- ±0.01 
EDALI F1-W2 0.59b±0.12 0.09 de ±0.01 0.42 b-e ±0.01 
EDALI F1-W3 0.52b±0.05 0.07 e ±0.01 0.22 ±0.03 
EDALI /JUMBO-W1 1.09a±0.18 0.08 e ±0.02 0.48bc±0.05 
EDALI/ JUMBO  W2 0.17cd±0.05 0.19c-e±0.05 0.40c-f±0.03 
EDALI/ JUMBO-W3 0.01 d ±0.00 0.06 e ±0.00 0.45b-d±0.02 
EDALI/ TZ148-W1 1.14a±0.21 0.07 e ±0.02 0.64a±0.02 
EDALI/ TZ148-W2 0.15 cd ±0.05 0.12 de ±0.01 0.29f-h±0.03 
EDALI/ TZ148-W3 0.02d±0.00 0.41b±0.10 0.31f-h±0.04 
TROLOX (mg/mL)  0.013±0.00  

*Means followed by the same letter are not significantly different at p<0.01. 
 

TABLE 3 
-carotene values of melons 

 Ascorbic acid mg/100 g melon -carotene mg/100 g melon 
BALHAN F1-W1 48.32a±5.18 0.76b±0.08 
BALHAN F1-W2 22.58c-e±4.13 0.54c±0.03 
BALHAN F1-W3 36.82b±10.84 0.97a±0.02 
BALHAN/JUMBO-W1 17.18e-g±0.77 0.18f-h±0.05 
BALHAN/JUMBO W2 22.39c-e±0.47 0.01h±0.00 
BALHAN/JUMBO-W3 16.52f-h±0.78 0.50±0.29 
BALHAN/TZ148-W1 18.40d-g±2.17 0.37c-e±0.03 
BALHAN/TZ148 W2 23.76cd±3.04 0.48cd±0.09 
BALHAN/TZ148-W3 27.51bc±5.19 0.89ab±0.07 
EDALI F1-W1 14.58gh±2.31 0.25e-g±0.03 
EDALI F1-W2 15.15gh±2.14 0.31d-f±0.29 
EDALI F1-W3 15.21gh±1.96 0.20e-g±0.04 
EDALI/JUMBO-W1 17.02e-g±2.00 0.31d-f±0.11 
EDALI /JUMBO  W2 11.04h±3.38 0.16f-h±0.03 
EDALI /JUMBO-W3 21.32d-f±2.86 0.12gh±0.01 
EDALI/ TZ148-W1 15.06gh±1.56 0.19e-h±0.02 
EDALI/ TZ148-W2 15.30gh±1.03 0.19e-h±0.05 
EDALI /TZ148-W3 16.54f-h±3.39 0.19e-h±0.04 

*Means followed by the same letter are not significantly different at p<0.01. 
 

carotenoid as well as enzymes having antioxidant 
properties [33]. 

In our study maximum ascorbic acid value was 
determined for Balhan F1 (Table 3). When 
rootstock effect was considered, grafting adversely 
affected ascorbic acid values of Balhan however 
grafting increased slightly ascorbic acid value of 

acid was investigated, a significant rate of decrease 
in ascorbic acid level of Balhan F1 was recorded at 
W2 irrigation level compared to control level 
however, with W3 irrigation level, an increase was 
obtained again (Table 3). At W2 level ascorbic acid 
levels of Balhan were increased with grafting. The 

From this point of view, grafting generally caused 
an increase of ascorbic acid values at water stress. 
Ascorbic acid amount of Balhan F1 in control group 

was found quite higher than ascorbic acid values of 
melons which were grafted but not applied a water 
reduction in a study carried out by Kolayli et al. 
[10]. Ascorbic acid amounts of Balhan/TZ148, 
Balhan/Jumbo and Edali/Jumbo under water 
reduction conditions were found higher than the 
values recorded by Kolayli et al. [10].  

-carotene rates of melons varied between 
0.01-0.97 mg/100 gr melon (Table 3). Maximum -
carotene amount was stated for Balhan F1 with W3 

-carotene 
increased with water stress. The values of Balhan 

-carotene amount. However, the 
-carotene values of Balhan/TZ148 melons in-

creased with water stress. Among Balhan/Jumbo 
melons, maximum level was stated with W3 level. 
However, 
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fected with water stress. The effect of water defi-
ciency on carotenoids was reported as negative, pos-
itive or as insignificant by different researchers [34]. 
Condurso et al. [7] -
carotene and -carotene amounts in melon sample 
for which P360 rootstock was grafted however water 
reduction was not applied. On the contrary, a de-
crease was indicated in carotenoid content for cherry 
tomatoes under water stress conditions [35]. It is 
necessary to identify the reason for the differences in 
these results and it is due to genetic and seasonal fac-
tors or it is related with the period and intensity of 
the application used [34].  

One of the main secondary metabolites, 
phenolic compounds has an important physiological 
and morphological importance in plants. The 
protective effect of phenolic compounds in plants is 
arisen from antioxidant effect and radical scavenging 
properties. Furthermore, they have significant role as 
a protective in stress [36]. We evaluated 18 phenolic 
compounds in melons (Table 4). The reduction 
occurred in the total amount of phenolic compounds 
with increase in water deficiency in ungrafted Edali 
F1 and Balhan F1 cultivars. By contrast, the total 
amount of phenolic compounds increased in Edali 
/Jumbo, Balhan /TZ148 and Balhan /Jumbo pairs 
with the water effect of water stress (Table 4). The 
decrease was recorded in total phenolic compounds 
of Edali /TZ148 at W2 irrigation level compared to 
control group whereas an increase at W3 irrigation 
level. In our study, grafting is said to positively 
influence the amount of phenolic compounds of 
melon cultivars together with water deficiency. To 
our knowledge, no published report is available 
concerning the change of phenolic compounds with 
water deficiency in melons. However, plants have 
ability to accumulate many antioxidants including 
phenolic compounds under water stress. Sánchez-
Rodríguez et al. [37] found that the amount of 
phenolic compounds increased in grafted cherry 

tomatoes under water stress. This result was 
attributed to high activity of synthesis enzyme and 
the decrease in phenol-degrading enzymes. On the 
other hand, Krol et al. [38] found decrease in 
phenolic compounds and antioxidants of grapevine 
leaves exposed to long term and continuous drought 
stress. Researchers attributed this result to minimum 
energy consumption of plant until the stress factor is 
removed. The cultivar with the highest amount of 
phenolic compounds among each irrigation level 
was ungrafted Balhan F1 while the cultivar with the 
lowest quantity was Edali / Jumbo rootstock at W1 
irrigation (control) level. The cultivars with the 
highest number of phenolic compounds were Edali 
F1 and Balhan /Jumbo at W1 irrigation level and 
Edali /Jumbo and ungrafted Balhan F1 at W3 
irrigation level. Of the tested phenolic acids, p-
hydroxybenzoic was found to be highest in quantity. 
Gallic acid, protocatechuic acid, p-hydroxybenzoic 
acid, caffeic acid, chlorogenic acid, trans-ferulic 
acid, myricetin, quercetin and isorhamnetin were the 
phenolic compounds detected in all melons at each 
three irrigation level. The highest amount of p-
hydroxybenzoic acid was detected at W1 level. 
When analyzed at rootstock basis, the highest 
quantity was detected in ungrafted (control) group. 
This value is higher than that is found by Kolayli et 
al. [10] who investigated standard, hybrid and 
grafted melons. 

 
Organic Acids of Melons. Seven organic acids 

(citric acid, tartaric acid, maleic acid, succinic acid, 
formic acid, acetic acid and fumaric acids) were 
investigated in melons (Table 5). The amount of 
organic acids showed differences according to 
cultivars, rootstocks and irrigation levels. The 
cultivar with the highest organic acid quantity was 
Edali / TZ148 at W3 irrigation level. The 
accumulation of organic 

TABLE 4 
The effect of water stress on phenolic compounds ( mg/100 mL melon juice) 

     W1- control   

Parameter EDALI F1 EDALI /TZ 
148 

EDALI/JUMBO BALHAN 
F1 

BALHAN/ TZ 
148 

BALHAN 
/JUMBO 

Gallic acid 0.07a±0.00 0.02g±0.00 0.02g±0.00 0.04c-e±0.00 0.05b-e±0.00 0.03fg±0.01 
Protocatechuic acid 0.09a±0.01 0.04e-h±0.01 0.03g-j±0.00 0.06c-e±0.01 0.02 ±0.00 0.01j±0.00 
Catechin 0.14b-d±0.05 0.18b±0.01 0.10d-g±0.01 0.07gh±0.01 0.06h±0.00 0.10d-g±0.01 
p-hydroxybenzoic 
acid 

0.11f-h±0.02 0.02j±0.00 0.01j±0.00 1.07a±0.00 0.07 ±0.00 0.12fg±0.01 

Vanillic acid 0.03d±0.01 0.00e±0.00 0.00e±0.00 0.00e±0.00 0.00e±0.00 0.04b±0.01 
Caffeic acid 0.05e±0.00 0.05ef±0.00 0.05ef±0.00 0.07c±0.00 0.09b±0.00 0.06cd±0.00 
Syringic acid 0.01c-f±0.00 0.02ab±0.00 0.01ef±0.00 0.02f±0.00 0.01a±0.00 0.01d-f±0.00 
Chlorogenic acid 0.03d-g±0.00 0.03f-h±0.00 0.01j±0.00 0.03e-h±0.01 0.02 ±0.00 0.03c-f±0.01 
Rutin 0.00b±0.00 0.00b±0.00 0.00b±0.00 0.00b±0.00 0.00b±0.00 0.00b±0.00 
trans-p-coumaric 
acid 

0.00e±0.00 0.01d±0.00 0.00e±0.00 0.01cd±0.00 0.01d±0.00 0.01bc±0.00 

trans-ferulic acid 0.01DE±0.00 0.01DE±0.00 0.01DE±0.00 0.03A±0.00 0.02BC±0.01 0.01CD±0.00 
Myricetin 0.05c-e±0.01 0.06c±0.01 0.04d-g±0.01 0.04f-j±0.00 0.03j-l±0.00 0.04f-j±0.01 
trans- resveratrol 0.01h±0.00 0.04a±0.00 0.01gh±0.00 0.00 ±0.00 0.02c±0.00 0.01gh±0.00 
Quercetin 0.05ab±0.00 0.05ab±0.01 0.02cd±0.00 0.03c±0.01 0.05b±0.01 0.01d±0.00 
trans-cinnamic acid 0.03b±0.00 0.01fg±0.00 0.00gh±0.00 0.02d±0.00 0.01f±0.00 0.01f±0.00 
Naringenin 0.01b±0.00 0.00cd±0.00 0.00d±0.00 0.00cd±0.00 0.00d±0.00 0.00d±0.00 
Kaempferol 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 
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Isorhamnetin 0.17a-d±0.00 0.16a-d±0.01 0.16a-d±0.02 0.18ab±0.03 0.18a-c±0.01 0.13d±0.04 
Total 0.87±0.11 0.67±0.06 0.48±0.05 1.66±0.10 0.62±0.04 0.62±0.10 

* Means followed by the same letter are not significantly different. Small letters indicate significant differences at p<0.01, 
capital letters at p<005. Bolded values mean statistically not significant 
acids is a physiological response of plants when ex-
posed to stress [39]. The dominant organic acid was 
tartaric acid and the other acid was citric acid. For-
mic acid was detected only in Balhan / Jumbo at W2 
irrigation level and in Edali F1 and Balhan F1 pairs 
at W3 irrigation level. Kolayli et al. [10] 
citric acid in melons grafted but not exposed to water 
stress. When the effect of irrigation on the acids was 
considered, citric acid, maleic acid, fumaric acid and 
formic acid quantities increased with enhancemnet 
of water deficiency whereas tartaric acid, succinic 
acid and acetic acid decreased. In accordance with 
our results; oxalic acid, malic acid and citric acid lev-
els of Isatis indigotica cultivated under water stress 
increased with severity of water stress [40]. When 
the influence of rootstocks was considered, the high-
est amount of citric, tartaric and maleic acids values 
were attained in cultivars grafted onto TZ148 root-
stock. On the other hand, the highest succinic, formic 
and fumaric acid values were obtained in cultivars 
grafted onto Jumbo rootstock. On the other hand, the 

highest citric acid quantity was detected in Edali / 
TZ148. The information on the influence of different 
rootstocks on organic acid levels of melons culti-
vated under water stress is limited. In one of the 
study, where germination and growth parameters of 
wheat cultivated under water stress were examined, 
the decrease in organic acids was observed. On the 
contrary, it was reported that formic acid showed an 
opposite effect. The change in the organic acid levels 
was attributed to adaptive mechanism of wheat seed-
lings to maintain their osmotic balance under water 
stress [39].  
 

Sugar Contents of Melons. Sweetness is an 
important parameter in determining the fruit quality. 
Glucose, fructose, saccharose, ribose, arabinose, ga-
lactose, maltose, trehalose, mellebiose and mel-
lesitose were investigated in melon samples but only 
glucose, fructose and saccharose were found in 

 
TABLE 5 

The effect of water stress on organic acids ( mg/100 mL melon juice) 
 

  
Citric  
acid 

Tartaric 
acid 

Maleic  
acid 

Succinic 
acid 

Formic  
acid 

Acetic  
acid 

Fumaric 
acid Total 

BALHAN 
F1-W1 47.07n±0.48 107.57o±0.60 0.93d±0.00 14.44l±0.06 0.00d±0.00 160.91a±1.05 3.45e±0.10 334.36±2.29 

BALHAN 
F1-W2 133.70h±2.14 149.56n±1.56 0.91de±0.00 12.47l±0.03 0.00d±0.00 151.57b±2.59 0.00q±0.00 448.20±6.31 

BALHAN 
F1-W3 45.55n±2.40 45.63q±1.23 1.13c±0.03 7.78m±0.13 4.59b±0.12 39.73 ±1.51 2.00 ±0.03 146.41±5.45 

BALHAN/ 
JUMBO-W1 13.78o±0.42 158.50m±0.54 1.05c±0.01 103.17b±1.31 0.00d±0.00 107.26c±1.16 2.45g±0.03 386.20±3.47 

BALHAN 
/JUMBO 
W2 

0.00p±0.00 69.48p±0.27 0.50jk±0.15 139.15a±0.76 17.00a±0.77 65.32f±0.59 6.32b±0.02 297.79±2.56 

BALHAN/J
UMBO-W3 52.10m±8.60 222.76k±1.11 0.80fg±0.01 29.92h±2.36 0.00d±0.00 71.88e±4.30 3.59d±0.10 381.05±16.47 

BALHAN 
/TZ148-W1 154.36f±0.07 378.11a±0.32 1.07c±0.00 27.52 ±0.05 0.00d±0.00 106.38c±0.17 2.06 ±0.01 669.50±0.61 

BALHAN/T
Z148 W2 113.22k±1.46 169.77l±0.55 0.00l±0.00 19.84k±0.63 0.00d±0.00 53.49h±1.90 7.34a±0.05 363.67±4.58 

BALHAN/T
Z148-W3 242.76b±2.01 307.29h±3.24 10.18a±0.07 29.20h±0.90 0.00d±0.00 80.50d±3.72 3.15f±0.06 673.08±9.99 

EDALI F1-
W1 123.41j±0.38 323.33g±0.50 0.79fg±0.00 34.23g±0.16 0.00d±0.00 56.07gh±0.18 1.85mn±0.00 539.67±1.22 

EDALI F1-
W2 166.40e±0.25 352.09e±0.19 1.39b±0.00 24.71 ±0.07 0.00d±0.00 60.32g±0.11 1.90lm±0.00 606.81±0.62 

EDALI F1-
W3 178.37c±0.79 358.08d±2.62 0.48k±0.18 37.83f±0.00 2.53c±0.13 11.75k±0.05 4.58c±0.00 593.62±3.78 

EDALI 
/JUMBO-
W1 

139.87g±1.23 342.20f±0.86 0.84d-f±0.00 44.83e±7.31 0.00d±0.00 21.88j±0.25 1.92kl±0.00 551.54±9.66 

EDALI/ 
JUMBO  
W2 

95.10l±0.60 257.14 ±1.13 0.58 ±0.01 30.36h±0.68 0.00d±0.00 40.66 ±0.39 1.77op±0.00 425.61±2.81 

EDALI/ 
JUMBO-W3 249.67a±1.74 376.39a±0.79 0.71gh±0.00 62.33d±1.34 0.00d±0.00 13.64k±0.53 1.71p±0.01 704.45±4.40 

EDALI/ 
TZ148-W1 

131.41 ±0.14 364.20b±0.50 0.67 ±0.00 42.59e±0.04 0.00d±0.00 39.97 ±0.40 1.79no±0.00 580.63±1.09 

EDALI/ 
TZ148-W2 127.92 ±0.70 362.15c±0.37 0.82ef±0.00 21.74jk±0.37 0.00d±0.00 57.53gh±10.43 2.11h±0.02 572.26±11.90 

EDALI/ 
TZ148-W3 174.35d±1.19 251.39j±0.54 0.71gh±0.00 77.08c±0.34 0.00d±0.00 5.94l±0.04 1.97jk±0.00 511.44±2.11 
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*Means followed by the same letter are not significantly different at p<0.01. 
 
 
 
the melons (Figure 2a). Grafting onto TZ148 and 
Jumbo rootstocks affected the sugar levels in a dif-
ferent ways under different water deficit stresses. 
The decrease was noted in fructose and saccharose 
quantity as the amount of water given to plant de-
creased but glucose level was not affected. Consid-
ering the effect of rootstocks; the highest fuctose ra-
tios were determined in Jumbo and TZ148 root-
stocks where the highest glucose and saccharose ra-
tios in ungrafted (control) plants. Glucose and fruc-
tose were detected in all rootstock/scion combina-
tions. On the other hand, saccharose is found in all 
groups except in Edali/TZ148 and Balhan/Jumbo 
cultivated at W3 irrigation level. The cultivar and 
rootstock/scion combinations with the highest 
sweetness were Edali F1, Edali/TZ148, Edali/Jumbo 
cultivated at well-watered condition (control) and 
Edali F1 cultivated at W2 water stress. Reduction oc-
cured in the sweetness level of Edali F1, 
Edali/TZ148 and Edali/Jumbo combinations as wa-
ter deficiency increased. The reduction in the sweet-
ness level may be attributed to carbon deficiency 
[34]. An increase was detected in the sweetness level 
of Balhan / TZ148 with the water deficiency. Mira-
bad et al. [41] also found an increase in the sweetness 
of cantaloupe melon with the water stress. Glucose 
level of Edali F1 increased with the water stress. In 
the case of Edali/ TZ148, glucose level increased at 
the W2 irrigation level whereas it decreased at W3 
irrigation level. The amount of glucose decreased in 
Edali / Jumbo as the water deficiency increased. In 
Balhan/TZ148 and Balhan/Jumbo, glucose level in-
creased as the water deficiency increased. Zeinali et 

al. [42] found the raise in saccharose and glucose 
level of Cucumis melo var. reticulatus cv. Samsoury 
at severe water stress. The highest fructose ratio was 
detected in non-grafted Edali F1 melon cultivar at 
full irrigation regime. The amount of saccharose in 
Edali F1, Edali / TZ148 ve Edali / Jumbo decreased 
with the increase of water stress. While the glucose 
quantity of Edali / Jumbo decreased as the water de-
ficiency increased, that of Balhan / TZ148 and 
Jumbo rootstocks increased. Fructose/glucose ratio 
is an important indicator for most of the fruit juices 
[10] and the ratio among different sugars affect the 
fruit taste [43]. The highest fructose/glucose ratio 
was detected in Balhan / TZ148 rootstock at full ir-
rigtion regime (Figure 2b). The fructose/glucose ra-
tio of rootstock/scion combinations decreased with 
the severity of water stress except Balhan F1. 
 

Correlations of Irrigation Levels and Root-
stocks with Some Biochemical Parameters of 
Melons. Correlation coefficients of irrigation levels 
and rootstocks with some biochemical parameters of 
melon cultivars (Edali F1 and Balhan F1) are 
presented in Table 6. Although statistically not 
significant, total polyphenol was positively and high 
correlated with the utilization of rootstocks at W1 
and W2 irrigation levels. The correlation between 
the rootstocks and FRAP values of melons were the 
highest (r2= 0.99) at W3 irrigation level. In other 
words, FRAP values were positively effected from 
the utilization  

FIGURE 2 
Relationship between water stress and a) sugar content (mg) b) ratio of fructose to glucose 

B.W1: Balhan F1. Control, B.W2: Balhan F1. 50 % Water, B.W3: Balhan F1. 25 % Water, B.J.W1: 
Balhan. Jumbo. Control, B.J.W2: Balhan. Jumbo. 50 % Water, B.J.W3: Balhan. Jumbo. 25 % Water, 
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B.T.W1: Balhan. TZ148. Control, B.T.W2: Balhan. TZ148. 50 % Water, B.T.W3: Balhan. TZ148. 25 % 

 
TABLE 6 

Correlation values among irrigation levels/rootstocks (TZ 148/Jumbo) and some  
biochemical parameters of melons 

Irrigation 
Levels 

Rootstocks (Control/ 
TZ148/Jumbo) 

Beta-
Carotene 

Ascorbic acid p-hydroxy 
benzoic acid 

Catechin Tartaric acid 

W1  0.51* 0.94* -0.87* -0.54* 1.00** 

 Balhan -0.98* -0.88* -0.85* 0.73* 0.18* 
W2  -0.95* -0.85* -0.98* -0.94* 0.87* 

 Balhan -0.92* -0.13* -1.00** 0.99** -0.75* 

W3  -0.91* 0.95* -0.94* 0.96* -0.79* 
 Balhan -0.94* -1.00*** -0.07* -0.91* 0.66* 

  Citric acid Glucose Fructose Saccharose  
W1  0.49* 0.99* -0.14*** -0.90*  

 Balhan -0.23* -0.87* 0.68* -0.84*  

W2  -0.54* 0.24* -0.85* -0.95*  
 Balhan -0.93* 0.67* 0.43* -0.42*  

W3  -0.05* -0.97* -0.96* -0.42*  
 Balhan 0.03* -0.46* 0.88* -0.47*  

Statistical significance: *= Not significant, **=p<0.01, *** =p<0.05  
 
 
of rootstocks. Negative correlation between root-
stocks and DPPH for Balhan F1 at W2 irrigation 
level means good radical scavenging activities. The 
amount of ascorbic acid in Balhan F1 correlated neg-
atively with rootstocks at W3 irrigation level. Corre-

-carotene, citric acid, glucose and 
saccharose with rootstocks were statistically insig-
nificant. However, correlation values between 

-carotene and glucose were 
high for Edali F1 at W1 irrigation level. Catechin 
value of Balhan F1 at W2 irrigation level strongly 
correlated with utilization of rootstocks. On the other 
hand, p-hydroxy benzoic acid negatively correlated 
with the usage of rootstocks. Among the tested sug-
ars, only corellation between fructose and rootstocks 
for Edali F1 at W1 irrigation level was statistically 
important and it was negatively correlated. 

 
 

CONCLUSIONS 
 
Our study indicated that the grafting of hybrid 

melon cultivars (Edali F1 and Balhan F1) onto TZ 
148 and Jumbo rootstocks highly affected the 
biochemical and growth-yield parameters of the 
melons exposed to water stress conditions. The 
grafting of hybrid melon cultivars onto TZ 148 and 
Jumbo rootstocks enhanced the health-promoting 
compounds of melon cultivars (Edali F1 and Balhan 
F1) under water stress conditions. Elucidation of 
genetic and environmental factors and their 
interactions on the agronomic and biochemical 
properties especially bioactive compounds of the 
melon cultivars is required if the breeders aim to 
produce crops with health-promoting effects. 

Furthermore, these findings are physiologically and 
biochemically important to assess the metabolic 
changes of the tested compounds under water deficit 
stress conditions. On the other hand, the utilization 
of TZ 148 and Jumbo rootstocks under water stress 

 and growth parameters 
which depend not only on the rootstock but also the 
interaction between rootstock/scion combinations, 
environmental factors, cultivars and growth 

growth and yield parameters, its positive effect on 
health-promoting compounds is remarkable. 

health benefits of fruits and vegetables. So, the 
adverse affects of grafting under water stress on 
growth and yield parameters may be ignored in this 
respect. However, future researches may focus on 
screening of different rootstock/scion combinations 
compatible for particularly in arid and semiarid 
regions to get melons with both high biochemical 
and agronomic quality.  
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Drought stress is an abiotic stresses that can de-
creased absorption nutrition from soil by plants and 
causes decreased yield of plants. In order to evalua-
tion effect of Nano-zinc foliar application in wheat 
cultivar (chamran) under drought stress at the Re-
search Station of the Islamic Azad University, Tabriz 
Branch, Tabriz, Iran. The trial was carried out in a 
split-plot factorial experiment based on randomized 
complete block design with four replications. The 
main plots were two levels of drought stress (one 
with commonly available irrigation water referred to 
as control and the other interrupted irrigation during 
flowering stage), and five levels of Nano-zinc foliar 
application (control, before stem elongation stage (2 
g/L), before stem elongation stage (4 g/L), flowering 
stage (2 g/L) and flowering stage (4 g/L)) were as-
signed as sub-plots. The results showed that drought 
stress was significantly decreased grain yield and its 
components, plant height, relative water content 
(RWC) and chlorophyll content, but Nano-zinc fo-
liar application had positive effect on them. The re-
sult is shown that 2 g/L in flowering stage of wheat 
was best condition to grain yield and its components, 
plant height, relative water content (RWC) and chlo-
rophyll content. Correlation between in studied traits 
of wheat showed that yield grain had significantly 
positive with number of grains spike, and signifi-
cantly correlations were observed between spike 
height with RWC, chlorophyll content and harvest 
index. Results showed that Nano-zinc could be used 
for improving wheat growth under drought stress.  

 
 

  
Drought stress, Grain yield, Nano-zinc, Wheat 

 
Grain crops strongly suffer from insufficient 

water supply, showing various morphological, phys-
iological, biochemical, and molecular responses to 
drought. Drought stress can cause negative reversi-
ble and irreversible physiological changes of plant 
state in the vegetative and reproductive periods of 
plant development [1]. Wheat (  L.) 

is one of the most important crops in the world. The 
growth of wheat has been seriously influenced by 
drought in many regions. Under drought stress, pho-
tosynthesis and grain yield decreases due to stomata 
limitation when light energy absorption exceeds its 
capacity for utilization [2]. Zinc (Zn) is essential 
plant micronutrient which is involved in many phys-
iological functions, protein and carbohydrate synthe-
sis [3]. The application of Zn under drought condi-
tions would influence crop yield and quality. It plays 
a significant role in regulating stomata and ionic bal-
ance in crops to reducing the detrimental effects of 
drought [4].  

Nano fertilizers with emerging nutrient man-
agement tools in agriculture have potential to in-
crease crop yield, nutrient use efficiency and farmer 
income with reduced environment pollution resulted 
from application of overdose of fertilizers in crop 
production [5]. Nano fertilizers have high surface 
area, water solubility and penetrability which help to 
increase availability of nutrient to the crop plant 
from applied surface. Hence, it is visualized as a rap-
idly evolving field in nutrient management which 
has potential to revolutionize agriculture and food 
systems and improve the conditions of the poor [3, 
4]. The influence of nanoparticles on physiological 
state of plants at the different levels of their organi-
zation, beginning from molecular, has been studied 
at various plants. It is known that nanoparticles in 
different concentrations can impact both positive 
and negative biological effects [5]. Several studies 
have been shown that a small amount of nutrients, 
particularly Zn applied by foliar spraying can signif-
icantly increase the yield of crops [3, 6]. Also, foliar 
nutrition is an option when nutrient deficiencies can-
not be corrected by applications of nutrients to the 
soil [6]. It is likely therefore, in open-field condi-
tions, where the factors that influence the uptake of 
the nutrients are very variable, foliar fertilization is a 
privilege [7]. Among the micronutrients, Zn nutri-
tion can affect the susceptibility of plants to drought 
stress. Zn plays an important role in the production 
of biomass [6, 7]. Furthermore, Zn may be required 
for chlorophyll production, pollen function, fertiliza-
tion and germination [5]. Therefore, the present 
study aimed to determine the effect of foliar applica-
tion of zinc on growth and grain yield of wheat under 
drought stress. 
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A 

field experiment was carried out during 2016-2017 
growing season at the Research Station of the Is-
lamic Azad University, Tabriz Branch, Tabriz, Iran. 
The soil at the experimental site was sandy-loam 
(pH= 7.7 and organic matter 1.3%). The trial was 
carried out in a split-plot factorial experiment based 
on randomized complete block design with four rep-
lications. The main plots were two levels of drought 
stress (one with commonly available irrigation water 
referred to as control and the other interrupted irri-
gation during flowering stage), and five levels of 
Nano-zinc foliar application (control, before stem 
elongation stage (2 g/L), before stem elongation 
stage (4 g/L), flowering stage (2 g/L) and flowering 
stage (4 g/L)) were assigned as sub-plots.  

 Grain yield, yield com-
ponents, and plant height of wheat were evaluated. 
The leaf water content (RWC) was estimated follow-
ing the gravimetric method as described by [8]. The 
chlorophyll content of the second and third leaf was 
measured with a SPAD-502 Chlorophyll Meter (Mi-
nolta Corporations, Ramsey, NJ, USA). Leaf area 
was measured with a portable leaf area meter LI-
3000C, (LICOR Inc., Lincoln, NE, USA). 

Data of the three repeats 
years were combined and the combined data were 
subjected to normal distribution tests and analysis of 
variance and least significant difference (LSD) for 
comparison of means were performed using statisti-
cal analysis system (SAS 9.1). 
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The analysis of variance of 
data to assess the effect of Nano-zinc foliar applica-
tion on wheat under drought stress showed a highly 
significant difference for agronomy traits (variance 
analysis not shown). There were significant differ-
ences drought stresses for grain yield, 1000-seed 
weight, number of grain in spike, spike height, har-
vest index and plant height (  < 0.001). The effect 
of Nano-zinc foliar applications were significant for 
grain yield, 1000-seed weight, number of grain in 
spike, harvest index and plant height (  < 0.001). 
Drought × Nano-zinc foliar application interactions 
for grain yield, 1000-seed weight, spike height and 
harvest index were significant ( < 0.001).  

Agronomy attributes of wheat cultivar was re-
duced significantly by drought stress. Our results in-
dicated that the grain yield and plant height of ma-
jority of wheat cultivar were significantly decreased, 
probably by diminished cell expansion and cell divi-
sion under water deficit stress [11]. The grain yield, 
1000-seed weight, spike height and harvest index 

were drastically impaired under drought stress in 
wheat cultivar. However, this impairment was lower 
in 4 g/L Nano-zinc foliar application under drought 
stress as compared to 2 g/L Nano-zinc in flowering 
stage, while maximum grain yield, 1000-seed 
weight, spike height and harvest index were recorded 
in wheat cultivar raised under well-watered with 2 
g/L Nano-zinc in flowering stage conditions (Fig. 1).
The result showed that Nano-zinc foliar application 
was extremely enhancement effect on yield and its 
components under drought stress on wheat cultivar.
Reduction in grain yield and its components in the 
wheat cultivar caused by drought stress could be at-
tributable to some key physio-biochemical processes 
regulating plant growth [1]. Yavas and Unay [4] 
found 35% yield reduction in wheat when drought 
was imposed at the silk emergence stage. In another 
study Taran et al. [13] reported a marked decrease in 
grain yield and plant height in wheat when it was 
subjected to short-term drought. Movahhedy-
Dehnavy et al. [6] reported the foliar application of 
zinc can increase the production of yield and its com-
ponents. A similar protective effect of zinc sulfate 
was also observed by Malek-Mohammadi et al. [12].
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1000-
seed 

weight 

Chlorophyll 
Content RWC Harvest 

index 
Yield 
grain 

Number 
of grain 
in spike 

Plant 
height 

Height 
spike  

       1 Height spike 
      1 0.26 Plant height 

     1 -0.03 **0.52 Number of grain 
in spike 

    1 0.43* 0.31 0.29 Yield grain 
   1 0.08 0.38 *0.45 **0.76- Harvest index 
  1 0.34 0.32 **0.64 -0.11 **0.58 RWC 

 1 **0.68 *0.44 0.16 0.13 **0.63 **0.82 Chlorophyll 
Content 

1 -0.04 -0.20 -0.16 -0.01 -0.10 -0.41 -0.28 1000-seed 
weight 

*, **: significant differences at 5 and 1% probability, respectively

The mean comparisons of number of grain in 
spike and plant height, for which Nano-zinc foliar 
applications were significant, are shown in Fig. 2. It 
seems that 2 g/L Nano-zinc in flowering stage had a 
stable to both characteristics. It is shown that Nano-
zinc foliar applications had good effect on number of 
grain in spike and plant height in wheat. These re-
sults are in agreement with those obtained by Yavas 
and Unay [4] and Yadavi et al. [3], they reported that 
drought stress reduced wheat plant height. The posi-
tive effects of foliar spray of zinc on grain in spike 
and plant height of wheat under drought stress were 
in accord with the results observed by some investi-
gators [9]. In one study it was found that drought 
stress on wheat reduced the plant height, but with 
zinc application significantly increased the plant 
height [10]. 

Analysis of variances for 
chlorophyll content and RWC showed that the 
drought stress and Nano-zinc foliar application have 
a significant effect on both attributes in wheat culti-
var ( < 0.001). Drought stress × Nano-zinc foliar ap-
plication interactions were not significant for chloro-
phyll content and RWC (variance analysis not 
shown).

For chlorophyll content and RWC a significant 
decrement was obtained in drought stress condition, 
and it caused a significant decrease in grain yield of 
majority of wheat cultivar relative to them under 
control condition. RWC may accurately define the 
demand and supply of water. Plants, for their sur-
vival under water deficit conditions, tend to retain 
reasonable amount of water so as to ensure the con-
trol functioning of all cellular metabolic processes. 
It is generally believed that RWC decreases in most 
plants in response to drought stress [11]. Chlorophyll 
concentration is known to be one of the major factors 
affecting photosynthetic capacity [8,10]. There are 
many conflicting opinions in the literature about the 

change in chlorophyll content of leaves under 
drought stress. Some studies carried out to investi-
gate chlorophyll content under drought stress have 
reported reductions in wheat [8]. A similar protective 
effect of zinc was also observed in this study (Fig. 
2). The results of this study are in good agreement 
with the findings of Malek-Mohammadi et al. [12] 
and Yavas and Unay [4] who observed zinc applica-
tion induced enhancement of RWC and chlorophyll 
content.

 Significant and positive correla-
tions were observed between grain yield and number 
of grain in spike. Significant and positive correla-
tions were observed between spike height with 
RWC, chlorophyll content and harvest index (Tables 
1). Of various correlations between grain yield and 
yield components were reported in wheat [12, 13]. 
The positive and significant correlation was ob-
served between grain yield and plant height and test 
weight (hectoliter) under supplemental irrigation 
condition [14]. The grain yield, a major selection cri-
terion drought stress, is a complex trait that 
determined by several physiological, biochemical 
and metabolic plant processes and its genetics and 
associations are greatly ambiguous [15]. 

The author would like to thanks Tabriz Branch, 
Islamic Azad University for the financial support of 
this research, which is based on research project con-
tact. 
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The objective of this study is to determine the 

effects of chlorantraniliprole (CHL) pesticide on 
ATPases (Na+/K+ ATPase, Ca2+ ATPase and Mg2+ 
ATPase) of gill and muscle in Fish were 
exposed to acute and chronic chlorantraniliprole 
(CHL) exposure (0.5, 1.5 and 3.0 mg/L). UV-vis 
spectrophotometric methods were used to determin-
ing enzymes activity. When compared to control 
fish, the most inhibitions determined to Ca2+ ATPase 
> Na+/K+ ATPase > Mg2+ ATPase on gill and muscle 
tissues. This work showed that Ca2+ ATPase is more 
sensitive biomarker chlorantraniliprole (CHL) pesti-
cide than other ATPase enzymes. In our study, 

 could be a suitable biomarker for chlorantra-
niliprole (CHL) and ATPases are very important 
early warning ecotoxicologic parameters. 

 
 

Chlorantraniliprole (CHL), ATPase, 
 toxicology 

 
 

 
Pesticides have a important potentialy hazard 

for environment. As a result of excessive use of pes-
ticides, it is groundwater mixes with rainwater and 
effect to organisms [1-3]. Among the pesticide vari-
eties, Chlorantraniliprole, which is widely used in 
our region, is an important agricultural activity and 
it is called to IUPAC name is 3-bromo-4'-chloro-1-
(3-chloro-2-pyridyl)-2'-methyl-6'-(methylcarba-
moyl) pyrazole-5-carboxanilide. The chlorantrani-
liprole (CHL) is an anthranilic diamide class which 
is lead to disrupt calcium storage and causes irregu-
lar muscle contractions in organisms [4]. Recently, 
fish are very important indicators for the aquatic en-
vironmental toxicity. In fish,  
has been reported by many researchers to be an im-
portant organism [5-7].  

ATPases are conserved membrane enzymes 
which occurs active and passive ion exchange in gill 
and muscle and also, accompanied by perturbation of 
hydromineral balance on membrane potantial [8-10]. 

ATPases for these tissues give early warning signal 
of pollutants such as pesticides and occurs damage 
to the osmoregulation systems [11]. Although there 
are many studies on fish related to ATPase for heavy 
metals [12-14], there are little study for pesticides 
[15-16]. But there are not study about the chlorantra-
niliprole (CHL) pesticide on . The 
membrane enzymes, Ca2+ ATPase and Mg2+ ATPase, 
are involved in oxidative phosphorylation in the cell 
mitochondrion as well as ion regulation in the cell 
membrane. 

The aim of this study was to determine the ef-
fects of Chlorantraniliprole exposures on ATPases 
(Na+/K+ ATPase, Ca2+ ATPase and Mg2+ ATPase) 
from the gill and muscle of  for 24 hours, 
96 hours and 28 days.  

 
 

Commercial formulation of Chlo-
rantraniliprole is Coragen 20SC DuPont was purcha-
sed from Turkey distribitor. The chemicals used 
were obtained from Sigma Aldrich and Merck.

 were obtained 
from pools and kept to acclimatize in the laboratory 
for two month at 25±1°C. After this period, the mean 
length and weight of the animals were 13.8±1.92 cm 
and 40.5±3.11 gr., respectively. Water quality char-
acteristics in tanks are as follow; pH: 8.1±0.9, Tem-
perature: 25±1°C, Dissolved Oxygen: 7.8±0.8 mg/L, 
Total Hardness: 196.5±7.42 CaCO3 mg/L, Total Al-
kalinity: 318.2±8.1 CaCO3 mg/L.  

 The suble-
thal concentrations of chlorantraniliprole (CHL) 
were filled with 120 L of 4 glass aquarium tanks in 
the size of 40 cm x 100 cm x 40 cm for the control 
group together with 0.5 mg / L, 1.5 mg / L and 3.0 
mg / L. Randomly selected fishes are placed in 9 fish 
for each period (3 times x 3 fish) per aquarium. The 
pesticides were mixed in fresh water aquariums 
freshly prepared for CHL concentrations so that the 
ratio of pesticide in the water was not changed and 
the toxicity test was completed by transferring the 
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fish. The control fishes were kept in the same labor-
atory conditions. The gills and muscle tissues of the 
fish were removed by decapitation method after 24 
hours and 96 hours of acute periods and 28 days after 
chronic periods. The fishes were quickly cleaned 
with 0.59% NaCl on ice plate and weighed to -85 °C 
until biochemical analysis the samples have been 
stored. 

Tissues (1:10, w/v) were 
homogenized for 5 min in each tissue sample with a 
steel homogenizer (UltraTurrax T-18) with buffer 
(PBS, 136 mmol/L NaCl, 1.5 mmol/L KH2PO4, 0.9 
mmol/L CaCl2, 8.1 mmol/L Na2HPO4, 2.7 mmol/L 
KCl, and 0.24 mmol/L MgCl2, 7.4 pH) containing 2.5 
mM ATP in ice cold. The homogenates were centri-
fuged at 16,000 x g for 20 min. at 4°C. were used for 
spectrophotometric determination of protein and 
ATPase enzymes obtained with supernatants. 

Protein quantities were deter-
mined using the Bradford method [17] using bovine 
serum albumin as standard in mg / mL at 595 nm in 
a microplate reader. 

The activity of ATPase 
was measured by determination of the inorganic 
phosphate (Pi) liberated from the hydrolysis of the 
substrate adenosine triphosphate (ATP) at 37 °C. For 
the measurement of Na+/K+ ATPase activity of gill 
and muscle were 40 mM Tris–HCl, 120 mM NaCl, 
20 mM KCl, 3 mM MgCl2, 7.7 pH, and 1 mM oua-
bain. In addition, incubation media (pH 7.7) contain-
ing 40 mM Tris–HCl, 4 mM MgCl2, 1 mM CaCl2 and 
1 mM EGTA was used for Ca2+ ATPase activity. Ho-
mogenates were centrifuged at 1000 g to remove the 
debris for 15 minutes. ATPase activity was carried 
out with supernatant immediately on the resulting su-
pernatant. Ca2+ ATPase activity was calculated by 
subtracting Mg2+ ATPase (containing ouabain) activ-
ity from total-ATPase (ouabain-free) activity. En-
zyme activities was given μmol Pi / mg protein/h. 
Similarly, this method to given in detailly described 
by Atkinson et al. [18]. 

 Data are presented as 
mean ± standard error. For the statistical analysis, a 
One-Way Analysis of Variance (ANOVA) was used, 
followed by Duncan and LSD test, using SPSS 22.0 
statistical software (SPSS Inc., Chicago, IL). Diffe-
rences were considered significant if < 0.05. 

 
 
Throughout the experiments, no mortality was 

recorded at concentrations of the chlorantraniliprole 
(CHL). The statistical analysis which was done with 
“Duncan and LSD” differences among groups were 
measured to be significant at <0.05. Figure 1-6 
show of ATPase (Na+/K+ ATPase, Ca2+ ATPase and 
Mg2+ ATPase) parameters of chlorantraniliprole 
(CHL) exposed to  over 24 hours 96 
hours and 28 days period, respectively. The concent-
rations of gill and muscle Na+/K+ ATPase, Ca2+ 
ATPase and Mg2+ ATPase activity declines were ob-
served at all exposure periods (fig 1-6).

Our study, Na+/K+ ATPase in gill a significant 
inhibition of Na+/K+ ATPase activity was observed 
with CHL concentrations (0.5 ppm CHL, 1.5 ppm 
CHL and 3 ppm CHL) to compared with controls 
(Fig. 1A) for 24 h, 96 h and 28 h.The 0.5 ppm CHL, 
1.5 ppm CHL and 3.0 ppm CHL concentrations were 
decreased (11%, 30% and 36%) for 24h, (48%, 54% 
and 69%) for 96h and (65%, 76% and 90% ) for 28d, 
respectively. The Na+/K+ ATPase activity in the gill, 
depending on time (fig. 1B), was reduced to 0.5 ppm 
CHL concentration 42% and 60%, 1.5 ppm CHL 
concentration 35% and 65% and 3.0 ppm CHL con-
centration 51% and 84% for 24h compared to 96h 
and 28d ( <0.05).  

Ca2+ ATPase activity was observed with CHL 
concentrations (0.5 ppm CHL, 1.5 ppm CHL and 3 
ppm CHL) to compared with controls (fig. 2A) for 
24 h, 96 h and 28 h. The 0.5 ppm CHL, 1.5 ppm CHL 
and 3.0 ppm CHL concentrations were decreased 
(19%, 28% and 40%) for 24h, (66%, 73% and 82%) 
for 96h and (87%, 94% and 90%) for 28d, respecti-
vely. The Ca2+ ATPase activity in the gill, depending 
on time (fig. 2B), was reduced to 0.5 ppm CHL con-
centration 52% and 81%, 1.5 ppm CHL concentra-
tion 57% and 90% and 3.0 ppm CHL concentration 
65% and 81% for 24h compared to 96h and 28d 
( <0.05). 

In gill Mg2+ ATPase activity was observed with 
CHL concentrations (0.5 ppm CHL, 1.5 ppm CHL 
and 3 ppm CHL) to compared with controls (Fig. 3A) 
for 24 h, 96 h and 28 h. The 0.5 ppm CHL, 1.5 ppm 
CHL and 3.0 ppm CHL concentrations were decrea-
sed (9%, 13% and 12%) for 24h, (14%, 20% and 
25%) for 96h and (44%, 59% and 72% ) for 28d, res-
pectively. The Mg2+ ATPase activity in the gill, de-
pending on time (fig. 3B), was reduced to 0.5 ppm 
CHL concentration 4% and 35%, 1.5 ppm CHL con-
centration 5% and 51% and 3.0 ppm CHL concent-
ration 13% and 67% for 24h compared to 96h and 
28d ( <0.05). 

In muscle, a significant inhibition of Na+/K+ 
ATPase activity was observed with CHL concentra-
tions (0.5 ppm CHL, 1.5 ppm CHL and 3 ppm CHL) 
compared to controls (fig. 4A) for 24 h, 96 h and 28 
d. The 0.5 ppm CHL, 1.5 ppm CHL and 3.0 ppm 
CHL concentrations were decreased (25%, 26% and 
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42%) for 96h and (70%, 74% and 89%) for 28d, res-
pectively. Although 1.5 ppm CHL and 3.0 ppm CHL 
concentrations were decreased, there was no statisti-
cal change in the effect of 0.5 ppm CHL at 24 h ( > 
0.05). The Na+/K+ ATPase activity in muscle, depen-
ding on time (fig. 4B), was reduced to 0.5 ppm CHL 
concentration 5% and 64%, 1.5 ppm CHL concent-
ration 24% and 80% and 3.0 ppm CHL concentration 
64% and 80% for 24h compared to 96h and 28d 
( <0.05).  

Ca2+ ATPase activity was observed with CHL 
concentrations (0.5 ppm CHL, 1.5 ppm CHL and 3 

ppm CHL) to compared with controls (fig. 5A) for 
24 h, 96 h and 28 d. The 0.5 ppm CHL, 1.5 ppm CHL 
and 3.0 ppm CHL concentrations were decreased 
(64%, 67% and 67%) for 24h, (74%, 80% and 87%) 
for 96h and (89%, 95% and 97%) for 28d, respecti-
vely. The Ca2+ ATPase activity in the gill, depending 
on time (fig. 5B), was reduced to 0.5 ppm CHL con-
centration 29% and 55%, 1.5 ppm CHL concentra-
tion 40% and 74% and 3.0 ppm CHL concentration 
61% and 79% for 24h compared to 96h and 28d 
( <0.05). 
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In muscle Mg2+ ATPase activity was observed 
with CHL concentrations (0.5 ppm CHL, 1.5 ppm 
CHL and 3 ppm CHL) to compared with controls 
(Fig. 6A) for 24 h, 96 h and 28 d. However, 1.5 ppm 
CHL and 3.0 ppm CHL concentrations were decrea-
sed, there was no statistical change in the effect of 
0.5 ppm CHL at 24 h ( > 0.05). The 0.5 ppm CHL, 
1.5 ppm CHL and 3.0 ppm CHL concentrations were 
decreased (16%, 20% and 26%) for 96h and (33%, 
43% and 56% ) for 28d, respectively. The Mg2+ AT-
Pase activity in muscle, depending on time (fig. 6B), 

was reduced to 0.5 ppm CHL concentration 12% and 
21%, 1.5 ppm CHL concentration 7% and 29% and 
3.0 ppm CHL concentration 11% and 42% for 24h 
compared to 96h and 28d ( <0.05). 

Gills and muscle of freshwater fish plays im-
portant role of active transport systems, osmotic and 
ionic balance. Adenosine triphosphatase (ATPase) is 
a highly conserved membrane enzyme essential for 
ion homeostasis, plays to regulate cellular functions, 
and to be a sensitive indicator of environmental 
toxicity [19-20] and also especially Na+/K+ ATPase 
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is found in the basolateral membrane of gill epithe-
lial cells [21]. They are exceedingly in the tubular 
system of chloride cells [22-23]. Dang et al. [24] has 
been found that fish gills play a very important role 
in ion transport for ATPases. Decrease in Na+/K+ 
ATPase enzymes of gill and muscle tissue is shown 
in fig1 and fig4. Similar results are there Na+/K+ AT-
Pase enzyme activity decreased in gills [25]. Another 
study, this enzymes was also observed to decrease in 

 [26]. The decreased of this enzymes 
may be in gill, first contact with water to pesticides, 
is occur breaks the ion balance and permeability of 
the gill region. 

Ca2+ and Mg2+ ATPase activity play an im-
portant role in the regulation of Ca and Mg ions in 
fish tissues [21]. In fish, Ca2+ and Mg2+ ATPase are 
serve as membrane enzymes involve adenosine trip-
hosphate (ATP) as a substrate for their functioning 
[27]. Thaker et al. [28]. show that inhibition of Ca2+ 
ATPase activity in tissues of  
Ca2+ and Mg2+ ATPase activity were served as oxi-
dative phosphorylation of mitochondria [29]. In this 
study, Ca2+ and Mg2+ ATPase activity were decrea-
sed with CHL exposure in time and concentrations 
of . Similar results, Marigoudar [30] re-
ported that this inhibitions indicates of cellular ionic 
regulation in gill and muscle of the fish. The pesti-
cide inhibits this enzymes may result from the break-
down of the active ion transport systems and oxida-
tive phosphorylation of mitochondria.  

 
 

The present study reveals that sublethal expo-
sure of the Fish, , to the chlorantranilip-
role (CHL) results in significant effects on ATPases 
(Na+/K+ ATPase, Ca2+ ATPase and Mg2+ ATPase) 
from the gill and muscle of  for 24 hours, 
96 hours and 28 days. Na+/K+ ATPase, Ca2+ ATPase 
and Mg2+ ATPase activity were observed decreased 
during at all exposure periods. Based on these data, 
it can be stated that O. niloticus could be a suitable 
biomarker for pesticides and ATPases are very im-
portant early warning ecotoxicologic parameters. 
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Aflatoxins are highly cancerogenic com-

pounds produced by genus. The form of 
aflatoxin in milk is the aflatoxin M1 (AFM1) form. 
When dairy animals consume feed containing afla-
toxin, it can be transformed to the AFM1 in the 
organism and excreted with milk. AFM1 is com-
paratively stable during milk pasteurization, stor-
age, and production of various milk products. Con-
tamination of milk and milk products (Kaymak, 
butter, cheese, and yogurt etc.) with AFM1 is a 
certain hygienic risks for public health. In this 
study, 90 Afyon Kaymak samples were obtained 
randomly during the August and December 2014 in 
Afyonkarahisar province. Samples were tested for 
AFM1 contamination by Enzyme Linked Immuno 
Sorbent Assay (ELISA) method. Twenty three 
(25.55 %) samples were found to be contaminated 
with AFM1, only 4 (4.44 %) samples (26.08, 26.41, 
33.59, and 34,01 ng/l) could pose a risk to public 
health. In contrast, AFM1 levels in all samples were 
not found high levels in terms of the maximum 
residue limit (50 ng/l) according to Turkish Food 
Codex and Codex Alimentarius. In conclusion, it is 
necessary to carry out periodic analysis of AFM1 
residues of milk and its products in terms of public 
health. 

  
Aflatoxin M1, Kaymak, Buffalo milk, milk product 

 
Kaymak is a traditional dairy product in Tur-

key due to its unique flavor and aroma [1]. Tradi-
tional Afyon kaymak is produced by bolting buffalo 
milk which is heated at 90 °C for at least 2 min and 
after to cooled according to the technical procedure. 
Especially, it is produced by family business at 
province of Afyon, Edirne, Kocaeli, İstanbul, Bur-
sa, and Ankara. Also, kaymak is produced in differ-
ent parts of the world which are Balkans, Middle 
East, Asia, Iran, Afghanistan, and India. At these 
country, kaymak is the same pronunciation as 
‘’kajmak, kaimak, gemagh or geymar’’ [2]. Ac-
cording to the Turkish Food Codex Cream and 

Cream notification, kaymak must be contained at 
least 60 % milk fat by weight [3]. 

Mycotoxins, especially aflatoxins, are known 
carcinogens [4]. AFM1 can cause DNA damages, 
gene mutation, and chromosomal anomalies in 
mammalian cells [5]. Mainly substances of aflatox-
in are B1, B2, G1, G2 and M1 [6] and B1 contami-
nated feed excrete M1 in milk [7, 8]. In addition, 
these toxins are resistant to high temperature pro-
cess including pasteurization and sterilization [4, 9]. 
In Turkey and other countries, many studies were 
found different levels of AFM1 in milk and milk 
products such as cow milk [9, 10, 11, 12, 13], buf-
falo milk [14, 15], cheese [16, 17, 18], butter [10] 
and ice cream [19]. There was no found any study 
on the presence of AFM1 in Afyon kaymak. There-
fore, presence of the AFM1 residue levels in Afyon 
Kaymak was investigated with Enzyme Linked 
Immuno Sorbent Assay method (ELISA) in this 
study. 

 
Totally 90 Afyon Kaymak samples were ob-

tained from Afyonkarahisar province during the 
August and December 2014. Collected samples 
were quickly transported to the laboratory inside a 
portable refrigerator and tested for presence of 
AFM1.   

The quantita-
tive analysis of AFM1 in Afyon kaymak samples 
was studied by Enzyme Linked Immuno Sorbent 
Assay (ELISA). AFM1 ELISA kit was purchased 
from HELICA Biosystema Inc., USA (CAT. NO. 
961AFLMO1M).  

Preparation of 
kaymak samples was performed with regard to the 
instructions of kit. For this purpose, Afyon Kaymak 
samples were centrifuged at 3500 rpm for 10 min, 
then the 200 μl lower phases of supernatant was 
handled per well in the test. 

 
ELISA test procedure 

was performed with regard to the instructions of kit.  
200 μl of standard solutions (0, 5, 10, 25, 50, and 
100 ng/l) and specimen were joined into microplate  
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67 (74.44%) 19 (21.11%) 4 (4.44%) 0 
- 0.659 26.077 - 
- 23.740 34.007 - 
- 7.467 30.021 - 

 

wells and incubated for 2 hrs at 19–25 °C in the 
dark. Afterwards, wells were cleaned at three times 
with PBS Tween 20®. Later 100 μl of the conjugate 
was added into the wells and baked for 15 min at 
19-25 °C in the dusky conditions. Then the wells 
were washed at three times with PBS Tween 20®. 
Following, 100 μl of enzyme substrate was added 
and incubated for 15-20 min. As a result, 100 μl of 
the stop reagent was joined into the wells and the 
absorbance was determined at 450 nm in ELISA 
plate reader (RAYTO Microplate Reader, Ham-
burg, Germany). According to AFM1 kit guide-
lines, the minimum identification level of AFM1 is 
5 ng/l. 

 
 

 
AFM1 levels were calculated with standard-

concentration curve (Figure 1). After the analyses, 
23 samples (25.55%) were found to be contaminat-
ed with AFM1. In contrast, only 4 (4.44%) samples 
(26.08, 26.41, 33.59, and 34,01 ng/l) could pose a 
risk to public health (Table 1). However, AFM1 
levels in all samples were not found to be over the 
maximum residue limit (50 ng/l) according to Turk-
ish Food Codex and European Union criteria.  

 
 

 
Some studies were found different levels of 

AFM1 in milk and milk products in Turkey. Kara 
and Ince [14] investigated AFM1 levels by high-
performance liquid chromatography with tandem 
mass spectrometry in 126 buffalo and 124 cattle 

milk samples from Afyonkarahisar city. AFM1 was 
not identified in cattle milk, but AFM1 was found 
above the limit of detection in 27% (34 out of 126) 
of the buffalo milk and they suggested that the 
significance of continual observation of consumed 
dairy product for AFM1 contamination in Turkey. 
Similarly, Oruc et al. [20] concluded AFM1 levels 
in 115 raw cattle milk obtained from during March 
and April 2003 in Bursa city. The samples were 
analysed by ELISA method and the mean concen-
tration of AFM1 was determined as 78.06 ± 6.34 
ng/kg (0-212.40 ng/kg) in milk of plain villages and 
71.72 ± 5.52 ng/kg (12.30-164.10 ng/kg) in those of 
mountain villages. In their study, AFM1 levels in 
milk samples were determined sinificantly high 
(99.13 %) with about 60 % of the samples surpas-
sing the European Union and Turkish tolerance 
limit of 50 ng/kg. 

In the other studies which are investigated 
AFM1 in milk products; Atasever et al. [10] deter-
mined the levels of AFM1 by ELISA method in 80 
butter samples taken from shops in Erzurum prov-
ince. In their study, it was determined in 66 (82.5%) 
samples at levels, from 10 to121 ng/kg. As a result, 
they suggested that the levels of AFM1 in 13 
(16.3%) specimen were higher than the normal 
limit accepted by Codex Alimentarious Commis-
sion but none of the contaminated butter sample 
surpassed the normal level ruled out by Turkish 
Food Codex for AFM1. AFM1 residue levels were 
also determined using thin layer chromatography in 
cheeses obtained by ewe’s milk in Urfa, Turkey and 
AFM1 was found in concentrations between 20-
2000 ng/kg in 14 of 50 samples (28%). Also, they 
reported that five cheese products (10%) were at 
high levels that surpass the routine limits of 250 
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ng/kg stated by the Turkish Food Codex [15]. Simi-
lar to these researches, in this study AFM1 residues 
were found in Afyon kaymak samples but it was 
not found to be high level according to the Turkish 
Food Codex and European Union criteria (the max-
imum residue limit of AFM1 in milk and its prod-
uct is 50 ng/L).  

In conclusion, aflatoxin formation in feed 
should be avoided or farm animals must be fed with 
feed that does not contain aflatoxin and it is neces-
sary to carry out periodic analysis of AFM1 resi-
dues of milk and its products in terms of public 
health. 

 
 

 
This study was presented as a summary at the 

8th Asian Buffalo Congress. 
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ABSTRACT 
 
In this study we have tested whether carabid 

beetles can be used as indicator for both habitat 
description and disturbed-undisturbed dune succes-
sions. For this purpose carabid beetles were sam-
pled in natural and disturbed matched pairs of sites 
in five coastal successions; fore dune, dune slack, 
yellow dune, grey dune, and woodland. 23 species 
and 3404 individuals of carabid beetles were rec-
orded along this gradient. Most frequent among 
carabid beetles was Calathus erratus (Sahlberg, 
1827) which occurred mostly in undisturbed grey 
dune with 1998 individuals. Nine indicator species 
of carabid beetles were identified for habitat de-
scription and seven indicator species of carabid 
beetles for habitat destruction. The highest indicator 
value was provided by Bembidion pallidipenne (Il-
leger, 1802) (IndVal: 100%; P= 0.001), a species 
found only found in dune slack. Overall, this study 
reveals the interaction between succession and hu-
man activities on biodiversity, in this fragile coastal 
dune system. 

 
 

KEYWORDS:  
Carabidae, Indicator Species Analyse, Pitfall trap, popu-
lation density 

 
 

INTRODUCTION 
 
Bioindicator is a species or species group 

whose population, present/absent situation (status), 
and/or function, can reveal the qualitative status of 
the ecosystems [1-4].  

The indicator value of a species in relation to 
environmental factors can be measured in numerous 
ways. Some species positively or negatively react 
because of environmental effect in their habitat [5-
7]. This reaction can be explained by pres-
ence/absence situation or variable of population 
dynamic of the environmental, ecologic or biologic 
indicator species [1, 8]. Long term measurement of 
species present/absent situation and their population 
dynamic can provide monitor the health of an envi-
ronment or ecosystem [9, 10]. After all an indicator 
species defines a feature or characteristic of the 

environment and can be a sign of an environmental 
condition. [10].  

Measurement of biodiversity is commonly 
used to evaluate and monitor the health of ecosys-
tems and as a tool for conservation planning [11]. 
Species richness is often used for these purposes, 
wherein standardized methods are used to sample 
and catalog species-level diversity within a desig-
nated area [11].  

Many authors consider that carabidae family 
members are sensitive and accurate indicators of the 
condition of the environment [12-15]. Since cara-
bidae family members are a good model group to 
reveal hierarchical interactions and structures at 
different spatial scales, they have been widely stud-
ied [16].  

Tentsmuir National Nature Reserves (NNR) 
consists of three sites; Tentsmuir Point, Tayport 
Heath and Morton Lochs. Tentsmuir Point where 
present study has been maintained became a NNR 
in 1954. Scottish Natural Heritage (SNH) merged 
the sites together to become Tentsmuir NNR in 
2003. One of the most important threats for Euro-
pean heathlands are considered as Land use changes 
[17]. 

Purpose of the present study is to determine 
indicator species to understand whether carabid 
beetles can be used as indicator for determination, 
destruction and/or sustainability of the habitats.  

 
 

MATERIALS AND METHODS 
 
Study sites. Tentsmuir Point (became NNR in 

1954), Tayport Heath (became NNR, 1988) and 
Morton Lochs (became a NNR in 1952) are three 
sites of Tentsmuir NNR. Scottish Natural Heritage 
(SNH) merged mentioned sites to become 
Tentsmuir NNR in 2003. 

Fore dune, Duneslack, Yellowdune, greydune, 
and forest were chosen as five main stages of 
coastal succession for understanding response of 
carabid beetles for habitat description and fragmen-
tation in Tentsmuir Forest.  

The distance between natural and semi-natural 
(affected by tourism) area were chosen as 500 m. 
Dune succession habitats were determined in natu-
ral and semi-natural dune successions with 3 repli-
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cations. Distance between each dune succession 
were determined as 50 m. (15 plots in total for each 
block; natural and disturbed dune succession with a 
minimum distance of 50 m to each other) hence 
totally 30 dune succession constituted study area in 
Tentsmuir Forest.  

Samples were stored in 70% alcohol before 
determination to species level. According to Luff 
[18, 19], Carabid species were identified and con-
firmed to Martin L. Luff (School of Biology, Uni-
versity of Newcastle upon Tyne). 

 
Data Analysis. Indicator species analyse 

combines a species-relative abundance with its rela-
tive frequency of occurrence in the various groups 
were generated using the IndVal procedure of Du-
frêne and Legendre [16] for each of the five succes-
sional stages. Indicator values range from 0 to 100 
and 0 shows no indication while 100 shows perfect 
indication. The statistical significance of the indica-
tor values was tested using a Monte-Carlo proce-
dure with 1000 permutations. 

All species represented by <9 specimens were 
not taken into account in the analyse of indicator 
species. Therefore, the studied data set contains 
3378 specimens belonging to 13 species. This data 
set is characterized by 464 zeroes, corresponding to 
92.18% of the records.  

PC-ORD software package (version 6) was 
used for the indicator species analysis [16] and 
evaluate statistical significance of IVmax by a Monte 
Carlo method [20, 21]. 

100** ijijij BAIndVal  
Aij: is specificity, i.e. the proportion of the in-

dividuals of species i" that are in class  
Bij: is fidelity, i.e. the proportion of sites in 

cla that contain species i" 
Ordination diagram was created by Canoco 

program (version 4.5) and the distance between 
habitat types in the diagram approximates the dis-
similarity of their species composition, measured by 

their Euclidean distance [22, 23]. 
 
Sampling Method. Carabid beetles were 

sampled using pitfall traps along the successional 
gradient containing five stages that were replicated 
threefold thus obtaining a total number of 15 plots 
for each natural and disturbed block. In each plot 
three pitfall traps were set up with the soil surface, 
distance of 5 m to each other. The pitfall traps, 6 cm 
in diameter, 8 cm deep, were filled with a 70% Pro-
pylene Glycol - Ethanol solution and were protected 
with a 15 cm petri dishes roof against litter and pre-
cipitation. Totally 90 pitfall traps in the study area 
were sampled and emptied each 3 days.  

 
 

RESULTS AND DISCUSSION 
 
Capture statistics. Totally 23 species and 

3404 individuals of carabid beetles were recorded 
along the successional gradient. Most frequent 
among carabid beetles were Calathus erratus 
(Sahlberg, 1827) with 1998 individuals (represent-
ing 58.69% of the total catch), Pterostichus niger 
(Schaller, 1783) with 533 individuals (15.66%), 
Broscus cephalotes (Linnaeus, 1758) with 330 indi-
viduals (9.69%), and Calathus mollis (Marsham, 
1802) with 264 individuals (7.76%). Ten species of 
carabid beetles were found with very rare abun-
dance, less than 9 individuals for each.  

Highest species number was found in natural 
dune slack, and yellow dune with 16 species (250 
individuals), 14 species (496 individuals), respec-
tively (Fig1). Highest individual number of carabid 
beetle was found in natural grey dune with 1503 
(Fig1).  

Most frequent among carabid beetles (The 
most abundant species: C. erratus, P. niger, B. 
cephalotes, and C. mollis, respectively) in our study 
were also confirmed by many previous studies [19, 
24-28].  

 

 
FIGURE 1 

 Ordination diagram of the carabid species (left) and their individual numbers (right) in natural (0) and 
unnatural (1) habitats (*). (Habitat points: the distance between the symbols in the diagram approximates 

the dissimilarity of their species composition, measured by their Euclidean distance) 
(*) FD (Fore dune), DS (Dune slack), YD (Yellow dune), GD (Grey dune), F (Forest) 
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TABLE 1 
Indicator value of carabid beetle for habitat description in five successional stages 

Species IndVal (%) FD DS YD GD F 
Agonum marginatum .  O    
Amara aenea 44.4    O*  
Amara familiaris .  O    
Amara fulva . O     
Amara tibialis .    O  
Bembidion pallidipenne 100.0  O***    
Broscus cephalotes  29.7  O    
Calathus erratus  69.6    O**  
Calathus melanocephalus 48.9    O*  
Calathus mollis 50.4  O**    
Carabus problematicus 57.9     O* 
Cicindela campestris .  O    
Curtonotus aulicus .   O   
Cychrus caraboides 38.5     O* 
Dyschirius politus 31.6  O    
Leistus terminatus 30.8   O   
Loricera pilicornis 58.3  O**    
Nebria brevicollis 18.5  O    
Notiophilus germinyi .   O   
Paradromius linearis .   O   
Pterostichus niger  73.7     O*** 
Syntomus foveatus .    O  
Trechus quadristriatus  . O     

Indicator values were applied sensu Dufrêne and Legendre (1997). ( s-
ing Monte Carlo randomization set at 1000 permutations at P<0.05; Random number seed:632). Presence situation of 
the species were shown as a symbol of O. Species with <9 individuals were not evaluated and shown with point. Signif-
icant levels are indicated as *** P\0.001, ** P\0.01, * P\0.05 (Species and their indicator value were shown bold). 
 
Indicator species for habitat description 

and destruction. We identified nine indicator spe-
cies of carabid beetles for habitat description and 
seven indicator species of carabid beetles for habitat 
destruction (Table 1-2). Six carabid species Bem-
bidion pallidipenne (Illeger, 1802), Calathus erra-
tus (Sahlberg, 1827), Calathus melanocephalus 
agg. (L., 1758), Calathus mollis (Marsham, 1802), 
Loricera pilicornis (F., 1775), and Pterostichus 
niger (Schaller, 1783) were found indicator for both 
habitat description and habitat usage (Table 1-2). 
Three species of Carabidae family; Amara aenea 
(Degeer, 1774), Carabus problematicus Herbst, 
1786, and Cychrus caraboides (Linnaeus, 1758) 
showed indicator value for only habitat description 
(Table 1), and one species Leistus terminatus 
(Hellwig, 1793) was observed that it was negatively 
affected by tourism activity in Yellow Dune (Table 
2). 

 
Amara aenea (Degeer, 1774). Indicator value 

of A. aenea was calculated with low rate, 44.4%, 
for habitat description however this proportion was 
found statistically significant according to indicator 
species analyse (P=0.0200) (Table 1). 

The adults of genus Amara is generally con-
sidered granivorous, since many have been ob-
served feeding on flower heads or plant-seeds. Re-
cent study have showed that adults also eat animal 
food, the abundance of adults of several species is 
significantly higher in weedy than weedless habitats 
[29, 30]. Mostly seeds are the preferred food of 
adults of several Amara species and a potential food 

of their larvae [30]. A. aenea is very common eury-
topic species of open habitats [31] and widely dis-
tributed in Scotland and Ireland [18]. The species 
inhabits in dry grassland, gardens, dunes and waste 
land [19]. Some studies showed that adults were 
also found at fruit orchards, such as apple, blackber-
ry and raspberry [32]. However Morris et al. [33] 
declared that A. aenea is characteristic of sandy 
coastal areas in Scotland. Although the species is 
known widespread and abundant for the most of 
recent studies, 90% of population of the mentioned 
species was found in grey dune at Tentsmuir NNR.  

 
Bembidion pallidipenne (Illeger, 1802). All 

specimens of B. pallidipenne were found in dune 
slack (100%) in both natural (61.54%) and dis-
turbed (%38.46) parts. Indicator value of B. palli-
dipenne was calculated with %100 (P=0.001) for 
habitat description and %61.5 (P=0.003) for habitat 
usage (tourism activity/habitat destruction) (Table 1 
and 2). 

B. pallidipenne is often coastal and occurring 
on bare sand by freshwater springs or flushes [19]. 
It occurs from Spain north to southern Scandinavia 
[18]. The most typical carabid species for the dune 
slack is found B. pallidipenne with 94.5% indicator 
value (P=0.0020) by Desender et al. [34]. B. palli-
dipenne were found as indicator for habitat descrip-
tion (dune slack). The recent study declared the 
same results. In addition of this information we 
found out that the species was also indicator for 
habitat usage and its population was negatively af-
fected by tourism activity in dune slack. 
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TABLE 2 
Indicator value of carabid beetle for habitat usage (tourism activity) in five successional stages 

Species IndVal (%) FD DS YD GD F 
Agonum marginatum .  -    
Amara aenea 44.4    -  
Amara familiaris .  -    
Amara fulva . -     
Amara tibialis .    -  
Bembidion pallidipenne 61.5  -**    
Broscus cephalotes  29.7  +    
Calathus erratus  67.4    -**  
Calathus melanocephalus 39.1    -*  
Calathus mollis 39.0  -*    
Carabus problematicus 47.4     + 
Cicindela campestris .  +    
Curtonotus aulicus .   -   
Cychrus caraboides 30.8     - 
Dyschirius politus 31.6  -    
Leistus terminatus 38.5   -*   
Loricera pilicornis 43.7  -*    
Nebria brevicollis 37.0  -    
Notiophilus germinyi .   -   
Paradromius linearis .   +   
Pterostichus niger  50.8     +** 
Syntomus foveatus .    -  
Trechus quadristriatus  . -     

Indicator values were applied sensu Dufrêne and Legendre (1997). (
Monte Carlo randomization set at 1000 permutations at P<0.05; Random number seed:3423). Species with <9 individuals 
were not evaluated and shown with point. A positive effect of a parameter on species abun

- \0.01, * P\0.05 (Species and their indicator value were shown bold) 
 
Calathus erratus (Sahlberg, 1827). C. erratus 

was found indicator for both habitat description 
(IndVal=69.6%; P=0.005) and anthropogenic affect 
(IndVal=67.4; P=0.004) in grey dune. Its population 
decrease in unnatural grey dune showed statistically 
significant therefore the mentioned species could be 
said negatively affected by tourism activity in grey 
dune (Table 1 and 2).  

C. erratus lives in dry sandy localities and 
coastal dunes [19]. This species is widespread 
throughout Britain and found throughout Europe 
except the extreme south [18]. C. erratus abun-
dance in habitat which is dominated plant species 
Corynephorus mostly present in grey dune [35]. In 
addition, habitat type of mentioned species is signed 
as heathland and moorland [36]. C. erratus is also 
evaluated as indicator species and find out that the 
species is indicator of the unburnt plots [26].  

C. erratus was found indicator for both habitat 
description and anthropogenic affect in grey dune in 
our study. The population of the species was found 
less in unnatural grey dune than natural ones. This 
result showed statistically significant therefore the 
mentioned species could be said negatively affected 
by tourism activity in grey dune.  

 
Calathus melanocephalus agg. (Linnaeus, 

1758). C. melanocephalus was the one of the indi-
cator species for habitat description and destruction 
in our study. Its indicator value for both habitat 
description (grey dune) and anthropogenic affect 
are 48.9% (P=0.013) and 39.1% (P=0.044), respec-
tively (Table 1 and 2). 

C. melanocephalus is a widely distributed spe-
cies in Britain and Ireland. The species is found in 
open habitats ranging from coastal dunes and low 
land heaths to upland grass land and moors. Upland 
specimens the var. nubigena Haliday is all black, 
with all or most of the legs also darkened [18, 19, 
37]. Schirmel and Bucholz [28] affirmed that popu-
lation and presence/absence situation of C. melano-
cephalus is negatively affected by Calluna vulgaris 
while one of the lowest cover in grey dunes 
(IndVal=87.2%; P<0.001). Brouwers and Newton 
[36] declared in their study that the species mostly 
find in heathland and moorland according to refer-
ence of Baars, 1979. C. melanocephalus was found 
indicator species for habitat description and destruc-
tion in our study.  

 
Calathus mollis (Marsham, 1802). The pre-

sent study showed that C. mollis indicator for dune 
slack in Tentsmuir (Indicator Value: 50.4%; 
P=0.008) and its population was negatively affected 
by tourism activity in mentioned dune transect (In-
dicator value: 39.0%; P= 0.013) (Table 1 and 2).  

The species C. mollis is almost exclusively 
coastal, being found commonly in sand dunes 
around the whole of Britain and Ireland. Its range 
extends throughout Western Europe and around the 
Mediterranean [18, 33]. C. mollis is found typical 
and abundant species of Marram dunes which is 
almost exclusively on the first line of coastal sand 
dunes [38]. C. mollis is found indicator species for 
dune slack with 90.3% indicator value (P=0.001) by 
Desender et al. [34]. We agree with the authors that 
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the mentioned species could be used as indicator for 
dune slack. Besides its population was negatively 
affected by tourism activity in mentioned dune tran-
sect.  

 
Carabus problematicus (Herbst, 1786). Sta-

tistical parameters of C. problematicus was found 
significant and it was found indicator for forest hab-
itat (IndVal=57.9%; P=0.013) (Table 1).  

C. problematicus is one of the commonest Ca-
rabus species, and one of the best known British 
carabids. The species occurs especially frequent in 
long grassland, woodland, moorland and on heaths 
[18, 19]. Brouwers and Newton [36] also declared 
the species occurs mostly in woodland. Morris et al. 
[33] announced that species characterized in dry 
open heathland. C. problematicus shows a variable 
habitat preference. It prefers old forests habitats 
[39]. C. problematicus was found indicator for for-
est habitat in present study. Previous study showed 
that mentioned species occurs in many but similar 
type of habitats, such as grassland, woodland, 
moorland etc. The Tentsmuir Forest present study 
sustained was originally moorland before acquisi-
tion by the Forestry Commission in the 1920s. The 
moorland has largely disappeared now and has been 
replaced by conifer forest. Our study showed simi-
lar result with previous studies.  

 
Cychrus caraboides (Linnaeus, 1758). C. 

caraboides was found statistically significant for 
habitat description although with lowest ratio of 
indicator value (38.5%) in all carabid indicator spe-
cies. The mentioned species were not found indica-
tor for habitat destruction (Table 1). 

C. caraboides is found mainly in woodland, 
damp moorland and grassland at higher altitudes 
[18], in woods and on peaty moors [19]. It is usual-
ly found singly, and is a specialist mollusc-feeder 
[18]. Determined habitat types for C. caraboides 
are very similar with C. problematicus. C. cara-
boides was also found statistically significant for 
habitat description although with lowest ratio of 
indicator value (38.5%) in all carabid indicator spe-
cies. Both species were not found indicator for 
habitat destruction. We thought that the reason of 
these two species occur in woodland is feeding be-
haviour. Although snails have become adapted to 
almost every kind of habitat, in Tentsmuir, we ob-
served them with highly abundance in forest part. 

 
Loricera pilicornis (Fabricius, 1775). Indica-

tor value of mentioned carabid species was calcu-
lated 58.3% (P=0.004) and sampled 14 sampling 
sites in dune slack and 6 sampling sites in forest 
with 58.33% and 41.67%, respectively. The men-
tioned species is negatively affected by tourism 
activity in dune slack with one of the lowest indica-
tor value (43.7%; P=0.05) (Table 1 and 2).  

 

L. pilicornis is an extremely common and 
wide spread species throughout both Britain and 
Ireland. It is found especially near water and in 
damp grasslands [18, 31] and usually associated 
with moist soil [33]. The diurnal larvae have spe-
cialised mouth parts that act as a sticky trap to catch 
Collembola and similar prey. The species occurs 
throughout continental Europe, and in North Amer-
ica [18]. [40] declared that L. pilicornis 
(F., 1775) preferred meadow habitat and Desender 
et al. [34] provided him with similar result that the 
species mostly occurred in new salt marsh habitat 
however indicator value of the species was found 
39.6% and not statistically significant. In our study 
L. pilicornis was found indicator species for dune 
slack. Besides the mentioned species was found 
indicator for habitat destruction.  

 
Pterostichus niger (Schaller, 1783). P. niger 

was sampled all successional dune ecosystems even 
with rare individuals it was found with one of the 
highest indicator value for habitat description 
(73.7%; P=0.001), forest in Tentsmuir. Population 
dynamic and presence/absence situation of men-
tioned carabid species was also found statistically 
significant for positively affected by tourism activi-
ty in forest (woodland) (IndVal: 50.8; P=0.002) 
(Table 1 and 2).  

P. niger is common throughout Britain and 
Ireland. It is an autumn breeder, whose range ex-
tends over most of Europe. [18]. Mentioned species 
is found in woodland and damp grassland, and on 
upland moors [18], frequent in hills [31] mostly 
woodland associated [36], almost totally restricted 
to the oldest stages of succession [27]. Müller-
Motzfeld [41] declared that the species is known to 
be typical European forest species. P. niger was 
found indicator for habitat description. Besides the 
study result showed that population of the men-
tioned species was positively affected by tourism 
activity in forest (woodland)  

 
Leistus terminatus (Hellwig, 1793). The spe-

cies could not be found indicator for habitat de-
scription, statistical result showed that population 
and presence/absence situation was negatively af-
fected by tourism in yellow dunes with 38.5% indi-
cator value, (P=0.027) (Table 2). 

L. terminatus occurs in damp grasslands, 
woodland and gardens. Widespread in both Britain 
and Ireland and very abundant [19]. Abildsnes and 
Tømmerås [42] declared that the abundance of L. 
terminates is significantly negatively affected by 
habitat fragmentation. It shows that the species is 
highly sensitive for habitat changes. However the 
species could not be found indicator for habitat de-
scription in our study but statistical result showed 
that population and presence/absence situation was 
negatively affected by tourism in yellow dunes.  
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CONCLUSION 
 
Coastal successional dunes have very charac-

teristic carabid assemblages and many species are 
seriously affected by deterioration because of tour-
ism activity (Impact of recreation pressure-
including dogs, path roads, rubbish dumping, etc). 
Across Europe fixed dunes have been the most 
threatened part of the dune system [43]. Increasing 
some anthropogenic affects such as tourism, foot 
traffic, removal of plant species, etc. can cause hab-
itat fragmentation hence invertebrate assemblages 
which provide natural stability will be changed 
(presence/absence and population dynamic). In 
long-term environmental follow-up, conservation, 
ecological management studies provide finding bio-
indicator species for habitat types to preserve or 
rehabilitate.  

Our study has showed habitat preferences and 
influenced degree of carabid beetles by human ac-
tivities in Tentsmuir NNR. Sustainability of pro-
tected areas can be provided by using indicator spe-
cies in different geographical zones [44]. Models 
that assess geographical variation in the trends of 
multiple species and their interactions with habitats 
are therefore urgently required to bridge gaps in our 
understanding of biodiversity declines [45]. 
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ABSTRACT 

 
In this study, the antimicrobial activities and 

antioxidant properties of five different extracts of 
Helichrysum chionophilium plants from Gumus-
hane/Turkey were investigated. To determine the 
antimicrobial activity disc diffusion and microdilu-
tion methods were used against to fifteen microor-
ganisms. The effect of plant extracts and antibiotic 
combinations against to vancomycin-resistant En-
terococcus faecium and methicillin-resistant 
Staphylococcus aureus were investigated as well. 
Total phenolic and flavonoid contents were deter-
mined by spectrophotometric techniques. Antioxi-
dant properties of plant extracts evaluated by free 
radical scavenging assays which ABTS and DPPH. 
The plant ethyl acetate extract showed the highest 
level of total phenolic (423.01±0.8 mg GAE/g ex-
tract) and flavonoid contents (100.18±1.4 mg QE/g 
extract). Similarly, ethyl acetate extract exhibited 
the highest level of DDPH (IC50: 67.44±0.9 μg/ml). 
However, hexane extract exhibited the highest level 
activity of ABTS (IC50: 55.20±1.3 μg/ml). The 
highest MIC value was determined as 8 μg/ml 
against to Pseudomonas aeruginosa on ethyl acetate 
extract. Besides, all of extracts exhibited antimicro-
bial activity on at least one test organism. Plant 
extracts with some antibiotic combinations generat-
ed synergies or partial synergic activity against to 
VREF and MRSA. These findings revealed that the 
plant has strong antimicrobial and antioxidant prop-
erties. Finally, using the plant extracts and antibi-
otic combinations might be a good tool in fighting 
with antibiotic resistance strains. 

 
 

KEYWORDS:  
ABTS, antimicrobial activity, DPPH, medicinal plant, 
MIC, MBC, synergy 
 
 
 
 
 
 

INTRODUCTION 
 
Helichrysum, belonging to the family Aster-

aceae, includes approximately 500 species, wide-
spread around the world. This genus is represented 
in Turkish flora by 27 taxa, 15 of which are endem-
ic and are widely found in Anatolia [1, 2, 3]. These 

around the world 
Turkey [4, 5]. The Helichrysum species commonly 
used in folk medicine due to the anti-inflammatory 
[6], antioxidant [7, 8], insecticidal [9] and antimi-
crobial activity [10, 11] both in Turkey and some 
different places of the world. Helichrysum chion-
ophilum is a one of the endemic plants which is 
belonging to the Helichrysum genus in Turkey. And 
this is using by people very commonly as a medici-
nal plant for some purposes such as a natural anti-
microbial agent, tea and food.  

Some bacterial mutations have caused the sev-
eral kinds of antibiotic resistant bacterial strains that 
are now a threat to public health globally [12]. This 
problem has a crucial importance about peoples' 
health and it should be solved urgently. Today, the 
discovering to novel active compounds against to 
antibiotic resistant organisms or trying with differ-
ent combinations of available ones has become the 
priority of fight to the resistant pathogens. In this 
case, medicinal plants have started to more popular. 
Already, these have been using by people for vari-
ous purposes for a long time due to the having ac-
tive phytochemicals.  

Several researchers have documented that 
plants have exhibited antioxidant and antimicrobial 
properties [13, 14, 15, 16, 17, 18]. In particular, 
some of them exhibited an antibacterial activity of 
standard clinical strains [19]. On the other hand, 
[13] reported that some medicinal plants produced 
both bactericidal compounds and antibacterial re-
sistance inhibitors. Although there are some differ-
ent researches as mentioned, especially endemic 
plants which located in extreme conditions and high 
mountain area has not been tested pharmacological-
ly yet. As already known that plants can accumulate 
hyper secondary metabolites for adapt to stress 
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conditions. Because of that, in this study activity 
was searched in the extracts of H. chionophilum 
plants that collected from Artabel National Park in 
Gumushane Province. This park is a region with a 
rare ecosystem extending up to a height of 3200 
meters.  

Although H. chionophilum plants have col-
lected from different parts of our country, Turkey 
and searched antimicrobial [5] and antioxidant 
properties [8], there are not any scientific reports 
about plants that collected from Artabel area. So, 
antioxidant and antimicrobial properties of plant 
extracts (hexane, ethyl acetate, ethanol, methanol, 
water) were investigated in this study. The plant 
extracts and different kind of antibiotic combina-
tions were also used and this is the first study of 
literature that MIC values and synergistic activities 
on pathogenic stains were reported. 

 
 
MATERIALS AND METHODS  

 
Plant materials. Helichrysum chionophilum 

plants were collected in August 2016 from 
Gumushane -Turkey. Voucher specimen of the 
plant was deposited in the Genetic and Bioengineer-
ing Department of Gumushane University, Turkey. 
The plant aerial parts were chopped, dried and 
powdered with using miller (Fritsch P- 15, Germa-
ny). 

 
Sample preparation and extraction proce-

dure. The plant aerial parts (20 g) were extracted 
using 400 ml each solvent (hexane, ethyl acetate, 
ethanol, methanol, and water) during 24 h at 37 °C 
125 rpm. The extracts were filtered using What-
mann filter paper (No:1) and then concentrated 
under 40 °C using a rotary evaporator system. The 
extracts obtained were stored in a freezer at -20 °C 
until further tests. 

 
Total phenolic content. Total phenolic con-

tent in extracts was determined according to Folin-
Ciocalteu method with minor modifications [20]. 
Briefly, 31.25 μl of sample solution (1 mg ml-1) 
were put into a test tube containing 125 μl of Folin-

μl of 7.5% Na2CO3. 

After 2 h incubation at room temperature, the ab-
sorbance was measured at 750 nm with microplate 
absorbance reader (iMarkTM 1681135, Bio-Rad). 
The total phenolic content was calculated as Gallic 
acid equivalents (GAE) in milligram per gram of 
extract (mg GAE/g extract). 

 
Total flavonoid content. The total flavonoid 

content of the extract was determined according 
AlCl3 colorimetric method with some minor modi-
fication [21]. Shortly, 20 μl of sample solutions (1 
mg ml-1) was mixed with 172 μl methanol, 4 μl 
10% AlCl3, and 54 μl 1 M potassium acetate and 

waited 40 minutes. After incubation mixture was 
measured at 415 nm. The total flavonoid content 
was calculated in milligrams of rutin equivalents 
(RE) per gram of extract. 

 
Antioxidant activity. DPPH and ABTS as-

says were used for determine antioxidant activities 
of plant extracts. The effect of the plant extracts on 
1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical was 
estimated according to [22] with minor modifica-
tion. Briefly 125 μl of the plant extract was added 
to 125 μl 0.1 mM DPPH. The mixture was waited 
45 minutes and measured at 490 nm. The antioxi-
dant capacity of each extract was calculated as 
trolox equivalents (TE) (mg TE g-1 extract). The 
antioxidant capacity of each extract was calculated 
as trolox equivalents (TE) (mg TE g-1 extract). 
ABTS (The 2, 2-azinobis-3-ethylbenzothiazoline-6-
sulfonic acid) free radical caption scavenging ac-
tivity was determined using a colorimetric method 
according to [23] with minor modifications. Short-
ly, 80 μl sample and 160 μl ABTS solution mixed 
and waited at 6 minutes. The mixture was measured 
at 734 750 nm and the antioxidant capacity of each 
extract was calculated as trolox equivalents (TE) 
(mg TE g-1 extract). 

Inhibition of free radical DPPH and ABTS in 
percent (I %) was calculated in the following way: 

% inhibition= (Ablank-Asample)/Ablank) × 100, 
Where Ablank is the absorbance of the control 

reaction (containing all reagents except the test 
compound), and Asample is the absorbance of the test 
compound. Extract concentration providing 50% 
inhibition (IC50) was calculated from the graph of 
inhibition percentage against extract concentration. 
Tests were carried out in triplicate. 

 
Test microorganisms. The extracts were test-

ed against a total of twelve randomly selected bac-
terial strains, Enterococcus faecalis ATCC 29212, 
Staphylococcus epidermidis ATCC 12228, Staphy-
lococcus aureus ATCC6538, Enterococcus faecium 
DSMZ 13590, MRSA ATCC 43300, Enterococcus 
hirae ATCC 10541, Klebsiella pneumoniae ATCC 
13883, Pseudomonas aeruginosa ATCC 27853, 
Escherichia coli ATCC 29998, Yersinia entero-
colitica ATCC 27729, Vibrio parahaemolyticus 
ATCC 17802, Salmonella typhimurium CCM 5445 
and three yeasts, Candida albicans DSMZ 5817, 
Candida albicans ATCC 10231, Candida tropicalis 
NRRLL YB-366. 

 
Antimicrobial assay. Disc diffusion method 

was used for determine antimicrobial activity. 10 
mg/ml stock solution was prepared by each plant 
extract dissolved in DMSO. Firstly, petri dishes 
were prepared by Mueller-Hinton agar and then 
inoculated with test organisms (0.5 McFarland). 
Then 20 μL impregnated discs were put on the petri 
dishes were waited at 4 °C for diffusion of extracts 
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to the media. After this treatment petri dishes were 
incubated at 37 °C and 25 °C for bacteria and yeast, 
respectively. Afterwards 2 days incubation, inhibi-
tion zone around the discs was measured as milli-
meter [22]. As a positive control chloramphenicol 
was used equal concentration with samples. 

 
Determination of minimum inhibitory and 

bactericidal concentrations. MIC (minimum in-
hibitory concentrations) and MBC (minimum bacte-
ricidal concentrations) values of the extracts were 
determined by 96-well microtiter plates using the 
broth dilution method [24]. Samples were dissolved 
in DMSO and serial dilution obtained concentration 
range from 0.512-0.001 mg ml-1 were used for de-
termine antimicrobial activities. Suspensions of 
standard microorganisms (0.5 MacFarland turbidi-
ty) were inoculated to the microplates. After 48 h 
incubation at 37 °C the growth of the microorgan-
isms was observed by using a microplate absorb-
ance reader. The MIC values were described as the 
lowest concentrations of the plant extracts to inhibit 
the growth of microorganisms. In order to deter-
mine MBC, the broth was taken from each well and 
inoculated on Mueller Hinton agar for 24 h at 37 
°C. The MBC values were defined as the lowest 
concentration of the extracts at which 99.9% of 
inoculated bacteria were killed. 

 
Checkboard assay. Plant extracts and some 

antibiotic (novobiocin, chloromphenicol and na-
lidixic acid) combinations were tested against to 
two resistant clinical pathogens methicillin-resistant 
Staphylococcus aureus ATCC 43300 (MRSA) and 
Vancomycin-resistant Enterococcus faecium DSMZ 
13590 (VREF) by checkboard assay [25]. The final 
concentration of samples and antibiotics used in the 
study was in the range of 4MIC to 1/64MIC. Over-
night cultures of these pathogens were diluted to 0.5 
MacFarland turbidity and 96 well-plates incubated 
for 24 h at 37 °C. The fractional inhibitory concen-
tration (FIC) index was used to quantify the syner-
gistic interactions between the plant extracts and 
antibiotics against both VREF and MRSA. FICindex 
was calculated in the following way: 

FICantibiotic = MIC of antibiotic in combination 
/ MIC of antibiotic alone  

FICplant extract= MIC of plant extract in combina-
tion / MIC of plant extract alone  

FICindex = FICantibiotic + FICplant extract  
FIC index values of less than 0.5 indicated 

synergy, 0.5 0.75 indicated partial synergy, 0.76 1 
indicated an additive effect, and >2 indicated an-
tagonism [26]. 

 
Statistical analysis. All the analyses were car-

ried out in triplicate. The data was recorded as 
mean±standard deviation and analysed by SPSS 
(version 20.0 for Windows 2000, SPSS Inc.). One-
way analysis of variance was performed by ANO-

VA procedures. Significant differences between 
means were determined by Duncan post hoc tests. 
P<0.05 was accepted as significant. 

 
 

RESULTS AND DISCUSSION  
 
Total phenolic and flavonoid content. The 

total phenolic content of the extracts, as determined 
ranged from 63.91±0.5 to 423.01±0.8 mg GAE/g 
extract (Table 1). The highest value was detected at 
ethyl acetate extract while hexane was the lowest. 
Besides, H. chionophilum extracts exhibited total 
flavonoid contents ranged from 15.22±0.5 to 
100.18±1.4 at ethyl acetate and hexane extracts, 
respectively (Table 1). Total phenolic and flavonoid 
contents of the plants extract were found similar to 
literature. According to researches about Helichry-
sum species, the total phenolic content of the meth-
anolic extract of H. chionophilum collected from 
Kayseri was 106.97±0.6 mg GAE/g extract, H. 
arenarium (L.) Moench subsp. erzincanicum was 
125.57±1.0 mg GAE/g extract; H. arenarium (L.) 
Moench subsp. rubicundum was 71.81±1.0 mg 
GAE/g extract; H. armenium DC. subsp. araxinum 
was 86.01±0.6 mg GAE/g extract; H. plicatum DC. 
subsp. pseudoplicatum was 144.50±1.2 mg GAE/g 
extract [5, 27] and aqueous crude leaf extract of H. 
pedunculatum
GAE /g extract [28]. The differences in the total and 
flavonoid contents of Helichrysum species may be 
due to differences in their collection area, collection 
time and chemical composition. 

 
Antioxidant activity. Antioxidant activities 

were determined by two methods which are ABTS 
and DPPH. The ABTS assay is especially interest-
ing in plant extracts because the wavelength absorp-
tion at 734 nm eliminates colour interference [29]. 
ABTS trolox equivalent values (TEAC) of plant 
extracts ranged from 118.67±1.3 (μg/ml) to 
85.44±1.2 (μg/ml). The highest level of ABTS 
TEAC was found in hexane extract and the lowest 
was water. However, IC50 values of plant extracts 
were 55.20±1.3 in hexane and 62.57±0.1 in ethanol 
extracts (Table 1). This case might have been raised 
from by ethanolic extracts which had a different 
kind of antioxidant compounds except for trolox, so 
scavenged to reactive oxygen species with them. 
ABTS data could not be compared with other re-
searches because of no references concerning the 
ABTS method in this plant. The DPPH trolox 
equivalent values of plant extracts ranged from 
95.44±0.8 (μg/ml) to 15.52±0.2 (μg/ml). The high-
est level of DPPH TEAC was found in the ethyl 
acetate extract while the lowest was in water ex-
tract. As estimated, IC50 values of plant extracts 
were 67.44±0.9 (μg/ml) in ethyl acetate and 
334.95±3.1 (μg/ml) in water extract. In other words, 
water extract was a weak scavenger of the stable 
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DPPH radical unlike ethyl acetate extract (Table 1). 
IC50 values of some similar plants were report-

ed in the past study. According to this, IC50 values 
of H. chionophilum collected from Sivas exhibited 
40.5 (μg/ml) in methanolic extracts [8] while IC50 
values of H. chionophilum collected from Kayseri, 
showed 53.10 (μg/ml) in methanolic extracts [27]. 
These DPPH scavenger activities were higher than 
our result that 67.44±0.9 (μg/ml) in ethyl acetate 
extract, but they collected plants from different 
parts of Turkey, it might be a reason for this variety.  

 
Antimicrobial activity. At 200 μg concentra-

tions of extracts that obtained from different kind of 
solvents such as water, methanol, ethanol, ethyl 
acetate and hexane antimicrobial activities by disc 
diffusion method were investigated against to 6 
gram (+), 6 gram (-) bacteria and 3 yeasts (Table 2). 
The tested plant extracts showed various antimicro-
bial activities at least on five bacteria except for 
water extract. The inhibition zones were 8 to 28 mm 
for microorganism and if compared to their positive 
control (chloramphenicol), the most effective plant 
extract was ethyl acetate on P. aeruginosa with 
zone inhibition 28 mm in diameter.  

It was reported that antimicrobial activity of 
the methanol extract of the plant collected from 
Kayseri by well diffusion method [27]. They ap-
plied 400 μg extract on wells and measured the 
inhibition zones for 15 microorganisms. They found 
that methanol extract in this concentration showed 
the low effect on all test organisms. According to 
their results methanolic extract of the plant showed 
low activity on K. pneumoniae (6 mm), P. aeru-
ginosa (19 mm) and S. aureus (11 mm) than our 
study. In addition to this, they have not found any 
activity on E. coli but we detected activity on E. 
coli (10 mm). It is clear that even though we used 
half-concentration of plant extract against similar 
organisms, more effective inhibition results were 
obtained. Also no activity was found against the 

yeasts similar to our study. In a study of the antimi-
crobial activity of H. italicum (Roth) G. Don essen-
tial oil detected significant effect on M. luteus and 
S. aureus with 30 ± 0.2 mm and 27 ± 0.1 inhibition 
zone, respectively [30]. 

The MIC and MBC values of the plant extracts 
ranged from 128 to 8 (μg/ml) against tested organ-
isms (Table 3). The greatest antibacterial activity 
was observed in both MIC and MBC values with 8 
(μg/ml) on P. aeruginosa followed by hexane ex-
tract on E. faecalis with the 16 (μg/ml) MIC and 
MBC values. The extracts exhibited equal or lower 
MIC value than positive control chloramphenicol 
against to P. aeruginosa, V. parahaemolyticus, Y. 
enterocolitica, E. faecium, E. faecalis, S. aureus, 
MRSA, E. hirae and S. epidermidis. However, 
antibacterial activity of the methanolic extract of 
Helichrysum arenarium (L.) Moench subsp. are-
narium against pathogens were investigated [31]. 
As a result significant activity on S. aureus and S. 
pneumoniae as MIC values were 0.62 and 1.25 
mg/mL, respectively were detected. 

On the other hand, antimicrobial activity of the 
plant extracts and antibiotic combinations were 
investigated to detect estimated plant extracts for 
potentials of synergy with antibiotics (Table 4). 
Results have shown that plant ethyl acetate and 
ethanol extracts with NV combinations had synergy 
on vancomycin resistant E. faecium while ethyl 
acetate extract with CH and methanol extract with 
NV combinations had partial synergy. In addition, 
plant hexane extracts with both NL and CH combi-
nations had a synergistic effect on methicillin-
resistant S. aureus which is major cause of clinical 
infections. However, ethanolic and methanolic 
extracts of plants and CH combinations did not 
show any synergistic effect on neither VREF nor 
MRSA. Chloramphenicol inhibits bacterial protein 
synthesis, which causes bacterial cells to premature-
ly die [32].  

 
 

TABLE 1 
Total phenolic content, total flavonoid content, antioxidant capacity and IC50 values of plant extracts. 

 

Extracts* 

Total phenolic 
content 

(mg GAE/g  
extract) 

Total  
flavonoid 
mg QE/g  
extract)) 

ABTS 
TAEC 
value 

(μg/ml) 

ABTS 
IC50 value 
(μg/ml) 

DPPH TAEC 
value 

(μg/ml) 

DPPH 
IC50 value 

(μg/ml) 

H 63.91d±0.5 15.22±0.5d 118.67a±1.3 55.20d±1.3 85.44b±0.8 74.45d±0.7 
EA 423.01a±0.8 100.18±1.4a 105.50b±1.6 63.80c±1.3 95.44a±0.8 67.44e±0.9 
E 141.67b±0.5 83.90±0.9b 107.05b±0.1 62.57c±0.1 41.32d±0.4 153.19b±1.9 
M 118.97c±0.8 83.01±2.2b 100.47c±0.1 68.03b±0.1 69.44c±0.4 88.56c±1.4 
W 110.13c±0.5 18.96±0.3c 85.44d±1.2 87.00a±1.2 15.52e±0.2 334.95a±3.1 

*Extracts H: hexane; EA: ethyl acetate, E: ethanol, M: methanol, W: water 
Note: Different letters between cultivars denote significant differences (Duncan test, p < 0.05). Different letters 
between susceptible and resistant cultivars denote significant differences (LSD test, p < 0.05). 
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TABLE 2 
Disc diffusion zones of plant extract (200 μg/ disc) (mm) 

 

Test organisms Disc diffusion zone diameter 
(200 μg/ disc) (mm) 

 W M E EA H * 
Gram (-) bacteria       
Escherichia coli ATCC 29998 - 10 10 10 - 16 
Klebsiella pneumoniae ATCC 13883 - - 9 11 9 12 
Pseudomonas aeruginosa ATCC 27853 - 16 25 28 9 16 
Salmonella typhimurium CCM 5445 - 9 10 12 11 15 
Vibrio parahaemolyticus ATCC 17802 - 8 - 11 12 10 
Yersinia enterocolitica ATCC 27729 - - - 10 12 12 
Gram (+) bacteria       
Enterococcus faecium DSMZ 13590 - 14 15 17 18 10 
Enterococcus faecalis ATCC 29212 - - - - 18 15 
Staphylococcus aureus ATCC 6538 - 9 - 10 12 10 
MRSA ATCC 43300 - 18 - 23 28 15 
Enterococcus hirae ATCC 10541 - - - 18 22 17 
Staphylococcus epidermidis ATCC 12228 - - - - 18 17 

* Inhibition zone diameter of chloramphenicol as positive control 
 

TABLE 3 
MIC value/MBC values of the plant extract (μg/ml) 

 
Test organisms  MIC value/MBC value (μg/ml) 
 * W M E EA H 
Gram (-) bacteria       
Escherichia coli ATCC 29998 16 - 64/64 64/64 - 64/128 
Klebsiella pneumoniae ATCC 13883 32 - 64/128 64/64 64/64 64/64 
Pseudomonas aeruginosa ATCC 27853 16 - 32/64 16/16 8/8 64/64 
Salmonella typhimurium CCM 5445 16 - 64/128 64/128 64/64 64/ 128 
Vibrio parahaemolyticus ATCC 17802 64 - 64/64 - 64/64 64/64 
Yersinia enterocolitica ATCC 27729 32 - - - 32/64 32/32 
Gram (+) bacteria       
Enterococcus faecium DSMZ 13590 32 - 64/64 64/128 64/128 64/64 
Enterococcus faecalis ATCC 29212 16 - - - - 16/ 16 
Staphylococcus aureus ATCC 6538 128 - 64/128 - 64/64 64/64 
MRSA ATCC 43300 32 - 64/64 64/128 64/64 64/64 
Enterococcus hirae ATCC 10541 32 - - - 32/32 32/32 
Staphylococcus epidermidis ATCC 12228 16 - - - - 32/64 

* MIC value of chloramphenicol as positive control 
 

TABLE 4 
Antimicrobial activity of the plant extracts and antibiotic combinations. 

 
VRFE* Extract / NV Extract / CH 
Test samples MIC value μg/ml FIC index Outcome FIC index Outcome 
EA Extract  64 0.3125 synergy 0.75 partial synergy 
E Extract  64 0.3125 synergy 1.5 no effect 
M Extract  64 0.625 partial synergy 1.5 no effect 
Novobiocin (NV) 1 
Chloramphenicol (CH) 2 

MRSA** Extract / NL Extract /CH 
Test samples MIC value μg/ml FIC index Outcome FIC index Outcome 
H Extract 64 0.3125 synergy 0.3125 synergy 
Chloramphenicol(CH) 32 
Nalidixic acid (NL) 64 

*VREF: vancomycin resistant E. faecium, **MRSA: Methicillin-resistant S. aureus 
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Synergy between seven medicinal plants and 
some antibiotics were reported before [12]. In relat-
ed work, they have reported that 3 out of 32 plant 
extracts and antibiotic combinations demonstrated 
synergy with FIC index values range from 0.38 to 
0.5 against to methicillin-resistant E. coli. Antimi-
crobial impacts of M. officinalis, V. officialis, D. 
genkwa with antibiotic combination increased to 
activity against MRSA reported in another study 
[26]. H.arenarium (L.) Moench subsp. arenarium 
methanolic extract with ciprofloxacin combination's 
antimicrobial activity was investigated against to S. 
pneumoniae and S. aureus in a study [31]. Synergy 
against S. pneumoniae isolates (FIC index = 0.5) 
and partial synergy against S. aureus isolates (FIC 
index = 0.62) were determined at the end of the 
study. Similar to them H. chionophilum various 
extract were exhibited synergic or partial synergic 
activity on special clinic strains MRSA and VREF. 
 
 
CONCLUSIONS 

 
Consequently, the results of this study re-

vealed that except for the water extract, different 
solvent of H. chionophilium plant has promising 
antimicrobial and antioxidant properties. The mis-
use and widespread use of antibiotics around the 
world has caused some mutations in pathogenic 
strains and this problem getting worst for public 
health in our era. Therefore, either people should 
discover new antibiotics or try new treatments. In 
this aspect, medicinal plants with antibiotic combi-
nations might have a synergistic effect on resistance 
bacteria thought inspired to our study. According to 
our results, some of the H. chionophilium plant 
extracts had synergistic effects with different anti-
biotic combinations. Overall, this plant might be 
used as a natural antimicrobial and antioxidant 
agent for the solving some health or food problems 
consider to damages of synthetic ones. Even if this 
study gave important clues for synergistic effects of 
plant and antibiotic combinations, further studies 
should be carried out for the evaluation of the in 
vitro and in vivo potential uses of plants and antibi-
otic combinations to overcome the resistance 
strains. 
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Assessing the spatial variability of soil proper-

ties is vital in proper planning of agricultural farm-
lands. The aim of this study is to determine and map 
the spatial variability of important physical and 
chemical soil properties using geoistatistical models 
for land use planning of a farm located in Thrace re-
gion of Turkey. Two hundred fifty-four surface and 
subsurface soil samples were collected from at ap-
proximately the corners of 150m x 150m size grids 
cells. The land area of study area was 557 ha and 
used for what and sunflower production. Soil sam-
ples were analyzed for particle size distribution, soil 
reaction (pH), electrical conductivity (EC), organic 
matter (OM), lime content (CaCO3), available phos-
phorus (P) and extractable potassium (K). Penetra-
tion resistance was also measured at each sampling 
point. Soil pH ranged from 4.46 to 8.20 in surface 
and 4.01 to 8.30 in subsurface soils. Sand content 
was the least variable (CV=11.5% and 13.9% for 
surface and subsurface) soil property, while the var-
iability of P content (CV=105.9 and 119.8%) was 
higher than the rest of the soil properties. The lowest 
range value was obtained for P content (113 and 134 
m) and the longest-range value was for available K 
content (5899 and 6099 m) of soils. Spatial distribu-
tion maps helped to identify and deliniate the zones 
need to be limed, deficient in available P and com-
pacted zones within the study area. Sustainable man-
agement strategies in a farm can be planned and im-
plemented using the information obtained from spa-
tial structures and maps of major soil characterics.  

Land use planning, geoistatistics, spatial variability, farm 
land

 
The best use options of a land require a com-

prehensive and accurate characterizations of soil, cli-
mate and other environmental factors influencing the 
sustainability of investment. The purpose of land use 
planning is to determine the best land use option that 

helps to protect and improve the functioning poten-
tial of soils. The best use option to be implemented 
needs information on spatial variability of soil prop-
erties within the farmland. The information on spa-
tial distribution of soil properties is needed for vari-
ous purposes such as ecological modellings, envi-
ronmental predictions, precision agriculture, and 
natural resources management, as well as land-use 
planning requires [1].  

The variability of soil properties across from a 
field to a larger landscapes and regions defined as the 
medium and large-scale variability is affected by in-
herent or soil forming factors [2]. The differences in 
management practices for various crops alter the in-
herent spatial structure of soil propertes [3, 4]. The 
variability of soil properties within agricultural 
fields is often described by classical statistical meth-
ods using meand along with standard error of mean 
[3] and coefficient of variation [5]. The mean value 
of an attribute for a single field is expected to be the 
value everywhere in the field, and the estimation er-
ror is considered as the variance within the field [3]. 
Interpreting the variability of soil properties in a 
farm using the coefficient of variation is not enough 
to identify and delineate the areas with their extreme 
values for their effective managements. In order to 
define the variation of soil properties within a farm-
land or even in a single field scale can be achived by 
using geostatistical tecniques which enable spatial 
relationship among values of sampling locations [3]. 

Assessment and mapping of spatial distribution 
on the physical and chemical properties of the soil 
are important drivers in the advancement of land use 
planning of a farm from the earliest days of agricul-
ture [6]. Spatial distribution maps for a farmland 
helps to identify and delineate the problematic zones 
and may serve as effective tools in site specific nu-
trient management [7], reclamation of salinity and 
boron toxicity [8, 9]. The information on the spatial 
distribution of soil properties within a farm is a pre-
requsite for the best management decisions such as 
selection of the appropriate fertilizer dose, applica-
tion methods and frequency, improvement of soil 
drainage [10, 11], and monitoring of soil quality 
changes in time [12]. The purposes of this study are 
to assess the status of some physical and chemical 
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soil properties which have great importance in agri-
cultural production; (ii) to investigate the spatial var-
iability of soil properties, and (iii) to define critical 
zones of nutrient deficiency, acidity and compaction 
for site specific management of remediation. 
 
 

The study area is located in 
Kırklareli province, Thrace Region of Turkey, be-
tween latitude 41°37' N and 41°39' N; longitude 
27°11' E and 27°13' E. The area comprises about 557 
ha land (Fig. 1) with an altitude ranging from 120 to 
171 m. The area formed over Kircasalih geological for-
mation (Thrace formation). The Quaternary materials 
deposited over Kırcasalih formation which composed 
of unconsolidated gravel, coarse grained conglomerate, 
sandstone claystone and sparse granular clay stone. The 
gravels generally consist of quartz, quartzite, rarely 
schist, metagranite and volcanic rocks. The geological 
unit in study area formed in stream environment [13]. 
Entisols, Inceptisols and Ultisols are the commonly en-
countered soil ordos in study area. Long-term total an-
nual average rainfall of the area is 570.1 mm and mean 
soil temperature is 13.3°C. 

 
The 

study area was divided into 150*150m grids, and soil 
samples at a depth of 0-20cm and 20-40 cm were 
collected from the nodes of 127 grids. Thus, a total 

of 254 soil samples were taken to investigate the spa-
tial distribution of soil properties.  Soil samples were 
air-dried and thoroughly mixed and ground to pass a 
2.0 mm sieve. Physical and chemical soil properties 
of soil samples were measured using standard labor-
atory methods. Particle size distribution was deter-
mined by the hydrometer method in a sedimentation 
cylinder, using sodium hexamethaphosphate as the 
dispersing agent [14]. Penetration resistance was 
measured with a hand pushed penetrometer [15]. 
Electrical conductivity and pH of soils were meas-
ured at 1:2.5 soil water suspension [16]. Soil organic 
matter (OM) was determined using the technique de-
scribed by Walkley and Black [17]. CaCO3 was de-
termined by using calcimeter method as mentioned 
by Allison and Moodie [18]. Avaliable P was ex-
tracted using 0.5 M NaHCO3 and using the molyb-
denum-blue method [19]. Available potassium was 
determined by atomic absorption spectrophotometer 
after extraction using 1M ammonium acetate at pH 
7.0 [20]. 

De-
scriptive statistics (minimum, maximum, mean, 
standard deviation and skewness) and correlation 
analyses were conducted using SPSS 22.0 statistical 
software (SPSS, Inc., Chicago, IL). Spatial variabil-
ity of soil properties was determined using geostatis-
tical techniques. Modeling of experimental semi-
variogram was performed with GS+ (version 7) sta-
tistical software Gamma Design Software. The data  
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with nonn-normal distribution (EC, CaCO3, OM, P 
and K) were subjected to log transformation [21]. 

The semivariogram models were constructed 
using the Eq.1. 

  (Eq. 1) 
where; is separation distance between xi and 

xi+h, N(h) is the numbr of pairs separated by h dis-
tance; z(xi) is the data measured at x point; z(xi +h) 
is data for a location separated by x+h distance [22]. 

The best fit model for each of soil properties 
was determined based on r2 and RSS (Residual Sum 
of Squares) values of the semivariogram model. 
Models with r2 values close to 1.0, and RSS values 
close to zero were selected as the best fitted model 
[23]. Cross validation process was also performed to 
determine the success of the created models. The ac-
curacy of the estimates for the unsampled locations 
depends on the components of the semivariogram 
models (range, sill, nugget, lag number), the type of 
kriking method, and the number of nearest neighbor 
selected for the estimation. The reliability of esti-
mates and spatial structure of soil properties were 
discussed using each of the specified factors. 

The most appropriate parameters obtained by 
semi-variogram models and cross validation tech-
nique were used to obtain spatial distribution maps 
of each variable. The kriging maps of soil properties 
were created using the geostatistical extension of 
ArcGIS 10.2.1 [24]. 

 
The parameters for descriptive statistics (mini-

mum, maximum, mean, standard deviation (SD), co-
efficient of variation (CV), and skewness) of soil 
physical and chemical properties are presented in 
Table 1. The average sand contants of soils, formed 
over alluvial parent materials, were 54.4 and 53.7%, 
respectively (Table 1). Soil pH has a great influence 
on availability of plant nutrients and microbial activ-
ity responsible from oxidation of organic matter 
[25]. The pH value ranged from 4.46 to 8.20 in sur-
face and from 4.01 to 8.30 in subsurface soils of the 
study area. Soil acidity is an important indicator of 
land degradation and has been shown to restrict fer-
tility in agricultural land, resulting in reduced plant 
biomass and lower crop yields [25, 26]. In addition, 
the increased heavy metal mobility has been reported 
under acidic conditions for sandy soils [27]. The pH 
values indicate that the existence of very strongly 
acidic areas in the study area. Therefore, spatial dis-
tribution of pH values in a farmland should be taken 
into account for land use planning. 

The average organic matter (OM) content 
(1.33%) of surface soils were low that was ranged 
from inadequate (0.46%) to high (6.82%) levels. 
Similar to the surface soils, the OM content of sub-
surface soils was between 0.31% to 4.95 with a mean 
value of 1.09%. The soils had adequate available P 
and K concentrations. The P concentration ranged 
from 3.19 to 331.20 mg kg-1 with a mean value of 
47.06 mg kg-1 and the K concentration of soils 
ranged from 64.84 to 1603.65 mg kg-1 with a mean 
value of 141.13 mg kg-1 in surface soils (Table 1).  

0-20 

% 

40.7 72.3 54.4 6.23 11.5 0.39 
20-40 33.9 71.4 53.7 7.44 13.9 0.00 
0-20 15.2 42.7 24.2 4.91 20.3 0.70 
20-40 15.2 43.6 25.9 6.72 26.0 0.80 
0-20 10.0 30.9 21.4 4.81 22.5 -0.27 
20-40 11.6 33.4 20.5 4.30 21.0 0.20 
0-20 MPa 0.26 1.76 0.74 0.28 38.3 0.96 
20-40 0.31 2.53 1.41 0.42 29.8 -0.36 
0-20  4.46 8.20 5.98 0.93 15.6 0.51 
20-40 4.01 8.30 5.89 0.87 14.7 0.53 
0-20 dS m-1 0.03 0.48 0.12 0.09 78.3 1.91 
20-40 0.03 0.53 0.13 0.10 81.5 1.88 
0-20 

% 

1.47 6.46 1.98 0.57 28.7 5.41 
20-40 1.17 4.55 1.90 0.40 20.9 3.74 
0-20 0.46 6.82 1.33 0.69 52.0 4.33 
20-40 0.31 4.95 1.09 0.54 49.4 3.28 
0-20 

mg kg-1 

3.19 331.20 47.06 49.82 105.9 2.99 
20-40 2.39 223.30 29.98 35.93 119.8 2.83 
0-20 64.84 1603.65 141.13 142.83 101.2 8.91 
20-40 41.28 1105.50 124.81 105.77 84.7 7.27 

*Coefficient of variation (%)
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The variability of attributes within study area 
was interpreted using the coefficient of variation 
(CV). The soil attribute was classified into the most 
(CV ≥ 35%), moderate (CV 15–35%) and least (CV 
≤ 15%) variable classes according to the criteria pro-
posed by Wilding [5]. The values of CV for soil 
properties ranged from 11.5 (sand) to 105.9% (P) in 
surface and 13.9 (sand) to 119.8% (P) in subsurface 
soil (Table 1). Although the study area is not very 
large, the EC, OM, available P and K contents in 
both soil depths and the PR in surface soils are clas-
sified as the most variable class. Recent application 
of manure in some fields of the study area resulted 
in high variability of OM, P and K contents. Clay, 
silt and CaCO3 of soils in both soils depths had mod-
erate variability. Similarly, Trangmar et al. [3] indi-
cated that variabilities of soil properties readily af-
fected by soil management (e.g., available P, EC, 
compaction) are higher compared to the morpholog-
ical (e.g., color, A horizon thickness), physical (e.g., 
clay, sand and silt contents), and chemical (e.g., 
ction exchange capacity, pH) properties used to de-
fine taxonomic units. The results on variability of 
soil properties within a farmland are in line with data 
reported by Marques et al. [28] who indicated that 
the most variable soil attributes were available P and 
PR with CV values of 51.1% and 37.2%. Similar to 
this, Denton et al. [29] found that available P con-
centration of surface and subsurface soils had the 
highest variability with a CV value of 40.19 and 
73.14%, respectively. High variability of dynamic 
soil properties i.e available P and PR can be at-
tributed to the difference in management practices 
carried out in different fields of the study area.  

The re-
sults of correlation test between soil attributes were 
given in Table 2. Sand content had significant nega-
tive correlations with OM contents of surface 
(P<0.05) and subsurface (P<0.01) soils, while signif-
icant positive correlations were obtained with sand 
and available P contents at boh soil depths (Table 2). 
Soil pH was significantly (P<0.01) correlated to EC 
value and CaCO3 content of surface and subsurface 
soils. Similar to the relationship between pH and 
CaCO3 obtained in this study, Suarez [30] found a 
significant positive relation between pH and CaCO3 

of soils. Essential plant nutrients, P and K had sig-
nificant (P<0.01) positive correlations with soil OM 
content at both soil depths. Similarly, Srinivasan et 
al. [31] reported positive correlations between soil 
OM content and available P (P <0.05) ve K (P<0.01) 
contents of orchard soils. 

 
Param-

eters of semivariograms for each physical and chem-
ical soil properties are presented to obtain the in Ta-
ble 3. Analysis of the isotropic variogram indicated 
that the clay, OM, CaCO3 and available P semivari-
ograms were well described by exponential model in 
both soil depths. The spherical (surface soils) and ex-
ponential (subsurface soils) models were the best fit 
models for sand, silt and pH. The spatial distribution 
of PR was better described with exponential (sur-
face) and spherical (subsurface), and gaussian model 
was the best model for available K in both soil depths 
(Table 3). 

 

-0.651**         
-0.631** -0.178*        
-0.162 0.015 0.194*       
0.120 0.121 -0.279** -0.152      
-0.103 0.342** -0.215* 0.011 0.515**     
-0.025 0.198* -0.171 -0.031 0.353** 0.382**    
-0.206* 0.129 0.134 0.250** 0.072 0.223* 0.317**   
0.197* -0.056 -0.198* 0.135 0.209* 0.422** 0.265** 0.414**  
0.014 0.107 -0.128 0.060 0.239** 0.386** 0.429** 0.748** 0.593** 

-0.820**         
-0.448** -0.144        
0.024 0.035 -0.097       
0.137 0.011 -0.253** 0.049      
-0.094 0.206* -0.159 -0.012 0.387**     
0.094 0.009 -0.177* 0.117 0.262** 0.318**    

-0.196* 0.118 0.153 -0.129 0.169 0.281** 0.245**   
0.323** -0.229** -0.201* 0.017 0.258** 0.295** 0.298** 0.366**  
0.063 0.049 -0.186* 0.058 0.315** 0.346** 0.464** 0.673** 0.591** 

**. Correlation is significant at the 0.01 level     *. Correlation is significant at the 0.05 level 
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0-20 Spherical 20.8 48.68 42.73 1005 0.96 6.6 0.229 
20-40 Exponential 33.0 94.0 35.11 2235 0.92 26.1 0.270 
0-20 Exponential 1.05 22.75 4.62 252 0.93 0.72 0.064 
20-40 Exponential 0.0029 0.055 5.27 250 0.68 1.16E-05 0.136 
0-20 Spherical 12.59 36 34.97 3609 0.96 5.02 0.287 
20-40 Exponential 9.93 19.87 49.97 382 0.92 2.82 0.221 
0-20 Exponential 0.035 0.156 22.44 369 0.9 7.44E-05 0.054 
20-40 Spherical 0.126 0.218 57.80 706 0.96 1.67E-0.4 0.137 
0-20 Exponential 0.0004 0.2378 0.17 202 0.77 1.18E-04 0.030 
20-40 Exponential 0.0058 0.2626 2.21 204 0.81 1.53E-04 0.034 
0-20 Exponential 0.0023 0.0556 4.14 180 0.74 1.82E-06 0.015 
20-40 Exponential 0.0234 0.127 18.43 657 0.54 1.96E-04 0.006 
0-20 Exponential 0.024 0.618 3.88 113 0.61 6.27E-03 0.063 
20-40 Exponential 0.446 0.893 49.94 134 0.91 5.32E-03 0.113 
0-20 Gaussian 0.102 1.12 9.11 5899 0.93 4.59E-03 0.003 
20-40 Gaussian 0.131 0.866 15.13 6099 0.92 4.82E-03 0.007 
0-20 Spherical 0.447 0.965 46.32 1011 0.98 2.85E-03 0.344 
20-40 Exponential 0.417 0.851 49.00 485 0.9 1.46E-02 0.242 

Pure Nugget 

*Spatial Dependence                   ** Residual Sum of Squares            **Cross Validation r 
 

Spatial dependence (SD) is commonly used to 
describe the spatial dependence of soil properties. 
The SD is defined as the raito between nugget vari-
ance and sill (Co/Co+C) that is expressed as a per-
centage [32]. The clay (4.6 and 5.3%), OM (0.2 and 
2.2%), CaCO3 (4.1 and 18.4%), and available K (9.1 
and 15.1%) contents showed strong SD (<25%) in 
both surface and sub-surface and available P and PR 
had strong SD in surface soils. The SD of all other 
soil properties ranged from 35.0 to 57.8 indicating 
moderate SD (Table 3). The strong spatial depend-
ency is considered a result of intrinsic (e.g., parent 
material, climate, topography), whereas weak and 
moderate spatial dependences indicates the contribu-
tion of management related factors (i.e, fertilizer or 
manure application, soil tillage, irrigation) [7]. 

Range value is an important component of sem-
ivariograms which implies the length of spatial de-
pendence, and classical statistics do not consider the 
spatial range of soil properties. The differences in 
characteristics of soil properties within a given range 
are considered as a function of their spatial separa-
tion [3], and measurements are spatially correlated 
within the observed range values [33]. In the present 
study, we determined grid interval as 150 m and 
range values varied from 113 to 5899 m in surface 
and 134 m to 6099 in subsurface soils suggesting that 
the results of interpolation could be reliable under 
the Thrace region conditions. 

The lowest range values in surface and subsur-
face soils were 113 and 134 m for available P, 202 
and 204 m for OM and 252 and 250 m for clay con-
tent of soils. Similar to the results of this study, Liu 
et al. [34] found a short-range scale for organic car-
bon contents of soils and attributed this short range 
for organic carbon to the land use. Contradictrory to 
the reports on long range values for inherent 

charcteristcs [34, 35, 36, 37, 38], the range value for 
clay content was significantly lower than many of 
dynamic soil properties (Table 3). The highest range 
values for surface (5899 m) and subsurface (6099 m) 
soils were obtained for available K contents. The 
range value of soil properties that is useful criteria 
for the evaluation of sampling design and the map-
ping of soil properties [39]. The range values, how-
ever, obtained in this study (except for available P) 
are higher than the distance of grid interval that 
shows the inconsistence in the distribution of all the 
parameters within the study area [7]. Parent material 
[40, 41, 42], management practices [22, 41, 43] and 
the size of study area [7, 41] had great influence on 
the variation of range values. Vasu et al. [7] reported 
shorter range value for potassium (1054 m) in a 215 
km2 study area compared to the range found in this 
study, whereas range values for soil OM (1054 m), 
pH (1029 m) and available P (1027 m) were higher 
than what we have reported in this study. In a larger 
study area (4.949 km2), Dey et al. [44] found higher 
range values for pH, soil OM and available K content 
(95.8 km), EC (92.7 km) and available P (24.8 km). 
The differences in management practices and parent 
materials in the study area resulted in varying range 
values of the soil properties. 

Spatial distribution maps obtained using ordi-
nary kriging were presented in Figures 2, 3 and 4. 
The spatial distribution maps helped to identify the 
extent and magnitude of soil properties within study 
area. Sand content in both soil depths was gradually 
increased from north east to west and south east side 
of the study area, and the percent sand ranged from 
40.7 to 72.3% in surface and from 33.9 to 71.4% in 
subsurface layers (Fig. 2). In contrast to spatial struc-
ture of sand particles, clay content of soils exhibited 
an irregular distribution and ranged from 15.2 to 
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42.7%. Due to the significant impacts on many phys-
ical, chemical and biological properties [45, 46, 47], 
soil texture should be used as an important factor in 
land use planning, determining in tillage practices, 
crop rotation, irrigation tecqhnique and amount of 
water, type and amount of fertilizer, etc. Variation in 
clay content of soils within study area is ascribed by 
the fluctuations in sediment load of rivers in a year 
or among years. Similar to the assumption on irreg-
ularity in distribution for some of particle size com-
ponents, Turgut and Öztaş [48] indicated irregular 
distribution of silt content in an alluvial plain, and 
irregularity was attributed to the differences in silt 
content of sediments brought by the river at different 
times. 

Root growth, infiltration of water, aeration and 
many other vital process in soil are directly related 
to physical conditions of soil. Compaction is one of 
the most frequently encountered problems in agri-
cultural fields, and severely restricts the plant growth 
leading to significant yield loss [49]. The wheel traf-
fic and axle load, starting from seed bed preparation 
till the harvest of the crops are the main contributors 
to soil compaction that increased by the use of 
heaver farm machineries [50]. Penetration resistance 
(PR) is measured to identify the soil compaction in 
the study area. The critical limit of 2 MPa for root 
penetration in coarse textured soils has been widely 
used to characterize the soil physical quality [51]. In 
this study, the PR values measured in subsurface 
soils exceeded the critical limit of 2 MPa, and com-
patected zones can easily be defined in the spatial 
distribution maps. The PR values in study area were 
ranged from 0.26 to 1.76 MPa in surface, and in-
creased by soil depth which was between 0.31 and 
2.53 MPa in 20-40 cm depth (Fig. 3). Higher PR val-
ues in subsurface layers are indications of human-in-
duced compaction, and are the consequences of re-
peated and/or untimely use of conventional tillage 
practices. Similar to the findings in this study, Celik 
et al. [52] reported increased PR values with depth 
under long term conventional tillage practices.  

The surface and sub-surface distribution maps 
of pH showed that majority of soils in study area is 
acidic and extremely acidic (ranged from 4.5 to 7.0 
and 4.0 to 7.0 in surface and subsurface) on the easth, 
north-easth and south-eastern of the study area. The 
pH values were alkaline (ranged from 7.0 to 8.2 and 
7.0 to 8.3 in surface and subsurface) in the west, 
north-west and south-west of the farm (Figure 3). 
The coarse particle size distibution, leaching of basic 
cations due to the efficient rains and long-term flood 
irrigation, and the consumption of fertilizers with 
ammonium caused to the low pH of soils. The most 
common and effective practice to ameliorate con-
straints of soil acidity for optimal crop production is 
limings [53]. Spatial distribution maps of liming re-
quirement for the study area will increase the effi-
ciency of liming procedure. The owner of the farm 

has randomly applied lime to increase pH, and ma-
nure to increase soil OM content in some part of the 
study area that can easily be defined in the distribu-
tion maps of soil pH. The differences in management 
within the study area resulted in a variation of soil 
pH from 4.5 to 8.2 in surface and from 4.0 to 8.3 in 
subsurface soils (Table 1). The pH values lower than 
5.6 may cause nutrient deficiencies and toxicities, 
decline in activities of beneficial microorganisms, 
and retard plant root growth which limits absorption 
of nutrients and water [54]. A soil pH below about 
5.6 are considered low for most crops. The effects of 
soil-forming factors (parent material, time, relief or 
topography, climate, and organisms) are the major 
sources of natural soil pH. However, soil pH can be 
changed overtime by the land use and management. 
Decline in organic matter due to intensive conven-
tional agriculture, depletion of soil minerals by 
crops, removal of surface soils by erosion, and con-
tinues use of ammonium and sulfur fertilizers cause 
to decline in soil pH [55]. Acidity of soil in an allu-
vial plain in was attributed to nature of sediments de-
posited by the river [56]. 

Calcium carbonate content of surface and sub-
surface soils is low in the entire study area. The 
owner of the farm has applied lime in some fields 
which have slightly higher calcium carbonate con-
tents compared to the surrounding soils. Positive 
correlations between pH and calcium carbonate con-
tent in surface (r=0.353, P˂0.01) and subsurface 
(r=0.262, P˂0.01) soils show that pH will increase 
by application of lime. The similarity in spatial dis-
tribution maps of pH and calcium carbonate is ac-
cordance with the positive correlations between 
them. The soil pH is neutral or slightly alkaline in 
limed fields and acidic in the rest of the study area 
(Fig. 3). The distribution maps of calcium carbonate 
and pH may guide to the efficiency of liming in the 
farmland. Variability in pH and calcium carbonate in 
the farmland requires variable rates of lime applica-
tion which will increase the efficiency of reclama-
tion process, lower the cost and labor. 

The spatial distribution maps of soil OM, avail-
able P and K were given in Figure 4. The soil OM 
content has direct or indirect effects on most of soil 
physical (aggregation, stability of aggregates, water 
retention and water holding capacity, aeration and 
soil temperature) and chemical (cation exchange ca-
pacity, buffering capacity, pH and nutrient retention) 
[57]. The OM contents of soils in north west and east 
side of the study area were higher than 1.2% ad 
reached to 6.82% in some fields (Fig. 4). The soils 
on the north and south side of the farmland are poor 
in OM. Long term conventional tillage practices, 
stubble burning and lack of application of organic 
amendents are the causes of low OM content. Rela-
tively higher OM content in some fields of farmland 
is a result of recent application of manure. The re-
sults of Acar et al. [58] on low OM content under  
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long-term conventional tillage practices are in line 
the finding in this study. 

The phosphorus along with nitrogen, is the 
most limiting and most extensively used nutrient for 
crop production. Due to the active roles in a plant 
storing and transfering energy produced by photo-
synthesis for use in growth and reproductive pro-
cesses, the P is considered as an essential plant nu-
trient [59]. The distribution maps for surface and 
subsurface layers indicates high variability in avail-
able P concentrations of soils. The available P con-
tent in majority of the farland soils is lower than the 
threshold value of 10 mg kg-1 for an healty crop 
growth based on criteria set by Horneck et al. [60]. 
The deficiency of P in the study area under neutral 
to strongly acidic conditions may be attributed to in-
herent low P status of parent materials and low or-
ganic matter conent of soils. Therefore, distribution 
map for available P is useful to reveal the P status of 
a farmland and to plan site specific P fertilization 
that will optimize the supply of available P over time 
and space to match the P requirements of crops. The 
P management based on spatial distribution maps of 
available P will prevent farmers from extra cost due 
to the over fertilizer in some areas, and yield reduc-
tion due to under fertilizer in some areas or improper 
balance of nutrients for soil and crop [61]. Irregular 
application of manure within farmland resulted in 
strong spatial heterogeneity of soil P content as well 
as soil OM content.  

 

In this study, spatial distribution of soil proper-
ties was assessed and mapped for land use planning 
of a farm in Kırıklareli province of Turkey. The re-
sults revealed that agricultural practices (application 
of manure and lime) had significant influence on the 
spatial variation of soil properties within the study 
area, and soil organic matter and available phospho-
rus content in particular had very high spatial varia-
tion in short distance. The results also helped to iden-
tify and delineate critical zones of nutrient defi-
ciency, acidity and compaction. The available P con-
tent of soils was lower than deficiency threshold 
valus and low concentration of P is attributed to the 
low organic matter and high sand contents of farm-
land. The soil pH in the eastern, southeastern and 
northeastern parts of the study area was acidic that 
was below the threshold value restricting crop pro-
duction. Spatial distribution maps of farmland can be 
used in reclamation of soil compaction, phosphorus 
deficiency and acidity within the study area. Manure 
application to improve low organic matter content of 
soils can efficiently be planned using spatial distri-
bution maps of soil organic matter. Consdering the 
increased cost of input management in agriculture, 
land use planning based on spatial distribution of soil 

properties will increase the efficiency of inputs, cor-
rect the problems, sustain the agricultural productiv-
ity and increase the profits of farms. 
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ABSTRACT 
 
Novel spray Jungle rice (Echinochloa colonum 

(L.) Link) is a common weed species in maize cul-
tivation. High yield losses occur if fight with this 
weed is not achieved. In this research, sprayings 
with were conducted with two broadcast application 
types (Standard XR spraying nozzle, Air induction 
nozzles) and three band application types (Even 
Flat Fan nozzles, Under Leaf Banding Application 
and Row Application Kit method) in total five dif-
ferent methods. Comparisons were made under 3 
different aplication volumes (200, 300 ve 400 l.ha-1) 
with a post-emergence herbicide. During the maize 
growing season, Jungle rice counts were done dur-
ing different stages of maize before and after spray-
ings. All methods and volumes resulted with reduc-
tions in Jungle rice numbers compared to control. 
This reduction was highest at 400 l.ha-1 application 
volume. The most appropirate method to control 
Jungle rice during early critical growth stage of 
maize was Row Application Kit method (band 
application) at 400 l.ha-1 application volume. 

 
 

KEYWORDS:  
Jungle rice (Echinochloa colonum (L.) Link), Band appli-
cation, Broadcast application, Spraying nozzle 

 
 

INTRODUCTION 
 
Maize is the third cultivated cereal in the 

world with estimated total 875 million tons produc-
tion [1]. In 2016, in Turkey, a total area of 0.68 
million ha of maize acreaches cultivated and 6.4 
million t/ha grain produced [2]. One of the most 
important factors which affect maize yields and 
product quality is the population of weeds in fields, 
which compete especially for space, light and other 
inputs with crop. Weeds hosts pests and diseases 
and cause damage to crops with their secretions [3]. 
In Cukurova plain in the Mediterranean Region of 
Turkey, 18 weed species is common in maize culti-
vation areas and Jungle rice (Echinochloa colonum 
(L.) Link) is one of the most harmful one [4]. Ac-

cording to [5], weeds constitute the most important 
harmful group for maize plants and can cause up to 
a 37% potential loss in yields. To overcome this 
problem, farmers prefer to use chemical control 
methods for their high success rates, easiness to 
implement, low labour costs and high profitability 
compared to other weed fight methods. Pre-sowing 
and pre-emergent herbicides are common to fight 
weeds but are needed if weed population is at eco-
nomic damage levels [6]. Common post emergence 
herbicides to fight weeds in maize are nicosulfuron, 
rimsulfuron or foramsulfuron from group sul-
phonilure [7]. Foramsulfuron, is a systemic herbi-
cide used to fight weeds in maize cultivation. 
Foramsulfuron is used in Jungle rice weed fight in 
maize at 2-6 leaf stage of weeds. Foramsulfuron 
usage in maize has increased in last years [8]. 
Foramsulfuron registered at an application rate of 
35 g ai.ha-1 up to the eight-leaf stage of maize [9]. 
Herbicides should be applied at the right time, min-
imum dose and with an appropriate spraying tech-
nique for chemical fight of weeds [10]. [11] found 
that, 98% of the producers use domestic conic spray 
nozzles for herbicides applications in Turkey. How-

produced by these nozzles is high and therefore 
preferred for insecticide applications [12]. Accord-
ing to [13], 

evaporate without reaching the target. To reduce 
fuel costs by reducing transportation of water, 
spraying technology has evolved toward lower 
carrier volumes [14]. To reduce drift potential of 
these sprayers, many farmers use drift-reducing 
nozzles. Air induction (AI) nozzles produce larger 
droplets, which drift less compared to extended 
range (XR) nozzles [15]. According to [16], smaller 
droplets produced by XR nozzles were more effec-
tive than larger droplets for postemergence herbi-
cide applications. [17] informed that, better control 
was obtained for velvetleaf (Abutilon theophrasti 
Medik.) and common lambsquarters (Chenopodium 
album L.) when application volume was increased 
at AI and XR nozzles. According to [18], different 
type of nozzles and carrier volumes result with 
varying levels of control for different weed species. 
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Air indution nozzles suck air and liquid in, mix 
each other and spray out droplets containing air 
bubbles out of the nozzle. Thus, by this method, 
larger diameter droplets are produced and drift off 
of droplets occur less frequently [19]. In band 
spraying method, one nozzle (Even Flat Nozzle-
EFN) may be used for each band. Another method 
is to spray each band with multiple nozzles -Under 
Leaf Banding Application (UBN) and Row Appli-
cation Kit (RAK). These methods distribute herbi-
cides with better coverage rates on bands [20]. 
Application volume is another important factor 
affecting the success of sprayings. High application 
volume results with high herbicide usage and eco-
nomic loss [21]. It is important to determine the 
performance of different application volumes with 
different methods. 

The aim of this research is to determine the ef-
fect of some broadcast and band weed spraying 
methods to control Jungle rice at different applica-
tion volumes (200, 300 and 400 l.ha-1) in maize 
cultivation. 

 
 

MATERIALS AND METHODS 
 
Field trials of the research were conducted in 

2013 and 2014 years in Eastern Mediterranean 
Agricultural Research Institute, Turkey. Five differ-
ent herbicide spraying methods were tested. Tested 
methods were: (1) Standard XR spraying nozzle 
(XRN: XR11003), (2) Air induction nozzles (AIN: 
IDN120025), (3) Even Flat fan nozzles (EFN: 

TP4002E), (4) Air induction nozzles with under leaf 
banding application (UBN: AIUB8502) and (5) 
Row application kit (RAK: XR8002). Applications 
was carried out with modified boom sprayer with 
800 litter tank capacity. Nozzles spacings in broad-
cast applications (XRN and AIN) were 50 cm, 
while in band applications (EFN, UBN and RAK) 
were 70 cm. In RAK method one of three nozzles 
was located on top to spray upper canopy of plants 
and other two located on right and left sides of 
plants with 45º angle. UBN contained 2 nozzles for 
one band and EFN contained one nozzle on one 
band. By this way all plant canopy has been 
sprayed. Spray parameters, application methodolo-
gy and application conditions for the methods used 
in the investigation are given in Table 1. To make a 
sense of drift potential and droplet uniformity of 
sprayings, characteristic droplet diameters such as 
Dv0.5 of nozzles were measured under laboratory 
conditions by using a laser measurement device 
(Malvern Spraytec -Open Spray). Droplet size dis-
tribution of all nozzle types were determined under 
same pressure (2 bar) during 60 second periods. 
Nozzle flow rates given in Table 1 was measured 
three times and liquid produced by each nozzle was 
determined in one minute time period. Tractor 
speed was calculated in relation with target liquid 
volumes. Spraying volumes were diversified to 200, 
300 and 400 l.ha-1 for each method.  

The wind speed, temperature and relative hu-
midity measurements were carried out with a digital 
anemometer (Lechler pocket wind IV) during 
sprayings (Table 2). 

 
 

TABLE 1 
The spraying methods and sprayer operating parameters 

Methods 
Application 

Volume (l.ha-1) 
Pressure 

(bar) 
Application 

Methodology 
Flow Rate 
(l.min-1) 

Nozzle 
Spacings 

(cm) 

Dv0.5 

(μm)* 

XRN 

200 2 

Broadcast 0.92 50 186.5 300 2 

400 2 

AIN 

200 2 

Broadcast 0.95 50 451.2 300 2 

400 2 

EFN 

200 2 

Band 0.76 70 149.4 300 2 

400 2 

UBN 

200 2 

Band 1.45 70 428.5 300 2 

400 2 

RAK 

200 2 

Band 1.57 70 188.6 300 2 

400 2 

    *Dv0.5:  Volume median diameter (%50 of the volume) 
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TABLE 2 
Meteorological conditions measured during applications 

Methods 

2013 2014 

Temperature 
(°C) 

Humidity 
Wind 
Speed 

(m.sn-1) 

Temperature 
(°C) 

Humidity 
Wind 
Speed 

(m.sn-1) 

XRN 36.7 61.4 1.4 35.2 63.2 1.4 
AIN 34.8 62.9 1.3 35.8 65.1 1.5 
EFN 37.5 58.9 1.4 34.0 59.7 1.3 
UBN 33.8 60.4 1.1 36.7 60.4 1.1 
RAK 36.0 61.0 1.2 33.5 61.4 1.5 

 
TABLE 3 

Dates and periods of weed counts 
Counts Phenological Stage Growth Stage 

(**BBCH scale) 
Count Dates 

2013 2014 

0 DAT* Before herbicide application 15 03.07.2013 15.07.2014 

15 DAT 
20-30 days after herbicide 
application 

53 25.07.2013 07.08.2014 

   *DAT: Days after herbicide application 
** BBCH scale is a system for a uniform coding of phenologically similar growth stages of all mono- and  
dicotyledonous plant species 
 

TABLE 4 
Herbicide control efficiency rates of each methods on Jungle rice 

 
Methods 

Control Efficiency (%) 
200 l.ha-1 300 l.ha-1 400 l.ha-1 

2013 2014 2013 2014 2013 2014 
XRN 47.7 b 48.9 a 62.2 ab 66.6 a 77.1 b 83.7 ab 
AIN 41.3 b 46.7 ab 60.2 a-c 63.5 ab 63.8 c 72.0 bc 
EFN 45.6 b 40.2 ab 53.1 bc 51.6 b 67.3 c 68.9 c 
UBN 30.4 c 32.0 b 47.6 c 52.0 b 64.3 c 75.0 a-c 
RAK 55.6 a 53.7 a 72.4 a 71.8 a 86.1 a 86.9 a 
Lsd 7.2** 15.7 * 13.2* 13.8* 8.1** 14.4* 

     **: the values shown with the same letters on a vertical column are not significant in the level of p<0.01 
     * : the values shown with the same letters on a vertical column are not significant in the level of p<0.05 

 
Average wind speed was in appropriate range 

for sprayings during field tests. The average air 
temperatures during second crop maize cropping 
season in Turkey is at high level and to overcome 
this problem, sprayings was done early in the morn-
ing. 

Each parcel was 28 m2 (10mx2.8m) and a 
block contained 6 parcels. Each application volume 
tested in 6 blocks and 24 parcels in total 12 blocks 
and 72 parcels. 5 meters spacings left between 
blocks and 3 meters spacings left between parcels to 
secure applications from superposition. Each block 
contained one control (no chemical containment) 
parcel. 

To evaluate the performance of the spraying 
methods, weeds were counted in wooden frames 
located on 8 different points on middle 2 rows in 
each parcel and weed control efficiencies calculat-
ed. Each frame covered 0.15 m2 (0.3mX 0.5m) and 
weed counted total surface area was 1.2 m2. In the 
scope of the study, the reference count points were 
recorded by counting the number of Jungle rice 

which exists into the counting frames. 
Jungle rice counts in the experiment area were 

carried out on 2 different phenological growth stag-
es (BBCH Scale Number) of maize plant [22]. 
Dates and periods of weed counts for control effi-
ciencies are given in Table 3. 

A registered brand (Ekipp Super WG61) con-
taining foramsulfuron was used to determine the 
weed control efficiency of each method used in the 
study. The indicated herbicide was used at the rec-
ommended dose (150 g.ha-1 granule and 2000 
ml.ha-1 Mero). To determine percent efficiency, 
application parcels were compared with control 

formula (Equation 1). 
 
E(%)=(WNC-WNAP)/WNC*100 (1) 
 
Where; E: Efficiency (%), WNC: Weed num-

ber in control, WNAP: Weed number in application 
parcels. 

Statistic program JUMP 5.0 has been used to 
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analyze results. Analysis was done based on ran-
domized complete block design and averages of 
significant factors compared via LSD tests.  

 
 

RESULTS AND DISCUSSION 
 
The number of E. colonum was determined 

over economic damage threshold in the trial area 
during spraying periods. Different application 
methods and volumes resulted with different control 
efficiency rates on Jungle rice (Table 4). 

Under 200 l.ha-1 application volume, control 
efficiencies ranged between 30.4-55.6% in year 
2013 and 32.0-53.7% in year 2014. RAK method 
produced highest control efficiency rates in year 
2013 whereas all methods except UBN were similar 
in 2014 trials for 200 l.ha-1 application volume. 
Under 300 l.ha-1 application volume, control effi-
ciencies ranged between 47.6-72.4 % in year 2013 
and 51.6-71.8 % in year 2014. XRN, AIN and RAK 
produced better results compared to EFN and UBN 
both in year 2013 and 2014 under 300 l.ha-1 . Under 
400 l.ha-1 application volume control efficiencies 
ranged between 63.8-86.1% in year 2013 and 68.9-
86.9% in year 2014. Highest control efficiency rate 
was obtained by RAK method in year 2013 and by 
XRN, UBN and RAK in 2014 trials under 400   
l.ha-1. Weed average counts were made under all 
application volumes. Weed average counts under 
200 l.ha-1 application volume with different meth-
ods are given in Fig. 1. 

 

 

 
FIGURE 1 

Jungle rice counts under 200 l.ha-1 application 
volume in 2013 and 2014 

There is an increase in the number of weeds in 
control parcels in year 2013 whereas weed numbers 
reduced by applications where reduction is highest 
by RAK method (30.5%) and followed by XRN 
(standard) method (23.8%) during the period start-
ing from 0 DAT to 15 DAT. In year 2014, number 
of weeds increased both in control and UBN appli-
cation parcels. Highest weed number reduction 
occurred with XRN method (37.0%) and followed 
by RAK method (33.3%) in 2014. Weed average 
counts under 300 l.ha-1 application volume with 
different methods are given in Fig. 2.  

  

 

 
FIGURE 2 

Jungle rice counts under 300 l.ha-1 application 
volume in 2013 and 2014 

 
When 300 l.ha-1 applications analyzed, weed 

numbers reduced by all applications where reduc-
tion is highest at RAK method (31.1%) and lowest 
at UBN method (0.9%) in year 2013. In year 2014, 
highest weed number reduction occurred with RAK 
method (64.9%) which is followed by XRN method 
(58.6%). 

After analysing 400 l.ha-1 application volume, 
there is an increase in the number of weeds in con-
trol parcels in both years (Fig. 3). 

In 2013, weed numbers reduced by applica-
tions where reduction is highest at RAK method 
(52.4%) and followed by AIN method (47.3%) 
during the period starting from 0 DAT to 15 DAT. 
In year 2014 highest weed number reduction oc-
curred with RAK method (85.1%) and followed by 
XRN method (84.4%) in 2014. RAK method which 
is containing 3 nozzles targeted to band surface has 
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advantages to XRN method despite both contains 
same types of nozzles. The source of this effect is 
high efficiency of this application method.  

 

  

 
FIGURE 3 

Jungle rice counts under 400 l l.ha-1 application 
volume in 2013 and 2014 

 
 

CONCLUSION 
 
Our results indicate that RAK and UBN mul-

tiple band application methods were superior to 
other methods including one band and two broad-
cast application methods. Similar to our study, [23] 
found that banding was as effective as broadcast 
application where different bandwidths with even 
flat fan nozzles gave similar weed control and 
maize yield.  

According to [17], the control of Echinochloa 
crus-galli (barnyardgrass) was improved when 
herbicide was applied with flat fan nozzles com-
pared with air induction nozzles. Also [18] indicat-
ed that flat fan nozzles, compared to air induction 
(AI) nozzles, provided better control of crus-galli E. 
with nicosulfuron. Similar results were obtained 
from our study. 

[24] found that, post-emergence herbicides 
(2,4-D and Lactofen) application efficacy increased 
with higher application volumes. Increased applica-
tion volume in our study was also more effective in 
the fight of Jungle rice in all methods. This reduc-
tion level was highest at 400 l.ha-1 application 
volume. 
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The Mediterranean fruit fly (Medfly), 

 (Wiedemann) (Diptera: Tephritidae), is a 
serious pest on persimmon fruits in Turkey. The 
study was conducted in 2013-2014 to evaluate pop-
ulation fluctuation and damage rates of  
on persimmon fruits in Hatay province of Turkey.  
The eostrap® invaginada traps baited with % 95 
trimedlure impregnated in a polymeric plug-type dis-
penser were used. After two years of the study, the 
mean of catches, percentages of male and female and 
damage ratio of  varied in the sampling 
period and orchard. In 2013, the largest mean of 
catches per trap were recorded on 4 August in Belen 
and 25 August in Harbiye districts.  The percentages 
of male per trap with 78.69 in Belen and 91.35 in 
Harbiye districts were higher than females with 
21.31 in Belen and 8.65 in Harbiye districts.  In 
2014, the largest mean of catches per trap were rec-
orded on 10 August in Belen and 17 August in Har-
biye districts. The percentages of male per trap with 
84.62 in Belen and 67.47 in Harbiye districts were 
higher than females with 15.38 in Belen and 32.53 in 
Harbiye districts. The percentages of damage ratio of 

 varied in each of the sampled orchard in 
both years. In 2013, the highest damage ratio of this 
pest was observed at the Belen IX orchard with 10.08 
percent. In 2014, the highest damage ratio of 

 was observed at the Harbiye III orchard with 
7.01 percent. In conclusion, the largest mean catches 
and percentages of male and female per trap were 
significantly high in August in both years and the 
percentages of damage ratio of this pest increased 
ripening and harvesting time of persimmon fruits in 
Hatay province of Turkey.  

  
Medfly, trimedlure, traps, persimmon, Turkey. 

 
 

 
Persimmon, (Ebaneceae: Ebenales), 

is an important tropical and subtropical tree [1], 
widespread in Turkey where it comprise approxi-
mately 2.302 ha with a total produce of 34.650 tons 

of fruit per annum, and Hatay province’s share is 
207,4 ha and 3.249 tons [2]. The Mediterranean fruit 
fly (Medfly),  (Wiedemann) (Dip-
tera: Tephritidae), is one of the most important fruit 
pests throughout the world [3, 4]. The Medfly is a 
polyphagous tropical fruit fly which attacks more 
than three hundred and fifty botanical species from 
sixty five different families [5, 6]. The females punc-
ture the fruits and lay eggs below the skin of the host 
fruits, which are destroyed by larval feeding [3, 7, 8, 
9]. This pest causes significant damages on persim-
mon fruits in Turkey [8]. Insecticidal protection from 
medfly is possible by using a cover spray or a bait 
spray [10]. Protein bait sprays mixed with organo-
phosphates (phosmet, malathion) or low toxicity in-
secticides (spinosad, lambda-cyhalothrin) are suc-
cessfully used as area-wide to control 
populations [11, 12]. Traps baited with trimedlure 
and attractants are important tools for detection, 
monitoring and controlling of the Medfly [12, 13, 14, 
15]. The purpose of the current study was to evaluate 
population fluctuation and damage rates of 

 on persimmon fruits in Hatay province of Tur-
key. 

 
 

 
The study was conducted in 2013-2014 at thirty 

one persimmon orchards in Belen and Harbiye 
(Defne) districts of Hatay province in Turkey. In the 
first year, the study was carried out seventeen per-
simmon orchards, in which eleven of them located in 
Belen district and six of them Harbiye district (Table 
1).  In the second year, the study was conducted four-
teen persimmon orchards, in which nine of them lo-
cated in Belen district and five of them Harbiye dis-
trict. In both year, the study was carried out using the 
Eostrap® invaginada traps (Sanidad Agricola 
Econex, Santomera, Murcia, Spain) baited with % 95 
Trimedlure, (formulated in a polymeric plug-type 
dispenser) (Sanidad Agricola Econex, Santomera, 
Murcia, Spain) and dichlorvos or 2.2- dichlorovinyl 
dimethyl phosphate (DDVP) tablet (Sanidad Agric-
ola Econex, Santomera, Murcia, Spain). The traps 
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Belen 11 9 29 June 03 August 29 September No changing 10 November 09 November 

Harbiye 6 5 29 June 03 August 29 September No changing 10 November 09 November 
Total 17 14       

 
 

 
 
were set up 29 June and removed on 10 November 
in 2013.  In the following year, the traps were set up 
3 August and removed from persimmon orchards on 
9 November. The traps were placed 1.5 m above 
ground and checked weekly, trapped the  
were counted and removed from the traps in both 
years. The trimedlure and DDVP taplet in traps were 
replaced with the new ones in every 90 days. All data 
were analyzed by analysis of variance (ANOVA) 
with using the SAS software [16].  

 
 The fruit dam-

age assessment was measured by the percentage of 
 punctures in five times (22, 29 Septem-

ber, 6, 13, 20 October) in 2013 and seven times (14, 
21, 28 September, 12, 19, 26 October, 2 November) 
in 2014. For this purpose, except from the trap baited 
with trimedlure hanging tree, a three-hundred fruits 
were chosen randomly from each of the orchards and 
checked for  punctures and infested fruits 
were counted. The percentage of fruit damage was 
calculated by dividing the number of infested fruits 

by the total number of sampled fruits in each or-
chards to evaluate the percentage of the damaged 
fruits in each of the orchard.  

 
 

The population fluctuation and damage rates of 
 on persimmon fruits varied in each of the 

sampling year and orchard. The pest was recorded all 
persimmon orchards, in which the studies were con-
ducted in 2013-2014. In the first year, an eleven per-
simmon orchards in Belen district were sampled and 
a total of 6758 adults were caught by traps (Figure 
1).  The largest mean of catches  per trap 
was recorded on 4 August, followed by 11 August, 
18 August, while the lowest mean of catches per trap 
was recorded from 13 October to 10 November. The 
percentage of catches male per trap with 78.69 was 
higher than female with 21.31 during the sampling 
period.  

Belen, 2013
Total number : 1,440 (♀), 5,318 (♂) 
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A six persimmon orchards in Harbiye district 
were sampled and a total of 1168 adults were caught 
by traps (Figure 2). The largest mean of catches 

 per trap was recorded on 25 August, fol-
lowed by 11 August, 18 August, while the lowest 

mean of catches  per trap was recorded on 
22 September. The percentage of catches male per 
trap with 91.35 was higher than female with 8.65 
during the sampling period.  

 

 
 

 
 

 

Harbiye, 2013
Total number : 101 (♀), 1,067 (♂) 
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Belen, 2014
Total number : 745(♀), 4,099(♂) 
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In the second year, a nine persimmon orchards 
in Belen district were sampled and a total of 4844 
adults were caught by traps (Figure 3). The largest 
mean of catches  per trap was recorded on 
10 August, followed by 17-24 August, while the 

lowest mean of catches per trap was recorded from 
19 October to 9 November. The percentage of 
catches male per trap with 84.62 was higher than fe-
male with 15.38 during the sampling period.  

 

 
 

 

 

Harbiye, 2014
Total number : 1,375(♀), 2,852(♂) 
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A five persimmon orchards in Harbiye district 
were sampled and a total of 4227 adults were caught 
by traps (Figure 4). The largest mean of catches 

 per trap was recorded on 17 August, fol-
lowed by 10 August, 24 August, while the lowest 
mean of catches per trap was recorded on 14 Sep-
tember. The percentage of catches male per trap with 
67.47 was higher than female with 32.53 during the 
sampling period.  

Detection and monitoring systems are critical 
components to control  in the world [12]. 
The trimedlure (tert-butyl 4(and 5) chloro-2-methyl-
cyclohexane 1-carboxylate) contained in Jackson 
traps and McPhail traps baited with hydrolyzed pro-
tein were the primary detection and monitoring tools 
used for  [12, 13]. The percentage of 
catches male per trap with 85.47 was higher than fe-
male with 14.53 in Dörtyol district [8]. In addition, 
the percentage of catches male per trap with 83.11 
was higher than female with 16.89 in Antakya dis-
trict [8]. 

 
 The percent-

ages of damage rates of  were observed in 
each of the sampled orchard in both years. In 2013, 
the highest mean of damage ratios of  
were observed at the Belen IX, followed by Harbiye 
II, III orchards, while the lowest mean of damage 
rates of  were observed on Belen I-VIII 
orchards (Figure 5). In 2014, the highest mean of 
damage ratios of  were observed at the 
Harbiye III, followed by Harbiye II, IV orchards, 
while the lowest mean of damage rates of  
were observed on Harbiye V, Belen III, VI and Belen 

IX orchards (Figure 6). The Medfly causes signifi-
cant damages on persimmon fruits in Hatay province 
of Turkey [8]. Kılıç [8] reported that the highest 
mean of the damage rates of  were ob-
served in Dörtyol district with 64.62 percent, fol-
lowed by Antkaya district with 63.0 percent in 2013. 
In addition, the highest mean of the damage rates of 

 were observed in Antkaya district with 
74.64 percent, followed by Dörtyol district with 
74.57 percent in 2014. 

 

The present study was conducted by traps 
baited with trimedlure to evaluate population fluctu-
ation and damage rates of  on persimmon 
fruits in Belen and Harbiye districts of Hatay prov-
ince in Turkey. As a result of two-year investiga-
tions, this pest was recorded all thirty one sampled 
sites. The results also indicated that the largest mean 
and percentages of male and female  were 
significantly high in August in both years and the 
percentages of damage ratio of  increased 
ripening and harvesting time of persimmon fruits in 
both years.  
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ABSTRACT 
 
This study was conducted to determine some 

morphological, agricultural and quality traits at dif-
ferent growth stage (the beginning of growth, stem 
elongation, budding, flowering and seed set) of Bitu-
minaria bituminosa (L.) C.H. Stirtion (Bitbit) geno-
types collected from 25 different locations in Sam-
sun, Sinop and Kastamonu, the Middle Black Sea 
Region of Turkey. The experiment was conducted in 
Samsun ecological conditions and was carried out 
for two years (2012-2013 and 2013-2014) and the 
observations were conducted in the second year. 
Plant height, number of branch, main stem diameter, 
leaflet width and length and leaf ratio, dry plant 
weight, crude protein, ADF and NDF ratios, K, P, Ca 
and Mg contents of Bitbit genotypes were investi-
gated. The highest plant height and dry plant weight 
were determined at the budding stage (118.65 cm 
and 205.0 g), while the lowest were determined at the 
beginning of the growth stage (26.32 cm and 58.4 g). 
Crude protein, ADF and NDF ratios ranged between 
7.28-23.41%, 19.80-47.14% and 27.37-56.38%, re-
spectively.  

According to the correlation and path analysis 
regarding the agricultural and quality traits at the 
flowering stage, plant height, main stem diameter, 
and number of branch had significant positive effects 
on yield increase, while ADF and NDF ratios had a 
negative effect on RFV. The highest crude protein 
yield was obtained at the flowering stage while it was 
lowest at the beginning of growth. 

As a result of, Bitbit genotypes harvesting at 
flowering stage may be the most appropriate in terms 
of yield and quality traits in Black Sea region condi-
tions.  
 
 
KEYWORDS:  
Bituminaria bituminosa, Genotype, Growing stage, Qual-
ity. 
 
 
 
 

INTRODUCTION 
 
Turkey has a highly variable climate and soil 

conditions and this variability enables the growth of 
many forage crops which is engaged in agriculture in 
many parts of the world. Turkey is also the genetic 
centre of the majority of these forage crops, however, 
they cultivated very low in the country. The cultivars 
brought from abroad are not always available to 
adapt to the climate and soil conditions of our re-
gions and the desired yield is not achieved because 
of being highly affected by the diseases and harmful 
effects. For this reason, new varieties are needed to 
be developed by taking advantage of the natural, 
vegetative populations that adapt to the ecological 
conditions of our regions [1]. 

On the other hand, according to global climate 
change scenarios summer temperatures and drought 
increase are estimated in our country. In addition, ac-
cording to the projection of global climate models of 
the Intergovernmental Panel on Climate Change 
(IPCC) a vast part of Turkey will experience the ef-
fect of a quite dry and hot climate in 2100. The tem-
perature will increase 2 °C in the winter and 2-3 ° C 
in the summer and there will be 10% precipitation 
increase in the winter and 5-10% precipitation de-
crease in the summer and 15-25% decrease in total 
soil moisture in the summer is also estimated [2]. For 
this reason, regarding the future of our country the 
hot and drought-resistant plants such as Bituminaria 
bituminosa are expected to be very important in in-
creasing the quality and the efficiency of pastures, in 
the evaluation of the marginal fields and the protec-
tion of biological diversity, the preservation of soil 
and water resources during the summer stages.  

In this study, it is aimed to determine some ag-
ricultural and quality traits in different growth stage 
(the beginning of growth, the stem elongation, the 
budding, the flowering and the seed set) of Bitumi-
naria bituminosa (L.) C.H. Stirtion genotypes col-
lected from 25 different locations in the Middle 
Black Sea Region. 
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MATERIALS AND METHODS 
 
In this study, agricultural and quality traits of 

Bituminaria bituminosa (L.) C.H. Stirtion (Bitbit) 
genotypes collected from 25 different locations in 
Samsun (15 locations), Kastamonu (5 locations) and 
Sinop (5 locations) in the Middle Black Sea Region 
of Turkey during 2012-2013 and 2013-2014 growing 
years were investigated. The experiment was con-
ducted in Samsun ecological conditions. After clean-
ing the collected seeds, they were dried at 30ºC [3]. 
Each genotype was firstly sown into seed trays and 
then they were transplanted to experimental area 
with 70x70 cm spaces in autumn.  

The properties of experimental area soil which 
were gathered from 0-15 cm deep were determined 
as a pH of 6.45, 7.90% CaCO3 and saltless (0.052 
mmhos/cm). The average of long term annual pre-
cipitation of Samsun was about 679.7 mm and the 
average temperature was 13.79 ºC. The average rain-
fall of Samsun throughout a year in 2014 (604.1 mm) 
was higher than the precipitation average over long 
years stage of time.  

Plants were harvested at different growing 
stages (beginning of growth, stem elongation, bud-
ding, flowering and seed set). Morphological traits 
were determined as plant height (cm), the number of 
branch, stem diameter (mm), leaflet width and length 
(mm) and leaf ratio (%). Harvested plant samples 
were dried at 65 0C until they have a constant weight 
and they were to determine dry plant weight. Crude 
protein ratio, acid detergent fiber (ADF), neutral de-
tergent fiber (NDF), Potassium (K), Phosphorus (P), 
Calcium (Ca), Magnessium (Mg) contents of hay 
were determined by using Near Infrared Reflectance 

package program. 
Relative feed value (RFV) was estimated ac-

cording to the following equations adapted from [4] 
(Table 1). 
Relative feed value (RFV) = (DDM% * DMI%) 
/1.29  
DDM% (Dry matter digestibility) = 88.9 - (0.779 x 
ADF%); 
DMI% of BW (Dry matter intake) = 120 / NDF%. 

 
TABLE 1 

Legumes, grass and legume-grass mixture  
relative feed value standarts (RFV) 

Quality 
standarts 

Protein 
% of 

dry mat-
ter 

ADF% 
of dry 
matter 

NDF% 
of dry 
matter 

Relative 
feed 

value 
(RFV) 

Beginning >19 <31 <40 >151 
1 17-19 31-40 40-46 151-125 
2 14-16 36-40 47-53 124-103 
3 11-13 41-42 54-60 102-87 
4 8-10 43-45 61-65 86-75 
5 <8 >45 >65 <75 

 
In this study, relations between agricultural and 

quality traits with other traits were determined by 

means of correlation and path analysis methods by 
using TARIST software package program at the 
flowering stage.  

 
 

RESULTS AND DISCUSSION 
 
Morphological and Agricultural traits. The 

plant height, the number of branch, the stem diame-
ter, the leaflet width and length, the leaf ratio and the 
dry plant yield of Bitbit genotypes in different 
growth stages were given in Table 2. The highest 
plant height was determined as 118.65 cm (budding 
stage), while the lowest plant height was determined 
as 26.32 cm. 

There is an increase in the plant height as its 
growth stage progresses. The increase is related with 
the vegatation stage. The increase in the plant height 
is an expected situation for the plants which grow 
vertically when the harvest time is delayed [5] In pre-
vious studies, plant height was reported as 20  140 
cm [6, 7].  

The average number of branch in Bitbit geno-
types ranged between 19.76  21.04 and the stem di-
ameter ranged between 7.08  8.16 mm. The highest 
number of branch and main stem diameter was de-
termined during the budding stage (Table 2). 

The highest leaflet width was determined as 
40.94 mm during stem elongation stage and the leaf-
let length was determined as 55.07 mm at the flow-
ering stage. The lowest leaflet width and length were 
determined at the seed set stage (Table 2). There 
were differences in leaflet width and length between 
growing stages. Especially, the leaflet width was nar-
rowed with the progress growing period. This may 
be due to the genetic structure of Bitbit. The leaflets 
measured during each growing stage were taken 
from the middle parts of the plant. This indicates that 
the measured leaflets are determined at the upper 
parts of the plants during the growing stage. Gu-
lumser [8] reported that the leaflet length and width 
of Bitbit ranged between 1.9-2.1 and 3.5-4.5 mm of 
respectively. 

The dry plant weight increased during the plant 
growth and it was determined as 205.0 g during the 
seed set stage while it was 58.4 g at the beginning of 
the growth. Dry plant weight increased with the pro-
gression of growth time. Temel and Tan, (2002) [9] 
reported that the hay yield increased since new tis-
sues are formed with the progression of ripening. 
The dry plant weight of present study was similar to 
different research [10]. 

Leaf ratio ranged between 30.84 and 78.47%. 
Because the stem and branches did not form in the 
beginning of the growth, most of the parts of the 
plants above the soil consisted of leaves. Therefore, 
as the growth stage progressed, the dry matter accu-
mulation increased with the stem and the branch 
while the leaf ratio decreased of Bitbit genotypes. 
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TABLE 2 
Some morphological and agricultural traits of Bitbit genotypes during the plant growing stages 

Morphological and  
Agricultural traits 

Plant growing stages 
Beginning of growth Stem elongation Budding  Flowering Seed set 

Plant height (cm) 26.32 36.49 79.15 116.41 118.65 
Number of branch - 19.76 21.04 19.80 19.80 
Main stem diameter (mm) - 7.86 8.16 7.08 7.39 
Leaflet width (mm) - 40.94 33.72 27.40 16.89 
Leaflet length (mm) - 46.78 52.07 55.07 42.65 
Dry plant weight (g) 58.4 81.6 125.3 185.6 205.0 
Leaf ratio (%) - 78.47 48.00 30.84 - 

TABLE 3 
Some quality traits of Bitbit genotypes during plant growing stages 

Quality traits 
Plant growing stage 

Beginning of growth Stem elongation Budding Flowering Seed set 
RFV 249.7 229.53 154.84 151.46 86.0 
Crude protein ratio (%) 23.41 22.55 17.70 15.29 7.28 
ADF (%) 19.80 20.16 31.46 35.84 47.14 
NDF (%) 27.37 29.90 41.05 44.90 56.38 
K (%) 2.33 2.55 2.59 2.01 0.51 
P (%) 0.39 0.40 0.39 0.33 0.18 
Ca (%) 1.87 1.61 1.35 1.30 1.41 
Mg (%) 0.40 0.39 0.37 0.35 0.37 
Ca/P 4.78 4.15 3.42 3.74 7.98 
K/(Ca+Mg) 1.03 1.27 1.58 1.30 0.29 

Quality traits. Crude protein ratio, ADF, NDF, 
K, P, Ca, Mg content and Ca/P and K/(Ca+Mg) ra-
tios related with the Bitbit genotypes gathered from 
different locations were given in Table 3. The crude 
protein ratio decreased because of the decrease of the 
leaf ratio and due to the increase of the structural car-
bohydrate accumulation which was bound up with 
the aging in the tissues during the progression of the 
growth stage. In many studies, it is reported that 
crude protein ratio in Bitbit ranged between 15.9 and 
20.3% [11, 12, 10]. 

The greatest ratios of ADF and NDF (47.14-
56.38%), were observed at the seed set stage and the 
lowest ratios of ADF and NDF (19.80-27.37% of re-
spectively) were observed at the beginning of the 
growth (Table 3). ADF and NDF ratio usually in-
creases with the progress of plant growth [13]. This 
may be due to the cellulose and lignin content in-
creased with the leaf/stem ratio decrease when de-
layed harvest time. Therefore, the obtained ratios of 
ADF and NDF at the beginning of growth were less 
than the ratios at the seed set stage.  

The ratio of Relative Feed Value (RFV) is a 
measurement which is the representation of the fod-
der quality in terms of numeral [14]. RFV values de-
creased with the progression of growing period and 
it ranged from 86.0 to 249.7. Lignin and cellulose 
contents continuously are increases depending on 
advancement in maturity. Therefore, ADF and NDF 
content increased with progression growth stage 
while RFV values decreased. In this study, the RFV 
values that determined had a good quality class of 
fodder except the obtained values at the seed set 
stage (Table 1). 

Minerals have significant effects on both plant 
and animal metabolisms as reported by Egritas and 

0.51  2.59%, phosphorus (P) content varied be-
tween 0.18  0.40%, Calcium (Ca) content ranged 
between 1.30  1.87% and Magnesium content var-
ied between 0.35  0.40%. There needed to be at 
least more than 0.3% Ca in the feed of cows and the 
need for magnesium varied between 0.1  0.2% [15]. 
When these values were taken into consideration, 
calcium and magnesium contents in this study were 
sufficient. The highest ratio of K was determined as 
2.59% at the budding stage and the lowest ratio of K 
was determined as 0.51% at the seed set stage. Ven-
tura et al. (2004) [16] and Gulumser (2011) [8] re-
ported that potassium and phosphorus contents of 
Bitbit were between 0.26-1.28% and 0.25-0.32% of 
respectively.  

While the highest ratio of Ca/P was determined 
at the seed set stage (7.98), the lowest ratio was de-
termined at the budding stage (3.42). The ratios of 
Ca/P needed to be between 1-2, however, if a suffi-
cient amount of vitamin D was taken by animals, it 
is ratio could be tolerated up to 7/1 [17]. 

The highest K/(Ca+Mg) ratio was as 1.58 at the 
budding stage, and the lowest was determined as 
0.29 at the seed set stage (Table 3). For this reason, 
the ratio of K/(Ca+Mg) was below the desired level 
(2.2) in terms of tetany risk in all growth stages in 
this study [18]. 

Crude protein yield per plant of Bitbit geno-
types are given Figure 1. The highest crude protein 
yield was obtained at the flowering stage (28.37 g) 
and it was lowest at the beginning of growth (13.67 
g). Crude protein yield at the flowering stege was 
more than at the beginning of growth (Figure 1). This 
is result from Bitbit genotypes hay yield continu-
ously increases during growth stage. 
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FIGURE 1 

Crude protein yield per plant of Bitbit genotypes during the plant growing stage 
 

TABLE 4 
The correlation values between agricultural traits in Bitbit genotypes 

Agricultural traits PH NB MSD LW LL LR 
Dry plant weight 0.761** 0.436* 0.596** 0.321 0.50 -0.486** 
Plant height (PH)  0.131 0.660** 0.346 0.382 -0.515** 
Number of branch (NB)   -0.308 0.297 -0.052 0.026 
Main stem diameter (MSD)    0.124 0.256 -0.361 
Leaflet width (LW)     0.574** 0.225 
Leaflet length (LL)      0.117 

   *: p< 0.05, **: p< 0.01; LR: Leaf ratio 
 

TABLE 5 
The correlation values between quality traits in Bitbit genotypes 

Quality traits CPR ADF NDF K P Ca Mg Ca/P K+/(Ca+Mg) 
RFV 0.634** -0.668** -0.866** 0.011 -0.110 0.745** 0.517** 0.572** -0.123 
CPR  -0.466* -0.633** 0.011 0.374 0.479** 0.576** 0.079 0.092 
ADF   0.668** 0.020 0.252 -0.611** -0.423* -0.562** 0.178 
NDF    -0.263 -0.144 -0.777** -0.584** -0.430* -0.003 
K     0.737** -0.190 -0.049 -0.568** 0.882** 
P      -0.190 0.124 -0.751** 0.561** 
Ca       0.704** 0.783** -0.414** 
Mg         0.385 -0.256 
Ca/P         -0.599** 

*: p< 0.05, **: p< 0.01. RFV: Relative feed value; CPR: Crude protein ratio;  
 
 

Correlation analysis. Correlations between 
the investigated agricultural and quality traits at the 
flowering stage are given in Table 4 and 5. As seen 
in Table 4, the strongest correlation was observed be-
tween dry plant weight and plant height (0.761), then 
it was followed by plant height and stem diameter 
(0.660). These correlations were significant and pos-
itive. It was also determined that there was a signifi-
cant and negative correlation between leaf ratio and 
plant height. This indicated that there was an in-
crease in the number of branches of Bitbit genotype; 
however, there was a decrease in the ratio of its 
leaves during the growing stage. A significant posi-
tive correlation (0.574, p<0.01) was observed be-
tween the leaflet width and length while an insignif-
icant and positive correlation was determined be-
tween the leaflet width and other traits (Table 4). 

When the quality traits of plant taken into con-
sideration, a significant positive correlation (0.634, 

p<0.01) was observed between RFV and crude pro-
tein ratio and a significant negative correlation was 
determined between ADF (0.668, p<0.01) and NDF 
(0.866, p<0.01). According to this correlation, it can 
be said that as the ratios of ADF and NDF increase, 
the ratio of RFV decreases. The strongest positive 
correlation was determined between K and 
K/(Ca+Mg) ratio (0.882, p<0.01) (Table 5). 

 
Path analysis. Correlation is the most appro-

priate method in determining the relationship be-
tween independent characters. However, the whole 
effects of the characters on each other are not direct; 
the relations between each other are formed indirect 
effects. Therefore, to determine the relationship be-
tween characters is not possible only with correla-
tion, and it is necessary to exhibit indirect and direct 
effects [19]. Path coefficients and contribution rates 
which show direct and indirect effects on relative 
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feed value and on dry plant weight in Bitbit geno-
types are given in Table 6 and 7. 

As seen in Table 6, the number of branch 
(69.40%) and main stem diameter (57.88%) had a di-
rect positive effect on dry plant weight. The direct 
negative effect was due to leaf ratio (36.78%) on dry 
plant weight. This situation indicate that dry plant 

weight increased with the number of branches in-
creased in Bitbit genotypes but, the number of leaflet 
decreased. It was also observed a high correlation be-
tween plant yield and plant height. The direct effect 
of plant height was positive of this correlation coef-
ficient (24.29%) (Table 6). 

 
TABLE 6 

Path coefficients, direct and indirect effects on dry plant weight in Bitbit genotypes 
DE IE PATH EFFECT (%) DE IE PATH EFFECT (%) 
PH  0.200 24.29 LW  0.110 21.80 

 NB 0.075 8.80  PH 0.069 13.60 
 MSD 0.374 45.44  NB 0.164 32.25 
 LW 0.038 4.65  MSD 0.070 13.85 
 LL -0.031 3.81  LL -0.047 9.28 
 LR 0.106 12.98  LR -0.046 9.19 

NB  0.552 69.40 LL  -0.082 19.56 
 PH 0.026 3.29  PH 0.076 18.15 
 MSD -0.174 21.95  NB -0.028 6.80 
 LW 0.032 4.13  MSD 0.145 34.57 
 LL 0.004 0.534  LW 0.063 15.12 
 LR -0.005 0.678  LR -0.024 5.77 

MSD  0.567 57.88 LR  -0.207 36.78 
 PH 0.132 13.48  PH -0.103 18.23 
 NB -0.170 17.39  NB -0.014 2.54 
 LW 0.013 1.40  MSD -0.205 36.30 
 LL -0.021 2.15  LW -0.024 4.47 
 LR 0.075 7.67  LL -0.009 1.70 

DE: Direct effect; ID: Indirect effect; PH: Plant height; NB: Number of branch; MSD: Main stem diameter; LW: 
Leaflet width; LL: Leaflet length; LR: Leaf ratio 
 

TABLE 7 
Path coefficients and the direct and indirect effects on RFV in Bitbit genotypes 

DE IE PATH E 
(%) 

DE IE PATH E (%) DE IE PATH E 
(%) 

CPR  0.342 25.42 ADF  0.043 3.61 NDF  -0.935 57.66 
 ADF -0.020 1.49  CPR -0.159 13.43  CPR -0.216 13.36 
 NDF 0.592 43.94  NDF -0.625 52.57  ADF 0.028 1.77 
 Ca -0.088 6.59  Ca 0.113 9.52  Ca 0.144 8.88 
 K -0.189 14.09  K -0.012 1.02  K 0.158 9.78 
 P -0.019 1.42  P -0.129 1.08  P 0.007 0.455 
 Mg -0.038 2.85  Mg 0.028 2.37  Mg 0.039 2.405 
 Ca/P 0.016 1.23  Ca/P -0.118 9.97  Ca/P -0.090 5.595 
 K/(Ca+Mg) 0.039 2.93  K/(Ca+Mg) 0.075 6.38  K/(Ca+Mg) -0.001 0.073 

DE IE PATH E 
(%) 

DE IE PATH E (%) DE IE PATH E 
(%) 

Ca  -0.185 11.47 P  -0.051 4.22 Ca/P  0.211 14.35 
 CPR 0.164 10.15  CPR 0.128 10.54  CPR 0.027 1.83 
 ADF -0.026 1.62  ADF 0.010 0.89  ADF -0.024 1.64 
 NDF 0.726 44.93  NDF 0.134 11.09  NDF 0.402 27.34 
 K 0.114 7.07  Ca 0.038 3.19  Ca -0.145 9.87 
 P 0.010 0.66  K -0.443 36.56  K 0.342 23.27 
 Mg -0.047 2.90  Mg -0.008 0.68  P 0.038 2.61 
 Ca/P 0.165 10.22  Ca/P -0.158 13.05  Mg -0.023 1.62 
 K/(Ca+Mg) -0.177 10.98  K/(Ca+Mg) 0.239 19.74  K/(Ca+Mg) -0.256 17.42 

DE IE PATH E 
(%) 

DE IE PATH E (%) DE IE PATH E 
(%) 

K  -0.602 39.34 Mg  -0.066 5.65 K/(Ca+Mg)  0.427 34.20 
 CPR 0.108 7.05  CPR 0.197 16.71  CPR 0.031 2.52 
 ADF 0.009 0.05  ADF -0.018 1.54  ADF 0.007 0.61 
 NDF 0.246 16.09  NDF 0.546 46.32  NDF 0.002 0.20 
 Ca 0.035 2.30  Ca -0.130 11.06  Ca 0.076 6.15 
 P -0.037 2.46  K 0.029 2.47  K -0.531 42.50 
 Mg 0.003 0.21  P -0.006 0.54  P -0.028 2.30 
 Ca/P -0.120 7.85  Ca/P 0.075 6.40  Mg 0.017 1.36 
 K/(Ca+Mg) 0.377 24.63  K/(Ca+Mg) -0.109 9.26  Ca/P -0.126 10.11 

DE: Direct effect; IE: Indirect effect; E: Effect; CPR: Crude protein ratio; ADF: Acid detergent fiber; NDF: Neu-
tral detergent fiber; Ca: Calcium; K: Potassium; P: Phosphorus; Mg: Magnesium.
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RFV was regarded as a variable and the other 
traits observed during the study were regarded as rel-
ative variables in path analyses. K/(Ca+Mg) 
(34.20%) and crude protein ratio (25.42%) had direct 
positive effects on RFV. The strongest direct nega-
tive effects on RFV were exhibited by NDF 
(57.66%) (Table 7). Although ADF had a direct pos-
itive effect on RFV, there observed a negative corre-
lation between them. Singh and Chaudhary (1997) 
[20] reported that indirect effects were the conse-
quences of the correlation and indirect effects needed 
to be considered at the same time. Strong correla-
tions were observed between RFV and with of Ca 
and Mg. Ca (11.47%) and Mg (5.65%) had negative 
and direct effects of these correlation coefficient (Ta-
ble 7). 

 
 

CONCLUSION 
 
Bituminaria bituminosa (L.) C.H. Stirtion is 

one of the most studied plants because of its being 
extremely tolerant to the temperature and drought, its 
capability of elongation and protecting its greenery 
during the summer and its capability of growing 
without watering in sloping and stony marginal areas 
which lost its upper soil layer and have low depth 
soil. Bitbit may be considered as a fodder crop in 
terms of its vegetative parts with mineral content, 
ADF, NDF and Relative Feed Value.  

1) In this study, it was observed that dry plant 
weight increased but its quality decreased during the 
progressed growth stage of Bitbit.  

2) According to the correlation and path analy-
sis done during the flowering stage; the plant height, 
the main stem diameter and the branch number had 
significant positive effects on yield increase. It was 
also observed that while crude protein ratio had a 
positive effect on RFV, ADF and NDF ratio had neg-
ative effects on RFV.  

3) The highest crude protein yield was obtained 
at the flowering stage while it was lowest at the be-
ginning of growth. 

As a result of, Bitbit genotypes harvesting at 
flowering stage may be the most appropriate in terms 
of yield and quality traits in Black Sea region condi-
tions. In addition, while interpreting the future stud-
ies about seed collection, agricultural characteristics 
and nutrient content, it should not be focused on de-
veloping a new varieties which provide a high yield 
and quality and which have tall leafy and have the 
content of high Ca and Mg. 
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GnRH hormone is important in both male and 

female reproduction. Chemical agents are preferred 
to prevent fertility in some animals. Trace elements 
play an important role in reproduction. In this study, 
it was aimed to investigate the changes in macro- and 
trace element levels in blood plasmas of 6th and 12th 
months of GnRH vaccination (Repro-Bloc ™) male 
rats. 50 male Wistar Albino rats were used in the 
study. Each rat in the experimental group was ad-
ministered a single 200 μl intramuscular dose of 
GnRH. The levels of Cu, Fe, Mn, Zn, Se, K, P, Ca, 
and Mg elements were determined by analyzing the 
collected plasma samples using inductively coupled 
plasma-optical emission spectroscopy (ICP-OES). 

It was determined that zinc, manganese and se-
lenium levels of the trace elements showed statisti-
cally significant changes in the first 6 months and Cu 
and Fe levels were statistically significant (P<0.05). 
In the twelfth month, it was observed that the levels 
of Fe, Mn, Se and Zn trace elements differ statisti-
cally. In the macro elements, K, P elements in the 
first 6 months period and Ca, Fe and Mg element lev-
els in 16 months period gave statistically significant 
results (P<0.05). Conclusions: It was observed that 
levels of macro and micro elements were affected in 
male rats administered GnRH vaccine for immuno-
castration 

  
Trace element, Macro element, GnRH vaccine, Im-
munocasration, ICP-OES 

 
Hormones are vital chemical substances that af-

fect many important events such as body weight, me-
tabolism, appetite, growth, development and repro-
ductive activities. The natural hormone, GnRH, is 
synthesized from the hypothalamus and stimulates 
synthesis and secretion of the gonadotropic hor-
mones (FSH and LH) from adenohypophysis. There-
fore, this hormone is important in both male and fe-
male reproduction [1]. 

Recently, there are unwanted increases in the 

number of domestic and wild animals. Therefore, the 
use of effective and safe contraceptive methods has 
become mandatory [2]. 

Many animal owners prefer chemical agents to 
chirurgical methods in terms of reliability, efficiency 
and cost to prevent unwanted mating. These methods 
prevent fertility from being recycled. 

Hormonal applications involving progestogens, 
androgens, and the use of Gonadotropin Releasing 
Hormone (GnRH) analogues show the effect of dis-
continuing the direct hormonal-receptor relationship 
or indirectly controlling the reproduction through 
negative feedback [3]. 

It is stated that the vaccine developed against 
GnRH hormone showed its effect by reducing or pre-
venting the secretion of gonadotropic hormones. Re-
duction or inhibition of secretion of gonadotrophic 
hormones causes atrophy of gonadal tissues, inhibi-
tion of gametogenesis, and therefore inhibition of re-
productive behaviour. Vaccination of an individual 
after vaccination remained sterile for an average of 
12 months, circulating immunoglobulin level de-
creased after the reproductive ability gained again 
was expressed. It has been claimed that immunocon-
traceptive vaccines, which allows return to the fertile 
period, having no systemic side effects, by providing 
success in one application and are relatively inex-
pensive compared to other methods [2]. 

Although high concentrations of heavy metals 
have negative effects on all living things, the effects 
of heavy metals and trace elements on reproductive 
capacity have not been fully explained [4]. Trace el-
ements can cause beneficial and harmful effects on 
animal and human life due to their concentration. 
Trace elements, which are not possible to be synthe-
sized by our bodies, must be taken from the outside 
from the basic food elements. Cell protection is im-
portant for healthy bone and skin structure. Trace el-
ements also play an important role in blood pressure, 
heart rhythm, muscle function, maintaining fluid bal-
ance in the body, reproduction and many other func-
tions. Scientific studies have shown that mineral loss 
and deficiency directly affect health. These elements 
are important because they act as antioxidants in the 
body, as they are cofactors of various enzymes and 
because they are involved in assimilation. In addi-
tion, metalloenzyme and metalloproteinase are in-
volved as structural components and as stabilizers in 
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the membrane [5]. 
In this study, a GnRH vaccine (Repro-Bloc™) 

obtained in combination with cytosine phos-
phodiester guana oligodeoxynucleotide (CPG ODN) 
for the recombinant antigenic ovalbumin-GnRH fu-
sion protein molecule in non-chirurgical control of 
reproduction in male rats was administered in the 
sixth year of the study and at 6th and 12th months, it 
is aimed to investigate the changes in the macro and 
trace elements. 

Male rats, weighing about 3-
4 months and 250-300 grams, were obtained from 
Van Yüzüncü Yıl University Experimental Animals 
Unit.50 male rats in the study were divided into 2 
groups as 35 experimental groups and 15 control 
groups. For the study, permission was obtained from 
the Local Ethics Committee of Van Yüzüncü Yıl 
University in accordance with the decision num-
bered 03, dated 31.03.2011. 

Application of the vaccine: at the beginning of 
each study of rats in the experimental group, from 
the GnRH Vaccine in the injectable form (Repro 
Bloc™), with a volume of 200 µl (Amplicon Vac-
cine, the single dose recommended by L.L.C.) was 
administered in a single dose intramuscularly. 15 rats 
in the control group were also injected into the mus-
cle as sterile serum physiologic (ph: 7.2) as much as 
the volume of the vaccine. 

. Intraperitoneal injection of 
ketamine (Ketalar, PFIZER) was applied before the 
blood was taken and general anaesthesia was ap-
plied. After anaesthesia, blood was taken from the 
heart of rats into the EDTA tubes. Blood samples 
were centrifuged for 20 minutes at 1600 rpm at 4 ° C 
in a refrigerated centrifuge to separate blood plas-
mids for analysis. Blood collection was carried out 
in 6th and 12 th months. The obtained plasma sam-
ples were stored at -20 ºC until the analysis of macro 
and trace elements was carried out. 

 Papageorgiou et al.’s [6] 
method was used with some modifications. The 
plasma samples were taken into 1ml glass tubes and 
centrifuged in 2000-3000 rpm by adding 3 % HNO3 
solution from 65 % HNO3 (Merck, Germany) and 
1mlwas added. The remaining particles in the tubes 
were drained and then added 1ml 1 % Triton-X and 
the volume was completed to 10 ml with deionised 
pure water. The levels of Cu, Fe, Mn, Zn, Se, K, P, 
Ca, Mg elements were analyzed with ICP-OES (in-
ductively-coupled plasma-optic emission spectros-
copy) Thermoscientific ICAP 6000 series (0.005 
ppm detectable limit) device. 

 
 

 descriptive statistics for 
continuous variables in our study were expressed as 
mean and standard deviation. Mann Whitney U test 
was used to compare the group mean of continuous 
variables. Statistical significance level in calcula-
tions was taken as 5 % and SPSS for calculations 
(IBM Corp. Released 2013). IBM SPSS statistics for 
Windows, Version 22.0. Armonk, NY: IBM Corp.) 
statistical package program was used. 

 
 

 
Levels of Cu, Fe, Mn, Zn, Se, K, P, Ca and Mg 

were determined in plasma samples obtained from 
the blood taken at 6th and 12th. months for male rats 
and control groups applied GnRH vaccination. 

In the sixth month, the levels of Cu and Fe trace 
elements in plasma samples showed statistically sig-
nificant differences compared to the control group. P 
and K levels were determined to be statistically sig-
nificant as macro elements (Table 1) (Figure 1-2). 

In the twelfth month, it was observed that the 
levels of Fe, Mn, Se and Zn trace elements differ sta-
tistically. The levels of CA and Mg, among the 
macro elements, were determined to be statistically 
different (Table 2) (Figure 1-2). 

1,100±0,670 0,697±0,129* 
1,346±0,067 1,204±0,686* 
141,338±86,039 108,410±30,694* 
4,642±2,095 4,438±1,449 
0,192±0,116 0,175±0,077 
132,284±61,053 102,928±20,438* 
0,142±0,053 0,091±0,035 
0,109±0,092 0,156±0,115 
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Control Experiment 
0,612±0,133 0,449±0,115 
0,748±0,461 0,800±0,146* 
122,454±17,891 102,480±36,235 
0,158±0,336 3,434±1,926* 
0,140±0,001 0,124±0,053* 
124,924±18,206 118,000±32,271 
0,100±0,001 0,067±0,038* 
0,242±0,367 0,148±0,063* 

 
 

 
 
Trace elements are very important elements in 

the organism that are involved in many biochemical 
and metabolic reactions and are necessary for the im-
mune system. The need for trace element in animals 
varies with such factors as age, production level, 
pregnancy and lactation period [7]. Macro and trace 
elements must be present in the organism for normal 
growth and continuity of life. The level of trace ele-
ment in the metabolism is very important in the hor-
mone system. There is an important relationship be-
tween hormones and trace elements. Both trace ele-
ments are involved in hormone metabolism, and dis-
turbances in hormone function can alter the levels of 
trace elements in the blood and tissues [8]. 

In a study of plasma mineral (CA, P, mg, Zn, 
Cu, Co, Fe and Mn) levels investigated by applying 
Buserelin acetate to buffalos in pre-adolescence pe-
riod it was found that only CU and Co levels were 
changed [9]. In a study in which intracytoplasmic 
sperm injection was performed with GnRH antago-
nist, serum and follicular fluid (Cd, Pb, Hg, As, Cu, 
Zn, Fe) levels were determined. It was determined 
that Pb's blood concentrations and Cu's follicular liq-
uid concentrations may have significant effects on 
the reproductive cycle [10]. Maldonado et al. [11], in 
the study of reproductive and follicle development of 
cows, by injecting both trace element (Cu and Zn) 

and GnRH to Holstein cows, concluded that trace el-
ement injection may be a suitable way to increase the 
rate of pregnancy in cows in follicular and Corpus 
luteum development. Another study conducted in 
this area examined the changes in endocrine system 
by applying Zn, Cu, Mn and Co elements in different 
doses to the bulls in the prepubertal period. In the 
present study, it was found that the increase in tes-
tosterone concentration in each group and the LH ra-
tio in pubertal bulls decreased compared to prepu-
bertal bulls [12]. Zinc is one of the most important 
elements in this work involved in hormone metabo-
lism [8]. Our work has resulted in such a way as to 
support this situation. 

Copper is also the third major trace element 
found in the body after iron and zinc. Changes in the 
activity of some hormones are also known to affect 
copper metabolism [13]. A study of changes in trace 
element (Zn, Cu, Mn, Fe) levels of goats with follic-
ular atresia in their ovaries was conducted. In this 
study, it is stated that trace elements provide basic 
data that can be used in the fertility improvement 
plan [14]. Phosphorus (P), after calcium, is the sec-
ond largest element in the body. Phosphorus is a 
macro-nutrient that is responsible for the metabolism 
of carbohydrates, proteins and fats [15]. Testos-
terone can cause P and K to be retained. It can cause 
sodium and water retention depending on the pres-
sure of testosterone and it can be expected to de-
crease by P and K level [16]. in our study, Cu, K and 
P levels decreased significantly in the 6 months after 
GnRH vaccination compared to the control group 
(p<0.05). This difference has been eliminated in the 
12 months period, when the effect of the vaccine de-
creased. It was found that Plasma Fe level decreased 
in the 6 months period and increased in 12 months 
period. 

This may well indicate that an important ele-
ment such as Cu, which is particularly effective in 
the electron transport system, is suppressed under the 
influence of the GnRH vaccine. 

At the end of the 12 month period, Zn, Se and 
Mn levels decreased significantly. This shows how 
effective Zn is on the metabolism of reproductive 
hormones in accordance with other literature. It is 
known that zinc is found in more than 2,000 proteins 
involved in gene expression by more than 300 enzy-
matic reactions [8]. 

In a study performed by Adedara et al. [17] 
through applying Mn and main elements to rats, pi-
tuitary-gonad suppression was tried to be done. In 
the study, it was found that there was a significant 
decrease in sperm quantity and quality in all rats. In 
a study to determine the link between concentrations 
of trace element (Zn, Cu, Mn, Fe, Co) and the release 
of testosterone in male rabbits, the protection of trace 
element levels was found to be important for both 
human and animal fertility and infertility problems 
[18]. In another study, it was concluded that trace el-
ements (Cu, Co, Zn, Fe, Mn) should be taken in daily 
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nutrition in order to meet the need for trace elements 
for healthy growth and reproduction [19]. Manga-
nese, glutamine synthetase, pyruvatedcarboxylase, 
as well as zinc as a cofactor are also found in the 
composition of enzymes such as superoxide dis-
mutase. The superoxide dismutase containing Mn 
protects the cell against carcinogens caused by 
chemicals and radiation. Growth retardation, struc-
tural and chemical abnormalities in bones, infertility 
in females and disorders in lipid metabolism were 
observed in the lack of Mn in laboratory animals; 
[20]. In our study, it was observed that Mn levels in 
accordance with other literature showed significant 
changes at the end of 12 months. 

Selenium, commonly found in nature, is one of 
the essential trace elements required for the normal 
development of human and animal organisms. In 
some studies, changes in hormone activity caused 
significant differences in selenium levels [21]. A 
study was conducted on the effects of selenium defi-
ciency on testicular morphology and function in rats. 
In this study, it was determined that testicular mor-
phology and function were influenced by selenium 
deficiency and that selenium element is necessary 
for testosterone biosynthesis, spermatozoa formation 
and normal development [22]. A study was con-
ducted on how the application of pinealectomy and 
melatonin affects the elements in the blood and var-
ious tissues of rats. In this study, it was shown that 
pinealectomy significantly disrupts the metabolism 
of elements in the blood and various tissues of rats, 
and melatonin administration may have a regulatory 
effect on body element metabolism [23]. In our 
study, it was observed that the Se element value de-
creased during the 12 months period. This shows 
how effective hormone metabolism is on the Se ele-
ment. 

Magnesium is a macro element that participates 
in nerve conduction, muscle contracture and more 
than 300 enzymatic reactions [24]. Magnesium is the 
fourth in terms of quantity in the body, and the sec-
ond most common cation after potassium intracellu-
larly. Although it is found in all the cells, it has a 
higher concentration in the bones, muscles and soft 
tissues [24]. A study of the levels of trace elements 
in tissue in patients with myoma and uterine cancer 
shows that there was a significant increase in CA and 
Mg concentration in uterine cancer tissue compared 
to normal uterine tissue [25]. Chandra et al found 
that the addition of Mg increased the level of andro-
genic enzymes and testosterone [26]. In our study, 
Mg was significantly increased in 12 months. 

Calcium is the most important element in the 
body and must be taken. It is also a cofactor of many 
enzymes. Testosterone increases the total amount of 
bone main substance (matrix), besides providing cal-
cium accumulation. It is believed that the increase in 
the matrix is due to the anabolic effect of testosterone 
and the increase in Ca storage is due to the prolifer-
ation of bone matrix [16]. 

In the present study, it was observed that the 
level of Ca in the 12-month period was lower than 
the level of control and that it was influenced by 
GnRH hormone. In a study in which AI + GnRH 
(20µg) mixture was applied to cows for 3 months, 
the macro (Ca, P, Mg) and micro (Zn, Cu, Fe, Co, 
Mn) element levels were investigated and only Zn 
and Cu levels were changed [27]. The fact that the 
results of the studies we give in the light of this data 
are meaningful according to the results of the other 
studies may be due to the longer follow-up and the 
higher dose used. 

 
 

 
As a result of the study, it was found that statis-

tically significant changes were observed in trace el-
ements for Cu, Fe levels at the 6th month after single 
dose GnRH and at Se, Zn Mn, Fe levels at 16th 
month. In addition, the macro elements K, P levels 
in the 6th month, and Ca, Mg levels in the 16th 
month produced statistically significant results. As a 
result, GnRH vaccine may be thought to have an ef-
fect on macro-element and trace element levels, and, 
depending on the dose and duration of use, interven-
tions to the hormone system may cause long-term ef-
fects on metabolism. 
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A new method for the synthesis of purine 

amino thiocarbamyl phosphate was developed. 6 
-iodine -9 -benzyl purine was obtained from 6 
-iodine -9 -benzyl purine and hydrogen iodate via 
substitution reaction. Then, toluene as solvent, the 
C6-I was substituted by commercially available 
silver thiocyanate at 110  for 12 h. Purine amino 
thiocarbamyl phosphate was first synthesized by 
C6-NCS purine and HPO(OEt)2, which provides a 
new method for synthesizing.  

  
purine amino thiocarbamyl phosphate, synthesis, isothi-
ocyanate, purine 
 
 

 
Isothiocyanates is ubiquitary structural func-

tional class in many biological and pharmaceutical 
active compounds and it has been used as versatile 
important synthetic intermediates for the synthesis 
of many natural products and hetero cycles, such as 
thiohydantoins, thiopyrimidones, thioquinazolones, 
mercaptoimidizoles, thioamidazolones, pyri-
dinethiones, pyrrolidine and benzothiazine [1]. 
Furthermore, isothiocyanates can be used as 
chemoselective electrophiles in bioconjugate 
chemistry [2]. 

Structurally diverse isothiocyanates including 
allyl isothiocyanate (AITC), phenethylisothiocya-
nate (PEITC), benzyl isothiocyanate (BITC) and 
sulforaphane (SF) are released from the corre-
sponding glucosinolate precursors present in plants 
of the Brassicales order, including mustards, wasabi, 
broccoli, and garden cress [3]. The isothiocyanates 
display an impressive array of bioactivities includ-
ing potentiation of insulin signaling [4], inhibition 
of cancer cell proliferation [5], antibacterial proper-
ties [6], TRP channel activation, the ability to in-
duce neuritogenesis [7] and prevention of chemi-
cally-induced carcinogenesis [8,9]. In general, 
isothiocyanates are thiol-reactive chemicals that can 
modify critical cysteine residues on a variety of 
proteins [10–12]. In order to gain a better under-

standing of the molecular mechanisms underlying 
the myriad bioactivities of the isothiocyanates, it is 
important to explore potential protein targets of 
these compounds. 

The synthesis of thiopurine has received much 
attention [13, 14], but the synthesis of purine amino 
thiocarbamyl phosphate has rarely been reported. In 
this paper, the first time the purine amino thiocar-
bamyl phosphate was synthesized by the reaction of 
purine iodine and silver thiocyanate. Purine amino 
thiocarbamyl phosphate was first synthesized by 
C6-NCS purine and HPO(OEt)2. This method 
opens up a new path for the synthesis of thiopurine 
and also lays the foundation for the study of the 
activity of purine amino thiocarbamyl phosphate. 

 
 

 AC 400 magnetic 
resonance spectrometer (CDCl3 solvent, TMS for 
the internal standard, the German company Bruker); 
Q-TOF MS / MS high-resolution mass spectrome-
try (Waters Corporation); XRC- 1-type micro melt-
ing point instrument (Sichuan University Scientific 
Instruments Plant.) 6-Chloro-9-benzylpurine was 
prepared beforehand and hydroiodic acid, silver 
thiocyanate, TiO2, HPO(OEt)2 were of commercial 
analytical grade and all other reagents used were 
used without further treatment. 

 
 In this paper, 

6-chloro-9-benzylpurine and hydroiodic acid were 
used as raw materials to obtain 6-iodo-9- ben-
zylpurine, then reacted with commercial silver thi-
ocyanate directly at 110  for 12 h with toluene as 
solvent. 6-isothiocyanate purine was obtained. Pu-
rine amino thiocarbamyl phosphate was first syn-
thesized by C6-NCS purine and HPO(OEt)2.

 
 Weigh 1 

mmol of 6-chloro-9-benzyl purine into a 25 mL 
round bottomed flask and add 2.5 mmol of hydro-
gen iodide to it. Add 10 mL of distilled water to the 
solution and react at 0 ° C for 24 h h, after the reac-
tion was completed to room temperature, suction 
filtration to give 6-iodo-9-benzyl purine. 
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Solvent Ethanol Acetonitrile DMSO Toluene Dichloromethane DMF 
Yield (%) 0 0 48 89 0 76 

 Weigh 
1 mmol of 6-iodo-9-benzyl purine in a 25 mL round 
bottom flask, add 2 mmol of silver thiocyanate and 
15 mL of toluene as solvent and reflux for 12 h 
until the reaction is complete, Cooled to room tem-
perature and filtered to give 6-isothiocyanate- 
9-benzylpurine as a white solid. 

 

 Purine amino thiocarbamyl phosphate 
was first synthesized by C6-NCS purine and 
HPO(OEt)2. 

 
 Test Method Test The 

main study in Figure 1, the second step by the 
6-iodine - 9-benzyl purine and silver thiocyanate 
reaction synthesis. The reaction conditions of 
6-isothiocyanate-9-benzylnitrite, including the re-
action time of the reaction solvent and the effect of 
the ratio of the raw materials on the yield. 

Reaction solvent was set to 9 h reaction time, 
the ratio of raw materials 1: 2, were investigated 
ethanol, methylene chloride, 

 Reaction time use the 
best reaction solvent, the ratio of raw materials 1: 2, 
3, 6, 9, 12, 15 h on the yield were investigated reac-
tion. 

The best reaction time of the best reaction 
solvent was selected, Effect of 1: 2.5 on reaction 
yield 

 
 

 
 

The results of the study are shown in the Table 1. 
As can be seen from Table 1: dichloromethane, 

ethanol, acetonitrile, these low-boiling point sol-
vents can not reach the desired reaction temperature, 
the reaction can not be carried out; DMSO due to 
post-processing difficulties, the yield was only 48%; 
DMF yield can reach 76% Toluene solvent was 
more efficient, the yield reached 89%. 

 
Us-

ing 1 mmol 6-iodo-9-benzyl purine as template and 
toluene as solvent, the reaction time was changed 
and the reaction time was investigated. The results 
are shown in Table 2. 

As can be seen from Table 2, with the progress 
of the reaction, the yield gradually increased, the 
reaction was slow for the first 6 hours, the peak 
reached the peak from the 6th hour to the 12th hour, 
and the yield reached 87% 15 h, the yield began to 
decline. 

 

Time (h) 3 6 9 12 15 
Yield (%) 25 36 74 89 85 

 Raw material ratio to 1 mmol 
6-iodo-9-benzyl-purine as a template to change the 
amount of silver thiocyanate to examine the effect 
of raw material ratio on the yield, the results in Ta-
ble 3. 

n(C6-I):n(Ag SCN) 1:1 1:1.5 1:2 1:2.5 
Yield (%) 57 77 88 81 

 
Table 3 shows that when the ratio is 1: 1, the 

yield is only 57%; the amount of silver thiocyanate 
is increased by 2 times and the yield is up to 88%; 
continuing to increase the amount of silver thiocy-
anate instead the yield was decreased. The optimum 
conditions for the experiment were as follows: tol-
uene as solvent, the reaction for 12 h, the ratio of 
raw materials was 1: 2, the highest yield reached 
88%. 

 
 Total yield (%) = 

53.2 + 12.48 A - 0.51 B + 0.78 C + 20.0 A*A - 9.6 
B*B- 6.5 C*C + 1.5 A*B + 12.4 A*C + 5.7 B*C 

Three factors at three level central composite 
rotatable response surface design was used to in-
vestigate the influence of process variables on the 
yield. To understand the interaction between the 
independent variables and estimate the yield over 
independent variables, three-dimensional (3D) re-
sponse surfaces were obtained by Design-Expert 
Fig.1. 

 
As seen from 

Fig. 2, the yield increased as proportion increased. 
As seen from Fig. 3, the yield increased as 

proportion increased. 
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As seen from Fig. 4, the yield increased as re-
action solvent increased. 

It is obtained from model optimization and 
calculation that: Toluene (15 mL), reaction time 
(7.05 h), proportion (1:2). The maximal yield is 
93.58%. 

 
 

 
In conclusion, 6-iodo-9-benzylpurine was ob-

tained from 6-chloro-9-benzylpurine and hydroiod-
ic acid, and then reacted with silver thiocyanate by 
using toluene as solvent to obtain 6-isothiocyanate 
Cyanuric acid purine. Purine amino thiocarbamyl 
phosphate was first synthesized by C6-NCS purine 
and HPO(OEt)2. This method is the first synthesis 
of 6-isothiocyanate substituted purine, the reaction 

process to avoid the harsh conditions of the tradi-
tional iodide. The method is easy to get raw materi-
als, easy to operate, isothiocyanate substitution. The 
synthesis of purines and their analogs provides a 
new approach. 

In this study, BBD was proved to be useful for 
optimization the yield. The statistical analysis based 
on a BBD design showed that the optimum condi-
tions were found to be oluene (15 mL), reaction 
time (7.05 h), proportion (1:2). The maximal yield 
is 93.58%. 
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Lakes close to the limit of the East Asia sum-

mer monsoon (EASM) are sensitive to climate fluc-
tuations, which records significant information about 
environmental changes. Here, one 200-cm sediment 
core was collected from Dali-Nor Lake on the north-
ern margin of the EASM in China and high-resolu-
tion multi-proxies were analyzed. The constant rate 
of supply (CRS) model based on 137Cs and 210Pb con-
tents, which combined calibrated ages (AMS14C) 
with the 2σ error, provided a detailed history of the 
primary productivity and EASM changes over the 
past 2100 cal a BP. The primary productivity (P2) 
was calculated based on the proportion of δ13Corg in 
authigenic and terrigenous organic carbon. Total or-
ganic carbon (TOC), total nitrogen (TN), total phos-
phorus (TP) and δ13Corg in the sediment core sug-
gested a decreasing EASM since 2100 cal a BP. Fur-
ther, P2 showed a drastic fluctuation due to the tem-
perature and nutrient variations caused by the EASM 
and we could also observe a decreasing trend based 
on P2. Compared to the EASM, precipitation from 
the winter monsoon (WM) had no significant impact 
on primary productivity variations. The higher val-
ues of P2 during the periods of 1700-1550 cal a BP, 
1400-1250 cal a BP, 1100-850 cal a BP and 500-350 
cal a BP indicated that the Dali-Nor Lake basin may 
have been greatly affected by ENSO events during 
these periods. 

  
Primary productivity, Sediment, East Asian summer mon-
soon, winter monsoon, Dali-Nor Lake 

 
 

 
Lakes located on the north margin of the East 

Asian summer monsoon (EASM) in China are sen-
sitive to regional climate change. They are consid-
ered as ideal sites for reconstruction of process vari-
ations in the paleoclimate and paleoenvironment [1-
3]. As a fact, the physical and chemical conditions in 
north of China leave a very short growing season 
(generally ice - covered half of the year) for aquatic 
organisms. Therefore, the role of climate is very im-
portant.  

The nutrient concentrations will be limited by 
the inflowing water that primarily originates from 
runoff of melting ice, snow and springs. The runoff 
transports more silt, salt, organic and inorganic par-
ticles in summer, as well as atmospheric deposition 
of substances into the lake. Due to the fact that low 
nutrient availability in the shorter summer days, the 
relatively lower average temperatures will limit the 
species richness and a lower primary production will 
be present [4]. Furtherly, organic matter (OM) in 
lake deposits only record a fraction of the total bio-
logical productivity in surface waters of the lake. Ex-
port productivity is the part of the phytoplankton bi-
omass that “escape” from the generally efficient re-
cycling presenting in the surface water, and then de-
livered to the sediment–water interface following ad-
ditional degradation [5]. However it displays a cor-
relation between the final burial flux and surface wa-
ter productivity despite the complications redox con-
ditions. It is relatively facile to illuminate that pri-
mary production can be affected by climate change 
depend on short duration instrumental records [6]. 
Similarly, many lakes sediments record major cli-
mate events at a longer time scales, for example, the 
termination of Pleistocene glacial conditions and on-
set of Holocene warming, or the shorter duration 
changes associated with the beginning and end of the 
Younger Dryas, by dramatic changes in trophic state 
and total productivity [7-9]. From the above, varia-
tions in productivity and source of OM to lake can 
provide clues as to how the lake responded to 
changes in palaeohydrology and palaeoclimatic 
events [10].  

In present study, Dali-Nor Lake (Dali Lake 
hereafter) is selected as the research object, which 
close to the north margin of EASM. The lake produc-
tivity and natural linkages with climate has receive a 
little attention in Dali Lake basin over past 2100yr, 
although some palaeolimnology investigations and 
valuable information has been conducted on Dali 
lake level evolution [11-13] and environment varia-
tions [14]. Here, we determined high-resolution en-
vironment proxies and focus on variability on deca-
dal time-scales in lacustrine sediments of Dali Lake. 
And, two computational methods coupled with geo-
chemical proxies to illuminate levels of primary pro-
duction during the Late Holocene. The overall objec-
tive of this paper was to develop an understanding of 
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the history of climate changes around the basin and 
the driving mechanism to provide a sound scientific 
basis for local environmental protection at present 
and prediction for future development of the climate 
in north China. 

 
 

 

Field surveys indicate that the 
landform in the western region of the lake comprises 
a lava terrace and basalt gravel. Parts of the area in 
the north and inner parts of the lake contain volcanic 
gravel and metamorphic rocks. The lake water is 
mainly recharged by four rivers (Figure 1). Virtually 
no discharge routes exist except for surface water 
evaporation. The area is also regarded as a karst-
dammed lake. The climate is mainly influenced by 
westerly winds and the EASM. The average annual 
precipitation is approximately 300 mm [15], and the 
average annual evaporation is 1425.3 mm. Rainfall 
mainly occurs from June to August because of the 
EASM, which provides approximately 70% of the 
annual precipitation during this period. The maxi-
mum ice thickness is around 1.0 m, and an additional 

of 0.2 m snow layer may cover the ice, which will 
prevent light penetration. There are few vascular 
plant species distributing along the shores and are 
typically low in abundance. 
 

A 238-cm-long sedi-
ment core (43°19′20″ N, 116°39′43″ E), DL-1, was 
collected with a gravity corer (ZL 2015 1 0161906.6) 
from the center of Dali Lake in February 2015 at an 
8-m-deep site (Figure 1). The upper 200 cm of the 
sediment core was divided at intervals of 2-cm for 
laboratory analyses.  

Environment proxies in lacustrine sediment 
were measured at the State Key Laboratory of the 
Nanjing Institute of Geography and Limnology at 
the Chinese Academy of Sciences. Total nitrogen 
(TN%), total phosphorus (TP%) and total organic 
carbon (TOC%) were measured by an EA3000 ele-
mental analyzer (Euro Vector, Italy). Organic carbon 
stable isotopes (δ13Corg) were analyzed by a Delta V 
Plus Mass Spectrometer and a Thermo Flash EA El-
emental Analyzer equipped with a ConFlo  system. 
Isotopic values are relative to the Vienna Pee Dee 
Belemnite (V-PDB).

 

Laboratory 
number Depth interval (cm) Dating material AMS 14C age 

(14C a BP) 

Calibrated 14C 
age (2σ)  

(cal a BP) 

210Pbex and 137Cs 
dating results  

(cal a BP) 
 0 Organic matter   -65* 
 18 Organic matter   0* 

BA150369 100-102 Organic matter 1415±25 1354-1290  
BA150370 150-152 Organic matter 1635±25 1606-1417  
BA150371 200-202 Organic matter 2090±30 2145-1991  

* The DL-1 core was obtained in 2015 AD. Therefore, the core surface was 2015 AD (-65 cal a BP) and the 18-cm-depth 
interval was inferred to be 1950 AD (0 cal a BP). 
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The 210Pbex and 137Cs values of the 30 samples 
under the DL-1 core surface were measured at the 
State Key Laboratory of the Nanjing Institute of Ge-
ography and Limnology by following the method de-
scribed by Wu et al. [16] and Bai et al. [17]. Three 
radiocarbon samples were used for dating at the Ac-
celerator Mass Spectrometry (AMS) facility at the 
Laboratory of Quaternary Dating, Peking University 
(Table 1). Organic carbon was extracted and dated 
from samples following the method described by 
Xiao et al. [11], and the OxCal3.1 radiocarbon age 
calibration program [18] with IntCal04 calibration 
dating [19] was applied to convert the conventional 
ages to calibrated ages. The 14C ages of the sediment 
samples were measured with a half-life of 5,568 
years. 

 
In this study, two meth-

ods were selected to calculate the authigenic carbon. 
1) The first method is based on the method of Qian 
and Chen [20], Equations (Eq.): 

  (1) 
  (2) 

  (3) 
  (4) 

where  is the authigenic organic car-
bon; is the authigenic organic nitrogen; s 
the terrigenous organic carbon; is the terri-
genous organic nitrogen; and  and  are 
the measured values. The end member C/N value in 
the organic matter (OM) from the aquatic environ-
ment is supposed to be 8 but is 22 due to terrigenous 
material [14, 21]. 

2) The second method for calculating the authi-
genic carbon is based on the method of Cai et al. [22], 
Eq.: 

 (5) 
   (6) 

   (7) 
where  is the measured value of samples 

in core DL-1; is authigenic organic carbon percent-
age (%);  is terrigenous organic carbon percentage 
(%);  is the end member value of authigenic or-
ganic carbon; is the end member value of terri-
genous organic carbon; is the authigenic organic 
carbon content; and is the total organic carbon 
content in samples. The end member value is 
supposed to be -28‰ from terrigenous matter and -
20% from authigenic matter [23]. 

Finally, the primary productivity (P: g C m-2 a-

1) is calculated following by Müller and Suess [24], 
Eq.: 

(8) 
where  is the authigenic organic carbon 

content;  is the dry density (g·cm-3); and is the 
sedimentation rate (cm·ka-1). 

 
 

 

It shows the vertical distri-
bution of the 210Pbex and 137Cs contents in the DL-1 
sediment profile in Figure 2. The 210Pbex activity at a 
depth of 2.5 cm reached the maximum 277.36 Bq  
kg-1. It generally shows a decreasing trend between 
the depths of 7.5 cm and 27.5 cm, at which the min-
imum of 7.78 Bq kg-1 is reached. Moreover, the DL-
1 sediment core has less interference, and it is pre-
served completely. Given that the outcome of the at-
mospheric testing of nuclear weapons occurs on a 
global scale, the presence of a subsurface peak in the 
concentration identifies 1963 AD in most cases. At 
sites where fallout from the Chernobyl accident ex-
ists, the presence of a second recent peak identifies 
1986 AD [25]. The 137Cs contents are within the 
scope of 42.5 Bq kg-1. A typical concentration peak 
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exists at a depth of 7.5 cm in the DL-1 profile, and it 
corresponds to the nuclear leak in the former Soviet 
Union in 1986 AD. The 137Cs residue exists at a 
depth of 16.5 cm, and this finding  
indicates the beginning of global nuclear testing in 
1954 AD. Then, the first peak appears at 14.5 cm, 
which indicates the outbreak of global nuclear test-
ing in 1963 AD. 

The 137Cs time mark and result of the constant 
rate of supply (CRS) model show a high degree of 
coincidence (Figure 3). Therefore, the CRS model 
would be selected in this study. According to the re-
sults of 210Pbex and 137Cs (Figure 2), the upper 18-cm 

of the core was 1950 AD, which could be regarded 
as 0 cal a BP according the AMS 14C dating. And 
then the core surface could be defined as -65 cal a 
BP.  

Calibrated ages with a 2σ error combined with 
the results of the CRS model were used to produce 
an age-depth model with a linear fit for the upper 200 
cm of the DL-1 sediment core (Figure 4), which span 
the past 2100 years. An average sedimentation rate 
of approximately 95 cm·ka-1 in sediment core DL-1 
indicates that a sampling interval of 1 cm provides a 
temporal resolution of approximately 11 year. 
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It is worth noting that the age-depth model in 

this study is different from those in Xiao et al. [11] 
and Fan et al. [14], in which the reservoir ages were 
611 years and 472 years, respectively. Accurate 
AMS14C ages may be difficult to obtain due to the 
scarcity of terrestrial macrofossils or plant debris in 
the core sediments. However, the study on the termi-
nal Zhuyeze Lake in north China suggested that the 
reservoir effect did not exist [26]. In this study, the 
reasons why the reservoir effect was not discussed 
are as follows: 

1) The average depth is 8 m at the sampling site. 
It can be inferred from the lake shoreline that the lake 
was much deeper in the past. There are no plants 
growing in the lake, and thus, the dating results 
would not be affected by plants. 

2) Field investigations suggested that poor car-
bonate was spread over the Dali Lake basin. There-
fore, the content of carbonate including recalcitrant 
carbon or dead carbon in the lake body was very low, 
and the 14C radioactivity in the lake body would be 
similar to the 14C radioactivity in the atmosphere dur-
ing the same period. 

3) The DL-1 core in this study was on a short 
time scale compared to those in Xiao et al. [11] and 
Fan et al. [14]. In addition, the AMS14C age in the 
surface of the DL-1 core was replaced by accurate 
dating results of 210Pbex and 137Cs. 

4) It is obvious that the Dark Ages Cold Period 
(DACP) was observed and the Little ice age period 
(LIA) could also be recorded in the DL-1 core [27, 
28] (Figure 5).  

 
TOC (%) reflects the quan-

tity of OM present in the sediment. The content of 
TOC in sediment core DL-1 change from 4.93% to 

12.55%, with an average value of 8.15%; the content 
of TN range from 0.22% to 0.54%, with an average 
value of 0.37%; TP vary from 0.048% to 0.081%, 
with an average of 0.065%; and C/N range from 
18.45 to 26.44, with an average of 22.05. TOC, TN 
and TP showed similar fluctuation variations of a de-
creasing trend (Figure 5). 

The average depth of Dali Lake is 8.0 m, and 
there is no aquatic plant growing in the center. There 
are only a few aquatic plants distributed in the north-
eastern area of the lake. In addition, the influences of 
aquatic plants on the value of δ13Corg are not consid-
ered in this study. As shown in Figure 5, the value of 
δ13Corg vary from -22.49‰ to -26.47‰, with an av-
erage value of -24.33‰, which also show a decreas-
ing trend since 2100 cal a BP. 

 
 

 

The 
TOC content was typically used to reconstruct the 
primary productivity in lakes [29]. In general, an in-
crease in primary productivity, terrestrial input and 
OM reserve may increase the content of TOC in sed-
iments [30]. Research from Tyson [31] suggested 
that TOC content would not be affected by the sedi-
mentation rate when the sedimentation rate was 
greater than 35 cm ka-1, whether it was anaerobic or 
aerobic at the lake bottom. The result of 95 cm · ka-

1 in this study indicates that TOC content had nothing 
to do with the sedimentation rate. The TOC was 
mainly affected by terrestrial input from the 
TOC/TN (Figure 5). In addition, the value of Cor-

ganic/Ntotal was sometimes changed by inorganic nitro-
gen [32], which would lead to a misjudgment of the 
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material source. In this study, a linear regression be-
tween TN and TOC in the DL-1 sediment core indi-
cated the inorganic nitrogen content in the DL-1 sed-
iment core was too low (TOC = 0, TN = 0.02; Figure 
6) and that it could be ignored [33]. 

The δ13Corg and C/N values were generally af-
fected by early diagenesis in the lake sediments. Dur-
ing the process of sediment storage, the value of δ13C 
would be reduced because of diagenesis [34]. Mean-
while, nitrogen (N) was preferentially mineralized 
compared to carbon (C) under the effect of early di-
agenesis. As shown in Figure 5, the values of 
TOC/TN were higher in the lower part of the DL-1 
core than in the upper part. In addition, the δ13Corg 

values were more positive in the lower part of the 
DL-1 core. Therefore, the DL-1 core in this study 
was inferred to be rarely affected by early diagenesis. 
In addition, there was a good linear relation between 
δ13Corg and C/N, which can indicate changes in lake 
productivity, lake area and lake nutritional status. 

The δ13Corg values in sediments are much higher, and 
the climate is much warmer. The lower these values, 
the colder the climate [35]. Thus, the climate showed 
a trend of cooling in the Dali Lake basin since 2100 
cal a BP. 

 

The results of the primary productivity calculated by 
the two methods showed obvious differences. As 
shown in Figure 7, the authigenic carbon content 
from the first method ranged from 0 to 1.38% since 
2100 cal a BP, with an average value of 0.54%, and 
the primary productivity (P1) calculated based on the 
value of authigenic carbon varied between 0 and 115 
g C m-2 a-1, with an average of 45.55 g C m-2 a-1. Au-
thigenic carbon calculated based on the second 
method ranged between 1.25% and 8.08%. The 
value of primary productivity (P2), with an average 
of 338.55 g C m-2 a-1, is distinctly higher than P1. 
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Dali Lake has been under the condition of eu-

trophication in recent years [36]. Meyers [37] sug-
gested that the primary productivity ranged from 100 
to 310 g C m-2 a-1 in the mesotrophic lake and from 
370 to 640 g C m-2 a-1 in the eutrophic lake. Most of 
the reconstructed P1 values in the DL-1 sediment 
core were much lower than the boundary value of 
100 g C m-2 a-1 (Figure 7). This indicated that there 
was a low mesotrophic level in Dali Lake, even with 
no history of eutrophication, which contradicted re-
cent research. In addition, the fluctuation of P2 was 
basically consistent with the trends of the TN, TP and 
TOC. Therefore, the results of P2 would be applied 
for discussion in this study. 

 
It 

was suitable for plankton to breed largely when the 
climate was warm and humid, and the primary 
productivity in the lake would increase. Specifically, 
factors that would impact the variations in the pri-
mary productivity included light, temperature, nutri-
ents and hydrodynamic conditions. There was a 
close relationship between the temperature and 
chemical reaction in biological metabolism. Proper 
temperature in the lake could promote a biological 
enzymatic reaction and enhance the biological meta-
bolic rate. When the water temperature increased by 
10°C, the cell division rate became 1-3 times higher 
than usual [38]. Jiang et al. [39]suggested that the dry 
and cold climate would lead to a reduction in the 
temperature of the lake surface, which would con-

tribute to the decrease in algae biomass and authi-
genic OM in the lake sediments. Therefore, the peri-
ods of higher primary productivity recorded in the 
Dali Lake sediments would indicate a warm climate. 
Compared to temperature, nutrients were the neces-
sary energy and source of material synthesis during 
the process of phytoplankton growth [40]. The result 
of the C/N ratio (Figure 5) in this study indicated that 
nutrients mainly originated from terrestrial input, 
which was controlled by a varied, large-scale physio- 
climate, such as the EASM and westerly winds. An 
enhanced EASM leads the humidity to increase in 
the Dali Lake basin and leads to a warmer climate. 
Therefore, variation in the primary productivity can 
be used to indicate changes in the EASM. In addition, 
plants and animals are active before the ice has 
melted [41]. The enhanced influx of light in April 
means that sufficient light can penetrate the snow 
and ice layer for photosynthesis and a consequent 
phytoplankton biomass increase. It shows that light 
is the limiting factor for primary production prior to 
ice–out compared with water temperature. While the 
ice slowly melts, the phytoplankton growth increases, 
primarily because the high nutrient concentrations 
input by runoff. Above all, light was not a limiting 
factor for primary production compared with others. 
It can be also suggested by solar insolation variation 
at 43°N in the Northern Hemisphere [42], Dali Lake 
is located (Figure 8d), which could satisfy the 
aquatic organisms growth needs since 2100 cal a BP. 
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Re-
searchers have suggested that the climate during the 
Holocene became cold and dry [43, 44], which may 
relate to the summer solar insolation decrease over 
the past 11500 years [45]. In this study, the results 
(Figure 8d) indicated summer solar insolation at 
43°N in the Northern Hemisphere has been decreas-
ing since 2100 cal a BP. This demonstrated that the 
EASM, which was controlled by solar insolation in 
the Dali Lake basin, was gradually decreasing. How-
ever, winter insolation (Figure 8d) gradually in-
creased at 43°N in the Northern Hemisphere since 
2100 cal a BP. This indicates an enhanced winter 
monsoon (WM). The possibility of a cold wave 
break would increase with an enhanced WM. Subse-
quently, this could induce snow storm events in the 
winter and dust storm events in the spring [46]. How-
ever, the extreme snowfall in the most recent 30 
years in central eastern Inner Mongolia was only 
17.41 mm [47], which was much less than the aver-
age annual precipitation total of 300 mm. Therefore, 
compared to the EASM, the precipitation from WM 
had no significant impact on the primary productiv-
ity in Dali Lake. 

It is well known that the interannual climate 
changes in East Asia are significantly related to 
ENSO circulation [48]. Research indicated ENSO 
during the first year had a negative relationship with 
precipitation in north China but had a positive rela-
tionship with precipitation in southern coastal China 
[49]. Therefore, it would be hysteretic in response to 
ENSO events in northern China, which may relate to 
the anomalous positive pressure cyclone replace-
ment toward southwest moisture [50]. In fact, the 
EASM was influenced by ENSO mainly through 
regulating the monsoon trough in the western North 
Pacific and the location of the North Pacific subtrop-
ical high [51, 52]. Consequently, the oceanic condi-
tions of the Pacific may play a decisive role in driv-
ing the EASM circulation. Palcacocha Lake, which 
is located in southern Ecuador, was strongly influ-
enced by ENSO events, and the sediments recorded 
the ENSO event frequency (Figure 8c) [53]. The re-
constructed results based on red-colored intensity 
units in the Palcacocha Lake sediments were col-
lected. In addition, the sea surface temperature (SST) 
reconstructed by the PC6 core (Figure 8b) from the 
northwest North Pacific was also collected for dis-
cussion in this study [54]. The results are shown in 
Figure 8a and indicate four significant warm and hu-
mid periods, 1700-1550 cal a BP, 1400-1250 cal a 
BP, 1100-850 cal a BP and 450-350 cal a BP in this 
study, which corresponded to a higher SST in the 
northwest North Pacific and more frequent red-col-
ored intensity units in Palcacocha Lake. [11] sug-
gested that a high variability in the EASM since 
7,600 cal a BP, which was marked by large fluctua-
tions in the Dali Lake level, might have been directly 
associated with variations in the intensity and fre-
quency of ENSO events. The latest research [55] 

suggested that hydrological and ecological changes 
in the EASM margin during the Holocene were 
closely related to the combined effects of regional 
precipitation and temperature, which were ultimately 
controlled by the Northern Hemisphere summer in-
solation, boundary conditions and physical environ-
ment of the ocean current. Therefore, we inferred 
that the primary productivity in Dali Lake during 
these periods would likely be affected by ENSO 
events. The warm, moist air was driven into inland 
China by the temperature gradient and subsequently 
brought forth significant rainfall events. This would 
lead to a mass of nutrients in the lake being carried 
away by runoff, which would induce an increase in 
primary productivity. 

Many studies have been carried out on the mar-
gin of the EASM. These studies provide a great deal 
of information to evaluate climate changes since the 
Holocene. However, there are no unified conclusions 
that can specifically define the variations in the 
EASM. A high-resolution pollen record from Lake 
Zhuyeze [56] indicated an alternation of drying and 
wetting during the Late Holocene (3.8-0 cal ka BP). 
Contrary to our research, it was relatively humid be-
tween 1.2 cal ka BP and 0.5 cal ka BP based on the 
research in Lake Zhuyeze. Study on Daihai Lake by 
Peng et al. [2] suggested that the climate showed a 
trend of drying since 3.1 ka BP, which supported our 
results that the EASM had weakened in the Dali 
Lake basin since 2100 cal a BP. Ge et al. [57]sug-
gested that there have been four warm periods over 
past 2000 years: Western Han dynasty and Eastern 
Han dynasty (2215 cal a BP-1835 cal a BP), Sui and 
Tang dynasties (1470 cal a BP-1205 cal a BP), Song 
and Yuan dynasties (1080 cal a BP-695 cal a BP) and 
the 20th century. Therefore, it was obvious that the 
climate was being driven by ENSO during 1400-
1250 cal a BP and 1100-850 cal a BP.  

 
 

 
This study focused on a comparative analysis 

of multi-proxy data from a high-resolution sediment 
core in Dali Lake along the north margin of the 
EASM and provides climate changes over the past 
2100 cal a BP. In addition, the factors impacting the 
lake, as well as the driving mechanism of climate 
changes, were discussed. The increasing of primary 
productivity (P2) in the DL-1 sediment core indi-
cated a warm and humid climate and vice versa. 
Since 2100 cal a BP, P2 in Dali Lake suffered a wide 
fluctuation due to the climate changes that were 
mostly caused by the EASM changes. The enhanced 
EASM not only provided suitable existing condi-
tions for living activity but also brought a mass of 
nutrients through runoff. Therefore, the primary 
productivity would correspondingly increase. In this 
study, four significant warm and humid periods of 
1700-1550 cal a BP, 1400-1250 cal a BP, 1100-850 
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cal a BP and 500-350 cal a BP corresponded to a 
higher SST in the North Pacific and more frequent 
red-colored intensity units in Palcacocha Lake, 
which indicated that the Dali Lake basin during these 
periods may likely have been affected by ENSO 
events. 
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With the advancement of science and technol-

ogy, conventional method of heavy metal detection 
in water could not satisfy the higher requirement for 
fast, intelligent and non-invasive detection. To-
wards these, electronic tongue technology shipped 
born, it has the advantages of fast and simultaneous 
measurement, low-cost, low energy consumption 
and has been widely used in the field of environ-
mental monitoring. In this paper, electronic tongue 
technology has been applied for detecting the con-
centrations of six kinds of heavy metals (Pb, Co, Cr, 
Mn, Ni and Cu) in water from a collapsing lake in a 
coalmine resource-based city, China, and higher 
coefficients of variation indicated these metals may 
be affected by multifactors. Based on multivariate 
statistical methods (hierarchical cluster analysis and 
principal component analysis), three main sources 
were present: Mn and Co were possibly related to 
waste discharge; Pb, Cu and Ni were mainly de-
rived from the leaching of coal gangue; and Cr 
mainly originated from soil erosion and rock 
weathering. The method proposed in this paper can 
achieve rapid detection and comprehensive pollu-
tion source identification, it has the theoretical and 
practical significance in water environmental pro-
tection. 
 
 

Electronic tongue, environmental detection, multivariate 
statistical analysis, water environmental protection

 
Due to the rapid development of the economy 

and society, human activities have made a profound 
negative impact on the environment [1-3]. Industri-
al water, sewage and other wastes are directly dis-
charged into rivers and lakes, which has caused 
water pollution [4-5]. Heavy metal pollution is es-
pecially serious, which affects the water quality of 
industrial and agricultural production and daily life 
of human being, further threatens the ecological 
environment and sustainable development of the 
river basin [6-8]. Therefore, to study the real-time 

monitoring of heavy metals concentrations will be 
more helpful for the sustainable development of 
ecological environment. 

Electronic tongue technology based on anodic 
stripping voltammetry can quickly and accurately 
detect heavy metal concentrations, it will not bring 
errors brought by fatigue [9]. Compared with the 
traditional detection methods and remote sensing 
detection, this method is not impacted by spatio-
temporal environment factors, so it is widely used 
in the field of environmental monitoring [10-13]. In 
this study, a total of fifty-three water samples have 
been collected from a collapsing lake in a coalmine 
resource-based city, China, and the concentrations 
of six kind of metals (Pb, Co, Cr, Mn, Ni and Cu) 
have been detected by electronic tongue technology, 
then their possible sources have been identified by 
hierarchical cluster analysis (HCA) and principal 
component analysis (PCA), it can provide infor-
mation for water environmental protection. 

 
 

 The anodic 
stripping voltammetry is an electrochemical meas-
urement technology which combines the two pro-
cesses of electrolysis enrichment and electrolysis 
dissolution [14-15]. Firstly, electrolytic ion is de-
posited on the electrode at a certain potential, and 
then the potential of the electrode is scanned back 
to make the deposited material electrolysis and rec-
ord the voltammetric curve in the dissolution pro-
cess. This curve is called the dissolution volt-
ampere curve, and the peak current in the curve is 
proportional to the measured ion concentration un-
der certain conditions. Electrolytic deposition pro-
cess is equivalent to an enrichment process, the 
measured ions are deposited from large volume 
solutions to small volume electrodes, which will 
lead to a great increase in their concentration. The 
larger currents the dissolution process, the higher 
sensitivity the stripping voltammetry. The sensor 
for stripping voltammetry is usually a three elec-
trode system, a working electrode, a reference elec-
trode, and an auxiliary electrode, three electrode 
system can automatically compensate the ohmic 
potential drop in the solution, which can measure 
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the resistance of the solution between the measured 
electrodes. Moreover, the three electrode system 
can keep the constant of the potential of the work-
ing electrode, which makes the precision of the 
experiment greatly improved. Normally, the mercu-
ry electrode is used as the working electrode, the 
Ag/AgCl electrode is used as the reference elec-
trode, and the platinum is selected as the auxiliary 
electrode. 

A total of 
53 water samples were collected from a collapsing 
lake in a coalmine resource-based city according to 
the technical guidance of water quality sampling, 
and each sample was collected for 2.0L. The exact 
location (longitudes and latitudes) of each sample 
point was collected by GPS, and water samples 
were collected 0.5 meter below the water. After 
sampling, the samples were filtered immediately by 
0.45 um cellulose acetate filtration membrane, and 
the required volume of filtrate was collected. The 
electronic tongue equipment used in the experiment 
is mainly composed of four parts: automatic proto-
typing, sensor array, pattern recognition and com-
puter display. The frame diagram is illustrated in 
figure 1. 

Prior to use of instruments, it is necessary to 
check whether the electronic tongue automatic 
sampler and signal communication are normal, then 
initialize and calibrate it, so as to ensure the accura-
cy and stability of the detection. The test tempera-
ture is controlled at 25 . In order to improve the 
efficiency of electrolytic enrichment, the electrode 
can be rotated or stirred to accelerate the rate of the 
transported substance to the electrode surface, while 
in the electrolytic dissolution process, the solution 
should remain stationary. Some specific test param-
eters are set as follows: the data acquisition time of 
each sample is set to 120 s, and the mean value of 
the last 20 s measurements is taken as the output 
value of the stable data; each water sample was 
repeated 9 times, and the response intensity of the 
sensor was stable after 2~3 times of the electronic 
tongue measurement, so the mean value of the last 
6 measurements was collected in this study. 

 
The cluster analysis is a sta-

tistical technique used to indentify sites group or 
variables group based on similarities. Being one of 
the cluster analyses, HCA is based on the core idea 
of objects being more related to nearby objects than 
to objects farther away, these algorithms connect 
"objects" to form "clusters" based on their distance. 

While PCA is a statistical procedure that is used to 
analyze the covariance matrix, so as to reduce the 
dimension of the data and keep the maximum con-
tribution to the difference of the data set [16-18], 
the specific calculation process are as follows[19]: 

(1) The first step is to calculate a matrix for 
standard data indicators (formula 1).

                                           (1) 

Where n is the number of heavy metal, m is 
the number of sampling point, Xij is the j value in 
the ith sampling point. 

(2) The second step is to calculate the correla-
tion matrix (formula 2). 

                (2) 

Where rij is the correlation coefficients be-
tween the index i and j. 

(3) The third step is to obtain the eigenvalues 
and eigenvectors of the correlation coefficient ma-
trix, as well as the variance contribution rate and 
the accumulative contribution rate. Principal com-
ponents with eigenvalues higher than 1.0 were ex-
tracted, which can explained about 85% of the total 
variance. The contribution rate can be described as 
follows:

(3) 

(4) The fourth step is to extract q feature vec-
tors and standardize them (formula 4).

(4) 

Where e is feature vector, . 
(5) The final step is to calculate the contribu-

tion rate of each index, and treat the data with nor-
malization method (formula 5, formula 6). 

                     (5) 

                        (6) 

Where wj is the weighting of the ith indicator. 
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 Pb Co Cr Mn Ni Cu 
Mean value 0.27 0.12 0.13 0.77 0.78 1.07 

Median value 0.24 0.06 0.11 0.48 0.74 0.85 
Std. Dev 0.27 0.11 0.10 0.89 0.39 0.67 

Background value 0.2 0.05 0.50 - 0.3 0.57 
CV 1.0 0.92 0.77 1.16 0.51 0.62 

p-value >0.05 <0.05 >0.05 <0.05 >0.05 >0.05 
Std. Dev: Standard deviation

The line plot of heavy 
metal concentrations were shown in Figure 1. It 
was intuitively plausible that the contents of Mn, Ni 
and Cu were significantly higher than that of Pb, Co 
and Cr. Statistical summary of the metal contents 
were presented in Table 1. From the table and fig-
ure, the measured heavy metal contents varied 
greatly as follows: Pb, 0.002-1.3ug/L, with an aver-
age of 0.27ug/L; Co, 0.01-0.34ug/L, with an aver-
age of 0.12ug/L; Cr, 0.02-0.47ug/L, with an aver-
age of 0.13ug/L; Mn, 0.11-4.18ug/L, with an aver-
age of 0.77ug/L; Ni, 0.15-1.74ug/L, with an aver-
age of 0.78 ug/L; Cu, 0.17-2.90ug/L, with an aver-
age of 1.07ug/L. The mean contents of heavy met-
als were in the order: Cu > Ni >Mn > Pb > Cr > Co. 
According to the background values, the mean con-

centrations of the heavy metals (Pb, Co, Ni, Cu) 
were higher than their background values, whereas 
Cr concentration was lower than its background 
value. Comparing with the grade III standard of 
surface water environment quality level (Pb, 
50ug/L; Co, 1000ug/L; Cr, 50ug/L; Mn, 100ug/L; 
Ni, 20ug/L; Cu, 1000ug/L), the heavy metal con-
tents of the collapsing lake were significantly lower 
than the corresponding limits. Coefficients of varia-
tion (CV) is an indicator of variation degree, it is 
generally accepted that a high CV (>0.9) indicated 
a high degree of human influence. In this study, the 
contents of heavy metals varied distinctly among 
the sampling sites. This was particularly true for 
Mn, Pb and Co, with the CV of 1.16, 1.0 and 0.92, 
respectively. The One-Sample Kolomogorov-
Semirnov test (K-S test) was conducted in the vari-
ables, the results showed that the data of Mn and 
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Co were not conform to normal distribution 
(p<0.05), so logarithm transition was applied for 
the following analysis [20]. After logarithm transi-
tion, they were both obey normal distribution. 

 
Based on the data of heavy metal con-

centrations in different sampling points, HCA was 
performed to analyze the similarity for the variables 
with the method of between-groups linkage. Varia-
bles cluster (heavy metal cluster) was calculated by 
HCA, and the icicle plot and dendrogram were 
shown in Figure 3. As can be observed in Figure 3, 
six kind of heavy metals can be distinguished into 
three major groups, the metals (Mn and Co) be-
longed to cluster 1, the metals (Ni, Cu and Pb) be-
longed to cluster 2, while Cr belonged to cluster 3. 

 
To further discrim-

inate the possible sources of heavy metals, PCA 
was conducted on the normalized data of heavy 
metal concentration from the collapsing lake in a 
coalmine resource-based city. KMO test value 

(0.756) showed that the heavy metal concentrations 
were suitable for PCA. Similarly, the P value for 
Bartlett’s test was 0 (p< 0.05), indicating that there 
was significant correlation among the variables [21-
22]. Therefore, PCA was effective to identify the 
sources of heavy metals in this study. As present in 
Table 2, a total of three principal components were 
extracted with eigenvalues higher than 1.0, the first 
principal component (PC1) is dominated by Mn and 
Co and followed by Ni, Cu, Cr and Pb. The second 
principal component (PC2) is dominated by Pb, Cu, 
Ni and followed by Mn, Cr and Co, whereas the 
third principal component (PC3) is dominated by 
Cr and followed by Ni, Pb, Cu, Co and Mn. The 
component plot in rotated space was shown in Fig-
ure 4, the heavy metals pairs (Mn-Co and Cu-Pb-Ni) 
were very close to each other, suggesting that these 
heavy metals may share the same source. However, 
Cr was far away from the other five metals, imply-
ing the different origin in the collapsing lake. The 
results of PCA were well consistent with the results 
of HCA. 

 Rotated principal components 
 PC1 PC2 PC3 
Pb 0.006 0.928 0.245 
Cr 0.114 0.270 0.954 
Mn 0.912 0.333 0.034 
Co 0.967 0.043 0.120 
Ni 0.606 0.659 0.314 
Cu 0.430 0.829 0.145 
Eigenvalue 2.333 2.167 1.104 
Variance contribution rate (%) 62.127 20.585 10.695 
Cumulative contribution rate (%) 62.127 82.711 93.407 
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PC1, as revealed by the Table 2 and Figure 4, 

explained 62.127% of the total variance loaded 
heavily on Mn and Co (loading>0.90). Mn was 
considered to be main pollution related to waste 
discharge except for N, P and Fe [23]. According to 
the investigation, there were many garbage landfill 
around the sampling points, the long history of de-
posit refuse may result in Mn accumulation in this 
lake, so PC1 was considered to be the source relat-
ed to waste discharge. PC2 accounting for 20.585% 
of the total variance connected with Pb, Cu and Ni 
(loading>0.60), mining activities can lead to accu-
mulation of heavy metals such as Pb, Cu and Ni in 
coal mining area, and the coal gangue may be the 
important reason [24]. Leaching of coal gangue 
formed acidified water, and the heavy metals in 
coal gangue released to the environment in the form 
of solution, PC2 may be explained to be the source 
related to the leaching of coal gangue because the 
collapsing Lake was filled by coal gauge during the 
last decades. PC3 can be explained to be the source 
related to geological weathering or dissolution. 
That’s because Cr was mainly contributed by this 
factor (loading>0.90), and Cr was the only metal 
that its mean concentration was lower than the 
background value (Table 1). Moreover, some stud-
ies also revealed that this metal was likely to be 
contributed by soil erosion and rock weathering 
[25-27]. 

  
 

 
Useful tools and methods, such as electronic 

tougue technology, multivariate statistical analyses 
(HCA and PCA) were employed to detect heavy 
metal concentration and indentify the possible 
sources of heavy metals from a collapsing lake in 
northern Anhui province, earthern China. The re-
sults showed that the mean concentrations in the 
water decrease as Cu > Ni > Mn > Pb > Cr > Co, 
and the CV were all higher than 0.5, which sug-

gested that they may have different natural and an-
thropogenic conditions. Multivariate statistical 
analyses indicated that Mn and Co were mainly 
influenced by waste discharge; Pb, Cu and Ni were 
mainly influenced by the dumping of coal gauge; 
Cr was considered to be a natural source. 
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The aim of the present study was to investigate 
inhalant allergen sensitivity in adult patients with al-
lergic rhinitis (AR) and to compare allergen 
sensitization based on age and sex under ecological 
conditions of urban areas. 

In this cross-sectional study, 2391 patients di-
agnosed with rhinitis symptoms in the Istanbul area 
were evaluated. Skin prick test (SPT) with standard 
extracts, including house dust mite, pollen, fungal al-
lergen, and animal dander, was performed. Patients 
with sensitization were divided into four different 
age groups with 10-year intervals for evaluation. 

Of the 2391 patients with rhinitis, 1586 (66.3%) 
had at least one allergen sensitization on SPT, 
whereas 805 (33.7%) had no allergen sensitization. 
The most common sensitization (57.1%) was ob-
served for pollen allergens. Multiple allergen 
sensitizations were lowest (38.8%) in the animal 
dander-sensitive group. The percentage of allergen 
sensitization was highest in age group 2 and lowest 
in age group 4 for both the sexes. 

The data obtained from this study are important 
for monitoring allergen sensitivity in patients with 
rhinitis under ecological conditions of a large city. 
Allergen sensitization decreased with increasing age 
in all the study groups, and the percentage of sensi-
tization changed according to age and sex. Monitor-
ing allergen sensitization according to age and sex is 
important for environmental regulation, design of 
living spaces, working conditions, and preventive 
health services.

Skin prick test, allergic rhinitis, inhalant allergens 

 
Allergic rhinitis (AR), also known as hay fever, 

is an allergic disease which is mostly affected by en-
vironmental factors [1]. AR is a heterogeneous dis-

order with high prevalence and often remains undi-
agnosed for a long time. It is characterized by one or 
more symptoms of rhinitis, such as sneezing, itching, 
nasal congestion, and rhinorrhea [2]. Seasonal AR is 
relatively easy to identify because of the rapid onset 
and offset of symptoms due to pollen exposure, 
whereas perennial AR is more difficult to detect be-
cause of overlapping symptoms with sinusitis, res-
piratory infections, and vasomotor rhinitis [2]. Ac-
cording to the World Health Organization (WHO), 
hundreds of millions of people in the world are af-
fected by allergic disease. AR affects the quality of 
life and is an important disease in terms of commu-
nity health, affecting socio-economic well-being [1]. 

Allergic disease prevalence varies depending 
on environmental allergen variation and the level of 
exposure to or inhalation of allergens. In recent 
years, the prevalence of allergic diseases has in-
creased in both developed and developing countries 
[1]. In industrialized countries, sensitivity to aeroal-
lergens within the general population ranges from 
25% to 50% [3, 4]. In the literature, the prevalence 
of AR in the community varies between 2.9% and 
54.1%, depending on the race, age, and geographical 
region [5]. AR is a major health problem that con-
cerns the general public. 

Global climate change and air pollution in-
crease the release and production of weed and tree 
pollen mix. Rising temperatures increase the growth 
of molds and fungi, which are important allergens 
for people with rhinitis [6]. 

Skin prick test (SPT) is used for the measure-
ment of allergen reactivity. The recommended 
method for SPT includes the appropriate use of spe-
cific allergen extracts, maintenance of positive and 
negative controls, and interpretation of the test re-
sults 15–20 min after application [4, 5]. SPTs are 
minimally invasive, easy to apply, and produce a re-
sponse to multiple allergens at once, which are im-
portant advantages of the test. The most useful aller-
gens for testing inhalant allergies are house dust 
mites (HDMs), such as dermatophagoides, animal 
dander, and fungi (molds). Many causative agents 
have been associated with AR, including pollen, 
mold, dust mite, and animal dander. 
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The present study was conducted using the data 
from SPTs of 2391 patients who visited our ENT 
clinic due to rhinitis symptoms and 1586 of patients 
were found to be positive for AR and the results were 
evaluated in accordance with age and sex. 

 
The diagnosis of AR was made according to 

Allergic Rhinitis and its Impact on Asthma (ARIA) 
guidelines from the European Forum for Research 
and Education in Allergy and Airway Diseases [7]. 
Retrospective data were collected from patients with 
rhinitis who visited an ENT clinic in Istanbul be-
tween March 2008 and August 2015. A total of 2391 
adult patients were diagnosed with rhinitis 
symptoms based on medical history and physical ex-
amination findings, such as sneezing, nasal conges-
tion, frequent and transparent watery runny nose, na-
sal itching, and burning in the eyes. Those who had 
at least one allergen sensitization on SPT were in-
cluded in this study. The ages of both male and fe-
male patients were in the range of 20–59 years, and 
patients were divided into four different age groups 
for analysis and comparison. Group 1 included pa-
tients aged 20–29 years, group 2 included those aged 
30–39 years, group 3 included those aged 40–
49years, and group 4 included those aged 50–59 
years. Patients aged >60 years and older were not in-
cluded in this study because of lack of homogeneity 
due to current secondary diseases and medication. 
SPT was administered to all the patients who had rhi-
nitis symptoms. To avoid false-negative results, pa-
tients using antihistamine medications, immunosup-
pressive drugs, and antidepressants were not in-
cluded in the study because these drugs may interfere 
with test results [2]. 

The recommended method of prick testing in-
cluded the appropriate use of specific allergen ex-
tracts, maintenance of positive and negative controls, 
and interpretation of the test results 15–20 min after 
application. A positive result was defined as a wheal 
of ≥3 mm in diameter than the wheal diameter of the 
negative control [8]. 

SPT was used for allergens Allergo-pharma 
(Reinbek, Germany), which were investigated in 
terms of both individual responses and types (tree 
pollen mix, olive, poplar, red oak, grass pollen, grain 
pollen, weed pollen, , 

, , 
, dog epithelium, and cat epithe-

lium). 
Statistical analysis was performed using the 

SPSS for Windows, version 21.0 (SPSS Inc., USA). 
The Kruskal–Wallis test was performed to determine 
the significance of differences in allergen sensitivity 

according to age and sex. Significant relationships 
between age groups and allergen sensitivities were 
compared using the Tukey’s test, and p < 0.05 was 
considered significant. 

 
 

 

In this 
study, the SPT data of 2391 adult patients with rhi-
nitis were evaluated, and 1586 (66.3%) had at least 
one allergen-positive SPT response to allergens, 
such as pollen, house dust, fungi, or animal dander. 
Of those with positive test results due to allergen 
sensitization, 1023 (64.5%) were female and 563 
(35.5%) were male. These patients were diagnosed 
with AR. The average age of females was 37.13 ± 
9.96 years, while that of men was 36.99 ± 9.28 years. 
SPT results showed that 805 (33.7%) patients with 
rhinitis had no allergen sensitization. Of those with 
negative test results, 556 (69.1%) were female and 
249 (30.9%) were male, and these patients without 
allergen sensitization were not included in the anal-
ysis and comparison. 

The number of allergen sensitizations for each 
allergen type is provided in Figure 1. The results 
showed sensitization to pollen in 905 patients, house 
dust in 667, mold in 443, and animal dander in 298 
(Figure 1). The detailed number of patients, allergen 
types, and multiple sensitization data are also pro-
vided in Figure 1. Sensitization to only one type of 
allergen is indicated by A1 (1039 patients; 65.5%). 
Patients who showed positive response to only two 
allergens are indicated by A2 (386; 24.3%), those 
who showed positive response to only three aller-
gens are indicated by A3 (142; 9.0%), and those who 
showed positive response to four allergens (pollen, 
HDM, mold, and animal dander) are indicated by A4 
(19; 1.2%). 

The percentage of patients with multiple aller-
gen sensitizations was lowest (38.8%) in the group 
of patients with positive response to animal dander 
and was highest in groups of patients with positive 
responses to pollen, HDM, and mold (68.2 %, 63.6 
%, and 62.3 %), respectively (Figure 1). 

More than half of the patients (57.1%) had sensitiza-
tion to pollen (tree pollen mix, grass pollen, grain 
pollen, wild herb pollen, olive tree pollen, poplar 
pollen, and red oak pollen). Sensitization to house 
dust (D. farinae and D. pteronyssinus) was seen in 
42.1% of the patients, whereas that to mold (A. al-
ternata and A. fumigatus) was seen in 27.9%; fur-
thermore, 18.8% of patients had sensitization to ani-
mal dander (cat and dog dander) (Figure 2). 

 



5115 

 

 
The number of sensitive patients according to 

each allergen type is presented in Figure 2. The high-
est number of patients were sensitive to D. farinae 
and lowest to dog dander (Figure 2). Interestingly, 

the most prevalent allergen types in Istanbul were 
 (  + ) 

and tree pollen mix (Figure 2). 
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53 (17.43%) 125 (41.12%) 89 (29.28%) 37 (12.17%) 0.00 
145 (24.13%) 209 (34.78%) 165 (27.45%) 82 (13.64%) 0.36 
198 (21.88%) 334 (36.91%) 254 (28.07%) 119 (13.15%) 0.05 
71 (28.98%) 93 (37.96%) 51 (20.82%) 30 (12.24%) 0.02 
122 (28.91%) 128 (30.33%) 99 (23.46%) 73 (17.3%) 0.17 
193 (28.94%) 221 (33.13%) 150 (22.49%) 103 (15.44%) 0.12 
39 (25.49%) 64 (41.83%) 36 (23.53%) 14 (9.15%) 0.08 
80(27.59%) 95(32.76%) 79(27.24%) 36(12.41%) 0.47 

119 (26.86%) 159 (35.89%) 115 (25.96%) 50 (11.29%) 0.06 
32 (33.68%) 40 (42.11%) 16 (16.84%) 7 (7.37%) 0.00 
62 (30.54%) 76 (37.44%) 45 (22.17%) 20 (9.85%) 0.03 
94(31.54%) 116 (38.93%) 61 (20.47%) 27 (9.06%) 0.00 

     
130 (23.09%) 230 (40.85%) 139 (24.69%) 64(11.37%) 0.22 
264 (25.81%) 349 (34.12%) 268 (26.2%) 142 (13.88%) 0.25 
394 (24.84%) 579 (36,51%) 407 (25,66%) 206 (12,99%) 0,15 

 M: Male, F: Female, n: number of patients, p: Kruskal–Wallis test 

Patients were divided into four different age 
groups with 10-year intervals. Age groups 1, 2, 3, 
and 4 had 394, 579, 407, and 206 individuals, respec-
tively. The highest sensitization to all allergen 
groups was observed in group 2 (36.5%) and the 
lowest was in group 4 (13.0%) (Table 1). The highest 
sensitization in male patients was observed in group 
2 (40.9%) and lowest in group 4 (11.4%). Sensitiza-
tion in female patients was also highest in group 2 
(34.1%) and lowest in group 4 (13.9%) (Table 1). 
There was no significant difference in terms of aller-
gen sensitization between males and females in the 
same age groups (p > 0.05) (Table 1). Additionally, 
allergen sensitization to pollen, HDM, mold, and an-
imal dander was highest in group 2 and lowest in 
group 4 in both the sexes (Table 1). 

 
Our results show that 66.3% of patients (total, 

1586) with rhinitis symptoms had AR based on at 
least one sensitive response on SPT; i.e., two of three 
patients with rhinitis may have an atopic reaction. 
Therefore, SPT is one of the main tests for the diag-
nosis of patients with AR with an atopic reaction. 
These results were similar to the results on SPT and 
percentage of patients with sensitization reported in 
a study in a small city 150 km away from Istanbul 
[9, 10]. 

Most patients (65.5%) have sensitization to 
only one type of allergen (pollen, HDM, mold, or an-
imal dander); multiple allergen sensitizations were 
lowest (38.8%) for animal dander and highest 
(68.2%) for pollen (Figure 1). Therefore, results of 
the current study showed that patients affected with 

indoor allergens have a lower number of multiple al-
lergen sensitizations. This may be a result of re-
peated exposure to indoor allergens in living areas, 
affecting the patient’s immune system and develop-
ing tolerance to the allergens. However, pollen ex-
erts a stimulating effect on the immune system, and 
cross reactions to other allergens may develop. 

Sensitivity to allergens is associated with many 
factors, such as climate, geography, lifestyle, and 
humidity. These factors affect allergen responses of 
the population to pollen, HDM, fungi, and animal 
dander. The results observed in the city of Bushehr 
in the southwestern part of Iran are consistent with 
the results of the current study on allergen sensitiza-
tion [11]. In the study in Iran, pollen was the most 
common allergen in a rural region, but the percent-
age of indoor allergens, such as HDMs, was lower 
than that in the current study. Lifestyle and local cli-
mate, especially humidity, may have resulted in this 
difference [12, 13]. 

HDMs live on carpets, soft furnishings, and 
bedding. They thrive at approximately 25–30°C with 
relative humidity between 75% and 80% [14, 15]. Is-
tanbul’s temperature and humidity rates constitute a 
suitable environment for mites. Animal-borne aller-
gens at home and workplace are of clinical im-
portance. Hair, urine, and saliva of cats and dogs are 
sources of allergy, in addition to dander. In European 
and Western countries, there is a higher sensitivity to 
these allergens [2]. In European and North American 
countries, sensitivity to cat and dog dander is an im-
portant consideration for common aeroallergens [1, 
16]. 

Indoor allergens, such as HDMs, are the most 
prevalent, affecting more than 56% of sensitive pa-
tients (e.g., Mexico City) [17]. Outdoor allergens, 
such as pollen, are the most prevalent in Istanbul re-
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gion, affecting approximately 57.1% of sensitive pa-
tients, which may be explained by the characteristics 
of various flora; climatic factors, such as wind rate 
and high humidity; and regional geographical condi-
tions. 

The high rate of sensitivity to pollen allergens, 
pollen-bearing trees, grass, and flowers may be at-
tributed to their heavy presence throughout the year 
in Istanbul. Indeed, airborne allergens, such as pollen 
and spores, have been suggested as the main cause 
of allergic respiratory problems in temperate coun-
tries [18]. Grass, weeds, and tree pollen mix are 
spread by the wind rather than by insects, and the 
clinical significance of pollen varies depending on 
the geographic location [19]. 

The least common sensitive allergens in Istan-
bul were animal dander (Table 1). The overall sensi-
tization to cats and dogs in the European population 
is very similar, but regional differences are found. 
Cat dander sensitization was seen in an average of 
26.3% (range, 16.8%– 49.3%) of patients. The rate 
of sensitization to dog allergens was 27.2% (range, 
16.1%–56%) [20]. House-dwelling animals are not 
common in Istanbul compared with Europe. The cur-
rent results showed that sensitization to animal dan-
der was observed in 18.8% of patients, which was 
lower than the lowest ranges in European countries. 
This difference may be attributed to the lifestyles of 
individuals in Istanbul [20]. Living arrangements, 
mostly apartments, do not allow for coexistence of 
animals with humans in indoor settings in Istanbul. 

Sensitivity to inhalant allergens and its clinical 
presentation are affected by age, and the number of 
studies including age and sensitivity has been in-
creasing worldwide [21]. The symptoms of AR often 
begin in adolescence but may start at any age [22]. 
The allergen sensitization in our study was found to 
be highest (36.5%) in group 2 (age range, 30–39 
years) and lowest (13%) in group 4 (age range, 50–
59 years) (p < 0.01; Table 1). There are many param-
eters influencing decreased sensitization in older 
age. The most probable causes are lifestyle, senes-
cence of immunity inducing tolerance, and long-
term exposure to allergens that triggers a state of an-
ergy to immunogens. In a recent study from Iran, 
there was a significant difference between different 
age groups with respect to the frequency of AR (p = 
0.006) [11]. 

The main difference according to sex was in-
creased sensitization to HDM and animal dander in 
males compared with females in group 2 (Table 1). 
This difference may have resulted due to occupa-
tional, lifestyle, and hormonal differences. Exposure 
to HDMs and animal dander occurs at home. In Is-
tanbul, males aged 20–29 years generally spend 
lesser time at home than females, which may have 
resulted in the differences in results. Lifestyle 
changes in males in this age range, such as getting 
married and working, may result in increased expo-
sure to indoor allergens (Table 1). 

The cases in our study reflected age and sex 
characteristics of the population of our region. An 
additional prospective study is in progress to include 
comparisons of sensitization for variations in occu-
pation, lifestyle, and climatic conditions. 

In conclusion, this study was important for 
monitoring allergen sensitivity of patients with rhi-
nitis in a large city. It also showed that sensitization 
decreases with increasing age for all types of aller-
gens, and the percentage of sensitization may change 
according to the age and sex of the patient. Monitor-
ing patients with allergen sensitization according to 
age groups and sex is important for environmental 
regulation, design of living spaces, working condi-
tions, and physical and biological materials in the 
living space. These data will be useful for the evalu-
ation of ecological effects of global climate change 
and environmental conditions on allergic diseases 
and regulation of preventive health services. 
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Based on the comparison of A/O and A2/O 

processes, the removal characteristics of heterocy-
clic and polycyclic aromatic hydrocarbons(PAHs) 
in A2/O process were investigated. Additionally, the 
effects of anaerobic co-metabolism, multistage 
co-metabolism and step feeding on the removal 
rates were studied. The results showed that the 
kinds and concentrations of heterocyclic and PAHs 
in the effluent of A2/O process were less than that 
of A/O process. The removal rates of pyridines, 
quinolines, biphenyls and naphthalenes at the opti-
mum HRT of 52h were 64.2%, 58.1%, 61.7% and 
67.4% respectively. When 200 mg/L glucose was 
anaerobically co-metabolized, the removal rates 
increased by 4.1%, 5.1%, 3.6% and 5%, respec-
tively, but it has no obvious difference with the en-
hanced glucose concentrations. Effect of multistage 
co-metabolism could improve the COD, TOC re-
moval efficiencies from 83.5%, 84.2% to 90.6%, 
89.4% by improving the treatment effect of each 
section of the process; Step feeding can promote the 
removal of heterocyclic and PAHs, and the effect 
was more remarkable at the ratio of anaero-
bic:anoxic stage of 2:1. 

Coal Gasification Wastewater; polycyclic aromatic hy-
drocarbons, A2/O, multistage co-metabolism, step feeding  
 
 

 
Due to the present increase in the consumption 

of natural gas, coal gasification technology is gain-
ing more and more attention. However, wastewater 
generated during the coal gasification processes 
contains a large number of toxic and refractory 
compounds, such as phenolic compounds, cyanide, 
pyridine, and long-chain alkanes, posing a major 
challenge to environmental safety [1, 2]. Although 
the pretreatment processes of ammonia-stripping 
and solvent extraction are effective for the reduc-

tion of ammonia and phenolic compounds, the con-
tent of refractory organic compounds in the coal 
gasification wastewater (CGW) remains high [2, 3]. 
Biological treatment is by far the most widely ap-
plied and cost-effective process for wastewater 
treatment [4]. However, due to a certain number of 
refractory and inhibitory pollutants in CGW, COD 
and total phenols are poorly removed by the con-
ventional activated sludge process. 

Recently, much attention has been directed to 
anoxic-oxic (A-O) and anaerobic–anoxic–oxic 
(A2/O) due to its capability to improve the biodeg-
radability of CGW [5]. Rava and Chirwa [6] found 
that the biological enrichment-modified A/O pro-
cess can achieve COD and TN removal rates of 
99% and 80%, respectively. Liu et al. [7] found that 
A2/O-MBR process can achieve COD and ammonia 
removal rates of 96.6% and 85.6%, respectively. 
However, the above-mentioned reports are limited 
to the removal of comprehensive index, e.g. COD 
or TN, few studies on heterocyclic or polycyclic 
aromatic hydrocarbons (PAHs) were reported. Ac-
tually, the heterocyclic and PAHs existed in CGW 
not only inhibits microbial activity and reduces the 
treatment efficiency, but also turns into a variety of 
intermediate products that can not be completely 
degraded [8, 9]. Thus, the effective removal of 
these pollutants is the key to improve the efficiency 
of CGW treatment and to enhance the quality of 
effluent [10]. 

In this study, the removal characteristics of 
heterocyclic and PAHs in A2/O process were inves-
tigated. Additionally, the effects of anaerobic 
co-metabolism, multistage co-metabolism and step 
feeding on the removal rates were studied. The re-
sults can provide theoretical basis for enhancing the 
biological treatment process of CGW and control-
ling the discharge of heterocyclic and polycyclic 
aromatic hydrocarbons. 
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The experiment adopts 
a self-made A2/O system. The main body is com-
posed of anaerobic tank (3L), anoxic pool (3L) and 
aerobic pool (9L). The system is operated in two 
phases:  the raw water is directly flowed into 
the anoxic tank, making the system run as a A/O 
system, and the treatment effect of the A/O process 
is investigated.  after the operation of A/O is 
stabilized, the anaerobic tank is accessed to exam-
ine the effect of the A2/O. 

 
Seed sludge was 

collected from the full scale aerobic reactors treat-
ing real CGW at China Coal Longhua Harbin Coal 
Chemical Industry Co. Ltd. The reactors had been 
operating for 12 months, and the sludge was 
grey-black with good settlement characteristics; 
MLVSS/MLSS≈0.69. Real CGW used in this study 
was obtained from the same coal gasification plant 
mentioned above. The main characteristics of real 
CGW after phenol extraction with diisopropyl ether 
and ammonia stripping are COD 2021.3~2081.9 
mg/L, BOD5 696.5~731.3 mg/L, TOC 799.6~827.8 
mg/L, total phenols 601.5~623.1 mg/L, NH3--N 
106.1~114.7 mg/L, pH 6.5~7.5. 

. Heterocyclic and poly-
cyclic aromatic hydrocarbons were determined by 
high performance liquid chromatograph (HPLC) 
(HP7950, Agilent). Culture samples for HPLC 
analysis were filtered through 0.25 μm membrane 
[11]. COD, BOD5, toatl phenols, TOC, MLVSS, 
MLSS and ammonia were determined according to 
standard methods [12]. 

 
 

As shown in Fig. 1, the re-
moval efficiencies of COD, BOD5, TOC, total 
phenolics and ammonia nitrogen in the A/O process 
were 66.3%, 86.1%, 65.5%, 69.5% and 85.4%, 
compared that of 81.5%, 89.6%, 79.2%, 78.5% and 
90.6% respectively in A2/O process. The reason that 
the BOD5 and ammonia nitrogen removal rates are 
basically the same is that the former is formed 
mainly of easily degradable phenols and is rapidly 
oxidized and decomposed by the microorganisms; 
On the other hand, a sufficiently long aerobic time 
to be making ammonia nitrogen fully converted by 
the ammoxidation bacteria. On the contrary, the 
difference between CODCR and TOC removal rate 
is larger, for this reason, two kinds of process ef-
fluent were analyzed by GC/MS, and result showed 
that the types and concentrations of heterocyclic 

and polycyclic aromatic compounds in A2/O pro-
cess effluent were obviously lower than that of A/O 
process effluent.

 

HRT is an 
important factor that determines the design and 
operation of biological treatment processes. Appro-
priate HRT can not only increase the contact oxida-
tion time between microorganisms and organic 
matters, but also reduce the process footprint and 
investment costs [13]. As shown in Fig.2, the re-
moval rates of pyridines, quinolines, biphenyls and 
naphthalenes with HRT of 36 h were 49.7%, 46.1%, 
49.9% and 55.3%, and increased to 64.2%, 58.1%, 
61.7% and 67.4% respectively with HRT of 52 h, 
indicating that the prolongation of HRT could pro-
mote the removal of heterocyclic and polycyclic 
aromatic hydrocarbons. However the removal rates 
have not changed significantly with a more largerer 
HRT. Therefore, the optimal HRT for the A2/O pro-
cess is 52 h. 

As can be seen from Fig. 3, the heterocyclic 
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and PAHs are removed in all stages of the A2/O 
process, but the removal rates are generally lower 
than 40% in each stage. The reason may be that the 
coexistence of multiple toxic substances causes a 
synergistic inhibitory effect, resulting in a signifi-
cant reduction in the activity of degrading enzymes 
[14]. In addition, the removal rates of heterocyclic 
and polycyclic aromatic hydrocarbons in anaerobic 
and anoxic stages were significantly higher than 
those in aerobic stage. The removal of pyridine 
pollutants in anaerobic, anoxic and aerobic stage 
accounted for 40.1%, 42.5% and 17.4% of the total 
removal, and the quinolines were 34.5%, 56.2% 
and 9.3% and the biphenyls were 48.6%, 35.4% and 
16%, and the naphthalenes were 46.4% and 36.2% 
and 17.4% respectively. That is, nitrogenous heter-
ocyclic compounds such as pyridines and quino-
lines were most removed in the anoxic stage, while 
PAHs such as biphenyls and naphthalene were most 
removed in the anaerobic stage. Nevertheless, the 
A2/O process effluent still contains a high concen-
tration of organic pollutants. Therefore, for the re-
moval of heterocyclic and PAHs, it is difficult to 
achieve the ideal effect only by prolonging HRT, 
which needs to change the microbial living and 
metabolic environment to weaken the toxicity and 
inhibition of pollutants. 

 

 For refractory organic con-
taminants, adding appropriate amount of glucose as 
a carbon source and energy for microbial catabo-
lism can improve the substrate removal ability [15].
Fig. 4 shows that 200 mg/L glucose can make the 
removal rates of pyridines, quinolines, biphenyls 
and naphthalenes from 64.2%, 58.1%, 61.7% and 
67.4% to 68.3%, 63.2%, 65.3% and 72.4%, respec-
tively, indicating that glucose could promote the 
removal of heterocycles and polycyclic aromatic 
hydrocarbons in A2/O process, but the removal rates 

of all four compounds did not increase significant-
ly with the increase of glucose concentration to 300 
mg/l and 400 mg/l. This may be due to the high 
degradation of glucose itself, which results in the 
degradation of glucose in the anaerobic phase and 
failure to play a role in the subsequent treatment 
unit. Additionally, a high proportion of growth sub-
strate or target pollutants is not conducive to 
co-metabolism. Thus, when the glucose concentra-
tion exceeds a certain value, the effect of 
co-metabolism is not obvious. 

In order to confirm the above theory, the re-
moval effect of four kinds of compounds in differ-
ent stages at various glucose concentration was 
analyzed. 

 
It can be seen from Table 1 that the removal 

rates of four kinds of compounds in anaerobic stage 
can be significantly increased by 200 mg/L glucose, 
but the removal rates were almost not changed at 
400 mg/L, which indicated that excessive glucose 
does not promote the removal of heterocycles and 
PAHs in anaerobic stage. On the contrary, the re-
moval rates in anoxic and aerobic sections were 
basically unaffected. As shown in Fig.4, regardless 
of the concentration of glucose in the anaerobic 
stage, in the anoxic stage, it is less than 50 mg/L, 
and disappeared in the aerobic stage, indicating that 
glucose has been fully degraded in anaerobic stage. 
Therefore, in order to give full play to the role of 
glucose co-metabolism, glucose could be added to 
anaerobic, anoxic and aerobic stages separately. 

 
 In order to make 

full use of the effect of co-metabolism, 400mg/L 
glucose was put into each stage of the A2/O process 
according to anaerobic 200 mg/L, anoxic 100 mg/L 
and aerobic 100 mg/L, and the removal of hetero-
cyclic and PAHs in multistage co-metabolism was 
investigated. 
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  anaerobic %   anoxic %   aerobic %  
Glucose mg/L   0 200 400  0 200 400  0 200 400 
pyridines  24.8* 30.5 30.9  33.6 34.1 35.3  20.5 18.4 19.6 
quinolines  21.7 29.4 30.2  36.4 35.8 37.4  17.3 16.9 17.2 
biphenyls  28.4 37.2 38.1  25.7 26.9 29.5  12.8 13.5 11.8 
naphthalenes  30.1 39.4 40.9  29.6 31.2 31.1  19.6 20.1 19.4 

The result is the average of triple experiments. 

Compounds 
 Anaerobic co-metabolism  Multistage co-metabolism 
 anaerobic anoxic aerobic  anaerobic anoxic aerobic 

pyridines  34.6 38.5 24.7  33.8 43.8 31.2 
quinolines  29.6 42.2 12.8  28.3 46.5 18.1 
biphenyls  37.2 34.1 19.8  35.5 39.7 26.1 
naphthalenes  42.7 37.2 26.9  41.2 45.4 35.7 

Compounds 
(anaerobic:anoxic) 

anaerobic only 2:1 1:1 1:2 
pyridines 64.2 68.3 64.3 58.9 
quinolines 58.1 64.5 59.5 50.4 
biphenyls 61.7 66.4 63.6 54.6 
naphthalenes 67.4 73.3 70.2 60.8 

It is shown from Table 2 that the removal rates 
of four compounds in anaerobic stage under two 
metabolic conditions was similar, the difference of 
the removal rates in the anoxic section and the aer-
obic stage was significantly, which indicated that 
the presence of glucose improved the transfor-
mation of heterocyclic and PAHs in the latter two 
stages. As shown in Fig.5, by increasing the remov-
al rates of heterocyclic and PAHs, the removal rates 
of COD and TOC were increased from 83.5% and 

84.2% to 90.6% and 89.4% indicating that multi-
stage co-metabolism could effectively improved the 
removal ability of A2/O process. 

 
 As a phenolic com-

pound with large content in coal gasification 
wastewater, phenol can promote the transformation 
of heterocyclic and PAHs by the method of 
co-metabolism [16]. However, the study showed 
that too high concentration of phenol weakens the 
removal efficiency [17]. The removal of heterocy-
clic and PAHs was investigated when the inflow in 
anaerobic and anoxic stage at the ratio of 2:1, 1:1 
and 1:2, respectively. 

As shown in Table 3, the removal rates of 
pyridines, quinolines, biphenyls and naphthalenes 
increased from 64.2%, 58.1%, 61.7% and 67.4% to 
68.3%, 64.5%, 66.4% and 73.3% respectively when 
the water ratio was 2: 1, indicating that the step 
feeding has a significant effect on the removal of 
heterocyclic and PAHs. However, gradually in-
creasing the amount of wastewater in the anoxic 
section resulted in a sharp decrease in the removal 
rates, which was reduced to 58.9%, 50.4%, 54.6% 
and 60.8% at the ratio of 1: 2. Even the removal of 
heterocyclic and PAHs at 1:1 was similar to that of 
1:2, the COD, BOD5 and TOC removal rates were 
significantly lower. The reason may be that a large 
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number of wastewater directly into the anoxic sec-
tion, which can only be removed from the latter two 
segments. This would results in many easily de-
gradable substances flowing out of the system 
without thorough transformation. Therefore, the 
optimum influent ratio of anaerobic:anoxic stage of 
A2/O process was 2: 1. 

 

 
The results indicated that the kinds and con-

centrations of heterocyclic and polycyclic aromatic 
hydrocarbons (PAHs) in the effluent of A2/O pro-
cess were less than that of A/O process. The re-
moval rates of pyridines, quinolines, biphenyls and 
naphthalenes in A2/O process was 64.2%, 58.1%, 
61.7% and 67.4% respectively, at the optimal HRT 
of 52 h. Multistage co-metabolism could make full 
use of the effect of co-metabolism and effectively 
improved the removal ability of A2/O process. The 
optimum influent ratio of anaerobic:anoxic stage of 
A2/O process was 2: 1. The results can provide the-
oretical basis for enhancing the biological treatment 
process of CGW and controlling the discharge of 
heterocyclic and PAHs. 
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ABSTRACT 
 
In this study, commercial and experimental 

maize hybrids were tested under managed water 
stress (WS), rain-fed (RF) (mild stress) and well-wa-
tered conditions at two sites to determine hybrid re-
sponses to different water stress conditions. Accord-
ing to the results, mean yield reduction due to the 
water stress and rain-fed conditions were determined 
77% and 9% respectively. Anthesis date delayed, an-
thesis-silking interval increased, plant height short-
ened, number of ear per plant and yield sharply de-
creased under water stress when compared to rain-
fed and well-watered conditions. ADA 351 was 
identified as the most water stress tolerant commer-
cial hybrid in terms of stress tolerance index (STI), 
drought resistance index (DI) and yield reduction ra-
tio (YRR). ANT KTH-3 experimental hybrid was 
identified as a water stress tolerant hybrid in terms 
of STI index. It was determined that KALUMET and 
ANT KTH-4 hybrids were sensitive to water stress. 
P31G98, ANT KTH-3 and DKC6589 hybrids were 
the best hybrids in terms of STI and DI indices in RF 
experiment. Interestingly ANT KTH-4, a sensitive 
hybrid, was also identified as mild water stress sen-
sitive hybrid. This study identified tolerant and sen-
sitive maize hybrids to severe and mild water stress 
and showed the importance of the germplasm for wa-
ter stress.  
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INTRODUCTION  

 
Water is vital for the plants. Plants use water as 

a solvent, as a cooling agent, as a reagent and for 
maintaining plant structure. When the plants wilts, 
its turgor decreases, cells collapses, membranes and 
protein structures lose their functions [1]. Depending 
the duration of the water scarcity, plants can even be 
completely die. 

Although many part of the world has suffered 
from the water stress during crop production, it is 
predicted that global warming is affecting the cli-
mate, and thus this situation will be worse in the fu-
ture [2]. In order to cope with the water stress for a 

sustainable agricultural production the water must be 
delivered to the plant using modern irrigation sys-
tems and the varieties that tolerant to water deficit 
should be preferred.  

Water stress or drought is probably the most 
important abiotic stress that limits maize production 
in the world [1, 3]. Drought stress currently has ad-
versely affects Sub-Saharan Africa, South America 
and Asia maize production. With the effort by Inter-
national Wheat and Maize Improvement Center 
(CIMMYT) targeting these tropical or sub-tropical 
environments positive results has achieved [4]. 
However, maize production in temperate regions 
gets little attention when compared with these men-
tioned areas [5]. Turkey produces maize during sum-
mer season and irrigation has to be applied for a prof-
itable production especially in southern part of the 
country. Although rain is adequate for the maize pro-
duction in northern Turkey, irrigation is done when 
needed. However, maize produc-
tion is being irrigated. Turkey is not a country that 
rich in freshwater resources and classified as water 
deficit country [6]. 

In order to mitigate water stress effects on 
maize, maize hybrids that tolerant to drought stress 
must be identified and used in the production. The 
objectives of this study were to: i) determine perfor-
mances of commercial and experimental maize hy-
brids under managed water stress and rain-fed con-
ditions in two different environments of a temperate 
region, ii) investigate yield reduction due to the wa-
ter stress, iii) identify hybrid or hybrids that tolerant 
to drought based on investigated traits. 

 
 

MATERIALS AND METHODS 
 
Four high yielded commercial checks and four 

experimental maize hybrids that selected from 
drought tolerance maize breeding studies were used 
in the study. ADA 351, DKC6589, P31G98 and 
KALUMET were the commercial checks. ANT 
KTH-1 and ANT KTH-2 are maize hybrids that gen-
erated from tropical line x temperate line crosses. 
ANT KTH-3 is a temperate x temperate cross and 
parents of this hybrid (TK 72 and Ant 24702) re-
ported as tolerant to drought stress [7]. ANT KTH-4 
is another temperate x temperate cross and male par-
ent of this hybrid (Ant-I-84) identified as a sensitive 
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line to drought [7]. 
The experimental hybrids were generated at 

Bati Akdeniz Agricultural Research In  
(BATEM) Field Crops Department, Antalya 

in 2015. Experimental hybrids 
and commercial checks, total eight hybrids were 
tested in BATEM, Antalya (Southern of Turkey) and 

, Sakarya (Northern) 
(40°48'N 30°25'E) in 2016. 

Water stress (stress) and well-watered (normal) 
experiments were conducted side by side in each lo-
cation. Reproductive stage water stress targeted and 
therefore water withdrawn 2-3 weeks before flower-
ing until harvest as suggested by [1] and [3].  

Experiments were designed as Randomized 
Complete Blocks with three replications. Plots con-
sisted of three rows, 5 meters long with row spacing 
of 0.7 meters. Fertilization and plant protection 
measures were undertaken according to local recom-
mendations.  

Mean precipitation, humidity and temperature 
data during the period of the study for Antalya (water 
stress location) and Sakarya (rain-fed location) was 
shown in Figure 1 and Figure 2 respectively. It can 
be seen from the figures that there is no or insignifi-
cant precipitation in Antalya location where is a se-
vere water stress site during reproductive stage of 
maize to harvest, while precipitation was recorded in 
Sakarya that is considered as rain-fed environment. 

temperature data is more 
suitable for maize production when compared to An-
talya.  

The traits evaluated in the research were meas-
ured according to [1] and [8]. Anthesis-Silking Inter-
val (ASI), plant height (PH), number of ears per plant 
(EPP), and yield traits which were reported to be the 
most important traits [4] in drought stress studies 
were used for the study.  

 

 
FIGURE 1 

Precipitation, temperature and humidity data of Antalya (water stress) location 
 

 
FIGURE 2 

Precipitation, temperature and humidity data of Sakarya (rain-fed) location 
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Analysis of variance was performed on data in 
WW and WS experiments. Genotype x environment 
interactions were calculated and in the present of the 
interaction every location was evaluated separately. 
Drought Resistance Index (DI) [9], Stress Tolerance 
Index (STI) [10] and Yield Reduction Ratio (YRR) 
[11] indices were computed using Excel files.  

 
STI = (Ys ×Yp)/( p2) 
DI = (Ys×(Ys/Yp))/ s 
YRR=1  (Ys/Yp) 
In the above formulas, Ys, Yp, s and p rep-

resent the trait under stress (WS), trait under well-
watered (WW) for each genotype and experiment 
trait means in WS and WW conditions for all geno-
types, respectively. 

 
 

RESULTS AND DISCUSSION 
 
Results of the analysis of variance for anthesis 

date (AD) and anthesis-silking interval (ASI) ob-
tained from well-watered (WW), water stress (WS) 
and rain-fed (RF) experiments were shown in Table 
1. According to the analysis, genotype (G) by envi-
ronment (location, E) interaction was found to be 
significant for both traits. Highly significant differ-
ences (P<0.01) were determined amongst genotypes 
for AD except for Sakarya RF experiment. Studies 
have shown that anthesis or tasseling in maize can be 
partially delayed under severe water stress [12, 13, 
14, 15]. Since Antalya WS experiment was carried 
out under severe water stress, it seems anthesis de-
layed for 1.2 days (72 days) when compared with the 
Antalya WW (70.8 days) conditions. However, 
mean anthesis date in other experiments including 
Sakarya RF is similar. When ASI values investi-
gated, Antalya WS experiment showed that under se-
vere water stress conditions ASI increased in be-
tween hybrids. Lowest ASI values were detected in 

DKC6589 (2.3) and P31G98 (2.7) hybrids, while 
highest values were obtained from ANT-KTH-2 and 
ANT-KTH-4 hybrids. Rain-fed conditions (Sakarya 
RF) did not affect ASI showed little or no water 
stress in that location. During flowering silk growth 
in maize is more susceptible to water stress or other 
several abiotic stresses [1]. Silk growth is delayed 
under water stress conditions and this situation 
causes an increase in ASI. Therefore, selection for 
lower ASI values were being suggested by previous 
studies [16, 17, 18].  

Genotype x environment interaction was found 
to be statistically insignificant for plant height (Table 
2). When mean plant height values evaluated, plant 
height of all hybrids decreased under water stress 
conditions compared to well-watered counterpart. 
This finding confirms previous studies [19, 20, 18]. 
Ear per plant values under Sakarya RF, Antalya WW 
and Sakarya WW conditions seems to be around one 
ear per plant. However, severe water stress affected 
negatively EPP in Antalya WS conditions. It is 
known that hybrids that have more ear per plant are 
tolerant to drought [1, 21]. According to the EPP re-
sults KALUMET seems to be more drought sensitive 
hybrid when compared other tested germplasm. 

Mean grain yield (kg/ha) of the hybrids ob-
tained from water stress (Antalya WS), rain-fed (Sa-
karya RF) and well-watered conditions (Antalya 
WW and Sakarya WW) was given in Table 3. Ac-
cording to the results, experiment mean of the An-
talya WS was 2129.6 kg/ha while mean of the An-
talya WW trial was 9340.4 kg/ha. Yield reduction 
because of the water stress in Antalya location was 
calculated as 77% showing occurrence of the severe 
water stress in that location. On the other hand, mean 
grain yield of the Sakarya RF experiment and Sa-
karya WW experiments were recorded as 11329.1 
kg/ha and 12356.8 kg/ha respectively. Small amount 
of yield loses (9%) due to water stress was deter-
mined in the location.  

 
 

TABLE 1 
Anthesis date and anthesis-silking interval values obtained from the experiments 

 Anthesis date (AD) Anthesis-Silking Interval (ASI) 

Hybrids 
Antalya 

 WS 
Sakarya  

RF 
Antalya  

WW 
Sakarya  

WW 
Antalya  

WS 
Sakarya  

RF 
Antalya  

WW 
Sakarya  

WW 
ADA 351 69.0 c 69.7 68.3 d 69.3 cd 4.0 bc 1.0 2.0 ab 0.7 d 
ANT KTH-1  77.7 a 70.7 74.7 a 74.0 a 4.3 sc 1.3 1.0 c 1.3 bc 
ANT KTH-2 74.3 b 71.7 73.7 ab 74.0 a 6.0 a 1.0 2.3 a 2.0 a 
ANT KTH-3  66.3 d 68.0 66.3 e 67.7 d 4.3 bc 1.0 2.0 ab 1.0 cd 
ANT KTH-4  72.3 b 70.7 71.7 c 71.7 b 5.0 ab 1.0 2.0 ab 1.7 ab 
DKC6589 69.7 c 70.3 68.0 de 69.3 cd 2.3 d 1.0 1.3 bc 1.0 cd 
KALUMET 73.7 b 70.3 71.3 c 70.0 bc 3.3 cd 0.7 1.3 bc 1.0 cd 
P31G98 73.3 b 71.3 72.7 bc 70.3 bc 2.7 d 1.0 1.7 ac 1.0 cd 
Mean 72.0  70.3 70.8  70.8  4,0  1.0 1.7  1.2  
CV 1.59  2.09 1.54  1.4  15  26.9 24  26.3  
LSD 2.00**  2.58ns 1.91**  1.7**  1.06**  0.82ns 0.71*  0.56**  
G x E ** * ** * 

fferent from each other. 
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Three commercial checks (ADA 351, P31G98 
and DKC6589) and a drought tolerant x drought tol-
erant (ANT KTH-3) hybrid showed good yield per-
formance in the Antalya WS where was a controlled 
drought conditions. KALUMET and ANT KTH-4 
(drought sensitive x drought tolerant) can be identi-
fied as the sensitive hybrids when compared other 
hybrids. ANT KTH-4 gave similar result that was 
obtained from Sakarya RF experiment. However, 
KALUMET check had good yield in Sakarya RF in-
dicated that this hybrid can tolerate small amount of 
water stress.  

In order to identify hybrids that tolerance to wa-
ter stress (Antalya WS) or mild stress conditions (Sa-
karya RF), stress tolerance index (STI), drought re-
sistance index (DI) and yield reduction ratio (YRR) 
was analyzed and the results were given in Table 4. 
According to the results, ADA 351 was identified as 
the most water stress tolerant hybrid in terms of three 

indices. ANT KTH-3 experimental hybrid was iden-
tified as a water stress tolerant hybrid in terms of STI 
index. It was determined that KALUMET and ANT 
KTH-4 hybrids were sensitive to water stress. When 
results of the mild stress (Sakarya RF) experiment 
evaluated P31G98, ANT KTH-3 and DKC6589 hy-
brids were the best hybrids in terms of STI and DI 
indices. Interestingly ANT KTH-4, a sensitive hy-
brid, was also identified as mild water stress sensi-
tive hybrid. The yield reduction in this hybrid was 
27% in mild water stress. Researches showed that 
stress tolerance increased in commercial modern 
maize hybrids due to the selection under high plant 
densities [22, 23, 24]. Commercial maize hybrids 
tested in this study except KALUMET showed good 
performance under  
findings are in concordance with the mentioned stud-
ies above.  

 
TABLE 2 

Mean plant height and ear per plant characteristics of the hybrids from water stress, rain-fed and well-
watered conditions 

 Plant height (cm) Ear per plant (EPP) 

Hybrids 
Antalya 

WS 
Sakarya  

RF 
Antalya  

WW 
Sakarya 

 WW 
Antalya 

 WS 
Sakarya 

 WW 
Antalya 

 WW 
Sakarya  

WW 
ADA 351 205.0 ab 293.3 222.5 296.7 0.74 a 1.0 1.0 ab 1.0 
ANT KTH-1 203.3 bc 293.3 245.0 296.7 0.73 a 1.0 1.0 ab 1.0 

ANT KTH-2 
205.0 ab 293.3 241.7 291.7 0.66 

a
b 1.0 0.9 b 1.0 

ANT KTH-3 193.3 c 293.3 218.3 290.0 0.70 a 1.0 1.0 ab 1.0 

ANT KTH-4  
207.5 ab 286.7 241.1 290.0 0.63 

a
b 1.0 0.7 b 1.0 

DKC6589 209.2 ab 300.0 233.3 283.3 0.72 a 1.0 1.0 ab 1.0 
KALUMET 208.0 ab 293.3 240.8 300.0 0.47 c 1.1 1.0 ab 1.0 
P31G98 214.4 a 293.3 230.0 296.7 0.68 a 1.0 1.1 a 1.0 
Mean 205.7  293.3 234.1 293.1 0.7  1,0 1.0  1.0 
CV 2.87  2.74 5.49 3.44 10.2  4,34 5.58  2.96 

LSD 
10.34

*  14.06ns 22.51ns 17.68ns 0.12**  0,08ns 
0.09

*  0.05ns 
G x E ns ns ** ** 

fferent from each other.  
* and **  
 

TABLE 3 
Mean grain yield (kg/ha) of the hybrids obtained from water stress, rain-fed and well-watered conditions 

Hybrids Antalya WS Sakarya RF Antalya WW Sakarya WW 
ADA 351 2850.7 a 9527.8 c 9524.0 b 10459.7 cd 
ANT KTH-1  2195.6 bc 12003.5 ab 9208.6 b 12272.0 bc 
ANT KTH-2 1932.1 cd 10248.4 bc 7882.0 c 11512.8 bcd 
ANT KTH-3  2534.5 ab 12511.1 a 10625.2 a 13341.8 ab 
ANT KTH-4  840.9 e 7160.6 d 6781.0 d 9641.9 d 
DKC6589 2510.0 ab 12659.1 a 10104.3 ab 13518.1 ab 
KALUMET 1513.3 d 12713.6 a 10624.1 a 12996.5 b 
P31G98 2659.5 a 13810.0 a 9974.0 ab 15111.2 a 
Mean 2129.6 11329.1 9340.4 12356.8 
CV 11.78 10.71 5.70 9.60 
LSD 439.45** 2126.2** 933.48** 2077.7** 
Genotype x Environment ** * 

fferent from each other.  
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TABLE 4 
Stress tolerance index (STI), drought resistance index (DI) and yield reduction ratio (YRR)  

values of the hybrids 
 Antalya Sakarya 
Hybrids STI DI YRR STI DI YRR 
ADA 351 0.31 a 0.40 a 0.70 c 0.66 de 0.77 c 0.09 b 
ANT KTH-1  0.23 b 0.25 b 0.76 bc 0.96 bc 1.04 ab 0.02 b 
ANT KTH-2 0.17 c 0.23 b 0.75 bc 0.78 cd 0.82 bc 0.10 b 
ANT KTH-3  0.31 a 0.29 ab 0.76 b 1.10 ab 1.04 abc 0.06 b 
ANT KTH-4  0.07 d 0.05 c 0.88 a 0.47 e 0.48 d 0.27 a 
DKC6589 0.29 a 0.29 ab 0.75 bc 1.12 ab 1.05 ab 0.06 b 
KALUMET 0.18 bc 0.10 c 0.86 a 1.08 b 1.10 a 0.02 b 
P31G98 0.30 a 0.34 ab 0.73 bc 1.37 a 1.12 a 0.08 b 
Mean 0.23 0.24 0.77 0.94 0.93 0.09 
CV 12.76 16.87 4.37 16.7 16.8 8.3 
LSD 0.05** 0.11** 0.06** 0.28** 0.27** 0.14* 

Mean values in the same column followed by the same fferent from each other.  
 

 
CONCLUSIONS 

 
In conclusion, maize hybrids were tested under 

water stress and rain-fed conditions in two different 
locations of Turkey and hybrids responses to either 
severe water stress or mild water stress were differ-
ent. According to the results obtained from this study 
revealed that ADA 351 maize hybrid was the most 
water stress tolerant commercial genotype in terms 
of three stress tolerance indices. ANT KTH-3 exper-
imental hybrid was identified as a water stress toler-
ant hybrid in terms of stress tolerance index. The 
study identified KALUMET and ANT KTH-4 as 
sensitive to water stress. P31G98, ANT KTH-3 and 
DKC6589 hybrids were the best hybrids in terms of 
stress tolerance index and drought resistance index. 
This study identified tolerant and sensitive maize hy-
brids to severe and mild water stress and showed the 
importance of the germplasm for water stress.  
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From the perspective of kinetics, the biodegra-

dation of pyridine, quinoline, biphenyl and naphtha-
lene in aerobic, anoxic and anaerobic conditions 
were investigated. The results showed that the addi-
tion of substrates did not change the degradation ki-
netic types, but inhibited the degradation of the orig-
inal substrates. The inhibition strength was related to 
substance types of additive and original substrate as 
well as the degradation conditions; In aerobic condi-
tion, pyridine and quinoline to other substances is 
highly inhibition, diphenyl is moderately inhibition, 
naphthalene is low inhibition; In anoxic condition, 
the nonstructural analogs were low inhibition and the 
structural analogs were moderately inhibition; In an-
aerobic condition, the structural analogs were low in-
hibition and the nonstructural analogs were moder-
ately inhibition. Glucose co-metabolism could pro-
mote the degradation of heterocyclic and polycyclic 
aromatic hydrocarbons, and it has a more significant 
effect on the substances with poorer degradation per-
formance.

Biodegradation, inhibition, co-metabolism, heterocyclic, 
polycyclic aromatic hydrocarbons 
 
 

 
Heterocyclic and polycyclic aromatic hydro-

carbons (PAHs) are an important class of organic 
pollutants and widely exist in various types of 
wastewater such as coking, agriculture, medical 
treatment and chemical industry [1-3]. They are car-
cinogenic and mutagenic and seriously damage the 
environment and human health. Many treatment 
techniques such as activated carbon adsorption, 
chemical oxidation, and biodegradation have been 
developed to remove them from contaminated envi-
ronment [4, 5]. Of these options, biological treatment 
has the advantages of low energy consumption and 
no secondary pollution, and gradually replace the 
physicochemical process as the preferred method to 
degradation of such pollutants [6].  

At present, environmental workers have carried 
out studies on their biodegradation under various 
conditions. Shen et al. [7] found that glutaraldehyde 
is the main intermediate of pyridine anoxic degrada-
tion by GC/MS analysis. Thangaraj et al. [8] reported 
that the degradation rate constant decreased with the 
increase of the number of benzene rings in aerobic 
biodegradation of some aromatic hydrocarbons. 
Also many studies showed that a number of bacterial 
strains are able to utilize naphthalene and its deriva-
tives under aerobic and anaerobic conditions [9-11].  

Nevertheless, the above reports are mostly lim-
ited to the single substrate degradation by a single 
microflora, few studies on mixed pollutants was 
studied. However the actual wastewater is often in a 
difficult and easily degradable pollutants coexist 
state. Studies have shown that the addition of sub-
strates may inhibit cell enzyme activity and weaken 
microbial degradation capacity, but also may in-
crease the degradation of refractory substances 
through co-metabolism effect [12].  

In this study, the biodegradation of four kinds 
of heterocycles and polycyclic aromatic hydrocar-
bons (PAHs) such as pyridine, quinoline, biphenyl 
and naphthalene were studied. The inhibitions of het-
erocycles and polycyclic aromatic hydrocarbons un-
der different degradation conditions were deter-
mined. The effects of glucose as a co-metabolic sub-
strate on the biodegradation of four compounds were 
also investigated. It provides the basis for controlling 
the discharge of pollutants and guiding the biological 
treatment of sewage. 

 
 

The activated sludge was 
obtained from aerobic sludge reflux system of a coal 
chemical company, with the MLVSS/MLSS of 0.69. 
After 1 day of aeration, activated sludge was pre-
treated by centrifugation, distilled water washing, 
and was finally diluted with phosphate buffer solu-
tion to make an MLSS 20 g/L sludge concentrate. 
Mineral salt medium (MSM), described by Jeswani 
and Mukherji [10] was used in the acclimation and 
biodegradation experiments. The sludge was domes-
ticated in mineral salt medium with heterocyclic or 
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polycyclic aromatic hydrocarbons as solo carbon 
source. 

According to the pollutants and experimental 
conditions, 12 groups were acclimated in 3 L beaker 
(aerobic) or 2.5 L glass jar (anoxic, anaerobic) by se-
quential batch culture method. Regulation of MLSS 
1 g/l, DO 3~5 mg/l (aerobic), 0.3~0.5 mg/l (anoxic), 
0~0.2 mg/l (anaerobic), pH 6.5~7.5, temperature 
25~30°C, respectively. In addition, NaNO3 solution 
was added to make the COD/NO3--N 8.0 in anoxic 
conditions. Four cycles were acclimated at each con-
centration of 10 mg/l, 20 mg/l, 30 mg/l and 50 mg/l, 
respectively, with 24 h each cycle. Then it would be 
stored in 4 °C refrigerator. 

 
 Dual substrate inhibi-

tion experiments were performed in 500 ml Erlen-
meyer flasks (aerobic) or stoppered bottles (anoxic, 
anaerobic). Taking pyridine as an example, the ex-
periment was divided into four groups under each 
condition. A certain amount of domesticated sludge 
and culture medium with pyridine as substrate was 
added into each flask/bottle. Regulation of MLSS 1 
g/l, DO 3~5 mg/l (aerobic), 0.3~0.5 mg/l (anoxic), 
0~0.2 mg/l (anaerobic), pH 6.5~7.5. Each group con-
tained pyridine 50 mg/L. Except for the control 
group, the other three groups contained quinoline 
15mg/l, biphenyl 15mg/l or naphthalene 15mg/l, re-
spectively. The flask was placed in a constant tem-
perature shaking chamber (120 rpm) in aerobic or in 

a magnetic agitator during degradation. The remain-
ing concentration of pyridine in each group was 
measured periodically and the average value of three 
times was recorded. 

The glucose co metabolism experiment was di-
vided into seven groups, except 50 mg/L pyridine in 
each bottle, also containing glucose 0, 25, 50, 100, 
200, 300 or 400 mg/L, respectively. The conditions 
and operations were the same as that in the previous 
experiment. 

Heterocyclic and polycyclic 
aromatic hydrocarbons were determined by high per-
formance liquid chromatograph (HPLC) (HP7950, 
Agilent). Culture samples for HPLC analysis were 
filtered through 0.25 μm membrane, the determina-
tion of nitrate nitrogen using phenol method [7]. 
Other items were measured based on literature [11].

The biodegradation inhibition rate  of the ad-
ditive to the test substance is calculated according to 
the formula = ( -k )/ ×100%. In the formula, is 
the test substance single substrate degradation rate 
constant;  is the test substance degradation rate 
constant with additive. 

The hibitory strength evaluation criteria: 
<20%, low inhibition, 20%< <40%, moderately in-

hibition, >40%, highly inhibition. 
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original  
substrate 

Additive 
substrate 

Degradation rate constant  (mg/(L·h)) 
Aerobic Anoxic Anaerobic 

pyridine 

- 
quinoline 
diphenyl 
naphthalene 

0.463 
0.207 
0.304 
0.382 

1.869 
1.349 
1.651 
1.548 

0.0561 
0.0475 
0.0402 
0.0351 

quinoline 

- 
pyridine 
diphenyl 
naphthalene 

0.719 
0.425 
0.568 
0.689 

2.141 
1.366 
1.918 
1.727 

0.0632 
0.0525 
0.0459 
0.0399 

diphenyl 

- 
pyridine 
quinoline 
naphthalene 

0.606 
0.263 
0.341 
0.526 

1.172 
1.055 
0.968 
0.797 

0.0724 
0.0545 
0.0469 
0.0612 

naphthalene 

- 
pyridine 
quinoline 
diphenyl 

1.007 
0.437 
0.567 
0.805 

1.308 
1.177 
1.104 
0.906 

0.1091 
0.0859 
0.0741 
0.0963 

Sub-
strate 

Aerobic  Anoxic  Anaerobic 
pyr qui dip nap  pyr qui dip nap  pyr qui dip nap 

pyr 
qui 
dip 
nap 

- 
H 
H 
H 

H* 
- 
H 
H 

M* 
M 
- 

M 

L* 
L 
L 
- 

 

- 
M 
L 
L 

M 
- 
L 
L 

L 
L 
- 

M 

L 
L 
M 
- 

 

- 
L 
M 
M 

L 
- 

M 
M 

M 
M 
- 
L 

M 
M 
L 
- 

H, highly inhibition; M, moderately inhibition; L, low inhibition.

  

Figs.1-3 were 
degradation kinetics of heterocyclic and polycyclic 
aromatic hydrocarbons in dual substrates degrada-
tion under aerobic, anoxic and anaerobic, respec-
tively. It can be seen that adding substrate did not 
change the degradation kinetics of original substrate. 
The degradation process of four compounds was in 
accordance with the zero-order kinetics under aero-
bic and anoxic conditions, and was in accordance 
with the first-order kinetics under anaerobic condi-
tion. Nevertheless, as shown in Table 1, there is an 
identical characteristic that the degradation rate con-
stant of original substrate in dual substrate (with ad-
ditive) was significantly lower than that of in single 
substrate degradation, which indicated that the addi-
tion of substrates inhibited the degradation of the 

original substrates. A similar phenomenon was ob-
served by others in the biodegradation systems for 
naphthalene removal, which could be attributed to 
the recalcitrance and the toxicity of quinoline [10].

 It can 
been seen based Section 3.1 and Table 1 that though 
the addition of substrates did not change the degra-
dation kinetics type, but it inhibited the degradation 
of the original substrates. The inhibition strength was 
related to substance types of additive and original 
substrate as well as the degradation conditions. The 
inhibition strength of four compounds on other sub-
strates under different conditions was investigated, 
as shown in Table 2. 

Table 2 shows that under aerobic conditions, 
pyridine and quinoline were highly inhibition on the 
degradation of other substances, diphenyl was mod-
erately inhibition, naphthalene was low inhibition, 
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which indicated that pyridine and quinoline were 
more toxic to aerobic degrading bacteria acclimated 
by other substrates. In contrast, the increase in naph-
thalene load has a weaker effect on the original sub-
strate biodegradation. Thus in actual wastewater 
treatment, it is necessary to reduce the concentration 
of pyridine and quinoline in order to improve their 
self-degradation and to enhance the removal effi-
ciency of polycyclic aromatic hydrocarbons (PAHs) 
such as diphenyl and naphthalene in aerobic biolog-
ical treatment. Under anoxic conditions, structural 
analogs compounds were moderately inhibition, 
such as pyridine and quinoline, diphenyl and naph-
thalene; while nonstructural analogs compounds 
were low inhibition, such as pyridine and diphenyl, 
quinoline and naphthalene. This is due to the fact that 
the organism needs to be bound to the active site of 
the enzyme during its degradation. The selection of 
enzyme on substrate usually has specific structural 
requirements, which leads to the formation of com-
petitive relationship between structural analogs com-
pounds and a decrease in the catalytic effect [13]. 
The inhibition between nonstructural analogs com-
pounds was caused by the additive inhibiting the ac-
tivity of microbial cells, so the inhibition strength 
was relatively low. Under anaerobic conditions, 
structural analogs compounds were slightly inhibited 
each other, such as pyridine and quinoline, diphenyl 
and naphthalene, while nonstructural analogs com-
pounds were moderately inhibition, such as pyridine 
and biphenyl, quinoline and naphthalene. The possi-
ble reason may be that anaerobic microbes have 
more abundant enzymes and have stronger tolerance 
to structurally similar pollutants after acclimation, 
and are susceptible to different structural pollutants 
[14]. 

 One possi-
ble method of increasing the tolerance of the cells to 
substrate inhibition is to supplement the growth me-
dium with conventional carbon sources, such as 
yeast extract or glucose [14]. The effect of glucose 
co-metabolism on the degradation of heterocyclic 

and polycyclic aromatic hydrocarbons was shown in 
Table 3. 

It is shown from Table 3 that the degradation 
rate of four compounds increase with the increase of 
glucose concentration under different conditions, 
which indicated that glucose has a promote effect on 
the degradation of heterocyclic and polycyclic aro-
matic hydrocarbons. In the dual-substrate system, 
glucose is an excellent primary substrate since it not 
only easily induces the monooxygenase required for 
heterocyclic and polycyclic aromatic hydrocarbons 
transformation, but the glucose oxidation can also ef-
ficiently regenerates the consumed NADH, which is 
participating in the degradation pathway of the or-
ganic pollutant as electron donor [11]. Moreover, the 
addition of glucose greatly accelerated the degrada-
tion of heterocyclic and polycyclic aromatic hydro-
carbons due to the increase of biomass production. 

In spite of this, the increased amount of the deg-
radation rate decrease with the increase of glucose 
concentration, which may be due to the lack of spec-
ificity of the catabolic enzyme, resulting in a compe-
tition between the growth substrate and the pollu-
tants. The above relationship between the concentra-
tion of the co-substrate and the degradation rate can 
be expressed as follows [14]: 

- =Δ /( + ) 
Where  is the degradation rate of the com-

pound in single substrate, %;  is the degradation 
rate of the compound in glucose co-metabolism,

 is the possible maximum increase of the degrada-
tion rate, %;  is the half-saturation constant, mg/L; 
 is the glucose concentration, mg/L. 

Taking 1/( - ) as the ordinate Y, 1/s as the 
horizontal axis X, the linear regressions were fitted, 
and the results were shown in Table 4. 

According to Table 3 and Table 4, not only the 
relationship between the degradation rates of four 
compounds and glucose concentrations can be ob-
tained from ,  and , but also the maximum 
degradation rate of each substance under different 
conditions can be obtained by + . In addition, 
the results of  under different conditions are

 

Condition Glucose (mg/L) 0 25 50 100 200 300 400 

aerobic 

Pyridine (50 mg/L) 
quinoline 50 mg/L  
diphenyl (50 mg/L) 
naphthalene (50 mg/L) 

22.0 
33.8 
25.8 
41.2 

29.2 
39.3 
31.2 
43.9 

33.8 
42.6 
34.9 
46.1 

39.4 
46.4 
39.5 
48.9 

44.7 
49.8 
44.2 
52.3 

47.4 
51.4 
46.6 
54.2 

48.9 
52.3 
48.1 
55.6 

anoxic 

Pyridine (50 mg/L) 
Quinoline (50 mg/L) 
Diphenyl (50 mg/L) 
Naphthalene (50 mg/L) 

71.7 
77.2 
42.2 
47.1 

73.9 
79.2 
47.3 
50.6 

75.4 
80.6 
50.9 
53.4 

77.2 
82.3 
55.8 
57.3 

79.1 
84.8 
61.1 
62.1 

80.1 
86.1 
63.8 
65.2 

80.6 
86.7 
65.5 
66.9 

anaerobic 

Pyridine (50 mg/L) 
Quinoline (50 mg/L) 
Diphenyl (50 mg/L) 
Naphthalene (50 mg/L) 

67.4 
70.6 
76.5 
88.7 

71.2 
73.1 
78.4 
90.2 

73.5 
75.1 
79.9 
91.3 

77.0 
77.5 
81.6 
92.6 

81.2 
80.1 
83.8 
93.7 

82.3 
81.2 
84.9 
94.3 

83.2 
82.1 
85.7 
94.6 
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Condition Substrate Regression equations  (%) (mg/L) 

aerobic 

Pyridine 
quinoline 
diphenyl  
naphthalene  

=276.4 +2.96 
=345.8 +4.36 
=381.4 +3.36 
=799.2 +4.73 

0.9936 
0.9917 
0.9883 
0.9954 

33.8 
22.9 
29.7 
19.5 

93.2 
79.3 
113.5 
155.7 

anoxic 

Pyridine  
Quinoline  
Diphenyl  
Naphthalene  

=917.7 +8.85 
=1043.7 +7.94 
=405.2 +3.28 
=614.8 +3.62 

0.9715 
0.9872 
0.9736 
0.9924 

12.6 
11.3 
30.5 
27.6 

103.7 
131.5 
123.6 
169.8 

anaerobic 

Pyridine 
Quinoline  
Diphenyl  
Naphthalene  

=533.5 +4.93 
=783.9 +6.71 
=1049.6 +8.01 

=1247.3 +13.51 

0.9904 
0.9931 
0.9927 
0.9956 

20.3 
14.9 
12.5 
7.4 

108.3 
116.8 
131.2 
142.6 

compared, results indicated that the effect of co-me-
tabolism is related to the biodegradation perfor-
mance of the compound itself. The more difficult to 
be degraded, the more obvious of the effect of co-
metabolism. For example, the order of in anoxic 
condition is diphenyl>naphthalene> pyridine>quin-
oline, which is just opposite to its single substrate 
degradability as shown in Table 3. 

 
Results from this study demonstrated that the 

addition of substrates did not change the degradation 
kinetics type, but it would inhibit the degradation of 
the original substrates. Under aerobic conditions, 
pyridine and quinoline were highly inhibition on the 
degradation of other substances, diphenyl was mod-
erately inhibition, naphthalene was low inhibition; 
Under anoxic conditions, structural analogs com-
pounds were moderately inhibition, while nonstruc-
tural analogs compounds were low inhibition. Glu-
cose co-metabolism can promote the degradation of 
heterocyclic and polycyclic aromatic hydrocarbons, 
and the relationship between the concentrations of 
the co-substrate and the degradation rates can be ex-
pressed as - = /( + ). 
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ABSTRACT 

 
This study was conducted to monitor the effect 

of ozonation treatment at different ozone concentra-
tions for different periods of time on the red colour 
of tomato fruits and green colour of lettuce heads us-
ing Lovibond colourimeter. The results showed that 
ozonation is significantly affected all the colour val-
ues for both tomato fruits and lettuce heads, it was in 
a concentration- time dependent manner. The aver-
age Brightness for untreated tomato fruits and lettuce 
samples were 96.254 and 88.862, respectively, and 
after ozonation for 15 min at concentration of 5 ppm 
the average brightness were significantly increased 
(98.397 and 100.846), respectively. On the other 
hand, redness/ greenness and yellowness values of 
tomato fruits and lettuce were decreased signifi-
cantly when compared with the untreated samples. 
The average redness/greenness values for untreated 
tomato fruits and lettuce samples were -0.815 and -
14.629, and after ozonation for 15 min at concentra-
tion of 5 ppm the average redness /greenness were 
significantly decreased to -4.462 and -35.09, respec-
tively, and yellowness values were decreased from 
76.536 and 83.249 in untreated tomatoes and lettuce 
samples to 43.174 and 31.476, respectively. These 
results indicate that the red colour of tomato fruits 
and green colour of lettuce degraded significantly 
with ozone treatment, although this degradation in 
colour does not affect the marketable value of these 
products.  
 
 
KEYWORDS: 
Colour value, Lovibond, Tomato, Lettuce, Ozonation. 

 
 

INTRODUCTION 
 
Tomato and lettuce are among frequently con-

sumed in several dishes in Jordan. In 2016, the pro-
duced amounts were 837344.4 and 70557.3 tons of 
tomatoes and lettuce, respectively [1]. The annual 
per capita consumption of vegetables is around 
106.35 kg, and of tomato fruit is 33.7 kg [2]. 

Tomatoes and lettuce are among perishable 
products and can be attacked by different agricul-
tural pests, as a result farmers have to use pesticides 

to improve their products quality and quantity. The 
intensive use of pesticides resulted in residuals re-
mains in agricultural products after harvest, and in 
many cases these residues exceed the maximum res-
idues limits (MRL) recommended by the Codex Al-
imnta
tial of adverse health impacts on human [3]. 

Ozonation treatment, ultraviolet radiation, 
washing vegetables with salts or vinegar or salt and 
vinegar mixture at different concentrations have 
been used in many agricultural products to reduce or 
eliminate pesticides residues and microbes [4, 5, 6]. 
Ozone, in particular, has been recognized as a strong 
oxidizing agent and could be used in gaseous or liq-
uid state [4, 5, 6, 7]. 

In any treatment or processing of food, the most 
important factor to be considered is to maintain the 
food sensory properties, so several researches con-
ducted to investigate the effect of ozonation treat-
ment on colour, texture and flavor of fruits, vegeta-
bles and grains, in addition to demonstrate the rela-
tion between the state of ozone, its concentration and 
the length of the treatment period and its efficiency 
as a disinfection and toxin reduction in fruits and 
vegetables. 

Strawberries surface colour was not affected by 
treatments with either gaseous or aqueous O3[8]. In 
addition, the red colour of grapes after exposure to 
gaseous 8 ppm O3 for 30 minutes was not signifi-
cantly affected [9]. Koyuncu et al. [10] studied the 
effect of ozone treatment on sweet cherries colour 
and firmness. They stated that ozone treatment did 
not affect either the colour, firmness or the external 
appearance. On the other hand, the carrot colour in-
tensity damaged when it was exposed to gaseous 
ozone in the range of (0.3 - 60) ppm [11]. 

The optimum concentration for washing ice-
berg lettuce was recommended by [12] to be 2.5 ppm 
for 2.5 min. This concentration enhanced the loss in 
colours, firmness together with appearance of 
browning; in addition it extended the shelf life of let-
tuce up to 9 days. The effect of ozone treatment on 
broccoli was studied by Zhuang et al [13]. They rec-
ommended that ozonation for (10  15) min at 1 ppm 
accelerated the discolouration and ascorbic acid loss. 
Tomato juice colour was not affected by gaseous 
ozone treatment as shown by Aguayo et al. [14]. 
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Tzortzakis et al. [15] showed that 70% of the panelist 
preferred the subjected tomato to low concentration 
of ozone. 

The objective of this study was to investigate 
the effect of continuous exposure to aqueous ozone 
at 0.5, 2 and 5 ppm for 5, 10 and 15 min on the colour 
of tomato fruits and lettuce heads. Which could be 
useful to minimize pesticides residues in some com-
modities such as tomato fruits and lettuce. 

 
 

MATERIALS AND METHODS 
 
This study was conducted at University of Jor-

dan, School of Agriculture. Department of Nutrition 
and Food Technology, Jordan. 

 
Chemicals and Reagents. Ethanol(C2H6O, 

HPLC-grade, assay of 99.8%) (LAB-SCAN analyti-
cal sciences, Ireland), ethyl acetate (C4H8O2, assay 
99%) (J. T. Baker, USA), acetone (C3H6O, GC-
grade, assay 99.8%) (LabChem, USA), and water 
(H2O, HPLC-grade of assay 99.9%) (AVONCHEM, 
UK). 

 
Apparatus and Equipment. Teflon centrifuge 

tubes of 50 ml., Pipettes 10 ml for transferring the 
sample extract to the lovibond cell., containers: 
weighing boats, volumetric flasks, graduated cylin-
ders, and other containers in which to contain sam-
ples, extracts, and solutions, balance (Mettler 
PM6400, USA) for weighing the samples, vortex 
mixer (Heidolph, Germany) used for shaking the 
samples with the extraction solution., centrifuge 
(Jouan, France) for holding 50 ml centrifuge tubes, 
with speed of 1500-3000 rpm, food chopper (Fimar, 
Italy) used for sample homogenization before taking 
the required weight for extraction, blender (Labora-
tory blender 8010D, USA) used for further homoge-
nisation of subsamples, ozone generator (ZAET 
Fruit and Vegetable Washer by Ozone, China) 
model ZA-BF-L with properties: height 290 mm, 
length 378 mm and width 300 mm. It consists of Ac-
rylonitrile Butadiene Styrene (ABS) plastic cleaning 
chamber with 9 L capacity, transparent cover, and at 
the bottom of the machine the ozone generator which 
generates ozone by Oxidation Reduction Potential 
electrode (ORP) to generate ozone at concentration 
of 0.4 ppm, also ozone diffuser is located at the bot-
tom of the machine, power 35 W, 220 V. This ma-
chine applies the CE marketing in accordance with 
European Union rules, and A2Z ozone generator, 
USA, can produce ozone in the range of (1- 9) ppm. 

 
Monitoring of Tomato Fruits and Lettuce 

Colour after Ozonation Treatment at Different 
Concentrations for Different Periods of Time. 
Samplingof tomato fruits and lettuce. Ninety sam-
ples of tomato fruits and lettuce were collected ran-

domly from the local market during the period of Oc-
tober November, 2017. The size of each sample 
taken for analysis was around 250gm. All samples 
were kept in polyethylene plastic bags, then labelled 
and refrigerated at 5oC until analysis. All the samples 
of tomato fruits have chosen of the same degree of 
maturity in order to get consistent colour for all the 
samples. In the other hand, the lettuce heads have 
chosen to contain all the layers of the leaves espe-
cially the outer green leaves. 

 
Sample preparation and extraction of to-

mato fruits. The method for extraction of lycopene 
from tomato fruits has been optimized by [16] using 
different solvents to extract the maximum amount of 
lycopene. Ethanol and ethyl acetate mixture of (1:1) 
ratio recommended to be used to obtain maximum 
lycopene content in tomatoes samples homogenate. 
5 ml of ethyl acetate and ethanol mixture was used 
for each 1g of tomato homogenate as follows: 

Two hundred and fifty grams of the collected 
tomato fruits sample of the same maturity level was 
ozonated using ozone concentration in the range of 
0.5, 2 and 5 ppm for different periods of time 5, 10 
and 15 min for each concentration, except the control 
sample. The ozonated samples left to dry at room 
temperature. These samples were homogenised by 
blender into small pieces, then 50 g was taken for 
extraction of lycopene in 500 ml eliminar flask. For 
extraction of lycopene 250 ml of ethanol and ethyl 
acetate mixture were added onto 50 gm of tomatoes 
sample homogenate, then the sample left at 40 oC for 
5 h to achieve maximumrecovery of lycopene from 
the tomato fruits samples. The obtained extract was 
characterised for its colour value using lovibond to 
get the readings of the colour values L* (brightness), 
a*(redness/greenness) and b*(yellowness) after tak-
ing proper amount of the extract in 10 ml cell. Before 
taking readings of L*, a*and b* the lovibond instru-
ment baseline had been stabilized on empty cell by 
pressing zero. 

 
Sample preparation and extraction of let-

tuce heads. Chlorophyll from lettuce samples ex-
tracted using method of Koka et al. [17]. Twenty 
millimetre of 90% acetone water mixture added to 3 
gm of chopped lettuce sample and extracted as fol-
lows: 

Two hundred and fifty grams of lettuce heads 
sample was ozonated using ozone concentration in 
the range of 0.5, 2 and 5 ppm for different periods of 
time 5, 10 and 15 min for each concentration, except 
the control sample. The ozonated samples left to dry 
at room temperature, then samples are homogenised 
by chopper into small pieces, 3 g was taken for ex-
traction of lycopene in 50 ml eliminar flask. On the 
other hand, for extraction of chlorophyll 25 ml of 
90% acetone was added onto 3 gm of lettuce sample 
homogenate, and then the sample sonicated for 5 
min, after that the its left to steep in refrigerator for 
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24 hours. The extract clarified using centrifugation 
at 3000 rpm for 5 min, and characterised for its col-
our value using lovibond to get the readings of L*, 
a*and b* after taking proper amount of the extract in 
10 ml cell. Before taking readings of L*, a*and b* 
the lovibond instrument baseline had been stabilized 
on empty cell by pressing zero. 

 
Statistical analysis The design of the experi-

ment was factorial with ten replicates. Mean values 
and standard errors were calculated and analysed. 
The obtained data were subjected to statistical anal-
ysis using Minitab programme, version 18, were 
Tukey was used at 0.01 probability level. The ob-
tained results were summarized in the results sec-
tion.  

 
 

RESULTS AND DISCUSSION 
 
Effect of Ozonation Treatment at Different 

Concentrations and Exposure Times on Tomato 
and Lettuce Colour. Tomato fruits. The results of 
10 analysed tomato fruits samples which had been 
collected randomly from the local market from Oc-
tober to November,2017, were each sample repeated 
for ten times showed that as the concentration of 
ozone and the time of exposure increased the values 
of a and b decreased significantly lower than the con-
trol sample as shown in Table (1). This means that 
the treated samples with ozone had become less red-
ness/yellowness or colour bleached with ozone treat-
ment. However, as the ozone concentration and the 
exposure time increased more colour bleached were 
the percentage of reduction in colour after 15 min of 
exposure to 5 ppm ozone for a and b 81.61% and 
43.59%, respectively. On the contrary, brightness 

which indicated by L* value increased significantly 
more than the control sample by 2.23%. These find-
ings indicated that ozone treatment at 0.5, 2 and 5 
ppm for 5, 10 and 15 min had significant effect on 
tomato fruits colour, showing that the characteristic 
red colour could be bleached by ozone, because 
ozone is a strong oxidizing agent [18]. However, by 
visual inspection for the treated tomato fruits, it in-
dicated that the treated tomatoes were of marketable 
value. These results agreed with Glowacz et al. [19]. 
They observed that bleaching effect of ozone con-
centration was at 0.45, 0.9 and 2 μmol/mol for the 
characteristics red colour of red pepper. Shaarawi et 
al. [20] found that the red colour of the plum reduced 
significantly after exposure to ozone for four weeks 
at concentration of 0.5 and 1 ppm, where L* value 
increased and hue angle increased to indicate the re-
duction of the colour intensity. 

In another study carrot colour intensity de-
creased significantly after exposure to ozone gas at 
0.3 to 60 ppm. This reduction was proportional with 
ozone concentration and exposure time [11]. 

 
Lettuce head  The results for the 10collected 

lettuce heads samples from the local market in Octo-
ber and November, 2017, after each sample repeated 
for 10 times showed that the chlorophyll which is re-
sponsible for the green colour could be degraded sig-
nificantly by ozonation treatment where the increase 
percentage in lightness (L) of 5.18%, 8.09% and 
13.49% after 15 min of exposure to ozone concen-
tration of 0.5, 2 and 5 ppm as shown in Table (2). On 
the contrary, a and b values decreased significantly 
as the concentration of ozone increased and the ex-
posure time increased which indicated the chloro-
phyll colour bleached with ozone treatment

 
 

TABLE 1 
The effect of ozone treatment on colour values of tomato fruits at different concentrations  

for different periods of time. 
Means of colour values ± SE 

Ozone conc. 
(ppm) 

Exposure time 
(min) 

L  
(Brightness/Lightness) 

a  
(Redness/greenness) 

b 
(Yellowness) 

Blank 0 96.25a* ± 0.27 -0.82a ± 0.06 76.54a ± 0.22 

0.5 
5 97.09b ± 0.05 -1.64b± 0.12 74.76b ± 0.19 

10 97.16b ± 0.08 -1.75b ± 0.04 73.60c ± 0.08 
15 97.24b ± 0.23 -2.40c ± 0.02 71.54d ± 0.11 

2 
5 97.38b ± 0.04 -2.71c ± 0.06 70.60d ± 0.14 

10 97.42b ± 0.06 -3.29d ± 0.05 68.48e ± 0.06 
15 97.96c ± 0.11 -3.30d ± 0.05 62.97f ± 0.09 

5 
5 98.01d ± 0.16 -3.52d ± 0.03 56.04g ± 0.08 

10 98.19d ± 0.08 -3.96e ± 0.05 46.88h± 0.35 
15 98.40d ± 0.19 -4.46f ± 0.04 43.17i ± 0.29 

*Colour values within the same column for L, a and b sharing the same letters in superscript are not significantly 
different using Tukey test at 0.01 probability level. 
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TABLE 2 
The effect of ozone treatment on colour values of lettuce fruits for different periods of time. 

Means of colour values ± SE 

Ozone conc. 
(ppm) 

Exposure time 
(min) 

L  
(Brightness/Lightness) 

a  
(Redness/greenness) 

b  
(Yellowness) 

Blank 0 88.86a* ± 0.10 -14.63a ± 0.03 83.25a ± 0.08 

0.5 
5 91.46b ± 0.24 -22.90b ± 0.03 76.06b ± 0.08 

10 93.23c ± 0.08 -25.49c ± 0.03 75.55b ± 0.08 
15 93.46c ± 0.06 -28.89d ± 0.04 74.14c ± 0.11 

2 
5 93.74c ± 0.15 -29.37e ± 0.04 73.47d ± 0.23 

10 94.73d ± 0.09 -30.59f ± 0.12 67.48e ± 0.07 
15 96.05e ± 0.11 -31.86g ± 0.04 65.57f ± 0.08 

5 
5 97.50f ± 0.08 -32.74h ± 0.03 57.97g ± 0.11 

10 98.11g ± 0.05 -33.22i ± 0.09 51.97h ± 0.07 
15 100.85h ± 0.07 -35.09j ± 0.04 31.48i ± 0.08 

* Colour values within the same column for L, a and b sharing the same letters in superscript are  
not significantly different using Tukey test at 0.01 probability level.
 

A value decreased from -14.63 for the control 
sample to -35.09 after 15 min exposure to 5 ppm 
ozone concentration, and b value decreased from 
83.25 for the control sample to 31.48. These findings 
agreed with Klockow and Kneer [21] study results. 
They showed that the treated spinach leaves with 
gaseous ozone for 24 hours at gradual increase in 
ozone concentration from 1.6 to 4.3 ppm its colour 
degraded gradually. In addition, Singh et al. [22] 
showed discolouration of iceberg lettuce leaves dur-
ing ozone treatment with 5.2 and 7.6 ppm O3 con-
centration for 10 or 15 min. Glowacz and Rees [19] 
showed that the characteristic green colour of the 
green pepper skin bleached after ozone treatment at 
0.45, 0.9 and 2 μmol/ mol. This could be explained 
due to accelerated chlorophyll degradation. The abil-
ity of ozonation in reduction of these pesticides 
amount is related to the ability of ozone to generate 
hydroxyl radicals in aqueous solution, which are 
highly effective to colour of tomato fruits and lettuce 
heads. As the time of exposure increased hydroxyl 
radicals continued to be generated throughout the 
treatment, and more colour bleached [23]. 

 
 

CONCLUSION  
 
Ozone have many applications in food industry 

since  used as a sanitizer and for reduction of 
many kinds of toxins in food especially pesticides 
residues, it is used at wide range of concentrations, 
but If it is improperly used, ozone can cause several 
deleterious effects on physiology and quality of 
products such as losses in sensory quality. For effec-
tive and safe use in food processing, optimum ozone 
concentration and contact should be defined. The 
finding of this study indicated that the use of ozone 
up to 5 ppm concentration for 15 min did not lead to 
loss of tomato fruits and lettuce leaves colour even it 
leads to increase in brightness and decrease in red-
ness/greenness and yellowness for both cases but it 
does not lead to loss the marketable value, because 
both of the products still visually acceptable to be 
purchased.  
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ABSTRACT 
 
Wet oxidation (WO) of oilfield sludge was 

performed in a batch reactor. Effect of reaction pa-
rameters such as residence time, reaction tempera-
ture, Fe2+ concentration and oxidant concentration 
were investigated. The experimental results showed 
that WO can effectively remove the organic com-
pounds of the oilfield sludge, the residence time 
and reaction temperature are the main factors for 
total organic carbon (TOC) removal of oilfield 
sludge. The TOC removal is up to 98.6%. The 
cross-test range analysis shows that the effect of the 
experimental parameters on the TOC removal rate 
from large to small is: reaction temperature> Fe2+ 
concentration> oxidant concentration> residence 
time. 
 
 
KEYWORDS: 
WO, oilfield sludge, Fe2+, TOC, cross-test range analysis 
 
 
INTRODUCTION 

 
The oil industry unavoidably generates large 

quantities of oily and viscous residue called oilfield 
sludge, which is formed during crude oil exploita-
tion and development of various productions in 
oilfields, transportation, and refining processes. The 
oilfield sludge is a complex mixture of petroleum 
hydrocarbons and water with solid mineral admix-
tures, such as soil and sand, adversely affecting 
human health and posing environmental problems. 
The major sources of oil sludge include oilfield 
sludge, petrol storage tank sludge, and residue de-
rived from the crude oil refining processes. In Chi-
na, it is estimated that more than 3 million tones of 
oilfield sludge discharged by the petrochemical 
industry [1]. Most of them were disposed in land-
fills and drains from the treatment process of oil 
storage tank cleanup which may pollute the 
groundwater and cause health problems. Although 
oilfield sludge is listed in the China National Haz-
ardous Waste List because of its toxicity and harm-
ful compounds, only a minor amount of oilfield 

sludge was disposed in a safe manner. The condi-
tional disposals of oilfield sludge involve aerobic 
biodegradation [2] and ultrasound oil recovery [3, 
4]. Nevertheless, it has been found that such meth-
ods cause secondary pollution. 

Advanced oxidation processes (AOPs) like 
ozonation, Fenton, and photo Fenton processes, 
Ozone/UV radiation are the potential alternatives 
for tertiary treatment of tannery effluent [5]. Among 
the existing AOPs, ozonation was an effective 
method to remove colour from wastewater, which 
cleave the unsaturated bonds in aromatic moieties 
found in humic substances, chromophores of dyes, 
and other pigmented compounds, thereby reducing 
the colour [6]. Researchers have also reported that 
pH and wastewater characteristics have a signifi-
cant effect on ozonation and vice versa [7-11]. Oller 
et al. [12] in his review article has emphasized the 
importance on combining AOPs and biological 
process for treatment of synthetic and real industrial 
wastewater on recent studies and large-scale com-
bination schemes reported for non-biodegradable 
wastewater treatment and reuse. Prashant et al. [13] 
evaluated the performance of chemical manufac-
turing and pharmaceutical industries CETP. They 
tried to reduce the chemical oxygen demand (COD) 
and biochemical oxygen demand (bod) using dif-
ferent chlorine, Hydrogen Peroxide (H2O2), Fe2SO4 
doses, different pH values and contact time for 
identifying the optimum values. They have 
achieved COD and BOD reduction of 64.35% and 
68.57% in optimized conditions. Dhinakaran et al. 
[14] conducted the feasibility studies on perfor-
mance improvement for tannery effluent through 
chemical oxidation and biological treatment. They 
used solar Fenton process to enhance the biodegra-
dability index (BDI) ratio. They achieved improved 
BDI ratio of 0.35 0.4. Rameshraja and Suresh [15] 
reviewed the treatment of tannery wastewater by 
various oxidation and combined processes. They 
reviewed the different combination of oxidation 
processes such as UV/H2O2/Hypochlorite's, Fenton 
and electro-oxidation, photo-chemical, pho-
to-catalytic, electro-catalytic oxidation, wet air ox-
idation, ozonation, biological followed by ozone/ 
UV/H2O2, coagulation or electro-coagulation. 
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In this paper, effect of reaction parameters 
such as residence time, reaction temperature, oxi-
dant concentration and Fe2+ concentration on TOC 
of oilfield sludge were investigated. 

 
 

EXPERIMENTAL 
 
The oil sludge used in the experiment was 

from Shengli Oilfield. After analysis, the sludge 
had w (oil) of 52.7%, w (water) of 45.5%, and w 
(silt) of 1.8%. 

The experiments are carried out in an inter-
mittent reacting system for WO. It includes a reac-
tor, heater reactor, gas liquid separator and other 
major equipment. Firstly water and oilfield sludge 
were put into the reactor, and then nitrogen flowed 
through the system and removed the air within the 
system; the valves around the reactor were closed 
when the air was removed entirely. The reactor was 
heated, and hydrogen peroxide was added into the 
hydrogen peroxide container; when reactor temper-
ature reached the scheduled value, hydrogen per-
oxide was injected into the reactor by using a high 
pressure pump. When the reaction residence time 
was attained, the reaction fluid was put into the 
gas liquid separator, and the gas and the liquid 
were separated; opening the reactor vessel, the 
sediment was removed directly. Reaction pressure 
and reaction temperature were measured by a ther-
mocouple and a pressure transducer. The entire 
system does not need high-pressure pump following 
the turbocharging system, the different reaction 
pressure was controlled by reaction temperature and 
by means of putting water into the reactor, and the 
high-pressure pump was used only when hydrogen 
peroxide and Fe2+ was injected into the reactor. The 
reactor is made from 1Cr18Ni9Ti, and the reactor 
volume is 650 ml. 

Total organic carbon of treated effluent sam-
ples was measured using TOC analyzer (Shimazdu, 
TOC-Vcph, Japan). The TOC was determined by 
subtraction of inorganic carbon from total carbon. 
The instrument was calibrated by using standard 
solution of potassium di hydrogen phthalate along 
with sodium carbonate for measurement of total 
carbon and inorganic carbon, respectively. High 
pure zero-air was used as a carrier gas. Pressure of 
the carrier gas was maintained at the recommended 
level of about 200 kPa and gas flow rate at 150 
ml/min throughout the analysis. 

 
 
RESULTS AND DISCUSSION 

 
Research at home and abroad on the wet oxi-

dation of oily wastewater or wastes proves that 
during the wet oxidation process, petroleum hydro-

carbons can be rapidly oxidized and removed. Wet 
oxidation technology has proved to be an efficient 
oily wastewater or waste treatment method. This is 
wet oxidation. Technical treatment of oily sludge 
provides lessons and guidance. Therefore, this pa-
per proposes the use of wet oxidation treatment of 
oily sludge, aiming to provide a environmentally 
friendly technology for the treatment of oily sludge. 

 
Single factor experimental study. Effect of 

residence time on TOC removal. Residence time 
has a significant impact on the TOC removal, since 
the removal increases with the rise of residence 
time. Therefore, it is crucial to choose a suitable 
residence time. In this experiment, the residence 
time varies from 5 to 20 min. 

 
FIGURE 1 

Effect of residence time on TOC removal 
 
Fig.1 shows that the TOC removal of the oil-

field sludge is affected by residence time. TOC re-
moval of the oilfield sludge increases with the rise 
of residence time, which is shown in Fig. 1, when 
the residence time was up to 20 min, the COD re-
moval of the oilfield sludge increased gently. So the 
appropriate residence time was 20 min. It shows 
that the organic matter in the oilfield sludge is easi-
ly oxidatively degraded under wet oxidation condi-
tions. This is because, at the beginning, as the resi-
dence time of the reaction is extended, the substrate 
concentration decreases rapidly, the reaction rate is 
fast, and organic compounds are more easily oxi-
dized and degraded. 

 
Effect of reaction temperature on TOC re-

moval. The highest design temperature of reactor 
was 450°C, which was based on the range of reac-
tion temperatures [240°C, 330°C]. An experimental 
result shows that obvious changes in the removal of 
TOC occurred when the reaction temperature 
changed in an increment of 30 °C. 

Fig. 2 shows that the TOC removal of the oil-
field sludge is affected by reaction temperature. Fig. 
2 indicates the TOC removal radiate upward trend 
with the rise of reaction temperature. TOC removal 
is low at low reaction temperature (240 270 °C), 
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but TOC removal rate increases quicker than that of 
under high reaction temperature (300 330 °C). 
When the residence time is 20 min and reaction 
temperature increases from 270 to 300 °C, TOC 
removal increases from 79.3% to 88.2%, while it 
increases from 88.2% to 90.26% when temperature 
increases from 300 to 330 °C. 

 

 
FIGURE 2 

Effect of reaction temperature on TOC removal 
 
This can be explained from two aspects: On 

the one hand, the oxidation of organics is an irre-
versible reaction. When the temperature rises, the 
reaction rate is accelerated, eventually leading to an 
increase in the oxidation rate of organics; on the 
other hand, under conditions of constant pressure, 
the temperature Elevation will reduce the density of 
water and decrease the concentration of the sub-
strate. This will cause the reaction rate to slow 
down. However, increasing the temperature causes 
the rate constant to increase much more than the 
decrease in concentration, so the TOC removal in-
creased temperature increases the phenomenon. 

 

 
FIGURE 3 

Effect of oxidant concentration on TOC removal 
 
Effect of oxidant concentration on TOC 

removal. The experimental results showed that WO 
can effectively remove the organic compounds of 
the oilfield sludge, the residence time and reaction 
temperature are the main factors for TOC removal 
of oilfield sludge.  

 

Fig. 3 shows that TOC removal is affected by 
oxidant concentration. The reaction temperature is 
330 °C and the residence is 20 min. The TOC re-
moval increases with the rise of oxidant concentra-
tion, which is shown in Fig. 3. The TOC removal 
increasing trend becomes gentle when oxidant con-
centration is over 20 mg/L. 

 

 

FIGURE 4 
Effect of Fe2+ concentration on TOC removal 

 
Effect of Fe2+ concentration on TOC re-

moval. Fig. 4 shows that TOC removal is affected 
by Fe2+ concentration. The reaction temperature is 
330 °C, oxidant concentration is 20 mg/L, and the 
residence time is 20 min. The TOC removal in-
creases with increasing Fe2+ concentration, which is 
observed from Fig. 4. When Fe2+ concentration 
reaches 20 mg/L, the TOC removal can be up to 
98.6%. When the Fe2+ concentration is 5 20 mg/L, 
the TOC removal changes gently, i.e., increasing 
from 60.8% to 98.6%. 

 
Orthogonal experimental results. In the 

batch reactor, four factors were selected: reaction 
temperature (A), reaction residence time (B), Fe2+ 
concentration (C), and oxidant concentration (D). 
Three different levels were selected for each factor, 
ie, 270, 300, 330 °C, 10, 15, 20 min and 10, 15, 20 
mg/L, 10, 15, 20 mg/L, according to L9 (34) or-
thogonal table for testing, the results are shown in 
Table 1. 

From Table 1, it can be seen that when the re-
action temperature is 300°C, the reaction residence 
time is 20 min, the Fe2+ concentration is 10 mg/L, 
and the oxidant concentration is 15 mg/L, the TOC 
removal rate is 70%. RA> RC> RD> RB. The 
cross-test range analysis shows that the effect of the 
experimental parameters on the TOC removal rate 
from large to small is: reaction temperature> Fe2+ 
concentration> oxidant concentration> residence 
time. The reason for the analysis is as follows: In 
the WO process, the reaction rate is increased due 
to the temperature increase, and the reaction is ac-
celerated, which is favorable for the oxidative
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TABLE 1 
Orthogonal experimental results 

No. A B  D TOC removal /% 
1 1 1 1 1 40 
2 1 2 2 2 42 
3 1 3 3 3 44 
4 2 1 2 3 54 
5 2 2 3 1 60 
6 2 3 1 2 70 
7 3 1 3 2 56 
8 3 2 1 3 58 
9 3 3 2 1 50 

K1 126 150 168 150  
K2 184 160 146 168  
K3 164 164 160 156  
R 58 14 22 18  

 
 
decomposition of organic substances. With the in-
crease of reaction residence time, the oilfield sludge 
rapidly decomposed into CO2 and H2O. The in-
crease of the oxidant concentration will make the 
oxygen concentration relatively increase. From the 
perspective of reaction kinetics, it is favorable for 
the oxidation reaction. The higher the Fe2+ concen-
tration, the better the oxidative decomposition. Us-
ing the WO process to treat oily sludge, organic 
matter can be completely oxidized to harmless CO2 
and water, and inorganic salts formed inorganic 
salts completely settle at the bottom of the reactor. 
 
 
CONCLUSIONS 

 
The decomposition of the oilfield sludge was 

studied under isothermal and isobaric conditions at 
240, 270, 300, and 330 °C, and residence time from 
5 up to 20 min, oxidant concentration from5 to 20 
mg/L, Fe 2+ concentration from 5 to 20 mg/L. The 
results showed that WO can effectively remove 
organic compounds of the oilfield sludge, the TOC 
removal is up to 98.6% when the conditions are not 
very harsh in the circumstances. Reaction tempera-
ture, residence time, Fe 2+ concentration and oxi-
dant concentration are the important factors that 
affect TOC removal, and the cross-test range analy-
sis shows that the effect of the experimental param-
eters on the TOC removal rate from large to small is: 
reaction temperature> Fe2+ concentration> oxidant 
concentration> residence time. 
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Due to the adverse effects of fossil fuels on the 
environment and failing to meet increasing energy 
demand, the importance of renewable energy re-
sources have increased even more. For this reason, 
starting from the fact that the need for energy will be 
even higher in the future, it is important that the cur-
rent status and the possible future production of the 
renewable energy resources should be studied and 
considered carefully by the related parties. For this 
purpose, the current status of wood pellet produc-
tion, which is one of the renewable energy resources 
in the world, was studied and a forecast was made in 
this study. World pellet production between the 
years of 2017 and 2026 was forecasted by ARIMA 
(Box-Jenkins) method. Although the forecast results, 
as expected, indicate that production will increase 
over time, it is predicted that these production quan-
tities will not be adequate to meet the energy de-
mand. 
 
 

Renewable Energy, World Pellet Production, Estimation, 
ARIMA Method  
 

The need for energy increases day by day de-
pending on the increase in world population. The 
fact that the fossil fuel resources, which have a large 
share in energy use, are rapidly running out and the 
fact that they cause irrecoverable damages to the nat-
ural life and the environment, while they are running 
out threaten the lives of future generations. For this 
reason, studies for utilizing renewable energy re-
sources have gain even more importance in recent 
years [1]. Rapid dissemination of renewable energy 
resources plays an important role in dealing with 
global warming and related environmental problems. 
Biomass has a great importance among renewable 
energy resource. 

Biomass is stated as all organic matter compos-
ing of plants, various products and wastes that can be 
renewed in less than 100 years [2, 3, 4]. Biomass, 

which emerges as the fourth largest source of energy 
after coal, petroleum and natural gas, covers about 
two-thirds of all renewable energy resources and is 
absolutely the fastest-growing sector [5, 6]. 

The fuels, of which at least 80% of the total vol-
ume is obtained from the living organisms grown in 
the last decade, are called biofuels [7, 8]. The wood 
and wood energy products, which had low value at 
the beginning, are among the most important renew-
able resources for heat generation [9]. The sector in-
volves a great variety of resources with different 
characteristics such as wood logs, bark, wood flour 
and pellets recently. 

Wood pellet is a fuel product compressed from 
grinded wood. The use of wood pellets has increased 
even more in the 1990s in Sweden, Denmark and 
Austria and today in North America [10]. Pelleting 
is one of the most economical and energy-saving 
methods of transforming high energy density and 
consistent quality biomass into a fuel. Pellet is an 
ideal fuel for small scale heating systems in terms of 
convenient delivery and storage features due to its 
high energy content. Because of this, it has a fast-
growing market world-wide in terms of biomass, 
mainly in Europe. 

 

Considering the world wood pellet produc-
tion in general, it is seen that the pellet production, 
which was 1.7 million tonnes in 2000, has gradually 
increased up to 29.1 million tonnes until 2016 (Fig-
ure 1). Especially, with the aggressive emissions pol-
icy of the European Union (EU), the production of 
wood pellets has increased even more in recent 
years.  

The USA and Canada rank first in 2016 world 
wood pellet production (Figure 2). In the United 
States of America, wood pellet production has re-
cently been focusing on the export market. Almost 
80% of wood pellets are used domestically. One of 
the strongest reasons for Canada to have a vibrant 
wood pellet industry is because of its large amount 
of forest resources and manufactured forest prod-
ucts. The pellets predominantly imported from the 
USA and Canada are generally used for industrial 
purposes. In the EU countries, Germany is the coun-
try making the largest production. 
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When pellet production is examined on a re-

gional basis, it is seen that almost all of the produc-
tion is made in Europe (58.8%) and America 
(32.23%) (Figure 2). Even though Europe is the larg-
est producer, it is also the main consumer of wood 
pellets and is in the position of the world's largest 
pellet importer. A high level of wood pellet trade is 
carried out between the Member States of the Euro-
pean Union.  

It is a stubborn fact that the availability of wood 
and wood-based resources, growing timber indus-
tries and increasing energy demand in Asia and Latin 
America will provide significant increases in pro-
duction, consumption and trade of wood pellets. In 
most of the countries in these regions, the wood pel-
let production is still in its infancy stage and reports 
on production facilities and capacities are extremely 
scarce and the information is not sufficient. 
 
 

16 years of wood pellet production 
quantities of the world between 2000 and 2016 con-
stitutes the study material (Figure 1). Since the pellet 

production values in the years of 2012 and 2013 were 
stated differently by different statistical institutions, 
the values, which were considered to be the most 
suitable according to the annual increase and to have 
positive effect on the success of the model to be es-
tablished, were defined as production values. Eviews 
was used in unit-root tests and the stationarity of data 
and MINITAB program was used for establishing 
the ARIMA models and for forecasting processes. 

 In order to estimate the future global 
pellet production values in the study, the Autoregres-
sive Integrated Moving Average, commonly known 
as ARIMA (Box-Jenkins) method, which is one of 
the time-series analysis techniques widely used in 
forecasting processes in literature, was used. 

Before the ARIMA model was established and 
the forecasting stage began, one of the most im-
portant assumptions of the model, whether the world 
pellet production values met the stationarity condi-
tion or not was tested with the Augmented Dickey-
Fuller (ADF) test, which is one of the unit root tests, 
and then the forecasting stage was proceeded to. 
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 The method, 
which was described by Box and Jenkins (1970) as a 
family of linear stochastic models in the time-series 
analysis books, is known as Box-Jenkins or ARIMA 
today and is applied to the series that are non-station-
ary but transformed into stationary by differencing 
[13]. 

The ARIMA (Box-Jenkins) method is a uni-
variate process. In this method, the AR (p) compo-
nent is obtained by correlating the current values of 
a data series with the past values in the same series. 
The current values of a random error term are corre-
lated with past values and the MA (q) component is 
obtained. At the same time, it is assumed that the 
mean and variance values of current and past data 
have not changed over time. If necessary, in order to 
remove the change, an I (d) component is added by 
differencing. Thereby, the model is referred to as 
ARIMA (p, d, q). 

 
 

 
It is generally as ARIMA (p,d,q) model. Here, 

 indicates the observational values differenced 
from the degree of d;  indicates the error terms at 
the time of ;  and indi-
cate the model parameters; and p and q indicate the 
autoregressive process (AR) and moving average 
(MA) respectively. 

It is an important assumption for this series, in 
which this method quite successful in short-term 
forecasts is applied, to be a discrete and stationary 
series of observational values obtained at equal time 
intervals [14]. The concept of stationarity in time se-
ries is defined as the fact that the series does not have 
any trend effect, which means that no change occurs 
in mean and variance over time, and that it has a co-
variance related to the level of delay.   

Today, different methods are used in determi-
nation of stationarity and the unit-root tests devel-
oped for this purpose are utilized. One of the most 
widely used tests is the Augmented Dickey-Fuller 

test (ADF). This test, which is discussed by Dickey 
and Fuller [15, 16], shows whether the time series 
variables can be expressed with autoregressive (AR) 
processes and if autocorrelation is found in the error 
term as a result of the test, it indicates that time series 
cannot be expressed with the first order autoregres-
sive process [17]. The ADF test includes the follow-
ing equation. 

 

 
Here,  indicates the time trend and  indicates 

the delay length in dependent variable. 
 
 

 
Considering the ADF 

test results of world pellet production values (Table 
1), since the test statistic is larger than the critical 
values of 5.883035, it is seen that the series contains 
a unit-root. Moreover, the fact that the significance 
level is 1.0000> 0.05 indicates that the series is not 
stationary. For this reason, pellet production values 
have been made stationary by differencing before 
forecasting process.  

In the ADF test carried out after the first-order 
differencing, the pellet production values were found 
to be non-stationary and they were made stationary 
by second-order differencing. Table 2 shows the 
ADF test results for world pellet production values 
which are made stationary.  

Considering the ADF test results of the pellet 
production values after the second-order differenc-
ing in Chart 1, it is seen that the test statistic is 
smaller than the critical value of -6.752123. In a 
word, the serial unit does not contain a unit root. 
Again, the fact that the significance level is less than 
0.000 <0.05 indicates that the series has become sta-
tionary and that the data has become suitable for 
forecasting by the ARIMA model. 

 
 

5.883035 1.0000 
-2.717511 
-1.964418 
-1.605603 

-6.752123 0.0000 
-2.740613  
-1.968430  
-1.604392  

−−−−−− −−−−+++++= εθεθεθεφφφφ ...... 221122110
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MA  1 1.2551 0.3108 4.04 0.001 
Constant 0.07406 0.07725 0.96 0.355 

 

2 17  15 

13 0.56297 7.31867 

12 24 36 48 
7.4 - - - 
10 - - - 

0.684 - - - 
 

 Period Forecast Lower Upper Actual MSE MAPE 
2015 27.4199 25.949 28.8909 27.52 0.0100 0.3637 
2016 29.7139 27.8798 31.5481 29.17 0.2958 1.8646 
2017 32.082 30.1114 34.0527    
2018 34.5241 32.5235 36.5248 Average 0.03058 0.2228 
2019 37.0403 35.0394 39.0412    
2020 39.6305 37.5891 41.672    
2021 42.2948 40.1094 44.4803    
2022 45.0332 42.5611 47.5053    
2023 47.8456 44.9381 50.7531    
2024 50.7321 47.2557 54.2085    
2025 53.6926 49.5347 57.8505    
2026 56.7272 51.7934 61.6611    

After the data of world pellet 
production values were made stationary, the model 
establishment phase began. ARIMA (0,2,1) and 
ARIMA (1,2,1) models were determined as the most 
suitable ARIMA models as a result of different ex-
periments. It was decided that the ARIMA (0,2,1) 
structure was the most suitable model among these 
models with its more meaningful values and better 
predictive performance. Table 3 shows the 
MINITAB program outputs where the statistical re-
sults of the ARIMA (0,2,1) model are included. 

When Table 3 is examined, it is seen that the 
model is meaningful at the significance level of 0.05 
(p <0.05). The mean squared error (MSE) value was 
obtained as low as 0.56297. Again, considering the 
chi-square statistics of Ljuing box are examined, it is 
seen that the model is meaningful at the 5% (p> 0.05) 
significance level and adequate. It is to say that the 
model can be used for forecasting. Figure 3 indicates 
the forecast results of world pellet production values 
obtained from ARIMA (0,2,1) model between the 
years of 2017 and 2026. 

When Figure 3 is examined, it is seen that 
world pellet production will continue to increase 
gradually, reaching approximately 56.7 million tons 
in 2026. In addition, when the ARIMA (0,2,1) mod-
el's prediction performance for the years 2015-2016 
is considered, the low MSE (Mean Squared Error) 

and MAPE (Mean Absolute Percentage Error) val-
ues show that the model can make quite successful 
predictions. 

 
 

Today, the need for energy is increasing day by 
day due to growing population, industrialization and 
urbanization. The fact that the fossil fuels meeting 
the majority of the world's energy demand, meaning 
the non-renewable energy resources, are shortening 
and are not economic, environmental pollution and 
global climate change have diverted the societies to 
alternative energy resources. Renewable energy re-
sources are the most important ones among these re-
sources. Biomass obtained from wood and wood 
based wastes and industrial and agricultural wastes 
occupies an important place among the renewable 
energy resources. The wood pellet, which is included 
in the scope of biomass, is becoming more and more 
important due to its provision of high energy and low 
cost. 

In this study, world pellet production values 
were forecasted using the ARIMA (Box-jenkins) 
method. 17-years of pellet production values be-
tween the years of 2000 and 2016 were used for 
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forecasting. ARIMA (0,2,1) model was determined 
to be the most suitable ARIMA model and the pellet 
production values of the next 10 years were fore-
casted. Considering the obtained results in general, it 
was seen that the world pellet production, which was 
29.17 million tonnes in 2016, will increase by 
35.85% (1.358 times) up to 39.63 million tonnes in 
2020 and by 94.5% (1.945 times) up to 56.727 mil-
lion tonnes in 2026.In general, it is predicted that 
world pellet production will increase incrementally 
between the years of 2017 and 2026 as well. Alt-
hough these results are indicative of an increasing 
trend towards renewable energy resources, it is seen 
that the worldwide production of pellets will be lim-
ited to major countries only. Yet, it is clear that pellet 
production, which is one of the renewable energy re-
sources, is a sector that importance should be placed 
due to these superior characteristics mentioned 
above. 

Especially the countries with large forest area 
and are foreign-dependent in terms of energy need 
have the potential of providing a significant portion 
of the world's energy need through pellet and similar 
renewable energy resources. Through this study, it is 
wished to make this potential noticeable and to con-
tribute to both the country's economy and the effi-
cient use of natural resources. 
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ABSTRACT 

Wheat is an important widely grown cereal that 
its grains used worldwide as a staple food. In this 
study, germination and seedling growth characteris-
tics of grains of Triticum aestivum, the most widely 
grown species of the genus, in response to HVEF ap-
plications were studied. Three different intensities 
(50, 100 and 200 kV/m) were applied for 1, 5 and 10 
min durations. Germination percentages were not af-
fected by treatments, while germination speeds were 
inhibited by high intensities at long durations. Max-
imum enhancement in seedling growth measures 
which were given as root and shoot lengths and dry 
weights was determined for 5 min 50 kV/m treat-
ment, where increases in average seedling lengths 
and dry weights were 34.2 % and 26.1 %, respec-
tively. 1 min durations of treatments were also 
highly improved seedling growth, particularly at root 
measures. ATR technique was used to analyze the 
roots and first foliage leafs of treated seeds at FTIR 
spectroscopy. FTIR results supported that HVEF 
treatment could be a useful tool for enhancement of 
wheat seedling growth in early stages of develop-
ment.  
 
 
KEYWORDS: 
Electric field, wheat, germination, seedling growth, FTIR. 

 
 

INTRODUCTION 
 
Seed germination and plant growth has long 

been known to be effected by natural or artificial 
electric and magnetic field [1, 2]. Studies have 
shown that both electric and magnetic field applica-
tions have potential to increase seed germination and 
sprout growth with proper treatments at certain in-
tensities and durations [2 6]. Moreover, these appli-
cations are found to have positive impacts on some 
physiological metabolisms like enzyme activities of 

-amylase, dehydrogenase and protease or antioxi-
dant activities, 

resistance against different types of stressors [7 9]. 
Electric field, especially at high intensities has 

multiple applications like preserving, thawing or 
drying processes in food industry [10 12]. Electric 
field has also been found to be effective in increasing 
seed vigor, particularly for aged seeds and promote 
germination of infected seeds as an alternative 
method for chemical treatments [3, 6, 13]. 

Spectroscopic techniques like mid-infrared 
(MIR), near-infrared (NIR), Fourier transform infra-
red-(FT-IR) and Raman spectroscopy have been 
widely used to analyze analytical and chemical prop-
erties of plant materials for their fast, accurate, easy 
to use characteristics and very small amount of sam-
ple requirements [14 17]. FTIR spectroscopy tech-
nique enables analysis of molecular structures like 
proteins, lipids, cellulose and cell wall components 
of plant parts by quantifying range of functional 
groups [18 21]. The technique has successfully been 
used for components of plants and their products for 
identification, quality parameters and quantification 
purposes [17, 22 25], as well as the detection of 
structural changes and chemical responses of plants 
to different types of stressors [26, 27]. 

Wheat is a globally important cereal and indis-
pensible food source providing a wide variety of 
products desirable in human diet. There are very few 
researches about effects of electric field applications 
on wheat seed germination, growth or yield parame-
ters [28]. Besides, information about the impacts of 
this kind of applications to chemical and molecular 
structure of plants are still very limited [29, 30]. 

In this study, we aimed to find the impacts of 
HVEF applications on wheat seed germination and 
seedling growth characteristics, by determining seed 
germination rate and seedling growth by means of 
germination percentages, root and seedling lengths 
and dry weights. Additionally, we examined chemi-
cal structural responses of roots and leaves to appli-
cations by using FTIR spectroscopic analysis tech-
nique, which has shown to be an effective and in-
formative technique to detect the changes at struc-
tural composition of plant parts [31]. 
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MATERIALS AND METHODS 
 
FTIR Analysis. FTIR spectra were used to as-

sess the effect of HVEF treatment via functional 
groups in root and leaf samples of treated and un-
treated wheat seeds. FTIR spectrometer with ATR 
(diamond-crystal) attachment was used for spectral 
analysis (Alpha, Bruker Optics, Ettlingen, Ger-
many). Spectrums were recorded in MIR range with 
a resolution of 4 cm 1 and 32 scans in the spectral 
wave number range of 4000  400cm 1. The changes 
in FTIR peak absorbance patterns were analyzed for 
all applied electric field voltages and durations sep-
arately for composite samples of roots and leaves. 
The FTIR (MIR-ATR) absorbance spectrum was 
calculated from the attenuated beam and displayed 
as wave number (cm 1) in spectrum graphics. Also 
spectra were compared for the similarity by cluster 
analyses (software OPUS-version 7.0, Bruker Op-
tics, Ettlingen Germany). Therefore, spectra were 
normalized and offset-corrections were also done. 
Spectral intensities were compared by superposition-
ing and peak differences were also investigated in 
detail. 

 

 
FIGURE 1 

Experimental set up for HVEF application. 
 
 
HVEF Treatment. Leybold high voltage 

source was used to create a stable electric field 
(Leybold Instruments, model number: 521 721). 
High voltage source load capacity was maximum 0.5 
mA, and provided a stable voltage from zero to 25 
kV. Discharge energy was maximum 200 mJ. Two 
square shaped parallel plates with an edge of 20 cm 
were used to obtain a stable electric field (Figure 1). 
Distance range adjustable parallel plates were fixed 
to 10 cm, and 5 kV, 10 kV and 20 kV high voltages 
applied between the plates. In this way, seeds were 
treated with 3 different electric fields of 5, 10 and 20 
kV/m. Each electric field intensity was applied at 
three different time durations of 1, 5 and 10 minutes. 
During the treatments, seeds with the embryos facing 
upward were placed uniformly on a glass between 
the plates over the negative plate at the midpoint. 

 
Plant Material. Wheat seed (Triticum aes-

tivum 

study is bread wheat improved by East Anatolian 
Agricultural Research Institute. Experimental seeds 
were inspected for their physical appearance and 
weighted before the experiment to minimize the im-
pact of seed abnormities and weight on germination 
and seedling growth parameters. Seeds having 
weight of 44 ± 6 mg was used in this study. Seeds 
were soaked into 20ºC distilled water and kept in an 
incubator for 2 hours at 20ºC prior to treatment to 
eliminate potential effects of humidity differences in 
seeds. Soaking time was accepted as the start of the 
experiment. 

 
Germination and Seedling Growth. Seeds 

were treated with electric field following two hours 
of soaking process. Subsequently, seeds were placed 
on germination papers (Hahnemühle, 3644 Blotter 
blue) with the embryos facing upward. Germination 
papers were previously moistened with dH2O at a ra-
tio of about 2.5 times the weight of dry paper. Con-
trol and each treatment were prepared as 10 repli-
cates; 4 replicates with 25 seeds and 6 replicates with 
50 seeds, thus 400 seeds were used for each trial. 
Germination vessels were put into a seed germina-
tion chamber (Nüve, GC 400) at 20ºC and 60 % hu-
midity with 8/16 hours of light/dark cycles for 7 
days.  

 
Methods of International Seed Testing Associ-

ation [32] were used for determination of seed ger-
mination and normal and abnormal seeds. On the 
eighth day, the counts of normal, abnormal and un-
germinated seeds were recorded for all replicates. 
Normal seedlings were well-developed seedlings 
with healthy essential structures of coleoptile and 
radicles. Seedlings having stunted radicles and de-
fected, twisted or no coleoptiles, also seedlings in-
fected by fungi or bacteria sourced from parent seed 
were counted as abnormal seedlings. Normal seed-
lings were used for determining seedling growth pa-
rameters and FTIR analysis. Germination percentage 
was also calculated by using the counts of normal 
seedlings.  

Germinated seeds in all replicates were counted 
for calculating germination speed at 24, 30, 48 and 
72 hours after the start of experiment. Germination 
speeds were calculated according to Maguire [33] 
using the following formula;  

 

where n is the number of newly germinated 
seeds at time t in days following the start of experi-
ment. 

Randomly selected 10 seedlings from the repli-
cates with 25 seeds were separated for growth pa-
rameters. Number of radicles and millimetric meas-
urements of root and shoot lengths were recorded. 
Collected roots and shoots were put into an oven at 
100 ºC for 24 hours for dry weight measurements. 
Similarly, another 10 seedlings from the same repli-
cates were separated for roots and first foliage leafs 
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to be used in FTIR analysis. Roots and leaves were 
then dried at 60 ºC for 72 hours. Dry roots and leaves 
were powdered in an agate mortar and stored until 
FTIR analysis.  

 
Statistical Analysis. The data obtained from 

all parameters as means ± SD were analyzed by one-
way analysis of variance (ANOVA) followed by 
post hoc LSD multiple comparison test at signifi-
cance level of p < 0.05, using SPSS 18 software.  

 
 

RESULTS AND DISCUSSION 
 
Effect of HVEF on Percentage and Speed of 

Germination. Electric field treatments are capable 
of increasing germination percentage and speed of 
seeds [4, 6, 34]. Seeds used in this study were se-
lected, high quality seeds with similar weight and ap-
pearance. Thus, germination percentage of seeds was 
very high with 97.5 % of mean value and found to be 
97.7 % for control (Table 1). Although 1 min appli-
cations of HVEF enhanced germination percentages 
to some degree, differences were not statistically sig-
nificant between control and the treatments (Figure 
2). 5 min 200 kV/m treatment was an exception that 
although still having high value of 95.0 %, its mean 
percentage was significantly lower than other treat-
ments.  

Enhancement of germination speed is often found 
associated with water uptake properties of seeds 
[35]. In the current study, when compared with con-
trol (41.5), germination speed increased at 1 and 5 
min applications of 50 kV/m treatments with mean 
values of 42.4 and 42.7 respectively, and the highest 
value was found for the latter (Table 1). However, 
the differences were not statistically significant. 
Similarly, although non-significant, 1 min applica-
tions of 100 and 200 kV/m treatments were slightly 
higher than the control. As the durations and intensi-
ties increased, germination speeds were started to be 
affected negatively beginning from 10 min 50 kV/m 
treatment (Table 1, Figure 2). Especially at 5 and 10 
min of 100 and 200 kV/m treatments, germination 
speeds were sharply decreased up to 31.3 % with 
high significance levels (mostly at p<0.001) when 
compared with control and other treatments. 2 hours 
of presoaking process, which aimed to eliminate hu-
midity differences of seeds prior to experiment was 
probably an important factor determining the results 
obtained for germination speed. Since water imbibi-
tion rates for wheat are highest at first hours of incu-
bation [36], presoaking process was likely to inhibit 
any enhancement on germination speeds due to wa-
ter uptake. Contrarily, since absorbed water in-
creased dielectric strength, seeds with high water 
content would be affected adversely by high intensi-
ties especially at long durations.  

 
 

TABLE 1 
Comparisons of germination and seedling growth parameters of wheat seed in response to  

HVEF treatments, given as means±standard deviation. 
 

T EF TT GP %DC-GP GS %DC-GS RL %DC-RL 

C 0 0 97.7±1.8 8 - 41.5±2.2 5689 - 39.9±0.6 247 - 
1 50 1 98.4±1.3 8 0,7 42.4±2.1 5689 2,2 42.8±1.5 24 7,1 
2 50 5 97.9±1.6 8 0,2 42.7±2.8 5689 2,7 48.5±1.9 C1356789 21,5 
3 50 10 97.6±1.5 8 (-0,1) 40.2±4.2 689 (-3,1) 41.5±3.8 24 3,8 
4 100 1 97.9±1.6 8 0,2 41.7±2.9 5689 0,4 46.5±2.3 C135689 16,5 
5 100 5 97.4±1.2 8 (-0,4) 37.5±2.9 C124789 (-9,8) 41.1±2.1 24 2,8 
6 100 10 97.6±2.7 8 (-0,1) 35.2±2.2 C123478 (-15,2) 42.8±0.8 24 7,3 

7 200 1 98.8±1.2 89 1,1 41.8±1.9 5689 0,8 44.1±2.1 C2 10,5 
8 200 5 95.0±2.6 C12345679 (-2,8) 28.5±4.1 C12345679 (-31,3) 41.0±1.5 24 2,6 
9 200 10 96.9±1.6 78 (-0,9) 34.0±2.6 C1234578 (-18,2) 42.4±3.2 24 6,3 

T EF TT SL %DC-SL RW %DC-RW SW %DC-SW 

C 0 0 8.5±0.2 24 - 61.4±1.9 1
247 - 65.7±3.2 - 

1 50 1 8.7±0.3 24 2,5 70.0±2.9 C 14,0 64.1±3.0 (-2,4) 
2 50 5 9.6±0.7 C135689 12,7 73.1±2.5 C58 19,0 70.4±4.9 89 7,1 
3 50 10 8.3±0.8 24 (-1,8) 66.6±8.5 8,4 68.9±10.6 9 4,8 

4 100 1 9.5±0.3 C135689 12,3 70.2±3.9 C 14,3 65.1±3.1 (-0,9) 
5 100 5 8.2±0.2 247 (-2,8) 64.9±2.6 2 5,6 65.0±3.2 (-1,1) 
6 100 10 8.6±0.6 24 1,2 67.2±3.9 9,4 64.6±4.2 (-1,8) 
7 200 1 8.9±0.5 5 5,3 69.5±7.4 C 13,1 66.5±3.7 1,2 
8 200 5 8.7±0.4 24 2,3 63.9±4.1 2 4,0 63.4±1.8 2 (-3,5) 

9 200 10 8.4±0.2 24 (-1,3) 66.4±4.5 8,1 61.4±3.0 23 (-6,6) 

T: Treatment; EF: Electric field (kV/m); TT: Treatment time (min); GP: Germination percentage; %DC: Percent difference 
from control (bold numbers indicate significant differences at p<0.05); GS: Germination speed; RW: Root dry weight (mg); 
SW: Shoot dry weight (mg); RL: Root length (cm); SL: Shoot length (cm). Normal + lowered treatment symbols: significant 
at p<0.05; bold + italic symbols: significant at p<0.01; bold + Italic + underlined symbols: significant at p<0.001; treatments 
with no symbols: non-significant at p<0.05. 
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Effect of HVEF on Length and Weight 
Measurements of Roots and Shoots. As an indica-
tive seedling growth measures, root and shoot 
lengths were determined for experimental seeds. 
When we look at the results of both root and shoot 
lengths from Table 1, we see that the lowest means 
for roots and shoots were determined for control and 
5 min 100 kV/m treatment with 39.9 and 8.2 cm, re-
spectively. 5 min 50 kV/m treatment had the highest 
values with 48.5 cm root length and 9.6 cm shoot 
length and increased 34.2 % in total seedling length 
(21.5 % root + 12.7 % shoot length) when compared 
with control. This treatment was followed by 1 min 
100 kV/m treatment with 46.5 and 9.5 cm values for 
root and shoot lengths respectively and total seedling 
length was 28.8 % higher than control (16.5 % root 
+ 12.3 % shoot length). At 1 min 200 kV/m treatment 
mean root length was also increased 10.5 % 
(p<0.05). Seedling growth was distinctively better 
for especially 5 min 50 kV/m and 1 min 100 kV/m 
treatments by means of both root and shoot lengths 
approved by high statistical differences found with 
control and almost all other treatments for both 
measures (Table 1, Figure 2).  

In accordance with the results of root and shoot 
lengths, dry weights of roots and shoots had also 
similar patterns. 5 min 50 kV/m treatment had the 
highest dry weights with 73.1 and 70.4 mg for roots 
and shoots, respectively and while shoot weight was 
also improved by 7.1 %, only root weight was sig-
nificantly higher than control (Table 1, Figure 2) 
with 19.0 % difference (26.1 % increase in total 
seedling weight). The control had the lowest root 
weight among treatments with 61.4 mg, but shoot 
weight did not differ significantly. 1 min of 100 and 
200 kV/m treatments had also higher root weights 
than control with 70.2 mg (14.3 %) and 69.5 mg 
(13.1 %) respectively (p<0.05). Despite of having 
relatively low root length of 42.8 cm, 1 min 50 kV/m 
treatment also had unexpectedly higher root weight 
than control (p<0.05) with 70.0 mg weight which 
corresponded to 14.0 % increase. 

At the beginning of the experiment low germi-
nation speeds determined for treatments at high in-
tensities and long durations. HVEF in these treat-
ments may have induced some type of inhibitory fac-
tors related to mechanical or biochemical processes 
in seeds resulting with decreases in germination 
speeds. Among the possible mechanical effects of 
electrical field applications are electroporation or 
electrical breakdown of cell membrane [37] or per-
turbation of the membrane systems. These processes 
may breakdown cell membrane irreversibly with 
complete damage of cell membranes [38, 39] or may 

cause irregular absorption of water resulting with re-
orientation and disarrangement of the membrane 
components and unexpected swelling of stored mac-
romolecules [40]. But since the length and weight 
measurements of these treatments resulted with sim-
ilar or higher mean values for all treatments when 
compared with control, suppression of germination 
speed was probably not due to this kind of permanent 
negative effect or damage. It was more likely a tem-
porary effect causing slowdown of germination pro-
cesses and may have recovered in later growth 
stages.  

Impact of electric field applications on germi-
nation and seedling growth has long been studied for 
different seeds and aspects [1], but since dielectric 
strengths, sizes and biochemical growth mechanisms 
changes for different plant species, seed specific ap-
plications are needed for improving growth charac-
teristics. Standardized studies are still very limited in 
the field, thus agricultural implementations of this 
kind of alternative methods are not currently availa-
ble. Electric field application on wheat seed in this 
study did not improve germination rate and speed 
significantly, probably due to the presoaking pro-
cess, but remarkably enhanced seedling growth. 
Moon and Chung [4] studied with tomato seeds and 
found that electric field treatment accelerated per-
cent germination rates by up to 2.8 percent. In the 
study, higher enhancements achieved at 400 1200 
kV/m electric field treatments for 30 45 s. Exposure 
time longer than 60 s and intensities higher than 
1200 kV/m inhibited germination. Costanzo [41] ap-
plied continuous electric field to soybean seeds at 
low intensities (3.6 and 1.8 kV/m) and extremely low 
frequency (50 Hz) and achieved up to 12 % increases 
in seedling lengths. Results of another experiment 
with onion seeds at 200 1400 kV/m intensities and 
15 150 s durations revealed that germination percent 
and rate as well as the seedling length and dry weight 
increased at certain exposures [34]. 

Although the underlying impact mechanisms of 
electric field applications are not yet fully under-
stood, it has been believed that they cause ion acti-
vations and dipole polarizations in living cells [4, 42] 
and by effecting biochemical processes related to 
free radicals, they increase protein and enzyme ac-
tivities in cells [3, 6, 43]. Studies have also shown 
that electric field applications increase the antioxi-
dant enzyme activity and glutathione content, 
thereby providing a self-healing ability of aged seeds 
to recover from dormancy and increasing the biopro-
tective capacity by alleviating the stress conditions 
[6, 44]. 
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FIGURE 2 

Percent changes in mean values of wheat germination and seedling growth parameters for electric field 
treatments relative to control. * significant at p<0.05; ** significant at p<0.01; *** significant at p<0.001. 

 
 

FTIR Analysis. FTIR is a successfully used 
spectroscopic technique for demonstrating confor-
mational changes in functional groups of plant parts 
in response to different types of treatments and envi-
ronmental stressors [26, 27, 31, 45]. In this study 
ATR-FTIR technique was used to detect possible 
changes in main structure of roots and first foliage 

leafs of untreated and HVEF treated wheat seeds. 
Figure 3 and 4 shows the comparisons of root and 
leaf FTIR spectra, respectively. Each voltage applied 
was analyzed for roots and leaves separately by com-
paring with untreated control results. General pat-
terns of spectra were similar for roots and leaves. 
Broad absorption bands between 3200 and 3600     
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cm-1 show O-H stretching vibrations, indicating the 
presence of alcohols and phenols in the structure 
[46]. Peaks in the region of 3000 to 2800 cm-1 repre-
sents C-H stretching vibrations of aliphatic hydro-
carbons [46]. The absorption bands at 1730 cm-1 
and 1640 cm-1 show the presence of the carbonyl 
groups (C= O) imply to carboxylic acids, aldehydes 

and ketones in both root and leaf samples. Aromatic 
rings are characteristic chemical groups for lignin, 
which is one of the components of wheat. The bands 
between 1500 and 1550 cm-1 are associated with ar-
omatic C-O stretching of lignin in the guaiacyl ring 
structure and C-N stretching and N-H bending vibra-
tions of amide II structure [46, 47].  

 
 

 

 

 
FIGURE 3 

FTIR spectra of treated and untreated control seedling roots of wheat. 
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FIGURE 4 

FTIR spectra of treated and untreated control seedling leaves of wheat 
 

In fingerprint region absorption bands at 1370 
cm-1 and 1320 cm-1 assigned aliphatic C H stretch-
ing and guaiacyl rings, respectively [48, 49]. The 
bands near 1240 cm-1 in both root and leaf samples 
are due to C-O stretching vibrations of aryl group in 
lignin [50]. In fingerprint region, the most distinctive 
peaks detected at approximately 1030 cm-1, which is 
the characteristic C-O stretching vibrations of alco-
hol both in cellulose and hemicelluloses structure 
[51, 52]. 

Seedling roots and leaves of HVEF treated 

wheat seeds were compared with untreated seedlings 
of control for any structural changes that could be 
distinguished from appearance, disappearance or 
shifting of characteristic bands in the spectrum. 
FTIR spectroscopic analysis revealed that, there was 
no distinctive variation in absorptions bands in spec-
tra of untreated and HVEF treated samples. Instead, 
changes in the intensities were observed especially 
in root samples, where the samples having lower in-
tensities were mostly belonged to the treatments of 
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well-developed roots that would explain possible de-
creases in concentrations for the seedlings grown un-
der seed limited nutritional conditions. 

 
 

CONCLUSION 
 
In this study, HVEF were tested for possible en-

hancements on germination and seedling growth 
characteristics of wheat seeds. There was no signifi-
cant increase on germination percent or speed at any 
treatments. Instead, the suppression of germination 
speeds at high intensities with long durations was ob-

ments which were similar to control at these treat-
ments. When compared to control, the highest 
growth measures were achieved with 5 min 50 kV/m 
treatment with an increase of 34.2 % in mean seed-
ling lengths and 26.1 % in mean seedling weights. 
This treatment was followed by treatments with 1 
min durations of respectively 100, 200 and 50 kV/m 
intensities. These treatments were also highly en-
hanced seedling growth with lengths and weights up 
to 28.8 and 14.3 % respectively.  

Overall view of the results revealed that HVEF 
treatment on wheat seeds with proper durations and 
intensities, as supported by the results of FTIR anal-
ysis, is a promising and powerful technique to en-
hance seedling growth in early stages of develop-
ment. However, further studies are needed to under-
stand the mechanisms behind this enhancement, in 
addition to the potential impacts of treatments on 
plants in later stages of growth for possible improve-
me
ferent types of environmental stressors.  
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In this study, the  propagation of Downy 

oak (  Willd.) was carried out via 
micropropagation technique for the first time. The 6-
benzylaminopurine (BA) [0, 0.5, 1 and 2 mg/L 
doses], 1-Phenyl-3-(1,2,3-thiadiazol-5-yl) (TDZ) [0, 
0.1, 0.5 and 1 mg/L doses] and indole-3-acetic acid 
(IAA) [0, 0.1 and 0.5 mg/L doses] were added for the 
first time in triplicate combinations to the basal me-
dia of Murashige and Skoog (MS), Gresshoff and 
Doy (GD) and Woody Plant Medium (WPM). All 
media were supplemented with 500 mg/L L-gluta-
mine and 3 mg/L polyvinylpyrolidone (PVP) to pre-
vent phenolic substance secretion. When the cyto-
kinin and auxin group Plant Growth Regulators 
(PGRs) were tested simultaneously, the explant re-
sponse in WPM basal media supplemented with 1 
mg/L BA, 1 mg/L TDZ and 0.5 mg/L IAA was ob-
tained at the internodes up to 95% ratio without cal-
lus formation, after 8 weeks. Prior to the rooting step, 
the shoots were transferred to WPM containing 0.1 
mg/L BA and 0.1 mg/L GA3 for development and 
maturation. The explants reaching shoot size up to 
about 4 cm were cultured in WPM containing 0, 0.5, 
1, 2 and 3 mg/L doses of indole-3-butyric acid 
(IBA), IAA and naphthalene acetic acid (NAA). The 
highest regeneration rate was 95% in the medium 
containing 1 mg/L IBA. The triple combinations of 
auxin and cytokinins gave successful results for 
shoot regeneration and growth without callus for-
mation. The rooted plantlets were successfully accli-
matized at the ratio of 55%. 

Internode culture, micropropagation,  
Willd., plant regeneration, triple PGR combination 

 
Forestry has a great importance worldwide for 

a majority of people to carry on their vital activities. 
Forest trees have a wide range of uses in human life, 
such as firewood and material [1]. In developing 
countries, about 90% of forest products are used as 
firewood [2]. Among the functions of the forests, 

those concerned with the preservation and continua-
tion of life and natural balances should be in front of 
the function of wood production as an economic 
value because forests host environments for many 
living beings, provide natural balance chains with 
water and air, earth and air protection, national park 
areas for sports, entertainment, and resting [3]. Re-
production of forest trees is practically done with 
seeds. However, in forest trees, seedling production 
is limited due to the infrequent number of years with 
abundant seed, the problems of long-term storage of 
seeds and the difficulty in collecting seeds. For these 
reasons, vegetative propagation techniques also have 
to be used in reproduction. It is also necessary to use 
vegetative propagation techniques in order to repro-
duce the forest trees superior in nature (resistant to 
diseases and harmful, abundant seeds, smooth body 
structure etc.) without change in genetic structure 
[4]. 

Downy oak (  Willd.) is an 
important species that can be used for arid area re-
forestation due to its drought-tolerance and terres-
trial biocompatibility beside an advanced root sys-
tem [5, 6]. Downy oak, which has a very important 
place among the oaks spreading in Turkey, is being 
used both as firewood and building material (in fur-
niture, lumber, plastering, parquet, etc.) having con-
tribution to economy. 

culture of internodes is an important 
technique involved in plant biotechnology. With this 
technique, intense clonal propagation can be 
achieved in a short time. In addition, unlike shoot tip 
culture, the donor is affected to a minimum level 
when a small number of shoots are taken. There are 
many studies on the  propagation of different 
species of oak [7], such as  [8, 9, 10, 11], 

 [12, 13, 14], [15, 16]. For 
there is only one study performed by Bel-

larosa [17]. In the study, for the first time, auxin and 
cytokinin group Plant Growth Regulators (PGRs) 
were used in triplicate combination and tested in 
three different media aiming to develop a protocol 
for  propagation of downy oak. 
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The internodes of fresh shoots were taken from 

the young individuals (aged 5-7 years) from the 
mixed stands formed by  together with 

 and in Çankırı-İndağı 
site. 

The plants brought to 
the laboratory were sterilized before they were 
planted . For this purpose, firstly the shoots 
were washed 15 min with running tap water, then 4-
5 drops of Tween 20 were added to a second wash. 
After this pre-wash, the shoots were shaken for 5 min 
in 0.05% (w/v) mercuric chloride solution and rinsed 
3 times for 5 min each time with purified water to 
remove mercuric chloride. After this step, the shoots 
were separated into their internodes to buds having 
size of ca. 2 cm, and kept in 70% ethanol for 1 mi-
nute. Then, the explants were sterilized in a 20% 
commercial sodium hypochlorite solution contain-
ing a few drops of Tween 20 for 15 min. Afterwards, 
in order to remove sodium hypochlorite on the tis-
sues, it was rinsed 3 times with sterile distilled water 
for 5 minutes. 

1. Woody Plant 
Medium (WPM) [18] 2. Murashige and Skoog (MS) 
[19] and 3. Gresshoff and Doy (GD) [20] basal me-
dia were used in order to induce shoot formation 
from the internodes. Doses of 0, 0.5, 1 and 2 mg/L 
of BA, doses of 0, 0.1, 0.5 and 1 mg/L of TDZ and 
doses of 0, 0.1 and 0.5 mg/L of IAA were combined 
in triplicate. 500 mg/L L-glutamine, 30 g/L sucrose 
and 7 gr/L agar were added to each medium and the 
pH of the medium was adjusted to 5.7. In the initial 
stages, 3 mg/L polyvinylpyrolidone (PVP) was 
added to the medium to prevent the release of phe-
nolic substances in propagations of plants be-
longing to the family Fagaceae (  sp.,  
sp.  sp. etc.) [15, 16, 21, 22]. To avoid con-
tamination, Plant Preservative Mixture ™ (PPM) 
was added to all media at 1 ml/L, and each explant 
was transferred to 20 ml volumes of media in glass 
tubes of 15x150 mm size (Figure 1a). Explants were 
incubated in 16 h light 8 h darkness at 25±2°C. For 
all basal media, PGR combinations were applied 
separately, and for each combination, 40 internodes 
were used. The explants were taken to fresh medium 
after 4 wk. After 8 wk, shoots of at least 1 cm in 
length were transferred in a WPM medium contain-
ing 0.1 mg/L BA and 0.1 mg/L GA3 for the develop-
ment and maturation of the shoots formed on the 
nodules. In this step, Magentha™ containers con-
taining 50 mL of medium were used and the shoots 
were kept in this medium for 4 wk and then placed 
in the rooting medium. 

New shoots having 
a length of at least 2 cm were placed in round vessels 

with hermetic cover and breathing strips containing 
50 mL media for rooting. 30 g/L sucrose, 7 g/L agar 
with doses of 0, 0.5, 1, 2 and 3 mg/L of IBA, IAA 
and NAA were added to the WPM medium and the 
pH of the medium was adjusted to 5.7. In order to 
induce root development, shoots were incubated at 
25±2°C in 5d darkness. It was then incubated for 16 
h at 4 wk in 8 h darkness at 25±2°C. For each plant 
growth regulator, 20 individuals were used. 

 

 

 

 
In both shoot propagation and rooting stages, 

all experiments were repeated 3 times. All the media 
used in the experiments were 20 min autoclaved at 
121 °C and 1.2 atm pressure. 
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Plantlets with good roots and 

shoot growth were thoroughly washed under running 
water until they were removed from the remaining 
medium and agar. These plants were then planted in 
10x8 cm plastic pots containing autoclaved mixture 
of 1:3 garden soil, 1:3 sand and 1:3 perlite. The wa-
tered plants were covered with plastic bags and small 
air vents were opened to prevent moisture loss. 
These plants were incubated in a humidity controlled 
incubator at 25±2 °C in 16 h light conditions (35 
μmol m-2.s-1). The plants were acclimatized between 
4 and 6 wk, and the plastic bags on the pots were 
completely opened gradually. 

All of the experiments in 
the study were established according to the "Coinci-
dence Parcel Experimental Design". The effect of 2 
different applications (3 basal media x 48 PGR com-
binations) in the shoot formation experiments was 
investigated and each experiment was set up as 40 
explants (5760 internode). During the rooting, a ba-
sal medium with 5 doses of 3 PGRs were studied and 
20 shoots were used in each trial. All the experiments 
were repeated for 2 years. 

The data obtained from  shoot propaga-
tion and rooting were tested as the mean of the rep-
licates via variance analysis (ANOVA) and F-test (P 
<0.05) using SPSS package program [23]. Signifi-
cant differences were determined using the Tukey’s 
multiple comparison test based on a 5% error limit, 
and the differences were indicated using letters. 

 
 
 

 
In the study initiated by the culture of the inter-

nodes of , the formation of new shoots 
was observed within 4 wk. The rate of shoot for-
mation reached up to 95% after 8 wk. However, this 
amount varied according to the concentrations of 
PGR combinations and the medium. While inter-
nodes explants showed their best development in the 
WPM medium, they exhibited less development in 
MS and GD media than WPM. In trials involving tri-
ple PGR combinations, shoot formation was better 
in combinations with BA, TDZ, and IAA compared 
to the control group. 

 

When four axillary 
buds developed from a single explant were used, and 
cytokinin and auxin group PGRs were combined, 
95% explant response was obtained in WPM supple-
mented with 1 mg/L BA, 1 mg/L TDZ and 0.5 mg/L 
IAA without callus formation (Table 1). However, 
high shoot formation rates have also been reached in 
the triplicate combinations of BA, TDZ and IAA at 
different concentrations (Figure 1c) (Table 1, 2 and 
3). In terms of explant response, the combinations 
containing 0.5 mg/L BA + 0.5 mg/L TDZ + 0.1 mg/L 
IAA, and 1 mg/L BA + 1 mg/L TDZ + 0.5 mg/L IAA 
showed 95% viability (Figure 1a). The highest sta-
tistically significant (P<0.05) rates of shoot for-
mation in the same PGR combinations were reached 
at the end of 4 wk (1.57 ± 0.67) and 8 wk (2.97 ± 
1.02) (Table 1, 2 and 3). 
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In the BA alone media, explant viability was 
90% at 2 mg/L, with a shoot number of 2.37 ± 1.00 
(P<0.05) after 8 wk (Figure 2). It was reported that 
BA produced better results in increasing the number 
of shoots compared to other PGRs in the cytokines 
group [11, 12, 24, 25, 26]. In the micropropagation 
studies with the utilization of shoot tip as an explant 
source, and with lower concentrations than 0.5 mg/L 
of BA, an increase in the shoot number was empha-
sized [27, 28, 29]. Here, both utilization of explant 
source and the BA were efficient in induction of ax-
illary shoots because the explants taken from shoot 

tip are younger than the ones from shoot base, and 
their propagation rate is higher [30, 31]. High doses 
of BA (0.5 to 2 mg/L) were therefore used to pro-
mote the formation of shoots of internodes used in 
the study. This high concentration is neither related 
to vitrification and basal callogenesis [32] nor to hy-
perhydricity, malformation, and twisted leaves in 

[33]. This might also be resulted from IAA 
found in PGR combinations. Manzanera and Pardos 
[12] emphasized that NAA in the auxin group in-
creases the shoot propagation rate in . In the 
medium with TDZ alone, the number of shoots was

1 0 0 0 0.05±0.22 g* 0.0±0.0 g 0.05±0.22 g 0.25±0.11 g 
2 0 0 0.1 0.05±0.22 g 0.0±0.0 g 0.05±0.22 g 0.02±0.11 g 
3 0 0 0.5 0.05±0.22 g 0.0±0.0 g 0.05±0.22 g 0.02±0.12 g 
4 0 0.1 0 0.32±0.47 fg 0.15±0.36 g 0.40±0.63 g 0.17±0.27 g 
5 0 0.1 0.1 0.47±0.50 ef 0.30±0.46 g 0.60±0.70 g 0.26±0.30 g 
6 0 0.1 0.5 0.52±0.50 def 0.35±0.48 g 0.55±0.55 g 0.30±0.33 g 
7 0 0.5 0 0.62±0.49 abcdef 0.47±0.50 fg 0.72±0.64 fg 0.36±0.31 g 
8 0 0.5 0.1 0.72±0.45 abcde 0.65±0.48 efg 1.05±0.81 fg 0.59±0.40 g 
9 0 0.5 0.5 0.77±0.42 abcde 0.75±0.77 cdefg 1.32±1.04 defg 0.89±0.59 g 
10 0 1 0 0.87±0.33 abc 1.00±0.87 abcdefg 2.12±1.11 abcde 1.18±0.55 g 
11 0 1 0.1 0.85±0.36 abcd 1.95±1.21 bcdef 1.59±0.80 efg 
12 1.17±0.63 abcde 2.15±1.09 abcde 2.34±0.81 abcde 
13 0.5 0 0 0.55±0.50 cdef 0.37±0.49 g 0.62±0.62 g 0.28±0.29 g 
14 0.5 0 0.1 0.60±0.49 bcdef 0.70±0.72 defg 1.02±1.09 fg 0.63±.0.57 g 
15 0.5 0 0.5 0.65±0.48 abcdef 0.72±0.75 defg 1.15±1.12 efg 0.94±0.78 g 
16 0.5 0.1 0 0.80±0.40 abcde 1.15±0.76 abcde 2.02±1.27 abcdef 1.11±0.64 g 
17 2.72±1.30 abc 2.34±1.03 abcde 
18 0.5 0.1 0.5 0.82±0.38 abcd 1.30±0.88 abcd 1.90±1.25 bcdef 1.60±0.90 efg 
19 0.5 0.5 0 0.75±0.43 abcde 0.92±0.85 bcdefg 1.80±1.28 cdef 1.31±0.95 fg 
20 2.64±0.96 abc 
21 0.5 0.5 0.5 0.70±0.46 abcde 0.95±0.84 abcdefg 1.82±1.41 cdef 0.95±0.73 g 
22 0.5 1 0 0.80±0.40 abcde 0.97±0.83 abcdefg 1.87±1.20 bcdef 1.88±1.09 cdefg 
23 0.5 1 0.1 0.82±0.38 abcd 1.00±0.81 abcdefg 2.07±1.22 abcde 2.22±1.20 abcde 
24 1.22±0.80 abcde 2.27±1.03 abcd 2.24±0.97 abcde 
25 1 0 0 0.75±0.43 abcde 0.90±0.84 bcdefg 1.80±1.28 cdef 1.24±0.89 g 
26 1 0 0.1 0.87±0.33 abc 1.17±0.78 abcde 1.17±0.78 bcdef 1.92±1.16 g 
27 1 0 0.5 0.82±0.38 abcd 1.00±0.81 abcdefg 2.20±1.24 abcd 1.51±0.90 efg 
28 1 0.1 0 0.72±0.45 abcde 0.90±0.84 bcdefg 1.72±1.24 cdefg 1.07±0.84 g 
29 1 0.1 0.1 0.80±0.40 abcde 1.15±0.76 abcde 2.22±1.32 abcd 2.16±1.36 abcdef 
30 1.22±0.73 abcde 2.60±1.08 abc 2.38±1.12 abcde 
31 1 0.5 0 0.82±0.38 abcd 1.10±0.81 abcdef 2.20±1.20 abcd 1.53±0.90 efg 
32 1 0.5 0.1 0.82±0.38 abcd 1.25±0.77 abcde 2.37±1.33 abc 2.18±1.24 abcdef 
33 1 0.5 0.5 0.87±0.33 abc 1.37±0.74 abc 2.55±1.17 abc 2.21±1.04 abcde 
34 1 1 0 0.85±0.36 abcd 1.25±0.70 abcde 2.10±1.12 abcde 1.81±0.90 cdefg 
35 1 1 0.1 0.82±0.38 abcd 1.32±0.79 abcd 2.35±1.25 abc 2.16±1.22 abcdef 
36 2.55±0.82 abcd 
37 1.27±0.67 abcde 2.37±1.00 abc 2.29±1.01 abcde 
38 2 0 0.1 0.70±0.46 abcde 1.00±0.78 abcdefg 1.77±1.34 cdef 1.75±1.33 defg 
39 2 0 0.5 0.80±0.40 abcde 1.12±0.72 abcde 2.12±1.24 abcde 2.09±1.25 abcdef 
40 2 0.1 0 0.72±0.45 abcde 1.12±0.82 abcde 2.00±1.37 abcdef 1.89±1.34 bcdefg 
41 2 0.1 0.1 0.87±0.33 abc 1.27±0.67 abcde 2.57±1.21 abc 2.61±1.18 abcd 
42 2 0.1 0.5 0.85±0.36 abcd 1.20±0.68 abcde 2.45±1.28 abc 
43 2 0.5 0 0.82±0.38 abcd 2.32±1.26 abcd 2.38±1.35 abcde 
44 2 0.5 0.1 0.80±0.40 abcde 1.17±0.78 abcde 2.32±1.38 abcd 2.63±1.50 abc 
45 2 0.5 0.5 0.80±0.40 abcde 1.12±0.72 abcde 2.40±1.33 abc 
46 2 1 0 0.75±0.43 abcde 1.12±0.82 abcde 1.90±1.31 bcdef 2.22±1.50 abcde 
47 2 1 0.1 0.85±0.36 abcd 2.45±1.17 abc
48 2 1 0.5 0.85±0.36 abcd 1.37±0.83 abc 2.45±1.25 abc 

*Different lowercase letters indicate significant differences between treatments 
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2.12 ± 1.11 (P<0.05) after 8 wk, and the highest ex-
plant response was 87% at the 1 mg/L dose, whereas 
the explant response and the number of shoot were 
the lowest when only IAA was used (Table 1). In tis-
sue cultures cytokinins are necessary for plant cell 
division [34, 35]. A large number of new shoots were 
emerged due to the presence of BA and TDZ in the 
medium. Moreover, unlike Vangadesan and Pijut 
[11], the presence of TDZ and BA in the same me-
dium caused increase in both the number and the 
length of shoots. Additionally,  propagation 

studies in  sp. and  sp. using TDZ alone 
and in combination with other PGRs produced very 
successful results [36, 37, 38, 39, 40].   

Positive effects were observed on the explant 
response as well as shoot number and length when 
BA and TDZ were used alone, in combination with 
IAA, or utilization of triplicate combinations (Figure 
2). However, no statistically significant result was 
achieved in basal media (GD, MS and WPM) with-
out PGR. 

 

1 0 0 0 0.02±0.15 g* 0.0±0.0 g 0.02±0.15 g 0.01±0.07 h 
2 0 0 0.1 0.02±0.15 g 0.0±0.0 g 0.02±0.15 g 0.01±0.07 h 
3 0 0 0.5 0.02±0.15 g 0.0±0.0 g 0.02±0.15 g 0.01±0.09 h 
4 0 0.1 0 0.20±0.40 fg 0.15±0.36 g 0.25±0.54 g 0.08±0.18 h 
5 0 0.1 0.1 0.30±0.46 efg 0.17±0.38 g 0.37±0.62 g 0.12±0.19 h 
6 0 0.1 0.5 0.37±0.49 defg 0.15±0.36 g 0.37±0.49 g 0.14±0.19 h 
7 0 0.5 0 0.45±0.50 cdef 0.20±0.40 fg 0.50±0.59 fg 0.21±0.25 h 
8 0 0.5 0.1 0.52±0.50 bcdef 0.32±0.47 efg 0.70±0.79 efg 0.39±0.41 h 
9 0 0.5 0.5 0.55±0.50 abcdef 0.50±0.75 defg 0.92±1.09 defg 0.55±0.55 h 
10 0 1 0 0.70±0.46 abcd 0.75±0.89 cdefg 1.65±1.31 abcde 0.84±0.60 gh 
11 0 1 0.1 0.70±0.46 abcd 1.12±0.96 abcd 1.50±1.28 bcdef 1.11±0.88 defgh 
12 0 1 0.5 0.65±0.48 abcd 0.70±0.75 cdefg 1.35±1.21 cdefg 1.56±1.22 abcde 
13 0.5 0 0 0.45±0.50 abcde 0.20±0.40 fg 0.50±0.59 fg 0.21±0.25 h 
14 0.5 0 0.1 0.55±0.50 cdef 0.50±0.75 defg 0.92±1.09 defg 0.55±0.55 h 
15 0.5 0 0.5 0.55±0.50 abcdef 0.50±0.75 defg 0.92±1.09 defg 0.55±0.55 h 
16 0.5 0.1 0 0.70±0.46 abcdef 0.85±0.89 bcdef 1.77±1.38 abcd 0.84±0.60 gh 
17 0.5 0.1 0.1 0.80±0.40 abc 1.32±0.85 abc 2.32±1.49 abc 1.94±1.17 abc 
18 0.5 0.1 0.5 0.70±0.46 abcd 1.12±0.96 abcd 1.50±1.28 bcdef 1.11±0.88 defgh 
19 0.5 0.5 0 0.70±0.46 abcd 0.75±0.89 cdefg 1.65±1.31 abcde 0.84±0.60 gh 
20 0.5 0.5 0.1 0.80±0.40 abc 1.32±0.85 abc 2.32±1.49 abc 1.94±1.17 abc 
21 0.5 0.5 0.5 0.70±0.46 abcd 0.85±0.89 bcdef 1.77±1.38 abcd 0.84±0.60 gh 
22 0.5 1 0 0.70±0.46 abcd 0.75±0.89 cdefg 1.65±1.31 abcd 1.52±1.14 abcdefg 
23 0.5 1 0.1 0.70±0.46 abcd 0.70±0.85 cdefg 1.52±1.15 bcdef 1.54±1.16 abcdef 
24 0.5 1 0.5 0.77±0.42 abc 0.80±0.85 bcdefg 1.62±1.07 abcde 1.63±1.07 abcde 
25 1 0 0 0.70±0.46 abcd 0.90±0.84 abcde 1.67±1.30 abcde 0.86±0.62 fgh 
26 1 0 0.1 0.67±0.47 abcde 0.90±0.84 abcde 1.62±1.33 abcde 0.86±0.64 fgh 
27 1 0 0.5 0.77±0.42 abc 1.00±0.81 abcd 1.90±1.23 abcd 1.20±0.80 defgh 
28 1 0.1 0 0.70±0.46 abcd 0.90±0.84 abcde 1.67±1.30 abcde 0.86±0.62 fgh 
29 1 0.1 0.1 0.65±0.48 abcde 0.92±0.82 abcde 1.65±1.36 abcde 1.13±0.92 defgh 
30 1 0.1 0.5 0.77±0.42 abc 1.00±0.81 abcd 1.90±1.23 abcd 1.20±0.80 defgh 
31 1 0.5 0 0.70±0.46 abcd 0.90±0.84 abcde 1.67±1.30 abcd 0.97±0.68 efgh 
32 1 0.5 0.1 0.82±0.38 abc 1.20±0.75 abc 2.12±1.20 abc 1.52±0.86 abcdefg 

34 1 1 0 0.82±0.38 abc 1.25±0.77 abc 2.05±1.21 abc 1.62±0.90 abcde 

37 2 0 0 0.80±0.40 abc 1.20±0.82 abc 1.97±1.25 abc 1.33±0.84 bcdefg 
38 2 0 0.1 0.75±0.43 abcd 1.10±0.81 abcd 1.90±1.33 abcd 1.26±0.88 cdefg 
39 2 0 0.5 0.87±0.33 ab 1.27±0.71 abc 2.22±1.16 abc 1.54±0.77 abcdef 
40 2 0.1 0 0.80±0.40 abc 1.25±0.83 abc 2.07±1.24 abc 1.48±0.88 abcdefg 
41 2 0.1 0.1 0.87±0.33 ab 1.30±0.72 abc 2.37±1.14 abc 1.69±0.81 abcd 
42 2 0.1 0.5 0.80±0.40 abc 1.15±0.76 abcd 2.02±1.27 abc 1.41±0.87 abcdefg 
43 2 0.5 0 0.77±0.42 abc 1.20±0.85 abc 2.00±1.32 abc 1.44±0.97 abcdefg 
44 2 0.5 0.1 0.80±0.40 abc 1.15±0.76 abcd 2.07±1.20 abc 1.54±0.88 abcdef 
45 2 0.5 0.5 0.85±0.36 ab 1.25±0.74 abc 2.20±1.15 abc 1.16±0.87 abcd 
46 2 1 0 0.82±0.38 abc 1.30±0.82 abc 2.15±1.25 abc 1.64±0.94 abcd 
47 2 1 0.1 0.75±0.43 abcd 1.20±0.85 abc 2.00±1.33 abc 1.51±1.01 abcdefg 
48 2 1 0.5 0.77±0.42 abc 1.20±0.85 abc 2.17±1.33 abc 1.49±0.98 abcdefg 

*Different lowercase letters indicate significant differences between treatments 
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1 0 0 0 0.0±0.0 f* 0.0±0.0 g 0.0±0.0 g 0.0±0.0 h 
2 0 0 0.1 0.0±0.0 f 0.0±0.0 g 0.0±0.0 g 0.0±0.0 h 
3 0 0 0.5 0.0±0.0 f 0.0±0.0 g 0.0±0.0 g 0.0±0.0 h 
4 0 0.1 0 0.05±0.22 ef 0.02±0.16 fg 0.05±0.22 g 0.01 ±0.66 h 
5 0 0.1 0.1 0.10±0.30 def 0.05±0.22 efg 0.12±0.40 g 0.04±0.13 h 
6 0 0.1 0.5 0.10±0.30 def 0.05±0.22 efg 0.10±0.30 g 0.03±0.10 h 
7 0 0.5 0 0.15±0.36 cdef 0.15±0.36 defg 0.20±0.51 fg 0.07±0.51 h 
8 0 0.5 0.1 0.20±0.40 bcdef 0.20±0.40 cdefg 0.25±0.54 efg 0.11±0.24 h 
9 0 0.5 0.5 0.17±0.38 bcdef 0.20±0.46 cdefg 0.30±0.72 efg 0.17±0.42 h 
10 0 1 0 0.35±0.48 abcdef 0.27±0.55 bcdefg 0.67±0.99 abcdefg 0.35±0.49 defgh 
11 0 1 0.1 0.25±0.43 bcdef 0.37±0.70 abcdefg 0.50±0.98 bcdefg 0.27±0.47 fgh 
12 0 1 0.5 0.35±0.48 abcdef 0.47±0.71 abcdefg 0.70±1.04 abcdefg 0.52±0.75 abcdefgh 
13 0.5 0 0 0.30±0.46 abcdef 0.20±040 cdefg 0.35±0.57 defg 0.15±0.25 h 
14 0.5 0 0.1 0.25±0.43 bcdef 0.35±0.66 abcdefg 0.45±0.90 cdefg 0.25±0.48 gh 
15 0.5 0 0.5 0.35±0.48 abcdef 0.30±0.60 bcdefg 0.52±0.84 bcdefg 0.34±0.50 efg 
16 0.5 0.1 0 0.30±0.46 abcdef 0.42±0.71 abcdefg 0.77±1.25 abcdefg 0.37±0.59 cdefg 
17 0.5 0.1 0.1 0.40±0.49 abcdef 0.57±0.78 abcdefg 1.05±1.41 abcdefg 0.73±0.95 abcdefgh 
18 0.5 0.1 0.5 0.37±0.49 abcdef 0.60±0.87 abcdef 0.85±1.23 abcdefg 0.48±0.66 abcdefgh 
19 0.5 0.5 0 0.40±0.49 abcdef 0.25±0.58 bcdefg 0.82±1.12 abcdefg 0.43±0.55 cdefgh 
20 0.5 0.5 0.1 0.42±0.50 abcde 0.62±0.80 abcde 1.07±1.38 abcdefg 0.79±0.96 abcdefgh 
21 0.5 0.5 0.5 0.42±0.50 abcde 0.37±0.66 abcdefg 0.97±1.27 abcdefg 0.46±0.55 bcdefgh 
22 0.5 1 0 0.37±0.49 abcdef 0.20±0.51 cdefg 0.77±1.12 abcdefg 0.66±0.91 abcdefgh 
23 0.5 1 0.1 0.45±0.50 abcde 0.27±0.55 bcdefg 0.85±1.00 abcdefg 0.85±1.01 abcdefg 
24 0.5 1 0.5 0.42±0.50 abcde 0.25±0.54 bcdefg 0.75±0.95 abcdefg 0.73±0.91 abcdefgh 
25 1 0 0 0.45±0.50 abcde 0.47±0.67 abcdefg 0.92±1.09 abcdefg 0.48±0.55 abcdefgh 
26 1 0 0.1 0.40±0.49 abcdef 0.42±0.63 abcdefg 0.85±1.14 abcdefg 0.46±0.60 abcdefgh 
27 1 0 0.5 0.42±0.50 abcde 0.40±0.59 abcdefg 0.95±1.19 abcdefg 0.57±0.75 abcdefgh 
28 1 0.1 0 0.45±0.50 abcde 0.47±0.67 abcdefg 0.95±1.15 abcdefg 0.49±0.57 abcdefgh 
29 1 0.1 0.1 0.30±0.46 abcdef 0.32±0.52 abcdefg 0.70±1.13 abcdefg 0.45±0.72 bcdefgh 
30 1 0.1 0.5 0.50±0.50 abcd 0.52±0.67 abcdefg 1.07±1.14 abcdefg 0.69±0.77 abcdefgh 
31 1 0.5 0 0.40±0.49 abcdef 0.60±0.84 abcdef 1.02±1.32 abcdefg 0.56±0.71 abcdefgh 

33 1 0.5 0.5 0.52±0.50 abc 0.77±0.86 abc 1.40±1.42 abc 1.01±1.02 abc 
34 1 1 0 0.52±0.50 abc 0.75±0.80 abc 1.30±1.30 abcd 0.86±0.89 abcdefg 
35 1 1 0.1 0.50±0.50 abcd 0.47±0.64 abcdefg 1.20±1.30 abcde 0.89±0.94 abcdefg 

0.67±0.82 abcd
37 2 0 0 0.50±0.50 abcd 0.37±0.62 abcdefg 1.07±1.18 abcdefg 0.75±0.81 abcdefgh 
38 2 0 0.1 0.42±0.50 abcde 0.37±0.62 abcdefg 0.95±1.21 abcdefg 0.62±0.76 abcdefgh 

0.88±0.80 abcdefgh 
40 2 0.1 0 0.47±0.50 abcd 0.55±0.74 abcdefg 1.17±1.33 abcdefg 0.81±0.91 abcdefgh 
41 2 0.1 0.1 0.52±0.50 abc 0.77±0.83 abc 1.47±1.48 ab 0.98±1.01 abcd 
42 2 0.1 0.5 0.50±0.50 abcd 0.55±0.74 abcdefg 1.10±1.17 abcdefg 0.76±0.81 abcdefgh 
43 2 0.5 0 0.47±0.50 abcd 0.55±0.84 abcdefg 1.17±1.39 abcdef 0.69±0.77 abcdefgh 
44 2 0.5 0.1 0.47±0.50 abcd 0.57±0.67 abcdefg 1.12±1.26 abcdef 0.82±0.91 abcdefgh 
45 2 0.5 0.5 0.50±0.50 abcd 0.62±0.70 abcde 1.17±1.25 abcdef 0.90±0.94 abcdef 
46 2 1 0 0.52±0.50 abc 0.60±0.77 abcdef 1.17±1.27 abcdef 0.91±0.95 abcde 
47 2 1 0.1 0.45±0.50 abcde 0.50±0.84 abcdefg 1.10±1.37 abcdefg 0.80±0.92 abcdefgh 
48 2 1 0.5 0.42±0.50 abcde 0.55±0.78 abcdefg 1.10±1.35 abcdefg 0.80±0.98 abcdefgh 

*Different lowercase letters indicate significant differences between treatments 

 At the end of 8 wk, the 
length of the shoots was measured. The longest shoot 
length was observed as 2.94±1.39 in WPM medium 
with 2 mg/L BA+0.1 mg/L TDZ+0.5 mg/L IAA, as 
2.93±1.38 in 2 mg/L BA+1 mg/L TDZ+0.1 mg/L 
IAA containing medium, and 2.89±1.39 (P<0.05) in 
2 mg/L BA+1 mg/L TDZ+0.5 mg/L IAA containing 
medium (Table 1, 2 and 3). Statistically, these three 
PGR combinations did not differ from each other. 
The average lengths of the shoots were about 4 cm. 
The shoot length was to be 2.55 ± 0.82 in the medium 
with 1 mg/L BA + 1 mg/L TDZ + 0.5 mg/L IAA 

which gives the best results statistically for the ex-
plant response and number of shoots. Although this 
result is statistically in the same group, its average is 
lower than the others. The use of BA and TDZ in 
PGR combinations with higher doses than IAA af-
fected shoot formation and length positively. Indeed, 
the presence of IAA in combination provided cyto-
kinins to form the plantlet directly without callus for-
mation; a similar result was obtained by Vieitez et al. 
[8] testing different doses of IBA in . Prior 
to rooting stage, culturing of the shoots in the WPM 
medium containing 0.1 mg/L BA and 0.1 mg/L GA3 
for 4 wk also helped to increase the shoot length. 
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Similarly, GA3 found in the medium has an effect of 
increasing shoot length in  and 

 [41].  

The number of shoots 
was higher after 8 wk than the initial stage (Table 1, 
2 and 3). The shoots taken in fresh medium with sub-
cultures were beneficial both in terms of increase in 
number of axillaries shoots and increase in shoot 
length [30, 31]. The results obtained in this study are 
better than the other studies related to  sp. 
micropropagation. San-Jose et al. [42] reported that 
the subculture in .  physiologically halts the 

development of explants propagation, but in-
creases  exactly [27]. In  
Mill.’s  propagation, subculture on a monthly 
basis is absolutely necessary for shoot propagation 
and elongation [37, 43, 44]. In the study conducted 
in , it was found that transfer of 
plants to fresh medium was inhibiting the defoliation 
on shoots [45]. In addition to this important benefit 
of subculture in  micropropagation studies, it 
was utilized in order to prevent inhibitory effect of 
phenolic substance secretion on growth, encountered 
in propagation of the plants in Fagaceae fam-
ily (  sp.,  sp.,  sp. etc.) [15, 
16, 21, 46, 47, 48]. 

 

0 0.15±0.36 b* 0.12±0.31 b 0.08±0.21 c 
0.5 0.40±0.50 ab 0.63±0.83 ab 0.48±0.61 bc 
1 
2 0.50±0.51 ab 1.41±1.52 ab 
3 0.45±0.51 ab 0.78±0.93 ab 1.06±1.23 abc 

 

0 0.05±0.22 b 0.025±0.11 b 0.25±0.11 c 
0.5 0.35±0.48 ab 0.69±1.10 ab 0.41±0.58 bc 
1 0.90±0.88 ab 
2 
3 

 

0 0.10±0.30 c 0.07±0.24 c 0.05±0.15 d 
0.5 0.55±0.51 b 0.99±1.09 b 0.87±0.87 cd 
1 
2 0.75±0.44 ab 1.41±0.94 ab 2.42±1.72 ab 
3 0.65±0.48 ab 1.08±0.88 b 1.80±1.47 bc 

*Different lowercase letters indicate significant differences between treatments 
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In this study of cultur-
ing internode explants, WPM, MS and GD media 
were used in combination with different dosages of 
BA, TDZ and IAA. Among these three media con-
taining different salt formulations, WPM gave the 
best results (Table 1, 2 and 3). Although some data 
in the MS medium are close to that of the WPM me-
dium, the WPM is statistically more significant. The 
GD medium is not as effective as WPM and MS for 

. The half-strength use of macronutri-
ents in WPM and MS media was successful in induc-
ing shoot induction in some  species [22]. 
Manzenera and Pardos [12] reported that Sommer's 
and Heller's media are suitable for growth and pro-
liferation in  due to their high salt concen-
trations. They reported that MS medium gave the 
worst results in terms of explant response and shoot 
elongation. Vieitez et al. [24] and Vieitez et al. [49] 
reported that the GD medium provided better out-
comes for  and  than other media, 
since the GD medium was able to produce healthy 
shoots. On the other hand, it was reported that the 
WPM medium is inevitable for  sp. in 

 propagation studies [11, 22, 41, 50]. 

After the initial 
stage, shoots with approximately 3 cm length were 
transferred to WPM containing 0.1 mg/L BA and 0.1 
mg/L GA3 for their development and maturation. 
Transfer of the explants from the medium containing 
high dose of cytokinin during 8 wk to lower dose 
helps the explants develop without callus formation. 
Due to the promoting feature of the gibberellins dur-
ing the development stage, GA3included in the me-
dium ensures that young shoots form healthy stems 
and roots before the rooting stage [51, 52]. 

Shoots reaching at least 2 cm in length for root-
ing were cultured in WPM medium with doses of 0, 
0.5, 1, 2 and 3 mg/L of IBA, IAA and NAA. In the 
shoots that were subcultured after 4 wk, at the end of 
subculture II, stem formation was 95% in the me-
dium containing 1 mg/L IBA. Selection of the most 
suitable PGR in the auxin group and incubation at 
dark resulted in this high ratio as also reported by 
Sanchez et al. [10], Rugini et al. [53], George and 
Debergh [31], and Hutchinson et al. [54]. In this 
study, the shoot length was 3.41 ± 1.38 (P<0.05) 
while the root/shoot ratio was 2.06 ± 0.84 (P<0.05) 
(Table 4). Among the IBA IAA and NAA used in the 
rooting stage, it was clear that IBA gave the best re-
sult for  (Figure 3). Ostrolucka and 
Bezo [9] reported that in , low doses of IBA 
and NAA brought about rooting at 90% ratio.  

 
The rooted plants were 

planted in plastic pots containing a mixture of steri-
lized garden soil, sand and perlite for acclimatization 
purposes. 55% of these plants survived (Figure 1c). 

This study is the first successful report of 
 propagation of downy oak via internodes. It is 

an important protocol that can be used for breeding 
and reproduction purposes. In the initial stage, the 
triple combination of auxin and cytokinins gave very 
successful results in both shoot formation and 
growth as well as also in callus formation, by adding 
2 mg/L BA + 0.1 mg/L TDZ + 0.5 mg/L IAA to the 
WPM medium. The different results obtained in the 
amount of shoot formation in  species de-
pending on the difference in PGR types [22, 28, 41, 
50] and genotypes [24, 49]. During the rooting stage, 
the healthiest rooting of the shoots were observed in 
the WPM medium containing 1 mg/L IBA, and 55% 
of the plantlets were acclimatized. This revealed that 
the internode is a good explant source that can be 
used for propagation. 
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We studied a variation in food consumption and 
the composition of the stomach contents of sand 
smelt,  during the reproductive pe-
riod from December 2009 to April 2010 in Kara-
caoren Dam Lake in Turkey. In this study, differ-
ences in feeding related to size and sex were exam-
ined. The diet composition of in Kara-
caoren Dam Lake includes 20 types of prey items. 
12806 individual preys were counted from 190 

examined. The main prey taxa in the diet of 
females and males of  were Cladocera, Ro-
tifera, Copepoda, and Odonata respectively. The 
main prey taxa in the diet of were Rotifera 
(61.82 %) Cladocera (24.40 %), Copepoda (11.79 
%) and Odonata (1.14 %) respectively. 

 (61.09 %) represented the largest propor-
tion of the diet followed by  
(11.96 %),  sp (10.50%) and 

 (9.38 %). Males (54%) had higher 
feeding intensity than females (46%). In Karacaoren 
Dam Lake, fed as the frequency of occur-
rence mainly on (47.89%), Cy-
clops sp. (41.57%) and (38.42 
%). The fact that the species diversity for diet 
showed a homogeneous distribution in 5.0- 5.4/ 5.5- 
5.9 and 6.0- 6.4 length classes. Schoeners’s Overlap 
index values, there was a high degree of consumed 
food between 5.0- 5.4/ 6.0- 6.4 (Cxy=0.86), 5.5- 5.9/ 
5.5- 5.9 (Cxy =0.96), 5.5- 5.9/ 6.0- 6.4 (Cxy = 0,82).  

 
 

  
Sand smelt, , diet, feeding, Karacaoren 
Dam Lake, Turkey 
 
 

 
The sand smelt,  (Risso 1810) 

is a small, short-lived, euryhaline species that is 
common in coastal lagoons and estuarine waters of 
the Mediterranean Basin and adjacent areas, and in 
the northeast Atlantic [1-3]. This euryhaline species 
is mainly coastal and estuarine ecosystems but it was 

introduced into freshwater lakes and shows dense 
populations in these habitats [3-5]. There have been 
many studies regarding the feeding habits 

 in marine and brackish [6-10], and freshwater 
ecosystems [2-3, 5, 9, 11].  

A population of  inhabits Lake Kara-
caoren Dam Lake (Turkey), having been naturally 
introduced into this ecosystem during past centuries. 

 has been found to feed mainly upon plank-
tonic or benthic invertebrates and it has been charac-
terized as a generalistand opportunistic predator [9]. 
The natural distribution area of the fish in Turkey is 
Akyatan and Tuzla Lakes (Adana), Bafa Lake (Ay-
din), Koycegiz Lake (Mugla), Gediz Stream (Izmir), 
Buyukcekmece Reservoir and Kucukcekmece La-
goon (Istanbul), Peso Lake (Edirne), Sapanca Lake 
(Sakarya) and some estuaries in the East Black Sea 
Region such as Yesilirmak (Samsun), Karadere 
(Kastamonu) [12-13].  

These studies are important for evaluation of 
the ecological role of the species as well as the un-
derstanding of its position in the food web structure 
in the lake. 

 
 

 was collected starting from December 
2009 to April 2010 in Karacaoren Dam Lake. 

samples were collected using electrofishing 
equipments. The specimens were transported to the 
laboratory where total (TL) length was measured to 
the nearest 0,1 mm using digital caliper and weight 
(W) to the nearest 0,001 g using a digital balance. All 
the captured fish specimens were immediately pre-
served in a plastic barrel containing 70 % ethyl alco-
hol solution for later analysis. For each fish, total 
weight (g), fork length (mm) and sex were recorded. 
The differences between length and weights of fe-
males and males were tested with the " " test. In ad-
dition, the differences between prey types and gen-
ders were analyzed by two-way contingency table 
employed and the source of variations was identified 
with the χ2 test [14-16].  

The Fullness Index (FI) was calculated to in-
vestigate the variations in feeding intensity, using the 
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equation: FI = (Weight of stomach contents/Total 
weight of fish)*10000 [17].  

Schoner’s (1970) similarity index was calcu-
lated as: 

Cxy = 1 - 0.5 ∑ |pxi-pyi|; where pxi and pyi are 
the proportions by number of prey type i in the diets 
of groups (length or sex (female-male)) x and y, re-
spectively. Overlap index ranging from 0 (no over-
lap) to 1 (complete overlap). If the C value is bigger 
than 0.80, it means that the diet of the 2 groups is 
similar [3,18-19]. 

The Margalef species richness (d) and Shan-
non’s Diversity (H`) were used to evaluate species 
composition within and between fish size groups. 
Margalef species richness was calculated as:  

d= ( - 1)/( ) ; where S is the number of 
species and N is the number of specimens. Shan-
non’s diversity was calculated as:  

H`=- ; where P is the ratio 

of species  [20]. 
The use of the Shannon-Wiener index provides 

an objective indication of niche breadth [21]. Low 
values indicate diets with few prey items (specialist 
predators) and high values indicate generalist diets.  

 
 

 
Sand smelt, (Risso, 1810) en-

ters rivers, lakes, ponds, canals, and reservoirs by co-

incidence but become dominant in these habitats be-
cause of its biological features. It abundantly and un-
intentionally reproduces in natural environments 
and, as an invasive species, competes with native 
fish for food, dissolved oxygen, and space. [22]. 

 
 The total length of  

varied from 4.5 cm to 7.1 cm and W ranged from 
0.633 g to 2.404 g. For females, TL and W varied 
between 4.5 cm and 7.1 cm (5.46± 0.45) and 0.73 g 
to 2.404 g (1.19±0.31) respectively, whereas for 
males it ranged from 4.9 cm to 6.4 cm (5.57± 0.35) 
and 0.633g to 1.747 g (1.14± 0.23) respectively. The 
lengths and weights of the females and males were 
not different, statistically (t= 1.835, df= 188; p= 
0.068 for lengths and t= 1.456, df= 188; p= 0.147 for 
weights). 

The stomach content of in Karacaoren 
Dam Lake includes 20 types of prey items. 12806 in-
dividual preys were counted from 190 ex-
amined. Only 14 specimens (8 females and 6 males) 
had empty stomachs (Fig. 1). between 4.5- 
4.9 cm and 6.0- 7.4 cm fed most intensively, while 
feeding intensity decline 5.0- 5.9 cm length groups.  

 
The main prey taxa in the 

diet of were Cladocera, Rotifera and Cope-
poda respectively (Table 1).  
(N= 61.09 %) were important in the diet of females 
and males of , followed by 

 (N= 11.96 %),  (N= 10.50 %) and 
(N= 9,38 %). 

∑
=

=1
)*(
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  73 38.42105 7824 61.09636 30 15.78947 3870 30.22021 43 22.63158 3959 30.9152 

  20 10.52632 51 0.398251 10 5.263158 33 0.257692 10 5.263158 18 0.140559 

  3 1.578947 3 0.023427 2 1.052632 2 0.015618 1 0.526316 1 0.007809 

  12 6.315789 39 0.304545 4 2.105263 24 0.187412 8 4.210526 15 0.117133 

38 20 109 0.851164 14 7.368421 29 0.226456 24 12.63158 80 0.624707 
91 47.89474 1532 11.96314 39 20.52632 625 4.880525 52 27.36842 907 7.082618 
71 37.36842 1202 9.386225 23 12.10526 424 3.310948 48 25.26316 778 6.075277 
17 8.947368 72 0.562236 7 3.684211 21 0.163986 10 5.263158 51 0.398251 
16 8.421053 23 0.179603 6 3.157895 11 0.085897 10 5.263158 12 0.093706 
35 18.42105 170 1.327503   13 0.101515 27 14.21053 157 1.225988 

  1 0.526316 1 0.007809 1 0.526316 1 0.007809     
  1 0.526316 13 0.101515     1 0.526316 13 0.101515 
  1 0.526316 2 0.015618     1 0.526316 2 0.015618 
  1 0.526316 1 0.007809 1 0.526316 1 0.007809     

6.699984 
  79 41.57895 1345 10.50289 30 15.78947 593 4.630642 49 25.78947 752 
  64 33.68421 166 1.296267 26 13.68421 60 0.46853 38 20 106 0.827737 

  25 13.15789 73 0.570045 13 6.842105 59 0.460722 12 6.315789 14 0.109324 

  

Cladocerans were the most common prey 
(52.10 %) and of these were 
the most common (FO= 47.89 %) followed by 

 sp. (FO= 41.57 %) (FO= 
38.42 %),  (FO= 37.36 
%) and  (FO= 33.68 %). Fish (egg, 
scale) represented FO= 6.84 %. The main prey taxa 
in the diet of were Rotifera (N= 61.82%) 
Cladocera (N= 24.40 %) and Copepoda (N= 11.79 
%) respectively. These groups organisms; 

 (61.09 %) represented the largest propor-
tion of the diet followed by  
(11.96 %),  sp (10.50 %) and 

 (9.38 %). The most frequency of occur-
rence prey in the stomach were 
(47.89 %)  (38.42 %), 
sp. (41.57 %), (37.36 
%) and   (33.68 %), fish (eggs, 
scale) (6.84 %) represented (Table1). Sand smelt is 
known to consume fish eggs and larvae [2-3, 5]. In 
our study, fish (egg, scale) in the stomach was mini-
mal in number which is the same that was found by 
the researches. 

Feeding properties of have been stud-
ied in freshwater lakes. fed on a larger zo-
oplankton, such as adult copepods and copepod in 
freshwater ecosystems [3, 11, 23]. [5] noted that 

 and 
 were dominant prey items in Lake Trichonis. 

Besides, [5] reported that 

 and  were 
dominant prey items included. In other study, [2] re-
ported that  consumed cladocerans, 
copepods and bivalvia larvae. Compared to other 
studies, sand smelt fed mainly on planktonic in our 
study. 

The number of organism per stomach was 
higher in males (54 %) than in females (46 %) show-
ing significant differences (χ2= 40.94 > χ21,0.05= 
3.841) (Table 2). Two-way contingency analysis in-
dicated that prey organism consumed by females and 
males is significantly different. The main source of 
variation comes from 

, Odonata, 
,  and . 

 sp., , fish scale and Tri-
choptera didn’t show differences between females 
and males. 

Stomach contents in relation to fish size. 
total length ranged from 4.5-7.1 cm. (Table 

3). Significantly higher numbers of 
 were found in the stomachs of the 4.5- 4.9 cm 

length groups. Odonata and Chrinomus larvae was 
dominant food item in the length groups of 6.0-6.9 
cm. Fish eggs and scales were found in the stomach 
of fishes 5.0-6.4 cm in length groups. 
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3870 (3603) 3954 (4221) 7824 (7824) 36.619* 
 sp. 593 (619) 752 (726) 1345 (1345) 2.086 

60 (76) 106 (90) 166 (166) 6.522* 
424 (554) 778 (648) 1202 (1202) 56.244* 
625 (706) 907 (827) 1532 (1532) 17.025* 

13 (78) 157 (92) 170 (170) 100.957* 
29 (50) 80 (59) 109 (109) 16.597* 
33 (24) 18 (28) 51 (51) 7.122* 
110 (67) 36 (79) 146 (146) 50.506* 
59 (34) 14 (39) 73 (73) 35.576* 
21 (33) 51 (39) 72 (72) 8.319* 
11 (11) 12 (12) 23 (23) 0.028 

Fish scale 14 (13) 15 (16) 29 (29) 0.050 
Trichoptera 24 (18) 15 (21) 39 (39) 3.714 
Ni 5886 (5886) 6895 (6895) 12781 (12781)  
χ2 184.064* 157.305*  341.369* 
χ2 (0.05) (df:1)= 3.841;  χ2 (0.05) (df:13)= 22.362 
(The bold values of χ2 indicate highly significant (p<0.05)) 
 

N N N N N N 
     

   2962(33) 3147(33) 1713(6) 2(1)   
   11(7) 31(10) 9(3)    
   3(3)      

 22(4) 29(7) 3(1)    

 21(11) 51(21) 37(6)    
132(5)   26(5)    

 527(26) 600(41) 75(4)    
 28(7) 16(8) 28(2)    
 7(6) 11(7) 5(3)    

1(1) 17(13)  4(2)    
     1(1)    
     13(1)    
     2(1)    
   1(1)      

   557(35) 644(37) 144(7)    
  5(3) 48(27) 86(26) 27(8)    

 87(14) 24(3) 1(1) 

     11(6) 2(2) 28(1) 
4(1)    1(1) 
3(3)  22(8) 0.47 7(2) 

    

 

3 0.434 
12 2.385 
10 1.954 
18 3.693 
3 0.434 
2 0.217 
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4.5-4.9 0.01     
5-5.4 0.09    
5.5-5.9 0.03   
6-6.4 0.00 0.07 0.07 0.12  
7.0-7.4 0.00 0.00 0.00 0.04 0.11 

 
[23] stated that the similarity of diet in large 

fish of 30 mm (TL) is important, and cannibalism is 
found in large-sized individuals. Simultaneously, the 
study conducted at Hirfanlı Dam Lake showed that 
100.0-109.9 mm of  were fed with 

 (99.88%) and 90.0-99.9 mm of  were fed 
with Cyclopoid copepods (83.90%). In addition, [3] 
reported that individuals in the range of 7.0-8.4 and 
8.8-9.9 cm (FL) were predominantly fed with 
arthropoda, cladocera, insect, copepod and fishes. In 
this study, 4.5- 4.9 / 6- 6.4 cm length range of 
individuals were fed with rotifera, cladocera, 
copepod and, Individuals between 6.5- 6.9 / 7.0-7.4 
cm in length were found to be fed with odonata and 
trichoptera. In our study, it was found that the 

 in the range of 5.5- 5.9 / 6.0- 6.4 cm length 
class contains fish egg, scale at very low level.  

Shannon’s diversity index values are shown in 
Table 4. The food niche breadth of  was rel-
atively wide; it ranged from 0.217 to 3.693 for all 
size groups. The maximum value of 1.049 for the 
Shannon’s diversity index was found in 5.5- 5.9 cm 
length classes. The fact that the species diversity for 
diet showed a homogeneous distribution in 5.0- 5.4/ 
5.5- 5.9 and 6.0- 6.4 length classes (Table 5). 
Schoener’s overlap index was estimated for size 
groups and female-male to determine the diet simi-
larity [18]. According to Schoener Overlap index, 
sand smelt for sex groups (female-male) (C=0.632) 
had not similar diet compositions because of low val-
ues (C˂0.8). Sand smelt fed mainly on zooplankton 
and insecta such as 

 sp, Odonata and 
 larvae, and index values indicated almost com-

plete diet overlap (values ˃0.8).  
 
 

 
This study shows that is fed on very 

dense zooplankton species (rotifera, cladocera and 
copepod) and the diet and feeding behavior changes 
related to sex and fish size.  in the range of 
inland water sources as invasive in Turkey, showing 
the typical diet in Karacaoren Dam Lake, has chosen 
zooplankton organisms. As the zooplankton forming 
the food in the larval stage of other fish in the lake is 
preferred by the invasive species entering the lake, it 
is inevitable that there will be changes in the food 

chain of the dam. Such studies are important in terms 
of revealing the negative effects of invasive fish spe-
cies on the ecosystems. This scientific data on the 
feeding ecology of sand smelt will contribute to sim-
ilar studies to be done later. 

 
 

[1] Quignard, J.P. and Pras, A. (1986) Atherinidae. 
In: Whitehead, P.J.P., Bauchot, M.L., Hureau, 
J.C., Nielsen, J. and Tortonese, E. (Eds.) Fishes 
of the North-Eastern Atlantic and the Mediter-
ranean. UNESCO, Paris, 1207–1210. 

[2] Doulka, E., Kehayias, G., Chalkia, E. and Leo-
nardos, D. (2013) Feeding strategies of 

 (Risso 1810) in a freshwater ecosystem. 
J. Appl. Ichthyol. 29(1), 200-207. 

[3] Apaydın Yağcı, M., Alp, A., Yağcı, A., Uysal, 
R. and Yeğen, V. (2018) Feeding ecology and 
prey selection of sand smelt,  
Risso, 1810 in Egirdir Lake (Southern Anatolia, 
Turkey). Journal of Applied Ichthyology. 
10.1111/jai.13676 (online press). 

[4] Innal, D. and Erk’akan, F. (2006) Effects of ex-
otic and translocated fish species in the inland 
waters of Turkey. Rev. Fish. Biol. Fisher. 16, 
39-50. 

[5] Chrisafi, E., Kaspiris, P. and Katselis, G. (2007) 
Feeding habits of sand smelt (  
Risso 1810) in Trichonis Lake (Western 
Greece). J. Appl. Ichthyol. 23, 209–214. 

[6] Danilova, M.M. (1991) Diet of juvenile silver-
sides, , from the Black Sea. J. 
Ichthyol. 31, 137–145. 

[7] Trabelsi, M., Kartas, F. and Quignard, J.P. 
(1994) Comparison of diet between a marine 
and a lagoonal of  from Tunisian 
coasts. Vie Milieu. 44, 117–123. 

[8] Gisbert, E., Cardona, L. and Castello, F. (1996) 
Resource partitioning among planktivorous fish 
larvae and fry in a Mediterranean coastal la-
goon. Estuar. Coast. Shelf S. 43, 723–735. 

[9] Bartulovic, V., Lucic, D., Conides, A., 
Glamuzina, B., Dulcic, J., Hafner, D. and Batis-
tic, M., (2004) Food of sand smelt, 

 Risso, 1810 (Pisces: Atherinidae) in the 
estuary of the Mala Neretva River (middle–east-
ern Adriatic, Croatia). Sci. Mar. 68, 597-603. 

 



5178

[10]Vizzini, S. and Mazzola, A. (2005) Feeding 
ecology of the sand smelt  
(Risso 1810) (Osteichthyes, Atherinidae) in the 
western Mediterranean: evidence for spatial var-
iability based on stable carbon and nitrogen iso-
topes. Environ. Biol. Fishes. 72, 259–266. 

[11]Rosecchi, E. and Crivelli, A.J. (1992) Study of 
a sand smelt (  Risso 1810) pop-
ulation reproducing in freshwater. Ecol.Freshw. 
Fish. 1, 77–85. 

[12]Kuru, M., Balik, S., Ustaoglu, M.R., Unlu, E., 
Taskavak, E., Gul, A., Yilmaz, M., Sari, H. M., 
Kucuk, F., Kutrup, B., Hamalosmanoglu, M. 
(2001) Türkiye’de bulunan sulak alanların Ram-
sar Sözleşmesi balık kriterlerine göre değer-
lendirilmesi projesi. T.C. Çev. Bak. Çevre Kor. 
Gen. Müd. ve Gazi Üniv. Vakfı, Kesin Raporu. 
Ankara. 

[13]Saç, G., Gaygusuz, O. and Tarkan, A.S. (2015) 
Reoccurrence of a commercial euryhaline fish 
species, Risso, 1810 (Athe-
rinidae) in Büyükçekmece Reservoir (Istanbul, 
Turkey). Journal of Aquaculture Engineering 
and Fisheris Research. 1(4), 203-208. 

[14]Cortes, E. (1997) A critical review of methods 
of studying fish feeding based on analysis of 
stomach contents: application to elasmobranch 
fishes. Can. J. Fish. Aquat. Sci. 54(3), 726-738. 

[15]Oh, C.W., Hartnoll, R.G. and Nash, R.D. (2001) 
Feeding ecology of the common shrimp 

n in Port Erin Bay, Isle of Man, Irish 
Sea. Marine ecology. Progress series. 214, 211-
223. 

[16]Alp, A. (2017) Diet shift and prey selection of 
the native European catfish, , in a 
Turkish Reservoir. Journal of Limnology and 
Freshwater Fisheries Research. 3(1),15-23.

[17]Windell, J.T. (1971) Food analysis and rate of 
digestion. In: Ricker, W.E. (ed.) Methods for as-
sessment of fish production in freshwaters 2nd 
ed. Blackwell, Oxford. 215-226. 

[18]Schoener, T. (1970) Non synchronous spatial 
overlap of lizards in patchy habitats. Ecology. 
51(3), 408-418. 

[19]Yazıcıoğlu, O., Yılmaz, S., Yazıcı, R., Yılmaz, 
M. and Polat, N. (2017) Food Items and Feeding 
Habits of White Bream, (Lin-
naeus, 1758) Inhabiting Lake Ladik (Samsun, 
Turkey). Turkish Journal of Fisheries and 
Aquatic Sciences. 17, 371-378. 

[20]Shannon, C.E. and Weaver, W. (1949) The 
mathematical theory of communication. Ur-
bana: University of Illinois Press. 

[21]Marshall, S. and Elliott, M. (1997) A compari-
son of univariate and multivariate numerical and 
graphical techniques for determining inter- and 
intraspecific feeding relationships in estuarine 
fish. Journal of Fish Biology. 51, 526–545.  

 
 

[22]Kuçuk F., Gulle I., Guclu S.S., Gumus E. and 
Demir, O. (2006) Effect on fishing and lake eco-
system of sand smelt ( Risso, 
1810) as an invasive species. In: National Fish-
ing and Rezervoir Management Symp. 7-9 Feb-
ruary, Antalya, Turkey. 119-128. (in Turkish). 

[23]Gencoglu, L., Kirankaya, S.G., Yogurtcuoglu, 
B. and Ekmekci, F.G. (2017) Feeding Properties 
of the Translocated Marine Fish Sand Smelt 

Risso, 1810 (Atherinidae) in a 
Freshwater Reservoir. Acta Zoologica Bulgaria. 
Suppl. 9, 131-138. 

 
 
 
 
 

Akdeniz University,  
Fisheries Faculty,  
Dumlupinar Bulvari Campus 
Antalya – Turkey  
 
e-mail: abecer@akdeniz.edu.tr 



5179

 

 
Mardin Artuklu University, Kiziltepe Vocational Training High School, Department of Plant and Animal Production, Mardin, Turkey 

The stability of genotypes is significant to se-
lection and improves new varieties. The effect of 
genotype x environment interaction is revealed by 
different analysis methods. Nowadays, majority of 
researchers have been used the AMMI (Additive 
main effects and multiplicative interaction) and 
GGE biplot analysis in multi-environment trials. 
Therefore, ten barley advanced line and cultivars 
were used in the study. The experiments were per-
formed according to a complete randomized block 
design with four replications at six environments in 
2010-2011 seasons. The stability and superiority of 
genotypes for yield was determined using AMMI 
and GGE biplot analysis. Factors (G, GE, and GEI) 
were found to be highly significant (P < 0.01) for 
grain yield. AMMI analysis indicated that the major 
contributions to treatment sum of squares were 
environments (89.77%), genotypes (7.25%) and GE 
(2.96%), respectively, suggesting that grain yield of 
genotypes were effected environmental conditions. 
The GGE biplot indicated that PCA 1 axes (Princi-
pal component) was significant as P<0.01 and sup-
plied to 75.33% of complete GxE interaction. The 
AMMI indicated that G6 was stable, while G10 and 
G9 were high yielding for grain yield in multi-
environment. Moreover, E1 and E4 were high 
yielding, while E2, E5 and E6 low yielding as fore-
cast. On the other hand, GGE biplot indicated that 
three group were occurred among environments, 
first group (E1, E2 and E6), second group (E3, and 
E4), third group (only E5). Moreover: the study 
showed that G6 and G9 were the best genotypes for 
first group, G10 for second and G1 for third of 
environments, while other genotypes didn’t show 
any relation with environments. The results of 
AMMI and GGE biplot models indicated that G6 
was stable in all environments. Therefore this geno-
type can be recommend for release to all environ-
ments, while G9 for first group and G10 for second 
group.   

Barley, AMMI, GGE biplot, Grain yield, Stability. 
 

Considering of the Food and Agriculture Or-
ganization of the United Nations (FAO), the World 
harvested area of barley ( L.) was 
nearly 49.5 million hectares, and the yield of barley 
was 2923 kg/ha in 2014 [1], while, the Turkey 
harvested area of barley nearly was 6.5 million 
hectares, the yield of barley was 2840 kg/ha in 2015 
[2]. The results of statistic showed that the yield per 
hectare of barley in Turkey seems to be under to the 
world average. For this reason, it is very important 
to develop new and efficient varieties to raise the 
average yield per hectare in barley. 

Barley ( L.) is the second 
important cereal crop of Turkey and accounts for 
about 25% of the total cereal production (SAP 
2010). In South-Eastern Anatolia, barley has been 
cultivated for many years and has a significant role. 
It is also grown mainly on rainfall conditions, but 
genotype × environment interaction (GEI) restricts 
the progress in yield improvement under rainfed 
and unpredictable climatic conditions. Therefore, 
experimental research needs to be carried out over 
multiple environment trials in order to identify and 
analyses the major factors that are responsible for 
genotype adaptation and final selection [15, 16]. 

The yield of each variety in any environment 
is a sum of environment (E) main effect, genotype 
(G) main effect and genotype by environment inter-
action (GE or GEI) [5]. Yield is a complex quanti-
tative trait that is often controlled by several genes 
and influenced by environmental conditions. The 
importance of genotypes by environment interac-
tion (GEI) in national cultivar evaluation and breed-
ing programs has been demonstrated in almost all 
major crops [4, 11, 12]. Farmers need varieties that 
show high performance in terms of yield and other 
essential agronomic traits. Modern barley breeding 
is largely directed towards the development of 
genotypes characterized with increased yield poten-
tial, wide adaptation and high responses to agro-
nomic inputs [21].  

The stability of promising lines is important 
for testing to estimate of theirs performance under 
across environments [8]. Therefore, the AMMI 
(analysis additive main effects and multiplicative 
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interaction) is widely used for GEI investigation 
among the multivariate methods. This model com-
bines ANOVA for the genotype and environment 
main effects with principal components analysis to 
analyze the residual multiplicative interaction be-
tween genotypes and environments to determine the 
sum of squares of the G × E interaction, with a 
minimum number of degrees of freedom [7]. This 
method enables better understanding of genotypes 
performance over several environments, and selec-
tion of stable and high yielding genotypes [17]. The 
degree of complexity of AMMI estimation model is 
more depend on range of environmental conditions 
[19, 11]. Therefore, it is most useful for breeders 
and identifies the best genotypes to release deci-
sions, and also it is very important to identify geno-
types for specific sub-region [13]. 

This study aimed to estimate the adaptability 
and yield stability of barley genotypes using AMMI 
and GGE analysis to identification and introduction 
of genotype that have both high performance and 
high stability to reach the exact potential under 
changeable and unstable conditions. 

 
 

The experimental 
material comprising ten genotypes (Table 1) were 
evaluated in 2010-2011 growing season (Table 2). 

Genotype Spike type Growing type 
G1 2 rows Spring 
G2 6 rows Spring 
G3 2 rows Spring 
G4 2 rows Spring 
G5 2 rows Spring 
G6 6 rows Spring 
G7 2 rows Spring 
G8 2 rows Spring 
G9 6 rows Spring 

G10 6 rows Spring 
 

The experiment was conducted in a random-
ized block design with four replications at 2010-11 
growing seasons. The seeding rate was used 450 

seeds m-2. Plot size was 7.2 m-2 (1.2 × 6 m) consist-
ing of 6 rows spaced 20 cm apart. Sowing was done 
by winter stagier drill. The fertilization rates for all 
plots were used 60 kg N ha-1 and 60 kg P ha-1 with 
sowing time and 60 kg N ha-1 was applied to plots 
at the early stem elongation. Harvest was done 
using Hege 140 harvester up on 6 m2. The general 
information about locations is given in Table 2. 

 
The data grain yields of 

ten (10) genotypes in 2010-11 growing seasons was 
evaluated by AMMI analysis [7]. The AMMI and 
GGE biplot were used to identify the mega- envi-
ronments and superior genotypes for grain yield 
and other traits. All statistical analyses were per-
formed using GenStat Release 14.1 (Copyright 
2011, VSN Int. Ltd.) and GGE biplot software 
programs.

The data were graphically analyzed for inter-
preting GE interaction using the GGE biplot soft-
ware [31]. GGE biplot methodology is composed of 
the biplot concept [6] and GGE concept [32]. The 
graphs generated based on (1) The AMMI 1 model 
showing genotype x environment means,(2) Mega 
environments “which-won-where" pattern to identi-
fy the best genotypes in each season, (3) GGE bip-
lot showing the performance of each cultivar at 
each environment, (4)The biplot showing the group 
of environments and performance of each cultivar 
at each environments, (5) Ranking genotypes based 
on traits by mean and stability, (6) The GGE Rank-
ing model shows the stable and high yield geno-
types on six environment, The GGE Comparison 
model compare the desirable genotypes to ideal 
center. 
 

 

Combined analysis variance of ten genotypes 
under six environment revealed significant (p ≤ 
0.01) effects of genotypes, environments and inter-
action (Table 3). The effect interaction of PCA (1, 2 
and 3) was also significant, while PCA4 was not 
significant. The analysis showed that the effect of 
environment was very high (89.8%) than genotype 
effect (7.3%) and interaction effect (3.0).

Year Sites Code of Sites Altitude(m) Latitude Longitude Annual Rainfall(mm) 

20
10

-2
01

1 

Diyarbakır E1 611 37° 55' N 40°14' E 470 
Hani E2 995 38° 24' N 40° 24' E 892 
Siverek E3 800 37° 45' N 39° 19' E 670 
Mardin E4 495 37° 25′ N 41° 01' E 350 
Kızıltepe E5* 484 37° 19' N 400 58' E 230 
Adıyaman E6 685 37° 46' N 400 56' E 592 

*(E5) was irrigated in two times (for germination and before heading time (150 mm)) 
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Source Df SS MS F Explained SS (%) 
Total 239 559148185 2339532   
Treatments 59 465164813 7884149 15.95  
Genotypes 9 46877818 5208646 10.53** 7.3 
Environments 5 322349980 64469996 83.58** 89.8 
Block 18 13884109 771339 1.56  
Interactions 45 95937016 2131934 4.31** 3.0 
IPCA1 13 64139135 4933780 9.98** 60.7 
IPCA2 11 17820383 1620035 3.28** 19.9 
IPCA3 9 9463204 1051467 2.13* 12.9 
IPCA4 7 3658723 522675 1.06ns 6.4 
Residuals 5 855571 171114 0.35  
Error 162 80099263 494440   

Df; degrees of freedom; ns: not significant, **: p<0.01; , **: p<0.05. 
 

Gen. No 
Grain yield (kg ha-1) 

Mean IPCAg [1] IPCAg [2] IPCAg [3] IPCAg [4] 
E1 E2 E3 E4 E5 E6 

1 5362 2110 3458 3792 3033 1194  -38.2311 6.46936 -14.6425 -15.3862 
2 6613 2093 4067 1971 3925 2135  12.47478 17.37798 9.2118 -1.10725 

3 5655 2349 3538 3340 3504 2063  -17.5591 1.61898 -2.74515 3.10002 

4 5330 2377 3408 2356 3063 2183  -11.2078 -11.74532 8.82528 -1.08189 

5 5245 2403 3608 2188 3553 2192  -9.00804 -0.29703 17.40825 6.07466 

6 7226 2829 4142 1835 4245 3238  14.21454 2.39513 5.31835 4.1401 

7 6954 2238 2710 1748 2679 3200  18.23325 -31.45165 -18.1128 3.03128 

8 5622 2831 3721 2387 3473 2640  -9.0951 -12.20352 12.90255 2.84533 
9 8497 3003 4102 1333 4520 3263  35.05002 7.02931 -0.06747 -18.6268 
10 7725 2105 4308 2850 4558 2988  5.12849 20.80676 -18.0983 17.01072 

Mean            

*(IPCAg 1+2+3+4)>0 = stable and high yielding genotype, (IPCAg 1+2+3+4)<0 = unstable and low yielding 
genotype 
 

The grain yield and IPCA scores ten geno-
types in six environment showed in Table 4. The 
grain yield of genotype were ranged from 3695 
kg/ha-1 (G4) to 4964 kg/ha-1(G10). On the other 
hand, the grain yield of environment were ranged 
from 2510 kg/ha-1 (E6) to 6423 kg/ha-1(E1). The 
grain yield of genotypes were changed depend on 
the genetic characteristics of the genotypes, while 
the yield of environments were changed depend on 
the climate, soil, altitude and other characteristics 
of the locations. The genotypes which have high 
positive IPCA (1+2+3+4) scores, it means that 
these genotypes are yielding, while low IPCA 
scores mean low yielding. Some environmental 
factors, such as soil type and management practices 
are predictable, i.e. they are not different from year 
to year. On the other hand, the year-dependent 
factors, such as precipitation, temperature and dis-
ease attack, cause a high year-to-year variability. 
These random factors are highly variable and have 
a strong influence on the G × E interaction. 

The degree of complexity of AMMI estima-
tion model was more depend on range of environ-
mental conditions. The results of AMMI analysis 

was supported by results of [4] and [30], reported 
that the environment effect had the highest effect 
than other factors on barley and soybean grain yield 
respectively. The results of Environment, Genotype 
and G x E effects obtained from this study illustrat-
ed similar results of the studies described above and 
the effect of environment > genotypes > GEI. The 
existence interaction of grain yield displayed by 
GGE biplot, especially when the interaction por-
tioned between two-interaction principal compo-
nent axes (PCA) (Table 3). 

This status of GGE biplot made it establish 
and the biplot calculate effects of genotype and 
environment. The results of mean square of the 
interaction axis PCA 1 was significant (p<0.01), 
while PCA 2 was not significant [14, 25]. Results 
of GGE biplot analysis also indicated that the PCA 
1 axis accounted 50.87%, PCA2 accounted for 
24.46% (Fig. 2). GGE biplot showed existence 
interactions of G x E, so it was portioned between 
first and second IPCA (Interaction Principal Com-
ponent Axes). The barley grain yield variation is 
more depending on environment factors as shown 
Table 3 and Fig 2. [7], AMMI stability parameter 
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(ASV) is also one of parameters that are used to 
estimate genotypes stability. ASV in fact is distance 
of a special genotype from the origin coordinates of 
IPCA1 against IPCA2 two -dimensional scatter 
plot. Lower amount of ASV value shows greater 
stability of genotypes [22]. On the other hand, [13] 
suggested that the AMMI model is the most accu-
rate a model because it can predict using the first 
two IPCAs.  

 

In the AMMI 
model, x-axis represents the genotypes and envi-
ronment main effect and y axis represents the ef-
fects of interaction (Fig. 1). According to AMMI, 
G9, G10 and G6 showed good performance, be-
cause of they took place above on axis (mean 
yield). On the other hand, G4 and G5 and other 
genotypes demonstrated low performance, due to 
they located under on axis (mean yield). The envi-
ronment E1, E4 located above mean axis. Moreo-
ver, E2, E5 and E6 had low yield potential envi-
ronment. G9 and G10 lines had high yield potential, 
but unstable, while G6 was stable, and yield poten-
tial. E1 and E4 could be recommended to tested 
genotypes with high potential and IPCA values, 
while other environments are not to be recommend-
ed to tested genotypes because of low yield poten-
tial. Similar outputs were recorded by [18], in bar-
ley. According to [17], the genotypes have small 
IPCA1 values are more stable, [11], the AMMI 
analysis supply more useful information for acquir-
ing certain results and the identity of mega-
environments and wining genotypes are inevitable. 

 

 

Discriminating the target environ-
ment into meaningful mega-environments and de-
ploying different cultivars for different mega-

environments is the only way to utilize positive GE 
and avoid negative GE and the sole purpose for 
genotype by environment interaction analysis [31]. 
A mega-environment is defined as a group of envi-
ronments that consistently share the same best cul-
tivar(s) [30] This definition explain the following 
biplot based on the multi-environment trials (MET) 
data of barley yield illustrates two points: 1) A 
mega-environment may have more than one win-
ning genotypes (sector 2), and 2) even if there ex-
ists a universal winner (G9, G10), it is still possible, 
and beneficial, to divide the target environments 
into meaningful mega-environments (Fig. 2 and 
Fig. 4).

Mainly, the four lines of biplot graph divide 
the biplot into four sectors (Fig. 2). The environ-
ments located in three separate sectors; this means 
that the environments had different ecological con-
ditions. On the other hand, first sector consists of 
G10, and it was high yielding and represented of 
vertex the E3 and E4 with G2. The second sector 
consists of E1, E2 and E6 with G9 and G6 and the 
G9 took places of vertex of this sector. The third 
sector just consists of some genotypes (G7, G4 and 
G7), which are not related with study environments. 
The fourth sector was consisting of G1, G3 and G5 
with E5 and the G1 represented of vertex of this 
sector. Consequently, G9 had high yielding for E1, 
E6 and E2, G10 for E3 and E4, G1 for only E5; 
while G4, G7 and G8 did not related with any envi-
ronments. The result of this study showed that G9, 
G10 and G1 are suitable to recommend to high 
potential for special environments. [26], reported 
that there is a strong correlation between environ-
ments, which located in same sector. [23], the large 
variation due to environment indicated strong influ-
ence of environments and existence of mega-
environment among trial conducting locations; this 
suggests the usefulness of GGE biplot technique for 
identifying mega- environments among barley
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Environments Mean Score 1 2 3 4 
E1 6423 33.42 G9 G10 G6 G7 
E2 3189 -9.01 G9 G8 G6 G4 
E3 3706 -6.79 G10 G6 G9 G2 
E4 4893 7.23 G10 G9 G6 G2 
E5 3352 -47.06 G1 G10 G3 G8 
E6 3385 22.22 G7 G9 G6 G10 

growing locations. [19], reported that the GGE 
biplot graphic analysis defining mega-environments 
and the cultivars that optimize performance in such 
mega-environments. Although the crop yield is a 
result of E, G and G × E interaction effects, only G 
and G × E are relevant for cultivar and mega-
environment identification [29], GGE biplot is a 
data visualization tool that allows the visual inter-
pretation of the G × E interaction, including envi-
ronmental evaluation. According to [28], due to the 
discriminative ability and representativeness of 
GGE view, the biplot was an effective tool for envi-
ronments evaluation. 

The recommendation of environment: The av-
erage grain yield of six environments ranged from 
3189 kg/ha to 6423 kg/ha of spring barley geno-
types (Table 5). The AMMI analysis indicated that 
the E1 was the best yielding among test environ-
ments, followed E4, since the positive IPCA scores. 
On the other hand, E2 was the lowest yielding for 
among test environments, because of the very low 
IPCA scores. Therefore, the first four AMMI selec-
tion genotypes for per environment showed that 
firstly; G9, G10 and G6 should have been select for 
E1-E4, while G1 for E5, G7 for E6, because of 
recommendation of AMMI. [13], reported that it is 
important to select the genotypes for environment 
on first four AMMI recommendation. 

 In this analysis, the results of geno-
type and environments interaction were examined 
by GGE Biplot analysis using figure. The biplot of 
the principal component analysis illustrates rela-
tionships between the studied barley genotypes at 
six environments (Figure 3). The GGE biplot 
graphically allows PC1 and PC2 to be readily dis-
played in a two-dimensional biplot so that each 
genotype × environment interaction is visualized 
[11]. The first two principal components (PC1 and 
PC2) were obtained by partitioning the G and G × E 
interaction trough the GGE biplot analysis. PC1 
accounted to 50.87%, while PC2 amounted to 24.46 
of the G and G × E interaction. Together, they ac-
counted to 75.33% of the G and G × E interaction 
sum of squares. 

According to Ding et al (2008), GGE biplot is 
an effective tool for: 1) analysis of mega-
environments and specific genotypes can be rec-
ommended to specific mega-environments, 2) eval-

uation of genotype, and 3) evaluation of environ-
ment (the power to discriminate among genotypes 
in target environments). On a GGE biplot, both the 
genotypic and environmental vectors are shown in 
Figure 2, illustrating the specific interactions of 
each genotype with each environment (i.e., the 
performance of each genotype in each environ-
ments). 

 

 

Figure 3 is useful for ranking the genotypes 
based on their performance in any environment and 
ranking environments in terms of the relative per-
formance of any genotype. If the angle between 
environments and genotypes are obtuse, environ-
ments and genotypes are negatively correlated. If 
angle is acute, environments and genotypes are 
positively correlated, while environments and geno-
types are not associated when the angle is 90º [13, 
8]. Since, the angle of E5 with other environment is 
looking negative, while the angle is looking posi-
tive between E3 and E4, among E1, E2 and E6. So 
we can say that there were three groups among test 
environments (Fig. 4). Close associations between 
testing environments, suggest that same information 
about cultivar characteristics could be available 
from fewer testing environments, reducing the test 
cost [27]. The presence of an obtuse angle among 
environments is an indicator of a strong crossover 
of the G × E interaction [32]. According to [20] the 
variation in barley grain yield was mostly under 
control of the growing season and the genotype × 
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year interaction. Similarly, [21] reported that in 
yield trials the effect of the environment affected 
80-90% of the treatment variation, and the variation 
due the G × E interaction was higher than the geno-
typic variation. Mortazavian et al. [19] also report-
ed that the environment constitutes the highest 
percent of the total yield variation, while the influ-
ence of the G and G × E interaction is usually 
smaller. On the other hand, there is a relation 
among genotypes and environment, depend on 
places of genotype on figure. The G10 with G2 
were highly correlated with E3 and E4, the G9 and 
G6 correlated with E1, E2 and E6, the G1 and G3 
correlated with E5, while other genotypes (G4, G5, 
G7 and G8) which are not related with study envi-
ronments. The results showed that there is high 
variation among genotypes; because the genotype 
located different part of figure. Genotypes located 
near the center of the biplot contributed less to G 
and/or GE, whereas genotypes are far of the biplot 
showed the greatest contribution of G and/or GE 
[25]. Thus, G9 and G10, which is far from the cen-
ter of biplot, contributed most to positive outcomes, 
whereas others, such as genotype G8, is near the 
center of biplot and contributed less. Thus, these 
genotypes aligned with specific environments. 
Although G made major contributions to grain 
yield, because some of these have opposite direc-
tions in the biplot, the genetic contributions may be 
very different [9].

 
 

The genotype has both high 
traits mean and high stability is called a favorable 
genotype. It should have both high mean perfor-
mance and high stability for all traits (Fig. 5). The 
center of the concentric circles (ideal) is a point on 
the AEA (“absolutely stable”) in the positive direc-
tion and has a vector length equal to the longest 
vectors of the traits on the positive side of AEA 
(“highest mean performance”). Therefore, geno-

types located closer to the stabile line and has high 
mean values of traits are meaning that it is more 
favorable than others [31, 5]. The G6 is located 
center of AEA (“absolutely stable”), but; G2, G9 
and G10 took place of near center of AEA and high 
mean of grain yield. So, these genotypes are favor-
able than others. According to Fig.6, the G9, and 
G10 are low stable and more favorable, while G6 
are “stable” and favorable, because this genotype 
has high mean grain yield in all environments. 
From this example, we can recommend G6 to study 
for more environments. On the other hand, some 
genotypes (G1, G3, G4, G5, G7, G8) were unfavor-
able, because these genotypes had low mean grain 
yield in study environments. 

 

The genotype has both 
high grain yield and high stability is called an ideal 
genotype (Fig. 6). The center of the concentric 
circles is a point on the AEA (“absolutely ideal”) in 
the positive direction and has a vector length equal 
to the longest vectors of the genotypes on the posi-
tive side of AEA (“highest mean performance”). 
So, genotypes located closer to the ideal circle
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Gen. 
No 

Plant Haigh (cm) 
Mean 

Heading time (date) 
Mean 

E1 E2 E3 E4 E5 E6 E1 E2 E3 E4 E5 E6 
1 125 95 100 120 100 - 108 128 130 126 106 114 118 120 
2 105 95 90 115 90 - 99 112 116 112 93 102 110 108 
3 115 95 85 120 95 - 102 121 123 122 109 110 115 117 
4 90 65 70 90 70 - 77 122 122 127 103 108 116 116 
5 90 60 75 100 70 - 79 121 123 126 104 104 116 116 
6 110 95 80 115 75 - 95 113 110 112 98 102 110 108 
7 105 90 75 100 75 - 89 107 107 106 90 102 105 103 
8 90 85 75 95 70 - 83 121 118 126 108 110 114 116 
9 110 85 85 120 80 - 96 117 116 113 97 101 111 109 
10 117 75 85 110 95 - 96 116 116 113 106 105 112 111 

Mean 106 84 82 109 82   118 118 118 101 106 118  

are meaning that it is ideal genotype than others 
[31, 11]. In the study, any genotype was not located 
center of AEA (“absolutely stable”), but; G6, G9 
and G10 took place of near center of AEA. So these 
genotypes are ideal than other genotypes. Conse-
quently, G6, G9 and G10 are close to ideal and 
desirable genotype, so, these genotypes can be 
recommended for release in terms of grain yield. 
On the other hand, more genotypes located far from 
ideal genotype and, these (G1, G3, G4, G5, G7, G8) 
are undesirable genotypes to study and release. The 
researchers reported that the biplot show excellent 
discriminating to select genotypes for all traits and 
to recommendation for release [20, 24, 11]. 

The plant height of genotypes were changed 
from 77(G4) to 108(G1) cm, while the plant height 
of environment were changed from 82(E5) to 
109(E1) cm (Table 6). On the other hand; the head-
ing time of genotypes were ranged from 103 to 120 
dates, while the heading time of environments were 
changed from 101 to 118 dates. The plant height 
and heading time of genotypes are depend on genet-
ic variability and some environmental factors, such 
as soil type and management practices are predicta-
ble, i.e. they are not different from location to loca-
tion. On the other hand, the location-dependent 
factors, such as precipitation, temperature and dis-
ease attack, cause a high location-to-location varia-
bility. These random factors are highly variable and 
have a strong influence on the G × E interaction 
[11], reported that the environmental factors and 
genetic variability is effect the genotypes and envi-
ronment plant height and heading time. 

 
 

 
 
The results of study indicated that yield per-

formance of barley genotypes were highly influ-
enced by environments. The AMMI indicated that 
G6 was stable, while G10 and G9 were high yield-
ing for grain yield in multi-environment. Moreover, 
GGE biplot indicated that three group were oc-

curred among environments, first group (E1, E2 
and E6), second group (E3, and E4), and third 
group (only E5). E1 and E4 were high yielding, 
while E2, E5 and E6 low yielding as forecast. 
Moreover: the study showed that G6 and G9 were 
the best genotypes for first group, G10 for second 
and G1 for third of environments, while other geno-
types didn’t show any relation with environments. 
The results of AMMI and GGE biplot models indi-
cated that G6 was stable in all environments. There-
fore this genotype can be recommend for release to 
all environments, while G9 for first group and G10 
for second group.   
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journals, by a board of reviewers. Papers are 
processed with the understanding that they have not 
been published before (except in form of an abstract 
or as a part of a published lecture, review or 
thesis);that they are not under consideration for 
publication elsewhere; that their publication has 
been approved by all co-authors, if any, as well as- 
tacitly or explicitly- by the responsible authorities 
at the institute where the work has been carried out 
and that, if accepted, it will not be published 
elsewhere in the same form, in either the same or 
another language, without the consent of the 
copyright holders. 
 
Language 
Papers must be written in English. Spelling may 
either follow American (Webster) or British 
(Oxford) usage but must be consistent. Authors 
who are less familiar with the English language 
should seek assistance from proficient colleagues in 
order to produce manuscripts that are 
grammatically and linguistically correct. 
 
Size of manuscript 
Review articles should not exceed 30 typewritten 
pages. In addition up to 5 figures may be included. 
Original papers must not exceed 14 typewritten 
pages. In addition up to 5 figures may be included. 
Short-Communications should be limited to 4 
typewritten pages plus not more than 1 illustration. 
Short descriptions of the authors, presentation of 
their groups and their research activities (with 
photo) should together not exceed I typewritten 
page. Short research abstracts should report in a 

few brief sentences (one-fourth to one page) 
particularly significant findings. Short articles by 
relative newcomers to the chemical innovation 
arena highlight the key elements of their Master and 
PhD-works in about I page. 
Book Reviews are normally written in-house, but 
suggestions for books to review are welcome. 
 
Preparation of manuscript 
Dear authors, 
FEB is available both as printed journal and as 
online journal on the web. You can now e-mail 
your manuscripts with an attached file. Save both 
time and money. To avoid any problems handling 
your text please follow the instructions given 
below: 
When preparing your manuscripts have the formula 
K/SS (Keep It Simple and Stupid) in mind. Most 
word processing programs such as MS-Word offer 
a lot of features. Some of them can do serious harm 
to our layout. So please do not insert hyperlinks 
and/or automatic cross-references, tables of 
contents, references, footnotes, etc. 
1. Please use the standard format features of your 
word processor (such as standard.dot for MS 
Word). 
2. Please do not insert automatisms or secret link-
ups between your text and your figures or tables. 
These features will drive our graphic department 
sometimes mad. 
3. Please only use two fonts for text or tables 
"Times New Roman" and for graphical 
presentations "Arial". 
4. Stylesheets, text, tables and graphics in shade of 
grey 
5. Turn on the automatic language detection in 
English (American or British) 
6. Please - check your files for viruses before you 
send them to us!! 
Manuscripts should send to:parlar@wzw.tum.de 
                                         or:parlar@prt-parlar.de 

Thank you very much! 
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STRUCTURE OF THE MANUSCRIPT 

Title page: The first page of the manuscript should 
contain the following items in the sequence given: 
A concise title of the paper (no abbreviations). The 
names of all authors with at least one first name 
spelled out for every author. The names of 
Universities with Faculty, City and Country of all 
authors. 

Abstracts: The second page of the manuscript 
should start with an abstract that summarizes 
briefly the contents of the paper (except short 
communications). Its length should not exceed 150-
200 words. The abstract should be as informative as 
possible. An extended repetition of the paper's title 
is not considered to be an abstract. 

Keywords: Below the Summary up to 6 key words 
have to be provided which will assist indexers in 
cross-indexing your article. 
 
Introduction: This should define the problem and, 
if possible, the frame of existing knowledge. Please 
ensure that people not working in that particular 
field will be able to understand the intention. The 
word length of the introduction should be 150 to 
300 words. 
 
Materials and methods: 
Please be as precise as possible to enable other 
scientists to repeat the work. 
 
Results: Only material pertinent to the subject must 
be included. Data must not be repeated in figures 
and tables. 
 
Acknowledgements: Acknowledgements of 
financial support, advice or other kind of assistance 
should be given at the end of the text under the 
heading "Acknowledgements". The names of 
funding organisations should be written in full. 
 
References: Responsibility for the accuracy of 
references rests with the authors. References are to 
be limited in number to those absolutely necessary. 
References should appear in numerical order in 
brackets and in order of their citation in the text. 
They should be grouped at the end of the paper in 
numerical order of appearance. Abbreviated titles of 
periodicals are to be used according to Chemical or 
Biological Abstracts, but names of lesser known 
journals should be typed in full. References should 
be styled and punctuated according to the following 
examples: 
 
 
 
 
 
 
 

 
ORIGINALPAPERS: 
l. Author, N.N. and Author, N.N. (Year) Full title of 
the article. Journal and Volume, first and last page. 
BOOK OR PROCEEDING: 
2. Author, N.N. and Author, N.N. (Year) Title of 
the contribution. In: Title of the book or 
proceeding. Volume (Edition of klitor-s, ed-s) 
Publisher, City, first and last page 
 
DOCTORAL THESIS: 
3. Author, N.N. (Year) Title of the thesis, 
University and Faculty, City 
 
UNPUBLISHED WORK: 
Papers that are unpublished but have been 
submitted to a journal may be cited with the 
journal's name followed by "in press". However, 
this practice is acceptable only if the author has at 
least received galley proofs of his paper. In all other 
cases reference must be mad
work" or "personal communication". 
 
Discussion and Conclusion: This part should 
interpret the results in reference to the problem 
outlined in the introduction and of related 
observations by the author/s or others. Implications 
for further studies or application may be discussed. 
A conclusion should be added if results and 
discussion are combined. 
 
Corresponding author: The name of the 
corresponding author with complete postal address  
 
Precondition for publishing:  
A minimum number of 25 reprints must be ordered 
and prepaid. 
1 - 4 pp.: 200,- EURO + postage/handling 
5 - 8 pp.: 250,- EURO + postage/ handling 
More than 8pp: 1.50 EURO/page x number of 
reprints +postage/ handling. 
The prices are based upon the number of pages in 
our journal layout (not on the page numbers of the 
submitted manuscript). 
Postage/ Handling: The current freight rate is 

 
VAT: In certain circumstances (if no VAT 
registration number exists) we may be obliged to 
charge 7% VAT on sales to other EU member 
countries.MESAEP and SECOTOX members get a 
further discountof 20% (postage/ handling full). 


