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Abstract

Commercial products so-called biostimulators aqditl organic nitrogen fertilization
treatments were applied foliarly in ‘Mastoides’ vdi cultivar in order to study their
effects on productivity, olive oil content, olivel guality and the nutritional status of
the trees based on the concentrations of the lasiganic elements in leaves. The
treatments were the following: a) control, foligoptication of b) of Seamac-PCT
(0.5% vlv, of the seawee@scophyllum nodosum), c) Acadian (% w/v of the
seaweedhscophyllum nodosum) and d) the commercial product N-organics (0.5%).v/
Foliar sprays were applied once at the terminatibthe flowering period, whereas no
other fertilization treatment was applied foliady from the soil. Acadian increased
significantly olive tree productivity, whereas SesmPCT" increased significantly oil
content compared to the rest fertilization treatthenHowever, total phenol
concentration in oils was minimized significantly iAcadian and Seamac-PCT
fertilization treatments whereas, the applicatidnNsorganics led to a significant
increase in their concentration compared to confPtlenolic compounds affect the
taste, in particular the positive bitterness ordgyoiic attribute, the oxidative stability of
virgin olive oil and have beneficial effects on hamhealth. The olive oil in all
fertilization treatments, including the control, svqualified as ‘extra virgin’ based on
the measured free acidity, the spectroscopic isdiKg, and K79 and the peroxide
index. The application of Seamac-P¥Gncreased significantly K, Mn, B and Cu and
concentration in leaves, the application of Acadiatreased the concentration of P,
while both Seamac-PCY and Acadian increased significantly the conceiatnadf Zn.
Moreover, both Acadian and N-organics increasedifstgntly leaf Mg concentration.
Iron and N were significantly increased in all treaants compared to the control.
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Introduction

One of the factors that exert great influence owvediree growth and fruit quality is
the fertilization. Seaweed extracts, being orgamd biodegradable, are important in
sustainable agriculture. Plants grown in soilste@avith seaweed manures, or extracts
applied either to the soil or foliage, exhibit adeirange of responses, such as increased



crop yield, quality and uptake of inorganic elenseindm the soil, resistance of plants to
stress conditions, reduced incidence of fungaliasdct attack and lower productivity
cost that have been well documented in a numbeultivations (Crouch and Staden,
1992, Chouliaras et al., 1997, Fornes et al., 2082jgnificant improvement in the size
of olives and the quality of olive oil was recordedrees sprayed with al nodosum
extract fortified with added nitrogen and boron ¢Gharas et al.2009). However, there
is not adequate information in the literature abthe effects of seaweed extracts
applied foliarly on olive tree yield, fruit growtlnd oil quality. However, foliar
application of commercial products based on organmimgen, instead of inorganic
nitrogen fertilizers have been used during the tagi decades in Greece, for the
production of olives under sustainable agricultwenditions. Nitrogen exerts a
significant effect on olive plant growth, reduceenmial bearing and increases the
percentage of perfect flowers and yield (Fernané@szobar et al, 2004).

Olive oil quality is based directly on free acidithe spectroscopic indices45 and
K270 and the peroxide index (EC, 1991) and indirectly tbe content of total and
individual phenolic compound$henolic compounds affect the taste being positive
correlated with bitterness organoleptic attribtibey influence the oxidative stability of
virgin olive oil and they have beneficial effect® diuman healthrelated to the
prevention of cardiovascular diseases, cancer antbrdegenerative diseases (Shahidi,
1996). Despite these positive aspects, consumefsrpvirgin olive oils with low or
moderate levels of bitterness.

The aim of the current research was to study tlfectsf of commercial products
derived from the seaweetiscophyllum nodosum (Seamac-PCT, Acadian) and the
commercial product N-Organics on productivity, frgiowth, leaf nutrient status, olive
oil content and quality of the Greek olive cultivistastoidis’.

Materials and methods

The experiment was carried out in an orchard of/d&r old olive trees of the cv.
‘Mastoidis' or 'Tsounati' (locally called 'Athincg), placed at Neapoli Lakonias
(Peloponnesus, Greece). Four fertilization treatsiemere applied on five trees-
replications, 2.5 m height, planted at distances.5fm. Olives were picked at the same
time (stage of full maturity), during the harvesgtiperiod 2010-2011, seven months
after the termination of the flowering period. Dhgi this study, the minimum,
maximum and mean temperatures weréQ@,.85.2C and 26.7C, respectively, and the
mean annual rainfall was 883 mm. Olive trees wemayed with Cu (0.05% wi/v)
against fungal diseases during early April and &aper, whereas McPhail traps were
used against the olive fly (one trap per tree).

The treatments applied were the following: a) calntp) foliar application Seamac-
PCT" (0.5% v/v of the seaweedscophyllum nodosum), c) foliar application of
Acadian (0.5% w/v of the seawe@dcophyllum nodosum) and d) foliar application of
the commercial product N-Organics (0.5% v/v). Foiprays were applied once at the
termination of the flowering period, whereas noeotfertilization treatment was applied
foliarly or from the soil.

The olive fruits (75 kg of each treatment) werdaxikd the same period of time at
the optimum maturity stage and were processeddniaree-phase decanter using the
same protocol for all samples. Olive oil was figdiltered and stored in dark green
bottles of 0.5L capacity, at 4°C, until analysidirde olive oil samples from each
treatment were analysed.




2.1.1 Quantitative papameters

Olive productivity was recorded as kg per tree freacth replication, whereas as
mean fruit weight was recorded the mean of 15drudm each-tree replication.

Olive oil content was estimated with a Soxhlet appe, using 10 fruits of
representative size from each one of the five tepdications pre treatment.

The quiantity of olive oil per tree was estimated rultiplying the yield (Kg of
olives per tree with the proportional percentagele oil.

2.2 Oil quality indices

Free acidity, expressed as percentage of olei¢ perdxide value (PV), expressed as
milliequivalents of active oxygen per kilogram af ¢meq GJ/kg), and ks, and Ko
extinction coefficients, calculated from absorpt@n232 and 270 nm, were measured
using the analytical methods described in Europ€ammission Regulation EEC
2568/91 (EC, 1991). Solvents were purchased fromckM@®armstadt, Germany).

2.3 Phenolic compounds

An aliquot of the aqueous- methanolic solution bkpolic compounds extracted
from virgin olive oil. Total phenols were evaluatedlorimetrically at 725 nm with the
Folin-Ciocalteau reagent (Gutfinger, 1981) in antrdfipec Il (LBK Biochrom,
Cambridge, England). The calibration curve is catséd using standard solutions of
gallic acid within the range of 0.01 to 1 mg/mL.

2.4. Leaf nutrient analysis

Leaves from the middle of non-fruiting shoots weo#lected in late October, washed
with a 0.01% soap solution and 0.1 N HCI and rinseide with distilled water. After
drying at 68C for three days, the samples were ground to apfaveder and 0.5 g was
dry ashed at 50C in a muffle furnace for 5 h. The ash was diluiedHCIl 6N and
analysed for K, Ca, Mg, Fe, Mn, Zn and Cu by atoabsorption spectrophotometry.
Phosphorus concentration was determined spectropfedtically with the
phosphovanado-molybdate method, N with the Kjeldatdthod and B with the
azomethine-H method.

The statistical analysis was performed accordinthéocomplete block randomized
design (five treatments and five replications peatment), while analysis of variance
and Duncan’s multiple range test were used to coengiiferences between means.

Results and Discussion

According to the results of the current researe,application of N-organics caused
the highest fruit growth among all the rest treattaend the highest productivity when
combined with Seamac-PT€(Table 1). Seamac-PT€is a commercial product based
on the sea algaAscophyllum nodosum. Ascophyllum nodosum is rich in cytokinines,
auxins, gibberellins, minerals, betaines, aminagcigroteins and oligosaccharides
(Cardozo, 2007, Khan et al., 2009, Craigie, 20Atrording to the above researchers,
this extract influences cell growth and divisiorcley expansion, nutrition and maturity
as well.

Organic nitrogen fertilization has been achieveghhyield in maize and barley,
ensured high increases of total organic carbon sirwived the least N mineral soll
deficit (Montemurro et al., 2006). The high amoahaminoacids which is contained in
the commercial product containing N-organics cob&l the reason for the highest
increment in olive fruit size. According to Ashmeé@®86), aminoacids improve the
original cell ultrastructure resulting in higher gibsynthetic efficiency. Also, it is




suggested that they stimulate the activity of s@meymes responsible for protein and
carbohydrate synthesis and therefore the biomaasighdirectly correlated with the
yield. Olives treated with Seamac-PT'@aveby far the highest olive oil content and
finally the highest production of olive oil per ¢éreAcadian and N-organics presented
almost similar results, concerning the productibolive oil per tree which was proved
to be twice compared to control (Table 1). Simikesults about the effects of SWE on
fruit growth and maturation have been reportedotber fruit species such as kiwifruit
(Chouliaras et al., 1997). Furthermore, similaeef$ concerning fruit size and maturity
have been reported for ‘Clementine’ mandarin anav®lina’ orange trees sprayed with
anA. nodosum product (Fornes et al., 2002).

Table 1. The effect of fertilization treatments orean fruit weight, yield, olive oil
content and olive oil quantity of the olive cv. ‘Btaidis’

Treatment Fruit weight Yield Oil content Olive ail
(9) (kgltree) (%) (kgltree)
Control 2.75¢c 15.7c 148¢c 232c
Seamac-PCT™  2.85 bc 245b 259 a 6.57 a
Acadian 3.13b 3l4a 158¢c 496 Db
N-Organics 3.58 a 25.2 b 186 b 472 b

The statistical analysis was performed by Duncaéess £=0.05). Means in the same
column with different letters are statisticallyfdifent.

The results for acid value, extinction coefficier{ss,, Ko70 and peroxide values are
within the limits of European Community RegulatiofisC, 1991), implying that the
oils sampled from all treatments, including the tooln are classified as ‘extra virgin’
(Table 2).

Table 2. The effect of fertilization treatments on qualitynda physicochemical
characteristics of olive oil of the cv. 'Mastoidis'

Treatment Control Seamac- Acadian N-Organics
pCcTM

Acidity (% oleic acid) 0.18+0.04 0.1740.02 0.1948.0 0.15+0.03

Peroxide value (meq Ky 5.83+0.35 6.48+0.64 8.45+0.38 6.34+0.19

K 23, 1.58+0.04 1.53+0.03 1.53+0.03 1.64+0.04

K 270 0.1+0.01 0.1+£0.01 0.11+0.01 0.11+0.01

Total phenols

_l . . .
(mg kg™ as gallic acid equivalents) -, 3.6 055 41.3444.95b 42,67¢1.61b 100,92+16.65

The statistical analysis was performed by Duncaess £=0.05). Means in the same
row with different letters are statistically diféant.



Total phenol concentration was significantly mirzeudl in Acadian and Seamac-
PCT™ fertilization treatments, whereas the applicabbi-organics led to a significant
increase in their concentration compared to thetrobnThe olive cultivar and the
ripening stage of the fruit, the malaxation cormgis and the extraction system used to
separate oil from the paste have been the mostedtiadjronomic aspects that affect
phenolic concentration in virgin olive oil (Servdind Montedoro, 2002). There is not
information in the bibliography concerning the ughce of nitrogen fertilization on the
concentration of total phenols in olive oil. A sifigant improvement in the quality of
olive oil and minimization of total phenols conaeatiton was recorded in trees sprayed
with an A. nodosum extract additionally to nitrogen and boron fertiliion (Chouliaras
et al., 2009). Thus, fertilization treatment seamde of great importance for minor
constituents’ concentration.

Table 3 presents the effects of fertilization tneatts on nutrient leaf concentration.
The application of Seamac-P&Tincreased significantly K, Mn, B and Cu and
concentration in leaves, the application of Acadiatreased the concentration of P,
while both Seamac-PCY and Acadian increased significantly the conceiatnadf Zn.
Moreover, both Acadian and N-organics increasedifstgntly leaf Mg concentration.
Iron and N were significantly increased in all treants compared to the control.
Similarly, SWE application additionally to N and/Brfertilization increasedN, K, B,
Mn and Cu concentration in ‘Koroneiki’ olive leavi&houliaras et al., 2009).

This experiment also shows that olive productivgysignificantly correlated with
leaf nutrient contents. Similar conclusion has be&so referred for olive trees cv.
‘Chondrolia Chalkidikis’ cultivated in northern Gree (Almaliotis et al., 2005).

Table 3. The effects of fertilization treatmentstlba concentration of the macrinutrients
N, P, K, Ca and Mg (%) and the micronutrients Fe, Mn, B and Cupg/g) in leaves
of the cv ‘Mastoidis’

Treatment Control Seamac-PCT Acadian N-Organics
N 1.79b 244 a 2.23a 215a
P 0.090 b 0.092 b 0.110 a 0.093 b
K 0.76 ¢ 0.87a 0.81b 0.79 bc
Ca 2.23 a 1.94b 2.26 a 1.98b
Mg 0.252 b 0.255b 0.294 a 0.289 a
Fe 61.9b 79.8 a 75.1a 80.2a
Zn 21.5c 26.5a 27.5a 242 Db
Mn 27.1b 36.2 a 296 b 29.2b
B 152 ¢ 246 a 199b 17.9 bc
Cu 3.8d 6.2a 55b 49c

The statistical analysis was performed by Duncaéess £=0.05). Means in the same
row with different letters are statistically diféant.

In conclusion, the application of commercial pradugerived from théscophyllum
nodosum, either based on organic nitrogen influenced pasit olive tree productivity



and the olive oil quantity, maintained the olivé quality and improved the nutritional
status of the olive cv. ‘Mastoidis’.
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