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ABSTRACT
Nanotechnology is the buzz word that we get to hear
frequently these days but what we don’t know is that most
of us are embracing nanotechnology in everyday life,
without being aware of it. It may be the use of sunscreens
in our daily life or toothpastes or baby products, most
contain nanomaterials. What creates the major difference
in properties of a bulk material and a nano material is the
fact that -the smaller you go, the higher the ratio of surface
area to volume goes, which in turn means higher the
reactivity. A number of various technologies have been
developed which are capable of increasing the agricultural
production and reducing the environmental pollution. The
top five countries that contribute for most of the research
and patents filed in this field are China, Korea, USA,
Germany and France. Nanotechnology has been included
in the 11th five year plan by the Indian government but
more aggressive approach is required to accelerate the
research developments.

Key words Nanotechnology, Agriculture, Nanofertilizers,
Nanopesticides, Biosensors

The bombastic increase in the number of research
articles that we get today on various search engines as
compared to what we had a decade ago, gives us a clear
idea of importance of Nanotechnology in today’s world.
European Commission has even mentioned it as one of its
six “Key Enabling Technologies” that contribute to major
growth in several fields of industrial application.
Nanoscience deals with the study of materials at nanoscale
i.e. 1–100 nm and utilizing their properties for various
applications. Bulk materials possess continuous
(macroscopic) physical properties, but when particles are
in nanoscale dimensions, the principles of classic physics
fail to explain their properties. For example the gold that we
commonly see appears to be yellow colored metal but its
properties at the nanoscale are very different or may be
even opposite of the properties that it posses at the
macroscale (bulk), including color !!! The nanomaterials
can be developed – either by way of a top-down approach
(a bulk material is reduced in size to nanoscale pattern or
structure) or a bottom-up approach (larger structures are
built or grown atom by atom or molecule by molecule).
There are some nano materials which are extremely strong
and show altogether different magnetic properties
compared to other forms of the same material. They may
become more reactive chemically or show different
absorption properties when their size is altered at nano
scale. This science is proving beneficial in various fields
and agriculture is no exception. We have tried to focus on

developments happening in the major areas of agriculture,
crucial concerns and future possibilties that are of immense
importance for India.

Nanotechnology in Agriculture - Huge area of
possibilities

Agriculture has been contributing immensely to the
economy of our country and is well known as the backbone
of the Indian economy. However, in recent decades the
agricultural scenario has witnessed several challenges like
declining crop productivities, depletion of natural
resources, appearance of new pests and diseases and
climate change. With increasing population there is
additional pressure to meet the growing food demand. In
future, agriculture development in India would be guided
not only by the compulsion of meeting the demand of food,
but also by the concerns for environmental protection and
sustainability too. Perhaps the inclusion of latest
technologies like nanotechnology in this sector can make
the biggest of impact in this direction [1].  To address these
issues, we need to work in the area of research as well as its
implementation at ground level. Increasing agricultural
productivity has been one of the main area of application
of nanotechnology for attaining the millennium
development goals [2]. Below mentioned are few areas of
interest where Nanoscience can help in tackling the long
pending issues.

Nanofertilizers
Chemical fertilizers are the immediate source of

nutrients in soils and an inevitable factor that has to be
reckoned with the attainment of self-sufficiency goal in
production of food-grains. The consumption of fertilizers
in India in terms of NPK has increased substantially from
1.1 million tonnes in 1966-67 to more than 25 million tonnes
in 2014-15. As per the International Fertilizer Association,
India ranked second in total world fertilizer consumption in
2012. Average consumption of fertilizers in our country
increased from 69.84 kg per ha in 1991-92 to 128.08 kg per
ha in 2014-15. (Table 1)(State of Indian agriculture 2015-16,
Ministry of agriculture and farmers welfare).

The obvious problem with chemical fertilizers is that
a major part of the applied fertilizers is lost in the
environment. Studies have suggested that foliar application
of nano fertilizers might be beneficial for the environment
because this way the chemicals donot come in contact with
soil.  In addition to this, being nano in size, plants absorb
them more efficiently via foliar application than via soil.
Nanofertilizers are basically synthesized in order to regulate
the release of nutrients in a timely manner depending on
the requirement of the crop. In nanofertilizers, nutrients
can be encapsulated by nanomaterials, coated with a thin
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Table 1. Consumption of fertilizers (NPK nutrients,
lakh tones)

Source: State of Indian agriculture 2015-16, Ministry of
agriculture and farmers welfare

Sr No. Type 2012-13 2013-14 2014-15 
1 Nitrogenous (N) 168.21 167.50 169.46 
2 Phosphatic (P) 66.53 56.33 60.98 
3 Potassic (K) 20.62 20.99 25.32 
4 Total (N+P+K) 255.36 244.82 255.76 
5 Consumption of 

fertilizers (kg/ha) 
131.36 118.55 128.08 

 

protective film, or delivered as emulsions or nanoparticles
[3]. Various studies have supported the beneficial effects
of nanofertilizers e.g. use of iron oxide nanomaterials has
shown to reduce chlorosis severity in plants. Foliar spray
of zinc oxide (20 mg mL”1 ) nanoparticles on tomato plants
showed improved growth and biomass production as
compared to control plants[4]. Similar effects have also been
shown in wheat too. Nanoporous zeolite based on nitrogen
fertilizer can be used as alternate strategy to improve the
efficiency of nitrogen use in crop production systems [5].

A greenhouse experiment was conducted by
Hiyasmin Rose L. Benzon [6] to determine the effects of
nanofertilizer application on the yield, total phenolic content
(TPC) and antioxidant activity of rice. They reported that
nanofertilizer application promoted the growth,
development, TPC, and antioxidant activity in rice,
demonstrating the potential to improve crop production
and plant nutrition. Similar experiment was under taken by
Melek Ekinci [7] to determine the effects of liquid fertilizer
on the plant growth and yield of cucumber (Cucumis sativus
L.) where they too observed improved plant growth and
yield of cucumbers by foliar applications of liquid fertilizers.
Nanomaterials can also be used to carry out the controlled
release of fertilizer such that the nutrients are released slowly
and best utilized by the plants.

Nanopesticides
Today we very commonly use these chemical

pesticides to  control  different  types of  pests  (Figure 1).  In
fact, their use throughout the world has increased by 60%
over the last 30 years, and 2.5 million tons of commercial
pesticides are now applied annually.  As our reliance on
chemical pesticides is increasing, their effectiveness is in
turn declining. The “Monitoring of Pesticide Residues at
National Level” scheme has been initiated for monitoring
and analysis of pesticide residues in agricultural
commodities in different agro-ecological regions of the
country. During the last five years, the incidence of residues
in food crops has shown an increase from 1.2 per cent to 2.6
per cent. Their excessive use has raised the danger alarm as
they can accumulate in water systems, pollute the air, and
in some cases have other dramatic environmental effects.

In the agriculture domain research in the areas of
synthesis of nanoparticulate formulations for pesticide
applications as well as use of nanomaterials for plant
pathogen detection and plant growth have now began. The
nanomaterials can be used to improve function of pesticides
by changing their solubility and decomposition, and by

providing a more specific and controlled-release toward
target organisms [8].  The role of nanoparticles in pest
management has been reported by various researchers[9].
Sanghamitra Atta et al [10] reported a nano-pesticide
formulation based on fluorescent photoresponsive organic
nanoparticles of perylene-3-ylmethanol for regulated release
of pesticide 2,4-dichlorophenoxyacetic acid (2,4-D). They
performed bioassay experiments which revealed that nano-
pesticide was efficiently delivered inside the plant tissues
improving its herbicidal activity. Besides this, the
fluorescent colour change by photoresponsive organic
nanoparticles before and after photorelease was exploited
for real time monitoring of 2,4-D release inside the plants.
Madhuban Gopal and coworkers [11] prepared
nanopesticides of fungicide- nanohexaconazole and on
comparing their efficacy with the conventional products,
they found these nanoformulations to be five times more
effective in controlling pathogens. Silver NPs have been
studied extensively and shown to reduce mycelial growth
and conidial germination on cucurbits and pumpkins against
powdery mildew at a concentration of 100 mg/ kg [12].

The old age methods to control the pathogens and
pests have drastic effects on  the environment and economy
of the country. Today the focus is to develop nanopesticides
that are less harmful to the environment than conventional
formulations. Therefore the NPs applications are multiplying
day by day in the field of agriculture. A great deal of research
will therefore be required over the coming years, in the
development of reliable nanopesticides and evaluation of
their environmental risks.

A new sensing mechanism-Biosenors
Sensors are now used for the identification of toxic

chemical compounds at ultra low levels (ppm and ppb) in
chemical as well as biological systems. Nanosensors have
better & improved features as compared to the existing
analytical sensors as they have dimensions in nm range.
Nanosensors have applications in diverse fields, be it crop
cultivation, and harvesting to soil quality check and
assessing levels of pollutants in water, soil and air [13]. In
the area of farming, they can be used to measure soil
parameters (pH and nutrients, residual pesticides in crop
and soil, and soil humidity) and detection of pathogens
[14].  Bio-nanosensors also allows for a more quantified
and rapid detection of bacteria and viruses, thereby
increasing the safety of the food for the customer. Besides

Fig. 1. Different types of pesticides used in India
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this, a real time monitoring of crop statistics in fields can be
done using a group of biosensors that may help in predicting
the exact dosage of chemicals used and thereby avoiding
the currently happening over-dosage [15]. Furthermore,
nanosensors find their application in sensitive and cost-
effective detection of different pathogens to ensure food
quality and safety. They surely represent one of the best
emerging technologies for the assessment of food quality,
being able to provide smart monitoring of food components
and contaminants (e.g., pesticides, toxins).

An optimized amperometric immune-biosensing strip
has been developed to detect food borne pathogens.
Conjugating secondary enzyme-labeled antibodies with
gold nano-particles had the ability to detect Listeria
monocytogenes at 2 log colony-forming unit (CFU)/g in
wild blueberry samples and exhibited significant specificity
over other enteric pathogens such as Escherichia coli and
Salmonella typhimurium [16]. Hu et al. (2010), detected
multiple residues of organophosphorus pesticides by using
ananomagnetic particle in an enzyme-linked immunosorbent
assay (ELISA) test and suggested this method to be cost –
effective as well as sensitive [17]. Karnal bunt disease in
wheat was detected by nano-gold based immune sensor
using surface plasmon resonance [18].

Nanosensors offer the advantage of being small,
portable, sensitive and accurate. It is now well proved that
nanobiosensors can be effectively used for sensing a wide
variety of fertilizers, herbicides, pesticides, and insecticides
and thus can support sustainable agriculture by enhancing
crop productivity.

CONCLUSION
According to experts, nanotechnology can solve

many of India’s present problems in areas like energy,
environment, public health and information technology. It
can help India in putting a check on the water-borne
diseases and also the diseases caused by industrial and
agricultural pollutants. Since, nanotechnology is
interdisciplinary in nature and possesses application
potential in several areas of agriculture; its successful usage
would require a greater degree of interaction and
collaboration among the disciplines and workers.

An aggressive R&D approach along with a
responsible developmental attitude is the need of the hour
for us because safety of all those who are producing and
will consume them is of prime importance. The pace at which
research progress is happening in this area in India, we can
be sure of witnessing a greater implementation of
nanotechnology in Indian Agricultural System very soon.
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ABSTRACT
Legumes are important source of macronutrients and
micronutrients and are staple food in the traditional diets
of many regions throughout the world. Legumes like peas,
lentils, mungbeans, cowpeas, pigeon peas, beans and
chickpeas are highly functional ingredients, adding both
flavor and robust nutritional benefits to many dishes. In
addition to their nutritional value, it has long been
recognized that legumes are functional foods that promote
good health and have therapeutic properties. Legumes
exhibit diverse biological activities such as antioxidant,
anti-aging, anti-cancer, anti-inflammation, anti-
atherosclerosis, cardiovascular protection, improvement
in endothelial function, as well as inhibition of
angiogenesis and cell proliferation activity for disease
prevention and health promotion. It is widely accepted that
significant antioxidant activity of food is related to high
total phenolic content. Legumes contain a large variety of
phenolic derivatives, including simple phenols,
phytosterols, saponins, phenyl propanoids, benzoic acid
derivatives, flavonoids, stilbenes, tannins, lignans and
lignins. Natural polyphenols exert their beneûcial health
effects by their antioxidant activity, these compounds are
capable of removing free radicals, chelate metal catalysts,
activate antioxidant enzymes, reduce á-tocopherol
radicals, and inhibit oxidases. In the perspective of
nutritional benefits and nutraceutical attributes of
legumes, characterization and compositional analysis of
legumes seeds are of great importance. The phytochemical
load of legumes depends both on genetics and environment,
including growing conditions, harvest, storage, processing
and meal preparation. Then, it is necessary to ensure
information on profiles of nutrients and bioactive
compounds before planning strategies for conventional
breeding programmes as well as development of functional
food for improving consumer’s health. Therefore, the
present review focuses on various methods employed for
characterisation of the nutraceutical quality of legumes
with particular emphasis on the legumes widely grown in
India.

Key words Polyphenols, Antioxidants, Bioactive
compounds, Legumes

Legumes belong to family Leguminosae and are
valuable source of food and fodder which makes them a
important crop grown all over the world. Their exploitation
is expected to grow in future to fulfil increasing food needs
and provide beneficial health effects. Legumes like pea,
lentil, soyabean, mungbean, cowpea, pigeon pea, beans,
chickpea etc. supply both macro and micronutrients and
have a high content of protein, carbohydrates (including

dietary fibres) as well as vitamins and minerals. In addition,
they also contain bioactive phytochemicals that possess
antioxidant activity. Antioxidants are the compounds which
decrease the adverse effects of reactive oxygen species
and reactive nitrogen species. Extensive research in recent
years has revealed that most common chronic diseases,
including cancer, diabetes, cardiovascular and pulmonary
diseases occur as a result of free radical formation in the
body. For scavenging of these free radicals cells synthesize
antioxidant compounds or enzymes but they are insufficient
in quantity. This increases the importance of antioxidants
taken from dietary sources which may include animal  and
plant based dietary components. Synthetic antioxidants
like butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT) and tertbutylhydroquinone (TBHQ)
have been used widelybut safety concerns in relation to
their metabolism and accumulation in cells and body organs
allow natural source of antioxidants as preferred source
(Frankel et al 1996) .  It is assumed that the antioxidant
activity of food is related to content of bioactive molecules,
phenolic compounds in particular.

Phenolic compounds are secondary metabolites that
are derivatives of pentose phosphate, shikimate and phenyl
propanoid pathways in plants (Randhir et al 2004)
.Structurally phenolic compounds are made up an aromatic
ring with one or more than one hydoxy groups. Efficacy of
phenolic compounds as antioxidants also depend on a
number of factors such as structure, number of free
hydroxyl groups bonded to the aromatic ring, the site of
mutual bonding, mutual position of hydroxyls in the
aromatic ring and their ability to act as hydrogen or electron
donating agents and free radical scavengers (Sroka and
Cisowski 2003).. Phenolic compounds from plants which
can be considered as dietary components are broadly
divided into three classes: phenolic acids, flavonoids and
tannins.

Phenolic acids
Phenolic acids are derivatives of benzoic acids and

cinnamic acids with hydroxyl groups (OH) and methoxy
groups (OCH3) substituted at various points on the
aromatic ring . These can be classified into two major
classes: hydroxybenzoic acids (gallic, p-hydroxybenzoic,
procatechuic, vanillic and syringic acids) having C6-C1
common structure and hydroxycinnamic acids (caffeic,
ferulic, p-coumaric and sinapic acids) having C6-C1 common
structure as shown in fig.

Flavonoids
Flavonoids are a group of low molecoular weight

phenolic compounds which are diverse in structure and
characteristics, found ubiquitously in plants. Edible fruits,
legumes, vegetables are good source of flavonoids which
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Fig. 1. Structure of some common phenolic acids
(Rui  H.L. 2007)

are present in the form of either glycosides or aglycones.
Chemically flavonoids are a variety of phenolic compounds
with a C6-C3-C6 structure skeleton. Structurally it contains
three aromatic rings (pyran) designated as A, B and C
consist of benzopyran nucleus with an aromatic substituent
at C2 of C ring. Flavonoids are known to stabilize radicals
by donating hydrogen and electrons from hydroxyl groups
in the B-ring to hydroxyl, peroxyl and peroxynitrile radicals,
thus giving rise to relatively stable flavonoid radicals (Cao
et al 1996)  . Flavonoids are divided into different classes on
the basis of substitution pattern of C ring and position of
the B ring. Major classes included are flavonols, flavanones,
isoflavones, anthocyanidins and flavones. Basic structure
of flavonids shown in fig 2.

Fig. 2. Common structure of flavonoid

Tannins
Tannins are the high molecular weight substances

rich in phenolic hydroxyl groups. They are divided into
two main classes: Hydrolysable tannins and condensed
tannins. Hydrolyzable tannins are phenolic carboxylic acids
esterified to sugars such as glucose. They are called
hydrolysable tannins because they break down into sugars
and phenolic acids upon hydrolysis. Condensed tannins
are formed through the condensation of flavanols and are
also known as proanthocyanindins (Asgar 2012).

HEALTH BENEFITS OF LEGUMES
Apart from providing basic nutrition, legumes are rich

source of bioactive phytochemicals like phenolic
compounds that have antiviral, anticarcinogenic, anti-
inflammatory, antimutagenic and antibacterial properties
beneficial in various health conditions. Numerous studies
have demonstrated that when legumes are added to the
diet they limit the development of cancers, cardiovascular
diseases, osteoporosis, diabetes and others (Shukla et al
2010)  As a result, consumption of legumes has an inverse
relationship with morbidity and mortality due to these
degenerative diseases.

Effect on cancer:
One of the contributing factors in the development

of human chronic diseases cancer is the oxidative stress
that disturbs the normal redox state of cells (Bonomin et al
2008; Frank el al 1996) This causes toxic effects including
altering DNA structure, decreasing DNA repair and
activating signal transduction pathways. Recent biochemical
studies indicate that DNA damage, mutations and
alterations of gene expression are all key players in the
process of carcinogenesis . Phytochemical antioxidants
present in diet help reducing the oxidative stress by
regulating the balance between ROS production and
destruction. Natural dietary agents including fruits,
vegetables, spices and legumes have drawn a great deal of
attention in their ability to suppress cancer. They consist
of a wide variety of biologically active components that are
responsible for the anti-cancer effects like genistein,
diosgenin, catechins, isoflavones, saponins, phytosterols,
flavonoids  (Bhanot et al 2010) Many of these components
have been used in traditional medicines for thousands of
years. These dietary agents are believed to suppress the
inflammatory processes that lead to transformation,
hyperproliferation, and initiation of carcinogenesis.

The anticancer properties of some phytochemicals
may be attributed to their phytoestrogenic function( Wang
et al 2011) Among these, Daidzin and genistin present in
soybean exhibit this effect by binding to human estrogen
receptor (Hwang et al  2006) Many hormone dependent
cancers like breast and prostate cancer develop as a result
of imbalanced hormonal stimulation because of imbalance
between estrogen and androgen. This may favour cell
proliferation over differentiation and senescence, and in
turn increase the risk of development of tumor. Isoflavones
present in soybean have special configuration similar to
that of mammalian estrogen. They bind to the human
estrogen receptor in agonist and antagonist manner thus
exhibiting powerful beneficial effects on hormone dependent



1972 Trends in Biosciences 10 (11), 2017

tumors. Cancer cell proliferation inhibitory effects of
commonly consumed food legumes have been studied by
many researchers (Xu  and Chang  2012).  . The
antiproliferative properties were assayed by MTT assay
using in vitro cell culture systems. Results showed that
Azuki bean, mung bean showed significant activity against
human cancer cell lines. In addition, the antiproleferative
effect of pea in terms of plant protease inhibitor, Bowman-
Birk inhibitors (BBI) which exert their anti-carcinogenic and
anti-inflammatory effect against HT29 colon cancer cells
(Clemente et al 2012).

Effect on cardiovascular diseases
Cardiovascular diseases include coronary heart

disease (heart attacks), cerebrovascular disease (stroke),
raised blood pressure (hypertension), peripheral artery
disease, rheumatic heart disease, congenital heart disease,
heart failure etc. CVDs are one of the leading causes of
morbidity and mortality in developed as well as in
developing countries. Due to therapeutic properties,
phytochemicals such as flavonoids, olive oil, ù-3 fatty acids,
lycopene, resveratrol, coffee and soy need to be considered
for management and control of CVD (Fitó et al 2005;
Hollman et al  1996; Nagata  2000; Natella et al  2002; Sato
et al 2002;  Von Schacky  2003; Willcox  et al 2003).
Furthermore, growing research in this field suggests that
oxidative stress play a significant role in causing
cardiovascular diseases. Generation of free radicals causes
oxidation of LDL and leads to formation of oxidised LDL,
which plays a key role in the pathogenesis of
atherosclerosis, the underlying disorder leading to heart
attack and ischemic strokeas a result, dietary components
rich in antioxidants may prevent the occurrence of such
diseases (Hayes  2001) . Legume have high fibre content,
low glycaemic index and the presence of minor components,
such as phytosterols, saponins, oligosaccharides etc., are
considered the main responsible agents for this property (
Duranti 2006)

Effect on diabetes
Diabetes mellitus is one of the most common

degenerative diseases which results in increased blood
glucose levels (hyperglycemia). Consequences of diabetes
are cardiovascular disease, renal failure, blindness,
neurological complications etc. Hyperglycemia attributes
its effect by the generation of free radicals leading to
oxidative stress. Several studies strongly support the
suggestion that high intake of legumes can prevent type II
diabetes. Legumes provide a potential benefit to glycaemic
control including slow release of carbohydrate and a high
fibre content. Therefore, substantial increased intake of
legumes in diet as replacement food for more rapidly digested
carbohydrate might be expected to improve glycaemic
control and thus reduced incidence of diabetes. Polyphenols
present in legumes are gaining importance not only because
of their antioxidant activity but also for controlling the
digestibility of carbohydrate source in intestine.
Polyphenols like diadzein, caffeic acid, ferulic acid, syringic
acid, Naringenin, kaempferol etc acts as inhibitors of
pancreatic á-amylase and  á-glucosidase which are
responsible for digestion of starch in the intestine ( Shobana

et al 2009)  resulting in decreased blood glucose level. Also
antioxidant property of polyphenols prevents the oxidative
stress caused by generation of free radicals in
hyperglycemic condition.

Mungbean (Vigna radiata, L. R. Wilczek) flour has
30% fiber, (4% soluble and 26% insoluble) and has a low
glycemic index. The low glycemic index proves that
mungbean intake can prevent the diabetes. Even beans,
particularly soyabean, have low glycemic index and act as
a valuable food in diabetic patient’s diet. Thus there is strong
evidence that legumes play an important role in prevention
and management of diabetes.

Effect on osteoporosis:
Osteoporosis is a disease of bones in which bone

mineral density reduces below normal average level. It can
be classified into two groups: type 1 (primary) and type
(secondary). Main osteoporosis that affects females is type
1 which occurs as a result of estrogen deficiency in
postmenopause phase. A number of hormone replacement
therapies are available in market to prevent bone loss due
to estrogen hormone deficiency but are associated with
side effects during long term usage. Legumes especially
soyabean is the ultimate source of isoflavones which have
estrogenic activity. As a result, diet supplemented with
isoflavones such as genistein, daidzein, and glycosides
may be helpful in preventing osteoporosis. Although
mechanism of action of isoflavones is not completely
known, experimental studies suggest that they act in
multiple ways. Soy isoflavones stimulate the activity and
proliferation of bone-building cells, namely, osteoblasts, to
maintain bone mass against the action of osteoclast cells,
which release acid and enzyme to dissolve bone(
Kalaiselvan  et al 2010; Frassetto et al 2000) studied
correlation between protein intake (animal and plant) and
incidence of osteoporosis and concluded that plant protein
intake was found to be inversely related to hip fracture risk.

CONCLUSION
Most of the studies on legumes revealed the

biopharmaceutical potential particularly due to their total
phenolic content. But it would be impossible to conclude
that some phenolic compounds act more actively than
others, to clarify this more studies are required. Although
various studies evaluated the role of phenolic compounds,
still there is need for clinical studies to prove this fact. Till
date, some epidemiological and clinical studies suggest the
potential of legumes as health promoting agents but still
their mechanism of action are unknown. May be in near
future, research can mark out their exact mechanisms, in
vivo target sites, stability and the appropriate level of intake
for general population and population at risk of disease as
a potential therapeutic agent. As a result before this goal is
achieved, caution is necessary in recommending their
increased consumption. In this article various aspects of
bioactive compounds present in legumes are discussed and
their implications, especially in treatment and prevention
of degenerative diseases like diabetes, cancer,
cardiovascular diseases and osteoporosis. Consequently,
this review article suggests that healthy individuals as well
as those who are in diseased condition or at the risk of
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disease must consume  adequate amounts of legumes as
an essential part of diet for enjoying good health and to
complement treatment of disease.
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ABSTRACT
Tomato (Lycopersicon esculentum Mill.) is an important
commercial vegetable of the world.  All fungicide doses
reduce the disease severity as compared to untreated check.
The efficacy of Thifluzamide 24% SC was compared with
commonly used chemicals viz., Copper oxy chloride 50%
WP, Famoxadone 16.6 + Cymoxanil 22.1% SC  and an
untreated control. Phytotoxicity effect of Thifluzamide was
evaluated using a single spray, at concentrations of 72,
96, 120 and 144gm a.i/ha. Thifluzamide at all
concentrations was found significantly effective in
reducing the disease and in increasing the yield as
compared to Standard checks and control. In the first
season, Thifluzamide treated plots recorded a PDI ranging
from 7.70 to 21.29 and yield of 24.09 to 30.89 tons/ha as
compared to a PDI of 35.92 and yield of 20.76 tons/ha in
control. In the second season, Thifluzamide treated plots
recorded a PDI ranging from 10.52 to 23.70 and yield of
18.50 to 23.40 tons/ha as compared to a PDI of 40.74 and
yield of 16.03 tons/ha in control. Thifluzamide at 72, 96,
120 and 144gm a.i/ha did not cause any phytotoxicity
symptoms in terms of chlorosis, necrosis, wilting,
scorching, hyponasty and epinasty. Overall results revealed
that sprays of Thifluzamide at 120 gm a.i/ha were cost
effective and eco-friendly for the management of Alternaria
blight of tomato.

Key words Alternaria solani, Lycopersicon esculentum
and Thifluzamide.

Tomato (Lycopersicon esculentum Mill.) is the
second most important remunerable solanaceous vegetable
crop after potato. It is native to South America. The leading
tomato growing states are U.P., Karnataka, Maharashtra,
Haryana, Punjab and Bihar. It is a good source of income to
small and marginal farmers and contributes to the nutrition
of the consumer. Tomato ranks next to the potato crop and
ranks first among the processing crops in the world acreage.
Tomato is commonly consumed in our daily life and it is a
good source of antioxidants [1]. Tomato contains 95.3% of
water, 0.07% calcium and niacin, all of which have great
importance in metabolic activities of humans. With high
nutritional value, it provides a balance source of Vitamin A,
C and E needed to maintain good human health [2, 3]. Varied
climatic adaptability and high nutritive value made the
tomato cultivation more popular in the recent years.

Tomato crop is vulnerable to infect by bacterial, viral,
nematode and fungal diseases. Among the fungal diseases,
Alternaria leaf blight of tomato caused by Alternaria solani
is the worst damaging one [4, 5] that cause reduction in

quantity and quality of the tomato crop. Alternaria solani
(Ellis and Martin) is a soil inhabiting air-borne pathogen
responsible for leaf blight, collar and fruit rot of tomato
disseminated by fungal spores [6]. It is an important disease
of tropical and sub-tropical areas. Distinctive bulls-eye
pattern of leaf spots with concentric rings of spores
surrounded by a halo of chlorotic leaf area are the common.
Leaves turn yellow and dry up when only a few spots are
present [7]. The pathogen causes infection on leaves, stem,
petiole, twig and fruits as well as leads to the defoliation,
drying of twigs and premature fruit drop which ultimately
reduce the yield. The disease, if favored by high temperature
and humidity (crowded plantation, high rainfall and
extended period of leaf wetness from dew) and plants are
more susceptible to the blight infection during fruiting
period [8]. Primary methods of controlling Alternaria leaf
blight include preventing long periods of wetness on the
leaf surface, cultural scouting, sanitation, and development
of the host plant resistance with the application of
fungicides [9, 10].

During the last few years early blight has been
occurring almost every year primarily due to the soil-borne
survival of the fungus, local overwintering/oversummering
of inoculum, cultivation of susceptible varieties and
favorable environmental conditions. In fact timely
application of fungicides is the best method to control early
blight as reported by several research workers [16, 17, 18 &
19]. The objective of these studies was to evaluate the
effect of five fungicides against commercially grown as
well as some advanced lines of tomato.

MATERIALS AND METHODS
The experiment was conducted on chemical

management of early blight in tomato at Main Experiment
Farm Narendra Deva Agri. and Tech. Uni. Kumarganj,
Faizabad (U.P.) for two successive years during 2012-13
and 2013-14 crop seasons. The experiment was conducted
in 5 x 4 m plots in RBD with three replications and a
susceptible tomato variety (US 800) was sown. The
treatments consisted of seven chemical management trial
i.e. Thifluzamide 24% SC @ 72gm a.i/ha (T1), Thifluzamide
24% SC @ 96gm a.i/ha (T2), Thifluzamide 24% SC @ 120gm
a.i/ha (T3), Thifluzamide 24% SC @ 144gm a.i/ha (T4), Copper
oxy chloride 50% WP @ 1250gm a.i/ha (T5), Famoxadone
16.6 + Cymoxanil 22.1% SC @ 193.5gm a.i/ha (T6) and
Control (Untreated) (T7). First spray of the fungicides was
done immediately after the initial appearance of disease
symptoms. It was scheduled to conduct the second spray
after 10 days interval. Since the disease was effectively
controlled so second spray was not done to save time and
money. The data on disease severity were recorded one
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Table 1. Bio-efficacy of Thifluzamide 24 % SC against early blight in Tomato crop.

Treatments 

Ist season (2012-13) IInd season (2013-14) 

PDI % 
reduction 

in PDI 
over 

control 

Yield 
(t/ha) 

% 
increase 
in yield 

PDI % 
reduction 

in PDI 
over 

control 

Yield 
(t/ha) 

% 
increase 
in yield 

Thifluzamide 24% SC @ 72gm a.i./ha 14.09 
(21.87) 60.79 24.31 17.10 18.52 

(25.47) 54.55 18.75 16.97 

Thifluzamide 24% SC @ 96gm a.i./ha 11.48 
(19.80) 68.04 28.72 38.34 17.03 

(24.35) 58.19 22.32 39.24 

Thifluzamide 24% SC @ 120gm a.i./ha 10.52 
(18.91) 70.73 29.34 41.33 15.92 

(23.50) 60.92 22.91 42.92 

Thifluzamide 24% SC @ 144gm a.i./ha 7.70 
(15.71) 78.56 30.89 48.80 10.52 

(18.91) 74.19 23.40 45.98 

Copper oxy chloride 50% WP @ 1250gm 
a.i./ha 

21.29 
(23.80) 40.73 24.09 16.04 23.70 

(29.00) 41.82 18.50 15.41 

Famoxadone 16.6 + Cymoxanil 22.1% SC 
@ 193.5gm a.i./ha 

13.33 
(21.38) 62.89 29.93 44.17 16.66 

(24.06) 59.10 22.48 40.02 

Untreated control (water only) 35.92 
(36.82) - 20.76 - 40.74 

(39.65) 
- 16.03 - 

S.Em.+ 1.318 - 1.82 - 1.426 - 1.656 - 

C.D. at 5% 3.192 - 5.43 - 4.320 - 5.023 - 

 * Figures in parenthesis are Arc sign transformed

day before spray and 10 days after spraying using 0-4 grade
scale of [21] and statistically analyzed [20].

Incidence of disease was recorded by selecting
5plants from each plot. Five leaves were selected from each
plant and the area covered by the disease was measured on
0-5 scale and expressed as Percent Disease Index. Yield
data were pooled from all the harvests of each plot and
expressed as tons/ha. The data were subjected to statistical
analysis using anova of SAS statistical computer data
analysis software.

RESULT AND DISCUSSION
Results obtained are shown in the Table 1. In the first

season trial, at all concentrations, Thifluzamide 24% SC
significantly reduced disease and resulted in increased yield
compared to Copper oxy chloride 50% WP, Famoxadone
16.6 + Cymoxanil 22.1% SC  and the control. The PDI
recorded was 7.70 to 14.09 in Thifluzamide 24% SC treated
plots as compared to 21.29, 13.33 and 35.92 in Copper oxy
chloride 50% WP, Famoxadone 16.6 + Cymoxanil 22.1% SC
and untreated control respectively. Yields were 24.31 to
30.89 tons/ha in the Thifluzamide 24% SC treatments as
compared to 24.09, 29.93 and 20.76 tons/ha in Copper oxy
chloride 50% WP, Famoxadone 16.6 + Cymoxanil 22.1% SC
and control respectively [11,12]. The percentage reduction
in disease ranged from 60.79 to 78.56 and increase in yield
ranged from 17.11 to 48.80 in Thifluzamide 24% SC treated
plots [13, 14 & 15].

In the second season trial, the PDI in Thifluzamide
24% SC treatments was 18.52 to 10.52 as compared to 23.70,
16.66 and 40.74 in Copper oxy chloride 50% WP,
Famoxadone 16.6 + Cymoxanil 22.1% SC  and control

respectively. Yields were 18.75 to 23.40 tons/ha in the
Thifluzamide 24% SC treatments as compared to 18.50, 22.48
and 16.03 tons/ha in Copper oxy chloride 50% WP,
Famoxadone 16.6 + Cymoxanil 22.1% SC and control
respectively 11,12].  The reduction in disease ranged from
54.55 to 78.56 % and increase in yield ranged from 16.97 to
45.98 % in Thifluzamide 24% SC treated plots [13, 14 & 15].

Thifluzamide 24% SC, at 120 and 144g a.i/ha was
significant at 5% level in reducing the early blight disease
and increasing yield in both the trials and among
Thifluzamide 24% SC treatments they were statistically
insignificant. Among different concentrations of
Thifluzamide 24% SC evaluated, 120g a.i/ha was the best
[13, 15].

CONCLUSIONS
Thifluzamide 24% SC, at all concentrations tested,

were found significant both at 5% level in reducing the
disease and in increasing yield as compared to control,
Copper oxy chloride 50% WP, Famoxadone 16.6 + Cymoxanil
22.1% SC  in both the seasons.

Among the different concentrations evaluated 120g
a.i/ha was found best. At higher concentrations the chemical
did not cause any phytotoxicity to tomato crop cv. US 800.
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ABSTRACT

The field experiment was conducted  on growth and
development of fruits in mango varieties Mallika and
Nekkere was carried out at the Horticultural Research
Station (HRS), Gandhi Krishi Vignana Kendra, University
of Agricultural Sciences, Bangalore.The fruits were
sampled from the time of anthesis at five days interval for
first 25 days. At later stages of growth and development,
the fruits were sampled every 10 days till maturity (85
days). Three sets of samples were collected at each stage
of development to observe growth kinetics. The mean length
(cm) and diameter of Mallika and Nekkare fruits and
embryos was significantly highest at 85 days after anthesis
10.00,  6.50, 6.21 , 3.20 and 7.43,5.97,5.50 and4.20
respectively whereas, minimum was observed at 5 days
after anthesis. The mean fresh weight (g) and dry weight
of Nekkare fruit, mesocarp and embryo was significantly
hieghest at 85 days after anthesis151.50, 138.50, 13.00
and 45.52 , 40.80, 4.72. Whereas, Mallika is recorded
significantly highest at 85 days after anthesis 102.00,
80.50, 92.00 and 42.63, 30.03,  and 12.60.  The
significantly recorded highest dry matter of fresh mesocarp
(36.83%), embryos (37.67 %)  and embryos and mesocarp
ratio is 0.130 at 75 days after anthesis in Mallika. Whereas
Nekkare recorded significantly highest dry matter
mesocarp (39.53%) at 75 DAA, dry matter of embryos
(53.97 %), embryos and mesocarp ratio of fresh and dry
weight 0.88 and 0.410respectively.

Key words Diameter, Development, Dry matter ,
Embryo, Fruit length, Growth, length and
Mango fruits

Mango (Mangifera indica) belongs to the family
Anacardiacea and is one of the most popular fruit crops
that is grown in tropical and subtropical regions of the
world. Botanically, mango is a drupe. Majority of the mango
varieties are monoembryonic with single embryo (sexual/
zygotic embryo) per seed. However, some varieties of
mango like, Nekkere, Olour, Higgins etc. are polyembryonic,
which have 2-3 well-developed adventitious embryo s in
addition to zygotic embryo. The extra embryos commonly
arise from nucellar tissue of the ovule. Polyembryonic in
mango was first recorded by Strasburger (1878) and later:
Cook (1907) concluded that the extra embryos in mango
were of nucellar origin. In a highly heterozygous and highly
cross pollinated crop like mango, nucellar embryos offer a
viable alternative for obtaining true to- type plants.
However, most of the commercial varieties are

monoembryonic and are commercially propogated by
grafting on a suitable rootstock. Polyembryonic varieties
like Nekkere and Olour have been proved to be excellent
rootstocks for grafting other commercial mango varieties.
Besides, polyembryonic rootstocks after the advantage of
uniformity among the seedlings. Hence, there is a great
demand for these seedlings.

To understand the factors predisposing
embryogenesis, it is necessary to study the growth and
development of fruits as well as the hormonal fluctuation
associated with different developmental stages in mango
fruit and a better insight can be obtained when a comparison
is made between a monoembryonic and polyembryonic
varieties. Further, a clear understanding of hormonal
conditions promoting embryogenesis will help in developing
a suitable strategy to induce somatic embryogenesis in
vitro for large scale multiplication of high quality rootstock
plants.

Keeping these factors in the foreground, an
experiment to document growth content in variety Nekkere
and Mallika at different stages of fruit development was
carried out.

MATERIAL AND METHODS

The present investigation on growth and
development of fruits in mango varieties Mallika and
Nekkere was carried out at the Horticultural Research Station
(HRS), Gandhi Krishi Vignana Kendra, University of
Agricultural Sciences, Bangalore. HRS is situated at an
elevation of 930 m above mean sea level and at 120 581

North latitude and 770 361 east longitude.

Fruit Samples

The fruits of Mallika and Nekkere varieties of mango
required for the investigation were collected from the mango
trees grown at the HRS, GKVK, UAS, Bangalore. The fruits
were grouped in successive stages based on their growth
and development starting from anthesis till maturity. The
fruits were sampled from the time of anthesis at five days
interval for first 25 days. At later stages of growth and
development, the fruits were sampled every 10 days till
maturity (85 days). Three sets of samples were collected at
each stage of development to observe growth kinetics

The length of the fruits was measured using a
measuring scale from the stylar end to apex of the fruit. The
observations were recorded in centimeters. The diameter
of the fruits was measured at the broadest region using a
slide calipers and the observations were recorded in
centimeters. The fresh weight of the whole fruits was

mailto:anandnanjappanavar@yahoo.in


1978 Trends in Biosciences 10 (11), 2017

Number of 
days after 
anthesis 
(DAA) 

Mallika Nekkere 

Length of 
the fruit 

(cm) 

Diameter 
of the fruit 

(cm) 

Length 
of 

embryo 
(cm) 

Diameter 
of embryo 

(cm) 

Length 
of the 
fruit 
(cm) 

Diameter 
of the fruit 

(cm) 

Length of 
embryo 

(cm) 

Diameter of 
embryo (cm) 

0 - - - - - - - - 

5 0.28 0.22 0.12 0.09 0.29 0.20 0.14 0.09 

10 0.35 0.40 0.17 0.12 0.39 0.24 0.17 0.11 

15 0.65 0.59 0.26 0.25 0.58 0.55 0.22 0.20 

0 1.15 0.91 0.39 0.33 0.81 0.80 0.40 0.25 

25 1.73 1.35 0.76 0.85 1.25 1.22 0.80 0.69 

35 2.84 2.18 1.78 1.46 2.42 2.19 1.39 0.17 

45 4.84 3.50 2.20 1.72 4.23 3.31 1.82 1.42 

55 5.74 3.96 3.21 2.11 4.87 4.50 3.00 2.11 

65 6.54 4.42 4.14 2.42 5.73 5.06 3.59 2.53 

75 7.48 5.54 5.43 3.06 6.78 5.50 5.03 3.56 

85 10.00 6.50 6.21 3.20 7.43 5.97 5.50 4.20 

 

Table 1. Mean length and diameter of Mallika and Nekkere fruits and embryos at different stages of development

recorded using an electronic balance and the observations
recorded in grams. To record the fresh weight of the
mesocarp, the fruits were cut to obtain the stone and the
fresh weight of mesocarp was measured using an electronic
balance and the observations were recorded in grams. The
whole fruits and mesocarp were kept in the oven for drying
at 60 0 C. The drying was continued for two to three days till
a constant dry weight was obtained. These dried samples
were weighed again using an electronic balance to obtain
the dry weights of whole fruit. For obtaining the dry weight
of the mesocarp, the whole fruits with mesocarp and without
mesocarp (5 samples of each) were dried in oven at 60 0 C to
until the weights remained constant. The dry weight of
mesocarp was obtained by subtracting dry weight of fruits
without mesocarp from dry weight of fruits.  The fresh
weight of embryo was obtained by subtracting the fresh
weight of mesocarp from fresh weight of whole fruit.
Similarly, dry weight of embryo was obtained by subtracting
the dry weight of mesocarp from dry weight of whole fruit.

RESULTS AND DISCUSSION

Length and diameter of fruit

A Graphic analysis of growth patterns in length and
breadth of varieties Mallika and Nekkere up to 85 DAA
(days after anthesis) exhibited two phases of growth (Table-
1). The initial phase of 25 to 85 DAA. However, there were
differences between the varieties in growth rates at the
latter parts of the second phase with variety Mallika
recording higher growth than Nekkere. The objective of
the present investigation was to record growth kinetics
associated with embryogenesis and embryo maturation (0-
85 DAA) and not to cover the whole duration of fruit
development, which is around 100 days in Nekkere and 130
days in Mallika. Consistent with duration of the study (0-
85 DAA), only the first two phases of growth, namely , lag

phase and log phase were clearly evident in this study(Fig-
1). However, in fruits of variety Nekkere, which takes around
100 days to reach full maturity, the onset of third phase
(Slower growth phase) was evident. Further, the sustained
higher rate in variety Mallika at later stages of the experiment
(75- 85 DAA) is indicative of longer growth duration which
is a genetic character of the variety resulting in bigger fruits
(250-300g) and. The growth pattern in these varieties
confirms to a single sigmoid nature growth. Similar pattern
of growth has also been reported in other mango varieties
like Dashehari (Singh, 1954), Chausa ( Saini et al., 1971) and
Pico (Alcantara and Mendoza, 1988).

Length and Diameter of embryo

A graphic analysis of growth patterns in length and
breadth of embryo in Mallika and Nekkere up to 85 DAA
exhibit two phases of growth (Table-1). The initial phase of
25 days is characterized by slow growth, followed by higher
growth rates between 25 to 85 DAA. The growth in third
phase is moderate (Fig-1). However, there were differences
in duration of the third phase among the varieties studied.
Similar pattern of growth has also been reported in
Baneshan, Rumani, AU Rumani and Neeleshan varieties of
mango Rao et al., (1988). The total increase in length of
Mallika embryos was greater than Nekkere this can be
attributed to genetic characteristics of the varieties. With
respect to diameter, the Nekkere had higher diameter than
Mallika fruit at the end of the experimental period. Apart
from varietal characteristics the higher diameter in Nekkere
may also be due to multiple embryos. The sink capacity in
Nekkere fruits with multiple embryos is expected to be higher
than Mallika. Hence, higher diameter

Weight of the fruit

A time course study of increment in weight of both
variety Mallika and Nekkere fruits up to 85 DAA indicated
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an initial phase of slow growth for the first 25 days (Table-
2). The increase in Mallika was 0.85 per cent and 0.57 per
cent of total increase in fresh and dry weight, respectively.
Similarly, Nekkere also recorded 0.9 per cent and 0.45 per
cent of total increase in fresh and dry weight, respectively,
during this period. The second stage of growth in both the
varieties was characterized by a steep increase in fresh
weight (up to 85 DAA in Mallika and up to 75 DAA in
Nekkere). The decline in dry weight increment during the
75 to 85 DAA in both the varieties indicates the onset of
the third phase of single sigmoid growth pattern. This is in
accordance with the findings of Alcantara and Mendoza
(1988) in Pico mango, Chen (1983) in Irwin mango and Rao
et al (1988) in Baneshan, Rumani, Au Rumani and Neeleshan
varieties of mango. Similarly, single sigmoid patterns of fruit
growth have also been observed in other crops like acid
lime (Murti, 1989), Carambola (Neog and Mohan, 1991) and
Litch (Ganesh kumar, et al. 1995).

Weight of ‘Mallika’ and ‘Nekkere, mesocarp:
The growth of the mesocarp with respect to fresh

weight and dry weight in mango varieties ‘Mallika, and
Nekkere’ was a reflection of total fruit weight, with first two
of the three phases (single sigmoid pattern) being very
evident (Table-2). The increase in weight was slow up to 25
days, followed by steep increase till the end of end of
experiment. Initial slow growth followed by rapid growth
has also been observed in other mango varieties like ‘Pico’
(Alcantara and Mendoza, 1988), ‘Irwin’ Chen (1983)
‘Deshahari’ (Saini, 1971). Further, like total fruit weight, the
growth of the mesocarp in cultivar ‘Mallika’ was greater
than ‘Nekkere’, which can be attribute to varietal differences.
Similar observations have also been reported by Geetha
(1998)

Weight of embryo

The graphic representation of embryo growth (Table-
2) in varieties ‘Mallika’ and ‘Nekkere’ clearly indicates three
distinct phases viz. an initial lag phase (slow growth), a log
phase (rapid growth) and a terminal slow growth phase.
This pattern of growth is consistent with single sigmoid
growth pattern observed in mango Chacko et al., (1970),
Geetha (1998) and (Wang and Shiesh, 1990) in Irwin mango.
Further, among the growth parameters studies, only embryo
growth exhibited a clear onset of the third phase, which is
characterized by slow growth and maturation. This is in
conformity with the reports that in most of the angiosperms,
the embryo growth is completed much before rest the fruit.

There was a significant difference in embryo growth
between varieties ‘Mallika and ‘Nekkere’. Though the
increase in fresh weight as well as dry weight in both the
varieties was slow and similar during the first phase of
growth (25 days), the increase in embryo weight in Nekkere’
was much higher than ‘Malliak’ during the second phase.
This difference continued till the end of the experiment (85
days), resulting in higher embryo weight (fresh weight 22g
and dry weight 12.5 g) in ‘Nekkere’ compared to ‘Mallika’.
It has been previously shown (Geetha, 1998) that nucellar
embryogenesis in polyembryonic cultivar ‘Nekkere’ is
initiated around 8-12 days after anthesis resulting in multiple
embryos. The higher number of embryos in ‘Nekkere’ as
compared to single embryos in ‘Mallika’ is contributing to
higher fresh weight as well as dry weight of embryos. This
difference in embryo weight between variety ‘Mallika’ and
‘Nekkere’ is in conformity with the findings of Geetha (1998).
Further, the higher embryo  growth in variety ‘Nekkere’
(compared to Mallika’) is  also reflected  in the consistently
high embryo mesocarp ration (up to 55 DAA) followed by

Table 2. Fresh weight and dry weight (g) of Mallika fruits, mesocarp and embryo at different stage of development

Number 
of days 

after 
anthesis 
(DAA) 

Fresh weight (g) of Mallika Dry weight (g) of Mallika Fresh weight (g) of Nekkere Dry weight (g) of Nekkere 

Fruit Mesocarp Embryo Fruit Mesocarp Embryo Fruit Mesocarp Embryo Fruit Mesocarp Embryo 

0 - - - - - - -     - 

5 0.006 0.004 0.002 0.006 0.0017 -- 0.0059 0.0041 0.0017 0.0015 0.0008 -- 

10 0.029 0.02 0.003 0.007 0.072 0.0002 0.025 0.207 0.0042 0.0066 0.0061 0.0004 

15 0.14 0.13 0.009 0.050 0.049 0.0011 0.090 0.0795 0.0105 0.0240 0.023 0.0009 

0 0.30 0.29 0.010 0.082 0.080 0.0016 0.199 0.184 0.0146 0.0370 0.0354 0.0015 

25 1.30 1.25 0.055 0.262 0.247 0.0150 0.928 0.865 0.063 0.196 0.185 0.0102 

35 4.51 4.20 0.307 1.132 1.038 0.093 3.320 3.019 0.230 0.928 0.846 0.082 

45 10.40 9.93 0.468 4.116 4.065 0.151 5.336 4.835 0.350 2.046 1.907 0.139 

55 30.00 27.00 3.00 8.105 7.233 0.882 27.64 24.72 2.916 10.23 8.995 1.235 

65 50.76 45.06 5.70 14.20 12.48 1.712 38.89 34.34 4.543 15.25 12.79 2.452 

75 103.50 91.50 12.00 38.20 33.67 4.521 81.00 65.00 16.00 33.86 25.70 8.160 

85 151.5 138.50 13.00 45.52 40.80 4.721 102.00 80.50 22.00 42.63 30.03 12.60 
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Fig. 1. Mean length and diameter of Mallika
andNekkere fruits and embryos at different
stages of development

Table 3. Dry matter per cent of mesocarp and embryos and embryo to mesocarp ratio in Mallika and Nekkere at
different stage of fruit development

Number of 
days after 
anthesis 
(DAA) 

Mallika Nekkere 

Dry 
matter of 
mesocarp 

(%) 

Dry 
matter of 
embryos 

(%) 

Embryo: 
Mesocarp 

ratio 
(fresh 

weight) 

Embryo: 
Mesocarp 

ratio 
(dry 

weight) 

Dry 
matter of 
mesocarp 

(%) 

Dry matter 
of embryos 

(%) 

Embryo: 
Mesocarp 

ratio (fresh 
weight) 

Embryo: 
Mesocarp 

ratio 
(dry 

weight) 

0 -- -- -- -- -- -- -- -- 

5 40.70 -- 0.50 -- 20.00 42.45 0.88 -- 

10 28.30 5.40 0.14 0.027 29.85 11.05 0.20 0.076 

15 36.60 12.20 0.066 0.022 25.69 8.68 0.13 0.039 

0 27.50 15.0 0.036 0.019 19.15 10.35 0.079 0.042 

25 19.70 27.20 0.044 0.060 21.47 16.19 0.072 0.054 

35 24.60 30.40 0.073 0.090 28.02 35.65 0.076 0.096 

45 31.90 32.22 0.047 0.037 39.42 39.71 0.072 0.072 

55 27.10 29.40 0.110 0.122 36.38 42.35 0.11 0.130 

65 27.69 30.00 0.120 0.137 37.26 53.97 0.13 0.190 

75 36.83 37.67 0.130 0.130 39.53 51.00 0.24 0.310 

85 29.45 36.31 0.093 0.110 37.30 57.27 0.27 0.410 

 
a rapid rate of  increase, lasting up to 85 DAA (Fig.13 and
14)

Per cent dry matter content:

There were fluctuation in dry matter percentage of
mesocarp of ‘Mallika’ and ‘ Nikkere’ at difference  stages.
Despite the higher fresh weight, the dry matter percent in
mesocarp of Mallika’ was lower than ‘Nikkere’. This is due
to higher amount of fiber content in ‘Nekkere’ as compared
to ‘Mallika’, which is soft and juicy cultivar. The higher
percentage of dry matter of ‘Nekkere’ embryos as compared
to ‘Mallika’ could be ascribed to development of multiple
embryos in ‘variety ‘Nekkere’ (Table-3).

The present studies on fruit growth and development
in mango varieties ‘Mallika’ and Nekkere have indicated

single sigmoid pattern of growth. Further, there is a
difference with respect to embryo growth between the
monoembryonic cultivar ‘Mallika’ and polyembryonic
cultivar ‘Nekkere’. Despite higher mesocarp weight, the
embryo weight was lower in ‘Mallika’ compared to
‘Nekkere’. The higher dry weight of embryos as well as per
cent dry matter content of ‘Nekkere’ is a consequence of
polyembryony resulting in multiple embryos in variety
‘Nekkere’. Besides, it is known that there has been a
deliberate selection for smaller seed size and higher pulp in
all the newly developed hybrids in India.

CONCLUSION

The growth kinetic studies carried out on varieties
Mallika and Nekkere revealed significant differences. All
parts exhibited a sigmoid type of growth pattern
characterized by an initial phase of slow growth (lag phase),
a mid phase of rapid growth (log phase) followed by a slow
growth phase at final stage when growth data such as
length, diameter, fresh weight, dry weight were plotted
against time. A delay in embryo growth for about 3-4 weeks
following fertilization was found to occur, but by 2 weeks
later the embryo completely filled the seed coats, growth of
the two parts thereafter was rapid until about 10-11 weeks
after fertilization and ceased when the husk hardened.  The
fresh weight and dry weight of embryo of Nekkere was
higher than Mallika due to multiple embryo formation, which
is reflected, in higher embryo: mesocarp ratio at all the stages
of development. The total increase in length of Mallika
embryo was greater than Nekkere. With respect to diameter,
Nekkere had higher diameter than Mallika at the end of the
experimental period. Higher diameter may also be due to
multiple embryos the sink capacity in Nekkere fruits with
multiple embryos.
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ABSTRACT
Experiment on effect of few plant extracts against Heortia
vitessoides Moore feeding on leaves of Aquilaria
malaccensis Lamk. revealed that all the extracts were toxic
to the caterpillars. However, highest mortality was
recorded in the chloroform extracts of Polygonum
hydropiper Linn. and Pogostemon parviflorus Benth.
causing 100% mortality at 2.0% concentration. The LC50
values of chloroform extract of P. hydropiper, Endosulfan
35% EC and Neem gold were found 0.714, 0.244 and
0.274%, respectively.

Key words Management, Heortia vitessoides, Aquilaria
malaccensis, plant extracts

Aquilaria malaccensis Lamk. is a large evergreen tree,
native to Assam and other North-eastern States. A.
malaccensis produce resin-impregnated heartwood that is
aromatic and highly valuable (Kanjilal et al., 1982;
Chakrabarty et al., 1994). There are many names for this
resinous wood, including agar, agarwood, eaglewood,
gaharu and kalamabak, this wood being in high demand for
perfumes, incense and medicine across Asia and the Middle
East.

Heortia vitessoides Moore (Lepidoptera: Pyralidae)
a leaf-eating caterpillar is considered to be a major insect
pest causing damage by defoliation of Aquilaria tree. This
can cause death of well-grown trees due to complete
defoliation. The pest found to cause defoliation twice in a
year being first in May/June and second in August/
September. Although synthetic insecticides are effective
in controlling the pest but the regular and frequent
application of synthetic insecticides creates lot of problems
such as damage to biotic diversity, toxic to non-target
species, pest resurgence and development of resistance in
insect pests, environmental contamination etc. In order to
minimize the harmful effects of hazardous insecticides, the
present investigation was carried out to find out the
insecticidal activity of some locally available plants extracts
against H. vitessoides.

MATERIALS AND METHODS
Plant leaves known to posses some biological activity

against insects were collected from Upper Assam. The
leaves were shade dried and powdered. The dried powdered
materials (2 kg) were kept in 2.5 l of petroleum ether for
three days. After three days the solvent was filtered out
and the plant material was air-dried and again dipped in
chloroform, kept for further three days and filtered. Finally
the material was dipped in methanol for 3 days and the
extract was filtered. The solvents were allowed to evaporate

and the dried residues were dissolved in acetone to prepare
stock solutions. Different concentrations were prepared
from the stock using acetone.

Heortia vitessoides collected from unsprayed
experimental field were reared inside glass chamber
(Temperature 28+20C and RH 75+5%) on freshly collected
twigs which were changed regularly.

In the first set of experiment, contact toxicity test
against the H. vitessoides were observed by filter paper
method (Patil et al, 2000). One ml of plant extract was applied
to 9 cm diameter filter papers (Whatman No. 1) placed at
the bottom in 10 cm diameter petridishes and air-dried for
30 minutes. Ten full grown caterpillars of H. vitessoides
were released on the treated filter paper and mortality
recorded after 24 h. In control one ml acetone was applied
to the filter paper.

The most effective plant extract was compared with
one synthetic insecticide Endosulfan 35% EC (Excel
Industries Ltd., India) and one herbal, Neem gold (Southern
Petrochemical Industries Corporation Ltd., India). The LC50
values of the insecticides and the plant extract against H.
vitessoides were determined with four concentrations (0.25,
0.5, 1.0 and 2.0 percent). Different concentrated solutions
of Endosulfan and Neem gold were prepared by adding
distilled water. After 24 h of treatment, mortality was
recorded.

Each treatment including control was replicated three
times. The percent data were transformed by the arcsine
and analyzed by a one way ANOVA followed by multiple t-
comparisons to determine significant differences in average
mortality (Gomez & Gomez, 1984). For estimation of LC50
values, the mortality data were subjected to probit analysis
(Finney, 1971) and the LC50 values were calculated from
regression equation Y = a + bx by using the log of percent
values of treatment (Bushvine, 1971; Rajab et al., 1988).

RESULTS AND DISCUSSION
Bio-efficacy test of different solvent extracts of leaves

of some plants against the caterpillars of Heortia vitessoides
are presented in table 1. The results indicate that all the leaf
extracts caused mortality of the caterpillars, however
chloroform extracts of leaves of ten plants showed higher
mortality than the petroleum ether and methanol extracts.
Among all extracts, maximum percentage of mortality was
obtained in chloroform extracts of Polygonum hydropiper
and Pogostemon parviflorus causing 100% mortality at
2.0% concentration. Extracts of the plant, Clerodendron
siphonanthus and Anona squamosa showed minimum
effects on the caterpillar. The extracts of the remaining plants
showed moderate effects. Deka et al. (1999) and Rahman
and Nath (2012) reported that chloroform extracts of tested
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Table 1. Efficacy of different solvent extracts of leaves of some plants on Heortia vitessoides

Each mean (+SD) represent three replicates of 10 caterpillars
Means followed by a common letter as subscript are not significantly different [P=0.05, ANOVA and Duncan’s multiple range test
(Gomez and Gomez, 1984)]

Plant Conc. 
(%) 

% Mortality of caterpillar after 24h of treatment in 

Petroleum ether extract Chloroform extract Methanol extract 

Ageratum conyzoides 
 

0.5 
1.0 
2.0 

16.67+4.71 def 
36.67+9.43 jk 
40.00+0.00 kl 

36.67+4.72 de 
50.00+8.16gh 
86.67+4.71 j 

6.67+4.71 ab 
23.33+4.71 ef 
56.67+4..41j 

Acorus 
Calamus 

 

0.5 
1.0 
2.0 

13.33+0.58 cde 
16.67+2.71 def 
46.67+4.71def 

6.67+2.71 a 
16.67+4.71 b 
76.67+4.71 i 

6.67+2.72 ab 
23.33+4.71ef 
46.67+4.71 i 

Clerodendron siphonanthus 0.5 
1.0 
2.0 

3.33+2.72 ab 
10.00+0.00 bcd 
26.67+9.43 ghi 

13.33+4.72 ab 
20.00+0.00 bc 
36.67+4.71 de 

3.33+0.97 a 
16.67+4.71cde 
20.00+0.00 def 

Anona  
squamosa 

0.5 
1.0 
2.0 

13.33+4.71 cde 
20.00+0.00 efg 
46.67+5.76 l 

23.33+4.71 c 
26.67+4.71 cd 
53.33+9.43 gh 

6.67+2.71 ab 
23.33+4.71ef 
40.00+0.00 hi 

Polygonum hydropiper 0.5 
1.0 
2.0 

13.33+4.71 de 
16.67+4.71 def 
33.33+5.05 ij 

43.33+4.47 ef 
86.67+12.47 j 
100.00+0.00k 

10.00+0.00 abc 
13.33+4.71 bcd 
23.33+4.71 ef 

Pongamia 
 glabra 

0.5 
1.0 
2.0 

0.00+0.00a 
3.33+2.71 ab 

13.33+4.71 cde 

23.33+5.77 c 
43.33+4.71ef 
86.67+12.47 j 

3.33+4.71 a 
16.67+5.77 cde 
40.00+0.00 hi 

Melia  
azedarach 

 

0.5 
1.0 
2.0 

16.67+4.71 def 
23.33+4.71 fgh 
46.67+12.47ghi 

10.00+0.00 a 
23.33+4.71 c 
56.67+4.71 h 

6.67+2.72 ab 
13.33+4.71 bcd 
33.33+4.71 gh 

Pogostemon parviflorus 0.5 
1.0 
2.0 

20.00+0.00 efg 
26.67+4.71 ghi 
46.67+4.71 l 

23.33+5.77 c 
46.67+10.00 fg 
100.00+0.00k 

3.33+2.72 a 
10.00+0.00 abc 
26.67+4.71 fg 

Duranta 
repens 

0.5 
1.0 
2.0 

3.33+0.58 ab 
6.67+2.71 abc 
16.67+4.71def 

26.67+2.71 cd 
43.33+4.71 ef 
76.67+4.71 i 

6.67+2.72 ab 
23.33+4.71ef 
46.67+4.71 i 

Control 0.0 0.00+0.00a 0.00+0.00a 0.00+0.00a 

CD at 5% - 7.75 8.47 9.42 

 

plant species were more effective than petroleum ether and
methanol extracts against tea mosquito bug, Helopeltis
theivora. The reason may be due to more solubility and
subsequent better extraction of the active compound(s) by
chloroform than by petroleum ether or methanol. Similar
observation was also described by Schumutterer (1990) in
his experiments with neem extracts.

The LC50 value of chloroform extract   of P. hydropiper
against the H. vitessoides was compared with the LC50
values of Endosulfan 35% EC and Neem Gold. Regression
lines were calculated Y = -2.56 + 2.87x, Y = -1.46 + 2.53x and
Y = -2.01 + 2.77x for the plant extracts, Endosulfan 35% EC
and Neem gold, respectively. LC50 values of chloroform
extract of P. hydropiper, Endosulfan 35% EC and Neem
gold were found to be 0.714, 0.244 and 0.274%, respectively
(Table 2). Endosulfan 35% EC, a synthetic
organochlorinated compound has high insect control power
and Neem gold formulation contains a minimum of 1500

ppm (0.15%) of azadirachtin. On the other hand, P.
hydropiper extract was in its crude form and so has higher

Table 2. LC50 values of chloroform extract of leaves of
P. hydropiper, Endosulfan 35% EC and Neem
Gold against Heortia vitessoides

Treatment Regression 
equation 

LC50 
(%) 

Fiducial limits 
(95% 

confidence 
limit) 

P. hydropiper 
(Chloroform 

extract) 

Y= -2.56 + 2.87x 0.714 0.511 to 0.890 
 

Endosulfan 
35% EC 

Y= -1.46 + 2.53x 0.244 0.201 to 0.467 
 

Neem gold Y= -2.01 + 2.77x 0.274 0.184 to 0.496 
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LC50 value than that of Endosulfan 35% EC as well as Neem
gold. However, after fractionation of the crude extracts the
active compound (s) are expected to be effective at much
less concentration.
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ABSTRACT
The study was conducted during the training  (three days)
on Apiculture  organized for Horticulture Assistants by
the Department of Apiculture, College of Agriculture, UAS,
GKVK, Bengaluru during the month of January  2015.
All the trainees were purposively considered as
respondents. The multimedia DVD on Apiculture developed
by Directorate of Extension, UAS, Bengaluru under RKVY
project was used in the study. The respondents have
undergone pre and post exposure knowledge test
immediately after the registration and DVD show
respectively. The data were collected by using distributed
questionnaire in group. The responses were quantified by
giving appropriate scores to the correct and incorrect
answers and applied the paired ‘t’ test to find the significant
difference in knowledge gain. The correlation analysis
was carried out to know the relationship between the
dependent and independent variables. The results revealed
that maximum gain in knowledge was in case of different
species of honey bees (32) followed by by- products of bee
keeping (27), equipment used  for protection from the
honey bee stings   (22 scores), enemies of honey bees (21),
natural nesting  places  of honey bees (19 scores) and
interval of honey harvest during honey flow season (19).
Further, the characteristics namely educational status,
work experience and mass media exposure were found to
be positive and significant relationship with knowledge
gain. The study has shown that the multimedia DVD on
apiculture was found to be useful in improving the
knowledge level of Horticulture Assistants on various
aspects of apiculture. The characteristics such as
educational status, work experience and mass media
exposure had positive and significant relationship with
knowledge gain. Therefore, the use of multimedia DVDs
should become an essential component of training for
extension workers to impart knowledge on farm
technologies. While selecting the trainees consider the
positive and significantly related characteristics to
enhance their knowledge level.

Key words Effectiveness, Multimedia DVD, Gain in
Knowledge, Apiculture, Horticulture
Assistants

Information and Communication Technology(ICT)
generated lot of hopes to disseminate updated information
to farming community overcoming the barriers of distance,
socio-economic status, gender etc. ICT will provide need
based, accurate, timely and digitized information to make
the farmers more accessible to day to day development in
the field of agriculture and allied fields in local language .

With the help of ICT, agricultural extension is expected to
become more diversified, knowledge-intensive and demand
driven and thus more effective in meeting farmers
information needs (Zijp, 1994).

The digitized audio-video gadgets and multimedia
services are important communication tools and plays a
vital role in reaching the farmers effectively. In the similar
line, multimedia Digital Video Disk (DVD) would create more
précised impact by providing need based technologies with
digitized touch and effectiveness. Depicting the real local
situations and problems through DVDs would enhance
learning process among the extension personnel and
farmers. In addition, the DVD’s can be served as reference
material for future use to both the groups . More importantly
it is a digitized repository of   knowledge and technology.
Keeping this in view, the present study was conducted
with the following specific objectives
1. To study the effectiveness  of multimedia DVD on

apiculture in terms  of gain in knowledge by the
Horticulture Assistants

2. To know the relationship between personal and socio-
economic characteristics of Horticulture Assistants
with their knowledge gain.

MATERIALS AND METHODS
The study was conducted during the training

programme (three days) on ‘Apiculture’ organized by the
Department of Apiculture, College of Agriculture,
University of Agricultural Science (UAS), GKVK, Bengaluru.
The training was organized for the Horticulture  Assistants,
Department of Horticulture, Government of Karnataka under
National Horticulture  Mission, during  January, 2015. All
the trainees (24) were purposively considered as
respondents for the study.

The multimedia DVD on ‘apiculture’ developed by
the Directorate of Extension, UAS, Bengaluru under RKVY
project was used in the study. The respondents have
undergone pre and post exposure knowledge test
immediately after the registration and DVD show
respectively. The data were collected by using structured
distributed questionnaire in group.

The knowledge level of the respondents before and
after the exposure was measured. The gain in knowledge
test comprised of various items concerning four aspects of
apiculture namely general information about honey bees
(seven items), bee keeping (six items), management of honey
bee colony (seven items) and other aspects (two items).
The responses were quantified  by giving appropriate
scores to the correct and incorrect answers to find out the
knowledge gain due to exposure of multimedia DVD, Paired
‘t’ test was applied to find out whether the difference
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Table 1. Gain in knowledge of  Horticulture Assistants about various aspects of Apiculture

Sl. 
No 

Apiculture Pre test 
knowledge 

Post test 
knowledge 

Gain in 
knowledge 

‘t’ 
value 

‘P’ value 

I  Honey Bees 

1 Benefit of honey bees in crop production 21 24 3 -2.12 0.36 

2 Different species of honey bees  52 84 32 6.28 0.00** 

3 Different castes of honey bees 56 68 12 -1.48 0.18 

4 Queen bee role in honey bee colony  16 24 8 5.88 0.02* 

5 Name of  developed the bee during colony division  03 15 12 6.16 0.00** 

6 Involvement of bees in  nectar collection, comb 
construction etc. 

15 24 9 14.92 0.03* 

7 Enemies of honey bees 24 45 21 12.90 0.02* 

II Bee Keeping 
1 Distance to keep (Km radius) hive box from the floral 

source 
08 24 16 10.16 0.04* 

2 Natural nesting  places  of honey bees 25 44 19 8.22 0.00** 

3 Identification of natural nesting  places of honey bees  08 22 14 6.93 0.00** 

4 Material used to tie the honey comb to the hive box 
frame 

07 20 13 8.56 0.00** 

5 Prominent bee in the honey bee colony 19 24 5 -1.23 0.13 

6 Artificial comb keeping chamber name in the hive box 01 19 18 5.11 0.00** 

III Management of honey bee colony 
1 Appropriate interval to inspect the honey bee colony 10 18 8 7.08 0.00** 

2 Purpose  of keeping the top bar on the hive box  11 24 13 12.11 0.02 

3 Equipment used  for protection from the honey bee 
stings    

12 34 22 8.66 0.00** 

4 Steps to be taken to acquaint to the transferred colony 
from other place  

05 22 17 10.28 0.00** 

5 Equipment to be placed on the top after complete 
filling of brood chamber 

05 17 12 6.99 0.01** 

6 Appropriate time to harvest the honey from hive box 00 02 2 - - 

7 Interval of honey harvest during honey flow season  04 23 19 9.88 0.01** 

IV Others 

1 By products of honey box 23 50 27 6.93 0.00** 

2 Place of Government  Apiculture training centre in 
Karnataka  

09 23 14 9.08 0.00** 

 
between the pre and post exposure scores significant or
not. The correlation analysis was carried out to know the
relationship between the independent variables and
knowledge gain by the respondents.

RESULTS AND DISCUSSION
The results on knowledge gain by the Horticulture

Assistants on various aspects of Apiculture have been
depicted in Table 1.As could be seen from the Table 1 that
there was maximum gain knowledge in items related to
general information about honey bees namely different
species of honey bees (32 scores), enemies of honey bees
(21 scores), different castes of honey bees (12 scores), name
of  developed the bee during colony division (12 scores)
and involvement of bees in  nectar collection, comb
construction ( 9 scores)

With respect to bee keeping aspect, gain in knowledge
was found to be statistically significant. The maximum gain
in knowledge was in case of natural nesting places of honey
bees (19 scores) followed by artificial comb keeping chamber
name in the hive box (18 scores), distance to keep (KM
radius) hive box from the floral source (16 scores),
identification of natural nesting  places of honey bees (14
scores) and material used to tie the honey comb to the hive
box frame(13 scores),.

The study revealed   (Table 1) that there was
significant gain in knowledge with respect to management
of honey bee colony aspects. The Horticulture Assistants
had significant gain in knowledge in items such equipment
used for protection from honey bee stings (22 scores),
followed by interval of honey harvest during honey flow
season (19 scores), steps to be taken to acquaint to the
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transferred colony from other place (17 scores), purpose of
keeping the top bar on the hive box (13 scores), equipment
to be placed on the top after complete filling of brood
chamber (12 scores) and appropriate interval to inspect the
honey bee colony (8 scores),.

With regards to the other aspects significant gain in
knowledge was observed on items  such as  by-products of
honey box (27 scores)  and Place of Government  Apiculture
training centre in Karnataka (14 scores),

It can be further, inferred from the Table that maximum
gain in knowledge was in case of different spices of honey
bees ( 32 scores),  by -  products of honey box ( 27 scores),
equipment used for protection from the honey bees stings
(22 scores), and enemies of honey bee ( 21 scores).

The data in Table 1 revealed that there was significant
gain in knowledge in various aspects of apiculture such as
honey bees, bee keeping , management of honey bee
colony and other aspects.  Further, it  can be inferred from
the table that maximum gain in knowledge was in case of
different species of honey bees ( 32 scores) followed
byproducts of honey box   ( 27 scores), equipment used  for
protection from the honey bee stings   (22 scores) and
natural nesting  places  of honey bees (19 scores). These
findings are inline with findings of Khurana et al. (2007),
Vanetha (2012) and Rupender Kaur and Rajendra Rathore
(2013)

It is observed from the Table 2 that out of 12
characteristics studied, three characteristics namely
educational status, work experience and mass media
exposure were found to be positive and significant
relationship with knowledge gain. Age was found to have a
negative and significant relationship with knowledge gain
at 1 per cent level of probability.

It is an accepted fact that with higher education and
mass media exposure of the respondent might have helped
to gain more knowledge. The variable age was having
negative relationship with knowledge gain. The increase in
age might have led to less learning capacity of the
respondents. These findings are more or less in line with
the findings of Mooventhan and Philip(2002) and Rupender
Kaur and Rajendra Rathore (2013).

CONCLUSION
The study has shown that the multimedia DVD on

apiculture was found to be useful in enhancing the
knowledge level of Horticulture Assistants on various
aspects of apiculture. The characteristics such as
educational level, work experience and mass media exposure
had positive and significant relationship with knowledge
gain.

Therefore, it is recommended that the use of
multimedia DVDs should become an essential component
of training for extension workers to impart knowledge
replace with on farm technologies. While selecting the
trainees consider their positive and significantly related
characteristics to enhance their knowledge level.
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Table 2. Relationship between personal and socio-
economic characteristics Horticulture
Assistants with their knowledge gain in DVD
on apiculture

 Sl. 
no 

Characteristics ‘r’ value 

1 Age -0.3403** 

2 Educational level 0.3843** 

3 Work experience  0.3331** 

4 Mass media exposure 0.3562** 

5 Computer utilization behavior 0.0474 

6 Monthly income -0.0874 

7 Placement of family 0.0116 

8 Marital Status  -0.0171 

9 Type of postting -0.0342 

10 Rural Urban back ground 0.0701 

11 Training undergone 0.0654 

12 Place of Posting  0.1100 
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ABSTRACT

The rapid evolution in satellite remote sensing and
Geographical information System (GIS) have made possible
the development of new techniques for facilitating the
management of natural resources. Somnath watershed
comprising about 500 ha have been taken to study the
different land resources  like soil, water, land use/ land
cover, slope and land capability for management. The
climate of the area is subtropical, dry sub-humid. Digital
data of IRS P6 LISS III of October 2010 was used and
georeferenced to SOI toposheet using Arc GIS (ver. 10.2)
software. Standard visual interpretation technique was
used to prepare land use/ land cover, slope and soil land
capability maps. Based on assessed land resources land
use plan for effective utilization land resources has been
suggested to avoid the further degradation of resources.

Key words Watershed Characteristics, Remote sensing
and GIS.

Soil, water and vegetation are the most important
natural resources, which are so much interdependent that
one cannot be managed efficiently without the other two.
Increasing competition for land to meet the requirements
of rapidly growing population has resulted in over
exploitation of natural resources leading to wide-spread
damage to soil environment.Remote sensing has ushered a
new era by way of augmenting the efficiency of natural
resources survey programmes and has become the most
efficient tool for geological, geomorphological and soil
resource mapping with respect to their nature, spatial
distribution, potential and limitations for optimal utilization
of natural resources. (Sharma, 2004). Geographical
Information System (GIS) is a powerful set of tools for
collecting, storing, retrieving at will analysis and displaying
spatial data from the real world.

Satellite remote sensing provides scientific inputs for
faster and precisemapping of natural resource (Saxenaet
al. 2000; Bhodhankar et al. 2002) and management. The
importance of rational land use planning to promote
agricultural production is well recognized. The ever
increasing demand for food to support the growing
population of the country calls for rational use of finite soil
and water resource towards increased and sustainable
agricultural production. This may best be achieved by
adopting watershed based land use planning. Several
workers have utilized this technique for mapping of natural
resources and their management at watershed level.

(Srivastava and Saxena 2004; Patilet al. 2010)
Watershed is a “geo-hydrological” entity or piece of

land that drains at a common outlet. This natural unit is
evolved through the interaction of rainwater and land mass
and normally comprises of arable and non-arable land along
with drainage lines. The Somnath micro-watershed near
Mul Tehsil of Chandrapur district, Maharashtra has varied
landform and soils with several constraints related to erratic
and uneven distribution of rainfall and reduction in
productivity. The system of farming has changed
considerably during the last few years due to peri-urban
pressure. Rapid urbanization, deforestation, wastelands and
unwise utilization of natural resources causing human
induced environmental degradation and ecological
imbalances that warrant sustainable development and
optimum management of land resources.

Keeping this in view, the present investigation has
been planned to evaluate the land resources for management
of Somnath watershed in Chandrapur district of
Maharashtra using geospatial techniques.

MATERIALS AND METHODS

The study area is Somnath watershed comprising
about 500 ha. It is located between 20o 05’ N latitude and
79o 40’ E longitude. Geologically the area is mainly occupied
by the Deccan basalts followed by sandstone/limestone
and quartzite of Lameta group of cretaceous period. The
mean elevation ranges from 300 to 360 m above MSL.

The climate of the area is subtropical; dry sub-
humid. The average rainfall is 1200 mm which is received
mostly from southern monsoon. The mean annual
temperature of the area is 27.8oC. The maximum temperature
ranges from 27oC to 43oC, and minimum from 12oC to 28oC.
The trees are Teak (Tectonagrandis), Khair (Accacia
catechu), Neem (Azardirachtaindica), Tendu
(Aiospyrusmelamixylon), Behra (Terminaliabalerica),
Babul (Acasiaarabica), Shivan (Gmelinaarboria), Palas
(Buteamonosperma), etc. and the grasses are Dub
(Imparacuplinatrica), Kural (Heteropogancontortus),
Kundu (Schema pilosum) etc.

A large percentage of cultivated land is mainly under
kharif crops such as Paddy (Orizaesativa), tur (Cajanus
cajan), cotton (Gossypium spp.), soybean (Glycine max.)
and maize (Zea mays) while the main rabi crops are wheat
(Triticum spp.), linseed (Linum usitatisimum), chick pea
(Cicer arentium), vegetables  and few citrus, banana, mango
orchards are also scattered. The general elevation ranges
from 300 to 360 m above MSL. The local nala is the main
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Fig. 3. Slope map of the area Fig. 4. Land use/land cover map

Fig. 2. land use /land cover map.Fig. 1. Satellite image of study area.
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drainage system. It emerges from residual hills of northen
side and flowing towards south east part forming tributatries
of Mul river which further joined to Andhari and then to
Wainganga. The relief of the area ranges from normal to
subnormal, and at places it is excessive depending on the
landform setting of the area.

Digital data of IRS P6 LISS III of October 2010 was
used (fig.1).The satellite data was georeferenced to SOI
toposheet using Arc GIS (Ver. 10.2) software. Standard
visual interpretation technique was used to prepare land
use/ land cover, slope and soil land capability maps. The
slope map was prepared by using the contour information
available on the SOI toposheet. Profiles were exposed in
each physiographic unit and studied for morphological
properties (Soil Survey Staff 1998). Soil survey of study
area was conducted by using standard procedure laid down
in Soil Survey Manual. In general the prior information of
the area pertaining to geology, climate, land use and
management have been collected. The area was traversed
and different soil and land capability map was prepared
based on their major capability (Klingeable and
Montgomery, 1961) The assessment of land capability
involves an evaluation of the degree of limitation post by
permanent or semipermanant attributes of the land. The
soil and land capability groups were done on the basis of
inherent soil characteristics, external land features,
environmental factors and ability of soils to produce
common cultivable crops without its deterioration over a
period of time.

RESULTS AND DISCUSSION

Present land use /land cover

Based on image characteristics, the major land use/
land cover identified are cultivated land, forest land,
habitation and waterbodies. (fig. 2) Cultivated land is again
delineated into single crop (kharif) and double crop (rabi).
The study indicates that 50 per cent of the watershed area
is under cultivation. The notified forest area is further
divided in to dense, open and scrub forest based on tonal
changes of the satellite image. About 26 per cent is under
forest. Nearly 6 per cent area is under farmpods. The main
crops are paddy, tur, wheat soybean gram and vegetables
etc.

Slope

Three slope classes viz. very gently slopes (1-3%),
gently sloping (3-5%) and moderately sloping (5-10%) were
identified (fig. —). Nearly 84.7 per cent of the watershed is
under very gently sloping class and 9.2 and 6.1 per cent is
under gently sloping and moderately sloping.

Soil and land capability

The capability classes I to IV  are considered for
arable uses and that of V to VIII for non arable uses. The
sub-class indicates major kind of limitations such as e

(erosion), w (excess water), s (root zone limitation) and c
(climatic hazard).

Soils are grouped into three depth classes viz. very
deep (>100cm), deep (50-100cm) and very shallow (<10cm).
The soils found on forest lands are very shallow while area
under cultivation having deep to very deep soils based on
profile sampling. Samples collected from different locations
are analyzed for their texture dermination by International
pipette method (Richard, 1954). Four textural classes are
estimated viz. clayey, clay loam, sandy loam and sandy
clay loam. Area under forest have textural class mainly sandy
clay loam to sandy loam which further fragmented based
on gravels and stoniness present as gravelly sandy clay
loam. The erosion status assessed based landform nature
amount of silt load deposited and grouped into three classes
viz. slight, moderate, and severe erosion. The area having
moderately sloping (5-10%) class have severe erosion while
area having very gently sloping class (1-3%) have slight
erosion. The land capability classes were identified based
on the degree of limitations and grouped into different land
capability classes and subclasses.  The four capability class
and subclass identified were mainly IIse, (arable land with
erosion has limitation) IIIes (arable land with severe
limitation of erosion), IVs (arable land extremely limitation
of soil) and VIes (non arable land with erosion limitation).

The integration of soil depth, textural class, extent of
erosion and land capability class along with its subclass in
GIS package and soil land capability class map was
prepared.

Six soil and land capability classes were delineated
by integration of above mentioned parameters  viz. very
deep (>100 cm) clay loam soil with moderate erosion and
land capability class IIIes, very deep (>100 cm) clayey soil
with slight erosion and land capability class IIse, deep (50-
100 cm) gravely sandy loam with moderate erosion and
land capability class IIIes, deep (50-100 cm) sandy clay
loam with severe erosion and land capability class IVs and
very shallow (<10 cm) gravely sandy clay loam soil with
severe erosion and VIes.

Land Use Planning:

The planning of land use is necessary for proper
utilization of the available resources pertaining to land,
climate, soil and vegetation. On the basis of existing
situation like land use/ land cover, slope and soil and land
capability units recommendations are suggested for
sustainability in maintenance of watershed. Establishment
of horticulture, social forestry and development of pasture
land. Infrastructure development for undertaking regular
soil conservation measures, construction of percolation
tank, desiltation of existing reservoirs. Intensive
cultivation in deep to very deep soils with proper
management practice.
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ABSTRACT
Black scurf of potato caused by Rhizoctonia solani is an
important disease of potato throughout in India.
Thifluzamide 24% SC is frequently used by Indian
farmers to management of black scurf of potato (Solanum
tuberosum L.). Through tuber treatment with various
fungicides viz., Thifluzamide 24% SC, Carbendazim2.5%
+ Mancozeb 50% WS and Carboxin 37.5 + Thiram 37.5%
DS can be applied to the sprouted tubers at planting. Since
many farmers apply seed treatment  to the sprouted tubers
after its removal from cold stores prior to their planting
in field, a comparison of efficacy of seed treatment with
Thifluzamide and other fungicides was carried out in field
trials during 2012-13 and 2013-14. Based upon the results
achieved, it is necessary to adopt this practice as seed
treatment of chemicals is not a regular exercise in India.
This in-turn will protect potato crop from seed-borne
infection and will ultimately lead to better and healthy crop
stand.

Key words Bioefficacy, Thifluzamide, Management,
Black Scurf Disease, Potato Caused,
Rhizoctonia solani

Rhizoctonia solani Kuhn (Thenatephorus cucumeris
(Frank) Donk) caused black scurf is a serious disease of
potato worldwide. It distributed in India in different regions
at different level of severity and is a major problem in potato
growing areas (Khurana et al., 1998; Arora 2011; 2012; 2013
and Singh et al., 2013).

The management of Rhizoctonia solani the cause of
potato black scurf is complex due to its soil-borne nature
and high level of survival. This pathogen is present in most
of the soils and if once established in a field, remains there
for an indefinite period. Dry sclerotia of the fungus are
described to stay alive up to six years when stored at room
hotness (Kumar, 1976). Rhizoctonia disease commences by
seed or soil-borne inoculum and both inocula are equally
damaging. Presently, it is not possible to entirely control
this disease, but severity may be limited by following a
combination of crop protection strategies for successful
disease management. Various workers have reported
successful control of R. solani through seed dressing with
chemicals. Leadbeater & Kirk (1992) found commercially
suitable control with fenpiclonil to combat black scurf and
Rhizoctonia canker (R. solani), silver scurf
(Helminthosporium solani), skin spot (Polyscytalum
pustulans), dry rot (Fusarium spp.), gangrene (Phoma
exigua var foveata) and black dot (Colletotrichum
coccodes) by applying as a pre-planting treatment. In

another study by Read & Hide (1995), fenpiclonil and
propiconazole seed dressing lessen black dot disease on
roots, stem bases and tubers early in the crop season but
at harvesting time, fenpiclonil only lessen disease on
tubers.

MATERIALS AND METHODS
The experiment was conducted on chemical

management of black scurf in potato crop at Main
Experiment Farm Narendra Deva Agri. and Tech. Uni.
Kumarganj, Faizabad (U.P.) for two successive years during
2012-13 and 2013-14 crop seasons. The experiment was
conducted in 5 x 4 m plots in RBD with three replications
and a potato variety (3797) was sown. The treatments
consisted of six chemical management trial i.e. Thifluzamide
24% SC @ 1.5 ml/ 10 Kg, (T1), Thifluzamide 24% SC @ 2.0
ml/ 10 Kg (T2), Thifluzamide 24% SC @ 2.5 ml/ 10 Kg (T3),
Thifluzamide 24% SC @ 3.0 ml/ 10 Kg (T4), Carbendazim2.5%
+ Mancozeb 50% WS @ 7.0 g/ 10 Kg (T5), Carboxin 37.5 +
Thiram 37.5% DS @ 25 g/ 10 Kg  potato tubers(T6) and
Control (Untreated) (T7).

Seed Treatment
The fungicides mentioned above were evaluated as

spray on seed tubers. The treatment of carried out on the
sprouted tubers 1 to 2 days prior to planting in soil. Planting
of the trials were carried out third week of October each
year. For spray treatment seed tubers were spread in a thin
layer on cement floor and sprayed manually with Knap
Sack sprayer with the desired concentration of the
fungicides dissolved in water. After first spray, the tubers
were turned once and sprayed again to cover all the surface
of the tubers with the solution. For spray 1.5 l of spray
solution was used to treat 100 Kg of the seed tubers. The
seed thus treated was planted in a replicated field trial. The
untreated tubers were kept as standard control.

Planting, harvest and observations
The seed tubers after the treatment were planted at

60 x 20 cm spacing in 5 x 4 m plots. Each treatment was
replicated three times and field trial was planted in a
randomized block design. All standard and recommended
packages of agronomic practices such as tillage, spacing,
manuring, irrigation and insect control for cultivation of
the crop. Harvest of the tubers was carried out 15-20 days
after cutting of the haulms. Observations on black scurf
were recorded on 100 tubers selected at random from each
replication of the treatments. Tubers were washed gently
with water to remove the soil adhering on the tubers and
observed for incidence and severity of black scurf. For
disease severity of black scurf a 0-5 scale was used where
0= healthy, 1= trace to 10%, 2= above 10 to 20%, 3= above
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Table 1. Evaluation of Thifluzamide 24% SC for the management of black scurf disease in field trial (2012-13).

Sl. 
No 

Treatments Emergence 
(%) 

Disease 
severity 

(%) 

Disease 
over 

control % 

Yield 
(q/ha) 

% 
increase 

T1 Thifluzamide 24% SC @ 1.5 ml/ 10 kg seed tubers 97.80 26.00 65.79 184 31.4 

T2 Thifluzamide 24% SC @ 2.0 ml/ 10 kg seed tubers 99.60 22.00 71.05 192 37.1 

T3 Thifluzamide 24% SC @ 2.5 ml/ 10 kg seed tubers 100.00 18.70 75.40 201 43.6 

T4 Thifluzamide 24% SC @ 3.0 ml/ 10 kg seed tubers 100.00 13.30 82.50 209 49.3 

T5 Carbendazim 25% + Mancozeb 50% WS @ 7.0 g/ 10 
kg seed tubers 96.40 43.70 42.50 168 20.0 

T6 Carboxin 37.5 + Thiram 37.5% DS @ 25.0 g/ 10 kg 
seed tubers 96.40 36.33 52.22 177 26.4 

T7 Untreated control 93.80 76.00 - 140 - 

 SEM 1.12 1.33 - 1.012 - 

 CD (P = 0.05) 3.46 3.34 - 2.753 - 

 
20 to 30%, 4 = above 30 to 50% and 5 = above 50% scurfed
area. The disease index and severity was calculated by
method described by Somani (1986; 1988).

RESULT AND DISCUSSION
Black scurf disease management by seed treatment

varied in terms of germination percentage, disease severity
and per cent yield increase with respect to the fungicides
tested. Thifluzamide 24% SC was found the most effective
fungicide in increasing germination percentage, disease per
cent control and yield over control in both seasons.

The data show that there were favorable temperature
conditions for the fungus sporulation throughout the whole
period of vegetation during both years, with October –
February 2012-13 and 2013-14 having the closest to the
optimal conditions. The data (Table-1& 2) revealed that all
the treatments were effective in reducing the disease
severity of black scurf of potato and highest yield over
untreated check during both the years. Treatments of
Thifluzamide 24% SC not only reduced the disease severity
significantly but also enhanced yield with respect to control.

Highest germination percentage (100%) was recorded
in Thifluzamide 24% SC @ 2.5 ml and 3.0 ml/ 10 Kg seed

tubers in both seasons in comparison rest treatments and
untreated control.

All the treatments gave good control against black
scurf disease over untreated control. Maximum disease
control (82.50 and 79.50 %) was recorded in Thifluzamide
24% SC @ 3.0 ml/ 10 Kg seed tuber treated plot. The disease
per cent control was found at par in Thifluzamide 24% SC
@ 2.5 ml and 3.0 ml/ 10 Kg seed tubers in both seasons. The
other chemicals were least effective in the management of
black scurf. Khanna and Sharma (1996) and Arora (2005)
observed an equal efficacy of the chemical used as spray
or dip method but they treated the seed before cold storage.

Highest yield 201q/h & 209q/ha in first year and 203q/
ha & 211q/ha in second were recorded Thifluzamide 24%
SC @ 2.5 ml and 3.0 ml/ 10 Kg seed tubers in both seasons
respectively Lakra (1992).

Effective control of R. solani on seed potatoes or
seed pieces can increase the rate of eyes germination and
would decrease sprout killing which will ultimately
contribute to better crop stand (Thind et al., (2002); Welsh
RD and Callaghan (1996) and Yamada (1986). However, the
fungicides being applied as seed potatoes treatment should

Table 2. Evaluation of Thifluzamide 24% SC for the management of black scurf disease in field trial (2013-14).

Sl. 
No 

Treatments Emergen
ce (%) 

Disease 
severity 

(%) 

Disease 
over 

control % 

Yield 
(q/ha) 

% 
increas

e 

T1 Thifluzamide 24% SC @ 1.5 ml/ 10 kg seed tubers 94.67 22.70 67.3 186 25.7 

T2 Thifluzamide 24% SC @ 2.0 ml/ 10 kg seed tubers 97.33 20.60 70.3 193 30.4 

T3 Thifluzamide 24% SC @ 2.5 ml/ 10 kg seed tubers 99.67 17.40 74.9 203 37.2 

T4 Thifluzamide 24% SC @ 3.0 ml/ 10 kg seed tubers 100.00 14.20 79.5 211 42.6 

T5 Carbendazim 25% + Mancozeb 50% WS @ 7.0 g/ 10 kg 
seed tubers 

92.00 36.40 47.6 
171 15.5 

T6 Carboxin 37.5 + Thiram 37.5% DS @ 25.0 g/ 10 kg seed 
tubers 

93.33 32.50 53.2 180 21.6 

T7 Untreated control 89.33 69.40 - 148 - 

 SEM 1.129 0.940  - 1.134 - 

 CD (P = 0.05) 3.519 2.929 - 3.473 - 
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have action against R. solani. Moreover, if an appropriate
fungicide is applied to potato seed pieces prior to infestation
with R. solani, transmission of the R. solani from seed to
the sprouts may be reduced. Unluckily, seed treatment of
fungicides is not a normal and common practice in India. It
is necessary to adopt this practices which in turn will protect
this crop from seed-borne pathogen and ultimately lead to
better and healthy potato crop stand Singh et al., (2002).
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ABSTRACT

A field experiment entitled “Evaluation of new post-
emergence herbicides in transplanted rice” was
conducted during Kharif 2009.  The results of the
investigation revealed that weed management treatment,
pre-emergence application of oxadiargy 80 WP @ 100 g
a.i. ha-1 (T3) applied at 4 DAT recorded lowest weed density
and dry matter.  Hand weeding at 20 and 40 DAT (T2) was
on a par with pre-emergence application of oxadiargyl 80
WP @ 100 g a.i. ha-1 at 4 DAT (T3), post-emergence
application of penoxsulam 24 SC @ 20 g a.i. ha-1 at 20 DAT
(T6) and bispyribac sodium 10 SC @ 30 g a.i. ha-1 at 20
DAT (T4) were weed density was markedly reduced.  Post-
emergence application of penoxsulam 24 SC @ 20 g a.i.
ha-1 at 20 DAT (T6) or pre-emergence application of
oxadiargyl 80 WP @ 100 g a.i. ha-1 at 4 DAT (T3) were
found to be effective in controling weeds and increased
rice productivity as well as economic returns in
transplanted rice.

Key words New post-emergence herbicides,
transplanted rice.

Rice (Oriza sativa L.) is staple food crop for millions
of people in the world.  It is extensively cultivated in India
in diversified ecologies.  Weeds are the major yield limiting
factor in rice production (Bastiaans et al., 1997).  Traditional
method of hand weeding is extensively practiced in India.
Manual weeding is practiced at least twice or thrice during
the early stages of crop growth. However, due to non-
availability  of labour at peak hours and increased labour
wages, hand weeding becomes no-profitable. (Singh, 1993;
Kalia and Bindra, 1996).  Introduction of herbicide
technology reduced the drudgery, hence weed management
became more efficient, time saving and less expensive (Rao
et al., 2007a).  Use of herbicides can be cost effective,
besides controlling weeds right from initial stages and
provide good environment for growth of rice plants from
the beginning.

MATERIALS AND METHODS

A field experiment conducted in sandy clay loam soils
at the Agricultural College Farm, Bapatla during kharif 2009-
10.  The experiment was laid out in a Randomized Block
Design with 8 treatment combinations and replicated four
times. The herbicide treatments induced in the trail were
pre-emergence application of oxadiargyl at 4 DAT and post-
emergence application of bispyribac sodium, azimsulfuron,
penoxsulam, 2, 4-D amine salt and pyrazosulfuron ethyl
applied at 20 DAT.  The test variety used for the study is

BPT-5204 (Sambamashuri) 29 days old seedlings were
transplantated @ two seedlings per hill at a spacing of 20
cm X15 cm with the help of planting rope  on 15th September
2009.  Chemical fertilizers @ of 120-60-40 kg N, P2O5 and
K2O ha-1, respectively were applied.  Half of the nitrogen in
the farm of urea was applied basally and remaining half was
applied in two equal doses at tillering (25 DAT) and panicle
initiation (53 DAT) stages.  Entire quantity of phosphorus
in the farm of Single super phosphate was applied as basal
dose.  Half of the potassium in the firm of murite of potash
was applied basally and remaining half was applied at
panicle initiation stage (53 DAT). Zinc sulphate at the rate
of 50 kg ha-1 was applied at the time of puddling.  Weed
density and dry matter were recorded with the help of  0.5 m
X 0.5 m quadrate placed at two spots randomly in each
plot.   Weeds in each quadrat were grouped into grasses,
sedges and broadleaved weeds and these groups were
added to obtain total weed population m-2 at 20, 40, 60 DAT
and at maturity.

RESULTS AND DISCUSSION

The weed flora of the experimental field consisted of
the following grasses, sedges and broad leaved weeds
listed in the order of dominance.  However the weed species,
Echinochloa colonum and  Eclipta alba were  dominant at
all stages of crop growth.  Among the predominant  weed
species recorded the most important grassy weeds
observed in the field during experimentation were
Echinochloa colonum, Echinochloa crus-galli, Dinerba
retroflexa, Tragus biflorous, Cynodon dactylon, among
the sedges, Cyperus rotundus, Cyperus dif formis,
Fimbristylis miliaceae and among the broad leaved weeds,
Eclipta alba, Ammania baccifera, Euphorbia hypercifolia,
Phyllanthus niruri, Alternanthra paronchioides,
Amaranthus viridis, Corchorus tridens, Sphaeranthus
indicus, Ipomea aquatica, Ludwigia parviflora.

Hand weeding at 20 and 40 DAT (T2) recorded lowest
weed density and dry matter accumulation than all other
herbicide treatments in all stages of crop growth.  Among
the herbicide treatments pre-emergence application of
oxadiargyl 80 WP @ 100 g a.i. ha-1 recorded  lowest   weed
density  and weed dry weight and proved superior to all
other treatments this is because  of their broad spectrum
control of all groups of weeds.  Rao et al. (2008) and Walia
et al. (2008a).  Among the post-emergence herbicides
bispyribac sodium 10 SC @ 30 g a.i. ha-1 at 20 DAT,
azimsulfuron 50 DF @ 30 g a.i. ha-1 20 DAT and penoxsulam
24 SC @ 20 g a.i. ha-1 at 20 DAT recorded  lowest   weed
density,  weed dry weight and weed control efficiency
proved superior to all other treatments up to harvest.  This
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Table 1. Effect of weed management treatments on weed density, weed dry matter, weed control efficiency, weed index
and grain yield in transplanted rice

Table 1.  Effect of weed management treatments on yield components and yield of rice in transplanted rice

Treatments 
No. of 

productive 
tillers m-2 

No. of filled 
grains 

panicle-1 

Grain yield 
(kg ha-1) 

Straw yield          
( kg/ha-1) 

T1.  Weedy check 396 105 4556 5336 

T2.  Hand weeding at 20 and 40 DAT 472 125 6227 7331 

T3.  Oxadiargyl 80 WP @ 100 g a.i. ha-1 at 3 to 5 DAT 456 122 5900 6866 

T4.  Bispyribac sodium 10 SC @ 30 g a.i. ha-1 at 20 DAT 468 119 5813 6707 

T5.  Azimsulfuron 50 DF @ 30 g a.i. ha-1 20 DAT 413 115 5202 6180 

T6.  Penoxsulam 24 SC @ 20 g a.i. ha-1 at 20 DAT 445 123 5966 7060 

T7.  2,4-D amine salt 58 SL @ 0.58 kg a.i. ha-1 at 20 DAT 439 114 5105 5811 

T8.  Pyrazosulfuron ethyl 10 WP @ 20 g a.i. ha-1 at 20 DAT 443 116 5153 5951 

SEm+ 25 5.0 154 188 

CD(0.05) 72 15 453 552 

CV (%) 11.0 9.1 6.2 6.1 

 

Treatments Density of weeds Dry matter of 
weeds 

Weed control 
efficiency (%) 

 

Weed index 
(%) 40 

DAT 
At  

harvest 
40    

DAT 
At   

harvest 
40          

DAT At harvest 

T1.  Weedy check 5.0         
(24.5) 

5.9     
(34.3) 46.1 104.1 0.0            

(0.0) 
0.0         

(0.0) 
29.9                   

( 24.9) 

T2.  Hand weeding at 20 and 40 DAT 1.8          
(2.8) 

3.5     
(11.8) 2.3 25.1 77.6       

(94.9) 
60.6       

(75.9) 
0.0                

(0.0) 

T3.  Oxadiargyl 80 WP @ 100 g a.i. 
ha-1 at 3 to 5 DAT 

1.9           
(3.3) 

3.4     
(11.3) 2.7 36.7 76.8       

(94.3) 
55.2       

(67.4) 
9.4               

(2.7) 

T4.  Bispyribac sodium 10 SC @ 30 g 
a.i. ha-1 at 20 DAT 

1.9          
(3.3) 

3.4     
(11.3) 4.0 39.5 73.0       

(91.4) 
50.2       

(59.0) 
11.5             
(4.1) 

T5.  Azimsulfuron 50 DF @ 30 g a.i. 
ha-1 20 DAT 

2.2          
(4.5) 

3.4     
(10.8) 6.7 42.5 67.6       

(85.4) 
53.6       

(64.7) 
22.2            

(14.2) 

T6.  Penoxsulam 24 SC @ 20 g a.i. ha-
1 at 20 DAT 

2.3          
(4.8) 

3.6     
(12.8) 6.5 34.0 74.6  (92.9) 51.9       

(61.9) 
7.1               

(1.6) 

T7.  2,4-D amine salt 58 SL @ 0.58 kg 
a.i. ha-1 at 20 DAT 

2.1          
(3.8) 

3.6     
(12.5) 6.7 41.8 67.7  (85.4) 50.6       

(59.6) 
25.0           

(17.9) 

T8.  Pyrazosulfuron ethyl 10 WP @ 20 
a.i. ha-1 at 20 DAT 

2.5          
(6.0) 

3.7     
(13.3) 7.6 44.1 66.0  (83.5) 49.3       

(57.6) 
22.8           

(15.1) 

SEm+ 0.1 0.1 0.6 2.6 1.4 1.4 0.6 

CD(0.05) 0.3 0.3 1.7 7.7 4.2 4.0 1.7 

CV (%) 7.6 4.5 11.7 11.4 16.4 18.5 13.1 

 
is because of the residual effect of herbicide in
controlling weeds thus keeping the total weed densities
below critical level of competition during the critical period.
This facilitated the rice crop with ideal environment for
growth and development  by  increased total uptake of
three major nutrients N, P2O5 and K2O.   Better weed control

efficiency and broad spectrum of control with the
pre-emergence application of  oxadiargyl 80 WP @ 100
g a.i. ha-1 and post-emergence application of penoxsulam
24 SC @ 20 g a.i. ha-1  and  bispyribac sodium 10 SC @ 30 g
a.i. ha-1 at 20 DAT might have reduced weed index
significantly.
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Yield components and yield

Effective tillers per m-2, number of filled grains per
panicle were markedly affected by the weed management
practices.  Hand weeding at 20 and 40 DAT reducing crop
weed competition for nutrients through better weed control
efficiency.   It facilitates  tiller production favouring more
effective tillers in these treatments. Similar results were also
reported by  Bhowmick et al. (2000).  Among the herbicide
treatments bispyribac sodium at 10 SC @ 30 g a.i. ha-1,
oxadiargyl 80 WP @ 100 g a.i. ha-1  and penoxsulam 24 SC @
20 g a.i. ha-1 recorded highest grain yield and straw yield.
These results could be ascribed to higher nutrient uptake
by crop and number of filled grains per panicle under
optimum weed control, achieved by these treatments and
promoted the supply of photosynthates to sink leading to
more number of filled grains per panicle.
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ABSTRACT

A field experiment entitled integrated weed management
in mustard crop under arid zone of Rajasthan. It was
conducted on sandy loam soil having medium in available
Nitrogen (181.21) low phosphorus (16.00) and medium
potassium (257.37) with ph 7.5 at the instructional farm
Bhagwant university, Ajmer during the Rabi season of
2015-2016.With the objectives to select appropriate
variety and to evaliuvcate the integrated weed management
in T1 (Weedy), T2 (Weed free), T3 (1HW at 30DAS,T4(1HW
at 60DAS),T5(1HW at 25DAS+Chemical W at 45DAS),
T6 (2HW at 30 and 45DAS), T7 (Chemical W at 30DAS).
The result showed that significantly maximum plant height,
number of leaves per plant, number of primary branches
per plant, number of siliqua per plant, number of siliqua
length, number of seed per siliqua was recorded under the
treatment, of l HW at 25DAS + chemicals watt 45DAS at
harvest stage. The weed free treatment gave highest test
weight, while weedy check gave lowest, highest BCR
observed in weeding at 25 DAS.

Key words BCR, weedy, siliqua, Brassica juncea, FYM.

Agriculture is the most important sector of the Indian
economy from the perspective of poverty alleviation,
income and employment generation. Indian Agriculture is
characterized by varied agro-climatic situations, availability
of resources and market structure. In India, agriculture is
the main source of livelihood for the majority of people.
Oilseeds crops have traditionally been the backbone of
agricultural economy of India. Today, India is one of the
largest producers of oilseeds in the world. It accounted for
an estimated production of 24.93 million tons during the
year 2009-2010- (Jain et al., 2009). India contributes about
11-12 per cent of the world Rapeseed and mustard
production. India is the second largest importer of edible
oils next to China. Rapeseed and mustard comes under
major edible oilseeds in India. It is a group of oilseed crops
which assumes the significance in Indian national economy
by occupying the second position next to groundnut and
is considered as a ‘cash crop’. Rapeseed and mustard oil is
consumed in India as food oil and the meal cake left the
after extraction of oil forms important cattle feed. It can also
be used as manure for various grain crops .Rapeseed and
mustard is the principal oilseeds crop in Rajasthan,
constituting 44.31 per cent of the total area (27.6 lack ha) in

2013-2014. It contributes 47.21 per cent of total Rapeseed
and Mustard production (33.56 lack tones) in 2013-2014.
Rapeseed and mustard crops are diverse in their agro-
climatic requirements and crop management practices. The
production constraints facing each of the crops are also
diverse in nature. The objective of raising domestic
availability of edible oil can be realized only by increasing
the productivity of these oilseed crops. Enhancing the
production and productivity of the crop assumes
significance, not only from the farmers’ viewpoint but also
for the edible oil industry and other vertically and
horizontally linked enterprises.

The Rapeseed and mustard growing areas in
Rajasthan are experiencing the vast diversity in the agro
climatic conditions and different species of rapeseed-
mustard are grow in some or other infrastructural facilities
are available, most of the hats are without any facilities
worth mentioning part of the state. Under marginal resource
situation, Primary markets as well as cultivation of rapeseed-
mustard becomes less remunerative to the farmers. This
results in a big gap between requirement and production of
mustard in Rajasthan. Therefore site-specific nutrient
management through soil-test recommendation based
should be adopted to improve upon the existing yield levels
obtained at farmers field.  In Rajasthan, Major Rapeseed
and mustard growing districts are Alwar, Bharatpur, Kota,
Jaipur, Sri Ganganagar and Hanumangarh etc. In Jaipur
districts ‘Chomu’ and ‘Sharpura’ are the two Regulated
Market Committees. The entire marketed surplus of the
district passes through these markets and ultimately
reaches to the hand of consumers through different
agencies. Village level sale to itinerant traders or villager
level wholesalers is common. The peak seasons for
Rapeseed and mustard sales lasts from mid-January to April.
Most of the farmers sell during early or mid-peak season
while a small section of them sell throughout the peak
season as well as during the off-season. The latter group
of producer-sellers generally belongs to the medium farmer
who has the capacity to with hold produce from the market.
In contrast, other group sells their produce immediately
after harvesting for fear of incurring losses in near future,
need of money for future investment in subsequent cropping
enterprises, pressure from creditors and inadequate storage
facilities. Lack of buying and poor implementation of market
regulations worsens the market condition. According to
producer-sellers, traders are mainly responsible for the price
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fluctuation. Poor physical conditions arising out of exposure
during rainy days also lead to price variation- a chance for
the traders to lower the price of the produce. The conditions
of the existing market places, whether in the village hat or in
the Primary assembling markets in which the producer sells
his surplus produce are quite deplorable. These market
places in most cases are not conducive to proper display of
items for sale and management of sale. World Scenario:
World output of rapeseed and mustard has been increasing
persistently and rather steeply during the past 15 years.
The output has doubled from about 36 million tonnes in
2001-02 to 70 million tonnes in 2013-14. Production from
European Union and Canada has risen steadily and reached
to nearly 30.00 per cent and 26.00 per cent respectively of
total world production. On the other hand, output from
China has remained largely stable at around 12-13 million
tonnes and consequently its share has declined to about
20.00 per cent from about 31.00 per cent a decade ago.
(Source: USDA). The steep rise in production from Canada
was primarily on account of significant expansion in area,
which could have apparently been driven by a sharp rise in
exports from Canada. While the production and
consumption doubled during the past decade, trade has
gone up by three times. During this period, exports from
Canada rose by nearly four times. (Source: USDA). Similar
to production, world consumption pattern of rapeseed and
mustard also doubled during the past 15 years primarily
driven by the European Union, China and Canada. The
European Union registered growth followed by Canada and
China. Consequently, imports by China and the EU rose
the steepest pushing them to top two positions replacing
Japan and Mexico. India is the fourth largest producer of
rapeseed & mustard. Production trends over the past two
decades indicated that there was a significant shift in
production levels from about 56 million Tones until 2002
03 to around 7-8 million Tones during the past one decade.
The jump in production was primarily on account of sharp
rise in yields. In addition, there was a significant expansion
in area under rapeseed during the same period (Source:
USDA).
Rapeseed Mustard Scenario in India:-Indian mustard
(Brassica juncea) is predominantly cultivated in the states
of Rajasthan, Uttar Pradesh, Haryana, Madhya Pradesh,
and Gujarat which contribute 81.5% area and 85.5%
production (2010-2014). During (2013-2014), more than 84
% of the total rapeseed-mustard acreage and production in
the country is accounted for by these states, out of which
more than 45.0% contributed by Rajasthan state alone. The
crop takes 135-150 days to mature. Some early varieties
maturing in 110 days are also available. Its cultivation is
also being extended to non-traditional areas of Southern
States like Karnataka, Tamil Nadu and Andhra Pradesh. The
cultivation of brown sarson which once dominated the entire
rapeseed-mustard growing region is now shadowed by
Indian mustard. There are two different ecotypes of brown
sarson (Brassica rapa var brown sarson): lotni (self-
incompatible) and bora (self-compatible). The lotni is
predominantly cultivated in colder regions of the country

particularly in Kashmir and Himachal valley. Yellow sarson
(Brassica rapa var yellow sarson) is now mainly grown in
Assam, Bihar, North-eastern States, Orissa, eastern Uttar
Pradesh and West Bengal. The toria (Brassica rapa var
toria) on the other hand is cultivated in limited areas of
eastern Uttar Pradesh. It is a short duration crop cultivated
largely in Assam, Bihar, Orissa and West Bengal in the east
mainly as winter crop. In Haryana, Himachal Pradesh,
Madhya Pradesh, Punjab, Uttaranchal and western Uttar
Pradesh, it is grown as a catch crop during September-
December. Taramira (Enrca sativa) is grown in the drier
parts of North West India comprising the states of
Rajasthan, Haryana and Uttar Pradesh. Gobhi sarson
(Brassica napes) and karan rai (Brassica carinata) are the
new emerging oilseed crops having limited area of
cultivation. Gobhi sarson is a long duration crop (more than
155 days) confined to Punjab, Himachal Pradesh and
Haryana.

 Rapeseed-mustard group of crops is the major oilseed
crop of India. India holds a premier position in rapeseed-
mustard economy of the world with 2nd and 3rd rank in
area and production, respectively. This group of oilseed
crops is gaining wide acceptance among the farmers
because of adaptability for both irrigated as well as rainfed
areas and suitability for sole as well as mixed cropping.
Besides, it offers higher return with low cost of production
and low water requirement. Being a major Rabi (winter
season) oilseed crop and having an advantage of soil
moisture conserved during monsoon; it has greater potential
to increase the availability of edible oil from the domestic
production.  Rajasthan occupies the first place both in terms
of cultivated area and production accounting for over 45%
followed by Madhya Pradesh with 13%. Haryana and Uttar
Pradesh occupy the third place contributing for 11 % of
total production each. Thus, the top four states produce
about 80% of total rapeseed & mustard production in the
country (Source: USDA). Weeds are one of the major
deterrents in sustaining the productivity of rapeseed and
mustard. Since the crop is mostly grown under rainfed
conditions and weeds compete with the crop for soil
moisture and nutrients, efficient weed management is
therefore, very necessary to check the losses caused by
weeds and to increase the productivity of this crop. Weed
problems are very complex and serious in different crop
ecosystems of northern part of India because of favorable
agro-climatic conditions. A number of weed associations
compete with the crop from seedling to harvesting stage of
crop and reduce the yield considerably (Upadhyay and
Gogoi, 1993). Integrated weed management has been
commonly described as “a combination of mutually
supportive technologies in order to control weeds” (Shaw,
1982). Some have also called it “a multi-disciplinary
approach to weed control utilizing the application of
numerous alternative control measures” (Swanton and
Weise, 1991). Weed management implies judicious use of
various methods of weed control with intention of
decreasing the harm caused by weeds to a level that is
economically acceptable. An integrated weed management



2000 Trends in Biosciences 10 (11), 2017

Table 1. Meteorological observations during the period of investigation (April-October 2015)

Year 2015 Standard 
week Number 

Temperature (0C) Relative 
humidity (%) 

Total Rainfall 
(mm) 

Maximum Minimum 

6th April- 12th April  16 41.43 35.24 38.29 1.86 

13th April- 19th April  17 42.96 35.10 66.86 0.04 

20th April- 26th April 18 45.81 34.33 17.43 1.79 

27th April- 3rd May 19 41.13 34.49 63.14 4.09 

4th May- 10th May 20 45.61 34.11 55.28 10.79 

11th May- 17th May 21 42.60 32.87 33.57 0.07 

18th May- 24th May 22 42.36 32.99 57.29 0.04 

25th May- 31st May 23 42.64 34.23 61.57 5.86 

1st June- 7th June  24 43.33 32.74 54.14 2.66 

8th June- 14th June 25 42.83 34.11 58.29 1.60 

15th June- 21st June 26 46.08 31.77 62.57 8.31 

22nd  June- 28th June 27 41.10 32.80 56.10 4.21 

29th June- 5th July 28 45.50 32.80 57.00 4.46 

6th July- 12th July 29 41.10 31.50 53.90 5.73 

13th July- 19th July 30 40.10 32.30 57.90 10.20 

20th July- 26th July 31 40.30 32.60 56.40 11.10 

27th July- 2nd August 32 40.90 30.80 55.10 14.70 

3rd August-9th August 33 40.60 30.20 56.60 7.54 

10th August -16th August 34 39.30 29.40 53.70 5.13 

17th August- 23rd August 35 39.20 29.30 60.10 5.54 

24th August-30th August 36 39.80 28.90 60.00 3.91 

31st August- 6th September 37 40.70 28.30 60.40 6.51 

7th September- 13th September 38 40.70 29.50 58.60 8.44 

14th September- 20th September 39 39.60 29.60 57.00 10.40 

21st September-27th September 40 36.90 29.50 53.70 8.34 

28th September- 4th October 41 30.60 29.70 49.10 0.11 

 

identified as combination of two or more weed control
measures at low input levels in order to reduce weed
competition in a giving cropping system below an economic
threshold level. Integrated weed management includes
adoption of good agronomical management, mechanical,
chemical and biological methods. In this system of weed
management, the choice of weed control methods not only
depends on technical solutions but relies also on economic,
ecological and sociological consequences (Bhan and singh,
1993). Hand weeding is the most commonly and extensively
used weed control practice followed in Northern part of
India. Due to scarcity of labour and high wages, other
method like mechanical and chemical methods will be
alternative weed control option to the farmers. Therefore,
an experiment entitled, “Integrated weed management in

Mustard (Brassica juncea) under arid zone of Rajasthan”
was undertaken with the following objectives :-(i) To find
out the effect of different weed control measures on growth
of mustard. (ii) To find out the effect of different weed control
measures on yield of mustard. (iii) To find out the best
method of weed control for mustard.

MATERIAL AND METHODS

The present investigation entitled, “Integrated weed
management in Mustard (Brassica juncea) under arid zone
of Rajasthan” was carried out in the experimental farm of
Agronomy Department, Bhagwant University Campus
during kharif season 2015.
Site of the Experiment:-The experiment farm is located in
the Ajmer, Rajasthan at an altitude of 426.7 meter above
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mean sea level with the geographical location at 11" latitude
and 60" longitudes.
Climate condition:-The climate of the experimental farm lies
in humid sub tropical zone with high humidity, moderate
temperature and medium to high rainfall. The mean
temperature ranges from 42°C to 46°C during summer and
rarely goes below 30°C in winter due to high atmospheric
humidity. The average rainfall varies from 500-600mm from
April to September and from October to March it remains
comparatively dry. The detail of weather report for the
present experiment is presented in Table 3.1.
Soil condition:-The soil type of the experimental site was
categorized as sandy loam, well drained, with a strong acidic
pH of 7.5 in order to ascertain the texture and fertility status
of the soil, the samples were collected at random locations
from a depth of 2-5cm, with the help of soil auger, and were
processed for analyzing after proper mixing, drying,
grinding and sieving. The details of chemical characteristics
of the soil are given in table
Experimental details:-Experimental design:-The
experimental deign that was conducted in the experimental
field was Randomized Block Design (RBD) with 3 replication.
The whole experimental field was divided into 3 equal blocks

with each block sub-divided into 10 sub-plots. So in total it
consists of 30 plots. The treatments were then placed in
randomized manner into the plots of each block.
Details of the experiment:-The details of the experiment
are as follows:- (i) Design:-RBD (ii) Crop:-Rapeseed (iii)
Cultivar:-M27 (iv) Spacing:-30cm X 10cm (v) Number of
Replication:-3 (vi) Number of Treatment:-7 (vii) Total number
of experiment plots:-21 (viii) Plot size:-2m X 2m (ix) Field
border:-1m (x) Block border:- 1m (xi) Plot Border:- 0.5m (xii)
Length of the experimental field:- 42m (xiii) Width of the
experimental field:- 16m (xiv) Total area of the experimental
field:- 696m2

Treatment details:-Treatments combinations:-
Agronomical practices:-Land preparation:-The
experimental field was prepared during the last week of April
by tractor drawn disc harrow followed by second harrowing
at first week of May. All the stubbles and weeds were
remove-d and leveled. Then finally the field was laid out
according to the plan and design of the experiment.
Manures and fertilizers application:-Well decomposed
FYM (10-12 tons per hectare) was broadcasted over the
field during land   preparation. A recommended dose of 60
kg of N, 40kg P205 and 25kg of K20/ha of which half dose of
nitrogen and full dose of phosphorus and potassium in the
form of urea, single super phosphate (SSP) and muriate of
potash (MOP) as basal dose were incorporated in the soil.
Characteristic of local cultivar:-Rapeseed M-27 is a
popular HYV found in Ajmer. The grain is light brown in
colour and takes around 100-110 days to mature.
Seed treatment:-Before sowing treat the seed at the rate of
2.5g thiram kg-1 seeds in 1 liter of water for 24 hours.
Sowing:-Healthy and clean seeds were sown in line with
spacing 30 X 10 cm and depth of 5-6 cm. The sowing was
done on 31st May, 2015.
Thinning and Gap filling:-The thinning operation was
carried out 20 DAS with a view to maintain optimum number
of seedling per hill by thinning out excess germinated
seedling. Gap filling was also done to give plant to plant
distance of 10 cm.
Stale seed bed technique:-In the stale seedbed technique,

Table 2. Physical and Chemical Analysis of Soil

Treatments  30DAS 60DAS At 
harvest 

Weedy 46.32 136.5 164.9 

Weed free 47.57 137.9 167.12 

1 HW at 30DAS 49.15 139.6 171.53 

1 HW at 60DAS 46.81 136.9 165.43 

1 HW at 25DAS+ 
Chemical W at 45DAS 

52.63 144.2 179.1 

2 HW at 30DAS and 
45DAS 

48.12 137.0 168.57 

Chemical W at 30DAS 50.23 141.3 174.31 

SEm+ 0.27 0.6 0.33 

CD (P=0.05) S 1.78* 0.97 

 

Table 3. Effect of different weed control measures on
plant height (cm) of mustard at different DAS

Particulars Value Status  Method employed 

Textural class 
Sand 67% Sandy 

loam 
Hydrometric Method (Bouyoucos, 1962) 

Silt 38% 
Clay 14% 
pH 7.5 Alkaline Digital pH Meter (Single Electrode Meter) 
Organic Carbon (%) 0.67 Medium Walkeley and Black Method Rapid Titration Method (Piper 1967) 
Available N (kg ha-1) 181.21 Medium The Alkaline Potassium Permanganate Method (Subbiah and Asija, 1956) 
Available P2O5 (kg ha-1) 16 Low Bray and Kurtz Method, (1945) 
Available K2O (kg ha-1) 257.37 Medium Flame Photometer (Hanway and Heidal, 1952) 
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weed seeds are allowed to germinate using a pre-sowing
irrigation or after rainfall. After this, emerged weed seedlings
are killed using a non-selective herbicide (e.g., paraquat or
glyphosate) or cultivation.
Plastic mulching:-After sowing the row spacing between
plants are covered with transparent plastic.
Harvesting, threshing and winnowing:-The crop was
harvested leaving border on all sides of each plot at ground
level on 2nd October, 2014. Plot wise bundles of harvested
crop were threshed and winnowed manually. Seeds were
sun dried till up to 14% moisture level.
Observation on crop growth and yield attributes:-Growth
attributes:-Five plants were selected in each plot tagged.
Their growth attributes recorded.
Plant height (cm):-
Plant height was measured from the ground level to the tip
of the uppermost leaf of longest tiller of the tagged plants
at 30DAS, 60DAS and at harvest in centimeters from each
plot and average was recorded.
Plant dry weight (g running m-1):-The plant dry weight
was taken at 30DAS, 60DAS and at harvest. The plants
were uprooted in each treatment randomly from a running
meter. The uprooted plants were cleaned and sun dried and
finally oven dried at 70 - 75°C for 48 hours. Oven dry weight
of the plant samples were recorded when the sample attained
a constant weight. The data thus obtained were expresses
in g/running meter.
Number of tillers plant-1:-The number of tillers was counted
form each tagged plant in each plot and the average was
recorded to get the number of tillers per hill at 30DAS,
60DAS and at harvest.
Leaf area index:-The leaf area of the tagged plants was
recorded at 30DAS, 60DAS and at harvest. Leaf area index
was calculated by using the formula. Leaf area index (LAI)
= Leaf Area / Ground Area
Yield attributes:- Number of effective tillers plant-1:-The

numbers of effective tillers were counted form each tagged
plant in each plot and the average was recorded to get the
number of effective tillers per hill at harvest.
Number of panicles m-2:-The numbers of panicles were
counted from two different quadrate at random in each plot
and the average was recorded and the data thus obtained
were expressed as number per square meter.
Length of panicles (cm):-The length of panicle was
measured from the base to the tip of the last grain each
tagged plant in each plot and the average length was
expressed and recorded in centimeters.
Numbers of effective grains panicle-1:-The numbers of
effective grain per panicles were counted form each tagged
plant in each plot and the average was recorded to get the
number of effective grains per panicle.
Test weight (g):-From the grain yield of individual plot,
1000 grains were counted and weighed with the help of a
portable automatic electronic balance.
Grain and straw yield (t ha-1):-The harvested crop as per
the treatments was sun dried, threshed and winnowed. The
grain yield from each plot was recorded separately and
finally yields were converted into quintals/ha.
Harvest index:-Harvest index was calculated by the formula:-

Economic Yield (kg / ha)
H.I. (%) =————————————x 100
                   Biological yield (kg / ha)

Economics:-Economics of the different treatment was
worked out as per existing market prices.
Cost of cultivation (Rs ha1):-The cost of cultivation was
calculated as per item wise incurred in each treatment.
Gross return (Rs ha-1):-Gross retune was calculated for
each treatment by multiplying the values of economic
produce with the prevailing support price of output.
Net returns (Rs ha-1):- Net return for each treatment was
estimated by subtracting the total cost of cultivation from

Treatments  30DAS 60DAS At 
harvest 

Weedy 4.48 19.52 23.08 

Weed free 5.44 21.63 24.15 

1 HW at 30DAS 6.53 23.31 26.09 

1 HW at 60DAS 4.87 19.89 23.37 

1 HW at 25DAS+ Chemical 
W at 45DAS 

7.82 24.52 29.06 

2 HW at 30DAS and 
45DAS 

5.84 22.22 24.60 

Chemical W at 30DAS 6.84 23.62 26.92 

SEm+ 0.22 0.26 0.28 

CD (P=0.05) NS NS NS 

 

Table 4. Effect of different weed control measures on
number of leaves of mustard at different DAS

Treatments  30DAS 60DAS At 
harvest 

Weedy 0.84 3.98 6.91 

Weed free 0.094 4.31 7.15 

1 HW at 30DAS 1.21 4.63 7.27 

1 HW at 60DAS 0.87 4.13 7.00 

1 HW at 25DAS+ Chemical 
W at 45DAS 

1.45 4.91 7.41 

2 HW at 30DAS and 
45DAS 

1.01 4.45 7.16 

Chemical W at 30DAS 1.32 4.69 7.31 

SEm+ 0.20 0.24 0.24 

CD (P=0.05) NS NS NS 

 

Table 5. Effect of different weed control measures on
number of leaf area index of mustard at
different DAS
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the gross return.
Benefit cost ratio (BCR):-Benefit cost ratio was calculated
by formula:-

                Net return
B: C = —————————

         Cost of cultivation
Statistical analysis:-Field data collected during the
investigation was analyzed and tabulated by appropriate
statistical method. Appropriate randomized block design
and valid conclusion were drawn as suggested by Gomez
and Gomez) (2010). The data on weeds showed
considerable variation hence, subjected to square root
transformation V (2 , + 0.5) before analysis. The
treatment differences were tested for significance by ‘F’
test. The appropriate standard error of mean and the
critical difference (C.D.) were worked out at 5% level of
significance.

SE m  = “MSSe/r SE m = “2MSSe/r Critical difference-
SE (d) X t value at error d.f.

RESULTS AND DISCUSSIONS
The experimental findings are based upon the

observations recorded during the course of work. The
results of different weed management practices on weed
and plant growth, yield and yield attributes are critically
illustrated with the help of tables. The findings are
discussed below- There are different weed species are
recorded in the experimental field are mentioned below:-
Among the different weed species found in the experimental
field weeds belongs to Poaceae family (Cynodon dactylon,
Digitaria sanguinalis, Elusine indica, Imperata cylindrica,
Setaria glazica) were the most prevalent in the field. Other
than are- Cyprus rotundus, Amaranthus viridis, Ageratum
cynyzoides, Chenopodiunt album, Euphorbia hirta, Cassia
Lora, Chrontalaema odorata, Mimosa pudica, Oxalis
corniculata and Sanchus arvensis.

Growth attributes:-Plant height (cm):-Data assembled in
connection with height of the plant at different intervals of
growth have been analysed and mean value have been
portrayed and graphically reported in Table 4.1.1.  At all the
DAS the plant height of the crop differs significantly due
to various treatments of intercropping.  Critical analysis of
data collected at 30 DAS after sowing, the highest plant
height 52.63cm was recorded by T5 treatment (1 HW at
25DAS + Chemical W at 45DAS) which was significantly
superior over rest of the treatments Fallowed by T7

Treatment (Chemical W at 30DAS) i.e. 50.23 and the lowest
plant height 46.32cm was recorded by T1 treatment (Weedy).
Critical analysis of data collected at 60 DAS after sowing T5

treatment (1 HW at 25DAS+ Chemical W at 45DAS)
recorded highest plant height 144.2cm which was
significantly different from the other treatment Fallowed by
T7 Treatment (Chemical W at 30DAS) i.e. 141.3cm and T1

treatment (weedy) was recorded as lowest plant height of
136.5cm. Critical analysis of data collected at harvest stage
T5 treatment (1 HW at 25DAS+ Chemical W at 45DAS)
recorded highest plant height 179.1cm which was
significantly different from the other treatment Fallowed by
T7 Treatment (Chemical W at 30DAS) i.e. 174.31cm and T1

treatment (weedy) was recorded as lowest plant height of
164.9cm.
Number of leaves per plant:- Data assembled in connection
with number of leaves of the plant at different intervals
have been tabulated and portrayed in Table - 4.1.2. At all
the DAS the number of leaves of the crop differs
significantly due to various treatments of intercropping.
The number of leaves per plant was progressively increased
from 30 to at harvest period and thereafter declined with
the advancement in growth stage due to leaf senescence
and defoliation.

 At 30 days after sowing, number of leaves 7.82 was
recorded by T5 treatment (1 HW at 25DAS+ Chemical W at
45DAS) which was significantly superior over rest of the
treatments Fallowed by T7 Treatment (Chemical W at
30DAS) i.e. 6.84 and the lowest number of leaves 4.48cm
was recorded by T1 treatment (weedy control) At 60DAS
after sowing, number of leaves 24.52 was recorded by T5

treatment (1 HW at 25DAS+ Chemical W at 45DAS) which
was significantly superior over rest of the treatments
Fallowed by T7 Treatment (Chemical W at 30DAS) i.e. 23.62
and the lowest number of leaves 19.52 was recorded by T1

treatment (weedy control)
At harvest stage number of leaves 29.06 was recorded

by T5 treatment (1 HW at 25DAS+ Chemical W at 45DAS)
which was significantly superior over rest of the treatments
Fallowed by T7 Treatment (Chemical W at 30DAS) i.e. 26.92
and the lowest number of leaves 23.08 was recorded by T1
treatment (weedy control)
Leaf area index:-Data assembled in connection with leaf
area index of the plant at different intervals have been
tabulated and portrayed in Table -4.1.3. At all the DAS the
leaf area index of the crop differs significantly due to various
treatments of intercropping. The number of leaves per plant

Treatments  30DAS 60DAS At 
harvest 

Weedy 11.56 28.79 75.25 

Weed free 12.13 29.64 77.29 

1 HW at 30DAS 12.63 31.14 82.11 

1 HW at 60DAS 11.83 29.00 75.67 

1 HW at 25DAS+ Chemical 
W at 45DAS 

13.15 33.04 84.39 

2 HW at 30DAS and 
45DAS 

12.33 30.07 79.24 

Chemical W at 30DAS 12.81 31.78 83.76 

SEm+ 0.50 0.44 0.77 

CD (P=0.05) NS NS NS 

 

Table 6. Effect of different weed control measures on
number of dry matter production per plant (g)
of mustard at different DAS
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Treatments Number of 
Primary 

Branches/Plant 

Number of 
Secondary 

Branches/Plant 

Number of 
Siliqua/Plant 

Length of 
Siliqua (cm) 

Number of 
seeds/Siliqua 

1000-Grain 
weight 

T1 6.86 26.07 63.68 3.37 14.23 2.55 

T2 7.13 27.79 82.80 3.76 17.25 2.72 

T3 7.48 30.25 104.86 4.15 19.31 3.35 

T4 7.21 28.35 85.11 3.83 18.42 2.82 

T5 7.79 32.52 137.79 4.67 22.72 3.58 
T6 6.59 26.68 68.36 3.41 14.73 2.55 

T7 7.61 31.17 115.98 4.38 20.84 3.35 

SEm+ 0.23 0.39 0.46 0.18 0.31 0.12 

CD (P=0.05) NS NS 1.36 NS NS NS 

 

Table 7. Effect of different weed control measures on yield attributing characters of mustard

Treatments  Seed yield 
(q/ha) 

Straw 
yield 

(q/ha) 

Weedy 5.27 7.12 

Weed free 6.86 9.15 

1 HW at 30DAS 9.55 12.74 

1 HW at 60DAS 6.17 8.48 

1 HW at 25DAS+ Chemical W 
at 45DAS 

13.35 17.89 

2 HW at 30DAS and 45DAS 8.68 12.52 

Chemical W at 30DAS 11.25 13.52 

SEm+ 0.18 0.19 

CD (P=0.05) 0.54 0.58 

 

Table 8. Effect of different weed control measures on
seed yield and Stover yield of mustard

was progressively increased from 30 to at harvest period
and thereafter declined with the advancement in growth
stage due to leaf senescence and defoliation.

At 30DAS after sowing, leaf area index 1.45 was
recorded by T5 treatment (1 HW at 25DAS+ Chemical W at
45DAS) which was significantly superior over rest of the
treatments Fallowed by T7 Treatment (Chemical W at 30DAS)
i.e. 1.32 and the lowest number of leaves 0.84cm was recorded
by T1 treatment (weedy control) At 60 DAS after sowing,
leaf area index 4.91was recorded by T5 treatment (1 HW at
25DAS+ Chemical W at 45DAS) which was significantly
superior over rest of the treatments Fallowed by T7

Treatment (Chemical W at 30 DAS) i.e. 4.69 and the lowest
number of leaves 3.98 was recorded by T1 treatment (weedy
control) At harvest stage leaf area index 7.41 was recorded
by T5 treatment (1 11W at 25DAS+ Chemical W at 45DAS)
which was significantly superior over rest of the treatments
Fallowed by T7 Treatment (Chemical W at 30DAS) i.e. 7.31
and the lowest number of leaves 6.91 was recorded by T1

treatment (weedy control)
Dry matter production/plant (g):-Data assembled in
connection with dry matter production of the plant at

different intervals of growth have been analysed and mean
value have been portrayed in Table- 4.1.1 and graphically
reported in Table 4.1.1. At all the DAS the dry matter
production of the crop differs significantly due to various
treatments of intercropping. Critical analysis of data
collected at 30DAS after sowing, dry matter production of
the plant 13.15g was recorded by T5 treatment (1 HW at
25DAS+ Chemical W at 45DAS) which was significantly
superior over rest of the treatments Fallowed by T7
Treatment (Chemical W at 30DAS) i.e. 12.81g and the lowest
plant height 11.56g was recorded by T1 treatment (Weedy).
Critical analysis of data collected at 60DAS after sowing T5
treatment (1 HW at 25DAS+ Chemical W at 45DAS)
recorded highest dry matter production per plant of 33.04g
which was significantly different from the other treatment
Fallowed by T7 Treatment (Chemical W at 30 DAS) i.e. 31.78g
and T1 treatment (weedy) was recorded as lowest plant
height of 28.79g. Critical analysis of data collected at harvest
stage T5 treatment (1 HW at 25DAS+ Chemical W at 45DAS)
recorded highest dry matter production per plant of 84.39g
which was significantly different from the other treatment
Fallowed by T7 Treatment (Chemical W at 30DAS) i.e. 83.76g
and T1 treatment (weedy) was recorded as lowest plant
height of 75.25g.
Yield attributing characters:-Number of primary branches
per plant:-The data was recorded in Table-4.2.1 it was found
that there was significant difference between the results
got from different treatments and highest number of primary
branches per plant was recorded by T5 (7.79) while minimum
was by T6 (6.59).
Number of secondary branches per plant:-The data was
recorded in Table-4.2.1 it was found that there was
significant difference between the results got from different
treatments and highest number of secondary branches per
plant was recorded by T5 (32.52) while minimum was by T1

(26.07).
Number of siliqua per plant:-There was significant
relationship observed from the analysed data by the different
weed management practices on number of siliqua per plant.
The highest result was recorded by T5 (137.79) treatment
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while lowest number was recorded by T1 (63.68).
Siliqua length (cm):-There was significant effect observed
from the analysed data by the different weed management
practices on siliqua length. The highest result was recorded
by T5 (24.67cm) treatment while lowest number was recorded
by T1 (3.37 cm).
Number of seeds per siliqua:-From the analysed data it
was observed that seed per siliqua was significantly affected
by the different weed management practices. The highest
result was recorded by T5 (22.72) treatment while lowest
number was noted by T1 (14.23).
Test weight (g):-The effect of different weed management
practices on test weight was recorded in Table-4.2.1. The
height test weight was recorded by T5 (3.58g) treatment
and the lowest was recorded by T1 (2.55) treatment (1000
seed weight)
Seed yield (q/ha):-The seed yield from different treatments
was recorded in Table-4.2.2. The data indicated that
maximum seed yield of 13.35q/ha was recorded by T5 and
minimum seed yield (5.27q/ha) was obtained in weedy check.
Stover yield (q/ha):-The Stover yield from different
treatments was recorded in Table-4.2.2. The data indicated
that maximum Stover yield of 17.89q/ha was recorded by T5

and minimum seed yield (7.12q/ha) was obtained in weedy
check.

CONCLUSIONS

The field experiment was carried out during October
2015 to February 2016 at Experimental research fam of
Baghawant University, Ajmer, Rajasthan, to study the
“Integrated weed management in Rapeseed (Brassica
campestris) and Mustard (Brassica juncea. The experiment
was conducted in Randomized Block design with four
replications. Although 8 treatments were selected, the
response of different weed management practices were
measured with weed growth and crop growth attributes,
yield and yield attributes. To get the best responses from
different treatments economics of rapeseed and mustard
was also calculated. Finding derived from various
observations are summarized here under as follows:- (i)
Although 15 weed species were recorded in the experimental
field. The species were Cynodon dactylon, Digitaria
sanguinalis, Elusine indica, Imperata cylindrica, Setaria
glauca, Cyprus rotundas, Amaranthus viridis, Ageratum
cynyzoides, Chenopodiurn album, Euphorbia hirta, Cassia
tora, Chromalaema odorata, Mimosa pudica, Oxalis
corniculata and Sanchus arvensis. (ii) It was recorded that
maximum weeds/m2 in the weedy check at harvest. No weeds
were recorded in weed free plot. (iii) Weedy treatment
recorded the highest weed dry weight production at all the
DAS. (iv) It is evident from the table that weed free treatment
had the highest weed control efficiency (99%) by 1 HW at
25DAS+ Chemical W at 45DAS (v) Minimum plant height
was observed in the weedy plot at different DAS after
sowing which was significantly different from rest of the
treatments. Maximum plant height was observed in 1 HW
at 25DAS+ Chemical W at 45DAS (vi) Maximum number of

leaves per plant was recorded in 1 HW at 25DAS+ Chemical
W at 45DAS at harvest stage. (vii) Highest number of
primary branches per plant was recorded at 1 HW at 25DAS+
Chemical W at 45 DAS at harvest stage while weed free
plot recorded minimum. (viii) Highest number of siliqua/
plant was recorded in 1 HW at 25DAS+ Chemical W at
45DAS at harvest stage while weed free plot recorded
minimum (ix) Highest number of siliqua length recorded in 1
HW at 25DAS+ Chemical W at 45 DAS at harvest stage
while weed free plot recorded minimum (x) Highest number
of seeds per siliqua was recorded in 1 HW at 25DAS+
Chemical W at 45DAS at harvest stage while weed free plot
recorded minimum (xi) The weed free treatment gave highest
test weigh while weedy check gave lowest. (xii) Highest
BCR observed in weeding at 25 DAS. Based upon the
findings following findings may drawn: - (a) The weed
management gives more benefit like better plant
growth, development and yield of Rapeseed and mustard.
(b) Weed had significant effect on both growth and
yield attributing characters. (c) Among the different weed
control measured- one hand weeding at 25 DAS was found
best.
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ABSTRACT

Biofertilizers are microorganisms which conserve and
mobilize the soil nutrients for crop plants, which lead to
long term sustainability in crops. Biofertilizers
Azotobacter and PSB are to be used to get the best result
of nodule formation in soybean plant in the presence of
Rhizobium japonicum which is present in the root nodule.
The two varieties of Glycine max L. JS – 9305 and JS –
9560 were taken in nodulation. In the present study the
comparative effect of biofertilizers Rhizobium ,
Azotobacter, PSB single treatment of 20 gm as well as
mixed strain of Rhizobium + Azotobacter 20 gm + 20 gm,
Rhizobium + PSB 20 gm + 20 gm and Azotobacter + PSB
20 gm + 20 gm. On nodulation in soybean plant. The highest
number of nodules observed in mixed strain of Rhizobium
+ PSB, Rhizobium + Azotobacter and Rhizobium alone in
both varieties of Glycine max L. The highest fresh weight
(gm) of nodules were observed in the treatment of
Rhizobium + Azotobacter and the dry weight of nodules
also in same pattern as that of nodules fresh weight (gm).
The maximum colony farming unit (CFU) counts were
observed in plant treated with Rhizobium + PSB in both at
pod filling stage and harvesting stage in both varieties of
Glycine max L.

Key words Rhizobium,Azotobacter, PSB nodules, NFW,
NDW,CFU

Biofertilizers are now-a-days most advance and
pollution free agriculture. These bioorganic fertilizers can
increase the production of crop plant quality and it is
responsible with good agriculture environment. Now-a-
days these biofertilizers used with excellent results in all
types of crop plants. Biofertilizers are best described are
microorganisms which conserve and mobilize the soil
nutrients for crop plants.

This efficient management of these crop nutrients
lead to long terms sustainability in crop production. They
are eco-friendly, non hazardous and non toxic. Azotobacter
and phosphate solubilizing bacteria (PSB) are presently
being used as biofertilizers, Kannaiyan et al., 2004.
Nitrogenous and phosphate biofertilizers are to be used to
produce plant growth promoting substances. Rhizobium
is a genus of Gram negative soil bacteria which fix
atmospheric nitrogen symbiotically with a paplionaceous
plants and form root nodules where the bacteria reside.
Azotobacter is a non symbiotic biofertilizer used world wide
for plant culture. It is free living gram negative nitrogen

fixing bacteria, which fixes 20-30 kg. N/hectare and can be
used in various plants also it protects roots of plant from
pathogenic attack which are present is soil. Phosphorus is
an important plant nutrient which help in root formation
and plant growth and there by better vegetative growth
and yield. The phosphate solubilizing bacteria solubilize
the phosphate and increase uptake efficiency of
phosphorus to plants. Phosphate is available in soil in
soluble form. Phosphate solubilization by these
microorganisms is brought about by chelating effect and
production of organic acids.

Soybean (Glycine max L.) belong to family fabaceae
is a globally important oilseed crop and source of high
quality protein for human consumption, used as fodder for
animal and is also important in improved crop rotation
system (Carsky et al., 1997).

Rhizobium japonicum remains with soybean plant in
symbiotic association can fix 200 kg N/ha-1/yr-1 (Smith and
Hume, 1987). Nodulation of soybean requires specific
Rhizobium species (Abidoo et al., 2007). The symbiosis
between soybean and Rhizobia results from a complex
process involving many genes of both porterns that lead
to the formation of N2 fixing nodules in root (Provorov and
Vorob; ev, 2000).

The present study role of Biofertilizers (Azotobacter
and PSB) on nodule formation in Glycine max L. in the
presence of Rhizobium japonicum L.

MATERIAL AND METHOD

Material:- Two common cultivars JS – 9305 and JS – 9560
of Central India of Glycine max L. Merril (Soybean) were
collected from Sehore Agriculture College Sehore which is
commonly grown black cotton soil around Bhopal.
Biofertilizers, Rhizobium japonicum,  Azotobactor
chroococcum and PSB Pseudomonas putida (Phosphate
solubilizing bacteria) and their co-inoculation were mixed
strain, used in soil inoculation collected from M.P. Agro
industries, Bhopal
Experimental site:- Two experiments were conducted, one
in Botany department Laboratory of Saifia Science College,
Bhopal i.e. pot experiment and second field experiment,
simultaneously in middle June to September during 2011
and 2012.

Black soil was used for better healthy growth of this
crop. Such soil samples were collected from 0-15 cm. depth
with the help of soil anger. The samples were air dried,
ground with wooden hammer, siever and used. Before
sowing the selected seeds of Glycine max L. (Merril) variety
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N/p = Nodulation per plant
NFW = Nodules fresh weight
NDW = Nodules dry weight.

Table 1. Effect of different doses of biofertilizers (Rhizobium, Azotobacter and PSB) and their combination on the
Nodule characters (N/plant; NFW and NDW)  in two varieties of soybean (Glycine max L. Merril.)

S.No. Treatments of Biofertilizers Doses 
N/plant NFW 

(g/plant) 
NDW 

(g/plant) 

Variety – JS - 9305 

1. Control (uninoculated) - 20.0 0.0 0.00 

2. Rhizobium 20 gm 58.4 13.21 2.30 

3. Azotobacter 20 gm 20.0 0.52 0.02 

4. PSB 20 gm 00.3 0.00 0.00 

5. Rhizobium + Azotobacter 20+20 gm 69.2 14.70 3.60 

6. Rhizobium + PSB 20+20 gm 70.1 15.56 3.96 

7. Azotobacter + PSB 20+20 gm 00.6 0.00 0.00 

  CD =  1.12 0.04 0.03 

  SE ± =  0.01 0.02 0.01 

   Variety – JS - 9560 

1. Control (uninoculated) - 0.0 0.0 0.0 

2. Rhizobium 20 gm 59.3 13.68 2.91 

3. Azotobacter 20 gm 0.0 0.0 0.0 

4. PSB 20 gm 0.0 0.0 0.0 

5. Rhizobium + Azotobacter 20+20 gm 70.31 14.86 3.63 

6. Rhizobium + PSB 20+20 gm 78.12 15.82 3.98 

7. Azotobacter + PSB 20+20 gm 0.3 0.0 0.0 

  CD =  1.01 0.03 0.04 

  SE ± =  0.03 0.01 0.01 

 

JS-9305 and JS-9560 were treated with fungicide i.e. 1%
sodium hypochloride for 10 minutes then soilinoculated
with Rhizobium, Azotobacter and PSB culture 20 gm
individually and mixed strain of Rhizobium + Azotobacter,
Rhizobium + PSB and Azotobacter +PSB, 20+20 gm. seeds
respectively. First the soil inoculated with biofertilizers and
seeds of pot and field experiments with their control
(uninoculated) woven in, in pot experiments 24" pots were
taken, number of treatments were 6+1=7, depth of sowing
of treated seeds was 1.5 to 2.0 cm and total number of
replicated were three while in field experiment, the treated
seeds of soybean two varieties JS – 9305 and JS – 9560
were sown in randomized block design. After 15 days
germination thinning was done to maintain uniformity and
desirable plant population. To protect the crop from weed
interaction, first and second hand weeding was done 15
days and 30 days after spraying theydon 35 EC @ 10 ml/10
liters twice after 25 days and 50 days of seed germination.

Three replicated plants of each inoculation were
uprooted from the center of plots and pods at maturity of
plants. Nodules were separated from roots and counted
data averaged on per plant basis. Averaged number of
nodules per plant counted and weighted to known the fresh

weight of nodules per plant in gm. calculated Number of
nodules on root per plant count and were dried at 70 oC for
24 hours, dry weight of nodules per plant in gm. calculated.

Colony forming unit (CFU-1) count in soil. Rhizobium
and Azotobacter in 1 gm soil were determined by plating
0.1 ml of tenfold serial dilution on (YMA) yeast manitol
agar medium. YMA contain congo red. For (PSB) phosphate
solubilizing bacteria media contain Ca3(PO4)2 1.25 gm,
Glucose 2.5 gm, (NH4)2SO4 0.05 gm, MgSO4 6H2O 0.025 gm,
KCl 0.05 gm, yeast extract 0.025 gm, agar 4.5 gm, NaCl 0.09
gm and MnSO4 as trace element in 250 ml distilled water
(Somasegran and Hoben 1985). Number of bacteria per gm
soil was calculated from the colony forming units obtained
on plates (James, 1978).

RESULTS AND DISCUSSION

The present study effect of non symbiotic
biofertilizers (as a microbes) on nodulation in Glycine max
L. in the presence of Rhizobium japonicum a symbiotic
microb. Rhizobium japonium lives in root nodules of
soybean, forms the nodules and fix atmospheric N2
symbiotically. Azotobacter chrooccocum non symbiotic
biofertilizer, which fix the atmospheric N2, in soil
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independently. Phosphate solubilizing bacteria (PSB) which
are Pseudomonas straita, Pseudomonas putida convert
the insoluble phosphate into soluble forms. Nodule number
per plant, the best response was recorded in treatments of
Rhizobium + Azotobacter, Rhizobium + PSB and Rhizobium
= 69.2, 70.1 and 58.4 in the variety of JS – 9305 and 70.31,
78.12 and 59.3 in the variety of JS-9560 respectively. In other
treatments nodulation per plant not significantly effected.
Lowest number of nodulation per plant under the PSB
treatment in both varieties which is less than control 14.3
and 15.12 in comparison of control 20.0 Table-1

The fresh weight of nodules (NFW) per plant when
plant become mature, highest fresh weight observe under
Rhizobium + Azotobacter 20+20 gm it was 14.70 gm in
variety JS-9305 and 14.86 gm in variety JS-9560 against their
control 13.32 gm respectively which was minimum, while
under the treatments of Azotobacter + PSB and PSB alone
also it was more less equal to control (Table -1).  Nodules
Dry weight (NDW) also in same pattern as that of nodules
fresh weight. (NFW). The highest dry weight under
Rhizobium + Azotobacter, 3.60 gm and Rhizobium + PSB
3.96 gm in variety JS-9305 and 3.63 gm and 3.98 gm in variety
JS-9560 minimum in control 0.20 and 0.21 respectively. The
maximum CFU (colony forming unit) counts were observed
in plant treated with Rhizobium + PSB at pod filling stage
and harvesting stage in both varieties of Glycine max L. In
variety JS -9305 under Rhizobium +PSB mixed strain was
9.14x104 and 8.72x104 at pod filling stage and harvesting
stage respectively.

In variety JS-9560 highest CFU counts under same

mixed strain it was 9.81 x 104 and 6.83x104 respectively.
The present investigation is carried out to evaluate

reliable information for the effect of biofertilizers, Rhizobium,
Azotobacter and PSB individual, treatment and their mixed
strains Rhizobium + Azotobacter, Rhizobium +PSB and
Azotobacter + PSB on two cultivars of Glycine max. L. i.e.
JS-9305 and JS-9560 were taken in nodulation. Nodulation
i.e. development of nodules, nodules per plant, their flesh
weight and dry weight is one of the important characteristic
which influence the growth and yield because of nodules
content N2 fixation bacteria which increase the N2 content
of soil finally N2 as a fertilizer. But when PSB is given with
Rhizobium as mixed strain PSB increase free phosphorus
content with micro-nutrients in soil and these utilize by
crop plants. Highest nodules observed in mixed strain of
Rhizobium and PSB, Rhizobium and Azotobacter and
Rhizobium alone.

They also secret the growth hormones and some
growth promoting substances which also induce root
formation and growth of root. Highest nodules in
Rhizobium and PSB mixed strain in both varieties of Glycine
max L. Similar results observed by Cobera, 1998. Maximum
dry weight of nodules per plant increased significantly with
Rhizobium + PSB 10 – inoculation treatment, Phosphorus
has specific role in nodules initiation, growth and function
of nodules and host plant also. (Table-1) In both varieties
of Glycine max L. JS-9305 and JS-9560 CFUg-1 (Colony
forming unit) increase in mixed strain of Rhizobium + PSB.
The results CFUg-1 count of all the individual and mixed
strain are presented in (Table-2) in both varieties of soybean,

Table 2. Effect of different doses of biofertilizers (Rhizobium, Azotobacter and PSB) and their combination on CFU
(Colony forming units) at pod filling stage and at time of harvest in two varieties of soybean (Glycine max L.
Merril.)

S.No. Treatments of Biofertilizers Doses 

CFU g-1 count in soil (Colony forming unit) 

Pod filling stage At time of harvest 

Variety – JS - 9305 

1. Control (uninoculated) - 1.21 x 104 1.01 x 104 

2. Rhizobium 20 gm 6.36 x 104 5.48 x 104 

3. Azotobacter 20 gm 3.62 x 104 3.01 x 104 

4. PSB 20 gm 3.52 x 104 2.80 x 104 

5. Rhizobium + Azotobacter 20+20 gm 8.58 x 104 8.86 x 104 

6. Rhizobium + PSB 20+20 gm 9.14 x 104 8.72 x 104 

7. Azotobacter + PSB 20+20 gm 3.76 x 104 2.02 x 104 

   Variety – JS - 9560 

1. Control (uninoculated) - 1.32 x 104 1.01 x 104 

2. Rhizobium 20 gm 6.32 x 104 5.72 x 104 

3. Azotobacter 20 gm 2.73 x 104 2.13 x 104 

4. PSB 20 gm 2.48 x 104 2.51 x 104 

5. Rhizobium + Azotobacter 20+20 gm 7.42 x 104 6.92 x 104 

6. Rhizobium + PSB 20+20 gm 9.81 x 104 6.83 x 104 

7. Azotobacter + PSB 20+20 gm 3.78 x 104 2.12 x 104 
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JS-9305 and JS-9560 in pod filling and at maturity in mixed
strain of Rhizobium and PSB because phosphorus play
key role in improving the density of Rhizobium in the soil
surrounding the root (Anonymous, 1999; Van Elsas and
Overbeak, 1993). The reason of this increase is also due to
soil amendment, such as manure, lime and phosphate and
by level of fertility because nutrient level effects Rhizobial
viability (Hirsch, 1996).

LITERATURE CITED
Abaidoo, R.C.; Keyser, H.H.; Singleton, P.W.; Dashill, K.E. and

Sanginga, N. 2007. Population size distribution and symbiotic
characteristics of indigenous BradyRhizobium Sp. that nodulate
tax soybean genotype in Africa. Appl. Soil Sci. Eco. 35: 57-67.

Anonymous, 1999. Effect of phosphorus on Nitrogen fixation. 83:
30-31.

Carsky, R.J.; Abiadoo, R.; Dashiell, K.E. and Sanging, N. 1997. Effect
of soybean on subsequent maize grain yield in Guinea savannah
of West Africa. Afr. Crop. Sci. J., 5: 51-39.

Corbera,J.1998. Coinoculation BradyRhizobium japonicum
micorrhiza vericulorbuscular, comofuente alternative

fertilization para el cultivo de La soya. Cultivar Tropicals. 19: 1,
17-20.

Hirsch, P.R. 1996. Population dynamics of indigenous and genetically
modified rhizobia in the field. New phytol. 133: 159-174.

James, G.C. 1978. Natalic Shermon Rockland community college,
State university of New York. The Benjamin / Coming Publishing
Company. Inc. pp. 75-80.

Kannaiyan, S.; Govindrajan, K. and Govindarajan, K. 2004.
Biofertilizer technology for rice based cropping system. Scientific
Pub. (India). Jodhpur. p.16.

Provorov, N.A. and N.I. Vorob’ev. 2000. Evolutionary genetics of
nodule bacteria: Molecular and populational aspects, Russ. J.
Genet. 36: 1323-1335.

Samosegaran, P. and Hoben, H. 1985. Legume Rhizobium
Technology Manual Nif. Tal Hii.

Smith, D.L. and Hume, D.J. 1987. Comparison of assay methods for
N2 fixation utilizing while bean and soybean. Can. J. Plant Sci.
67: 11-19.

Van Esas, J.D. and Overbeak, L.S. 1993. Bacterial responses to soil
stimuli. In: starvation in bacteria (Ed.): S. Kjellebeg New York,
N.Y.: Prenum Press; pp. 55-79.

Received on 09-03-2017 Accepted on 16-03-2017



Phenotypic Evaluation of Rice Genotypes for High Temperature Stress for
Combating Future Climate Change
P.S. ABIDA1 , T.T. PREETHY1, BAVEESH PUDHUVAI1, K.V. FASEELA1, P. SINDHUMOLE1, M.C. NARAYANANKUTTY1

AND D. SUBRAMANYAM2

1Regional Agricultural Research Station, KAU, Pattambi Kerala
2Directorate of Rice Research, Hyderabad
email : abidaps@gmail.com

Trends in Biosciences 10(11), Print : ISSN 0974-8431, 2011-2014, 2017

Global warming is the major constraint bound with
the cultivation of agricultural crops. Over the hindmost
century, the average global temperature of our planet has
raised to the temperature approximately 1oC (33.8oF) and is
projected to rise at an increasing rate over the upcoming
centuries. The global warming is rapidly increasing due to
irreversible problems induced by human nterventions in
land, water and air. The phenology i.e., shifting of the time
pattern parallel to the climate also has a vulnerable change
in the ecosystems. The Fifth Assessment Report of IPCC
had reported that if same energy path is continued, then
our global temperature may rise up to 6.4oC (43.52oF)
((AR5)IPCC Press Release: 14 April, 2016). Such a drastic
increase in temperatures may result in irreversible changes
in the growth and advancement of plants (Wahid et al.,
2007). In Rice, it is reported that curtailment in the yield is
about 7-8% for every 1oC increase in day temperature (Baker
et al., 1992). In subsequent generations if the change in
climate continues, then the current cultivated varieties of
rice would report in their yield reduction up to 40% (Horie
et al., 1996).

Rice as a cereal is the most devoured staple food for
nearly about 90% population, especially in the largest
continent, Asia. The critical growth stages like panicle
initiation, flowering, and grain filling are presently exposed
to increased temperatures than critical threshold levels in
Southern and Southeast Asian countries (Wassmann et al.,
2009). The abiotic stress induced damages in rice are mostly
categories under the increase in temperatures. High
temperature stress induced losses were observed in many
tropical and subtropical countries like India, Pakistan,
Bangladesh, China, Bhutan, Nepal, Myanmar, Sri Lanka,
Sudan and in some other African countries (Matsushima et
al., 1982; Osada et al., 1973). Six extreme events of loss in
rice crop were reported during the last five decades in China
resulting in enormous irrevocable losses in yield
(Tian et al., 2009). Due to heat wave of temperature
ranging 38oC continuously for a time duration of
more than 20 days resulted in the loss of 3 million
hectares of rice and about 3.18 million tons in 2003 in
China (Li et al., 2004; Xia and Qi, 2004; Yang et al., 2004).
As tropical Asian countries are the highly prolific in the
rice production, the high temperature stress is a grave
menace for cultivation of rice. The supremacy over the
climate cannot be attained sooner or it takes a prolonged
span of centuries together. So the tolerance to high
temperatures should be integrated into the plants through
plant breeding methods.

The tolerance to high temperature stress can be highly
seen in cultivated rice than many other crops like wheat,
maize, sorghum etc. Even though many rice cultivars are

subtle to high temperatures during their growth stages.
The existence of genetic variability in the present day
genetic resources helps in the transfer of tolerance
characters (Prasad et al., 2006; Matsui and Omasa, 2002).
This perspective is necessary for screening the rice
germplasm for heat tolerance which would be well adapted
for the present day and ascending future high temperature
ecosystems.1089 rice accessions collected from different
parts of the world are evaluated for heat tolerance and 704
accessions were screened for wide ranges of high
temperature stress (Sarwar and Avesi, 1985). Jagadish et
al., 2010 had recognized a heat tolerant accession (Nagina
22) and it has been used as check variety for many studies
of heat tolerance.

The crop productivity is highly pretentious when the
critical growth stage of the crop and temperature extremes
in the climate are at equal proportions. Hall, 1992 had
identified that the temperatures threatens the reproductive
phase in many crop species than the vegetative phase. But
in rice, all the developmental stages are affected by increased
temperatures.Yoshida et al., 1981 stated that the high
temperatures affect anther dehiscence, pollination, pollen
germination, pollen tube growth which in turn leads to the
losses in yield. There is an utmost necessity for the
integration of heat tolerance traits with the cultivated rice
varieties. So, the present investigation is aimed to evaluate
the twenty five rice accessions for heat tolerance by
morphological characterization.

MATERIALS AND METHODS
In the present investigation, a field experiment

was carried out at the Regional Agricultural Research
Station Pattambi, Kerala, India during the Kharif season in
the year 2015-16.The Farm is located at latitude of 10.80 55o

N and longitude of 76.1863oE along with the altitude of 63m
above the mean sea level.The soil status of experimental
site was Clay loam soil, well fertile and free from perennial
weeds.

The experiment was carried out with twenty four
genotypes obtained from DRR-Hyderabad in two main
treatment plots i.e, under the heat stress with the
temperature range of 38/21 ± 2-5oC day/night in Poly house
from the ambient temperature and under normal
environmental conditions in open field The temperature
and humidity were recorded using Digital Thermo-Hygro
meter both in polyhouse and open conditions during the
entire crop growth. In Rice especially, the reproductive
stage is very sensitive to the heat stress. So the selected
varieties were evaluated at booting and flowering stages
for both the treatments. The Spikelet fertility was used to
evaluate the heat tolerance of each variety.
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RESULTS AND DISCUSSION stress. When coming to the interaction effect, days to
flowering, days to maturity and number of tillers per hill are
not showing significant difference. Ie. The total effect of
variety and stress condition is not capable of giving
significant difference in characters such as days to
flowering, days to maturity and no. of tillers/hill.

Main treatments

All the characters studied are significantly different
in sub treatments (varieties). Days to flowering and number
of filled grains/ panicle are not significantly different when
comparing main treatments (control with heat stress
condition). Ie. These characters are least influenced by heat

Sl.
No. 

Characters Main 
treatments 

Sub 
treatments 

Interaction 

1. Days to flowering N.S S N.S 

2. Days to maturity S S N.S 

3. No. of tillers/hill S S N.S 

4. No. of panicles/ 
m2 

S S S 

5. No. of filled 
grains/panicle 

N.S S S 

6. No. of unfilled 
grains/panicle 

S S S 

7. 1000 grain wt. S S S 

8. TDM(g/m2) S S S 

9. Grain yield 
(g/m2) 

S S S 

 

Sl. 
No. 

 Control Heat 
stress 

CD 5% CD 1% 

1. Days to 
maturity 

293.667 283.292 1.324 6.631 

2. No. of 
tillers/hill 

42.208 41.542 3.706 18.567 

3. No. of 
panicles/m2 

683.708 652.792 68.295 342.156 

4. No. of unfilled 
grains/panicle 

62.799 36.700 79.097 396.275 

5. 1000 grain wt. 33.146 36.326 6.206 31.090 

6. TDM(g/m2) 4067.542 4348.375 696.712 3490.526 

7. Grain yield 
(g/m2) 

271.667 315.750 154.590 774.494 

 

These are the characters which are significant in main treatments.

Sub treatments (descending order)

Sl. No. Days to 
flowering 

Days to 
maturity 

No. of 
tillers/hill 

No. of 
panicles/m2 

No. of filled 
grains/panicle 

No. of unfilled 
grains/panicle 

1000 
grain wt. 

TDM(g/m2) Grain yield 
(g/m2) 

1. 185 
(IET 
23392) 

300 
(IET 
23392) 

54.5 
(NDR-97) 

753 (IET 
23996) 
 

204.298 
(IET 23957) 

105.85 
(N-22) 

39.035 
(IET 
23996) 

6433.5 
(IET 23356) 

419.5 
(IET 
23339) 

2. 181 
(DRRH-
108) 

296 
(IET 
23339) 

54.5 
(PA-6129) 

735  (N-22) 
 

200.5 
(Somali) 

104.734 
(IET 23996) 

37.815 
(IET 
23392) 

6375 
(DRRH-
107) 

406 
(IET 
24082) 

3. 180 
(IET 
23951) 

295.5 
(IET 
23356) 

53.5 
(IET 23949) 

708  (IET 
24075) 
 

186.9 
(IET 23976) 

70.105 
(IET 23339) 

37.655 
(IET 
23976) 

5285.5 
(IET 23996) 

400 
(IET 
23392) 

4. 177 
(IET 
23339) 

294 
(IET 
23949) 

50.5 
(IET 23951) 

704.5 (IET 
23951) 
 

182.85 
(GQ-25) 

67.65 
(IET 24082) 

37.5 
(N-22) 

5162.5 
(N-22) 

387.5 
(DRRH-
108) 

5. 176.5 
(IET 
24075) 

293 
(DRRH-
108) 

49 
(IET 23947) 

700 (Tulasi) 
 

180.55 
(IET 23339) 

58.06 
(IET 24075) 

36.7 
(IET 
24082) 

4521.5 
(IET 23339) 

327 
(IET 
23951) 

6. 176 
(DRRH-
107) 

292 
(IET 
23947) 

49 
(Govind) 

698.5 (IET 
23979) 
 

178.912 
(IET 24075) 

55.35 
(Tulasi) 

36.526 
(IET 
23979) 

4432.5 
(IET 23392) 

320 
(IET 
23356) 

7. 175.5 
(IET 
23356) 

291.5 
(IET 
23957) 

47.5 
(IET 23976) 

695  (IET 
23947) 
 

173.35 
(Tulasi) 

52.41 
(IET 23356) 

36.258 
(IET 
23339) 

4425 
(IET 24082) 

317.5 
(PA-6129) 

8. 173.5 
(IET 
23947) 

291.5 
DRRH-
107 

46 
(IET 23979) 

695 (PA-6129) 
 

172.65 
(IET 23356) 

50.35 
(DRRH-107) 

36.2 
(GQ-25) 

4314 
(IET 23951) 

312.5 
(IET 
23957) 

9. 173 
(IET 
23996) 

291 
(IET 
23354) 

45 
(IET 23339) 

695 
(Sabagidhan) 
 

171.9 
(IET 24082) 

49.8 
(Somali) 

35.975 
(IET 
23957) 

4175 
(DRRH-
108) 

310.5 
(Somali) 

10. 172 
(IET 
23354) 

291 
(IET 
23976) 

45 
(GQ-25) 

693 (IET 
23392) 
 

165.5 
(DRRH-107) 

49.535 
(IET 23957) 

35.865 
(IET 
23356) 

4125 
(PA-6129) 

307.5 
(DRRH-
107) 

CD 5% 5.958 4.969 8.388 46.917 51.584 22.912 2.474 985.005 74.143 
CD 1% 7.952 6.632 11.197 62.626 68.855 30.583 3.302 1314.808 98.967 
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Days to flowering and days to maturity is highest for IET 23392. However IET 23392 is on par with DRRH-108 for the
character days to flowering and IET 23339 for the character days to maturity. 1000 grain weight and number of panicles \m2
is highest for IET 23996.

Interaction (c=control, h – heat stress) descending order

Sl. No. No. of 
panicles/m2 

No. of filled 
grains/panicle 

No. of unfilled 
grains/panicle 

1000 grain wt. TDM(g/m2) Grain yield (g/m2) 

1. 398 
IET 24075 (c) 

109.5 
IET 23339 (c) 

73.5 
N-22 (c) 

20.515 
IET 23392 (h) 

3687 
IET 23356 (c) 

234 
IET 23339 (c) 

2. 395 
Tulasi (c) 

76.25 
IET 23354 (c) 

72.995 
IET 23996 (c) 

20.36 
IET 23947 (h) 

3637.5 
DRRH-107(c) 

233.5 
IET 24082 (c) 

3. 393.5 
IET 23356 (c) 

63.65 
IET 23356 (c) 

51.885 
IET 24075 (c) 

20.32 
IET 23996 (c) 

2880.5 
IET 23996 (c) 

224 
IET 23392 (c) 

4. 385 
DRRH-107 (c) 

37.7 
IET 23392 (c) 

51.655 
IET 23339 (c) 

20.115 
IET 24075 (h) 

2850 
N-22 (c) 

220 
DRRH-108 (c) 

5. 380 
IET 23996 (h) 

29.5 
IET 23947 (c) 

50.8 
IET 24082 (c) 

19.885 
IET 23976 (h) 

2746.5 
IET 23356 (h) 

185.5 
IET 23339 (h) 

6. 373 
IET 23996 (c) 

25 
IET 23949 (c ) 

49.65 
Tulasi (c) 

19.85 
N-22 (c) 

2737.5 
DRRH-107(h) 

179 
IET 23951 (h) 

7. 370 
Sabagidhan (h) 

47.5 
IET 23951 (c ) 

41.5 
Somali (c) 

19.72 
IET 23356 (h) 

2669 
IET 23339 (h) 

176 
IET 23392 (h) 

8. 370 
N-22 (h) 

88.5 
IET 23957 (c) 

40.125 
IET 23957 (c) 

19.5 
IET 24082 (c) 

2612.5 
IET 24082 (h) 

175 
PA-6129 (h) 

9. 369 
IET 23979 (h) 

124.5 
IET 23976 (c) 

34.535 
IET 23356 (h) 

19.048 
IET 23339 (c) 

2611 
IET 23979 (h) 

173 
IET 23356 (h) 

10. 368.5 
IET 23947 (h) 

37.95 
IET 23979 (c) 

33.5 
DRRH-107 (h) 

19 
DRRH-108(h) 

2575 
Sabagidhan(h) 

172.5 
IET 23947 (h) 

CD 5% 66.351 72.950 32.402 3.498 1393.008 104.853 

CD 1% 88.566 97.376 43.251 4.670 1859.420 139.961 

 
The magnitude of all significant characters is highest

in control condition except 1000 grain weight. This trend
can be seen up to 4th position. For 1000 grain weight, among
the first four positions, three varieties are from heat stress
condition. This trend is also seen in main treatments. Number
of filled grains/ panicle is highest in open condition and
first 10 positions are for varieties raised in open condition

From the interaction effect, we can select suitable
varieties which are tolerant to heat stress for further
breeding programmes. Here 10 varieties selected from each
character based on its observations by analyzing its
performance in heat stress and control condition. From this
it possible select varieties which are responded well to heat
stress condition.

From this study, the selected varieties are IET 23996,
Sabagidhan, N-22, IET 23979, IET 23947, IET 23356, DRRH-
107, IET 23392, IET 24075, IET 23976, DRRH-108, IET 24082,
IET 23339, IET 23951 and PA-6129

The evaluation of Heat stress tolerance is important
for the breeding of new varieties for the areas affected by
high temperatures during the seasons of Rice growth and
cultivation. The previous heat tolerant varieties were
identified by findings of (Satake and Yoshida, 1978; Matsui
et al., 1997, 2001; Jagadish et al., 2008.) In the current study,
25 varieties were screened and observed a few of them
showing the tolerance to heat stress. The Nagina 22 was
reported as one of the most heat tolerant varieties (Jagadish

et al., 2010.) and had showed good amount of spikelet
fertility in our study.

The reproductive growth phase starts after the
tillering stage in rice and can be characterized by the
booting, heading and flowering of the spikelets in panicle
(Yoshida et al., 1981). The reports explains that rice plant is
more sensitive to high temperature at flowering time and
secondly at the booting stage which 8-9 days before the
heading and the high temperature before the anthesis
resulted in low spikelet fertility by finding of Satake and
Yoshida 1978. The decrease in pollen shedding and viability
of pollen grains and lower count of germinated pollen on
stigma resulted in spikelet sterility which was induced due
to increase in high temperature stress (Prasad et al., 2006;
Matsui et al., 2000, 2001; Satake and Yoshida, 1978). High
temperature at both the booting and flowering stages
reduces the spikelet fertility, but the mode of action is
different. That is, during the booting stage, fertility of pollen
grains is reduced and while at the flowering stage, the
number of pollen grains shedding on stigma and the
germination of the pollen grains is reduced. In the present
investigation, IET 23996, Sabagidhan, IET 23979, IET 23947,
IET 23356, IET 23392, IET 24075, IET 23976, DRRH-108, IET
24082, IET 23339 and IET 23951 were tolerant at booting
stage andDRRH-107, PA-6129 varieties had showed
significant tolerance at flowering stage and N-22 at both
the stages of crop.
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ABSTRACT
The agricultural markets provide a platform to the farmers
for their produce to fetch remunerative prices which make
their role important. The establishment of efficient
marketing system is a matter of concern among the policy
makers. After independence, government has taken many
initiatives in this direction viz. APMC act, Mandi Model
act 2003, e NAM etc. The present paper tries to explore
the perception of farmers with respect to existing and new
agricultural marketing system and consumers’ perception
with respect to modern organized retail using structured
survey method. The study is based on the survey of a total
of 140 farmers, 20 traders and 20 consumers covering
three districts of Uttar Pradesh, namely, Varanasi,
Azamgarh and Gazipur.  The study has argued that
improvement in the marketing system can only be done
through assessing the flaws in present system by taking
into account farmers’ perception and also through
understanding the expectations of consumers from
agricultural markets. The study reveals that on an average,
farmers are not satisfied with the marketing practices in
regulated markets. On the other hand, consumers are
very much satisfied with the modern organized retail. The
study suggested that market committee should improve
the cleaning/grading mechanism, boarding/ lodging and
other marketing procedures and also check the exploitative
behavior of the traders and maintain the transparency
regarding price information. The constraints with e NAM
in stakeholders’ perspective suggest that creating proper
infrastructure and capacity building of the stakeholders
for the success of the system. It also suggests encouraging
public private partnership in the agricultural marketing
and moving towards modern organized retailing.

Key words Regulated Markets, Organized Retail,
Agriculture Market, Farmers’ perception

In India, agricultural marketing as a concept is still
evolving and there is a need to understand that the
marketing of agricultural commodities is as crucial as its
production. The concern of Indian agriculture is not
production but the management of the produce (Rehman
and Selvaraj, 2013). There are several factors viz.
perishability, seasonality, bulkiness etc which make the
agricultural marketing different from marketing of other
products. The same factors are responsible for high degree
of risk involved in marketing of agricultural commodities.
The production fluctuations and unorganized activities
make marketing of agricultural commodities an uncertain
game. A lot of agricultural produce gets wasted as there are
still poor infrastructure facilities to support the agricultural
management after its production (Bhattacharaya, et al.,

2005). An efficient agricultural marketing system plays vital
role in stabilizing consumer prices, reducing post harvest
losses and improving farmer’s income. The development in
agriculture can only be takes place when production and
marketing go hand in hand. Thus, market reforms ought to
be an integral part of any policy for agricultural development
(Archarya and Agarwal).

The marketing infrastructure and facilities are the
integral part of an efficient marketing system. Several
studies from India have shown that improvement in market
facility increases volume of trade at the market and
improvement in transport infrastructure is found to result
in change in cropping pattern and agricultural productivity
(Gandhi, 2006 and Rehman et al, 2013). In post independence
era, the government has taken several initiatives to improve
the agricultural marketing and one of them is the
establishment of regulated market. Government of India
circulated a Mandi Model 2003 to all states with suggestion
to amend Agricultural Produce Market Committee (APMC)
Act in line with the Mandi Model Act. Marketing of
agricultural produce in the Uttar Pradesh is regulated under
APMC Act 1964. There are 250 regulated markets spread
over 75 districts of the state where 2.5 percent mandi fee is
charged. Government of Uttar Pradesh has not yet amended
its APMC Act in line with the Model Act 2003. Another
initiative taken by the government recently is the launch of
e-NAM (National Agricultural Marketing) on 14 April, 2016.
e-NAM is an online portal for trading agricultural produce.
It is initially enabled in eight states and Uttar Pradesh is
one of them. The main aim of the initiative is to provide
transparency in prices by removing information asymmetry
between sellers and buyers.

An appropriate strategy is formulated only by
continual flow of advice, information and assessment of
the existing system. Every system generates impulses as a
result of environmental changes and these impulses have
to be observed, recorded, analyzed and interpreted for the
benefit of the policy makers (Anonymous). The present
study on the existing and new agricultural marketing system
is important for an understanding of the complexities
involved and the identification of bottlenecks with a view
to provide better marketing system to all the stakeholders.
Thus, further improvement in the existing marketing system
can be done by assessing the farmers’ and traders’
perception on marketing system and also by taking into
consideration the consumers’ view towards modern
organized retail. Keeping in view the above background,
this study makes an attempt to achieve the following
objectives:
(i) To assess the farmers’ perception on existing

marketing system.
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Particulars Highly satisfied 
(%) 

Satisfied 
(%) 

Highly dissatisfied 
(%) 

Undecided 
(%) 

Marketing procedure and mechanism 11 23 66 0 

Weighing of produce (weighing system)  36 63 1 0 

Auction platform 31 62 7 0 

Cleaning and grading mechanism 0 4 86 10 

Marketing fee 4 94 2 0 

Behaviour of market officials 0 33 49 18 

Availability of storage and godowns 0 59 26 15 

Cold storage/ ware houses 0 62 24 14 

Marketing mgmt during rainy season 3 92 5 0 

Payment mechanism 17 73 10 0 

Transparency regarding prices 0 2 98 0 

Exploitative practices by traders, if any 0 2 98 0 

Boarding / lodging 0 11 75 14 

Cleanliness in the market 0 0 91 09 

Market inform sharing among the farmers 0 17 74 9 

 

Table 1. Farmers’ Perceptions regarding marketing system (N=140):

Source: Authors’ own calculation based on surveyed data

Sources of Price Information % Sources of Price Information % 

Local Mandi 4 Bulletin/ Magazines 34 

Regulated mandi 0 Farmers’ fair 22 

Traders 98 KVK 28 

Fellow farmers 84 Kisan call center 0 

Private companies 4 e- chaupal 0 

Cooperative societies 0 SMS 2 

TV 72 AGMARKNET 0 

Radio 8 Pre harvest/ post harvest contractor 26 

News paper 88 Input Suppliers 54 

 Source: Authors’ own calculation based on surveyed data

Table 2. Farmers’ Perception regarding Sources of Price Information (N=140):

(ii) To identify the constraints of newly launched e NAM
system from stakeholders’ perspective.

(iii)  To analyze the consumers’ perception towards
modern organized retail.

MATERIALS AND METHODS
The primary data was collected from randomly

selected 140 farmers, 20 consumers and 20 traders from
Varanasi, Azamgarh & Gajipur districts of Uttar Pradesh.
Descriptive statistics were used to assess the farmers’,
traders’ and consumers’ perception. The study was
undertaken on various aspects viz. perception of farmers
regarding marketing system, sources of price information
and reliability of price information. The consumers were
also interviewed to understand their perception regarding
modern organized retail.

To study the constraints of e-NAM, Garrett ranking
technique was used. As per this method, respondents have
been asked to assign the rank for all constraints and the

outcome of such ranking has been converted into score
value with the help of the following formula:

Percent position = 100 (Rij – 0.5)/Nj

where,
Rij = Rank given for the ith variable by jth respondents
Nj = Number of variable ranked by jth respondents
With the help of Garrett’s Table, the percent position

estimated is converted into scores. Then for each constraint,
the scores of each individual are added and then total value
of scores and mean values of score is calculated. The
constraint having highest mean value is considered to be
the most important..

RESULTS AND DISCUSSION

Farmers’ Perspective towards existing Marketing
System

Farmers are the main stakeholders of any agricultural
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marketing system. The study documented the perceptions
of farmers on various issues regarding existing marketing
system, sources of price information and reliability of price
information. Table 1 shows the perception of farmers towards
the existing marketing system. The table reveals that
majority of farmers (92%) are highly dissatisfied with the
present marketing system. More than 96 per cent farmers
claimed that the practices followed by trader under present
marketing system were exploitative and prices were not
transparent. It is evident from the table that more than half
of the farmers were satisfied with the payment system,
weighing mechanisms, auction platform and the prevailing
market fee. The cleaning and grading mechanism, boarding
& lodging procedures and cleanliness of the market are
three parameters on which majority farmers were found to
be highly dissatisfied. Some of the farmers  i.e. about 15 per
cent have no opinion towards the availability of storage,
godowns,cold storage and warehouses which reveals that
there is lack of information flow in the market towards
marketing procedures and facility available. The behaviour
of market officials were found to be inconclusive from the
results as 33 per cent farmers were satisfied and 49 per cent
highly dissatisfied. It is suggested that for improving
marketing system proper grading and standardization

facility/mechanism should be adopted.
The perception of farmers regarding sources of price

information is presented in table 2. It is revealed from the
table that the major sources of price information for farmers
are traders (98 %), newspaper (88%), fellow farmers (84 %),
television (72 %) and input suppliers (54%). Little information
was found to be arrived from bulletin/magazine, farmers’
fair, KVK, private companies, contractors and radio. It is
evident from the table that no information is reached to the
farmers from regulated mandi, cooperative societies, Kisan
call centre, e-chaupal and AGMARKNET. The analysis
showed that there is a need to improve the flow of price
information through the reliable sources like regulated
mandi, cooperative societies, Kisan call centre, e-chaupal
and AGMARKNET.

Table 3 reveals the perception of farmers regarding
the reliability of price information. The majority of farmers
get price information from TV, Newspaper, fellow farmers
and traders. The information regarding prices of the crop
provided by newspaper, television and fellow farmers is
mainly before harvest. After harvest price information is
provided generally by the traders.

Among the 6 per cent farmers, 25 per cent reported
after harvest price information and 65 per cent reported

Table 3. Farmers’ Perception regarding Reliability of Price Information (N=140)

* Total no of respondents is in parenthesis ( ).
Source: Authors’ own calculation based on surveyed data

 
Sources of Price 

Information 

 
No. of 

Respondent     
(%) 

Perception regarding 

Timeliness of the 
forecast 

Reliability of the forecast Agency 
Credibility 

After 
harvest 

Before 
harvest 

Reliable Moderate 
reliable 

Highly 
credible 

Local Mandi 6 (8) 25 75 50 50 95 

Traders 55 (78) 95 5 2 98 85 

Fellow farmers 60(84) 2 98 45 55 90 

TV 66(94) 0 100 96 4 100 

Radio 3 (4) 0 100 100 0 100 

News Paper 62 (88) 0 100 38 62 100 

Farmer’s fair 15 (22) 0 100 82 18 85 

SMS 1 (2) - 100 82 18 100 

 

Table 5. Constraints in e-NAM from stakeholders’ perspective

Source: Authors’ own calculation based on surveyed data

Constraints Farmers’ Opinion (N=50) Traders’ Opinion (N=20) 

Garrett’s  Score Rank Garrett’s  Score Rank 

Lack of IT Facility  76.34 II 63.23 IV 

Lack of IT Connectivity 70.22 III 66.48 III 

Technology illiteracy 81.25 I 44.02 VII 

Non-Availability of Warehouse 62.61 V 47.12 VI 

Lack of Uniform Grading System 34.40 VI 72.80 II 

Unified License -- -- 79.31 I 

Timeliness & Mode of Payment in the process 68.70 IV 52.46 V 
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before harvest price information from the local mandi. Only
15 per cent of the farmers get price information before
harvest from the farmer’s fair. The price information float
through the SMS is of negligible amount. The results of the
study imply that there is a need of capacity building in the
part of farmers and traders as they provided maximum price
information to the farmers. The frequency and spectrum of
personalized SMS should be increased. The price
information provided by the newspaper and television
should be given after harvest. Taking into account the
credibility of the agency providing price information, only
newspaper, radio, television and SMS are found to be 100
per cent credible.

Constraints in e-NAM: Stakeholders’ Perspective
The newly launched e-NAM on 14 April, 2016 is the

initiative taken on the part of the government to liberalize
the agricultural markets within the country. Uttar Pradesh
government has taken very positive initiative and ready to
link 60 mandis on e NAM platform by August, 2016. The
farmers and traders were asked about the constraints they
found in the scheme. The table 5 presents the result of the
analysis. According to farmers, the major constraints in the
e NAM system are technological illiteracy, lack of IT
(Information Technology) facility and connectivity and non-
availability of warehouse. They are also worried about the
timeliness and mode of payment in this system. On the
other hand, traders found unified licensing as the major
constraints. The other possible constraints with e-NAM
from traders’ perspective are lack of uniform grading system,
lack of IT facility and connectivity, payment procedure and
non- availability of warehouse. Thus, on one hand farmers
are worried about their lack infrastructure in the
surroundings and proficiency in computer whereas traders
found unified licensing and uniform grading as major
constraints. It is suggested that gram panchayat should
establish e-kiosk and capacity building programme should
be organized for better adoption and successful
implementation of e-NAM.

Consumers’ Perspective towards organized Retailing
The farmers and consumers are the two end in the

marketing system between which the whole process takes
place and traders are the key link between them. The market
system is said to be performing well only when both the
ends are satisfied with the prices and facilities they get.
Thus, along with farmers’ and traders’ perception on the
existing and new marketing system, there is a need to
understand the consumers’ perception towards modern
organized retail to improve the existing marketing system.
To assess the consumers’ discernment towards modern
organized retail, one of the leading food retail ‘Spencer’ has
its outlet in the study area without backward linkages with
farmers (not permitted in the state) and have a good number
of consumers has been studied. Consumers, which are
second important stakeholders of agricultural marketing
system were interviewed for their perception about modern
organised retail outlets and the results are summarised in
table 6. It is evident from table 6 that consumers are most
influenced to reasons like proximity (90%), good services
rendered by modern retail outlet (85%), visual
merchandising and store design (85%), quality of produce
(80%) and reasonable price (70%). Thus, government should
promote the organized retail and encourage public private
partnership in this area. The government should permit the
backward linkages of the retail outlets with the farmers as
previous studies (Mangla & Chengappa 2008) have
reported the establishment of backward linkages with
farmers has a capacity to improve the economic condition
of small and marginal farmers in India.

Therefore, it can be concluded that farmers are highly
dissatisfied with the present agricultural marketing system
and consumers prefererence towards modern retail outlets
are  high. On the basis of the findings of this study it is
suggested that the state government should ammend its
APMC Act in order to improve the competeivness in the
market, attract corporate investment in agriculture. The
establishment of backward linkages through policy changes

Table 6. Consumers’ perception regarding modern organized retail

Source: Authors’ own calculation based on surveyed data

S.No. Reasons Modern (n=20) 

Positive Responses Percentage 

1 Timely availability 16 80 

2 Proximity 18 90 

3 Quality of produce 16 80 

4 Timing 8 40 

5 Visual merchandising and store design 17 85 

6 Promoted by promotional tools 10 50 

7 Advertisement 6 30 

8 Wide range of products are available 11 55 

9 Reasonable Price 14 70 

10 Discount price 2 10 

11 Good services rendered by the outlets 17 85 

12 Better packed Vegetables which are very good 12 60 

13 Better suited time 4 20 
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will facilitate the functioning of modern reatil system which
will finally satisfy the producers as well as consumers.
Further, the new initiative i.e. e-NAM of the present
government has some loopholes on the basis of
stakeholders’ opinion which can be combat by making
appropraite strategies.

CONCLUSION
Marketing is as critical as farming for the development

of agriculture. Therfore, proper marketing infrastructure and
marketing reforms are an integral part for agricultural
development policies. This study is an attempt towards
bringing awareness about the perception a farmer has
developed on existing and new marketing system in
agricultural commodities. The study has used all the
probable variables to determine the pro and cons in the
exisiting agricultural marketing system and the constraints
in the new system.  The study reveals the dissatisfaction of
the farmers towards existing marketing system and
satisfaction of consumers towards modern organized retail.
The major probable constraints with the new e-NAM
initiative lack of infrastructure, improficiency of computer
and unified licensing. Thus, there is a need to aware the
farmers and traders about each and every aspect related to
e-NAM and also encourage capacity building programmes
and creation of infrastructure for making it a successful
initiative.
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ABSTRACT
A field experiment was conducted to study the effect of
humic acid on growth of mango nursery grafts Cv.
Alphonso. Randomly 50 Alphonso mango nursery grafts
per treatment were selected and kept in nursery. Thus in
all 3000 number of Alphonso mango nursery grafts were
selected for further investigation. Series of humic acid
concentration were prepared and drenching was done as
per treatment details.Among different growth parameters
studied, number of drenching had significant effect on
most of the characters viz; plant height, leaf area, plant
spread, girth at collar, root length, number of secondary
and tertiary roots, dry matter. Similar to the effect of
number of drenching, significant variations due to humic
acid concentration treatments were also observed among
different characters studied. The values for different
growth parameters were increased with increasing levels
of number of drenching, different concentrations of humic
acid and their interactions. The better effects of number
of drenching were obtained when drenching of humic acid
was done four and five times. Further, increased
concentration of humic acid was related with better results
of most of the growth parameters. The concentration @
7.5 ml and 10 ml humic acid/liter of water had better
results on most of the parameters studied during the
present investigation.

Key words Humic acid, Alphonso Mango nurserygrafts,
Drenching, Plantspread, Collargirth,
Secondary & tertiary roots.

Humic acid is a principal component of humic
substances, which are the major organic constituents of
soil (humus), peat, coal, many upland streams, dystrophic
lakes, and ocean water. Humic acids (HA) are high molecular
weight aromatic organic acids that have a polyphenolic
backbone with numerous carbohydrate  and peptide side
chains that give rise to a complex array of structures (Hayes,
1989).

Tan and Nopamornbodi (1979) noted the effect of
humic acid on growth of corn plants at different
concentrations 0, 320, 640, 1600 and 3200 ppm and found
that 640 ppm humic acid was beneficial for the root growth
of corn. Mylonas  and McCants (1980) reported that
tobacco (Nicotiana tabacum L.) plants grown on filter paper
saturated with HA solutions had higher root numbers and
total root length than those grown on filter paper saturated
with nutrient solutions or deionized water. Demir et al.
(1997) reported that effect of humic acid on the yield and
mineral nutrition of cucumber grown with different salinity
levels. Humic acid was applied @ 0, 1, 2 g/kg soil. Iron and

Zinc content of leaves and stem tissues where increased
by salinity and humic acid treatments, humic acid increased
zinc content of the plants. Mackowiak et al. (2001) noted
the beneficial effects of humic acid on micro nutrients
availability to wheat. There was no statistically significant
difference in total biomass or seed yield among treatments,
but humic acid was effective at ameliorating the leaf
interveinal chlorosis that occurred during early growth of
the non chelated treatments. Atiyeh et al. (2002) stated
that the incorporation of humic acid into soilless plant
growth media @ 150,200, 250 and 500mg/kg showed
increased plant height and leaf area in tomato seedlings.
Paksoy et al. (2010) noticed that the application of 1500mg
humic acid /kg soil treatment showed more number of
leaves, increased stem girth and shoot and root dry weight
in okra when applied to growing media before sowing of
seeds under saline soil conditions. The objective of this
study was to determine the effect of humic acid
concentrations and its number of drenching on growth of
Alphonso mango nursery grafts.

MATERIALS AND METHODS
The field experiment was conducted at the fruit crop

nursery, Department of Horticulture, College of Agriculture,
Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli.
Randomly 50 Alphonso mango nursery grafts per treatment
were selected and kept in nursery. Thus in all 3000 number
of Alphonso mango nursery grafts were selected for further
investigation. Series of humic acid concentration were
prepared and drenching was done as per treatment details.
Observations on growth of five randomly selected
Alphonso mango nursery grafts in each treatment were
recorded at 3 month age as initial observation and thereafter
at 6 and 9 month age.

The experiment consisted of 5 main plot treatments,
viz,D1– (Drenching once, i.e. immediately after planting
grafts in nursery polybag), D2 – (Drenching twice, i.e.
immediately after planting grafts and 1 month after), D3 –
(Drenching thrice, i.e. immediately after planting grafts and
1 and 2 month after), D4 –(Drenching four times i.e.
immediately after planting grafts and 1, 2 and 3 month after),
D5 –  (Drenching five times, i.e. immediately after planting
grafts and 1, 2,  3 and 4 month after), and 4 sub plot
treatments, C0 – control (without humic acid), C1 – 5ml humic
acid / litre of water, C2 – 7.5ml humic acid / litre of water, C3
– 10 ml humic acid / litre of water. The treatments were
arranged in split plot design with 3 replication. The
experiment was started on July 7th 2011 and ended on 14th

April 2012. 50 ml prepared humic acid solution was drenched
5 times at monthly interval to the Alphonso mango nursery
grafts.
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 D1 D2 D3 D4 D5 

Plant height (cm) 39.82 41.50 43.20 44.33 46.38 

Plant spread (cm) 34.80 35.72 37.25 37.67 38.57 

No. of leaves 15.94 16.87 16.98 17.03 17.33 

Leaf area (cm2) 637.880 651.111 685.197 712.926 772.468 

Girth (cm) 3.11 3.31 3.47 3.51 3.86 

Secondary roots 21.88 23.67 29.94 30.48 34.51 

Tertiary roots 108.08 111.68 140.93 156.03 183.53 

Root length (cm) 29.61 32.43 33.77 35.42 39.07 

Dry matter (g) 19.75 25.12 26.37 29.01 33.06 

AGR (cm/day) 0.1088 0.1119 0.1204 0.1069 0.1307 

RGR (cm/cm/day) 0.0472 0.0486 0.0523 0.0464 0.0567 

 
D1- drenching once, D2- drenching twice, D3- drenching thrice, D4- drenching four times,       D5- drenching five times

Table 1. Effect of number of drenching of humic acid on growth of Alphonso mango nursery grafts

Table 2. Effect of humic acid concentration on growth of Alphonso mango nursery grafts

C0 -control,   C1 - 5ml humic acid/L,    C2 - 7.5ml humic acid/L,    C3 - 10 ml humic acid/ L

 C0 C1 C2 C3 

Plant height (cm) 40.15 42.33 43.93 45.75 

Plant spread (cm) 35.06 36.24 37.50 38.39 

No. of leaves 15.49 16.19 17.31 18.31 

Leaf area (cm2) 624.016 675.193 719.755 748.702 

Girth (cm) 3.19 3.37 3.57 3.66 

Secondary roots 23.18 27.05 29.01 33.15 

Tertiary roots 109.13 132.01 148.92 170.14 

Root length (cm) 30.06 32.13 34.98 39.07 

Dry matter (g) 22.68 25.63 27.87 30.47 

AGR (cm/day) 0.1050 0.1217 0.1212 0.1151 

RGR (cm/cm/day) 0.0456 0.0528 0.0526 0.0500 

 

The graft height was measured from the graft joint to
the tip of Alphonso mango nursery grafts at 3, 6 and 9
month age. Similarly, number of shoots, plant spread (cm),
number of leaves, girth at collar region (cm), number of
primary, secondary and tertiary roots, root length, root to
shoot ratio were also measured at 3, 6 and 9 month age.
Leaf area (cm2) at initial 3 month age and final 9 month age
was estimated with leaf area meter. Dry matter of plants was
estimated at initial 3 month age and final 9 month age. Plants
were filled in separate brown paper bags and kept

in hot air oven. Weighing was done regularly until
constant weight and recorded as dry matter of plants.
Absolute growth rate (cm/day) and Relative growth rate
(cm/cm/day) were also calculated. The statistical analysis
was done by the method suggested by Panse and Sukhatme
(1985).

RESULTS AND DISCUSSION
Humic acids are technically not a fertilizer, although

in some walks people do consider it. Humic acids are an

effective agent to use as a complement to synthetic or
organic fertilizers. In many instances, regular humic acids
use will reduce the need for fertilization due to the soil and
plant ability to make better use of it. In some instances,
fertilization can be eliminated entirely if sufficient organic
material is present and the soil can become self sustaining
through microbial processes and humus production.

Effect of number of drenching of humic acid on
growth of Alphonso mango nursery grafts

Among different parameters studied, number of
drenching had significant effect on most of the characters
viz, plant height, leaf area, plant spread, girth at the collar
region, root length, number of secondary and tertiary roots,
dry matter production. At the end of 9 month age, the
highest plant height (46.38cm), plant spread (38.57 cm), leaf
area (772.468cm2) , collar girth (3.86cm), secondary roots
(34.51), tertiary roots (183.53) root length (39.07cm), dry
matter (33.06 g) , AGR (0.13076 cm/day) and RGR (0.05678cm/
cm/day)was observed at treatment D5
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Effect of humic acid concentration on growth of
Alphonso mango nursery grafts

Similar to the effect of number of drenching, significant
variations due to humic acid concentration treatments were
also observed among different characters studied.
Significantly the highest plant height (45.75 cm), plant
spread (38.39 cm),number of leaves (18.31), leaf area (748.702
cm2), collar girth (3.66cm), secondary roots (33.15), tertiary
roots( 170.14), root length (39.07), dry matter (30.47g), AGR
(0.1151cm/day), RGR (0.0500cm/cm/day) was observed in
treatment C3.

Interaction effect of number of drenching and
concentration of humic acid

All the growth parameters, except growth rates were
non-significantly varied due to the interaction effect of
number of drenching and different concentrations of humic
acid. Even though the interaction effect was non-significant,
the highest plant height (49.92 cm) was observed in
treatment combinationD5C3. Similar in the case of plant
spread also, highest plant spread (41.19cm) was observed
in D5C3.Significantly the highest AGR (0.15326 cm/day) was
observed in D3C1 and was significantly superior over all.
Similarly the highest RGR (0.6671 cm/cm/day) was observed
in D3C1.Thus, values for different growth parameters were
increased with increasing levels of number of drenching,
different concentrations of humic acid and their interactions.
The better effects of number of drenching were obtained
when drenching of humic acid was done four and five times.
Further, increased concentration of humic acid was related
with better results of most of the growth parameters. The
concentration @ 7.5 ml and 10 ml humic acid/liter of water
had better results on most of the parameters studied during
the present investigation.

Addition of humic acid promoted growth and nutrient
uptake of plants. The plants take more mineral elements
due to the better-developed root systems and thereby
promote growth. (Chen and Aviad,1990.; Fagbenro and
Agboola,1993 and David et al.; 1991).

Humic acid and Fulvic substances contain auxins;
auxins are involved in the chelation of iron for the plant,
improving growth, health, and nutrient intensity of the plant,
especially the development of the root system of the plant.
Humic matter has been shown to increase the uptake of
nitrogen by plants, and to increase soil nitrogen utilization
efficiency, thereby increasing the vegetative growth (plant
height, number of shoots, plant spread, number of leaves
and leaf area) which in turn increases the dry weight of
plant.

When dilute solution of humic acid was used as foliar
spray, it causes the plant to experience a notable uptake of
oxygen, and it also increase the chlorophyll content thus
increasing the plant growth (William R. Jackson).

Many scientists have reported the beneficial effects

of humic acid on various vegetative growth parameters like
plant height, number of leaves, leaf area, plant spread and
root length in different horticultural crops like Tomato
(Atiyeh et al., 2002), Teak (Fagbenro and Agboola,1993),
Okra (Paksoy et al., 2010), Cucumber (Hartwigsen and
Evans, 1996). Similar findings were also obtained by humic
acid application in the present investigation entitled "Effect
of humic acid on different growth parameters of mango
nursery grafts cv. Alphonso".

CONCLUSION
It could be concluded that drenching of humic acid

@ 7.5 to 10 ml /lit. to the mango nursery grafts cv. Alphonso
, 4 to 5 times at monthly interval  had shown better results
in terms of growth behavior during 3-9 months period.
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ABSTRACT
The experiment was conducted during summer season
2016 on crop research farm of department of Soil
Science& Agricultural Chemistry, Naini Agricultural
Institute, SHUATS, Allahabad. Different treatment of zinc
and FYM, EC was found significant and pH, organic carbon
(%), available nitrogen (kg ha-1), phosphorus (kg ha-1),
potassium (kg ha-1) and zinc (ppm) was found non
significant. pH, organic carbon (%), available nitrogen
(kg ha-1), phosphorus (kg ha-1), potassium (kg ha-1) and
zinc (ppm) was recorded as 7.13, 0.73, 335.65, 33.64,
183.04 and 0.94 respectively in the treatment that was
non significantly higher as compared to other treatment
combination.EC was recorded as 0.20 (dSm-1) in the
significantly higher as compared to other treatment
combination.It may be concluded from trial that the
different level of Zinc and FYM in the experiment. pH, EC
(dSm -1) and Organic Carbon (%) the treatment
combination T5[Zinc@50%+ FYM@100%] and
available nitrogen (kg ha-1), phosphorus (kg ha-1),
potassium (kg ha-1) and zinc (ppm) the treatment
combination T8 [Zinc@100% + FYM@100%], was found
to be the best, for improvement of the chemical properties
of soil.

Key word Green gram, Farm Yard Manure, Zinc and
soil properties.

Green gram (Vigna radiata L.) commonly known as
Mung bean, is an important conventional pulse crop of
India. Its grain contains 24.20% protein, 1.3% fat, 60.4%
carbohydrates; calcium and phosphorus are 118 and 340
mg per 100 g of seed. It is capable of fixing atmospheric
nitrogen through Rhizobium species. It has a wide range
of adaptability due to short growth period, high tonnage
capacity and outstanding nutritional values of food, feed
and forage. The yield level of rabi Mung is high as compared
to Kharif. It can be grown during summer. It is one of the
major protein rich pulse crop grown principally for both
human and animal. Green gram can supplement the cereal-
based diet to improve the nutritional value of food and has
a special importance in intensive crop production system
of the country for its short growing period. (Ahmed et al.
1978).

India is a major pulse growing country of the world,
sharing about 36 and 28% in the area and production of
pulses, respectively. Green gram is one of the widely

cultivated short duration grain legumes in India and
occupies third place after Chickpea and Pigeon pea. In our
country, green gram gives the highest yield under summer
planting. (Satter et al. 1995). Food insecurity in the 21st

century will even increase due to heat and drought stress
induced by climate change, particularly in tropical and
subtropical regions. Legumes are good and
relatively cheaper source of proteins, carbohydrate, and
minerals for developing countries including India. (Meiners
et al. 1976).

The basic concept of integrated nutrient management
is the supply of the required plant nutrients for sustaining
the desired crop productivity with minimum deleterious
effect on soil health (Balasubramanian, 1999).Integrated use
of organic and inorganic fertilizers guarantee improved soil
health and fertility (Satyanarayana et al., 2002).FYM helps
to improve and conserve the fertility of soil. FYM imparts
dark color to the soil and thereby help to maintain the
temperature of soil. The activity and population of beneficial
soil organisms increased on application of FYM in soil.
FYM is one of the oldest manure used by the farmer is
growing crops because of its early availability and presence
of almost all the nutrient required by plant. (Nair 2000)Zinc
play important role in the correct functioning of many
enzymatic systems, the synthesis of nucleic acids and
auxins (plant hormones) metabolisms, protein analysis and
normal crop development and growth (Mengel and Kirkby,
1982, Havlin et al., 2006). This may be as a result of slower
rate of translocation of Zn from roots to tops, i.e. zinc
accumulation in the roots and lower Zn uptake
(Stukenholtzet al., 1966).

MATERIALS AND METHODS

The experiment was conducted during summer
season 2016 on crop research farm of Department of Soil
Science& Agricultural Chemistry, Naini Agricultural
Institute, SHUATS, Allahabad. The area is situated on the
south of Allahabad on the right side of the river Yamuna on
the South of Rewa road at a distance of about 6 km from
Allahabad city. It is situated at 25024’23" N latitude,
81050’38" E longitude and at the altitude of 98 meter above
the sea level (MSL).

The treatment consisted of different levels of zinc
and farm yard manure T0(T0=Z0+FYM 0)Control,
T1[Zinc@0%+ FYM@50%], T2[Zinc@0%+ FYM@100%],
T3[Zinc@50%+ FYM@0%], T4[Zinc@50%+ FYM@50%],
T5[Zinc@50%+ FYM@100%], T6[Zinc@100%+

mailto:thomasaaidu@gmail.com,
mailto:smritirao19@gmail.com


2024 Trends in Biosciences 10 (11), 2017

FYM@0%], T7[Zinc@100% + FYM@50%], T8[Zinc@100%
+ FYM@100%]. The trial was laid out in a factorial
randomized block design with three replication; plot size
was 2 x 2 m for crop seed rate is 12-15 kg ha-1 (Vigna radiata
L.) Cv. Laxmi-151. Applies the recommended dose of
nitrogen, phosphorus and potassium with source of Urea,
SSP, MOP, respectively, Basal dose of fertilizer was applied
and Zinc and Farm Yard Manure applies in respective plots
according to treatment. All the agronomic practices were
carried out uniformly to raise the crop. Soil samples were
collected from the soil 0-15 cm depth, airdried kept in an
oven at 1050C for 48 hrs for drying, pass through 2 mm
sieve, soils were analysis by using standard procedures as
described for pH 1:2 (w/v) (Jackson 1958), EC (dSm-1)
(Wilcox 1950), organic carbon (%) (Walkley and Black 1947),
available Nitrogen kg ha -1 (Subbiah and Asija 1956),
Phosphors kg ha-1 (Olsen et al.1954) and Potassium kg ha-

1 (Toth and Price 1949), available Zinc kg ha-1(Shaw and
Dean 1952).

RESULTS AND DISCUSSION
The results ingiven Table indicate some of the

important parameter onchemical properties on green gram
crop different treatment of zinc and FYM, EC was found
significant and pH, organic carbon (%), available nitrogen
(kg ha-1), phosphorus (kg ha-1), potassium (kg ha-1) and zinc
(ppm) was found non significant. pH, organic carbon (%),
available nitrogen (kg ha-1), phosphorus (kg ha-1), potassium
(kg ha-1) and zinc (ppm) was recorded as 7.13, 0.73, 335.65,
33.64, 183.04 and 0.94 respectively in the treatmentthat was
non significantly higher as compared to other treatment
combination.EC was recorded as 0.20(dSm-1) in the
significantly higher as compared to other treatment
combination.

CONCLUSION

It may be concluded from trial that the different level
of Zinc and FYM in the experiment. pH, EC (dSm-1) and
Organic Carbon (%) the treatment combination
T5[Zinc@50%+ FYM@100%] and available nitrogen (kg
ha-1), phosphorus (kg ha-1), potassium (kg ha-1) and zinc
(ppm) the treatment combinationT8[Zinc@100% +
FYM@100%],was found to be the best, for improvement of
the chemical properties of soil.
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ABSTRACT

The result of painstaking efforts of research scientists
have been carried to the farmers by an army of more than
70,000 village extension workers in the major states where
professional agricultural extension system is functioning.
But, at the same time, it is very difficult to provide a large
number of paid officials to do this job. This problem can be
solved to some extent through the use of local leaders. The
73rd Amendment provides for an elaborate system of
establishing panchayats as units of self-government.
Performance in terms of expenditure and control and not
the impact of resources used become the concern and key
to profile of administration. An ex-post facto study was
conducted in the Rajnandgaon district of Chhattisgarh in
which purposively selected 9 Jila panchayat, 54 Janpad
panchayat and randomly selected 200 Village panchayat
leaders were personally interviewed to collect the primary
data. It is observed that most of the gram panchayat leaders
(47.00%) & janpad and jila panchayat leaders (65.07%)
were middle aged (36 to 50 years). The data shows that
majority of gram panchayat leaders interviewed (74.50
%) & janpad and jila panchayat leaders (57.14 %) were
men.  It can be seen that most of the gram panchayat leaders
(43.50%) and janpad and jila panchayat leaders (57.14%)
belonged to other backward class. It is observed from the
research findings that among the gram panchayat leaders
most of them (33.50%) were educated up to middle school
while most of  the janpad and jila panchayat leaders
(41.27%) were educated up to higher secondary. It was
also found that majority of the gram panchayat leaders
(65.00%) and janpad and jila panchayat leaders (74.61%)
belonged to large sized family with more than 5 members.
As regards social participation the research showed that
majority of the gram panchayat leaders (50.50%) had no
membership in any organization while most of the janpad
and jila panchayat leaders (46.03%) had membership in
more than one organization. The data reveals that the
majority of the gram panchayat leaders (55.50%) & janpad
and jila panchayat leaders (58.73%)  had medium role
performance. The variable education had positive and
highly significant relationship with role performance of
gram panchayat & janpad and jila panchayat leaders.

Key words Socio personal charecteristics, performance,
panchayat leaders.

The future food production has to come from more
difficult areas which are economically and ecologically at a

disadvantage. Our ability to overcome all this through
measures like contingent cropping, positioning of critical
inputs, professional extension service etc. will continue to
have direct and positive bearing on the overall performance
on the food front in coming years. The result of painstaking
efforts of research scientists have been carried to the farmers
by an army of more than 70,000 village extension workers in
the major states where professional agricultural extension
system is functioning. A basic function of extension is to
assist the transfer of agricultural technology by ensuring
that an adequate amount of high quality knowledge about
it is present in the farming community for sustained
agricultural development. With the awareness on the part
of the people and the beginning of the process of
modernisation, the needs for intensive contact are becoming
more and more prominent. But, at the same time, it is very
difficult to provide a large number of paid officials to do
this job. This problem can be solved to some extent through
the use of local leaders. A local leader who has adopted
improved practices extends the same to others. The common
man has much faith in the local leaders. These individuals
and groups who serve from time to time in positions of
leadership may often be difficult to identify, yet they are
vital in decision making. Understanding of the patterns of
influencing leadership and power are invaluable in analysis
of social situation. Leadership was considered at one time
to be a set of traits handed down chiefly through heredity
from one person to another. Thus, positions of leadership
were restricted to individuals belonging to certain strata of
society commonly deemed worthy and suitable as leaders
– leadership usually being determined by birth in the right
family. The constitution did not contain provisions for the
exact form that local government institutions were to take,
but the Directive Principles specifically laid down that the
states should take steps to organise village panchayats
and endow them to function as units of self-government
(Article-40). The 73rd Amendment provides for an elaborate
system of establishing panchayats as units of self-
government. For the first time in the constitutional history
of India, the constitution of panchayat, the duration of
their term, their membership, the constitution of Finance
Commission to review their financial position is detailed.
Through the years it has been found that the chairpersons
of the panchayats, especially sarpanches lack the skill in
financial management and they eventually depend on the
secretaries of the panchayats. Audit and accounts are not
taken seriously (Nambiar, 2001). Performance in terms of
expenditure and control, and not the impact of resources
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used, become the concern and key to profile of
administration. Panchayati Raj Institutions became the worst
victims. There are more than two lakh panchayats across
the country represented by more than 30 lakh of elected
leaders at all three levels. Out of them, more than six lakh
SC/ST’s and more than ten lakh women have been holding
the office of the members and chairpersons at different tiers
of the panchayats. Under these circumstances it was deemed
necessary to undertake a research with the following
objectives :
1. To study the socio personal charecteristics and

performance of panchayat leaders
2. To analyse the relationship between the socio

personal charecteristics and the performance of
panchayat leaders.

MATERIALS AND METHODS

Under the Constitution 73rd Amendment Act, 1992,
the state legislatures have been given legislative power, to
confer on Panchayats such powers and authority as may
be necessary to enable them to function as institutions of
self-government. The success of Panchayati Raj
Institutions depends largely upon the quality and
competence of leadership available at the local level. An ex
post facto research design was used for the present study.

Rajnandgaon district of Chhattisgarh was purposively
selected for the study. Out of total 21 members of the Jila
Panchayat including the president, 9 members who presided
over the different standing committees were purposively
selected as respondents from the first tier panchayat.
Similarly out of the total 182 members of the 9 janpad
panchayats, 6 members from each janpad (9 x 6 = 54)
presiding over the standing committees were purposively
selected as respondents from second tier panchayats.

In all there are 696 gram panchayats in 9 blocks/
janpads of Rajnandgaon district. Approximately seven per
cent gram panchayats were randomly selected from each
janpad and four members presiding over the standing
committees from each selected gram panchayat (50 x 4 =
200) were purposively chosen as respondents from the third
tier panchayats. Thus in all (9 + 54 + 200) 263 panchayat
leaders were considered as respondents for the study. The
interview schedule was used as a tool for collecting the raw
information from the panchayat leaders. In all 263
respondents from 9 janpads were interviewed personally
to obtain the requisite data. In all six major activities/roles
of panchayat leaders were identified and 44 questions were
framed to cover all the above roles. The respondents were
asked to state the extent to which they performed the
different assigned roles/activities. The responses of the
panchayat leaders were obtained on five point Likert type
scale viz. Always, most of the time, sometimes, rarely and
never with the scores 5, 4, 3, 2 and 1 respectively. The
scores of all the 44 questions were added to obtain the
overall performance score of each respondent, which were
used in statistical analysis. Pearson’s co-efficient of
correlation (r) was computed to find the relationship
between each of the independent variables and the
dependent variable.

RESULT AND DISCUSSION

The data regarding age of panchayat leaders is
presented in table 1. It is observed that most of the gram
panchayat leaders (47.00%) were middle aged (36 to 50
years), followed by 38.00 and 15.00 per cent of them who
were young (up to 35 years) and old (above 50 years)
respectively. Whereas majority of the janpad and jila
panchayat leaders (65.07%) were middle aged (36 to 50

Table 1. Distribution of panchayat leaders according to their age

S. 
No. 

Age Gram Panchayat Leaders  
(n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 Young (up to 35 years) 76 38.00 10 15.90 

2 Middle aged (36 to 50 years) 94 47.00 41 65.07 

3 Old (above 50 years) 30 15.00 12 19.03 

 Total 200 100.00 63 100.00 

  Mean : 40.70 Mean : 42.98 

  S.D. : 9.61 S.D. : 8.32 

 

Fig. 1. Distribution of panchayat leaders according to their age
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Table 2. Distribution of panchayat leaders according to their gender

years) followed by old (above 50 years) and young (up to
35 years) with 19.03 and 15.90 per cent respectively.

The average age of the gram panchayat leaders was
40.70 years whereas that of janpad and jila panchayat leaders
was 42.98 years respectively. It can be inferred that gram
panchayat leaders were comparatively younger than their
counterparts from janpad and jila panchayats.

It can be concluded that most of the gram panchayat
leaders were middle aged while around two third of the
janpad and jila panchayat leaders were middle aged. The
average age of panchayat leaders of Rajnandgaon district
indicates that neither were they too young to take up the
challenging roles of rural leadership nor were they too old
to have lost all their enthusiasm towards role performance.
It can be said to be a perfect combination of young blood
and ample experience to efficiently contribute towards rural
development activities.

These findings are supported by the findings of

Mondal and Ray (1996), Shrivastava (1999) and Rathi (2004).
Table 2 gives the distribution of panchayat leaders

according to their gender. The data shows that majority of
gram panchayat leaders interviewed (74.50 %) were men
while 25.50 percent of them were women.

As regards gender of janpad and jila panchayat
leaders it was found that majority of them (57.14 %) were
men whereas 42.86 per cent of them were women.

It may be concluded that around three fourth of the
gram panchayat leaders were men and whereas slightly less
than sixty per cent of the janpad and jila panchayat leaders
were men.

It is noteworthy that more women were found at
janpad and jila panchayat level than at gram panchayat
level in the sample panchayat leaders surveyed for the
present study. It is assumed that these women leaders at
janpad and jila panchayat level were contributing
significantly in policy formation, decision making and
supervisory roles at the upper level of panchayats. For the
present research the respondents selected belonged to the
previous term. Though 33 per cent reservation was provided
for women at all the three tiers of panchayats, which has
been increased to 50 per cent from the present term, it does
not get reflected in the sampled population as the sample
for panchayat leaders was drawn randomly.

Similar findings were reported by Misra and Dhaka
(2002) and Shrivastava (2003).

The data in table 3 shows the distribution of
panchayat leaders according to their caste. It can be seen
that most of the gram panchayat leaders (43.50%) belonged
to other backward class followed by 38.00, 14.00 and 4.50
per cent of them who belonged to schedule tribe, schedule
caste and general category with respect to their caste.

S. 
No. 

Gender Gram Panchayat Leaders  
(n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 Men 149 74.50 36 57.14 

2 Women 51 25.50 27 42.86 

 Total 200 100.00 63 100.00 

 

Fig. 2. Distribution of panchayat leaders according to their gender

S. 
No. 

Caste Gram Panchayat Leaders 
(n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 Schedule Caste 28 14.00 4 6.35 

2 Schedule Tribe 76 38.00 16 25.40 

3 Other Backward Class 87 43.50 36 57.14 

4 General 9 05.50 7 11.11 

 Total 200 100.00 63 100.00 

 

Table 3. Distribution of panchayat leaders according to their caste
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As regards janpad and jila panchayat leaders it was
found that majority of them (57.14%) belonged to other
backward class followed by schedule tribe (25.40%), general
(11.11%) and schedule caste (6.35%).

On the basis of the above results it may be observed
that most of gram panchayat leaders (43.50%) and majority
of the janpad and jila panchayat leaders (57.14%) were from
other backward class. It may be inferred that other backward
classes are the predominant group with respect to caste in
Rajnandgaon district. The research results are in line with
the caste profile of the population of the district. Three
blocks namely Manpur, Mohla and Ambagadh Chowki are
categorised as schedule tribe blocks under the constitution
and are governed by separate rules framed for this purpose
. While the other blocks of the district have significant

population from the other backward classes.
The findings are in line with the findings of Khare

(1995), Shrivastava (2003), Rathi (2004) and Prasad and
Haranth (2004).

It is observed from the above table that among the
gram panchayat leaders most of them (33.50%) were
educated up to middle school followed by 30.00, 22.00 and
10.00 per cent of them who were educated up to higher
secondary, up to primary school and graduation and above
respectively. Only 4.50 per cent of them were illiterate.

With respect to janpad and jila panchayat leaders the
educational profile showed that most of them (41.27%) were
educated up to higher secondary followed by graduation
and above (25.39%), up to middle school (20.64%) and up
to primary school (12.70%). None of the janpad and jila
panchayat members interviewed were found to be illiterate.

Thus a conclusion may be drawn that about two fifth
of the janpad and jila panchayat leaders were educated up
to higher secondary and one third of the gram panchayat
leaders were educated up to middle school. In general we
may say that the janpad and jila panchayat leaders were
more educated than their gram panchayat counterparts.

Rajnandgaon district has the rare distinction of being
declared complete literate district (iw.kZ lk{kj ftyk) which
is also reflecting in the results obtained from the survey.
Education or literacy level plays an important role in the
performance of panchayat leaders and it is assumed that as
the panchayat leaders of the district are sufficiently
educated they would not find it difficult to discharge their
duties satisfactorily.

Fig. 3. Distribution of panchayat leaders according to their caste

S. 
No. 

Education Gram Panchayat Leaders 
 (n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 Illiterate 9 4.50 0 0.00 

2 Up to primary school 44 22.00 8 12.70 

3 Up to middle school 67 33.50 13 20.64 

4 Up to higher secondary 60 30.00 26 41.27 

5 Graduation and above 20 10.00 16 25.39 

 Total 200 100.00 63 100.00 

 

Table 4. Distribution of panchayat leaders according to their education

S. 
No. 

Family Size Gram Panchayat Leaders 
(n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 Small family (up to 5 members) 70 35.00 16 25.39 

2 Large family (more than 5 members) 130 65.00 47 74.61 

 Total 200 100.00 63 100.00 

  Mean : 7.03 Mean : 8.64 

  S.D. : 3.35 S.D. : 5.44 

 

Table 5. Distribution of panchayat leaders according to their family size
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The above results are broadly supported by the
findings of Mondal and Ray (1996) and Thakur (2006).

Table 5 represents the distribution of panchayat
leaders according to their family size. It was found that
majority of the gram panchayat leaders (65.00%) belonged
to large sized family with more than 5 members and 35.00
per cent of them belonged to small family (up to 5 members).
While, majority of the janpad and jila panchayat leaders
(74.61%) belonged to large family with more than 5 members
each and 25.39 per cent of them belonged to small sized
family (up to 5 members).

An inference may be drawn that just less than two
third of the gram panchayat leaders and about three fourth
of the janpad and jila panchayat leaders belonged to large
sized family with more than five members each.

Rural families are characterised by predominantly
large joint families. As panchayat leaders are elected from
the rural background it is but natural that majority of the
panchayat leaders surveyed, belonged to large sized family.
Large families have both its advantages and disadvantages.
On the one hand more number of family members means
more helping hands in all the activities including farming
etc. and on the other, the elected panchayat leaders from
such families may be spared from their daily cores and they
may focus more on panchayat activities. Thus, it is believed
that panchayat leaders belonging to large sized families
may perform their roles better as compared to those
belonging to small families.

These findings conform to the findings of Choukidar
(1964), Salvi and Patil (1965), Krishnaswamy and Guruswamy
(1970), Choudhary (1998), Shrivastava (2003), Rathi (2004)
and Thakur (2006).

The distribution of panchayat leaders according to
their social participation is given in Table 6 The table depicts
that majority of the gram panchayat leaders (50.50%) had
no membership in any organisation followed by 17.50 per
cent of them who had membership in more than one
organisation. 17.00 per cent of them had membership in one
organisation and 15.00 per cent were executive/office bearer
in an organisation.

Whereas, most of the janpad and jila panchayat
leaders (46.03%) had membership in more than one
organisation followed by 22.22 per cent of them who had
membership in one organisation, 19.05 per cent had no
membership in any organisation and 12.70 per cent were
either executive or office bearer in an organisation.

It may be concluded that about half of the gram
panchayat leaders had no membership in any organisation
and most of the janpad and jila panchayat leaders (46.03%)
had membership in more than one organisation. From the
above results it may also be inferred that janpad and jila
panchayat leaders had higher social participation as
compared to gram panchayat leaders who had low social
participation. Social participation is one of the important
factor that governs the role performance. It can be presumed
that keeping the other factors constant the janpad and jila

Table 6. Distribution of panchayat leaders according to their social participation

S. 
No. 

Social Participation Gram Panchayat Leaders  
(n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 No membership in any organisation 101 50.50 12 19.05 

2 Membership in one organisation 34 17.00 14 22.22 

3 Membership in more than one 
organisation 

35 17.50 29 46.03 

4 Executive/office bearer in an 
organisation 

30 15.00 8 12.70 

 Total 200 100.00 63 100.00 

 

Table 7. Distribution of panchayat leaders according to their role performance

S. 
No. 

Role performance Gram Panchayat Leaders 
 (n1=200) 

Janpad & Jila Panchayat Leaders 
(n2=63) 

Frequency Per cent Frequency Per cent 

1 Low role performance 43 21.50 7 11.11 

2 Medium role performance 111 55.50 37 58.73 

3 High role performance 46 23.00 19 30.16 

 Total 200 100.00 63 100.00 

  Mean : 154.38 Mean : 182.35 

  S.D. : 36.04 S.D. : 26.91 
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panchayat leaders would perform their roles better in
comparison to the gram panchayat leaders owing to their
higher social participation as compared to the latter.

The findings pertaining to the gram panchayat leaders
are supported by the findings of Somu (1975), Sethu (1981),
Sundarambal (1990), Karim and Dey (1995), Garje (1997),
Shrivastava (1999) and Rathi (2004).

Table 7 shows the distribution of panchayat leaders
according to their role performance. The data reveals that
the majority of the gram panchayat leaders (55.50%) had
medium role performance, followed by 23.00 and 21.50 per
cent of them who had high and low role performance
respectively.

Whereas, a significant majority of the janpad and jila
panchayat leaders (58.73%) had medium role performance,
30.16 per cent of them had high role performance while
11.11 per cent of the janpad and jila panchayat leaders
belonged to low role performance category.

It can be conclusively said that majority of both the
gram panchayat leaders and janpad and jila panchayat
leaders had medium role performance as regards rural
development and other panchayat activities.

This finding finds support from the findings of
Thombre (1990), Singh (1999), Shrivastava (1999),
Kalakannawar and Badigar (2000), Shrivastava (2003), Rathi
(2004), Thakur (2006) and Pachouri (2007).

The data in table 8 indicated that the overall mean
score of role performance of panchayat leaders was 168.37.
The mean scores of role performance of gram panchayat
and janpad and jila panchayat leaders were 154.38 and 182.35
respectively.

“Z” test was applied to know that if there is any
significant difference in the mean role performance scores
of gram panchayat and janpad and jila panchayat leaders.
The calculated Z value was found to be 6.86 which was

greater than the table value 2.58 at 0.01 level of probability.
Therefore the calculated Z value was highly significant and
it can be concluded that there is highly significant difference
in the role performance of gram panchayat and janpad and
jila panchayat leaders. In other words it can be conclusively
stated that janpad and jila panchayat leaders had
significantly better role performance than the gram
panchayat leaders in reference to rural development and
other panchayat activities.

Table 9 gives the correlation analysis of socio
personal characteristics with role performance of  gram
panchayat leaders. It was found that the variable gender
and social participation had non significant relationship
with role performance while the variable age had negative
and highly significant relationship with role performance
of gram panchayat leaders. The variable caste and family
size had positive and significant relationship with role
performance whereas the variable education had positive
and highly significant relationship with role performance
of gram panchayat leaders.

Table 10 gives the correlation analysis of socio
personal characteristics with role performance of  janpad
and jila panchayat leaders. It was found that variables
gender, family size and social participation had non
significant relationship with role performance while the
variable age had negatively significant relationship with
role performance of janpad and jila panchayat leaders. It
was also noted that the variable caste had positive and
significant relationship with role performance whereas the
variable education had positive and highly significant
relationship with role performance of janpad and jila
panchayat leaders.

CONCLUSION

It can be concluded that most of the gram panchayat

Table 8. Distribution of panchayat leaders according to the mean and coefficient of variance of their role performance

S. 
No. 

Panchayat leaders No. of 
respondents 

Mean CV 'Z' value 

1 Gram panchayat leaders 200 154.38 23.35 6.86 

2 Janpad and jila panchayat leaders 63 182.35 14.76  

 Overall Mean  168.37   

 

Table 9. Correlation analysis of socio personal
characteristics with role performance of gram
panchayat leaders.

S. 
No. 

Socio personal 
characteristics 

Correlation 
Coefficient “r” 

 

1 Age - 0.3354 ** 
2 Gender 0.0787  
3 Caste 0.1534 * 
4 Education 0.7841 ** 
5 Family size 0.1446 * 
6 Social participation 0.0067  

 

Table 10. Correlation analysis of socio personal
characteristics with role performance of janpad
and jila panchayat leaders.

S. 
No. 

Socio personal 
characteristics 

Correlation 
Coefficient “r” 

 

1 Age - 0.2514 * 
2 Gender 0.0283  
3 Caste 0.2566 * 
4 Education 0.7450 ** 
5 Family size 0.0372  
6 Social participation 0.2313  
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leaders were middle aged while around two third of the
janpad and jila panchayat leaders were middle aged. The
average age of panchayat leaders of Rajnandgaon district
indicates that neither were they too young to take up the
challenging roles of rural leadership nor were they too old
to have lost all their enthusiasm towards role performance.
It can be said to be a perfect combination of young blood
and ample experience to efficiently contribute towards rural
development activities. It may be concluded that around
three fourth of the gram panchayat leaders were men and
whereas slightly less than sixty per cent of the janpad and
jila panchayat leaders were men.

It is noteworthy that more women were found at
janpad and jila panchayat level than at gram panchayat
level in the sample panchayat leaders surveyed for the
present study. It is assumed that these women leaders at
janpad and jila panchayat level were contributing
significantly in policy formation, decision making and
supervisory roles at the upper level of panchayats. For the
present research the respondents selected belonged to the
previous term. Though 33 per cent reservation was provided
for women at all the three tiers of panchayats, which has
been increased to 50 per cent from the present term, it does
not get reflected in the sampled population as the sample
for panchayat leaders was drawn randomly. It may be
inferred that other backward classes are the predominant
group with respect to caste in Rajnandgaon district. The
research results are in line with the caste profile of the
population of the district. Three blocks namely Manpur,
Mohla and Ambagadh Chowki are categorised as schedule
tribe blocks under the constitution and are governed by
separate rules framed for this purpose. While the other
blocks of the district have significant population from the
other backward classes. Rajnandgaon district has the rare
distinction of being declared complete literate district (iw.kZ
lk{kj ftyk) which is also reflecting in the results obtained
from the survey. Education or literacy level plays an
important role in the performance of panchayat leaders and
it is assumed that as the panchayat leaders of the district
are sufficiently educated they would not find it difficult to
discharge their duties satisfactorily. Rural families are
characterised by predominantly large joint families. As
panchayat leaders are elected from the rural background it
is but natural that majority of the panchayat leaders
surveyed, belonged to large sized family. Large families have
both its advantages and disadvantages. On the one hand
more number of family members means more helping hands
in all the activities including farming etc. and on the other,
the elected panchayat leaders from such families may be
spared from their daily cores and they may focus more on
panchayat activities. Thus, it is believed that panchayat
leaders belonging to large sized families may perform their
roles better as compared to those belonging to small families.
From the above results it may also be inferred that janpad
and jila panchayat leaders had higher social participation
as compared to gram panchayat leaders who had low social
participation. Social participation is one of the important

factor that governs the role performance. It can be presumed
that keeping the other factors constant the janpad and jila
panchayat leaders would perform their roles better in
comparison to the gram panchayat leaders owing to their
higher social participation as compared to the latter. It can
be conclusively said that majority of both the gram
panchayat leaders and janpad and jila panchayat leaders
had medium role performance as regards rural development
and other panchayat activities. “Z” test was applied to know
that if there is any significant difference in the mean role
performance scores of gram panchayat and janpad and jila
panchayat leaders. The calculated Z value was found to be
6.86 which was greater than the table value 2.58 at 0.01 level
of probability. Therefore the calculated Z value was highly
significant and it can be concluded that there is highly
significant difference in the role performance of gram
panchayat and janpad and jila panchayat leaders. In other
words it can be conclusively stated that janpad and jila
panchayat leaders had significantly better role performance
than the gram panchayat leaders in reference to rural
development and other panchayat activities. The variable
caste and family size had positive and significant
relationship with role performance whereas the variable
education had positive and highly significant relationship
with role performance of gram panchayat leaders. It was
also noted that the variable caste had positive and
significant relationship with role performance whereas the
variable education had positive and highly significant
relationship with role performance of janpad and jila
panchayat leaders. From the positive and significant
relationship it may be inferred that for every unit increase
in socio personal characteristics there would be a
corresponding increase in role performance of the
panchayat leaders and vice versa.
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ABSTRACT
An investigation was conducted at the Experimental
Orchard, Department of Horticulture, Assam Agricultural
University, Jorhat, Assam during 2009-10 to study the
effect of different levels of NPK on fruit yield and yield
attributes of watermelon. The treatments studied were T1
(50 kg N, 35 P2O5, 50 kg K2O), T2 (60 kg N, 40 kg  P2O5,
60 kg K2O), T3  (70 kg N, 45 kg  P2O5, 70 kg K2O),  T4 (80
kg N, 50 kg  P2O5, 80 kg K2O), T5 (90 kg N, 55kg  P2O5, 90
kg K2O),T6 (100 kg N, 60 kg  P2O5, 100kg K2O)  and a
control without fertilizer application (T7 ) which were
replicated three times. The result of the study revealed
that the yield and yield attributing characters of watermelon
were significantly affected by the different treatments
tested. The T5 produced significantly the highest 35.77 t/
ha fruit yield while control plant produced the lowest fruit
yield 8.64 t/ha. The T5 plants also maintained the
superiority over other treatments in term of number of
female flower/vine (14.50), fruit diameter (22.49 cm), Flesh
thickness (19.75 cm ), Flash to rind ratio (2.99), Fruit dry
weight /vine (1144.80 g), Biological yield (1638.30) and
Harvest Index (69.88%). Therefore, the T5 with 90:55:90
kg NPK /ha could be suggested as the optimum fertilizer
dose for maximizing yield and its attributes of watermelon
variety Sugar Baby for agro-climatic condition of Assam.

Key words Fertilizer dose, Yield, Harvest Index, Flash
to Rind ratio, Watermelon

Watermelon (Citrullus lanatus L.) is a member of the
family cucurbitaceae, kingdom : plantae, order : cucurbitales,
Genus : citrullus and species : lanatus (Wikipedia, 2013). It
refers to both fruit and plant of vine like (Climber or trailer)
herb (Thulaja, 2005). Watermelons are rich in water and as
such are helpful in preventing dehydration. The low calorie
content of the fruits make it a best choice for diet conscious
people (Sonia, 2011). The seeds are rich in fat and protein
and are eaten as snacks added to other dishes or used as
oil seed (Anon, 2005). The rind of watermelon is often
pickled and the fruits are cooked as a vegetable when
immature while the mature fruit when flesh turn red is eaten
in raw (Maitra, 2007). The crop growth and yield
performance of watermelon is influenced by a number of
factors like soil, climate, manures & fertilizers,  irrigation,
control of pests, diseases, weeds etc of which  the
application of fertilizers under intensive system of
cultivation is identified as the single most important factor
controlling the yield optimization. Since farm yard manure
or compost alone cannot suffice the entire nutrient
requirement of the crop to maintain adequate growth

performance through out the life cycle which is otherwise
the key requirement for a profitable farming system, hence
the plants often suffer from  hidden hunger of major plant
nutrients like nitrogen, phosphorus and potash. As such
direct application of nitrogen, phosphorus and potash
appears to be the prime requirement for maximizing plant
growth rate and there by to increase the biological yield so
as to hold maximum economic yield with better fruit quality.
The doze, time and method of NPK fertilizer application
must be optimum to make it as profitable venture under the
prevailing agro-climatic condition of this region of the
country where the watermelon might appear as one of the
most important fruit vegetable crop of the summer season.
However, at present the crop is cultivated in meager areas
mainly because of lack of the proper cultivation practices
of the crop suitable for this region. Therefore, the present
study was undertaken to find out the most suitable
combination of NPK for the agro-climatic condition of
Assam for watermelon (Citrullus lanatus Thunb.) so that
the grower can harvest the maximum yield with better fruit
quality.

MATERIALS AND METHODS
The investigation was conducted during 2009-10 in

the Experimental Orchard, Department of Horticulture,
Assam Agricultural University, Jorhat, Assam. The soil of
the plots was sandy loam with pH 6.5 and available soil
nitrogen, phosphorus and potassium were 295.00, 40.82
and 114.05 kg/ha, respectively. The experiment comprising
seven treatments was laid out in Randomized Block Design
with three replications. The plot size of 6m X 4m were
prepared and seeds of watermelon variety Sugar baby were
sown  in the month of February at a  spacing of  2m X 2m
accommodating 6 plants in each plot. Different fertilizer
treatments were applied as basal as well as 30 days after
sowing as per different treatment combinations. The seven
different treatments tested were T1 (50,35,50 : NPK kg/ha),
T2 (60,40,60 : NPK kg/ha),T3 (70,45,70 : NPK kg/ha), T4
(80,50,80 : NPK kg/ha), T5 (90,55,90 : NPK kg/ha),T6
(100,60,100 : NPK kg/ha) and T7 (control). Fifty percent of
nitrogen in the form of urea, full dose of phosphorus in the
form of single super phosphate and full dose of potassium
in the form of muriate of potash were applied as per the
treatment at the time of sowing which were then mixed and
covered with soil. The remaining 50 % of nitrogen was
applied in soil at 30 days after sowing. All other
recommended package of practices were followed.  The
data in respect to crop growth, yield attributing characters
and quality of fruit were recorded which were then
statistically analyzed for the test of significance following
the method of  Ponse and Sukhatme (1995).
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Table 1. Effect of N, P and K on yield and yield attributes of watermelon

 

Treat-
ments 

Days to 
first 

harvest 

No. of 
male 

flower/ 
vine 

No. of 
female 
flower/ 

vine 

Fruit 
dia-

meter 
(cm) 

Flesh 
thick-
ness 
(cm) 

Rind 
thick-
ness 
(cm) 

Flesh 
to rind 
ratio 

Fruit 
dry 

weight 
/vine (g) 

Vine 
dry 

weight 
(g) 

Biologi
cal 

Yield 
(g) 

Fruit 
Yield  
(t/ha) 

Harvest 
Index 
(%) 

T1 87.00 136.55 11.26 14.93 11.68 1.66 1.77 344.80 253.28 598.08 10.78 57.65 

T2 87.52 147.25 11.50 16.05 12.75 1.65 1.93 393.60 336.38 729.98 12.30 53.92 

T3 87.60 154.33 12.60 19.91 16.77 1.57 2.53 637.60 346.72 984.32 19.93 64.78 

T4 88.24 147.00 12.51 21.16 18.16 1.50 2.74 788.00 480.31 1268.31 24.63 62.13 

T5 88.70 152.11 14.50 22.49 19.75 1.37 2.99 1144.80 493.50 1638.30 35.77 69.88 

T6 91.65 147.20 13.65 22.42 19.74 1.34 2.98 1067.20 493.52 1560.70 33.35 68.39 

T7 86.00 120.45 8.55 13.92 10.33 1.80 1.48 276.80 180.18 456.98 8.64 60.57 

S.Ed± 1.31 1.10 0.41 0.48 0.56 0.08 0.09 10.60 4.86 15.46 2.66 1.32 
C.D 
(5%) 

2.85 2.40 0.90 1.04 1.21 0.18 0.19 23.20 10.58 33.78 5.79 2.85 

RESULTS AND DISCUSSION
The Table-1 revealed a gradual increase in the number

of days required to first harvest the watermelon fruits with
the increase in fertilizer doses and T6 plants with highest
fertilizer dose took the significantly longest 91.65 days period
as compared to control plants which needed the shortest
86.00 days period for the same. All other treatment took the
period in between these two extreme, however failed to
differ significantly from control.  The higher dose of nutrient
specially the nitrogen might help the plant to continue
vegetative growth for longer period by altering the C: N
ratio and delayed the reproductive phase and harvesting
maturity of fruits. Similar findings were also reported by
Kumar et al. (2003) & Pandey et al. (1996)   in different
vegetable crops from different parts of the world.

The male flower number per vine of watermelon
significantly differed in different treatment combinations

and the highest 154.33 male flower number per vine was
recorded in T3 which was at par with T5 (152.11) while the
control plants produced the significantly lowest 120.45 male
flower number per vine. Similarly, Table-1 showed a
significant variation of female flower number per vine of
watermelon under different treatments. The T5 plants
recorded the significantly highest 14.50 female flower
number per vine which was at par with T6 (13.65), in contrast
the control plants maintained the significantly lowest 8.55
female flower number per vine. In general an increasing
trend of both male and female flower number per vine of
watermelon was observed with the increase in fertilizer doze.
This might be due to the principle that higher fertilizer doses
cause more vegetative growth thereby accumulate more
reserve food materials and alter C:N ratio which in turn may
produce more flower particularly the female flower per vine
lowering the  male : female flower ratio of watermelon. A

Fig 1.  Effect of different levels of NPK on Juice Content of watermelon
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balanced nutrition is utmost necessary to maintain vigorous
vegetative growth at the early stage so as to build up
sufficient food materials within the plant before entering
into reproductive phase and in later phase the maintenance
of a proper sex ratio with higher female flower number per
vine of cucurbits like watermelon is equally important to
get higher fruit number per vine and total fruit yield per
hectare. This finding is in close agreement with Olaniyi
(2008), Hazarika et al. (2012) an Efediyi (2009) who reported
similar observations from different part of the globe in
muskmelon, watermelon and cucumber.

The diameter of individual watermelon fruit was
significantly affected by the present treatments and the
significantly highest 22.49 cm fruit diameter was recorded
in T5 which was at par with T6 (22.42 cm) and both were
significantly superior over all other nutrient treatments
(Table-1).  On the other hand control plants produced the
smallest fruits with  13.92  cm fruit diameter followed by T1
with 14.93 cm diameter and they were statistically at par but
significantly inferior than all other treatments.  A similar
trend was observed in case of flesh thickness of the fruit
and the highest 19.75 cm flesh thickness was recorded in T5
which was at par with T6 with 19.74 cm flesh thickness
while significantly lowest 10.33cm flesh thickness was
recorded in control fruits. In contrast the control fruits
maintained the significantly thickest 1.80 cm rind thickness
followed by T1 (1.66 cm) and T2 (1.65 cm) and they were
statistically at par but the control plants differed
significantly from other treatments  while T6 plant had the
smallest 1.37 cm rind thickness followed by T5 (1.37 cm) and
T4 ( 1.50 cm). Due to thicker flesh and thinner rind
composition the T5 fruits were able to hold the highest
flesh to rind ratio of 2.99 followed by T6 (2.98) which were at
par but significantly superior than all other treatments.  The
control fruits for the same reason could result the lowest
ratio of 1.48 and other treatments were able to maintain
significant superiority in this regard over control fruits
(Table-1). The highest fruit diameter (22.49 cm), flesh
thickness (19.75 cm), flesh to rind ratio (2.99) were recorded
in T5 with higher fertilizer level which may be attributed to

higher photosynthetic activity for prolong period and better
capacity for dry matter partitioning and assimilation of the
treated plants and thereby increased the fruit diameter, flesh
thickness, flesh to rind ratio and decreased rind thickness
compared to control plants. Similar results were also
observed by Oloyede et al. (2013) in pumpkin. The result of
the present study also revealed that the dry fruit yield per
vine, fruit yield per hectare, vine dry weight, biological yield
as well as harvest index of watermelon were significantly
affected by the different fertilizer doses tested. The highest
1144.80  g dry fruit yield per vine, 35.77 t/ha  fruit yield,
1638.30 g biological yield and 69.88 % harvest index were
recorded in the treatment T5 again these were the minimum
in case of control except the harvest index which was
minimum 57.65% in T1. The higher fruit yield of watermelon
in elevated fertilization might be due to larger size and weight
of the individual fruit which in turn increased the dry yield
per vine. These increased individual fruit size and fruit
weight per vine in elevated fertilizers might be attributed to
the ability of NPK to promote vigorous vegetative growth
at initial and then final reproductive growth of watermelon
by instantly supplying the necessary raw materials required
for formation and development of new cells and tissues
and by favouring other physiological activities relating to
mobilization of more food materials to economic parts to
increase harvest index. The role of fertilizer in increasing
the plant vigour in the form of length and weight of vine
and number and size of leaves, leaf area index, leaf
chlorophyll content were well documented in many crops
and these increased leaf area might carry out more
photosynthesis and converted light energy to chemical
energy more efficiently and thus accumulated more biomass
for subsequent reproductive growth. Similar results were
also observed by Olaniyi et al. (2011), Olaniyi (2000 & 2006)
and Sabo et al. (2013) in watermelon.

The juice content of the fruit and total sugar content
of the juice were also significantly affected by different
treatments ( Fig-1 & Fig-2). The T5 maintained statistically
significant superiority over all other treatment in these two
fruit quality parameters whereas control fruits were the least

Fig 2.  Effect of different levels of NPK on Total Sugar content of watermelon
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performer. This might be the fact that balanced nutrition
not only increase the crop growth and yield of watermelon
( Hazarika et al. 2012) but also  improve the soil physical
and chemical properties (John et al., 2004), thereby help
the plant to sustain vigorous vegetative for prolonged
period and boost up the reserved food and timely mobilize
to the reproductive parts leading to more yield with  better
fruit quality. The positive corelation of NPK fertilization
with the increasing fruit quality has also been reported by
Okur & Yagmur (2004) and Hazarika et al. (2012) in
watermelon. The present study therefore revealed that a
balance fertilizer application is the utmost necessity to
increase the production and productivity of watermelon as
such T5 with 90-55-90: NPK kg ha-1

 could be suggested as
the best fertilizer treatment combination for  watermelon in
agro climatic condition of Assam to harvest the highest
fruit yield with better quality which is necessary for
commercial farming.
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ABSTRACT
Watermelon is an important cucurbitaceous crops grown
extensively in India, tropical and sub tropical countries. It
is a major river-bed crop grown in Uttar Pradesh,
Rajasthan, Gujarat, Maharashtra and Andhra Pradesh. In
Gujarat, it is grown in river-beds of Sabarmati, Vatrak,
and Orsang. No any systematic study has been carried out
on economic analysis of watermelon cultivation in river-
bed in Gujarat. 50 growers were selected randomly. Data
was collected using primary and secondary sources.
Statistical tools like mean, percentage, ratios and CACP
approach of cost concept were used for estimating the costs
and returns. The 70 per cent of the respondents belonged
to middle age group (31-50 years). 62 per cent of the
respondents had secondary level of education (8-10 class).
64 per cent of the respondents had medium size of family
(5-8 members). 62 per cent of respondents do agriculture
as main occupation with live stock for their lively hood.
The average total cost (Cost C2) per hectare was Rs.182930.
The share of operating cost (Cost A) in the total cost per
hectare was 79.25 percent in all farms. In total cost, the
share of manures and fertilizers was 22.52 per cent. The
average yield obtained was 43.37 tonnes per hectare. The
average farm harvest price was Rs.7221.33 per tonne. The
gross returns were Rs.313189 per hectare. The average
net return was Rs.130259 per hectare. The overall BC
ratio was 1.71 for the sample farms. The overall per tonne
cost was Rs.4218. All the farmers faced problem
of high price of watermelon seed and 96 per cent
reported less availability of water in riverbed as major
constraint in watermelon production. So from the study, it
shows that cultivation of watermelon in riverbed is
profitable aspect.

Key word Watermelon, Production, BCR, Constraint

Watermelon is an important cucurbitaceous
vegetable. It is a major river-bed crop grown of Uttar
Pradesh, Rajasthan, Gujarat, Maharashtra and Andhra
Pradesh. In Gujarat, this crop grown in river-beds of
Sabarmati, Vatrak, and Orsang. Growing watermelon on river-
bed or river basins constitute a distinct type of farming.
Usually these lands are available only for short period, and
landless, small and marginal farmers cultivate watermelon
and muskmelon and seasonal vegetables on these lands
for marketing. The cultivation practices on the river-beds
are of different nature and face a large number of problems,
related to marketing, irrigation, fertilizers and seed etc. No
any systematic study has been carried out on economic
analysis of watermelon cultivation in river-bed. Keeping in
view the above facts, the present study was carried out

with to study the costs and returns of watermelon
production, to estimate cost of production per tones and
input-output ratio and to identify the constraints faced by
the watermelon growers.

MATERIALS AND METHODS
Orsang River entering in Gujarat near MotaRampura

village of Chhotaudepur district and meet river Narmada at
Chadod of Vadodara district. Agriculture Research Station,
AAU, Jabugam is situated near the bank of Orsang river (5
km). Many landless, marginal and small farmers grow
watermelon, muskmelon, cucumber and other seasonal
vegetables in Orsang river-basin. In all 50 watermelon
growers selected randomly for study.

Pre-tested schedule was used to collect data through
survey method, relating to the agricultural year 2015-16.
Statistical tools like mean, percentage, ratios and CACP
approach of cost concept were used for estimating the costs
and returns in watermelon.

RESULTS AND DISCUSSION

Socio-economic status of respondents

Age
The study indicated that majority of the respondents

(70 per cent) belonged to middle age group and followed
by old age (22 per cent) and young age group (8 per cent)
(Table 1).

Table 1. Distribution of respondents according to age
groups

Sr.No Age of head of the family 
(completed years) 

Number Per 
cent 

1 Young     (up to 30) 04 08 

2 Middle    (31 to 50) 35 70 

3 Old         (Above 50) 11 22 

 Total 50 100 

 Educational level
More than three-fifth (62 per cent) of the respondents

had secondary level of education followed by primary level
of education. Further, 14 per cent of the respondents were
illiterate while 6 per cent of them had college level of
education (Table 2).

Family size
It can be interpreted from the data presented in Table-

3 that 64 per cent of the respondents have medium size of
families followed by large and small size of families with
26.00 percent and 10 per cent, respectively.

mailto:hcparmar@aau.in
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Table 2. Distributions of respondents according to their
level of education

Sr. 
No 

Level of education Number Per 
cent 

1 Illiterate 07 14 

2 Primary   (Up to VII Std.) 09 18 

3 Secondary  (VII to XII) 31 62 

4 College 03 06 

 Total 50 100 

 

Table 3. Distribution of respondents according to the
family size

Sr.No Family size Number Per 
cent 

1 Small Family (Up to 4) 05 10 

2 Medium Family (5 to 8) 32 64 

3 Large Family (Above 8) 13 26 

 Total 50 100 

 

hectare was 79.25 percent in all farms. The break-up of cost
components shows that the share of manures and fertilizers
in the total cost was 22.52 per cent followed by human
labour (21.91 per cent), seed cost (20.62 per cent), tractor
charges (7.30 per cent), rental value of leased land (5.47
percent), crop protection (4.84), miscellaneous charges (4.62
per cent) etc.

Yield, Price and BC Ratio
The average yield obtained on sample farms was 43.37

tonnes per hectare with a range from 39.92 to 46.76 tonnes
per hectare. The average farm harvest price ranged from
Rs. 7200 to 7255 per tonne with Rs.7221.33 per tonne on
overall farms. The average gross return was Rs.313189 per
hectare on sample farms. It was highest (Rs.337093) in case
of medium farms followed by marginal (Rs.315012) and small
(Rs.287424) farms.

The average net return on the sample farms was
worked out to be Rs.130259 per hectare. It was highest in
case of marginal farms (Rs.146351) followed by medium
(Rs.137008) and small (Rs.107381) farms. The overall BC
ratio was 1.71 for the sample farms. It was highest (1.87) on
marginal farms and lowest (1.60) on small farms. The overall
per tonne cost was Rs.4218 and it was highest on small
farms (Rs.4510) and lowest on marginal farms (Rs. 3884).

Land holding
More than three-fifth of the respondents (62 per cent)

had marginal farm size followed by 34 per cent of the
respondents who had small size of land holding. Only 4 per
cent of the respondents had medium size of land holding.
None of the respondents were found with large size of land
holding.

A perusal of Table-5 revealed that majority of the
respondents (62 per cent) had agriculture as main
occupation along with live stock for their lively hood
followed by 24 per cent of them who had farming along
with labour work and animal husbandry as their occupation.

Cost Analysis

Factor wise cost
The cost of cultivation of watermelon was calculated

and findings are presented in Table-6. The details of per
hectare cost and cost of various factors for the production
of watermelon on different size of farms were studied and
the results are furnished in Table- 6. It is apparent from the
table that the average total cost (Cost C2) per hectare was
amounted to Rs.182930. It was highest (Rs.200085) on
medium farms and the lowest (Rs.168661) on marginal farms.
The share of operating cost (Cost A) in the total cost per

Table 4. Distribution of respondents according to land holding (leased land)

Sr.No Farm size group  Average farm 
size Number Per cent 

2 Marginal (Up to 1 hectare) 31 62 0.62 

3 Small (1.01 to 2 hectare) 17 34 1.42 

4 Medium (2.01 to 4 hectare) 02 04 2.80 

5 Large (above 4 hectare) 0 00 00 

 Total 50 100  

 Occupation:

Table 5. Distributions of respondents according to their occupation

Sr. No. Occupation Number Per cent 

1 Farming + Livestock 31 62 

2 Farming + Labour work 07 14 

3 Farming + Livestock + Labour work 12 24 

 Total 50 100 
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Table 6. Factor-wise Distribution of Total Cost on Watermelon production in riverbed area
(Rs/hectare)

Note: Distribution of respondents according to leased land.

Sr. 
No. 

Item Farm size groups 

Marginal Small Medium All Farms 

Cost Per cent Cost Per cent Cost Per cent Cost Per cent 

1 Human Labour 

a Family 26923 15.96 18938 10.52 15161 7.58 20341 11.12 

b Hired 11546 6.85 20404 11.33 27250 13.62 19733 10.79 

 Total 38469 22.81 39342 21.85 42411 21.20 40074 21.91 

2 Seed (kg) 33732 20.00 39091 21.71 40357 20.17 37727 20.62 

3 Manures 23639 14.02 25448 14.13 28750 14.37 25948 14.18 

4 Chemical fertilizers 14656 8.69 14282 7.93 16880 8.44 15273 8.34 

5 Tractor charges 11962 7.09 12314 6.84 15750 7.87 13340 7.29 

6 Crop protection 7495 4.44 8651 4.80 10393 5.19 8846 4.84 

7 Miscellaneous cost 7990 4.74 8104 4.51 9250 4.62 8448 4.62 

8 Depreciation 68 0.04 87 0.05 91 0.05 82 0.04 

9 Interest on working 
capital 

4844 2.87 5535 3.07 6349 3.17 5576 3.05 

10 Rental value of 
leased land 

10000 5.93 10000 5.56 10000 5.00 10000 5.47 

11 Interest  on owned 
fixed capital 

473 0.28 821 0.46 1664 0.83 986 0.54 

12 Managerial charges 15333 9.09 16368 9.09 18190 9.09 16630 9.09 

13 Cost A 125932 74.67 143916 79.93 165070 82.50 144973 79.25 

14 Cost B 126405 74.95 144737 80.39 166734 83.33 145959 79.79 

15 Cost C1 153328 90.91 163675 90.91 181895 90.91 166299 90.91 

16 Cost C2 168661 100 180043 100 200085 100 182930 100 

 

Table 7. Yields and Value of Gross Output per Hectare

Note: Distribution of respondents according to leased land.

Sr.No Indicators Marginal Small Medium All 

1 Average Yield (t/ha) 43.42 39.92 46.76 43.37 

2 Price (Rs/t) 7255 7200 7209 7221.33 

3 Gross Return (Rs/ha) 315012 287424 337093 313189 

4 Total  Cost (Rs/ha) 168661 180043 200085 182930 

5 Gross Returns Cost C1 (Rs/ha) 161684 123749 155198 146890 

6 Net Return (Rs/ha) 146351 107381 137008 130259 

7 BC Ratio 1.87 1.60 1.68 1.71 

8 Cost of Production (Rs/t) 3884.41 4510.10 4279.00 4217.89 

 

perceived by the farmers were listed and ranked in Table-9.
All the farmers faced problem of high price of watermelon
seed and great majority (96 per cent) of them reported less
availability of water in riverbed as major constraint in
watermelon production. Other important constraints as
reported by majority of the farmers were high price and
shortage of manures, unstable and unreasonable price of
output and costly fertilizers.

Net Returns
Net return over operational cost (Cost-A) was the

highest on marginal farms (Rs.189080) and the lowest on
small farms (Rs.143508) with average of Rs.168252 on
sample farms as a whole.

Constraints
Major constraints in watermelon production as
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CONCLUSIONS
The average total cost per hectare was to the tune of

Rs. 182930. The share of operating cost (Cost A) in the total
cost per hectare was 79.25 percent in all farms. Cost of
manures and fertilizers, human labour and seed were the
major components in operational cost. The net return was
Rs. 130259 per hectare. The overall BC ratio was 1.71 for the
sample farms. The overall per tonne cost was Rs.4218. High
price of seed and less availability of water were the major
constraints in watermelon production.
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ABSTRACT

A study was conducted to find out the seasonal variation in
soybean(Glycine max (L.) Merrill) genotype in two
different seasons under field trail.Experiments were
conducted at PGI Botany farm, MPKV, Rahuri, Dist.
Ahmednagar during kharif 2014 and summer 2015.Five
genotypes were laid out in a Randomized Block Design
(RBD) with four replications.The Crude protein, Reducing
sugars, Carbohydrate, Fat, ß-carotene and Oil contents
from soybean seed samples were estimated on NIR
spectrometer. Result showed that biochemical composition
of soybeans varies according to the geographical locations
where the soybean was grown, harvest conditions and post-
harvest processing.Soybean seed composition varies with
environmental factors, especially during the seed filling
period when accumulation of the seed chemical components
occurs. Biochemical composition of soybean seed highest
in summer season compared to kharif season.

Key words Biochemical parameters,Glycine max (L.)
Merrill

Soybean [Glycine max (L.) Merrill] is known as
“Golden bean” and miracle crop of 20th century. It is a
versatile and fascinating crop with innumerable possibilities
of not only improving agriculture but also supporting
industries. Soybean besides having high yielding potential
(20-25 q/ha) also provides cholesterol free oil and high
quality protein.Soybeans are not only a great source of
high quality oil, but also are rich in protein and
carbohydrates. Thus, de hulled soybeans contain 20% oil,
40% protein, 35% carbohydrates and 5% minerals on a DM
basis. The study of soybean amino acid composition is
important for nutritional purposes and for consumer
acceptance of soy food products, as it contributes to the
taste of foodstuffs (Gaoet al., 2011).It is a rich source of
amino acids, vitamins, minerals and fats. Its oil is also used
as a raw material in manufacturing antibiotics, paints,
varnishes, adhesives and lubricants etc.

The starch and soluble sugar concentrations
decreased with increasing temperature and decreased
dramatically at mean temperatures greater than 20°C. Protein
concentration appeared to be relatively constant at lower
temperatures but increased at the highest temperature (Sato
and Ikeda 1979). In addition to temperature, shortening day
length may enhance the protein concentration by increasing
the rate of nitrogen translocation to the seed and seed
growth rate.

The protein concentration was either constant or only
slightly increased with decreasing mean temperature below
28°C (Sato and Ikeda, 1979, Gibson and Mullen, 1996).
Gibson and Mullen (1996) and Dornbos and Mullen (1992)
found that oil content increased with increasing temperature
with an optimum at 25 to 28°C, above which the oil
concentration declined. It has been widely documented
that soybean seed composition varies with environmental
factors, especially during the seed filling period when
accumulation of the seed chemical components occurs (Wolf
et al., 1982; Wilson, 2004; Carrera et al., 2009).

MATERIALS AND METHODS

Planting material (Genotypes)

A total of five soybean varieties (JS-335, JS-
9305,PhuleAgrani, PhuleKalyani,KS-103) were selected.
Seeds of all varieties were collected from Agricultural
Research Station KasbeDigras, Tal - Dist - Sangli.

Experimental site

Experiments were conducted at PGI Botany farm,
MPKV, Rahuri, Dist. Ahmednagar during kharif 2014 and
summer 2015. The soil of experimental field was medium
black with good water holding capacity and pH ranging
from 7.0 to 7.5.

Biochemical analysis

The Crude protein, Reducing sugars, Carbohydrate,
Niacin, Thiamine, ß-carotene and Oil contents from soybean
seed samples were estimated on NIR spectrometer (ZEUTEC
Make), is a dual-beam near infrared spectrometer. In the
NIR spectrometer, the sample is exposed near infrared light
of specific wavelengths, selected from up to 19 high
precision interference filters. The light penetrated the
sample, interacted with sample molecules and is partly
absorbed and partly diffusely reflected. The reflected light
is measured by a lead sulfide (PbS) detector mounted in a
gold coated integrating sphere located above the
sample.The amount of light absorbed by the sample at
different wave lengths is directly related to the
concentration of chemical functional groups, such as C-H,
O-H and N-H. As these concentrations are in turn related
to the concentrations of the properties of interest, e.g. fat,
protein or moisture, property values can be determined.
Before the instrument used to analyze samples,
representative set of various samples of the product
calibrated by using their known reference values. These
values must have been obtained by using standard
laboratory methods of high accuracy. In a calibration, a
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correlation between the NIR absorbance values at the
different wavelengths and the sample composition is
established, and calibration constants are calculated for
each wavelength.

RESULTS AND DISCUSSION

Protein content in soybean seed

The differences among the genotypes for protein
content in seeds were statistically significant. Among the
genotypes PhuleAgrani recorded the maximum value (37.54)
at the maturity stage in kharif, same as in summer
PhuleAgrani recorded the maximum value (38.05) at the
maturity stage.Protein concentration appeared to be
relatively constant at lower temperatures but increased at
the highest temperature (Sato and Ikeda 1979).

Reducing sugar content in seed
The differences among the genotypes for reducing

sugar contentin seeds were statistically significant. Among
the genotypes PhuleKalyani recorded the maximum value
(6.81) at the maturity stage in kharif, In summer PhuleAgrani
recorded the maximum value (7.02) at the maturity stage.The
reducing sugars in seed increased in summer season.

Carbohydrate content in seed

The differences among the genotypes for

carbohydrate content in seeds were statistically significant.
The genotype KS-103 recorded highest value (27.52) and
JS-335 recorded lowest value (21.97) in kharif season. The
genotype PhuleAgrani recorded highest value (27.71) and
JS-9305 recorded lowest value (23.48).

Fat content in seed

The fat content in seed among the genotypes was
statistically significant at two different seasons. KS-103
recorded the highest fat content (17.71) in seed in
Kharifseason. In summer season PhuleAgrani recorded
highest fat content (18.51) in seed.In the present
investigation, fat content in seeds increased in summer
season compared to kharif.

-Carotene content in seed

-Carotene content in seed in two different seasons
was statistically significant. In kharifseason PhuleAgrani
(119.28) recorded maximum â-Carotene content. In summer
JS-9305 (123.05) recorded maximum â-Carotene content.

Oil content in seed

Oil content in seed in two different seasons was
statistically significant. In Kharif season KS-103 (19.03)
recorded highest value oil content. In summer season JS-
335 (19.76) recorded highest value of oil content.The oil

Table 1. Protein content, Reducing sugar content and Carbohydrate content in soybean seedsin two different seasons

Genotypes 
Seed protein content (%) 

Reducing sugar content in                             
seed  (g/100g) Carbohydrate content in seed 

Khari 
f2014 

Summer 
2015 Pooled 

Kharif 
2014 

Summer 
2015 Pooled 

Kharif 
2014 

Summer 
2015 Pooled 

JS-335 36.94 37.56 37.08 5.62 6.31 5.97 21.97 23.94 22.95 

JS-9305 37.36 37.60 37.42 5.68 6.28 5.98 22.04 23.48 22.76 

PhuleAgrani 37.54 38.50 37.76 5.91 7.02 6.46 25.62 27.71 26.66 

PhuleKalyani 37.05 37.32 37.11 6.82 6.90 6.85 26.28 27.14 26.71 

KS-103 37.05 37.16 37.05 6.41 6.77 6.59 27.52 27.66 27.59 

GM 37.19 37.63 37.29 6.09 6.66 6.37 24.68 25.98 25.33 
SE ( +) 0.016 0.246 0.131 0.02 0.175 0.098 0.074 0.242 0.158 

CD@5% 0.048 0.758 0.403 0.06 0.541 0.303 0.227 0.748 0.487 

 

Table 2. Fat content, -Carotene content and Oil content in seed in two different seasons

Genotypes 
 

Fat content in seed (g/100g) β-Carotene content in seed 
(mg/100g) 

Oil content in seed (%) 

Kharif 
2014 

Summer   
2015 

Pooled Kharif  
2014 

Summer 
2015 

Pooled Kharif 
2014 

Summer 
2015 

Pooled 

JS-335 14.34 17.27 15.80 114.3 121.6 117.9 16.62 19.76 18.19 

JS-9305 14.14 17.92 16.03 116.0 123.1 119.5 15.16 19.39 17.28 

PhuleAgrani 15.60 18.51 17.06 119.3 120.2 119.7 16.76 18.47 17.62 

PhuleKalyani 17.65 18.06 17.86 118.6 121.7 120.1 18.46 19.42 18.94 

KS-103 17.71 18.26 17.98 119.1 120.4 119.8 19.03 19.69 19.36 

GM 15.89 18.00 16.95 117.5 121.4 119.4 17.21 19.35 18.28 
SE ( +) 0.051 0.04 0.045 0.106 0.079 0.093 0.047 0.196 0.122 

CD@5% 0.156 0.124 0.14 0.327 0.242 0.335 0.146 0.604 0.375 
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content increased with increasing temperature with an
optimum at 25oC to 28°C, above which the oil concentration
declined (Gibson and Mullen (1996) and Dornbos and
Mullen (1992)). In the present investigation, oil content in
seeds increased in summer season compared to kharif.
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ABSTRACT
The experiment was conducted at Main Experiment Station,
Horticulture, Narendra Deva University of Agriculture &
Technology, Kumarganj, Faizabad, Uttar Pradesh during
2014-2015 in Randomized Block Design with three
replications and seven treatments; T1 - Control (Water
spray), T2-GA3 50 ppm, T3-GA3 100 ppm,T4-GA3 150
ppm,T5- NAA 50 ppm,T6-NAA 100 ppm,T7 –NAA 150 ppm.
Growth attributes like shoot length, the number of shoots
per plant, the number of leaves per shoot, internodal length,
yield attributes like a number of fruits per node, the number
of fruiting nodes per shoot, fruit yield per plant (kg), fruit
yield per hectare (q). Foliar application of GA3 @ 150 ppm
is effective to increase vegetative growth, yield in phalsa
fruits. Hence GA3 150 ppm can be recommended for phalsa
growers for higher yield in Eastern Uttar Pradesh.

Key words Phalsa, Plant growth regulator, Plant
growth, Yield, Foliar spray

Phalsa (Grewia subequal’s D.C.) subtropical fruit
belongs to family Tiliaceae and its fruit is known as a berry
(Hiwale, 2015). Phalsa is a quick growing very hardy shrub
which thrives well in the arid and semi-arid region as well
as in salt-affected wasteland condition. It has high
nutritional value, containing mineral like iron, phosphorus
and vitamins like A and C having, 50-60 per cent juice, 10-11
per cent sugar (Abid, 2012; Mesaik et al., 2013)    . The fruits
are very delicious, tasty and used for table purpose. The
fruits are excellent for making juice and squash, ready to
serve, nectar, syrup. However, it is mostly used as a fresh
fruit and has a cooling effect (Singh, 2017; Sinha et al.,
2015)    .

Plant hormones (also known as phytohormones) are
chemicals that regulate plant growth, which, in the UK, are
termed ‘plant growth substances’. Plant hormones are
produced within the plant and they act in very low
concentrations. They are known to act locally and also by
targeting other locations. Unlike animals, each plant cell is
capable of producing hormones (Yakhin et al., 2016)  .

Phytohormones play a crucial role in plant
development targeting their various aspects of their growth
and development without them plant can develop various
kinds of malformations. So they are also known as growth
factors or growth hormones.  Application of growth
substances viz., auxins and gibberellins have been effective
in increasing fruit set and yield in several fruit crops
including phalsa. Application of GA3 results in increased
yield (Kacha 2014, Randhawa et al., 1967).

MATERIALS AND METHODS
A field experiment was conducted at Main

Experimental Station, Department of Horticulture, Narendra
Deva University of Agriculture and Technology, Kumarganj,
Faizabad (U.P.) during the year 2014-15. Twenty years old
uniform phalsa plants already established at 3 x 3 m apart
were taken in the present investigation. Manure, fertiliser
and other orchard management practices were followed as
per recommended package and practices for phalsa. The
experiment was laid out in a Randomised Block Design with
seven treatments and replicated thrice. The treatments
consisted of three levels each of naphthalene acetic acid
50, 100 and 150 ppm, gibberellic acid 50, 100 and 150 ppm
and control. The growth regulators were applied twice i.e.,
first spray at pre-bloom and second spray just after fruit
set. Data was recorded on Growth, yield attributes.

RESULTS AND DISCUSSION
 The maximum shoot length was measured with a foliar

spray of GA3 150 ppm (Karole and Tiwari 2016 in ber) and
Kumar et al. (2014) in phalsa. However, the maximum number
of shoot per plant also found in treated plants with GA3 150
ppm (Moon Young et al. 2003 and Kumar et al. 2014) in
phalsa), The inter-nodal length was increased significantly
with plant growth regulators. The maximum internodal length
was achieved with a foliar spray of GA3 @ 150 ppm. Higher
inter-nodal length achieved might be due to cell division,
cell elongation and growth enhancing properties of
gibberellin reported by Singh et al (2015) with the spray of
20 ppm GA3 and Kumar et al. (2014) in phalsa and the
highest number of leaves also observed in GA3 treated
plants. The maximum fruit yield per plant (5.40 kg) was
recorded with the spray of GA3 150 ppm followed by GA3
100 ppm (5.22 kg) and NAA 150 ppm (5.18 kg). This may be
due to the better physiology of developing fruits in terms
of better supply of water, and other compounds vital for
their proper growth and development which resulted in
improved size ultimately greater yield as compared to NAA.
These results are in close conformity with the finding of
Anawal et al. (2015) in pomegranate cv. Bhagwa and Rajput
et al. (2015) in guava cv. L-49.The increase in growth and
yield attributes a particular number of shoots per plant, the
number of fruiting nodes per shoots, the number of fruits
per node and increased yield per plant which contributed
towards an increase in average yield per hectare. The
present findings are in conformity with the result of Anawal
et al. (2015) in pomegranate cv. Bhagwa and Rajput et al. (
2015) in guava cv. L-49. The results revealed that
significantly maximum yield per bush (5.4/bush) and yield
per hectare (59.99) was recorded under the treatment GA3
@ 150 ppm (Table 2). The results revealed that the
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Table 1. Effect of plant growth regulators on shoot length (cm), number of shoots (cm), number of leaves and intermodal
length.

Treatments 
(PGRs) 

Shoot 
length 
(cm) 

Treatments 
(PGRs) 

Number of 
shoot/ 
plant 

Treatments 
(PGRs) 

Number of 
leaves / 
shoot 

Treatments 
(PGRs) 

Inter 
nodal 
length 
(cm) 

 T1 Control 

(water spray) 
180.41 T1 Control 

(water spray) 
62.87 T1 Control  33.6 T1 Control 

(water spray) 
5.94 

T2 GA3 @ 50 
ppm 

233.32 T2 GA3 @ 50 
ppm 

86.5 T2 GA3 @ 50 
ppm 

41.07 T2 GA3 @50 
ppm 

8.34 

T3 GA3 @ 100 
ppm 

244.04 T3 GA3 @ 100 
ppm 

87.5 T3 GA3 @ 100 
ppm 

42.53 T3 GA3 @ 100 
ppm 

8.34 

T4 GA3 @ 150 
ppm 

247.29 T4 GA3 @ 150 
ppm 

87.73 T4 GA3 @ 150 
ppm 

46.73 T4 GA3 @ 150 
ppm 

8.38 

T5 NAA @ 50 
ppm 

236.26 T5 NAA @ 50 
ppm 

70.17 T5 NAA @ 50 
ppm 

43.07 T5 NAA @ 50 
ppm 

7.36 

T6 NAA @ 100 
ppm 

239.76 T6 NAA @ 100 
ppm 

70.83 T6 NAA @ 100 
ppm 

41.03 T6 NAA @ 100 
ppm 

7.61 

T7 NAA  @ 
150 ppm 

226.83 T7 NAA  @ 
150 ppm 

77.33 T7 NAA  @ 
150 ppm 

34.7 T7 NAA  @ 
150 ppm 

7.36 

 SEm± 4.3 Sem± 4.19 SEm± 1.22  SEm± 0.1 

C. D. 12.8 C.D. 12.45 C. D. 3.65 C. D. 0.3 

 

Table 2. Effect of plant growth regulators on number of fruits, no. of fruiting nodes/shoot, fruit yield/plant and fruit
yield/ ha.

Treatments 
(PGRs) 

Number of 
fruits/node 

Treatments 
(PGRs) 

Number of 
fruiting 

nodes/shoot. 

Treatments 
(PGRs) 

Fruit 
yield/plant 

Treatments 
(PGRs) 

Fruit 
yield/ 
ha(q) 

T1 Control  
water spray  

12.27 T1 Control 
water spray 

11.2 T1 Control 
water spray 

3.97 T1 Control 
water spray 

44.12 

T2 GA3 @ 50 
ppm 

16.23 T2 GA3 @ 50 
ppm 

15.33 T2 GA3 @ 50 
ppm 

5.05 T2 GA3 @ 50 
ppm 

56.2 

T3 GA3 @ 
100 ppm 

17.63 T3 GA3 @ 100 
ppm 

15.4 T3 GA3 @ 100 
ppm 

5.22 T3 GA3 @ 
100 ppm 

57.96 

T4 GA3 @ 
150 ppm 

17.77 T4 GA3 @ 150 
ppm 

15.7 T4 GA3 @ 150 
ppm 

5.4 T4 GA3 @ 
150 ppm 

59.99 

T5 NAA @ 
50 ppm 

17 T5 NAA @ 50 
ppm 

14.27 T5 NAA @ 50 
ppm 

4.97 T5 NAA @ 
50 ppm 

55.26 

T6 NAA @ 
100 ppm 

16.4 T6 NAA @ 
100 ppm 

15 T6 NAA @ 100 
ppm 

5 T6 NAA @ 
100 ppm 

55.55 

T7 NAA  @ 
150 ppm 

16.5 T7 NAA  @ 
150 ppm 

15.5 T7 NAA  @ 
150 ppm 

5.18 T7 NAA  @ 
150 ppm 

57.53 

SEm± 0.4 SEm± 0.49 SEm± 0.29 SEm± 2.73 

C.D. 1.2 C.D. 1.45 C. D. 0.85 C. D. 8.12 

 

application of plant growth regulators significantly
increased the number of fruits per shoot. An application of
GA 150 ppm recorded the highest number of fruits (17.77)per
shoot and the highest number of fruiting nodes (15.7).
Present finding is in accordance with that of Kacha et al.
(14) and Kumar (14) in phalsa who reported that GA3 at 150
ppm induced the highest number of fruiting nodes per
shoots. The present findings are in conformity with those
reported by Sandhu and Bal. (1989) in ber, Biswas et al.

(1988) in guava, Singh and Chundawat (2011) in grape,
Goswami et al. 2013 in pomegranate.

SUMMARY AND CONCLUSION
It may be concluded from the result obtained in

present investigation that foliar application of GA3 150 ppm
at pre-bloom stage and fruit setting was found most
effective in increasing vegetative growth, yield. Hence GA3
150 ppm can be recommended for Phalsa growers of eastern
U. P. for getting a higher yield.
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ABSTRACT
The foraging rate (number of flowers visited/minute) by
honeybee species recorded from coriander bloom during
2005-06 and 2006-07 revealed that the maximum number
of flowers (12.87, 9.78) visited per minute by A. florea
followed by A. c. indica (11.03, 8.04) and A. mellifera (9.77,
6.99) while the minimum was recorded in A. dorsata (8.09,
6.52) for gathering a load of pollen/nectar or both. The
maximum mean numbers of flowers were visited at 1200
noon followed by 14.00 PM and minimum at 10.00 AM on
almost all dates of observation in both the years. The
foraging speed (time spent in second/flower) of honeybee
species recorded from coriander bloom during 2005-06
and 2006-07 revealed that A. dorsata spent more time
(7.03, 6.41 hrs) for foraging followed by A. mellifera (6.30,
5.53) and A. c. indica (4.36, 4.00) while the minimum was
spent by A. florea (3.12, 3.10) for gathering a load of pollen/
nectar or both. The maximum foraging speed was recorded
at 12.30 PM followed by 14.30 PM while the minimum
foraging speed were at 10.30 AM on all dates of
observations in both the years.

Key words Foraging rate, Foraging speed, Apis spp.,
Coriander.

Coriander (Coriandrum sativum L.) is an important
Umbelliferous spice crop grown widely in India. Although
seed yield of this crop has been shown to improve
considerably by adopting proper cultural practices but
insect pollinators have also been reported to play an
important role in seed production of Coriander crop . This
is because most of the Umbelliferous crops are cross-
pollinated mainly by insects. However, little efforts have
so far been made in utilizing insect pollinators for seed
production in Coriander crop. The humming song of bees
and other insects can be heard on entering the field during
the blossoming period of the crop. Mishra (1995) reported
that coriander (Coriandrum sativum L.), fennel (Foeniculum
vulgare L.) and carrot (Daucus carota L.) flowers are
favourably visited by honeybees more for nectar but also
to obtain pollen in the absence of better flora from February
to March.

MATERIALS AND METHODS
The field experiment was conducted at University

Apiary, Rajendra Agriculture University (Bihar), Pusa
during rabi season of 2005-06 and 2006-07. Foraging rate
(Number of flowers visited by bees per minute) and foraging
speed (time in seconds spent by bees per flower) were
recorded on different hours of the day. The foraging rate
were recorded from 7th Feb to 19th Feb 2006 and 6th Feb to
18th Feb, 2007 at three days interval at 2 hours interval from

1000 to 1400 hrs on each day, while foraging speed were
recorded from 8th Feb to 20th Feb,2006 and 7th Feb to 19th

Feb,2007 at three days interval at 2hrs interval from 1030 to
1430 hrs on each day.

RESULTS AND DISCUSSION
The foraging rate (number of flowers visited/minute

time) of honeybee species was recorded from coriander
bloom during 2005-06 and data so obtained have been
presented in Table 1 The foraging rate was recorded from
7th February to 19th February, 2006 at 3 days intervals from
10.00 AM to 14.00 PM on each day of observations. The
table revealed that different species under study showed
differential number of flowers visited per minute time
Interestingly all the bees under study invariably, irrespective
of species visited more and more number of flowers per
minute during day hours i.e. from 1000 to 1400 hrs. It was
evident from the table that among the four species of
honeybees the maximum number of flower was visited per
minute by A. florea (12.87) followed by A. c. indica (11.03)
and A. mellifera (9.77) while the minimum was recorded in
A. dorsata (8.09) for gathering a load of pollen/nectar or
both. The number of flowers visited by honeybees at
different hours of the day also varied widely. The maximum
mean number of flower was visited at 1200 noon being
10.83, 11.03, 10.77, 12.01 and 12.32 on 7th, 10th, 13th, 16th and
19th February, 2006, respectively and lowest at 10.00 AM
being 9.19, 9.21, 9.42, 9.83 and 10.60 flowers, respectively
on different day. The foraging rate on different dates of
observations also varied markebly. The maximum foraging
rate (11.53) flower per minute was recorded on 19th February,
2006 followed by (10.69) on 16th February, 2006 and lowest
(9.80) on 7th February, 2006. The variation in foraging rate
on different dates might be influenced either by age of
flower or by weather conditions. The temperature and
relative humidity prevailing on different dates varied
significantly. It was evident from the table 1 that maximum
temperature (23.10oC)  on 19th February, 2006 resulted in
maximum mean foraging rate being 11.53 flower/minute
whereas the lowest foraging rate, 9.80 flower/minute was
recorded when temperature was 19.050C on 7th February,
2006. However, the foraging rate was maximum (11.53 flower
per minute) when the relative humidity was 77.50% and
lowest (9.80 flower per minute) was recorded when the
relative humidity was 75.00%.

During 2006-07, there was a significant difference in
the foraging rate on coriander bloom. It was evident from
the table 2 that among the four species of honeybees the
maximum number of flowers were visited per minute by A.
florea (9.78) followed by A. c. indica (8.04) and A. mellifera
(6.99) while the minimum was recorded in A. dorsata (6.52)
for gathering a load of pollen/nectar or both. The number

mailto:manojraupusa2015@gmail.com
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Table 1.  Foraging rate (number of flowers visited/minute) of Apisspp. on coriander  bloom during 2005-06

* Mean of 5  observations during peak blooming period.

Date of 
observa-

tion 

Time of 
observation 

(hrs.) 

 

M ean number of flowers visited/minute by Apisspp. M ean no. of 
flowers visited 

/minute at 
different hrs. of 

the day 

M ean 
temp. (0C) 

M ean 
R.H. (%) A. mellifera A. dorsata A. c. indica A.  florea 

 1000 8.50 8.00 10.04 10.20 9.19   

07.02.2006 1200 10.00 8.20 11.68 13.42 10.83 19.05 75.00 

 1400 9.70 7.30 9.10 11.43 9.38   

 M ean 9.40 7.83 10.27 11.68 9.80   

 1000 8.70 7.90 9.90 10.32 9.21   

10.02.2006 1200 10.80 8.40 11.44 13.47 11.03 19.85 72.00 

 1400 9.90 7.90 10.13 11.92 9.96   

 M ean 9.80 8.06 10.49 11.90 10.07   

 1000 9.70 7.50 9.87 10.60 9.42   

13.02.2006 1200 10.60 8.20 10.80 13.49 10.77 20.25 72.50 

 1400 9.40 8.00 11.50 12.31 10.30   

 M ean 9.90 7.90 10.72 12.13 10.16   

 1000 9.20 8.80 10.10 11.20 9.83   

16.02.2006 1200 9.70 9.20 13.33 15.80 12.01 22.90 74.50 

 1400 9.80 7.00 11.64 12.46 10.23   

 M ean 9.56 8.33 11.69 13.15 10.69   
 1000 9.40 8.40 10.70 13.90 10.60   

19.02.2006 1200 10.20 8.10 13.65 17.32 12.32 23.10 77.50 

 1400 11.10 8.60 11.72 15.25 11.67   

 M ean 10.23 8.36 12.02 15.49 11.53   

Grand 
M ean 

 9.77 8.09 11.03 12.87 10.45   

  CD(P=0.05) S.Em (+)      

Hours  0.180 0.064      

Insect 
Visitors  

 0.208 0.074      

Hour x 
Insect 
visitors  

 0.360 0.129      

 

of flowers visited by honeybees at different hours of the
day also varied widely. The maximum mean number of flower
was visited at 1200 noon being 9.21, 10.09, 8.51, 7.83 and
8.06 on 6th, 9th, 12th, 15th and 18th February, 2007, respectively
on different days. The foraging rate on different dates of
observations also varied markebly. The maximum foraging
rate (9.06 flower per minute) was on 9th February, 2007
followed by (8.37) on 6th February, 2007 and lowest (6.97
flower per minute) on 15th February, 2007. The variation in
foraging rate on different dates might be influenced either
by age of flower, by weather conditions or quantity of
pollen/nectar. The temperature and relative humidity
prevailing on different dates varied significantly. It was
evident from the table 2 that maximum temperature (18.850C)
on 9th February, 2007 resulted in maximum mean foraging
rate, being 9.06 flower per minute, whereas the lowest
foraging rate (6.97 flower per minute) was recorded when
temperature was 12.650C on 15th February, 2007. However,
the foraging rate was maximum (9.06 flower per minute) when

the relative humidity was 77.50% and lowest (6.97 flower
per minute) was recorded when the relative humidity was
70.50%. Thus, it may be concluded that A. florea being
lightest in body weight had highest foraging rate followed
by A. c. indica and A. mellifera while the A. dorsata being
heaviest had lowest foraging rate on coriander in both the
years under study. The maximum foraging rate, recorded at
1200 noon in both the years, revealed that day temperature
influenced more foraging during mid day than forenoon
and afternoon. The variation in foraging rate on different
dates revealed that age of flower influenced the foraging
rate. Full bloom umbel favoured more foraging than the
flowers of early age or near maturity. Higher temperature
increased the foraging rate. More or less similar
observations on foraging rate in different crops had been
reported by earlier workers also. Gilbert (1980) reported that
foraging rate (number of flowers visited per minute) and
foraging speed (time in second spent per flower) depends
upon the foraging behaviour of insects and the floral
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structure of the crop concerned.  Shelar and Suryanarayana
(1981) reported that Apis cerana indica, Apis florea and
Trigona visited 14.5, 12.6 and 9.7 umbels and 3.5, 2.5  and
1.8 plants per  minute  during foraging coriander crops.
Goyal et al (1989)  found that on Daucus carota, A. c. indica
visited fewer umbels in a trip than A. mellifera. The average
time taken per trip was 19.2/minute and 20.4/minute by A. c.
indica and A. mellifera, respectively. Kumar et al. (2003)
reported that the foraging rate (number of capitulum visited
by bees/minute) revealed  more number of capitulum (12.85)
were visited by  Apis cerana indica F. compared to Apis
mellifera L. (10.98). The foraging rate was maximum at 1.00
PM and minimum at 10.00 A.M for both the species. Kumar
(2005) reported that foraging rate (no. of flowers visited/
minute) of Apis florae on bitter gourd, sponge gourd, bottle
gourd and cucumber were 13.1, 8.15, 9.30, 9.55, respectively.

The foraging speed (time spent in second/flower)of

honeybee species was recorded from coriander blooms
during 2005-06 and data so obtained have been presented
in Table 3. The foraging speed was recorded from 8 th

February to 20th February, 2006 at 3 days intervals from
10.30 AM to 14.30 PM on each day of observation. The
data revealed that A. dorsata spent more time (7.03 second/
umbel) for foraging followed by A. mellifera (6.30 second/
umbel) and A. c. indica (4.36 second/umbel) while minimum
time was spent by A. florea (3.12 second/umbel). The
observations recorded on various dates during flowering
time, exhibited that the foraging speed of honeybees, A.
mellifera, A.c. indica, A. dorsata and A. florea were more in
the later stage of flowering than the early stage, as
evidenced from time spent (second/umbel) 6.03, 4.26, 6.60
and 2.96 on 8th February, 2006, 6.30, 4.33, 7.23 and 3.06 on
11th February, 2006, 6.63, 4.36, 7.40 and 3.23 on 14th February,
2006, 5.90, 4.20, 6.40 and 2.93 on 17th February, 2006 and

Table  2. Foraging rate (number of flowers visited/minute) of Apisspp. on coriander  bloom during 2006-07

* Mean of 5  observations during peak blooming period.

Date of 
observation 

Time of 
observation (hrs.) 

Apisspp. 

*Mean number of flower visited/minute by Mean no. of flowers 
visited /minute at 

different hrs. of the 
day 

Mean  
temp. 
(0C) 

Mean  
R.H. (%) A. 

mellifera 
A. dorsata A. c. 

indica 
A.  florea 

 1000 6.40 6.10 7.43 9.70 7.41   

06.02.2007 1200 8.51 7.33 9.56 11.43 9.21 18.55 92.50 

 1400 8.40 7.01 8.42 10.08 8.48   

 Mean 7.77 6.81 8.47 10.40 8.37   

 1000 7.42 6.87 7.49 9.98 7.94   

09.02.2007 1200 9.53 8.49 10.23 12.09 10.09 18.85 77.50 

 1400 9.03 7.26 9.07 11.23 9.15   

 Mean 8.66 7.54 8.93 11.10 9.06   

 1000 5.90 5.74 7.23 9.07 6.99   

12.02.2007 1200 7.26 7.09 8.49 11.20 8.51 17.30 86.00 

 1400 6.40 6.21 7.32 9.47 7.35   

 Mean 6.52 6.35 7.68 9.91 7.62   

 1000 5.23 5.07 7.10 8.00 6.35   

15.02.2007 1200 7.10 6.43 8.27 9.53 7.83 12.65 70.50 

 1400 6.22 5.93 7.11 7.61 6.72   

 Mean 6.18 5.81 7.49 8.38 6.97   

 1000 6.27 5.19 7.20 8.30 6.74   

18.02.2007 1200 6.39 7.00 8.42 10.42 8.06 16.70 69.00 

 1400 4.93 6.02 7.26 8.54 6.69   

 Mean 5.86 6.07 7.63 9.09 7.16   

Grand Mean  6.99 6.52 8.04 9.78 7.84   

  CD 
(P=0.0) 

S.Em  (+)      

Hours  0.075 0.027      

Insect Visitors   0.087 0.031      

Hour x Insect 
visitors 

 0.150 0.054      

 



2052 Trends in Biosciences 10 (11), 2017

Table 3. Foraging speed (time spent in second/flower) of Apisspp. on coriander during 2005-06

* Mean of 5  observations during peak blooming period.

Date of 
observation 

Time of 
observation 

(hrs.) 

Apisspp. 

Mean time (second) spent/flower  by* Mean time (second) 
spent/flower  

Mean 
temp. (0C) 

Mean 
R.H. 
(%) A. mellifera A. c. indica A. dorsata A.  florea 

 1030 5.8 3.5 6.1 3.0 4.60   

08.02.2006 1230 6.0 4.9 7.7 3.2 5.45 19.60 72.50 

 1430 6.3 4.7 6.0 2.7 4.93   

 Mean 6.03 4.26 6.60 2.96 4.99   

 1030 5.7 4.0 5.8 2.9 4.60   

11.02.2006 1230 7.0 4.6 8.0 3.4 5.75 20.35 67.00 

 1430 6.2 4.4 7.9 2.9 5.35   

 Mean 6.30 4.33 7.23 3.06 5.23   

 1030 6.4 4.3 6.2 3.4 5.08   

14.02.2006 1230 7.2 4.9 8.4 3.4 5.98 20.35 69.50 

 1430 6.3 3.9 7.6 2.9 5.18   

 Mean 6.63 4.36 7.40 3.23 5.41   

 1030 5.5 4.7 6.2 2.9 4.83   

17.02.2006 1230 6.2 3.9 7.1 3.2 5.10 17.70 68.50 

 1430 6.0 4.0 5.9 2.7 4.65   

 Mean 5.90 4.20 6.40 2.93 4.86   

 1030 6.0 3.8 6.9 3.5 5.05   

20.02.2006 1230 7.2 5.3 8.0 3.6 6.03 23.60 79.00 

 1430 6.8 4.9 7.7 3.1 5.63   

 Mean 6.66 4.66 7.53 3.40 5.57   

Grand Mean  6.30 4.36 7.03 3.12 5.21   

  CD(P=0.05) S.Em (+)      

Hours  0.097 0.035      

Insect Visitors   0.112 0.040      

Hour x Insect 
visitors  

 0.195 0.070      

 

6.66, 4.66, 7.53 and 3.40 on 20th February, 2006, respectively.
The foraging speed of Apis spp. also varied with hour of
the day. The maximum speed of foraging was recorded at
12.30 PM on all the dates of observations viz., 5.45, 5.75,
5.98, 5.10 and 6.03 second/umbel on 8th 11th, 14th, 17th and
20th February, 2006, respectively and lowest foraging speed
were at 10.30 AM being 4.60, 4.60,5.08, 4.83 and 5.05 on
above dates of observation, respectively. The foraging
speed on different dates of observations also varied
markebly. The maximum foraging speed (5.57 second/umbel)
was on 20th February, 2006 followed by (5.41 second/umbel)
on 14th February, 2006 and lowest (4.86 second/umbel) on
17th February, 2006.

The temperature and relative humidity prevailing on
different dates varied significantly. The foraging speed in
relation to day temperature and relative humidity revealed
that maximum time (5.57 second/umbel) was spent when
the temperature was 23.600C and relative humidity was

79.00% on 20th February, 2006 and lowest time spent (4.86
second/umbel) was when the temperature was minimum
(17.700C) and relative humidity was (68.50%) on 17th

February, 2006. During 2006-07, there was a significant
difference in the foraging speed on coriander bloom. It was
evident from the table 4 that among the four species of
honeybees the maximum time spent in second per flower
by A. dorsata was 6.41followed by A. mellifera (5.53) and
A.c. indica (4.00) while the minimum time spent by A. florea
(3.10) for gathering a load pollen/nectar or both. The foraging
speed on different dates of observations also varied
markebly. The maximum foraging speed (5.33 second/umbel)
was on 10th February, 2007 followed (4.98 second/umbel)
on 13th February, 2007 and lowest (4.24 second/umbel) on
16th February, 2007.The foraging speed of Apis spp. also
varied on different hours of the day. The maximum speed of
foraging was recorded at 12.30 PM on all the dates of
observations viz., 5.33, 5.95, 5.60, 4.78 and 5.05 second/
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umbel on 7 th, 10 th, 13 th, 16 th and 19 th February, 2007,
respectively and lowest foraging speed were at 10.30 AM
being 4.35, 4.83, 4.53, 4.00 and 4.23 on above dates of
observation, respectively. It was also evident from the table
4 that maximum temperature (19.700C) on 10th February, 2007
resulted in maximum foraging speed being 5.33 second/
umbel whereas lowest foraging speed (4.24 second/umbel)
was recorded when temperature was minimum (15.950C) on
16th February, 2007. However, the foraging speed was
maximum (5.33 second/umbel) when relative humidity was
80.00% and lowest (4.24 second/umbel) when the relative
humidity was (63.50%).

Thus, it may be concluded that among the Apis spp.,
A. dorsata being heaviest in body weight had highest
foraging speed followed by A. mellifera and A. c. indica
while the A. florea being lightest had lowest foraging speed
on coriander in both the years which is rich in pollen and

nectar. The foraging speed of Apis spp. in relation to day
hour revealed that highest speed was recorded at 12.30 PM
and lowest at 10.30 AM in both the years. This clearly shows
that day temperature influenced the foraging speed of Apis
spp. The variation in foraging speed on different dates might
be influenced either by age of flower or by weather
conditions. The temperature and relative humidity
prevailing on different dates varied significantly in both
the years. More or less similar observations on foraging
speed in different crops had been reported by earlier workers
also.Gilbert (1980) reported that foraging speed (time in
second spent per flower) and foraging rate (number of
flowers visited per minute) depends upon the foraging
behaviour of insects and the floral structure of the crop
concerned. Kumar et al. (1989) reported that on a plot caged
with 4-frame nucleus hive of Apis ceranaon onion umbels
received an average time spent by a bee on a flower were

Table  4. Foraging speed (time spent in second/flower) of Apisspp. on coriander bloom during 2006-07

* Mean of 5  observations during peak blooming period.

Date of 
observation 

Time of 
observati
on (hrs.) 

Apis spp. 

Mean time (second) spent/flower  by* Mean time 
(second) 

spent/flower 

Mean 
temp.  
(0C) 

Mean 
R.H. 
(%) A. 

mellifera 
A. c. 

indica 
A. 

dorsata 
A.  florea 

 1030 5.0 4.0 5.0 3.4 4.35   

07.02.2007 1230 6.2 4.2 7.6 3.3 5.33 16.95 86.50 

 1430 5.4 3.8 6.2 3.0 4.60   

 Mean 5.53 4.00 6.27 3.23 4.76   

 1030 5.8 4.3 5.9 3.3 4.83   

10.02.2007 1230 6.7 4.9 8.1 4.1 5.95 19.70 80.00 

 1430 6.1 4.5 7.3 2.9 5.20   

 Mean 6.20 4.57 7.10 3.43 5.33   

 1030 5.2 4.0 5.6 3.3 4.53   

13.02.2007 1230 6.4 4.4 8.0 3.6 5.60 18.35 90.50 

 1430 5.8 4.2 6.4 2.8 4.80   

 Mean 5.80 4.20 6.67 3.23 4.98   

 1030 4.4 3.9 4.7 3.0 4.00   

16.02.2007 1230 5.3 3.3 7.2 3.3 4.78 15.95 63.50 

 1430 5.0 3.0 5.7 2.0 3.93   

 Mean 4.90 3.40 5.87 2.77 4.24   

 1030 4.7 4.2 5.0 3.0 4.23   

19.02.2007 1230 5.7 3.9 7.4 3.2 5.05 16.50 63.50 

 1430 5.2 3.4 6.0 2.4 4.25   

 Mean 5.20 3.83 6.13 2.86 4.51   

Grand Mean  5.53 4.00 6.41 3.10 4.76   

  CD(P=0.0
5) 

S.Em (+)      

Hours  0.085 0.030      

Insect Visitors   0.098 0.035      

Hour x Insect 
visitors  

 0.170 0.061      
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3.5 and 3.3 second in an open plots, respectively.  Sharma
and Singh (1999) reported that foraging behaviour of Apis
species on carrot umbels indicated that A. florae spent more
time (27.09 sec/umbel) than A. dorsata (9.20 sec/umbel) and
visited 2.20 and 4.40 umbels/min, respectively. Chaudhary
and Kumar (2002) reported that A. mellifera spent least
time (5.2 sec./flower) to collect pollen whereas, A. c. indica
spent maximum time (5.5 sec./flower). A. florae spent
maximum time to collect pollen (7.2 sec./flower). Kumar et
al. (2003) reported that the foraging speed (time in seconds
spent by a bee per capitulum) revealed that A. mellifera
spent more time (6.69 seconds/capitulum) compared to Apis
cerana indica(5.37 seconds/capitulum). The foraging speed
of both the species was recorded highest at 2.00 PM and
lowest at 10.00 AM.  Kumar (2005) reported that the maximum
mean time (sec)  spent/flower by Apis mellifera on bitter
gourd, sponge gourd and cucumber was recorded to be
7.43, 6.69, 7.66, respectively and on bottle gourd Apis cerana
indica (7.15).
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ABSTRACT
The experiment was conducted on effect of substitution of
organic resources on yield paddy (Oryza sativa L.) at
Agricultural Research Station, Vadgaon Maval Dist. Pune.
It was observed that expression of yield attributes
ultimately reflected on higher grain (51.00 q ha-1) and
straw yields (62.71 q ha-1) with the application of 2.5 t FYM
ha-1 + 0.750 t vermicompost ha-1 + 0.375 t green leaves of
glyricidia ha-1 + 0.250 t neem cake ha-1 (T8), as compared
to other treatments, however, it was found at par with T6
and T5. Whereas, absolute control (T9) observed the lowest
grain and straw yields which was at par with the application
of 1 t FYM ha-1 (T1). Rice (Oryza sativa L.) is one of the
chief food grains of India. Rice is the major staple food for
more than half of the world’s population accounting for
approximately 30 percent of the total dietary intake,
globally and in South Asia. The scope of extending area
under rice is very much limited.Therefore, the only way
for increasing production is through intensive cultivation.
There is a wide gap between potential and actual grain
yield of paddy in the state.

Key words Organic resources, yield and paddy.

MATERIAL AND METHODS
The experiment was conducted during kharif, 2014 at

Agricultural Research Station Farm, Vadgaon Maval, Tal-
Maval, Dist- Pune. The field experiment was laid out in
randomized block design (RBD) with three replications and
nine treatment combinations. The different treatments
studied in the experiment were T1: Application of 10 t FYM
ha -1, T2: Application of 3 t vermicompost ha -1, T3:
Application of 1 t neem cake ha-1, T4: Application of 1.5 t
green leaves of glyricidia ha-1, T5: Application of 5 t FYM
ha-1 + 1.5 t vermicompost ha-1, T6: Application of 5 t FYM
ha-1 + 0.5 t neem cake ha-1, T7: Application of 5 t FYM ha-1

+0.750 t green leaves of glyricidia ha-1, T8: Application of
2.5 t FYM ha-1 + 0.750 t  vermicompost ha-1 + 0.375 t  green
leaves of glyricidia ha-1 + 0.250 t neem cake ha-1, T9: Absolute
control (No fertilizer application).The gross and net plot
size were 4.80 x 3.60 m2 and 4.00 x 3.00 m2, respectively. The
paddy variety VDN 99-29 (Phule Samruddhi) was
transplanted at a spacing of 20cm x 15cm on 10th July, 2013
and harvested on 14th November, 2013. The soil was clayey
loam in texture and alkaline in reaction (pH 7.1).

Grain weight net plot-1 was recorded after threshing
all plants from each net plot. The final grain yield from each
net plot was obtained by adding grain weight of five
observational plants of respective net plot. The treatment
wise kg ha-1 grain yield was computed by multiplying hectare
factor and calculated as grain yield hectare-1.The straw yield

net plot-1 was obtained by subtracting grain yield from
biological yield of respective net plot. The straw yield per
net plot was converted to hectare-1 with multiplication of
hectare factor.

RESULTS AND DISCUSSION

Yield studies
The mean grain and straw yields (q ha-1) of paddy as

influenced by different treatments are presented in Table 1
and graphically depicted in Fig.1. The mean grain and straw
yields of paddy was 40.26 and 56.71q ha-1, respectively.

Grain yield
The grain yield of paddy differed significantly due to

various treatments under study (Table 1). It could be seen
from the data in Table 1 that the application of 2.5 t FYM ha-

1 +  0.750 t vermicompost ha-1 + 0.375 t glyricidia ha-1 + 0.250
t neem cake ha-1 (T8) produced maximum  grain yield (51.00
q ha-1), which was significantly superior over rest of the
treatments. This was closely followed by treatment T6 (48.74
q ha-1), where 5 t FYM ha-1 + 0.5 t neem cake ha-1 was applied,
which showed significant superiority in the grain yield
compared to the remaining treatments under study except
T5 where, it was found at par with each other. However,
treatment T5 was significantly superior over T7, T3, T2, T4
and T1. Absolute control (T9) recorded significantly the
lowest grain yield (24.70 q ha-1) than all other treatments
under study, however, differences were not found
significant with T1, which was at par.

Organic resources applied to the soil affected the plant
physiological processes and improved water holding
capacity and N uptake (Gangwar  et al., 2006) which served
important instruments in yield development. These results
were in conformity with Bharde et al. (2005) and Sharma  et
al. (2004).

Straw yield
The straw yield of paddy was influenced significantly

due to various treatments under study. From the data
summarized in Table 1 revealed that due to application of
2.5 t FYM ha-1 + 0.750 t vermicompostha-1 + 0.375 t glyricidia
ha-1 + 0.250 t neem cake h-1 (T8) statistically increased straw
yield  (62.71 q ha-1) over rest of the treatments. The next
best treatment was T5 which showed significant superior
over rest of the treatments viz., T6, T7 and T3 except T2 and
T4 where it was found at par with each other. Whereas,
absolute control (T9) produced lower straw yield (42.27 q
ha-1), which and was at par with T1.

The maximum value of grain and straw yields recorded
with the application of 2.5 t FYM ha-1 + 0.750 t vermicompost
ha-1 + 0.375 t glyricidia ha-1 + 0.250 t neem cake ha-1 (T8) may
be due to improved nitrogen supply both from FYM, neem
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cake and glyricidia and also optimum availability of
nutrients from neem cake and vermicompost. The increasing
grain and straw yields of paddy with different organic
resources in paddy might be attributed to significant
improvement in yield attributes Vermicompost contains more
number of nitrogen fixing, phosphate solubilizing and other
beneficial microbes, antibiotics, vitamins, hormones,
enzymes etc. which had better effect on the growth and
yield of the plants Bhawalkar (1992) and Jadhav  et al. (2011)
also reported that increase in yields with the application of
vermicompost might be attributed to beneficial effect in
soil microbial activity.

Good growth of plants due to availability of more
nutrients leading to more accumulation of carbohydrates
and proteins and their translocation to the reproductive
organs might have influenced the yield contributing and
finally the yield of paddy.
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Table 1. Mean grain and straw yields (q ha-1) as influenced by different treatments

Treatment Yield (q ha-1) 

Grain Straw 

T1: 10 t FYM ha-1 33.10 53.04 

T2:3 t vermicompost ha-1 38.30 55.11 

T3: 1 t neem cake ha-1 38.80 58.64 

T4: 1.5 t green leaves of glyricidia ha-1 37.30 51.47 

T5: 5 t FYM ha-1 + 1.5 t vemicompost ha-1 47.47 62.24 

T6: 5 t FYM ha-1 + 0.5 t neem cake ha-1 48.74 56.31 

T7: 5 t FYM ha-1 + 0.750 t green leaves of   glyricidia ha-1 42.94 58.57 

T8: 2.5 t FYM ha-1+ 0.750 t  vermicompost ha-1 + 0.375 t green leaves of 
glyricidia ha-1 +0.250 t neem cake ha-1 

51.00 62.71 

T9: Absolute control 24.70 42.27 

S.E.m ± 2.03 2.32 

C.D. at 5% 6.09 6.96 

General mean 40.26 56.71 
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ABSTRACT
Significant differences in different modes of pollination
on fennel were found during 2005-06 and 2006-07. The
mean number of flowers/umbel were recorded maximum
in open to all insect pollinators i.e 272.30 and 265.40,
respectively during the mentioned year, followed by crop
caged with Apis mellifera (244.70 & 227.90). The number
of filled seeds/umbel were recorded significantly higher
in open to all insect pollinators (209.66 & 192.73) followed
by Apis mellifera pollinated crop (171.40, 157.25). The
per cent seed set was maximum (76.99 & 72.61) in open to
all insect pollinators whereas Apis mellifera pollinated
crop showed significantly higher (70.04 & 69.00) seed
setting as compared to self-pollinated crop (55.52 & 48.75).
The 1000-seed weight were significantly higher in open
to all insect pollinators (6.50 & 6.30 g) in comparison to
Apis mellifera pollinated crop (5.90 & 5.80 g). The seed
yield obtained from open to all insect pollinators was
highest (13.75 & 12.80 q/ha) while the plots with Apis
mellifera was (12.90 & 11.50 q/ha), statistically higher
than self-pollinated crop (8.80 & 7.90 q/ha). The maximum
germination (84.00 & 82.50) per cent was recorded in
open to all insect pollinators followed by Apis mellifera
pollinated crop (79.50 & 77.25) per cent whereas minimum
was recorded in self-pollinated crop (57.75 &  55.50) per
cent in the mentioned year, respectively.

Key words Pollination, Apis mellifera, Fennel.

The importance of beekeeping has been in practice
since long back mainly for honey production and a little
has till been given to the primary biological and economic
role played by bees  in  the  pollination of  cultivated  and
wild plants.  Honeybees   have helped mankind in
maintaining biological diversity through inducing hybrid
vigour by cross-pollination and saved a number of botanical
sources from extinction by providing free ecosystem
services in the form of cross-pollination and propagation
of many cultivated and wild plants. It has been reported
that coriander (Coriandrum sativum L.), fennel (Foeniculum
vulgare L.) and carrot (Daucus carota L.) flowers are
favourably visited by honeybees more for nectar but also
to obtain pollen in the absence of better flora from February
to March. However, little efforts have so far been made in
utilizing insect pollinators for seed production in fennel
crop. Hence, the present experiment were carried out and
the result so obtained were presented here.

MATERIALS AND METHODS
The field experiment were conducted at University

Apiary at Rajendra Agricultural University, Bihar, Pusa
(Samartipur) during the Rabi 2005-06 & 2006-07 season.

There were three treatments with seven replications in
randomized block design (factorial). The treatment are as
below:
T1 = Caged without insect pollinators (SP)
T2 = Caged with Apis mellifera (BP)
T3 = Open to all insect pollinators (OP)

Altogether, there were 21 plots of 3 x 2 m2 size.
The cage of fine white nylon mosquito net of 25 mesh
measuring 3 x 2 x 1.5 m3 size were raised in the treatments T1
and T2 in each replicate at initiation of flowering. The four
corners and bottom edges of all the nets were covered with
soil to prevent entrance of even the minutes insect inside.
T1 was kept free from any insect pollinators (control) and
T3 was kept open for foraging any insect pollinators
including honeybees, while in treatment T2, a three frame
colony of Apis mellifera was placed inside the net for
pollination when 20 per cent plants flowered. Artificial diets
were provided to supplement scarcity of food inside net.
The observations with respect to number of flowers/umbel,
number of filled seeds/umbel, per cent seed set and 1000-
seed weight were recorded from five plants already tagged
randomly from each plot at ripening. The data so obtained
were statistically analysed to find out treatment effects on
above noted parameters.

To determine the germinability of the seeds, obtained
from different treatments, were treated with Carbendazim
50 WP (Bavistin) @ 1 g/kg of seeds and 100-seeds were
sown in moist soil, in earthen pot, in three replications. The
observation on germination was recorded after three weeks
and per cent germination was calculated.

RESULTS AND DISCUSSION
To determine the effect of pollination by Apis

mellifera (BP) in fennel as compared to other mode of
pollination viz., open to all insect pollinators (OP) and self-
pollination (SP) caged without insect pollinators in respect
of number of flower/umbel, number of filled seed/umbel,
per cent seed set, 1000-seed weight, yield and germination
per cent have been presented in Table 1. It was evident
from the table that there were marked variations in mentioned
parameters among different modes of pollination in fennel
during 2005-06. It was apparent that the treatment effect
differed significantly from each other in respect to number
of flower/umbel. The number of flower/umbel was maximum
(272.30)  in case of open to all insect pollinators followed
by crop caged with Apis mellifera (244.70) while the lowest
(180.50) number of flower/umbel were observed in crop
pollinated without insect. The number of filled seeds/umbel
were recorded significantly higher in open to all insect
pollinators (209.66 seeds/umbel) followed by Apis mellifera
pollinated crop (171.40 seeds/umbel) and lowest in self-
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Table 1. Effect of different modes of pollination on yield attributing characters of fennel during 2005-06

* Mean of 5 observations.

Treatments  
(Modes of pollination) 

Yield attributing characters 

Mean number of 
flower/ umbel* 

Mean number of filled 
seed/umbel* 

Per cent 
seed set 

1000-seed weight 
(g.) 

T1- Caged without insect 
pollinators (SP) 

180.50 100.23 55.52 5.10 

T2- Caged with Apis mellifera 
(BP) 

244.70 171.40 70.04 5.90 

T3- Open to all insect 
pollinators (OP) 

272.30 209.66 76.99 6.50 

 S. Em. (+) 0.184 0.298 1.371 0.088 

 C.D. (P  = 0.05) 0.722 1.168 5.382 0.352 

 

pollinated crop   (100.23 seeds/umbel). The per cent seed
set was observed maximum (76.99) in open to all insect
pollinators whereas Apis mellifera pollinated crop showed
significantly higher (70.04%) seed setting as compared to
without insect pollinators (55.52%). The observations on
effect of pollination on 1000-seed weight revealed that fennel
grown under open to all insect pollinators showed highest
seed weight (6.50 g) followed by caged with Apis mellifera
(5.90 g) whereas the lowest weight (5.10 g) was recorded in
self-pollinated crop. The 1000-seed weight recorded due to
Apis mellifera pollination was statistically higher than self-
pollinated crop. It was evident from table 2 that the different
modes of pollination have marked variations in respect to
yield. The seed yield obtained from open to all insect
pollination yielded maximum (13.75 q/ha) while the yield
recorded due to Apis mellifera pollination was (12.90 q/ha)
statistically higher than self-pollinated crop (8.80 q/ha).
Thus, open to all insect pollinators crop yielded 56.25 per
cent more yield as compared to control (without insect
pollination) and 6.58 per cent over caged Apis mellifera.
Similarly, caged with Apis mellifera crop yielded 46.59 per
cent more as compared to without insect pollination.
Therefore, Apis mellifera pollinated crop, though produced
less in comparison to open to all insects pollination but
proved significantly better over without insect pollinated
crop.The different modes of pollination in fennel crop had
marked effect on per cent germination of seed also. Highest
germination percentage was observed in crop open to all

insect pollinators (84.00%) followed by restricted to Apis
mellifera (79.50%) whereas lowest germination per cent was
found in control (57.75).

Similarly, the table 3 showed that significant
differences in the effect of different modes of pollination in
fennel on yield attributing characters during 2006-07. The
mean number of flowers/umbel were recorded maximum
(265.40) in open to all insect pollinators followed by Apis
mellifera pollinated crop (227.90) whereas the minimum
(171.30) was recorded in self pollinated crop.  The number
of filled seeds/umbel were more in open to all insect
pollinators (192.73) followed by Apis mellifera pollinated
crop (157.25) while less number of filled seeds/umbel was
recorded in self-pollinated crop (101.91). Similarly, per cent
seed set was more in open to all insect pollinators (72.61)
followed by Apis mellifera (69.00) while lowest per cent
seed set was recorded in self pollinated (48.75). The 1000-
seed weight was recorded significantly higher (6.30 g) in
open to all insect pollinators in comparison to Apis mellifera
pollinated crop (5.80 g) while lower (4.90 g) in without insect
pollinated crop. It was evident from table 4 that different
modes of pollination have marked variations on seed yield
and germination per cent similarly as 2005-06 season. The
seed yield obtained from open to all insect pollinators
yielded highest (12.80 q/ha). The yield recorded due to Apis
mellifera pollination was (11.50 q/ha) statistically higher
than without insect pollinated crop (7.90 q/ha). Thus, open
to all insect pollinators crop yielded 62.02 per cent more

Table 2. Effect of different mode of pollination on seed yield and germination of fennel during 2005-06

Treatments 
(Modes of pollination) 

Yield 
(q/ha) 

Per cent increase in yield Per cent germination 

Over SP Over  BP 

T1- Caged without insect pollinators 
(SP) 

8.80   57.75 

T2- Caged with Apis mellifera (BP) 12.90 46.59  79.50 

T3- Open to all insect pollinators 
(OP) 

13.75 56.25 6.58 84.00 

S. Em. (+) 0.120   1.933 

C.D. (P  = 0.05) 0.472   7.588 
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yield as compared to without insect pollination, 11.30 per
cent cover caged Apis mellifera. Similarly, caged with Apis
mellifera crop yielded 45.56 per cent more as compared to
self-pollination. Different modes of pollination in fennel crop
have the marked effect on germination percentage of seeds
also. It was observed from table that maximum (82.50%)
germination was recorded in open to all insect pollinators
followed by Apis mellifera pollinated crop (77.25%) which
was statistically higher than without insect pollinated crop
(55.50%).

Thus, it may be concluded that the effect of different
modes of pollination on fennel crop in respect of number of
flower/umbel, number of filled seed/umbel, per cent seed
set, 1000-seed weight, seed yield and germination per cent
was significantly higher in open to all insect pollinators
followed by Apis mellifera pollinated crop while lowest in
self-pollinated crop in both the years. The present findings
are more or less in conformity with the findings of earlier
several workers also on different crops.  Kumar et al. (1989)
found that in honeybee (A. cerana indica) pollinated
flowers of onion, the number of seeds per flower (2-36),
seed set (90.47%) and seed germination (77.99%) were
significantly higher than in net caged (wind/self pollination)
and muslin bagged flowers (self pollinated) being 83.81,
29.71 and 22.23 times higher under bee pollinated, open
pollinated and net caged umbels under cloth bagging.
Chaudhary and Kumar (2000) reported that number of
capsules/10 panicles, number of seeds, number of seed/
capsule, seed weight and 1000-seed weight were higher in

open pollination than without insect pollination Bee
pollination resulted in better quality capsules of uniform
shape and bigger size in cardamom. The yield (6.30 q/ha) in
coriander was obtained from the open pollinated crop
followed by bee pollination (3.82 q/ha). The percent increase
in yield was highest (65.03) for OP followed by (49.86) for
BP over WIP.  It was found that the open pollination yielded
best results followed by bee pollination and without insect
pollination, Anonymous, (2000-01). Kumar (2001) reported
that among the different modes of pollination, the per cent
seed set (82.40%), number  of filled seeds/capitulum (40.24),
1000-seed weight (3.52 g), yield (5.50 q/ha), germination
(81.20%) and oil content (31.42%) were maximum in case of
crop open to all insect pollinators followed by restricted to
A. mellifera and A. c. indica whereas lowest was recorded
in case of the crop without insect pollinators (control). It
was observed that thousand seed weight was significantly
more in case of open pollination (9.35g) followed by bee
pollination (8.86 g)  and WIP (7.09g), But percentage
increase was highest for  OP over WIP (31.91) followed by
BP over WIP (24.99). The highest yield (6.30 q/ha) in
coriander was obtained from the open pollinated crop
followed by bee pollination (3.82 q/ha). The per cent increase
in yield recorded highest (65.03) for OP followed by (49.86)
for BP over WIP. It was found that the open pollination
gave best results  followed by bee pollination and without
insect pollination. Singh et al. (2004) reported that the effect
of bee pollination on yield attributing characters and seed
yield of tori was significantly different from each other. The

Table 3. Effect of different modes of pollination on yield attributing characters of fennel during 2006-07

* Mean of 5 observations

Treatments  
(Modes of pollination) 

Yield attributing characters 

Mean number of 
flower/ umbel* 

Mean number of 
filled seed/umbel* 

Per cent 
seed set 

1000-seed weight (g.) 

T1- Caged without insect 
pollinators (SP) 

171.30 101.91 48.75 4.90 

T2- Caged with Apis mellifera 
(BP) 

227.90 157.25 69.00 5.80 

T3- Open to all insect 
pollinators (OP) 

265.40 192.73 72.61 6.30 

 S. Em. (+) 2.826 0.157 0.670 0.188 

 C.D. (P  = 0.05) 5.919 0.617 2.630 0.463 

 

Table 4. Effect of different modes of pollination on seed yield and germination of fennel during 2006-07

Treatments 
(Modes of pollination) 

Yield (q/ha) Per cent increase in yield Per cent germination 

Over SP Over  BP 

T1 - Caged without insect 
pollinators (SP) 

7.90   55.50 

T2- Caged with Apis mellifera 
(BP) 

11.50 45.56  77.25 

T3- Open to all insect pollinators 
(OP) 

12.80 62.02 11.30 82.50 

 S. Em. (+) 0.293   0.300 

 C.D. (P  = 0.05) 1.149   1.179 
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mean number of siliqua/plant, length of one siliqua, number
of seeds/siliqua, 1000-seed weight and seed yield in g/plot
and q/ha were recorded to be 88.3, 5.11, 12.7, 3.13, 2117.52
and 11.74, respectively, in open pollinated (OP) which were
significantly higher over bee pollinated (BP) and self
pollinated (SP) were the lowest. Chaudhary (2006) reported
that mean seed yield of fennel in caged plot was 5.2 g per
plant, compared to 29.7 g per plant in open pollinated plants
and 26.6 g per plant in bee pollinated plants (increase of
474.7 and 413.5%, respectively) on fennel (F. vulgare cv.
HF-33), studied in Karnal, Haryana from 1998-99 and 1999-
2000. Bee-Q-treated plots gave the highest yield of 33.8 g
per plant (increase of 553.4%) & yields under bee pollination
were at par with those under open pollination, suggesting
the significant role of insect pollinators other than
honeybees, especially Episysplus balteatus, Eristalis and
Musca species. Chhuneja, et al. (2007) reported that toria is
a highly cross-pollinated crop and its seed production
depends on insect pollinator. The higher value of various
yield parameters of toria crop and concluded keeping one
10 bee frame strength A. mellifera colony per hectare of
toria crop for maximized seed yield through bee pollinations.
Sharma et al. (2008) reported the effects of insect pollinators
on the seed yield and quality of carrot due to treatment
open pollination resulted in the highest seed yield per plant
(69.20 and 74.93 g, respectively), number of primary umbels
(1.50 and 1.54) and secondary umbels (0.99 and 1.12),
germination percentage (92.6 and 92.7 %) and vigour index
(1416 and 1442). It was reported that the germination of
seeds harvest from bee pollinated plants was found to be
extent of 92.50 per cent as against 20 per cent in plots without
bee pollination and it was 96.55 per cent in open pollinated.
Kumar and Jaiswal (2012) reported that  effect of different
modes of pollination on quantity and quality on coriander
showed significantly higher number of flowers/umbel were
recorded in open to all insect pollinators (72.60, 69.20)
followed by Apis mellifera pollinated crops (64.30, 61.30)
and lowest in self-pollinated crop (42.10, 40.50). The number
of filled seeds/umbel were significantly higher in open to
all insect pollinators (50.80, 46.50) followed by Apis mellifera
pollinated crops (42.40, 39.70) and lower in self-pollinated
crop (21.60, 21.50). The per cent seed set was recorded
maximum (69.97, 67.19%) in open to all insect pollinators
Apis mellifera pollinated crops showed significantly higher
seed set (65.94, 64.76%) as compared to self-pollination
(51.30, 53.08%). Coriander grown under open to all insect
pollinators showed highest 1000-seed weight (6.90, 6.73
gm) followed by Apis mellifera pollinated crops (5.41,
5.19gm) which was significantly higher over self-pollinated
crop (4.10, 4.03 gm). The plots open to all insect pollinators
yielded highest (14.50, 12.30 q/ha). The yield recorded in

Apis mellifera pollinated plots was (13.25, 11.25 q/ha),
statistically higher than self-pollinated crop (7.50, 7.10 q/
ha). The higher germination per cent was observed in open
to all insect pollinators (79.75, 76.25%) followed by Apis
mellifera pollinated crop (72.50, 70.25%) while lowest (52.50,
51.75%) per cent in self-pollinated crop in both the years.
Kumar et al. (2014) reported that the seed yield of crops
improve considerably by adopting proper cultural practices
but insect pollinators have also been reported to play an
important role in seed production of various crops. This is
because most of the umbelliferous crops are cross-
pollinated mainly by insects. However, little efforts have so
far been made in utilizing insect pollinators for seed
production . Honeybees, thus could be profitably utilized
in the production of insect pollinated fruit and seed crops.
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ABSTRACT
A study was conducted in Tirupur district of Tamil Nadu to
study the economics of mechanization. The study revealed
that there was cent per cent knowledge level for all the
selected machineries except the power weeder for banana
farmers, but the adoption rate was partial especially due to
financial constraints. Mechanization had not increased
the share of it in total cost but it had reduced the share of
human labour in operational cost especially in banana.
Banana cultivation revealed the intensified mechanization
with regard to hours of operation. Positive impact of
mechanization was observed with regard to cropping
intensity, income and employment. In maize crop, the
highest net increase in income was observed for husk
cum sheller with Rs. 8527 and in banana, drip irrigation
received the higher net increase in income with Rs.
142763 followed by power weeder with Rs.22600. Human
labour cost, price of output and productivity were the
positive determinants of mechanization. Efforts should be
taken  to popularize Maize husk cum sheller and poweeder
and drip irrigation in banana and financial institutions
should lend an important role in providing credit for
investment on these machineries.

Key words Knowledge level, adoption level,
Operational cost, Partial budgeting,
Determinants of  mechanization, Cobb-
Douglas production function and
constraints for non-adoption

India’s food-grains output has increased manifold
over the past sixty years. This remarkable performance of
the agricultural sector was mostly due to Green Revolution
and of various technologies embedded in that revolution,
farm mechanization had a considerable impact on enhancing
the food-grains production in the country. (Shekhar and
Bhatt, 2014). Also, distribution wise, the small and marginal
farmers have been vociferous in adopting equipment for
tillage, sowing, irrigation, plant protection and threshing.
Farm mechanization is also further getting importance
because of the increasing human labor wage rates with the
implementation of Mahatma Gandhi Rural Employment
Guarantee Scheme.  Various studies have indicated that
farm mechanization have been profitable with increased
productivity, cropping intensity, income and employment
and on those line, to study the economics of mechanization,
an empirical study was conducted in Tamil Nadu with the
following objectives

OBJECTIVES
1. To study the pattern of mechanization at the crop

and operational level.

2. To study the impact of mechanization on input cost,
productivity, cropping pattern, cropping intensity,
income and employment.

3. To study the comparative economics of labour and
machinery.

4. To study the determinants of farm mechanization.
5. To study the constraints of farm mechanization and

to suggest policy measures.

MATERIALS AND METHODS
Pongalur block of Tirupur district of Tamil Nadu was

purposively selected for the study.Maize and banana crops
were selected and primary data was collected with the help
of well-prepared interview schedule.A sample size of 30
farmers was fixed for each crop. Three villages were selected
for each crop and from each village, 10 farmers were selected
and survey was conducted. The sample size was comprised
of 90 farmers.

Tools and analysis
Percentage analysis was employed to study the share

of machinery cost in operational cost and total cost and to
study the share of machine hours in total hours of operation.
Partial budgeting was employed to study the net changes
in income with operation of the machinery.. Multiple
regression analysis was employed to study the
determinants of mechanization. Garrett’s ranking technique
was employed to rank the reasons for non-adoption of
machineries using mean score.

RESULTS AND DISCUSSION

Knowledge and adoption
The knowledge and adoption of maize farmers and

banana farmers are presented in Table 1 and Table 2
respectively. From Table 1, it could be seen that knowledge
and adoption of power sprayer and husk cum sheller was
cent per cent. On the other hand, even though the
knowledge about harvestor was of cent per cent, the
adoption was only 42 percentage. From Table 2, it could be
seen that 82 percentage of respondents had knowledge
about power weeder but the adoption was only 62
percentage. Knowledge level for drip irrigation and
rotavator was of cent per cent, but the adoption was only
54 percentage for drip irrigation. 100 percentage adoption
was observed for rotavator.

The preceding analyses showed that even though
there was cent per cent knowledge level for all the selected
machineries except the power weeder for banana farmers,
the adoption rate was partial especially due to financial
constraints. This finding was in line with the finding of
Nagraj et.al.,(2013) who have showed that high investment
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cost and inadequate loan were the constraints in adoption
of machineries in Paddy production in Thungabadhra area
of Karnataka.

Share of machinery cost in operational cost and total
cost

The share of machinery cost in operational and total
cost is furnished in Table 3. From Table 3, it could be seen
that 49.04 percentage of operational cost was spent on
machinery use in maize cultivation whereas the said
percentage was 76.91 percentage in banana cultivation
revealing the intensified mechanical operation in banana
cultivation. In total cost, the proportion of machinery cost
was similar in both maize and banana crops with 36.82 per
cent and 35.36 per cent. Thus this analysis showed that
mechanization had not increased the share of it in total cost
but it had reduced the share of human labour in operational
cost especially in banana.

Table 1. Knowledge and adoption of machineries by
maize farmers

S. 
No. 

Machinery  Knowledge 
(%) 

Adoption 
(%) 

1 Power sprayer 100 100 

2 Harvestor 100 42 

3 Husk cum sheller 100 100 

 
Table 2. Knowledge and adoption of machineries by

banana farmers

S.No. Machinery  Knowledge 
(%) 

Adoption 
(%) 

1 Power weeder 82 62 

2 Drip irrigation  100 54 

3 Rotavator 100 100 

 

S.No. Particulars Maize Banana

1 Cost of human labour 13927 11115 

2 Cost of machinery use 13400 37020 

3 Operational cost 27327 48135 

4 Cost of human labour as % of 
operational cost 

50.96 23.09 

5 Cost of machinery use as % of 
operational cost 

49.04 76.91 

6 Total cost 36387 104698 

7 Cost of human labour as % of 
total costs 

38.28 10.64 

8 Cost of machinery use as % of 
total costs 

36.82 35.36 

 

Table 3. Share of machinery cost in operational and
total cost

Share of machine hours in total hours of operation
The share of machine hours in total hours of operation

is presented in Table 4 and it could be seen from the table
that 9.48 per cent of time was spent on machinery use in
maize cultivation. On the other hand, 41.17 of time were
spent on machinery use in banana cultivation revealing the
intensified mechanization in the said crop.

Impact of mechanization
The impact of mechanization on cropping intensity,

gross income, net income and employment in both maize
and banana crops are presented in table 5. It could be seen
from the table that with mechanization, the cropping
intensity was higher in banana by 13.17 per cent over
banana. With mechanization, the gross income was higher
in banana by 527.63 per cent and net income was also higher
in banana by 543.89 per cent over maize which revealed the
higher economic impact in banana with mechanization. The

Table 4. Share of machine hours in total hours of
operation

S.No. Particulars Maize Banana 

1 Hours of operation of human 
labour 

210 300 

2 Hours of operation of 
machinery 

22 210 

3 Total hours of operation 232 510 

4 Hours of operation of human 
labour as % of total hours of 
operation 

90.52 58.83 

5 Hours of operation of 
machinery as % of total hours 
of operation 

9.48 41.17 

 

Table 5. Impact of mechanization

 S.No. Particulars Maize  Banana  

1 Cropping Intensity 
(%) 

121.06 134.23 

2 Gross Income (Rs.) 107214 672910 

3 Net income (Rs.) 70826 456044 

4 Employment (Man 
days) 

23 62 

 

employment generation was also higher in banana by 39
man days over maize. Such a positive impact of
mechanization on production, productivity, cropping
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Table 6. Partial budgeting of maize power sprayer

Debit  Credit  

Added cost/ha                            Rs. 
• Depreciation                            -   1.55 
• Interest                                     -  0.15 
• Custom hire charges of  
     power sprayer @ Rs.300/hr - 740 

Reduced cost/ha                          Rs. 
• Manual labour 18 
    @Rs.300 per man day               -  5,400 

Reduced returns                        -    NIL  Added returns/ha 
• Increase in yield at 0.5 qtl 
@Rs.1350/qtl                                  -    675 

A.TOTAL                                  =  741.70 B.TOTAL                                       =  6,075 

Net increase in income B-A  = Rs.5,333.30 

 

intensity, income and employment generation was
obtained by Verma, 2005 in his meta analysis on
mechanization.

Economics of mechanization with partial budgeting
The economics of mechanization was anlysed with

partial budgeting for power sprayer, harvestor, husk cum
sheller in maize and power weeder and drip irrigation in
banana and the results are presented in Tables from 6 to 10.

In maize crop, the highest net increase in
income was observed for husk cum sheller with Rs. 8527
followed by power sprayer with Rs. 5333.30 and lastly with
harvestor with Rs. 1076.60. On comparision of banana crop
with maize crop, banana crop received the higher net
increase in income and the higher net increase in income
was obtained in drip irrigation with Rs. 142763. The power
weeder resulted in next higher net increase in income of
Rs.22600

Debit Credit 

Added cost/ha                           Rs. 
• Depreciation                        -    54 

• Interest  -                                   5.40 
• Custom hire charges of 

     harvestor @ Rs.600/hr             - 2,964 

Reduced cost/ha                        Rs. 
• Manual labour 29 

@Rs.400 per man day            -11,600 

Reduced returns/ha            -  7,500 Added returns                     - NIL 

A.TOTAL                                 =10,523.40 B.TOTAL                               =11,600 

Net increase in income B-A = Rs.1,076.60 

 

Table 7. Partial budgeting of maize harvestor

Table 8. Partial budgeting of maize husk cum sheller

Debit    Credit  

Added cost/ha                           Rs. 
• Depreciation                        -    112 
• Interest                                 -    11 
• Custom hire charges of  
     Husk cum sheller 
     @ Rs.600/hr                    -    6,000 

Reduced cost/ha                        Rs. 
• Manual labour  38 
    @Rs.300 per man day                     -11,400 

Reduced returns/ha             -  NIL Added returns                            - 3,250 

A.TOTAL                             =6,123 B.TOTAL                                  =14650 

Net increase  in income B-A = Rs.8527 
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Table 9. Partial budgeting of banana power weeder

Table 10. Partial budgeting for banana drip irrigation

Debit   Credit  

Added cost/ha                         Rs. 
• Depreciation                        - 68 
• Interest                                  - 7 
• Custom hire charges of  
     power weeder  - 5,000 

Reduced cost/ha                         Rs. 
• Manual labour 18 
    @ Rs.300 per man day             - 5,400 

Reduced return  NIL Added return /ha                            -22,275                                

TOTAL                                         =5,075 TOTAL                                          =27,675 

Net increase  in income B-A = Rs.22,600 

 

Debit Credit 

Added cost /ha               Rs. 
• Depreciation                      - 1125 
• Interest                               - 112 
• Drip irrigation charges      - 22500 

Reduced cost /ha                         Rs. 
• Manual labour 168 
    @ Rs.300 per man day           -54,000 

Reduced return                  -      NIL Added return-                             1,12,500                                

TOTAL                              =23737 TOTAL                                        =1,66,500 

Net increase in income B-A =Rs.1,42,763 

 
Determinants of mechanization

The determinants of mechanization are presented in
table 11. Cobb-Douglas production function was fitted and
the regressors included were human labour cost, input cost,
price of output and productivity. It could be seen from the
table that for Maize, human labour cost was significant at 1
percent level and price of output was significant at 5 percent
level. Thus, increase in human labour cost and price of
output increased the pace of mechanization in Maize. From

the table it could also be seen that human labour cost and
productivity was significant at 5 per cent level in banana
crop. Thus, human labour cost and productivity are the
positive determinants of mechanization in this crop.  Such
a positive influence of human labour cost, price of output
and productivity was obtained by Narayanamoorthy et.al.,
for the panel data of different states in India.

Costraints  for non- adoption of machineries
The constraints for non-adoption of machineries are

Table 11. Determinants of mechanization

** Significant at 1 percent level            * Significant at 5 percent level

S.No. Particulars Maize 
Coefficients 

p- value Banana 
Coefficients 

p- value 

1. Intercept 2.52 
(1.23) 

0.06 2.55 
(1.44) 

0.07 

2. Human labour cost 0.59** 
(0.19) 

0.01 0.63* 
(0.29) 

0.03 

3. Input cost 0.19 
(0.12) 

0.15 0.12 
(0.22) 

0.57 

4. Price of output 0.99* 
(0.41) 

0.03 -0.17 
(0.11) 

0.16 

5. Productivity 0.39 
(0.35) 

0.27 0.88* 
(0.46) 

0.05 

6. Adjusted        R 2  0.89  0.90  
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presented in Tables 12 to 13. From Table 12, in case of maize
harvestor, it could be seen that the maize straw cannot be
used as feed for cattle when it is harvested by maize
harvestor which was the major constraint for non-adoption.
The plant should be in good condition without lodging for
proper harvesting which was the second constraint for non-
adoption. High capital requirement for buying machinery
was the third major constraint for non-adoption.

From Table 13, it could be seen that the requirement
of high initial investment was the major constraint for non-
adoption of drip irrigation. Lack of capital to cover maximum
area, and physical constraints like clogging of drippers,
requirement of frequent irrigation, damage by rodents were
the other constraints for non-adoption of drip irrigation.

The constraints for non-adoption of power weeder
are presented in table 14. It could be seen from the table
that  the use of power weeder prevents intercropping in

banana which was ranked as the  first reason for  non-
adoption, followed by lack of skilled labour and lastly with
high cost of machinery.

Policy implications
The partial budgeting results shown that in Maize,

husk cum sheller received the highest net change in income
and likewise in banana, highest net change in income was
obtained for power weeder and drip irrigation. Therefore,
efforts are necessary to popularize these machineries so
that farmers can avail maximum net benefit and achieve the
Tamil Nadu Government goal of tripling the income. The
study also revealed that high initial capital requirement was
the major constraint in mechanization observed in all
machineries. So financial institutions should lend an
important role in providing credit for investment on
machineries and also provide hazzle free loans.
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Table 12. Constraints for non- adoption of Maize
harvestor

S.No. Constraints Mean 
score 

Rank 

1 Wastage of straw 73.5 1 

2 Plant should be in 
good condition 

71.5 2 

3 High capital 
requirement 

64.13 3 

 
Table 13. Constraints for non- adoption of drip irrigation

in Banana

Table 14. Constraints for non- adoption of power weeder
in Banana

S.No. Constraints Mean 
score 

Rank 

1 High initial investment 71.96 1 

2 Lack of capital to cover 
maximum area 

51.43 2 

3 Clogging  42.76 3 

4 Frequent irrigation 39.16 4 

5 Damage by rodents 37.16 5 

 

S. 
No. 

Constraints  Mean 
score 

Rank 

1 Unable to practice  intercropping 71.96 1 

2 Lack of skilled labour  64.5 2 

3 High cost of machinery 51.42 3 
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ABSTRACT

Kerala State has been successfully developed an innovative
project called Lead Farmer Centered Extension Advisory
and Delivery Services (LEADS) for refinement and
transfer of technology through lead farmers. An attempt
has been made to identify perception of LEADS project
among the farmers. The findings revealed that attributes
such as linkage with local institution, improvement in
communication skill and information providing nature
have been influenced the interest of farmers for the
participation in the project. Attributes such as joint
decision making, improvement in income, and involvement
in addressing social issues have been found yet to attract
the farmer beneficiaries. The pilot project has created a
greater level of interest and enthusiasm among the
farmers. Efforts are to be taken to overcome the identified
constraints to enhance the participation of farmer
beneficiaries in the project to achieve the desired
objectives.

Key words LEADS, Farmers, Perception,Constraints
Kerala

Approaches to agricultural extension in India and
worldwide continue to evolve. Since the Green Revolution
in the 1970s and 1980s and the acknowledged
unsustainability of the training and visit (T&V) program,
agricultural extension, with its focus on increasing
production via technology transfer, has adopted
decentralized, participatory, and demand-driven approaches
in which accountability is geared toward the users
(Glendenning, et al.,2010 ). In order to revitalize the present
system of transfer of technology a concept revolving
around lead farmer and satellite farmer was developed in
Kerala. Project named ‘Lead Farmer Centered Extension
Advisory System’ (LEADS) is implemented on pilot basis
in Palakkad Kannur,Kollam and Wayanad districts of the
state. The concept is based onscientific delineation of the
districts into Agro Ecological Zones (AEZ) and Agro
Ecological Units (AEU). Project include the extension
activities of  transfer of technology, field trials, field visits,
frontline demonstration, Participatory Technology
Development (PTD) etc. Project utilizes the potential of
lead farmers for transfer of technology. Lead farmers have
accumulated knowledge and experience and modified
coping strategies to the changes in environment and know
what correctly supports their livelihoods. The field of lead
farmers is formed as a technology hub of the village. A
linkage with lead farmer and satellite farmers will be
established for local dissemination of technologies. There
exist an opportunity for farmers to play a role as extension
service providers in the new framework of service provision
(Mulwafu1 and Jayasree, 2012). Selection criteria for the

lead farmers are fixed as yield optimizing farmer or income
optimizing from unit area. A regular and systematic field
visit is planned in the project with the support of dedicated
man power under a centralized command system in a
decentralized framework. Regular contact between lead
farmers, satellite groups, extension agents and identified
experts are aimed through the project. Since, there is a great
progress in this transfer of technology programme in the
state and lack of research  in particular aspect, a study was
undertaken to examine the perception of farmers on LEADS
project among the farmers of Kerala State.

MATERIALS AND METHOD

The study was conducted in Palakkad district of
Kerala state. Palakkad district was purposively selected as
the project was first implemented there. District has 12
blocks, out of which Kollengode block had maximum
number of lead farmers. A sample size of 30 respondents
(lead farmers) was selected randomly from Kollengode and
Muthalamada villages of Kollengode block. Personnel
interview was the tool for data collection.  Collected data
was analysed using statistical tools.

RESULTS AND DISCUSSIONS

Profile of selected farmers included 83.33 percentage
of old age category, with secondary level of education
(56.67%), and income level of one to two lakhs (73.33%).
Statements regarding psychological, sociological, economic
and political aspects were framed and used in interview to
analyse the perception of farmers.

Perception of farmers in psychological, sociological,
economic and political dimensions

The data collected on various items of psychological
and sociological, economic and political dimensions was
analysed to find the mean score in Table 1.

From the table data exhibit that improvement in
communication skill (1.40) and better linkage with local
institutions (1.40) have emerged as the major perceived
attributes in respect of psychological and sociological
dimensions respectively. Engagement in income generating
activity (0.93) is emerged as the major perceived attribute
with respect to the economic dimensions. Strong decision
making capacity (0.67) is found be important aspect in
political dimensions. This is followed by improvement in
self-confidence (1.23), highly informative nature of members
(1.36), increased ability to support family financially (0.70)
in psychological, sociological and economic dimensions
respectively. The least rank has been observed with respect
to skill development in record maintenance (0.50) and better
planning in family maintenance (0.06). During the data
collection process, it has been observed that the lead
farmers have not been much exposed to accounting

mailto:email:darsanasambhu@gmail.com


DARSANA and BABU, Farmer’s Perception on LEADS Project in Kerala State 2067

Table 1. Perception of farmers in Psychological,
Sociological, economic and political
dimensions

Sl. No Category Mean 
score 

Psychological dimension 

1. Improvement in self-confidence 1.23 

2. Improvement in communication skill 1.40 

3. Increase in leadership skill 0.76 

4. Skill development in records and 
account maintenance 0.50 

5. Ability to express own views 0.86 

6. “We” feeling among members 0.93 

Sociological dimension 

1. Social recognition 0.53 

2. Improvement in social status 0.43 

3. Awareness about socio-economic 
development programmes 0.26 

4. Active involvement in addressing social 
issues and problems 0.20 

5. Members are highly informative  1.36 

6. Better group co-operation 1.03 

7. Joint decision making at all levels 0.36 

8. Better planning in family maintenance 0.06 

9. Better linkage with local institutions 1.40 

Economic dimension 

1. Improvement in income 0.36 

2. Increased ability to support family 
financially 0.70 

3. Engagement in income generating 
activity 0.93 

Political dimension 

1. Strong decision making capacity 0.67 

 

are conducted by KVKs and RARS which could enhance
the linkage between lead farmers and local institution.
Attributes such as joint decision making, improvement in
income, and involvement in addressing social issues have
been found yet to attract the farmer beneficiaries.

Farmers also accounted the constraints in effective
participation in the project. They have has been listed in
the table 2.

Most of the respondents identifies inadequate supply
of technology innovation fund as the major problem
(63.37%) and followed by poor technical support from field
assistants (23.73%). Efforts are to be taken to overcome the
constraints to enhance the participation of farmer
beneficiaries in the project to achieve the desired objectives.

CONCLUSION
LEADS project has immense potential to contribute

the farming community. Farmers also consider that the
project would support their social, economic and political
empowerment. The concept would ensure more participation
as it strengthens farmer to farmer linkages. Since local
problems are identified and solutions are arrived through
participatory approach farmers express more interest to be
part of the project.
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Table 2. Constraints expressed by lead farmers

Sl. 
No 

Category Percentage 

1 Inadequate technology innovation 
fund 

63.37 

2 Inadequate technical support from 
field assistants 

23.73 

3 Inactive participation of satellite 
farmers 

12.90 

 

procedures and record maintenance aspects. Thus it could
be interpreted that the activities of LEADS project resulted
in strengthening the psychological and sociological
dimensions of farmers. As the lead farmers have the chance
to interact with the satellite group their communication skills
and leadership ability is found to be improved. Trainings
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ABSTRACT
The present study was conducted during consecutive kharif
season of year 2015 and 2016 at farmers field of Village
Potiya in Gariyaband district of Chhattisgarh Plains to
test efficacy of fungicides in controlling Phytopthora blight
diseases of sesame. Results revealed that Metalaxyl +
Mancozeb (68 WG) recorded highest reduction of disease
incidence and was found significantly superior as
compared to other tested fungicides followed by fosetyl –
Al (80 WP) and chlorothalonil (720 SC). Highest percent
disease incidence was recorded with untreated control plot.
As far as other observations regarding yield and yield
attributing characteristics of sesame, Metalaxyl +
Mancozeb (68 WG) recorded highest  plant height, number
of branches plant-1, number of capsules plant-1, number of
seeds capsule-1, 1000 seed weight and seed yield of sesame
followed by fosetyl- Al (80 WP) and chlorothalonil (720
SC). Lowest yield and yield attributes was found with
untreated control.

Key words Phytopthora blight, sesame, Per cent
Disease Incidence (PDI), Yield and Yield
attributes

Sesame (Sesamum indicum L.), the queen of vegetable
oils belonging to family Pedaliaceae is one of the oldest oil-
rich plants in the world (Janick and Whipkey, 2002) and
that originated in Africa (Brar and Ahuja, 1979; Ram et al.,
1990). Sesame is considered as one of the most important
oil crop in the world because its seed has high contents of
oil and protein (Weiss, 2000). It is the most ancient oilseed
known and used by man, so ancient that it is almost
impossible to say with any degree of accuracy where and
when its domestication took place (Weiss, 2000; Uzun et
al., 2002). It is widely grown in tropical and subtropical
regions of the world and its area of cultivation has been
extended to the temperate region (Makmilo and Bedigian,
2007). Its production is often concentrated in marginal and
sub marginal lands (Ashri, 1998). India ranks among the
top six world producers of sesame seed. Thus, production
growth and quality improvement of oilseeds can
substantially contribute to the economic development at
national, regional and at family level. It is a non-leguminous
annual flowering green plant cultivated primarily for its small
edible seeds rich in oil and protein of about 50 and 25%
respectively (Langham et al., 2006). Sesame contains 42%-
50% oil, 25% protein and 16-18%  carbohydrate. We can
get a very good quality edible medicinal oil from sesame
and it can be conserved for a long time. Its oil cake is used
as a good animal feed as well as manure (Singh, 2005).
Besides this, its oil is used in the production of paints,
soaps, cosmetics, perfumes, insecticides, canned sardine

and canned beef as well as for pharmaceutical and ethno
botanical uses (FAO, 2002; RMRDC, 2004). Sesame oil with
85 per cent unsaturated fatty acid is highly stable and has
reducing effect on cholesterol and prevents coronary heart
disease. Sesame oil primarily contributes olic, linolic,
palmitic and steric fatty acids. Its oil is important in the
food and pharmaceutical industry because of its distinct
flavor (Elleuch et.al., 2010). The crop grows well in all kinds
of soils and regions, and is well suited to different crop
rotations.  Hence, sesame is called as the “Queen of oilseed”
by virtue of its excellent quality and utility.

At present, it is cultivated in area of 9.4 million hectare
with production of 3.48 million tonnes worldwide (FAO,
2013). Asia and Africa together contributes about 95% of
the total production. India occupies an area of 18.60 lakh
hectare accounting production of 6.36 Lakh tone with
productivity of 342 kg ha-1 (FAO, 2013).  India is the world’s
second largest edible oil consumer after China, meeting
more than half of its annual requirement through imports
(Babu and Hedge, 2011). Hence, there is need to boost
oilseeds production in India. India ranks first in area and
second in sesame production by contributing 23.2% and
18.5% of the world area and production, respectively. There
is still a gap between the productivity of 1323 kg ha-1 being
received in Egypt (Umar et al. 2012). Sesame productivity
in India is very low in comparison to that of China and
Egypt. In general, the production constraints include poor
agronomic practice, pest and disease, weed infestation, poor
soil fertility, low yielding cultivars. One of the factors
responsible for low productivity is disease and insect-pest
attack. Cultivated sesame suffers considerable yield loss
due to pathogenic diseases.

A fungal disease, Phytophthora blight of sesame
caused by Phytophthora parasitica var. sesame Butler is
an important disease of sesame and an economically
important disease affecting sesame plant growth and yield
to great extent. It appears in all the area where sesame is
grown. Phytophthora blight of sesame was first reported in
India by Butler. The mortality of the plants due to the disease
may be as high as 72 to 79% (Singh et al., 1976). In India, it
is severe in M.P., Chhattisgarh, Rajasthan, U.P., Gujarat,
and moderate in Punjab, Haryana, Maharashtra, Andhra
Pradesh, Tamilnadu, West Bengal and Bihar (Verma, 2002).
The yield loss due to this disease varied from 66.0 per cent
in Gujarat to 79.8 per cent in Central Madhya Pradesh (Verma
et al., 2005). The disease can occur at any stage of the
plant; however, it is very serious at seedling stage and kills
the affected plants. The mortality of the plants due to the
disease may be as high as 72 to 80 percent (Reeti Singh et
al., 2005). It may cause 100 per cent loss under most
favourable conditions when infection occurs severely at
seedling stage. The disease becomes more sever under
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continuous rainy days. Under wet and warm condition the
disease covers whole field within few days. Considering
above point, this study was undertaken at farmers field of
Gariyaband district to test efficacy of some fungicides in
controlling Phytopthora blight diseases of sesame.

MATERIALS AND METHODS
The present study was conducted during consecutive

Kharif season of year 2015 and 2016 at farmers field of
Village Potiya in Gariyaband district of Chhattisgarh Plains.
The experiment was planned and laid out in Randomized
Block Design with four treatments including untreated
control, each replicated six times with plot size of one acre.
The soil of the farmers field was sandy loam in texture,
neutral in reaction and had low nitrogen, medium
phosphorus and potassium contents. Three different new
fungicides were tested for control of powdery mildew in
fieldpea during experimentation. The treatments contains
T1 – Metalaxyl + Mancozeb (68 WG), T2 – Fosetyl- Al (80
WP), T3 – Chlorothalonil (720 SC) and T4 – Untreated control.
Sesame variety TKG-306 was selected as a test variety for
the study. The crop was sown from seed drill with spacing
of 30 cm between rows using a certified seed with seed rate
of 5 kg ha-1. To prevent the crop from soil and seed borne
diseases, the seeds were treated with thiram @ 3 g kg-1. The
crop was fertilized with basal dose of 60, 30 and 20 kg N,
P2O5 and K2O ha-1, respectively and was grown under
irrigated condition by adopting all agronomic practices as
per recommendation of IGKV, Raipur except fungicide
application. The crop was protected from the infestation of
both sucking pests and pod borers through blanket
application of selective insecticides in all experimental field
uniformly to avoid the yield losses due to insects.

Percent Disease Incidence (PDI)
First spray of fungicides as per treatments, was taken

up after initial appearance of disease in crop and further
sprays were given at 15 days interval with knap sack sprayer
at the rate of 500 liter of spray fluid per hectare for thorough
coverage of foliage with spray fluid. The severity of disease
were recorded one day before the spray from four randomly
selected area of each plot with the help of 1 m2 quadrate
and is expressed in term of per centage and finally after
three sprays, their mean per centage was calculated by using

following formulae:
                         Number of Plants infected by disease X 100
Percent Disease Incidence (PDI) % =————————

           Total Number of plants observed

Plant Height (cm)
Five randomly represented selected plants from four

randomly selected square meter area were measured using
a measuring tap for each treatment and averaged.

The harvesting was done manually with the help of
sickle, when the crop attained full maturity. The produce of
a square meter from four randomly selected of each plot
was tied into bundle and allowed to sun drying in respective
plots. The harvested bundles were transported to threshing
floor. Threshing of produce of each plot was done separately
by beating with wooden sticks then seeds were cleaned
manually and weighed.

Number of branches plant-1, capsules plant-1 and seeds
capsule-1

Number of branches per plant was calculated by
counting the total number of capsule bearing branches from
four randomly selected square meter area plants and was
presented by its average value number. These selected
plants are also subjected for counting the total number of
capsule per plant and averaged. Thereafter these capsules
are subjected for counting number of seeds per capsule by
taking their average value.

1000 seed weight (g)
After counting of number of seeds per capsule, total

numbers of 1000 seeds from each treatment are weighed
and its average value was noted down.

Seed yield (q ha-1)
Seed yield of the net plot was noted down, after

threshing, winnowing and drying and calculated in q ha-1.
The data were subjected to statistical analysis after

using transformations for per cent disease incidence.

RESULTS AND DISCUSSION
In general the incidence of Phytopthora blight disease

in sesame was slightly higher during Kharif 2015 when
compared to next year of Kharif 2016 (Table 1). All the tested

Table  1 Effect of different fungicides on Percent disease incidence, plant height and number of branches plant-1 of
sesame

 

Treatment 
PDI Mean Plant Height Mean Number of 

Branches Plant-1 Mean 
2015 2016  2015 2016  2015 2016 

T1 – Metalaxyl + 
Mancozeb (68 WG) 24.56 22.80 23.68 109.88 110.47 110.18 4.51 4.62 4.56 

T2 – Fosetyl- Al (80 WP) 32.01 30.33 31.17 102.82 103.73 103.28 3.98 4.20 4.09 

T3 – Chlorothalonil (720 
SC) 36.81 35.38 36.10 96.70 97.73 97.22 3.56 3.75 3.66 

T4 – Untreated Control 59.88 56.93 58.40 90.25 90.50 90.38 1.84 1.91 1.87 

SEm+ 0.92 1.13  1.24 1.91  0.14 0.18  

CD (P=0.05) 2.77 2.41  3.75 4.08  0.43 0.39  
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fungicides was found effective against suppressing of
Phytopthora blight disease and also found significant over
untreated control. The mean per cent disease incidence
was ranged from 23.68 to 58.40 in different experimental
treatments.

Percent Disease Incidence (PDI) :
The results on per cent disease incidence is presented

in Table 1. Data revealed that all three tested fungicide was
found effective in suppressing Phytopthora blight disease
of sesame. Application of fungicide caused significant
reduction in disease incidence with maximum reduction in
Metalaxyl + Mancozeb followed by Fosetyl- Al and
Chlorothalonil. Spray of fungicide Metalaxyl + Mancozeb
recorded 24.56 and 22.80 per cent disease incidence in both
consecutive year of experimentation, respectively with
mean per cent of 23.68 and was found significantly superior
over any other fungicidal treatment and control. However,
spraying of Fosetyl- Al and Chlorothalonil also suppressed
the disease incidence and recorded mean per cent disease
incidence of 31.17 and 36.10 in both consecutive year,
respectively and was found significantly superior over
untreated control. Untreated control recorded higher per
cent disease incidence in both year (59.88 and 56.93 per
cent) with mean per cent of 58.40.

The result was in conformity with Vyas (1981) in which
he reported that sprays application of dithiocarbamate
fungicides such as mancozeb (0.30%) or zineb (0.30%) were
found effective for the control of Phytophthora blight of
sesame. Farih and jrifi (1998) also reported that metalaxyl
and fosetyl- Al were effectively control Phytophthora
citrophthora caused brown rot in citrus. Minuto et al. (2000)
tested fungicides against Phytophthora nicotianae var
parasitica caused root rot of lavender, among fungicides
metalaxyl showed the best efficacy for control of
Phytophthora root rot. The effectiveness of systemic
fungicides like benomyl (benlate) and Mancozeb (Dithane
M4-5) to control cercospora leaf spot and other fungal
diseases have been demonstrated (Uwala, 1998;
Enikuomehin, 2005; Anaso and Olatunde, 1989). Rakholiya

and Jadeja (2016) also found the similar results in which the
lowest disease intensity (19.47%) was recorded in three
sprays of ridomil MZ 72%) (Metalaxyl 8%wp + mancozeb
63%wp) at 0.20% followed by fosetyl-Al (0.15%) and
mancozeb (0.20%) with 27.36% and 31.58 % disease
intensity, respectively.

Plant Height (cm)
Results on effect of different fungicidal treatments

on plant height of sesame was recorded and presented in
Table 1. The results revealed that average highest plant
height (110.18 cm) was recorded under Metalaxyl +
Mancozeb treated plots and was found significantly longer
than any other fungicides used in trial. Metalaxyl +
Mancozeb was followed by Fosetyl - Al and Chlorothalonil
with average plant length of 103.28 cm and 97.22 cm,
respectively. Untreated control plots recorded shortest plant
in both year of experimentation (90.25 cm and 90.50 cm)
with average height of 90.38 cm. This was in conformity
with results of Nahunnaro and Tunwari (2012) in which
they stated that benomyl gave 3.52 to 6.8% increase in
plant height compared to control.

Number of branches plant-1

Data pertaining to number of branches plant-1 of
sesame as influenced by spraying of fungicides for control
of Phytopthora blight of sesame was presented in table 1.
The data revealed that more number of branches plant-1

was recorded with plot sprayed with metalaxyl + mancozeb
fungicides with 4.15 and 4.62 branches plant-1 in both
consecutive crop season, respectively with mean value of
4.56, and was found significantly superior over any other
treatment. This was followed by fungicide Fosetyl- Al and
chlorothalonil, which recorded mean branches per plant
number of 4.09 and 3.36, respectively. Untreated control
plot produced lower number of branches plant-1 (1.84 and
1.91) in boh year with mean number of 1.87. Nahunnaro and
Tunwari (2012) also recorded that benomyl sprayed plots
gave 12.58 to 16.57 % more branches plant-1 as compared to
control.

Table 2. Effect of different fungicides on Number of capsule plant-1, number of seeds capsule-1, 1000 seed weight and
seed yield of sesame

 

Treatment 
No of capsule 

plant-1 Mean No of seeds 
capsule-1 Mean 1000 seed weight 

(g) Mean Seed yield (q ha-1) Mean 

2015 2016  2015 2016  2015 2016  2015 2016  

T1 – Metalaxyl + 
Mancozeb (68 
WG) 

42.22 44.18 43.20 70.07 70.66 70.37 3.28 3.36 3.32 7.25 7.40 7.32 

T2 – Fosetyl- Al 
(80 WP) 39.68 41.38 40.53 64.46 66.02 65.24 2.93 3.03 2.98 6.76 6.93 6.85 

T3 – 
Chlorothalonil 
(720 SC) 

35.81 37.82 36.82 49.77 52.23 51.00 2.60 2.73 2.66 6.27 6.55 6.41 

T4 – Untreated 
Control 21.73 22.68 22.20 31.97 33.17 32.57 1.97 2.07 2.02 3.30 3.41 3.35 

SEm+ 0.66 0.75  1.10 1.03  0.07 0.06  0.10 0.09  

CD (P=0.05) 1.98 2.26  3.30 3.10  0.20 0.19  0.29 0.28  
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Number of capsules plant-1

Data concerning the effect of different fungicides used
in trial on total number of pods plant-1 in consecutive year
of Kharif 2015 and 2016 was depicted in tabular form and
presented in Table 2. The data revealed that different tested
fungicides were found significant. More number of capsules
plant-1 was found under treatment metalaxyl + mancozeb
treated plots in both experimentation year (42.22 and 44.18)
with average number of 43.20, and was found significantly
superior over rest other treated plots. Fosetyl - Al and
Chlorothalonil also recorded significantly higher number
of capsules plant-1 with average value of 40.53 and 36.82,
respectively. Among various treatments, lesser number of
capsules plant-1 was recorded under untreated control plots
in both year (21.73 and 22.68) with mean of 22.20. Nahunnaro
and Tunwari (2012) also recorded that benomyl gave 32.10
to 36.82% more branches plant-1 compared to control.

Number of seeds capsule-1

Response of different fungicides used under trial
showed that they were significantly different from each
other as far as number of seeds capsule-1 was concerned.
Results revealed that, more number of seeds per capsule of
sesame was recorded under treatment metalaxyl + mancozeb
in both the experimentation year (70.07 and 70.66) with
average number of seeds capsule-1 of 70.37. Although, it
was found significantly superior over any other fungicidal
treatment against Phytopthora blight of sesame. However
other fungicides used under trial also give significantly
higher number of seeds capsule-1 as compared to untreated
control. Fosetyl – Al recorded mean number of seeds
capsule-1 of 65.24, while chlorothalonil recorded 51.00
number of seeds capsule-1. The lowest number of seeds
capsule-1 was observed under untreated control plot (5.25
and 5.50) with mean number of 5.38.

1000 seed weight (g)
1000 seed weight is main yield attributing characters

of seed yield and effect of the fungicides sprayed plots on
1000 seed weight of sesame was recorded separately during
2015 and 2016 crop seasons. During both crop seasons of
2015 and 2016, metalaxyl + mancozeb fungicide sprayed
treatment was found significantly superior than any other
treatments and untreated control with mean weight of 3.32
g. However other two fungicidal treatments fosetyl- Al and
chlorothalonil also recorded significantly mean heavier 1000
seed weight (2.98 g and 2.66 g, respectively) than untreated
control (2.02 g).

Seed Yield (q ha-1)
Data regarding effect of fungicidal treatments on seed

yield of sesame was presented in tabular form. Significant
differences were observed in seed yield of sesame with
different fungicidal treatment for control of Phytopthora
blight disease. Among different fungicides, metalaxyl +
mancozeb treated plots produced 7.25 q ha-1 and 7.40 q ha-

1 of seed yield with mean seed yield of 7.32 q ha-1. However,
this treatment was found significantly superior and
produced more seed yield than any other fungicidal
treatments. Spraying of fosetyl - Al and chlorothalonil
fungicides for Phytopthora blight control also recorded

significant higher seed yield in both crop season with mean
seed yield of 6.85 q ha-1 and 6.41 q ha-1, respectively as
compared to untreated control plots (3.35 q ha-1). This was
due to high infestation of Phytopthora blight resulted in
lower value of yield attributing characteristics like number
of branches plant-1, number of capsules plant-1, number of
seeds capsule-1 etc. which ultimately results in lowering the
seed yield. This was in conformity with results of Sharma et
al. (1970) in which they stated that among ten tested
different fungicides, dithan M-45 which was the most
economic for control of buckeye rot of tomato caused by
Phytophthora nicotianae var parasitica. A mixture of
metalaxyl + mancozeb (0.20%) applied at 14 and 21d interval
in potato crop against Phytophthora infestans, improve
yield by 19.8 and 13.11%, respectively (Anonymous ,1979).
Nahunnaro and Tunwari (2012) also recorded that benomyl
gave 40.71 and 38.22% increase in yield over the unsprayed
plots Rakholiya and Jadeja (2016) also found that highest
seed yield( 800kg/ha) was recorded in the three sprays of
0.20% ridomil MZ 72%wp, followed by fosetyl - Al (0.15%)
and mancozeb (0.20%).

Conclusion
From present study, it was concluded that spraying

of mencozeb + metalaxyl were highly effective in controlling
the incidence of Phytopthora blight disease in sesame. This
also concluded that metalaxyl + mancozeb also increased
the seed yield and yield attributing characteristics like
number of branches plant-1, number of capsules plant-1,
number of seeds capsules-1 and 1000 seed weight.
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ABSTRACT
The experiment on Organic management of Pulse beetle,
Callosobruchus maculatus, Fab. (Coleoptera: Bruchidae)
was carried out at Department of Agricultural Entomology,
College of Agriculture, Dapoli, Ratnagiri (M.S.). During
the present investigation, efficacy of different plant gums
viz., Acacia, Asafoetida, Cashew, Dhup, Dikemali, Mango,
Moringa, Neem, Xmas as surface grain protectant against
C. maculatus was evaluated by No choice and free choice
tests. The result revealed Neem and Dikemali gums as
best surface grain protectants. The data recorded under
no choice test for different parameters like fecundity, Adult
emergence, Per cent grain infestation and Per cent loss
in weight were 2.33 and 12.33 eggs, 0.00 and 2.33 adults,
0.00 and 2.00 per cent, 0.00 and 0.55 per cent in the
treatment of Neem gum and Dikemali gum, respectively.
The data recorded under free choice test for fore mentioned
parameters were 3.67 and 6.67 eggs, 0.00 and 1.33 adults,
0.00 and 4.67 per cent, 0.00 and 1.33 per cent in the
treatment of Neem gum and Dikemali gum, respectively.
Thus, from the above data, it was revealed that Neem gum
under no choice test and free choice test was found highly
effective in protecting Dolichos bean from damage of          C.
maculatus followed by Dikemali gum. Effect of plant gums
on germination of grains was also investigated.

Key words Pulses, Callosobruchus maculatus, Dolichos
bean, Pulse beetle, Plant gum.

Pulses are an important part of the vegetarian diet of
the Indian subcontinent, being a rich source of protein and
have high nutritional value. India is the largest producer of
pulses, accounting for 28 per cent of global production of
pulses. They play an important role in Indian diet and are
the major source of proteins, carbohydrates (50-60%),
vitamins and minerals predominately for the vegetarian
population in India. In other words, they contribute a major
role in the daily diet of low-income groups of people
(Prasantha et al., 2003). They contain 22-24 per cent protein,
which is almost twice the protein in wheat and thrice that of
rice. Percentage share of pulses in net food grain availability
has also increased slowly from 7 per cent to 8.33 per cent
during 2010-11 (Gowda et al., 2013). Thus protection of
stored pulses from various factors is of great importance to
meet nutritional demand (Graham et al., 2007). Among the
several important insect pests of stored grains, Pulse beetle,
Callosobruchus spp. is major pest during storage of pulses.
Pulse beetle cause not only quantitative but also qualitative
losses like nutritive loss, germination loss and makes the
pulses unfit for marketing as well as for human consumption
(Kenghe and Kanawade, 1996). Callosobruchus maculatus

Fab. infest seeds by feeding on its inner protein thus causing
nutrients loss for human consumption as well as seed loss
for germination in agricultural activities (Epidi et al., 2008;
Macedo et al., 2003). Thus, protection of stored pulses
from insect damage is of great importance to meet nutritional
demand. Generally, the pesticides are used for the control
of insect pests but due to their several drawbacks,
researchers are trying to adopt alternative methods of pest
control. The use of locally available indigenous plant
materials in the control of pests are an ancient technology
and used in many parts of the world. Therefore, plant
materials should be explored to protect stored products
against pest infestation which appear to be quite safe, cheap
and promising.

MATERIALS AND METHODS
A statistically designed laboratory experiment with

three replications for each test to evaluate the efficacy of
plant gum against damage of pulse beetle was undertaken
at Department of Agricultural Entomology, College of
Agriculture, Dapoli during 2014–15. The details of
treatments imposed in the present investigation are
presented below.

Table 1.

TRT 
NO. 

Name of Plant gum 
tested Botanical Name 

T1 Acacia Acacia senegal Linn. 

T2 Asafoetida Ferula asafoetida 
Regel 

T3 Cashew Anacardium 
occidentale Linn. 

T4 Dhup Canarium strictum 
Roxb. 

T5 Dikemali Gardenia resinifera 
Roth. 

T6 Mango Mangifera indica 
Linn. 

T7 Moringa Moringa oleifera Lam. 

T8 Neem Azadirachta indica A. 
Juss 

T9 Xmas Araucaria columnaris 
Forster 

T10 Untreated Control - 

 
Testing procedure
No choice test – In this test, the grains of Dolichos bean
were treated with respective gum @10g gum/100 g grains
and were kept in separate glass bottle after thorough air
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Sr.No. Treatments 
No Choice test Free choice test 

Av. No. of eggs laid/100  
g grains 

Av. No. of eggs laid/20  
g grains 

1. Acacia gum 138.33 (11.75)* 49.67 (7.08)* 

2. Asafoetida 96.33 (9.83) 54.00 (7.38) 

3. Cashew gum 96.67 (9.84) 38.67 (6.25) 

4. Dhup 60.67 (7.81) 40.33 (6.38) 

5. Dikemali gum 12.33 (3.58) 6.67 (2.67) 

6. Mango gum 55.67 (7.48) 41.67 (6.49) 

7. Moringa gum 62.00 (7.90) 35.33 (5.98) 

8. Neem gum 2.33 (1.64) 3.67 (2.02) 

9. Xmas gum 67.33 (8.23) 37.00 (6.11) 

10. Untreated control 222.33 (14.91) 98.67 (9.95) 

 S.Em. ± 0.34 0.18 

 C.D.at 5% 1.01 0.54 

 
*Figures in parentheses are Ö n + 0.5 values

Table 2. Effect of different plant gum treatments on fecundity of C. maculatus

drying. Five pairs of freshly emerged beetles of C.maculatus
were released in each glass bottle. Each treatment was
repeated thrice
Free choice test – For this test, Olfactrometer was used.
Grains of Dolichos bean weighing 20g, treated with different
plant gum (2g) were kept in the separate test tubes fixed to
common container of olfactometer in which ten pairs of
freshly emerged adults of C. maculatus were released. Each
treatment was repeated thrice

Method of treatment
Gum suspension was made by dissolving 10 g of gum

in 100ml of water. The healthy and clean grains of Dolichos
bean weighing 100 g were dipped in the suspension and

placed in the petri plates for shade drying. The untreated
control was also maintained. After drying and formation of
thin coat on the treated seeds, the same were then used for
the experiment.

RESULTS AND DISCUSSION

Effect of plant gum on fecundity of C.maculatus
Data recorded on number of eggs laid by C.

maculatus on grains of Dolichos bean treated with different
plant gums are presented in Table 2.

In No choice test, Persual of the data indicated that
Neem gum and Dikemali gum were most effective in
preventing the egg laying by pulse beetle. The treatment of

Table 3. Effect of different plant gum treatments on adult emergence of C.maculatus

*Figures in parentheses are Ö n + 0.5 values

Sr.No. Treatments No choice test Free choice test 

Av. No. of adult emerged/ 
100 g seeds 

Av. No. of adult emerged/ 
20 g seeds 

1. Acacia gum 92.00 (9.60)* 25.33 (5.08)* 

2. Asafoetida 77.33 (8.81) 25.67 (5.10) 

3. Cashew gum 70.33 (8.36) 16.67 (4.13) 

4. Dhup 27.33 (5.24) 16.00 (4.06) 

5. Dikemali gum 2.33 (1.64) 1.33 (1.34) 

6. Mango gum 28.33 (5.33) 11.33 (3.43) 

7. Moringa gum 33.67 (5.84) 11.67 (3.46) 

8. Neem gum 0.00 (0.71) 0.00 (0.71) 

9. Xmas gum 33.33 (5.80) 12.67 (3.60) 

10. Untreated control 159.67 (12.64) 63.00 (7.96) 

 S.Em. ± 0.40 0.21 

 C.D.at 5% 1.17 0.63 
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Neem gum was significantly superior (2.33 eggs) over rest
of the treatments which was followed by the treatment of
Dikemali gum (12.33 eggs). Further, it was observed that
the treatment of remaining plant gums viz., Mango gum
(55.67 eggs) was at par with the Dhup (60.67 eggs), Moringa
gum (62.00 eggs), and Xmas gum (67.33 eggs). Similarly, it
was also reported that the treatment of Asafoetida provided
minimum protection (96.33 eggs) which was at par with the
treatment of Cashew gum (96.67 eggs). The treatment of
Acacia gum was found to be least effective (138.33 eggs) in
preventing egg laying by pulse beetle. Untreated control
recorded the highest average number of eggs (222.33 eggs).

Similar results were revealed in free choice test. The
data revealed that the Neem gum was effective amongst
rest of the treatments as minimum number of eggs (3.67
eggs) were observed on the grains treated with Neem gum

as compared with remaining treatments, which was followed
by Dikemali gum (6.67 eggs). On the contrary, maximum no
of eggs (98.67 eggs) were observed in untreated control.
However, the treatments viz., Moringa gum (35.33 eggs),
Xmas gum (37.00 eggs), Cashew gum (38.67 eggs), Dhup
(40.33 eggs) and Mango gum (41.67 eggs) were found at
par. Similarly, Acacia gum (49.67 eggs) was on par with
Asafoetida (54.00 eggs).

No review of literature related to this aspect is
available. Hence, no review has been included and the
obtained data remains uncomparable.

Effect of plant gums on adult emergence of
C.maculatus

Observations recorded on effect of different plant
gums on adult emergence of C. maculatus are presented in

Table 4. Effect of different plant gum treatments on per cent infestation by C. maculatus

*Figures in parentheses are arcsin values

Sr.No. Treatments 
Per cent grain infestation 

No choice test Free choice test 

1. Acacia gum 43.33 (41.15)*   56.33 (48.64)* 

2. Asafoetida 26.27 (31.04) 53.17 (46.83) 

3. Cashew gum 29.00 (32.46) 40.83 (39.72) 

4. Dhup 19.39 (26.03) 43.67 (41.34) 

5. Dikemali gum 2.00 (7.95) 4.67 (12.26) 

6. Mango gum 12.00 (20.17) 39.33 (38.82) 

7. Moringa gum 17.33 (24.50) 28.33 (32.09) 

8. Neem gum 0.00 (0.18) 0.00 (0.18) 

9. Xmas gum 14.67 (22.43) 25.00 (29.98) 

10. Untreated control 66.67 (55.00) 81.67 (64.80) 

 S.Em. ± 2.20 1.61 

 C.D.at 5% 6.46 4.73 

 

Table 5. Effect of different plant gum treatments on Per cent loss in weight

*Figures in parentheses are arcsin values

Sr.No. Treatments 
Per cent weight loss 

No choice test Free choice test 

1. Acacia gum  21.72 (27.70)* 19.43 (26.09)* 

2. Asafoetida 17.48 (24.65) 16.42 (23.88) 

3. Cashew gum 15.54 (23.05) 18.95 (25.80) 

4. Dhup 6.79 (15.03) 17.70 (24.87) 

5. Dikemali gum 0.55 (4.08) 1.33 (6.35) 

6. Mango gum 7.09 (15.29) 8.36 (16.77) 

7. Moringa gum 8.14 (16.55) 7.62 (16.02) 

8. Neem gum 0.00 (0.18) 0.00 (0.18) 

9. Xmas gum 10.16 (18.56) 9.42 (17.81) 

10. Untreated control 36.55 (37.19) 24.53 (29.68) 

 S.Em. ± 1.32 0.92 

 C.D.at 5% 3.89 2.71 
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Table 3. In case of no choice test, it was revealed from the
data that all the treatments significantly reduced the adult
emergence as compared to untreated control (159.67). No
adult emergence was observed in treatment of Neem gum
and thus was significantly superior over rest of the
treatments. Amongst the other treatments, minimum adult
emergence (2.33) was observed in case of Dikemali gum,
hence it was considered as next superior treatment. On the
other hand, adult emergence in Dhup (27.33) was at par
with Mango gum (28.33), Xmas gum (33.33) and Moringa
gum (33.67). Similarly, it was also found that the adult
emergence in Cashew gum (70.33) was at par with
Asafoetida (77.33). The adult emergence in Acacia gum
treatment was 92.00 and was considered as the most inferior
treatments amongst all the treatments. Subsequently, similar
results were recorded in free choice test. No adult emergence
was observed in the treatment of Neem gum and hence
considered as superior treatment amongst all the treatments.
The treatment of Neem gum was at par with Dikemali gum
(1.33) which was second best treatment. Amongst remaining
treatments, it was found that Mango gum (11.33) was at par
with Moringa gum (11.67), Xmas gum (12.67) and Dhup
(16.00). However, the treatment of Xmas gum (12.67) was
also on par with Dhup (16.00) and Cashew gum (16.67).
Similarly, Acacia gum (25.33) was at par with Asafoetida
(25.67) and both were considered as least effective
treatments while, control recorded maximum adult emergence
(63).

Effect of plant gums on per cent grain infestation due
to C.maculatus

Observations recorded on per cent grain infestation
of C. maculatus in Dolichos bean treated with different
plant gums are presented in Table 4. In case of No choice
test, it was evident from the data that the treatment of Neem
gum was found highly effective as it provided cent per cent
protection to the grains against C.maculatus which was
followed by Dikemali gum with minimum per cent infestation
(2.00%) as compared to rest of the treatments. Amongst the
remaining treatments, Mango gum with least per cent
infestation (12.00%) was at par with Xmas gum (14.67%),

Table 6. Effect of different plant gum treatments on
germination percentage

*Figures in parentheses are arcsin values

Sr.
No. 

Treatments Germination percentage 

1. Acacia gum 86.67 (68.69)* 

2. Asafoetida 85.33 (67.53) 

3. Cashew gum 78.33 (62.28) 

4. Dhup 79.00 (62.88) 

5. Dikemali gum 88.00 (69.74) 

6. Mango gum 77.33 (61.62) 

7. Moringa gum 73.00 (58.73) 

8. Neem gum 92.00 (73.65) 

9. Xmas gum 61.00 (51.39) 

10. Untreated control 94.33 (76.31) 

 S.Em. ± 1.51 

 C.D.at 5% 4.45 

 

Moringa gum (17.33%) and Dhup (19.39%). Further, it was
observed that the treatment of Dhup was also on par with
that of Asafoetida (26.27%) and Cashew gum (29.00%). On
the contrary, Acacia gum was very least effective with
maximum level of per cent infestation (43.33%) and hence
was considered as inferior treatment amongst all the gum
treatments. In untreated control, highest per cent infestation
(66.67%) was recorded. The data recorded by free choice
test revealed that the Neem gum provided maximum
protection to the grains as the level of per cent grain
infestation was very low as compared to other treatments.
The second most effective treatment was Dikemali gum with
least per cent infestation (4.67%). Further, the treatment of
Xmas gum (25.00%) was at par with Moringa gum (28.33%).
Similarly, Mango gum (39.33%) was on par with Cashew
gum (40.83%) and Dhup (43.67%), thus preventing grain
infestation upto certain extent. The least effective treatment
i.e. Asafoetida (53.17%) and Acacia gum (56.33%) were also
at par. However, highest per cent infestation (81.67%) was
recorded in untreated control.

Effect of various plant gum treatments on per cent loss
in grain weight due to C.maculatus

Data recorded on the per cent weight loss due to C.
maculatus infesting stored Dolichos bean are presented in
Table 5. In no choice test, among the treatments, minimum
per cent loss in weight (0.00%) was recorded in the treatment
of Neem gum followed by Dikemali gum (0.55%) while,
maximum per cent loss in weight (21.72%) was observed in
Acacia gum. In case of free choice test, data indicated that
maximum loss in weight upto 24.53 per cent was recorded in
untreated control and minimum of 0.00 per cent in Neem
gum treatment. Loss in weight upto 1.33 per cent was
recorded in case of Dikemali gum. On the other hand,
remaining treatments viz., Moringa gum (7.62%), Mango
gum (8.36%) and Xmas gum (9.42%) were at par with each
other. Similarly, the treatment of Asafoetida (16.42%), Dhup
(17.10%), Cashew gum (18.95%) and Acacia gum (19.43%)
were also at par.

Effect of various plant gum treatments on germination
percentage

Observations recorded on germination percentage in
Dolichos bean treated with different plant gums are
presented in Table 6. The data indicated that the treatment
of Xmas gum provided the lowest germination percentage
(61.00%) as compared to rest of the treatments. The
germination percentage in case of Neem gum was maximum
(92.00%) amongst all the treatments and was comparable
with the germination percentage in untreated control
(94.33%). However, the germination percentage of Moringa
gum (73.00%) was at par with Mango gum (77.33%), Cashew
gum (78.33%) and Dhup (79.00%). Similarly, the germination
recorded in the treatment of Asafoetida was 85.33 per cent
which was on par with that of Acacia gum (86.67%) and
Dikemali gum (88.00%). It was clear from the data that in
case of all the treatments, germination percentage was above
50%.

CONCLUSION
Overall it was concluded that Neem gum and Dikemali

gum were the best grain protectants for seed purpose. Their
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effectiveness as surface protectant was due to the uniform
coating on grains which arrested the egg laying and also
due to the offensive odour acquired by these gums.
Generally, Neem based products are used in day to day life,
hence if Dolichos bean has to be used for home
consumption, specifically the neem gum could be used as
suitable grain protectant.
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ABSTRACT
The present study was conducted to characterize the rice
germplasm on the basis of morphological characteristics
at College of Agriculture, IGKV, Raipur (C.G.), Department
of Genetics and Plant Breeding. The germplasm consisted
of 48 rice accessions were planted in randomized block
design (RBD). The data were recorded on 37 different agro-
morphological traits (17 qualitative and 20 quantitative).
The rice germplasm exhibited sufficient genetic variation
for most of the qualitative and quantitative traits. Variation
was observed for all the qualitative traits except presence
of collar. Highly significant differences (p<0.01) were
observed for the traits of flag leaf length, flag leaf breadth,
days to 50% flowering, panicle length, grain length, grain
width, awn length, kernel length and width, length and
width of milled grain, length and width of cooked kernel,
1000 grain weight, biological yield and grain yield.Rice
accession Basa bhog took minimum days to 50% flowering
while accession Khatiyapati showed superiority for panicle
length. Accession Safri showed superiority for biological
yield. Rice accession Anjania showed excellent
performance for grain yield while accession Jay Bajarang
showed the maximum value for 1000-grain weight.
Similarly, the rice accession Banreg showed superiority
for flag leaf length.High heritability associated with high
genetic advance as per cent of mean was found for all the
studied characters except flag leaf width, days to 50%
flowering, biological yield and grain yield, indicating the
role of additive gene action in controlling these
characters.The genetic potential of the mentioned
accessions for the desired traits can be utilized in future
rice breeding programs to get promising results.

Key words Rice, accessions, grain length, kernal length,
germplasm.

Rice (Oryza sativa L.) (2n = 24) belonging to the
family,Poaceae and subfamily, Oryzoidea is the staple food
for half of the world’s population and occupies almost one-
fifth of the total land area covered under cereals. It is one of
the very few crop species endowed with rich genetic
diversity which account over 100,000 landraces and
improved cultivars.Moreover, it is a nutritional cereal crop,
providing 20% of the calories and 15% of proteins
consumed by world’s population. Although it is a chief
source of carbohydrates and protein in Asia, it also provides
minerals and fibers. Apart from these it is also an important
source for animal feed in many countries of the world. Being
an agricultural country India has natural abundance of all
agricultural products including food items.Rice is the most
important food crop in India contributing to more than 40

percent of total food grain production and cultivated/
consumed across the country. Rice is the major staple food
for more than 70 percent of the Indian population with more
than 4,000 varieties and hybrids of rice grown throughout
the country to cater to varied consumer preferences,
typically consumed as boiled rice or variants with various
additives.

Agro-morphological characterization of germplasm
variety is fundamental in order to provide information for
plant breeding programs (Lin, 1991). The landraces are
valuable as they possess a huge treasure of genetic material
which may prove valuable in future crop development and
improvement programs. Our information about them is
incomplete and is therefore urgent to collect and conserve
these landraces of rice (Sinha and Mishra, 2012).
Assessment of genetic diversity is very important in rice
breeding from the standpoint of selection, conservation of
different land races variety of rice and proper utilization
(Mohammadi-Najadet al., 2008).

India is a primary centre of origin of rice and has
many local landraces, most of which are not cultivated
today. While many are lost, a few are still cultivated by
resource-poor traditional farmers in areas practicing
subsistence farming. Unlike high-yielding varieties (whose
variability is limited due to homozygosity), the landraces
maintained by farmers are endowed with tremendous
genetic variability, as they are not subjected to subtle
selection over a long period of time. This aids in the
adaptation of landraces to a wider agro-ecological niches
and they also have unmatched qualitative traits and
medicinal properties. This rich variability of complex
quantitative traits still remains unexploited.

Rice accessions and old cultivars are important
reservoirs of useful genes and can be used to enrich the
commercial rice cultivars with the desired genes for useful
traits (Zeng et al., 2003). However landraces and accessions
are heterogeneous and include several genotypes within a
population (Frankel and Soule 1981). The only way to
ensure food security for future generations is to exploit the
present day genetic diversity of different crops and to
identify the promising one for future breeding programs.
The present investigation was carried out to characterize
indigenous rice germplasm through qualitative and
quantitative traits and to identify desirable genotypes for
future use in breeding programs.

MATERIALS AND METHODS
The current research study was conducted at College

of Agriculture, Indira Gandhi Agricultural University, Raipur,
Chhattisgarh during kharif 2015. Forty eight rice accessions
were characterized through 37 different agro-morphological
traits (17 qualitative and 20 quantitative). Rice genotypes

mailto:suman.rawte@gmail.com
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Table 1. List of rice genotypes used in the current study
S.No. Name  Source (Village/Block/Distt.) S.No. Name  Source (Village/Block/Distt.) 

1 LoktiMachhi Bade Rajpur/Bade Rajpur/Bastar 25 Farsaphool Koyalibeda/Koyalibeda/Bastar 

2 AtmaSital Antagarh/Antagarh/Bastar 26 Jay Bajrang Fingeshwar/Fingeshwar/Raipur 

3 LoktiMachhi Narayanpur/Narayanpur/Bastar 27 Gilas Enhoor/Durgkondal/Bastar 

4 ADT:27 Rajim/Fingeshwar/Raipur 28 Khatiapati Odan/Palari/Raipur 

5 Anjania Pandarbhattha/Bemetara/Durg 29 Mani Rajim/Rajim/Raipur 

6 Kanak Jira Dadesara/Durg/Durg 30 Khatriyapati Odan/Palari/Raipur 

7 Jhumera Martara/Bemetara/Durg 31 Girmit Kokodi/Kirnapur/Balaghat 

8 Kakeda (I) Kuamalji/Pandariya/Bilaspur 32 Lanji Deverda/Baldevgarh/Tikamgarh 

9 Dubraj II Chandkhuri/Arang/Raipur 33 Banreg Khutgaon/Deobhog/Raipur 

10 Bhulau Gidhpuri/Palari/Raipur 34 Ruchi Kusumi/Kusumi/Sarguja 

11 Rani kajar Garra/Palari/Raipur 35 Safed luchai Nagajhare/Barghat/Seoni 

12 Sundarmani Kodohatha/Deobhog/Raipur 36 Kanthideshi Vijaipali/Barghat/Seoni 

13 Bhadokanker Turanga/Pusaur/Raigarh 37 Piso III Barghat/Barghat/Seoni 

14 Jhumarwa Charbhatha/Fingeshwar/Raipur 38 Kakdi Kukanar/Darma/Bastar 

15 Bishnu Bishnupur/Baikundpur/Sarguja 39 Gajpati Kosamghat/GharGhoda/Bastar 

16 Basa Bhog Pratappur/Pratappur/Sarguja 40 Gadursela NA/Mohala/Rajnandgaon 

17 Krishna Bhog Mohgaon/Mandla/Mandla 41 Aadanchilpa Kesherpal/Bastar/Bastar 

18 Hira Nakhi Khekha/Bichhiya/Mandla 42 Unknown NA/NA/NA(CG) 

19 LoktiMaudi Abujhmad/Abujhmad/Bastar 43 Sajachhilau Kanker/Kanker/Bastar 

20 
Kariyabodelabij
a Kodo/Abujhmad/Bastar 44 ParmalSafri Tilda/Tilda/Raipur 

21 Gganja Kali Kudum Kala/GharGhoda/Raigarh 45 Safri Varasioni/Waraseoni/Balaghat 

22 Banas KupiII Jhilwada/Waraseoni/Balaghat 46 Narved Muraina/NA/Muraina 

23 DhangariKhusha Darrabhatha/Saraipali/Raipur 47 Nagbel Dev Bhog/Dev Bhog/Raipur 

24 Bhaniya Fashakar/Durgkondal/Bastar 48 Mudariya Abhanpur/Abhanpur/Raipur 

 
used in this study are listed in the Table1. Seeding was
done in the well prepared seed beds in the last week of
June. The seedlings were transplanted into well puddled
field twenty one days after seeding. Each accession was
planted in two rows, with row length of one meter and row-
row distance of 25 cm using randomized block design (RBD)
with two replications. Measurements of different qualitative
and quantitative characteristics of these collectedlandraces
at different stages of growthwere recorded following the
guidelines of test forDistinctness, Uniformity and Stability
ofRice (Oryza sativa L.) PPV & FRAuthority, GOI,
2007.Among the 38agro-morphologicalcharacters (Table 2
and 3) 17werequalitative characters (Table 2) and 20
characters were quantitative (Table 3)on which the data
were recorded. The data were collected on five randomly
selected plants from each accession. Recommended cultural
practices as used for growing rice crop were used
throughout the experiment.The details of the qualitative
andthe quantitative characters and theirobserved genotypic
descriptors are given in the Table 2.

Data analysis
Firstly, mean values were worked out for all traits for

each genotype. These mean data were utilized to calculate
variability parameters viz.range, standard deviation, and

coefficient of variation. The procedure of Cochran and Cox
(1957) was adapted to analyses the data statistically.

RESULTS AND DISCUSSION

Qualitative traits
Among the investigated thirty seven agro-

morphological characters 17 characters were qualitative.
Qualitative characters are important in respect to the
identification and the characterization of landraces of rice
varieties because it was observed that these characters are
less influenced by the various environmental conditions.
Frequencies of different qualitative characters are given in
Table 3 and score of 48 investigated landraces are given in
Table- 4.Rice genotypes were characterized for leaf traits at
late vegetative and flowering stages and variation was
observed among the accessions for coleoptiles color, 20.8%
showed purple color and rest of the 79.2% accessions
showed green color.Similarly forbasal leaf sheath color
33.33% accession showed purple lines while 66.66%
accessions wereshowed green color. Character leaf intensity
of green color 90% accessions had dark green color, while
10% of the accessions showed medium intensity, similarly
for pubescence of leaf blade surface only 2% had hard
surface, 10.5% showed strong, 25% showed weak and
62.5%accessions showed medium surface of leaf blade.
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Table 2. Qualitative and Quantitative Charactersalong with their descriptors

S. 
No. Traits Descriptors 

1 Coleoptile colour (CC) 1. colourless; 2.green; 3. purple 

2 Basal leaf sheath colour (BS) 1. green; 2.light purple; 3. Purple line; 4.uniform Purple 

3 Leaf: Intensity of green colour(LIC) 3.light; 5.medium; 7.dark 

4 Pubescence of leaf (PB) 1. absent; 3. Weak; 5.medium; 7.strong; 9.very strong 

5 Colouration of auricle(AC) 1. colourless; 2.light purple; 3. purple 

6 Leaf collar (LC) 1.present; 9.absent 

7 Shape of ligule (LS) 1.truncate; 2.acute; 3.split 

8 Culm attitude (CA) 1.erect; 3.semi-erect; 5.open; 7.spreading 

9 Flag leaf attitude (FLA) 1.erect; 2.semi-eredt; 3.horizontal; 4.deflexed 

10 Anthocyanin colour of internode(IC) 1.absent; 2.present 

11 Anthocyanin colour of node (NC) 1.Absent; 2.Present 

12 Awning (AW)  1.Present; 2. Absent 

13 Colour of awn (AC)  
1.yellowish white; 2.yellowish brown;3.brown; 4.raddish brown; 
5.light red;6.red;7.light purple; 8.purple; 9.black. 

14 Colour of stigma(SC) 1.white; 2.light green; 3.yellow; 4.light purple; 5.purple 

15 Grain lemma and paleacolour(LP) 

1.straw; 2.gold and gold furrows on straw background;3.brown spot on 
straw; 4.brown furrows on straw; 5.brown; 6. reddish to lightpurple; 
7.purple furrows on straw; 8.red; 9.black 

16 Decorticated grain colour (DC) 
1.white; 2.light brown; 3.Variegated brown; 4.dark brown; 5.light red; 
6.red; 7.Variegated purple; 8.Purple; 9.Dark purple 

17 Decorticated Grain shape(DS) 
1.Short slender; 2.Short bold; 3.Medium slender; 4.Long bold; 5.Long 
slender; 5.Long slender for basmati type; 6.Extra long slender 

18 Flag leaf length(cm) 3.Short (<30 cm); 5.Medium(30-45 cm); 7.Long (>45 cm) 

19 Flag leaf breath(cm) 3.Narrow (<1 cm); 5.Medium (1-2 cm); 7.Broad (>2 cm) 

20 Days to 50% flowering 
1.Very early(<71 days); 3.early(71-90 days); 5.medium(91-110 days); 
7.late(111-130 days) 

21 Panicle length(cm) 
1.Very short(<16 cm); 3.Short(16-20 cm); 5.Medium(21-25 cm); 
7.Long (26-30 cm); 9.Very long(>30 cm) 

22 Awn length(cm) 1.Very short; 3.Short; 5.Medium; 7.Long; 9.Very long 

23 1000 grain weight(gm) 
1.Very low (<15 g); 3.Low (15-20 g); 5.Medium(21-25 g); 7.High (26-
30); 9.Very high (>30 g) 

24 Grain length(mm) 
1.Very short(<6.0 mm); 3.Short(6.1-8.5 mm); 5.Medium(8.6-10.5 
mm); 7.Long(10.6-12.5 mm); 9.Very long(>12.5 mm) 

25 Grain width(mm) 
1.Very narrow(<2.0 mm); 3.Narrow(2.1-2.5 mm); 5.Medium(2.6-3.0 
mm); 7.Broad(3.1-3.5 mm); 9.Very broad(>3.5 mm) 

26 Decorticated grain length(mm) 1.Short; 3.Medium; 5.Long; 7.Long basmati type; 9.Extra long 

27 Decorticated grain width(mm) 3.Narrow(<2.0 mm); 5.Medium(2.0-2.5 mm); 7.Broad(>2.5 mm) 

28 L/B ratio of grain 

29 L/B ratio of decorticated grain 

30 Biological yield(gm) 

31 Grain yield(gm) 

32 Length of milled grain(mm) 

33 width of milled grain(mm) 

34  L/B ratio of milled grain 

35 Length of cooked kernel(mm) 

36 Width of cooked kernel(mm) 

37  L/B ratio of cooked kernel 
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Table 3. Frequency distribution of different traits

S. No. Traits Category Number Frequency 

1 coleoptile colour 
green 
purple 

38 
10 

79.17 
20.83 

2 Basal leaf: Sheath colour 
Green 
Purple line 

32 
16 

66.67 
33.33 

3 Leaf: Intesity of green colour 
Dark Green 
Medium 

5 
43 

10.42 
89.58 

4 Pubescence of blade surface 

Hard 
Medium 
Strong 
Weak 

1 
30 
5 
12 

2.08 
62.50 
10.42 
25.00 

5 Colouration of auricles 
Colourless 
Light Purple 

46 
2 

95.83 
4.17 

6 Leaf: Collar Present 48 100.00 

7 Leaf: Shape of Ligule 
Split 
Acute 

45 
3 

93.75 
6.25 

8 Culm: Attitude 
Erect 
Semi erect 
spreading 

30 
15 
3 

62.50 
31.25 
6.25 

9 Flag leaf: Attitude of blade 
Erect 
Semi erect 

40 
8 

83.33 
16.67 

10 Stem: Anthocyanin colouration of 
internode 

Present 
Absent 

26 
22 

54.17 
45.83 

11 Stem: Anthocyanin colouration of 
nodes 

Present 
Absent 

25 
23 

52.08 
47.92 

12 Awning 
Present 
Absent 

20 
28 

41.67 
58.33 

13 Colour of awns 

Absent 
Brown 
Red 
Yellowish white 

28 
1 
5 
14 

58.33 
2.08 

10.42 
29.17 

14 Spikelet: colour of stigma 
Purple 
White 

14 
34 

29.17 
70.83 

15 Grain lemma and Paleacolour 

Brown 
Brown furrows on straw 
Brown spot on straw 
Gold and gold furrows on straw background 
Purple furrows on straw 
Red 
Reddish to light purple 
Straw 

1 
6 
1 
3 
3 
8 
2 
24 

2.08 
12.50 
2.08 
6.25 
6.25 

16.67 
4.17 

50.00 

16 Decorticated grain: Colour 
Brown 
White 

1 
47 

2.08 
97.92 

17 Decorticated grain shape 

Basmati type 
Extra long slender 
Long Bold 
Long Slender 
Short Bold 

3.5 
18 
1.5 
1 
24 

7.29 
37.50 
3.13 
2.08 

50.00 

18 Flag leaf length(cm) 
Short 
Medium 
Long 

4 
40.5 
3.5 

8.33 
84.38 
7.29 
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Among 48 accessions 16.66% shows semi erect whereas
83.33% shows erect type of flag leaf attitude. 94%
accessions shows split type of ligule where as 6% of the
accessions shows acute shape of ligule.For auricle color
4.2% accessions showed light purple auricle color, while
95.8% accessions showed colorless auricle. There was no
variation found for the trait presence of collar in the studied
rice accessions. All the accessions showed presence of
collar.

Culm attitude is an indicator of the growth habit of a
particular species. During current study valuable variation
was observed among the accessions for culm angle. 6.3%
accessions were found to have spreading, 31.3% accessions
showes semi erect attitude whereas62.5% accessions were
having erect culm angle. For the trait internode coloration
54.2% accessionswere observed having internode color
while 45.8% accessions shows absence of internode color.
Variation was observed among the accessions for node
color 2% showed strong, 2%showed weak, 48% accessions
showed medium node coloration and node color is absent
in 47.9% accessions.

Among 48 rice acceesions 29.2% accessions shows
purple stigma color whereas 7.08% shows white stigma

S. No. Traits Category Number Frequency 

19 Flag leaf Width(cm) Narrow 48 100.00 

20 Days to 50% flowering 
Early 
Medium 
Late 

1 
16 
31 

2.08 
33.33 
64.58 

21 Panicle length(cm) 

Short 
Very Short 
Medium 
Long 

11 
1.5 
24.5 
11 

22.92 
3.13 
51.04 
22.92 

22 Awn length 

Absent 
Long 
Medium 
Short 

28 
1 

6.5 
12.5 

58.33 
2.08 
13.54 
26.04 

23 1000 grain weight(gm) 

Low 
Very low 
Medium 
High 
Very high 

11 
13 
6 
8 
10 

22.92 
27.08 
12.50 
16.67 
20.83 

24 Grain: Length 

Short 
Very short 
Medium 
Long 

6 
18 
10 
14 

12.50 
37.50 
20.83 
29.17 

25 Grain: Width 

Narrow 
Vary narrow 
Medium 
Broad 

22.5 
5 

15.5 
5 

46.88 
10.42 
32.29 
10.42 

26 Decorticated grain: Length 
Small 
Medium 
Long 

24 
19.5 
4.5 

50.00 
40.63 
9.38 

27 Decorticated grain: Width 
Narrow 
Medium 
Broad 

10.5 
21 

16.5 

21.88 
43.75 
34.38 

 
color. Variation was found among the studied rice
accessions for grain shape, 3.1% shows long bold, 2.1%
shows long slender grain shape, 7.3% were found to have
basmati type grain shape, 37.5% showsextra longslender
and 50% shows short boldgrain shape. Lemma and
paleacolour was observed under eight categories;2%
showed Brown color,2% showed brown spot on straw,
12.5% accessions were found to have brown furrows on
straw, 6.3% accessions had Gold and gold furrows on straw,
6.3% had Purple furrows on straw, 16.66% accessions had
Red, 4.1% had reddish to light purple and 50% accessions
were found to have straw color of lemma and palea.Among
therice accessions 41.66% consist of awn whereas 58.33%
were observedawnless. For character color of awn 2%
accession displayed brown, 10.4% were red and 29.2%
showed yellowish awn color. Brown color of decorticated
grain was observed in 2.1% where as 97.9% accessions
were observed with white decorticated grain color.

Quantitative traits
Highly significant differences were observed for flag

leaf length and breadth among rice genotypes at probability
level of (P<0.01) given in Table 5. Minimum value (27.00cm)
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Table 4. Qualitative characterization of 48 investigated landraces of rice variety according to DUS testingguidelines

Name of 
landraces CC BS LIC PB AC LC LS CA FLA IC NC AW AC SC LP DC DS 

LoktiMachhi 2 1 5 5 1 1 3 1 1 1 1 2 - 1 7 1 2 

AtmaSital 2 1 5 5 1 1 3 1 1 1 1 2 - 1 1 1 2 

LoktiMachhi 2 1 5 5 1 1 3 1 1 1 1 2 - 1 7 1 2 

ADT:27 3 1 5 5 1 1 3 1 1 2 2 2 - 5 1 1 2 

Anjania 3 3 5 5 1 1 3 2 1 2 2 2 - 5 4 1 2 

Kanak Jira 3 3 5 5 1 1 3 1 1 2 2 2 - 5 4 1 2 

Jhumera 3 3 5 3 1 1 3 1 1 2 2 2 - 5 4 1 2 

Kakeda (I) 2 1 5 5 1 1 3 1 1 2 2 2 - 1 4 1 2 

Dubraj II 2 1 5 3 1 1 3 1 1 1 1 2 - 1 3 1 2 

Bhulau 3 1 5 5 1 1 2 2 1 2 2 2 - 5 8 1 2 

Rani kajar 2 1 5 5 1 1 3 1 1 2 2 2 - 1 8 1 2 

Sundarmani 3 1 5 5 1 1 3 2 1 2 2 2 - 5 4 1 2 

Bhadokanker 2 1 5 3 1 1 3 1 1 2 2 2 - 1 8 1 2 

Jhumarwa 2 1 5 3 1 1 3 2 1 2 2 2 - 1 6 1 2 

Bishnu 2 1 5 5 1 1 2 1 1 2 1 2 - 1 2 1 2 

Basa Bhog 2 1 7 3 1 1 3 1 2 2 2 2 - 1 1 1 2 

Krishna Bhog 2 1 5 5 1 1 3 1 1 2 2 2 - 1 1 1 2 

Hira Nakhi 2 1 5 5 1 1 3 2 1 2 2 2 - 1 2 1 2 

LoktiMaudi 2 1 5 5 1 1 3 1 1 2 2 2 - 5 7 1 2 

Kariyabodelabija 2 1 5 5 1 1 3 2 1 1 1 2 - 1 5 1 2 

Gganja Kali 2 1 5 5 1 1 2 2 1 2 2 2 - 1 1 1 2 

Banas KupiII 2 1 5 5 1 1 3 2 1 2 2 2 - 1 1 1 2 

DhangariKhusha 2 1 5 9 1 1 3 2 1 1 1 2 - 1 4 1 2 

Bhaniya 2 1 5 3 1 1 3 1 2 2 2 2 - 1 1 1 2 

Farsaphool 2 3 5 5 1 1 3 2 1 2 2 1 6 5 8 1 4 

Jay Bajrang 2 3 5 3 1 1 3 1 1 2 2 1 6 1 8 1 6 

Gilas 2 1 5 5 1 1 3 1 1 2 2 1 1 1 1 1 5 

Khatiapati 3 3 5 5 1 1 3 1 1 1 1 1 1 1 1 1 5 

Mani 2 1 7 3 1 1 3 2 2 1 1 1 1 5 1 1 5 

Khatriyapati 2 3 5 3 1 1 3 7 1 2 2 1 6 1 1 1 6 

Girmit 2 1 5 5 1 1 3 1 1 1 1 1 1 5 1 1 5 

Lanji 2 1 7 7 1 1 3 1 1 1 1 1 1 1 1 1 4 

Banreg 3 3 7 7 1 1 3 2 1 2 2 1 1 5 1 1 6 

Ruchi 2 1 7 7 1 1 3 1 2 1 1 1 3 1 8 1 6 

Safed luchai 2 1 5 5 1 1 3 1 2 1 1 2 - 1 1 1 6 

Kanthideshi 3 3 5 5 1 1 3 2 1 2 2 1 1 5 1 1 6 

Piso III 2 1 5 5 1 1 3 2 1 1 1 1 1 1 1 1 6 

Kakdi 2 3 5 3 1 1 3 2 2 1 1 1 1 1 1 1 6 

Gajpati 3 3 5 3 1 1 3 1 1 2 2 1 1 5 1 1 6 

Gadursela 2 1 5 3 1 1 3 1 1 1 1 1 1 1 1 1 6 

Aadanchilpa 2 3 5 5 1 1 3 1 1 1 1 2 - 1 6 1 6 
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of flag leaf length was found for accession KrisnaBhog
whereas accession Banreg displayed maximum value
(48.70cm) of flag leaf length with an average of 36.17cm.
Rice accessions Atmashital showed minimum flag leaf
breadth (0.50) and thus representing the most narrowed
leaf among the rice genotypes whereas maximum value of
flag leaf breadth (0.90cm) was observed for accession Lanji
with an average of 0.71cm.

The accession Basa Bhog took minimum days (88) to
50 % flowering while accession Loktimachhi exhibited
maximum days (126) to 50 % flowering. Most of the rice
accessions took more than 112 days to 50 %
flowering.Highly significant differences were observed
among rice genotypes at probability level of (P<0.01) for
panicle length, the accession Rani kajar exhibited minimum
panicle length (14.05cm) whereas genotype Khatiyapati
showed maximum value of 28.00cm for panicle length with
an average of 22.71cm.

Differences were found among rice accessions for
awn length. 28 rice accessions were observed awnless,
whereas 20 were having awnamong them, Farsaphool
showed minimum awn length (0.5cm) while the accession
Khatiyapati was observed with maximum awn length (3.6cm)
with an average of 1.36cm.Grain length ranged from 5.15 –

11.80 mm, with an average of 8.21 mm. Jay Bajrang (11.80
mm) recorded maximum length of grain while minimum length
of grain was recorded for Jhunarwa (5.15 mm).The range for
grain width (mm) varied from 1.85 to 3.55 mm with an overall
mean of 2.51 mm. the highest grain width was recorded in
SajaChhilau (3.55 mm) where as minimum grain width was
recorded in ParmalSafri (1.85 mm).The range for grain L/B
ratio varied from 12.38 to 29.45 with an average performance
of 18.80. The maximum grain L/B ratio was recorded in
LoktiMachhi (29.45) while minimum grain L/B ratio was
recorded in Jay Bajrang (12.38).The Kernel length ranged
from 3.70 mm to 8.35 mm with an overall mean of 5.8 mm.
The maximum kernel length was recorded in Jay Bajrang
(8.35 mm) where as minimum kernel length was recorded in
Jhumarva (3.70 mm).The decorticated grain width ranges
from 1.65 to 3.05 mm with an average of 2.34 mm. The
maximum decorticated grain width was recdorded in
SajaChhilau (3.05 mm) while minimum decorticated grain
width recorded in ParmalSafri (1.65 mm).The L/B ratio of
decorticated grain ranges from 0.24 to 0.70 with an average
of 0.47. The highest L/B ratio was recorded in Dubraj II
(0.70) and the minimum L/B ratio of decorted grain was
recorded in ParmalSafri (0.24). The length of milled grain
ranges from 3.25 to 7.25 mm with an average of 5.23 mm.
The maximum milled grain length was recorded in Safed

Name of 
landraces CC BS LIC PB AC LC LS CA FLA IC NC AW AC SC LP DC DS 

Unknown 2 1 5 5 1 1 3 1 2 1 1 2 - 1 1 1 6 

Sajachhilau 2 3 5 7 2 1 3 1 2 1 1 1 1 1 2 4 6 

ParmalSafri 2 3 5 5 1 1 3 7 1 1 1 1 1 1 1 1 6 

Safri 2 1 5 7 1 1 3 1 1 1 1 1 1 1 1 1 6 

Narved 2 1 5 5 1 1 3 1 1 1 1 2 - 1 1 1 6 

Nagbel 2 3 5 5 1 1 3 1 1 1 1 1 6 1 8 1 6 

Mudariya 2 3 5 5 2 1 3 7 1 2 2 1 6 5 8 1 6 

 
LEGENDS- CC- Coleoptile colour:2. green 3. purple, BS- Basal leaf sheath colour-1.green 3.purple line, LIC-5.medium; 7.dark,PB-
Pubescence of leaf blade surface-3. Weak; 5.medium; 7.strong; 9.very strong; AC-1. Colourless 2.light purple; LC- Leaf: Collar- 1. present
2. absent; LS- Leaf: shape of ligule- 1.truncate 2.acute 3.split; CA- Culm: attitude- 1.erect 2.semi-erect 3.open 4.spreading; FLA-1.erect;
2.semi-erect.IC-Anthocyanin colour of internode-1.absent; 2.present; NC-Anthocyanin colour of node-1.absent; 2.present; AW-Awning-
1.present; 2. Absent; AC-Colour of awn-1.yellowish white;3brown;6.red; SC-Colour of stigma-1.white; 5.purple; LP-Grain lemma and
palea colour-1.straw; 2.gold and gold furrows on straw background;3.brown spot on straw; 4.brown furrows on straw; 5.brown; 6.
reddish to lightpurple; 7.purple furrows on straw; 8.red;DC-Decorticated grain colour-1.white; 4.dark brown; DS-Decorticated Grain
shape-2.Short bold; 4.Long bold; 5.Long slender; 5.Long slender for basmati type; 6.Extra long slender.

Table 5. Mean squares for different traits

SV DF Mean sum of squares 

1 2 3 4 5 6 7 8 9 10 

Replication 1 4.99* 0.004 1254.26** 0.87 0.003 0.07 0.003 0.15** 37** 0.13** 

Treatment 47 56.5** 0.019** 130.64** 23.98** 1.391** 144.58** 12.82** 0.26** 58.65** 5.96** 

Error 47 1.2 0.005 1.94 1.4 0.008 0.05 0.028 0.01 0.68 0.01 

SV DF Mean sum of squares 

11 12 13 14 15 16 17 18 19 20 

Replication 1 0.001 0.001 2274888.37** 101465.01** 0.013 0.06 0.01 0.28** 0.1* 0.01 

Treatment 47 0.271** 0.04** 88992.88** 8,927.39** 4.494** 0.2** 1.17** 7.25** 0.28** 0.58** 

Error 47 0.016 0.001 39,864.35 6,130.45 0.012 0.01 0.02 0.01 0.01 0.01 
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luchai (7.25 mm) and minimum milled grain length was
recorded in Jhumarwa (3.25 mm).The width of milled grain
ranges from 1.55 mm to 3.00 mm with an average of 2.3 mm.
The maximum milled grain width was recorded in SajaChhilau
and ParmalSafri (3.00 mm) and the lowest width of milled
grain was recorded in LoktiMachhi CGR no. 10029 (1.55
mm).The L/B ratio of milled grain ranges from 1.35% to 4.07%
with an average of 2.36. The maximum L/B ratio of milled
grain was recorded in Mani (4.07) while minimum L/B ratio
of milled grain was recorded in Jhumarwa (1.35).The kernel
length after cooking in genotypes ranged from 5.50 mm to
13.15 mm with an average of 8.30 mm. The maximum length
of cooked kernel was recorded in Piso III (13.15 mm) and
the minimum length of cooked kernel was recorded in ADT:
27 (5.50 mm).The kernel width after cooking ranged from
2.50 to 4.25 mm with an average of 3.21 mm. The maximum
width of cooked kernel was recorded in Kanthideshi (4.25
mm) and the minimum width of cooked kernel was recorded
in Banas Kupi II (2.50 mm). The L/B ratio of cooked kernel
ranged from 1.75 to 3.65 with an average of 2.59. The
maximum L/B ratio of cooked kernel was recorded in Ruchi
(3.65) and the minimum L/B ratio of cooked kernel was
recorded in DhangariKhusha (1.75).

Valuable variation was observed among rice
accessions for biological yield. Biological yield ranged from
414 to 1437.50gm. Minimum biological yield (414gm) was
observed for accession Basa bhog while maximum biological
yield(1437.50gm) was found for accession Safri with an
average of 844.69gm. Range of grain yield among the rice
genotypes was from 61 to 498.50gm. The accession
Loktimachhi exhibited minimum grain yield 61gm, whereas

the accession Anjania showed maximum grain yield of
498.50gm with an average grain yield of 181.09gm. 1000-
grains weight ranged from the studied genotypes were
found within the range of 10.35 to 38.65gm. The accession
KrisnaBhog exhibited minimum 1000-grain weight (1.035g),
whereas accession Jay bajarang showed maximum (38.65gm)
1000-grain weight with an average of 22.03g.

The rice germplasm used in the present study
displayed variability for most of the studied traits with the
exception of presence of collar. Marked variation was
observed for flag leaf length, days to 50% flowering, panicle
length, grain length, milled grain length, decorticated grain
length and length of cooked kernel.

Characterization of crop germplasm through different
morphological traits is an important step for assessment of
its genetic potential. Our present finding shows great
genetic potential of the studied genotypes. The promising
genotypes identified during the current study have the
potential to be used in future breeding programs for getting
productive and quality results. During the current study
for most of the qualitative and quantitative traits highly
significant and positive differences were found. Our results
are in close agreement with those of Pandey et al., (2009),
who recorded highly significant variability among the
different rice genotypes. Similarly the finding of Wang et
al., (2006) also gives support to the current findings. The
current results of agro-morphological evaluation of rice
germplasm are supported by the study of Caldoet al., (1996).
The findings of Chandra et al., (2007), Abarshahret al.,
(2011) and Muhammadet al., (2015) further strengthen the
current findings, who also found valuable and highly

Table 6. Extent of variability on quantitative traits

S.No. Characters Mean Range Heritability GA(%) 

1 Flag leaf length(cm) 36.174 27.0-48.7 95.82 29.31 

2 Flag leaf breath(cm) 0.71 0.50-0.90 55.27 17.69 

3 Days to 50% flowering 112.115 88.0- 126.0 97.07 14.52 

4 Panicle length(cm) 22.709 14.05-28.0 88.91 28.74 

5 Awn length(cm) 0.57 0.000-3.40 98.90 29.05 

6 1000 grain weight(gm) 22.033 10.35-38.65 99.93 79.45 

7 Grain length(mm) 8.205 5.15-11.80 99.57 63.36 

8 Grain width(mm) 2.509 1.85-3.55 88.35 27.14 

9 Decorticated grain length(mm) 18.803 12.37-29.44 99.46 61.07 

10 Decorticated grain width(mm) 5.8 3.70-8.35 89.10 29.66 

11 L/B ratio of grain 2.343 1.65-3.05 97.71 58.30 

12 L/B ratio of decorticated grain 0.47 0.24-0.70 96.00 60.43 

13 Biological yield(gm) 844.688 44.0-1439.50 38.13 23.60 

14 Grain yield(gm) 181.094 61.0-498.5 42.61 18.33 

15 Length of milled grain(mm) 5.234 3.25-7.25 99.46 58.76 

16 width of milled grain(mm) 2.264 1.55-3.00 85.07 25.47 

17  L/B ratio of milled grain 2.362 1.35-4.07 95.97 64.74 

18 Length of cooked kernel(mm) 8.304 5.50-13.15 99.61 47.12 

19 Width of cooked kernel(mm) 3.218 2.50-4.25 90.12 22.15 

20  L/B ratio of cooked kernel 2.588 1.75-3.65 96.61 41.97 
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significant and positive variability among their studied
genotypes.

Heritability and Genetic advance as percent of mean
Heritability is an index of the transmission of

characters fromparents to their offspring and it plays an
important role in the selection process in plant breeding.
Genetic advanceprovides information on expected gain
resulting from selection of superior individuals. Heritability
and genetic advanceare important selection parameters
which help in predicting the gain under selection.

Highestimates of heritability in broad sense were
recordedforall the characters except flag leaf width,
biological yield and grain yield. Similar result for 1000 grain
weight is also reported by Mulugetaet al., 2012 and 2016.
All the traits except flag leaf width, days to 50% flowering
and grain yield exhibited high magnitude of genetic advance
as percent of mean.The heritability estimates along with
genetic advancecan be useful to predict effect of selection
in selection programs (Table 6).High heritability coupled
with high geneticadvance was observed for all the traits
except flag leaf width, days to 50% flowering, biological
yield and grain yield suggesting predominance of additive
geneaction in the expression of these traits.Similar results
wereobtained earlier by Padmaja et al., 2008 and Mulugeta,
2016.

CONCLUSIONS
Morphological markers are very important andall

breeders are continuously looking for these markersthat
will enable them to identify specific parental materialfor
specific traits. The present study revealed sufficient genetic
variability for various qualitative and quantitative
traits.Thus, the various analysis carried out had shown
wide variability among the 48 genotypes for the 36 traits.The
wide range of variability observed for the characters
evaluated may be attributed to diverse genetic background
of the accessions studied and these could be used for
selection of the genotypes for crosses.
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ABSTRACT
The study on natural decomposition of elephant dung under
in-situ condition was undertaken at College of Horticulture
Vellanikkara from January 2010 to June 2010. The
experiment was done to understand the influence of macro
and micro fauna on the in situ decomposition of elephant
dung and to investigate the efficiency of lignocelluloses
degraders present in the dung. On characterization of
physico chemical and biochemical properties of elephant
dung it was found to be rich in crude fibre Cellulose, hemi
cellulose and lignin fractions were accounted as 35.8, 30.1
and 17.5 per cent respectively. The temperature of
degrading dung was always higher than atmospheric
temperature indicating that natural decomposition was a
continuous process.. Among the native microbes isolated
from the dung, bacteria were found to have a predominant
role in dung degradation.Elephant dung is a rich
carbonaceous (48.8%) source with substantial scope for
enriching soil prevailing under tropical climate.

Key words elephant dung, micro fauna, solubulization
ef ficiency, lignocellulose degraders,
decomposition

Elephant is a single stomached animal with microbial
digestion of cellulose in sacculatedcaecocolon.
Fermentation is also evident in duodenum which is rich in
protozoa and the rest ofgut is mainly concerned with
consolidation offaeces and re absorption of water. Normally
an elephant defecates 12 to 15 times per day at the rate of 5-
8 balls at a time. Each faecal bolus weighs about 1-2 kg in
weight (Sreekumar 2009). Elephant’s capacity to digest food
is poor and only 40 % is digested &60% passed out as
faeces. So dumping of huge quantity of dung is very
common in elephant conservation centers.  The waste
accumulation creates severe socio economic problems. The
burning of dung may result in the loss of organic carbon
which can otherwise nourishthe soil fertility especially for
tropical Kerala soils. The study on dung chemistry and is
natural degradation is not so far undertaken in our
situations. At this juncture a field study was undertaken in
order to study the influence of native microfaunaon in-situ
decomposition of elephant dung and to understand both
the biochemical and manurial composition of elephant
dung.

MATERIALS AND METHODS
The investigation was conducted at Padukkad, the

elephant conservation centre of ParamekkavuDevaswam
Board, Thrissur and College of Horticulture, Vellanikkara
fromJanuary 2010 to June 2010.In order to study the role of

micro fauna on in situ decomposition of dung, a field study
was undertaken by identifying six stages of degradation of
dung (plate 1) namely more than one year old(E1), one year
old(E2), eight months old(E3),four months old(E4) and fresh
samples constituting body washings of elephant dung (E5)
and fresh faecal bolus(E6)at monthly intervals.The
variations in dung temperature and moisture were also
recorded at monthly intervals using multichannel
temperature recorder and soil moisture meteralong with
sample collection. The C: N ratio of dung at different stages
of degradation was also observed. Common invertebrates
(macro organisms) present in the field were investigated.
The enumeration of microorganisms were  also estimated
by serial dilution using different media as Martin Rose
Bengal Agar (fungus),Nutrient agar (bacteria) and
Kenknight (actinomycetes).Isolation of native microbes
efficient in natural decomposition of dung was also
undertaken as a part of this study. Fungal and
actinomycetes isolation was done from 10-5 dilution.
Bacterial isolation was done at 10-6dilution.Incubation was
given for five days.The pure culture thus obtained for each
type of micro fauna was plated on Carboxy Methyl Cellulose
(CMC) and lignosulphonate media for the detection of their
cellulose and lignin degradation efficiency respectively. A
clear zone/ halo were produced by effective lignocellulose
degraders on these media. Colony diameter and size of halo
were measured and solubulization efficiency was worked
out as follows ( Sharma,2007)(plate 2 & 3).

Size of halo  Solubulization Efficiency (S.E) =  x100  
Colony diameter  

Pooled sample was prepared from the composite
sample obtained during each month of field study and was
used for the estimation of physicochemical and biochemical
properties as per the standard procedure indicated by
Thimmaiah, 1989.

RESULTS AND CONCLUSION

Influence of Temperature and C:N ratio of Dung
The temperature of the degrading dung during six

months of field study was ranging from 28-320C which was
higher than atmospheric temperature indicating an exo
thermic process of decomposition at the site under field
conditions (fig1). Even though there was no significant
difference on C: N ratio during different periods of sampling,
thehighest C: N ratio of 49.11 was recorded in January and
the lowest value of 48.31 was recorded in May, indicating a
reduction as the months advanced.At the different
degradation stages of dungthe highest C:N ratio of 52.91,
which was significantly superior to all, was recorded on E4
followed by E3 (fig.2) .At the advanced stage of

mailto:rekhavrnair@gmail.com


2088 Trends in Biosciences 10 (11), 2017

a) More than 12 months old

c) Eight months old

Plate 1.  Different stages of degradation of dung

b) 12 months old

d) Four months old

e) Body washings (Fresh sample)

f) Faecal bolus (Fresh sample)

Plate 2. Zone production on CMC by fungus

decomposition of dung, the C: N ratio was getting reduced
due to more microbial activity leading to the loss of carbon
as CO2(Hamodaet al., 1998 ).

Biochemical and Mineral Composition of Elephant
Dung

On biochemical analysis of dung it was low in crude
fat with 2.8 percent and highest in crude fibre content with
21.4 percent. Cellulose, hemicellulose and lignin fractions
were accounted to be 35.8, 30.1 and 17.5 percent (table 1)
respectively indicating that dung is lessrich in lignin and
high in cellulose. Elephants are non ruminant herbivore. It
was reported that elephant has a digestibility of only 44%
of what they consume. So the dung is found to be rich in
crude fibre (21.4%).

The details of chemical analysis pooled dung are
given in table: 2. The dung possessed ‘C’ content of 48.18
%, 0.864%  nitrogen, 0.342% P, K 0.37%, Ca0.192 %, Mg
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0.045% and sodium 0.25 % respectively.
The highest nutrient status was for carbon and the

lowest nutrient status was recorded for Mg. The pH of the
dung was found to beranging from neutral to alkaline.

The high pH of the dung due to the presence of more
base elements. The total bases (K,Na,Ca,Mg) comes to
around 1.46 % which was higher than nitrogen status
(0.86%).

Microbial Properties of Dung
Microbial enumeration of pooled  dung sample during

last sampling period revealed that the population was
maximum for bacteria (40.50x106cfu 10g-1) followed by fungi
(19.67x105cfu 10g-1) and actinomycetes (3.58x105cfu 10g-

1).The highest population of bacteria 91.68x 106cfu 10g-1was
recorded on E3 and thelowest population of 20.51 x106cfu
10g-1was recorded on E1(fig 3). There was significant
difference in fungal population at different stages of dung

degradation. The highest population of 16.34 x105cfu 10g-1

was observed in E4 stage and the lowest was recorded inE1
(8 .00 x 105cfu 10 g-1). Coming to actinomycetes, the
highestpopulation was recorded at E4 (4.19 x 105cfu 10g-1)
and the lowest in E5 (2.85x 105cfu 10g-1). It was also observed
that micro fauna was high at early stage of decomposition
which was getting reduced due to reduction in
substrate.Microbial population especially bacteria was
showing a declining trend during advanced stage of
decomposition. From the study it is found that bacteria are
having predominant role in dung degradation. So, at early
stages of dung degradation vizE3 and E4, lignocellulolytic
break down is taking place leading to reduction in C: N ratio
and reducing the substrate of bacteria, so that there was a
reduction in the multiplication rate of bacteria during
advanced stage of decomposition (E1 and E2).

Efficiency of native microbes in lignocellulose
degradation was also tested as a part of the study. Among
30 isolates of native bacteria from different degrading stages
of  the dung sample, ten are found to be efficient in cellulose
solubulizationwhere as two are found to be efficient in lignin
solubulizationand five are found to be efficient in
lignocelluloses solubilization (fig 4). Among native bacterial
isolate,group from eight months old sample was found to
be efficient in lignocellulose solubulizationwith cellulose
and lignin solubulizationpercentage of 270.0% and 283.3%
respectively (plate 4).Among 15 isolates of native fungi
two were efficient in cellulose solubulizationand three in
lignocellulose solubulization(fig 5).Highest lignocellulolytic
efficiency was by isolate from E5stage with lignin and
cellulose solubulizationefficiency of 281.8% and 306.7%
(plate 5).Hanafyet al., (2007) also reported that bacteria had
predominant role in lignocellulose degradation due to wider

Plate 3. Zone production onlignosulphonate by fungus

Fig 1. The dung temperature at different months of
sampling versus atmospheric temperature

Property 
 

Crude 
fat 

Crude 
protein 

Crude 
fibre Others Cellulose Hemicellulose Lignin Others 

Content (%) 2.8 6.5 21.4 30.7 35.8 30.1 17.5 16.6 

 

Table 1.  Biochemical composition of pooled dung

Property C N P K Ca2+ Mg2+ Na pH 
Content (%) 48.18 0.864 0.342 0.373 0.192 0.045 0.251 7.1 

 

Fig. 2. C: N ratio of dung at different stages of
degradation
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Fig. 3. Microbial enumeration (in cfu) within dung

tolerance of temperature and pH by bacteria. The three
isolates of actinomycetes had no role on lignocellulose
solubulization.Wahyudiet al., (2010) also reported the
presence of lignocellulose degraders in the dung of
elephant.

(Isolates of nativemicro fauna were numbered from
the different stage of degrading dung samples as they
obtained.)

Observations on macro fauna at different stages of
degradation of dung

At E1 and E2 site, silver fish and earwig were dominant
where as at E3 & E4, termites, millipedes &centipeds were
dominant (table 3). On the fresh sample flies were the
dominant macro organisms. As per the result of study in
the early stage of decomposition, termites, millipeds and
centipeds were the dominant macro fauna observed. But at
the advanced stage, mainly earwigs and silver fish were
noticed. The field monitoring was done during dry months

and so there were more termite colonies in the field.
Freymanet al., (2008) has reported that termite can quickly

Fig 4:  Solubulization efficiency on CMC and andlignosulphonate media by bacteria

Plate 4. Native bacteria
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Fig 5. Solubulization efficiency onCMC &lignosulphonate media by native fungi

Table 3. Macro fauna at different stages of degradation
of dung

dung was higher than atmospheric temperature indicating
active microbial decomposition with the release of energy.
Presence of micro flora was found to be less in twelve
months and more than twelve months old dung as compared
to eight months old dung. Higher microbial activity at the
early stage of decomposition in turn resulted in reduction
of C: N ratio of the dung material at the advanced stage.
The cellulolytic nature of elephant dung favoured the
multiplication of more bacteria as compared to fungi
andactinomycetes.
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Stage of degradation Macro fauna observed 
More than 12 months 

old 
Silver fish, ear wig 

Twelve months old Silver fish, ear wig, Field roaches 
Eight months old Termites, millipeds, centipeds 
Four months old Termites, millipeds, centipeds 
Body washings Centipeds 

Faecal bolus Flies 

 
remove large amount of mammalian dung especially during
the dry season when an average of 1/3rd of the dung
deposited in given habitat has been removed by the termites
within one month.

Itis alsorevealed that elephant dung is rich in
lignocelluose fraction.Temperature within in the degrading

Plate 5. Native fungus
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ABSTRACT
An assessment of Physical properties of soil of  block

Sihawal and  Gopad Banas of Sidhi district was carried out
in 2016-17. The main objectives of this study was to carried
out  Survey, Mapping and analysis of physical properties
of soils of different sites in Sidhi region of Madhya Pradesh
for land use of  sustainable Agriculture, and 8 sampling
points were selected for  the analysis . Soil samples were
collected at a depth of 0-15cm, 15-30 cm and 30-45cm  and
the study exposed that particle density  from 2.45-2.73 gcm-

3, bulk density from 1.09-1.25gcm-3,water retaining capacity
from 56.83-68.35%, and specific gravity  from 1.99-2.50. Soil
textural classes were sandy loam and sandy clay loam soil.
It clearly indicated that soil has good water holding capacity
and has good physical condition. Soil is suitable for almost
all tropical and sub-tropical crops.
Key words Sidhi district, physical properties, Tropical

crops, soil, etc.

The Sidhi District is situated on the North-eastern
boundary of the Madhya Pradesh State, India which lies
over a transitional area between the Indo-Gangetic plain in
the north and the Deccan plateau in the south and the
remotest district of Madhya Pradesh. Soil is one of the
important and valuable resources of the nature. All living
things are directly and indirectly dependent on soil for day
to day needs and 95 % of the human food is derived from
the earth. Soil is a natural body consisting of layers (soil
horizons) of mineral constituents of variable thicknesses,
which differ from the parent materials in their morphological,
physical, chemical and mineralogical characteristics.

Soil is the natural medium for the growth of land plants.
It is all unconsolidated material of the earth’s crust in which
land plants can grow, and It consists of minerals and
constituents, exhibits definite physical, chemical and
biological properties of variable depth. Over the surface of
earth provides a suitable medium for plant growth. Soil
mainly consists of  50% pore space (air and water) and 50%
solid phase. The soil phase is broadly composed of 45%
mineral matter and 5% organic constituents. Soil analysis
can improve crop productivity and minimize wastage of
these nutrients . Deficiencies of primary, secondary and
micronutrients have been observed in intensive cultivated
areas. Several states including Karnataka, Andhra Pradesh,
Gujarat, Haryana, and Uttar Pradesh have made laudably
advancement in soil testing programme in various ways
such as enlargement of soil testing facilities, popularization
of the programme  in campaign mode, development of soil
fertility maps and use of information technology in
delivering soil nutrient status and appropriate
recommendation to farmers. This compendium is an effort

to put together existing status of  Soil testing facilities state
wise and highlight main issues in soil testing programme
compendium on soil health (Joffe 1949).

Since generally are degrading of soil due to poor
management and defective land use at a rate faster than
their natural degeneration , it becomes imperative to protect
them from further degradation; as there is a concomitant
decline in soil quality to produce healthy crops . In the
recent past, concept of watershed based holistic
development has emerged as one of the potential
approaches in rainfed areas, which can lead to higher
productivity and sustainability in agricultural production.
Different measures are adopted and executed carefully in
each of top sequences according to their capability. Hence,
a detailed study for characterization and evaluation of soils
is needed to realize the concept of soil health and quality
analysis successfully.

MATERIALS AND METHODS
Study was undertaken during  march 2016  in  North-

eastern boundary of the state of Madhya Pradesh  India.
The district Sidhi is located in the north-eastern part of
Madhya Pradesh. It is lying 23.47°N to 24.42°N latitude
and 81.18°E to 82.49°E longitude. Geographical Area of Sidhi
district is  4720 Sq. Km, average Rain fall is 1303 mm and
climate is normal/hot, And has an average elevation of  272 m
(892 ft). Relative humidity is ranges between 35-85%. The
climate of Sidhi district is Characterized by a hot summer
and general dryness except during the south west monsoon
season, that  the temperature ranges between  32.50°C (90°F)
& 18.60°C (65.48°F) respectively and average maximum
temperature recorded was 42°C (107.6°F) and the lowest
was 8.1 °C (46.58 °F) and the average annual rainfall is
1132.7 mm.

Soil samples were collected in the different depths of
0-15cm, 15-30cm and 30-5cm.from the block Sihawal and
Gopadbanas  of  Sidhi district (M.P.) and 8  villages are
selected .  They are Amiliya (V1), Sihawal (V2), Bahari (V3),
Gajraha (V4), Gada-baban Singh (V5), Shivpurwa (V6),
Ramgarh (V7), Baghawari (V8) . Total twenty four samples
were collected.

RESULT AND DISCUSSION
Ofthe following soils, the observations regarding

particle density, bulk density, % pore space, specific gravity,
water  retaining capacity (WRC) of soil are given in figure
No. 02 to 06 and in table No.01 the data of soil texture was
given. The highest value of particle density is found in
Amiliya village at depth 30-45cm (2.85 g cm-3) and  lowest
value at depth  0-15 cm (2.22g cm-3) of  Gajraha village.  Bulk
density in villages and depths was found to be significant
at both levels. The highest value of  is found in Bahari  at

mailto:email:chandels368@gmail.com
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Fig 1. Map of Sidhi district

depth (30-45 cm) 1.33gcm-3 and lowest value at depth 0-
15cm (1.05 gcm-3) of Bahari village.  The highest value of %
pore space is found in Sihawal  village at depth 0-15 (61.11%)
and  lowest value at depth 30-45cm (42.6%) of Gajraha
village.  Water retaining capacity was found highest in
Baghawari village at depth 0-15cm (71.87%) and  lowest in
Shivpurwa village at depth of 30-45cm (54.54%). Similar
results were reported by(Sujatha et al 2016).  Saturation of
soil that is specific gravity was found highest in Bahari at
depth 30-45cm (2.18) and  lowest value at depth of 0-15cm
(1.46) of Ramgarh village soil. Similar results were reported
by(Agbontalor ý2008). Soil textural classes were sandy loam
and sandy clay loam, clay loam, silty clay, and silty clay
loam soil which is varies depends on places. Analysis data
graphs and tables are below.

Fig. 2. Particle Density values of soil of  Sidhi regions,
Madhya Pradesh, India (2016)
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Fig: 3- Bulk Density values of soil of  Sidhi regions,
Madhya Pradesh, India (2016)

Fig. 4.  % Pore space values of soil of  Sidhi regions,
Madhya Pradesh, India (2016)

Fig: 5- Water  Retaining Capacity values of soil of
Sidhi regions, Madhya Pradesh, India (2016)

Fig. 6. Specific Gravity values of soil of  Sidhi
regions, Madhya Pradesh, India (2016)

Fig. 7. Soil Textural Classes of soil of Sidhi regions,
Madhya Pradesh, India (2016)

Table 1. Soil Textural Classes of soil of Sidhi regions,
Madhya Pradesh, India (2016)

CONCLUSION
The present study of physical analysis of soil samples

of Sidhi district has showed difference in the physical
characteristics. Particle density of the soil was higher  in
top depth (0-15 cm) of  the soil compared   to the middle and
lower depth. Bulk density of the soil was increases with
increase in depths. Water holding capacity of the soil was
decreases with increase in depths, Specific gravity is
decreases with the increase in depth because specific
gravity does not express the actual situation of a water
saturated  soil, where the pore water is saline and this
dissolved salt will start precipitating during the preparation
of the soil sample. Subsequently, the weight and volume of
the precipitated soil will be added to that of the original soil
solids (Osama et al 2008). Texture of soil is vary from the
sandy loam to sandy clay loam and silty clay to silty clay
loam soil because Effect of sand content on soil bulk density
was found to be higher than that of the other soil properties.
The physico-chemical parameters show spatial variation in
cropping pattern, mode of irrigation, mechanical farming,
soil texture etc. The silty loam texture and geochemical ratios
show the dominance of clay minerals in the irrigated soils
(Kumar et al., 2014).

Village No. % 
Sand 

 % 
Silt 

% 
clay 

textural 
class 

Amiliya (V1) 64.85 13.24 21.91 Sandy clay 
loam 

Sihawal (V2) 58.12 14.85 27.03 Sandy clay 
loam 

Bahari (V3) 17.6 40.6 41.8 Silt clay 

Gajraha (V4) 
23.3 40.2 36.5 

Silt clay 
loam 

Gada-baban Singh 
(V5) 

64.50 12.40 21.1 Sandy clay 
loam 

Shivpurwa (V6) 49.5 14 36.5 Clay loam 

Ramgarh (V7) 58.62 15.37 26.01 Sandy clay 
loam 

Baghawari (V8) 70 12.1 17.9 Sandy loam 
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ABSTRACT
An groclimatic study was conducted at Akola, using
database of 45 years, to assess water balance and crop
water requirement for efficient irrigation scheduling. The
water balance assessment approach estimated with
Thronthwaite and Mather Model. The result observed that
total annual surplus was 119 mm observed  in  month of
July and August only and annual water deficit was 1261
mm. This amount of water is less and it is not sufficient to
grow the crop. Water requirement during kharif cotton
crop and rabi Chick pea crop shows higher amount of
water deficit condition. Water availability of soil condition
shows that more amount of water stored during kharif
season. So, it is necessary During surplus water
availability period,  harvest the runoff  water either insitu
or exsitu condition. The harvest water can be used as
protective irrigation during deficit period for simulated
production of regional crop.

Key words water balance, Thornthwaite and Mather,
rainfed condition

Crop production in an area under rainfed condition
has a direct relation with amount and distribution of rainfall.
For the growth and development of crop, two important
parameters required are heat and moisture. In a tropical
country like India, the limiting factor for successful
agriculture is moisture, as there is no dearth of thermal
energy. Rainfall becomes a major limiting factor for crop
production as it is not uniformly and evenly spread in space
and time (Soman and Kumar, 1990). The uneven distribution
of rainfall leads to situations in which, crop suffer from
deficient rainfall on some occasions and excess rainfall at
other occasions. Under these circumstances, it is difficult
to effectively utilize the rainfall for maximum crop
production. Study of climatic water balance is one of the
important disciplines of applied climatology, hydrology and
agriculture. The water system especially in agricultural
areas requires an understanding of the water balance. Water
balance refers to the balance between incoming water
(precipitation) and outgoing water (evapotranspiration,
groundwater discharge and stream flow). The estimation
of soil water balance indices (humidity index, aridity index
and moisture index) at a given location provides useful
information on soil moisture storage, period of water deficit
and water surplus. The climatic water balance (Thornthwaite
and Mather, 1957) is useful over wide range of soil and
vegetation conditions. Research studies relating to Potential
evapotranspiration (PET), soil water balance, water balance
indices and its application to agriculture has been carried
out by many researchers (Adhikari et al., 2004; Allen, et al.,
1998; Sattar and Khan, 2016; Verma et. al. 2012, Mehta et

al., 2006; Jat, et al., 2004). The study of water balance is
useful in determining water defict and water surplus amount
as well as its period which is very much useful in planning
water harvesting and irrigation scheduling. Hence, an
attempt has been made to investigate the water balance of
Akola station using the Thornthwaite and Mather model
and to estimate the water requirement of field crops on the
basis of moisture deficit and moisture surplus.

MATERIALS AND METHODS

Study Area
The Study area Akola selected is located in Vidarbha

in region of Maharashtra. It is located at latitude 200 42’
North and longitude 770 07’ East. It has a tropical savanna
climate, with an annual maximum temperatures range as
47.6 °C to minimum 2.2 °C. The region is classified as hot
moist semi- arid climate with medium and deep clay black
soil (shallow loamy to clay black soil as inclusion), medium
to high available water capacity and 120-150 length of
growing days. The average annual rainfall of the area is 779
mm with 43 rainy days.

Available data:
The daily climatic data of study area viz., rainfall, wind

speed, global radiation and daily minimum and maximum
values of both air temperature and relative humidity for the
period. 1970-2014  received from AICRP on Agrometerology,
Dr. PDKV, Akola. These data are used to calculate the daily
PET by the Penman-Monteith method. The type of soil at
Akola is silty clay loam soil, Soil data were collected from
report on Resource Management Research, Agroecology
and Environment Centre, Dr. PDKV, Akola.

Thornthwaite and Mather Model
The Thornthwaite and Mather model is one of the

simplest models to determine water balance of the region
from individual fields to small watershed. Such model is
use to determine a general estimate of water balance regime
for individual fields to small watersheds. The monthly
potential evapotranspiration computed using the equation
as,

PET = 1.6 × 10 ×
T
I
൨

a

 

Where, PET is potential evapotranspiration (mm), T
is monthly mean temperature in (Ú˜C), a is cubic function
of and I is index for the station which is the sum of 12
monthly heat indices (Thornthwaite and Mather, 1955;
Singh et al., 2004; Roy and Ophori, 2012; Rao, 2011). P -
PET, is a quantitative estimation of the water excess (+) or
deficit (-), P as precipitation. Accumulated potential water
loss (APWL) is the potential deficiency of soil moisture
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associated with low moisture contents of a soil below water
holding capacity. Accumulated potential water loss is
increased 1) during dry seasons to meet the demands of
PET when insufficient supply of water, 2) reduced during
wet seasons from soil moisture recharge and 3) equals zero,
when soil moisture equal to the available water holding
capacity of the soil. The accumulated values APWL for
each month were calculated by running the sum of the daily
P-PET values during the periods, when (P-PET) is negative
value and those months having positive (P-PET) have
APWL zero. The actual storage of soil moisture (STOR),
plant available water (PAW), actual evapotranspiration,
water deficit and moisture surplus for each month was
calculated as suggested by Thornthwaite & Mather (1955,
1957; Singh et al. 2004).

RESULTS AND DISCUSSION
The Thornthwaite & Mather model was used to

evaluate the various components of water balance in Akola
for the period of 1970-2014. The average monthly water
balance is depicted in Table. 1 and Fig. 1.  Such estimation
of water balance components showed that TM model is
useful in plant-soil-groundwater dynamics at a monthly
scale.

Monthly Water Balance Analysis
The average monthly rainfall below 30 mm was found

in month of January to December except monsoon months
i.e., Jun, July, August and September. The highest rainfall
204.08mm received in month of July and lowest 3.65 mm  in
the month of April. The average annual rainfall for the period
of 1970 to 2014 was 795.80 mm. The monthly PET was
observed highest in month May ( 239 mm) and lower in the
month of December (105 mm). The total amount of PET was
1938 mm, similar result found Verma et. al.  (2012) of Akola
district.  he highest AET of 156 mm was observed in the

Table 1. Average monthly water balance parameters estimated by Thornthwaite & Mather model for Akola (Database:
1970-2014)

Month 
P 

(mm) 
PET 
(mm) 

P-PET 
(mm) 

AET 
(mm) 

PAW 
Water  

Surplus 
(mm) 

Deficit 
(mm) 

Effective 
Rainfall (mm) 

Jan 9.43 109 -99.11 10 0 0 98 9.43 

Feb 8.18 118 -109.82 8 0 0 110 8.18 

Mar 12.02 169 -156.84 12 0 0 157 12.02 

Apr 3.65 206 -202.35 4 0 0 202 3.65 

May 11.82 239 -227.18 12 12 0 228 11.82 

Jun 150.25 211 -60.75 136 37 3 75 147.31 

Jul 204.08 187 17.08 156 0 22 31 181.61 

Aug 199.58 160 39.58 148 13 88 12 111.11 

Sep 122.62 162 -39.76 104 4 5 58 117.48 

Oct 44.85 152 -107.14 54 1 0 98 44.85 

Nov 19.25 120 -101.19 22 1 0 98 19.25 

Dec 10.07 105 -94.67 10 1 0 94 10.07 

Sum 795.80 1938 -1142.14 676 69 119 1261 676.77 

 

Fig. 1. Average monthly water balance parameters at Akola region period from 1970 to 2014
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month of July and lowest (4 mm) in the month of April.
Water surplus which includes runoff and deep drainage
was available in the months June to September. This
information is useful for identification of suitable crops and
their varieties to match with the quatity and period of water
availability. The total annual surplus was computed was
119 mm. However annual water deficit was  1261 mm. The
result shows that water surplus was available in the month
of July and August only but that amount of water is less
and it is not sufficient to grow the crop. So, it is necessary
to give supplemental irrigation during this period for
sustainable production and also there is need to improve
the water storage capacity of that particular area so that the
stored water can be used for the future needs.

Water requirement of Kharif and Rabi Crop
The net water surplus and deficit was calculated to

find the water requirement of crop on the standard
meteorological weekly (SMW) basis. The major kharif
season grown in this region are cotton, soybean, pigeon
pea, green gram and black gram and major rabi crops are
chick pea, safflower and sunflower. The actual water applied
to these field crops depend upon the available water present
in soil profile. Considering 60 mm of water requirement,
applied to crop at different crop growth stages based on
available net surplus and deficit water in soil is shown  in
the table 2. From the result it is  observed that for cotton
crop, at first critical growth stage i.e., 60-80 days after
sowing, net surplus is 15.78 mm and water requirement is 60
mm. Hence, the water to be applied in this condition is 44.22
mm. In second critical growth stage i.e., 110-130 days after
sowing, net deficit is 23.24 mm, so the total water to be
applied to crop is 83.24 mm. In soybean crop, at first and

second critical growth stage i.e.,  25-35 day and 55-65 days
after sowing, net surplus is 27.44mm and 20.3 mm and water
requirement is 60 mm . Hence, the water to be applied in this
condition is 32.56 mm and 39.70mm. The pigeon pea crop,
at first critical growth stage i.e., 34-40 days after sowing,
net surplus is 27.44 mm and water requirement is 60 mm.
Hence, the water to be applied in this condition is 32.50 mm.
In second critical growth stage i.e., 55-65 days after sowing,
net surplus is 15.84 mm, so the total water to be applied to
crop is 44.16 mm. In green gram crop, water requiremten of
crop observed similar condition as pigeon pea crop. In Black
gram crop, first and second critical growth stage i.e.,  31-32
day and 45-55 days after sowing, net surplus is 38.56 mm
and 20.3 mm and water requirement is 60 mm . Hence, the
water to be applied in this condition is 21.44 mm and 39.70
mm.

In rabi season, storage of water in soil profile is lower
down, so in this season deficit water condition is take place.
In rabi season crop that is Chickpea  shows in first critical
growth stage i.e., 30-35 days after sowing, net deficit is
45.88 mm and water requirement is 60 mm. Hence, the water
to be applied in this condition is 105.88 mm. In second
critical growth stage i.e., 65-70 days after sowing, net deficit
is 59.76 mm, so the total water to be applied to crop is 119.76
mm. The  Safflower crop, at first critical growth stage i.e.,
30-35 days after sowing, net deficit is 31.84 mm and water
requirement is 60 mm. Hence, the water to be applied in this
condition is 91.84 mm. In second critical growth stage i.e.,
55-60 days after sowing, net deficit is 40.19 mm, so the total
water to be applied to crop is 100.19 mm. In sunflower, at
first critical growth stage i.e., 34-40 days after sowing, net
deficit is 31.92 mm and water requirement is 60 mm. Hence,
the water to be applied in this condition is 91.92 mm. In

Table 2. Actual water to be applied to field crop based on available net surplus and  deficit water in the soil

Crop Sowing date 
(SMW) 

Harvesting 
date 

(SMW) 

Critical crop 
stages 
(days) 

Net Surplus / 
Deficit (mm) 

Water 
requirement 

(mm) 

Water to be 
applied to 

crop 
(mm) 

Cotton 25-26 46-48 
60-80 15.78 60 44.22 

110-130 -23.24 60 83.24 

Soybean 26-27 39-41 
25-35 27.44 60 32.56 

55-65 20.3 60 39.70 

Pigeon pea 25-28 51-52 
34-40 27.44 60 32.50 

55-65 15.84 60 44.16 

Green gram 25-28 38-41 
35-40 27.44 60 32.56 

55-65 15.84 60 44.16 

Black gram 26-27 38-39 
31-32 38.56 60 21.44 

45-55 20.3 60 39.7 

Chickpea 50-51 11-12 
30-35 -45.88 60 105.88 

65-70 -59.76 60 119.76 

Safflower 43-45 9-10 
30-35 -31.84 60 91.84 

55-60 -40.19 60 100.19 

Sunflower 41-42 3-4 
34-40 -31.92 60 91.92 

55-60 -35.24 60 95.24 
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second critical growth stage i.e., 55-60 days after sowing,
net deficit is 35.24 mm, so the total water to be applied to
crop is 95.24 mm.

CONCLUSIONS
Water surplus which includes runoff and deep

drainage was available in the months June to September.
This information is useful for identification of suitable crops
and their varieties to match with the quatity and period of
water availability. The total annual surplus was computed
was 119 mm. However annual water deficit was  1261 mm.
The result shows that water surplus was available in the
month of July and August only but that amount of water is
less and it is not sufficient to grow the crop. So, it is
necessary to give supplemental irrigation during this period
for sustainable production and also there is need to improve
the water storage capacity of that particular area so that the
stored water can be used for the future needs. From the
water balance study, i.e, net water surplus, deficit, effective
rainfall, water requirement of crop at different critical growth
stages, it can be concluded that the irrigation water to be
applied at that particular stage can be determined for
sustainable production of the crops. Water requirement
during kharif cotton crop, in second critical growth stage
i.e., 110-130 days after sowing, show net deficit is 23.24 mm,
so the total water to be applied to crop is 83.24 mm. And
during rabi season Chick pea crop shows higher deficit
condition in second critical growth stage i.e., 65-70 days
after sowing, net deficit is 59.76 mm, hence total water to be
applied to crop is 119.76 mm. This water availability of soil
condition shows that more amount of water stored during
kharif and rabi season. So that it is need to improve the
water storage capacity of that particular area for the future
years need. The water balance study helps in gives an idea
about the surplus and deficit water which is very much
useful in planning water conservation measures during

surplus period and provision of supplemental irrigation to
the crops during deficit period.
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ABSTRACT
Liquid biofertilizer formulation is the promising and
updated technology of the conventional carrier based
production technology. Comparative performance of liquid
and carrier-based bio-inoculants were studied for content
and uptake of NPK for sunflower. It was found that The
combined application of the microbes enhanced the content
and uptake of NPK better than individuals application. NPK
content and uptake  by sunflower was significantly the
highest  noted in dual inoculated plots (T8) with liquid
form of Azotobacter and PSB over other treatments but
was found statistically at par with carrier based source
(T5). Both of these treatemnts i.e.T8 and T5 were superior
over their single inoculations and control plots.

Key words Liquid and carrier-based-bio-inoculants,
Single and dual application

Liquid biofertilizer formulation is the promising and
updated technology of the conventional carrier based
production technology which in spite of many advantages
over the agrochemicals, left a considerable dispute among
the farmer community in terms of several reasons major
being the viability of the organism. Shelf life is the first and
foremost problem of the carrier based biofertilizers which is
up to 3 months and it does not retain throughout the crop
cycle, liquid biofertilizers on the other hand facilitates the
long survival of the organism by providing the suitable
medium which is sufficient for the entire crop cycle. Carrier
based bio fertilizers are not so tolerant to the temperature
which is mostly unpredictable and uncertain in the crop
fields while temperature tolerance is the other advantage
of the liquid biofertilizers. The range of possible
contamination is very high as bulk sterilization does not
provide the desirable results in the case of carrier-based
biofertilizers, where as the contamination can be controlled
constructively by means of proper sterilization techniques
and maintenance of intensive hygiene conditions by
appropriate quality control measures in the case of liquid
biofertilizers. Moisture retaining capacity of the carrier based
biofertilizers is very low which does not allow the organism
viable for longer period and the liquid biofertilizers facilitates
the enhanced viability of the organism. However, the
administration of liquid biofertilizers in the fields is
comparatively easier than carrier based biofertilizers. The
other disadvantages of carrier based biofertilizers like poor
cell protection, labour intensity, and dosage controversy,
limited scope of export, expensive package and transport,
very slow adaptation by the farmer community are some of
the strongest problems which are being solved by the liquid
biofertilizers very effectively. Therefore, liquid biofertilizers

are believed to be the best alternative for the conventional
carrier based biofertilizers in the modern agriculture research
community witnessing the enhanced crop yields, regaining
soil health and sustainable global food production (Pindi
and Satyanarayana, 2012).

Considering the above facts, the research work on
“Comparative performance of liquid and carrier based
bioinoculants in sunflower (Helianthus annus)” was
conducted during 2015-16 with following treatments at
Experimental farm of College of Agriculture, Badnapur:

Treatments:
T1 : Un-inoculated and unfertilized (control)
T2 : Only RDF (60:40:30 kg N, P2O5 and K2O ha-1)
Carrier based inoculants (with RDF)
T3 : RDF + Azotobacter
T4 : RDF + Bacillus megaterium (PSB)
T5 : RDF + Azotobacter  + Bacillus megaterium (PSB)

Liquid inoculants (with RDF)
T6 : RDF + Azotobacter
T7 : RDF + Bacillus megaterium (PSB)
T8 : RDF + Azotobacter.+ Bacillus megaterium (PSB)

MATERIAL AND METHODS
Total eight treatments of bioinoculants were replicated

three times in RBD. Seed treatment was done immediate
before sowing with carrier based bioinoculants @ 250 g 10
kg-1 seed and liquid bioinoculants @ 100 ml 10 kg-1 seed.
Soil pH    : It was determined in (1:2.5) soil water suspension
using digital pH meter     (Jackson, 1973).
Digital electronic conductivity: It was estimated in (1:2.5)
soil : water ratio using conductivity meter (Jackson, 1973).
Organic carbon: Organic carbon in soil was estimated by
Walkley and Black’s rapid titration method as described by
Jacksons (1973).
Calicium carbonate: The free calcium carbonate was
determined by rapid titration method  as outlined by Piper
(1966).
Available nitrogen: It was estimated by using alkaline
permanganate method as suggested by Subbiah and Asija
(1956).
Available phosphorus: It was determined by using 0.5 M
sodium bicarbonate as an extractant as outlined by Olsen
et al. (1954).
Available potassium: It was determined by using normal
ammonium acetate as an extractant and measured on flame
photometer Jacksons (1973).
DTPA  extractable zinc and iron: DTPA extractable zinc
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and iron in soil was estimated as per procedure described
by Lindsay and Norvell (1978).

Plant analysis     : Collection and preparation of plant
sample :

The treatment wise plant samples of sunflower  were
collected at various growth stages.  Whole plants along
with roots were cleaned with distilled water. The roots of
the plants were discarded and the plant samples were dried
in shade and oven dried at 700 c for 12 hours  and they were
ground in digital electronically operated stainless steel
blades grinder up to maximum fineness. The ground samples
were stored in polythene bags with proper labeling for
chemical analysis (Bhargava and Raghupathi, 2001).
Nitrogen content: The nitrogen content in dry seed and
stalk was determined by Micro Kjeldhals method (AOAC,
2013).
Phosphorus content: The phosphorus in stalk and seed
was estimated spectrophotometrically by
vanadomolybdate phosphoric acid yellow colour method
(Jackson, 1973).
Potassium content: Potassium content in plant and seed
was determined from the diacid extract on flame photometer
(Jackson, 1973).
Uptake of nutrients: Uptake of nutrients i.e. N, P, K and S
was calculated by considering biological yield (i.e. seed
and whole plant) and concentration of the particular
nutrient.

Uptake (kg ha-1) = Nutrient content (%) x Yields of
seed/Dry matter yield (kg ha-1)/ 100

Total uptake (kg ha-1) = Seed uptake (kg ha-1) +  Dry
matter uptake (kg ha-1)

RESULT AND DISCUSSION

Effect of liquid and carrier based bioinoculants on
content and uptake of nitrogen in sunflower

 The content and uptake of nitrogen by sunflower
was also found to be enhanced significantly with seed
inoculation of Azotobacter and PSB along with RDF (Table
1). The data shows increase in N content and its uptake by
seed, stalk and total was maximum in dual inoculated
treatments T5 & T8 over single inoculation and control.
Further, the figure recorded (87.82 kg ha-1) in dual inoculation
plots showed the requirement of N by sunflower for
production.

Dual inoculation of Mesorhizobium sp. + PGPR as
carrier or liquid inoculants slightly improved the N uptake
by seed and stalk compared to their inoculation alone. The
results are in agreement with the findings of Gupta (2006)
because of improvement in crop growth, nitrogen fixation
and solubilization of insoluble P in soil by the inoculated
microorganisms (Rodriguez and Fraga, 1999).

Sarwar Muhameed and Tahir (2012) found seed and
stover nitrogen content significantly affected by different
inoculation in sunflower. The increase total uptake of
nutrients might due to the combined application of inorganic
fertilizers and biofertilizer similar reports had been made
byr Shillode and Tahir (2016).

The increase in nitrogen content with phosphorus
application might be ascribed to the positive effect of
phosphorus on cell division and root elongation leading to
higher nutrient concentration in plant and also  increase in
nitrogen content  production of  auxins and gibberellins by
P-solubilzers which help in increasing root growth and
nutrient absorption resulting higher nutrient content
(Chesti and Ali 2008). Tanwar and Sakwat (2003) also
revealed the highest N content in grain and straw in dual
inoculation of Bradyrhizobium  + PSB treatment in
blackgram. Namdeo and Gupta (1999) found that seed
inoculation with phosphate solublizing bacteria increased
uptake of N.

Effect of liquid and carrier based bioinoculants on
content and uptake of phosphorus in sunflower

Similar to that of Nitrogen, content and uptake of
phosphorus by sunflower was also influenced significantly
with the seed inoculation of Azotobacter and PSB along
with RDF as compared to control T1 and T2. Significantly
higher values of content and uptake of P by seed and stalk
were recorded in dual inoculated plots (T8) with liquid
source however carrier based dual inoculation was also
found equally good (T5) showing at par results. Single
inoculation also showed better phosphorus content and
uptake over control (Table 1).

The results are in agreement with the findings of
Gupta (2006). The N content and P uptake was enhanced
because of improvement in crop growth, nitrogen fixation
and solubilization of insoluble P in soil by the inoculated
microorganisms (Rodriguez and Fraga, 1999).

Moreover, Zehra Ekin (2011) found that concentration
of macronutrients i.e.P, K, Ca, Mg, Na were significantly
increased by application of PSB and P fertilizers. Maximum
increase in concentration of P in the seeds was observed
28.00% as compared to control. Further, Rasal et al. (2004)
observed that increased phosphorus uptake in soybean
plants may be due to availability of more phosphorus in the
soluble form from phosphatic fertilizer to the growing plant
and to the microorganisms in the soil which might have
influenced the symbiotic and non-symbiotic activities of
the native and applied microflora. This might be helped to
plant in fixation of atmospheric nitrogen and making more
plant nutrients available which ultimately increased the
plant growth, number of pods, final grain yield and nutrient
uptake of the soybean crop.

Effect of liquid and carrier based bioinoculants on
content  and uptake of potassium in sunflower:

The data narrated in Table 1 shows that the content
and uptake of  K by sunflower crop was also increased with
single as well as dual inoculation of Azotobacter and PSB
along with recommended dose of fertilizers over control.
Significantly the highest values of K content in seed (1.39
%) and stalk (0.40%) were noted in treatment received both
the inoculants along with RDF in liquid form. However, in
case of K uptake dual inoculation with carrier based source
(T5) and liquid source (T8) were noted statistically at par
with each other.

  Dhage and Kachhave (2008) reported that dual
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inoculation of Rhizobium +PSB enhanced the N, P, K
contents in seed and found highest P (2.05%) contents
recorded in Rhizobium +PSB treatment. This might due to
ability of PSB to transform insoluble phosphate in soil into
soluble forms by secreting organic acid.

The dual inoculation of Azotobacter + PSB has
showed higher concentration than single inoculation of
Azotobacter or PSB it may be due to more K availability in
soil as a result of disintegration of K minerals due to release
of organic acids with the effect of microbes. Namdeo and
Gupta  (1999) found that seed inoculation with Rhizobium
and PSB have higher N, P and K content in plant and seed
in Pigeon pea. Similar findings were also reported by Purbey
and Sen (2007). Further, Ram et al. (2008) found that
Rhizobium and Azotobacter increased the amount of K
content in plant because of the solubilizing effect on K
minerals responsible for stimulating effect in green gram.

Effect of liquid and carrier based bioinoculants on
content and uptake of Fe in sunflower

The data presented in Table 2. revealed that the
content and uptake of Fe by sunflower crop was also
influenced significantly with the seed inoculation of
Azotobacter and PSB along with RDF as compared to
control. Significantly the highest values of Fe uptake in
seed and stalk was noted in treatment receiving both the
inoculants along with RDF in liquid form. However, in case
of Fe content of seed the liquid source (T8) was found
statistically at par with  T6 and T7 treatments and content
of stalk in liquid source (T8) was also noted statistically at
par with (T7) treatment.

Chand and Somani (2003) revealed that effective use
of FYM, biofertilizers along with chemical fertilizers
improved Fe and Zn content in mustard. Mekki et al. (1999)
reported that organic manure either only or when it

Sr. 
No. Treatment 

N Content 
(%) N Uptake (kg ha-1) P Content 

(%) 
P Uptake (kg ha-1) K Content 

(%) K Uptake (kg ha-1) 

Seed Stalk Seed Stalk Total Seed Stalk Seed Stalk Total Seed Stalk Seed Stalk Total 

T1 

Uninoculated 
and 
unfertilized 
(Control) 

2.51 0.51 25.45 15.71 41.16 0.61 0.20 6.18 6.07 12.26 1.14 0.31 11.56 9.33 20.89 

T2 
Only RDF 
(60:40:30 kg 
NPK ha-1) 

2.72 0.59 43.63 22.58 66.21 0.68 0.24 10.90 8.46 19.36 1.26 0.35 20.22 11.72 31.94 

Carrier based inoculants      

T3 RDF + 
Azotobacter 2.89 0.68 47.72 25.71 73.43 0.69 0.26 11.40 9.34 20.74 1.29 0.37 21.89 12.94 34.83 

T4 

RDF + 
Bacillus 
megaterium ( 
PSB) 

2.87 0.64 46.79 23.61 70.40 0.71 0.29 11.62 9.82 21.44 1.27 0.35 20.73 12.80 33.53 

T5 

RDF + 
Azotobacter 
+ Bacillus 
megaterium  
( PSB) 

3.05 0.76 51.62 29.71 81.33 0.73 0.30 12.41 11.85 24.26 1.31 0.38 22.13 14.76 36.89 

Liquid inoculants      

T6 
RDF + 
Azotobacter 
 

2.96 0.68 49.44 26.75 76.19 0.69 0.28 11.87 10.73 22.60 1.30 0.36 21.73 13.84 35.57 

T7 

RDF + 
Bacillus 
megaterium  
( PSB) 

2.89 0.72 47.89 26.50 74.39 0.72 0.29 11.74 11.04 22.78 1.28 0.35 21.09 13.79 34.88 

T8 

RDF + 
Azotobacter 
+ Bacillus 
megaterium ( 
PSB) 

3.14 0.82 55.02 32.73 87.82 0.76 0.32 13.87 12.69 25.56 1.39 0.40 24.37 15.79 40.16 

 S.E.± 0.062 0.019 2.44 1.07 2.54 0.014 0.008 0.58 0.71 0.85 0.032 0.006 0.87 0.61 0.95 
 C.D. at 5 % 0.189 0.059 7.38 3.23 7.67 0.044 0.024 1.75 2.14 2.58 0.098 0.019 2.64 1.87 2.88 

 C.V. % 3.77 5.01 9.22 7.29 6.20 3.62 5.09 9.01 12.32 6.99 4.41 3.03 7.43 8.17 4.94 

 

Table 1. Effect of liquid and carrier based bioinoculants on content and uptake of NPK in sunflower
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Table  2. Effect of liquid and carrier based bioinoculants on content and uptake of Fe and Zn in sunflower.

Sr. No. Treatment 
Fe Content  
(mg kg-1) 

Fe Uptake ( g ha-1) 
Zn Content  

(mg kg-1) 
Zn Uptake ( g ha-1) 

Seed Stalk Seed Stalk Total Seed Stalk Seed Stalk Total 

T1 Uninoculated and 
unfertilized (Control) 61.08 24.85 61.98 75.10 137.08 61.51 25.18 62.42 69.67 132.08 

T2 Only RDF (60:40:30 
kg NPK  ha-1) 67.51 29.34 108.23 108.58 216.82 66.85 28.05 107.03 103.85 210.88 

Carrier based inoculants 
T3 RDF + Azotobacter 70.20 31.74 115.80 119.83 235.63 69.80 30.00 115.23 113.98 229.21 

T4 RDF + Bacillus 
megaterium ( PSB) 71.15 32.18 115.91 120.70 237.61 70.01 30.85 113.93 113.66 227.59 

T5 
RDF + Azotobacter + 
Bacillus megaterium 
( PSB) 

72.33 33.14 124.30 129.34 253.91 71.25 32.54 120.68 127.02 247.70 

Liquid inoculants 

T6 RDF + Azotobacter 73.50 34.20 121.51 131.43 252.94 70.10 31.30 119.44 120.54 239.98 

T7 RDF + Bacillus 
megaterium ( PSB) 73.97 34.67 121.90 130.74 252.64 70.95 33.20 117.82 125.15 242.97 

T8 
RDF + Azotobacter + 
Bacillus megaterium 
( PSB) 

74.17 35.52 129.90 142.04 271.94 72.95 34.59 127.94 138.24 266.18 

 S.E.± 0.96 0.95 4.56 3.51 4.08 1.55 0.76 5.90 4.68 6.80 
 C.D. at 5 % 2.89 2.86 13.75 10.63 12.34 4.68 2.29 17.82 14.15 20.53 

 C.V. % 2.36 5.13 7.02 5.09 3.08 3.88 4.28 9.25 7.12 5.22 
 

associated with biofertilizer increased Fe concentration in
millet cuttings. This increase in Fe is mainly due to the
action of biofertilizer that rendered phosphorus and most
micronutrients in the available form. Therefore studies have
been focused on the inoculation P-solubilizing bacteria
(PSB) into the soil to increase the availability of native fixed
P and applied phosphate as well as nutrients such as Zn,
Fe through production of plant growth promoting
substances (Adesemoye and Kloepper ,2009).

Uptake of N, P, K, S, Fe, Zn and B to the application of
micronutrients especially of Mo @ 1 kg ha-1 ammonium
molybdate which recorded the highest values in case of
uptake of all the nutrients. This might be attributed to
increased growth of crop under this treatment due to
enhanced N fixation by Mo with  Rhizobium inoculation
and also more P solubilization and uptake due to action of
PSB resulting in higher uptake of all other complementary
nutrients. Inoculation of biofertilizers (Rhizobium + PSB)
also recorded significantly higher uptake of nutrients as
against no inoculation. The findings were in agreement of
those reported by Sarawgi et al. (1999) and Patel and Thakur
(2003).

Effect of liquid and carrier based bioinoculants on
content and uptake of Zn  in sunflower

Perusal of the results shown in Table 2 shows that
the content and uptake of Zn by sunflower with
bioinoculants. Both carrier based and liquid sources when
applied in combination increased the uptake of Zn by crop

as compared to single inoculation. Significantly highest
values of Zn uptake in seed and stalk were noted in treatment
receiving both the inoculants along with RDF in liquid form.
However, in case of Zn content of seed the liquid sources
of bioinoculants (T8) were seen statistically at par with T5,
T6 and T7 treatments and Zn content of stalk with liquid
source was noted statistically at par with T5 and T7
treatments.

Zehra Ekin (2011) found phosphorus fertilizer and PSB
applications significantly increased the concentration of
micronutrient Zn in the seed of sunflower.

The PSB application alone significantly and relatively
increased the micro nutrient element concentration of seed
, and this is due to nutrient activity of PSB which had
stimulated the availability of nutrient element .The
concentration of N, P, S and Zn in grains were higher than
those in stover. It indicated that these nutrients were
translocated from plant parts to the grain during later
growth stages. These findings are reported by Dhillion and
Dev (1978). The concentration of Zn in plants at different
growth  stages increased significantly due to both the
inoculants and Zn individually while decreased due to
application of sulphur.  Yaduvanshi (2002) reported that
available Zn, after the harvest of wheat crop, ranged from
0.43 to 0.63 mg kg-1 in the different treatments. Ndakidemi
and Bambara (2011) found that Rhiziobium  strain
significantly increases the uptake of Zn in different plant
organ of common bean.
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CONCLUSION
The content and uptake of Nitrogen, Phosphorus,

Potassium, Ferous and Zinc by sunflower was also found
enhanced significantly with seed inoculation of Azotobacter
and PSB along with RDF. The data shows increase in N,
P,K,Fe and Zn content and its uptake by seed, stalk and
total was maximum in dual inoculated treatments T5 & T8
over single inoculation and control.
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ABSTRACT
Okra is one of the favorable vegetable crop of India. Being
a vegetable crop, farmers are interested in organic
production. Alternative to chemical insecticides is need of
the day for organic plant protection. Hence   present
investigation on “Evaluation of sticky traps and
azadirachtin against sucking pests of Okra” was
conducted during kharif season of 2012-13 at
experimental farm of Department of Agril. Entomology,
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola. The
trial consists of ten treatments replicated thrice in
Randomized Block Design to evaluate the combination
effect of sticky trap and Azadirachtin against sucking
pests of Okra at critical periods and to find out suitable
and effective height of sticky trap and to study economics
of each treatment. The results revealed that treatments
bright yellow color sticky trap at 15 cm height above crop
canopy + Azadirachtin 10000 ppm @ 2ml/L and bright
yellow color sticky trap at 30 cm height above crop canopy
+ Azadirachtin 10000 ppm @ 2ml/L were proved to be the
effective and economical combination in minimizing
sucking pests of Okra at critical periods and recorded
highest yield of 67.82 q/ha, 63.14q/ha respectively.
Bright yellow color sticky trap at 15 cm height above crop
canopy + Azadirachtin 10000 ppm @ 2ml/L found to be
significantly effective treatment in trapping maximum
population of adult aphid, leaf hopper and whitefly on NE,
SW and both directions of the trap. Regarding economics
of treatments bright yellow color sticky trap at 15 cm
height above crop canopy + Azadirachtin 10000 ppm @
2ml/L was recorded significantly highest yield closely
followed by bright yellow color sticky trap at 30 cm height
above crop canopy + Azadirachtin 10000 ppm @ 2ml/L
recorded maximum NMR of Rs 80617/ha, Rs 71257/ha
respectively. On the basis of highest ICBR bright yellow
color sticky trap at 15 cm height above crop canopy, bright
yellow color sticky trap at 30 cm height above crop canopy,
bright red color sticky trap at 15 cm height above crop
canopy, bright red color sticky trap at 30 cm height above
crop canopy,  Azadirachtin 10000 ppm @ 2ml/L, bright
yellow color sticky trap at 15 cm height above crop canopy
+ Azadirachtin 10000 ppm @ 2ml/L, bright yellow color
sticky trap at 30 cm height above crop canopy +
Azadirachtin 10000 ppm @ 2ml/L, bright red color sticky
trap at 15 cm height above crop canopy + Azadirachtin
10000 ppm @ 2ml/L, bright red color sticky trap at 30 cm
height above crop canopy + Azadirachtin 10000 ppm @
2ml/L were found to be effective in recording ICBR of
21.79, 21.30, 20.17, 18.54, 14.43, 10.98, 9.70, 9.53 and
9.08 respectively.

Key word Okra, colour sticky trap, azadirachtin,
sucking pest

‘Okra’, Abelmoschusesculentus (L.) Monech, is a
member of the family Malvaceae and is well-known by many
regional names, as lady’s-finger in England,‘Gumbo’ in USA,
‘Dherosh’ in Bangladesh, ‘Huang GiuKui’ in China,
‘Quingombo’ inSpanish, ‘Bhindi’ in Pakistan and India.. It
is a summer and fall crop andis widely cultivated from tropics
to sub tropics (Kochar, 1986).In India, it is grown on an
area 452.54 thousands hectare with production 4803.0 MT
(Anonymous, 2011). In Maharashtra it occupies an area
27.0 thousands hectares with production 175.5 MT
(Anonymous, 2011). In Maharashtra, it is grown in Pune,
Nagpur, Nashik, Jalgaon, Ahemadnagar, Aurangabad and
Parbhani districts. Commonly it is cultivated in Kharif and
summer.

One of the important limiting factors in the cultivation
of okra is insect pests. Many of the pests occurring on
cotton are found to ravage Okra crop. As high as 72 species
of insects have been recorded on Okra (Srinivas Rao and
Rajendran, 2003), of which, the sucking pests comprising
of Aphids (Aphis gossypii Glover), leafhopper
(Amrascabiguttulabiguttula Ishida), whitefly
(Bemisiatabaci Gennadius) and mite
(Tetranychuscinnabarinus Boisduval) causes significant
damage to the crop.To tackle this sucking pest menace, a
number of chemical insecticides are liberally sprayed on
this vegetable crop, which led to several problems like toxic
residues, elimination of natural enemies, environmental
disharmony and development of resistance. Due to
thepresence of pesticidal residues in the final commodity,
there is a risk of rejection of whole consignments during
export.

Sticky traps are an important part of an integrated
pest management programme. A very useful, often over
looked tool for early detection and management of pest
population in field as well as in greenhouse. Traps
consisting of squares pieces of cardboard or hard plastic
coated with sticky substances placed throughout the
growing area among the plants, attract them. Yellow or blue
colored sticky traps are commercially available.

Therefore the present investigation was conducted
to find out the effective combination of sticky traps and
Azadirachtin against sucking pests at critical periods and
to study economics of various treatments on okra.

MATERIAL AND METHODS:
The field experimentwas conducted on research farm

of Agricultural Entomology Dr. PDKV, Akola duringkharif
season  2012-13 on Akola bahar was sown with spacing
60x45 cm in randomized block with 10 treatments in with
replicated thrice.

Sticky trap (size 30×45 cm) of two colors with borders
of 1 cm width uncolored for handling was prepared and
erected in Okra crop @ one / plot (plot size 3.6×2.7 m), 15

mailto:swatilonagre13@gmail.com
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Table 1. Effect of various treatments on cumulative mean pest population of Okra.

Figures in parentheses indicates square root values.

S.N. Treatments details Cum. Mean of pest population/leaf 

Aphid Leaf Hopper Whitefly Yield 
q/ha 7 DAS 14 DAS 7 DAS 14 DAS 7 DAS 14 DAS 

1 YST at 15 cm height 
above crop canopy 

5.6 
(2.36) 

6.9 
(2.62) 

6.1 
(2.47) 

7.0 
(2.63) 

3.5 
(1.86) 

4.2 
(2.03) 

56.25 

2 RST at 15 cm height 
above crop canopy 

5.7 
(2.39) 

7.1 
(2.67) 

6.6 
(2.56) 

7.5 
(2.74) 

3.7 
(1.91) 

4.6 
(2.13) 

53.93 

3 YST at 30 cm height 
above crop canopy 

5.7 
(2.38) 

7.0 
(2.64) 

6.3 
(2.50) 

7.4 
(2.71) 

3.8 
(1.95) 

4.3 
(2.07) 

55.55 

4 RST at  30 cm height 
above crop canopy 

5.8 
(2.41) 

7.5 
(2.74) 

6.8 
(2.61) 

7.7 
(2.76) 

4.0 
(1.99) 

4.8 
(2.20) 

51.62 

5 YST at  15 cm height 
above crop canopy + 
Azadirachtin 10,000 ppm 
(1% w/w) @ 2 ml/L 

4.3 
(2.07) 

5.6 
(2.36) 

3.3 
(1.81) 

4.4 
(2.09) 

2.8 
(1.67) 

3.1 
(1.76) 

67.82 

6 RST at 15 cm height 
above crop canopy + 
Azadirachtin 10,000 ppm 
(1% w/w) @ 2 ml/L 

4.9 
(2.22) 

6.2 
(2.50) 

4.2 
(2.03) 

4.8 
(2.20) 

3.0 
(1.74) 

3.4 
(1.82) 

62.50 

7 YST at 30 cm height 
above crop canopy +  
Azadirachtin 10,000 ppm 
(1% w/w) @ 2 ml/L 

4.8 
(2.19) 

5.9 
(2.43) 

4.0 
(1.99) 

4.7 
(2.16) 

2.9 
(1.71) 

3.2 
(1.78) 

63.14 

8 RST at 30 cm height 
above crop canopy + 
Azadirachtin 10,000 ppm 
(1% w/w) @ 2 ml/L 

5.0 
(2.24) 

6.3 
(2.51) 

5.0 
(2.23) 

5.3 
(2.29) 

3.2 
(1.78) 

3.7 
(1.92) 

60.87 

T9 Azadirachtin 10,000 ppm 
(1% w/w) @ 2 ml/L 

5.2 
(2.28) 

6.5 
(2.55) 

5.3 
(2.30) 

5.6 
(2.35) 

3.4 
(1.83) 

4.0 
(1.99) 

58.56 

T10 Untreated control 
9.0 

(2.99) 
11.4 

(3.37) 
10.2 

(3.19) 
11.7 

(3.41) 
6.3 

(2.51) 
8.3 

(2.87) 
23.84 

 ‘F’ Test Sig Sig Sig Sig Sig Sig Sig 

 SE(m)± 0.04 0.04 0.07 0.06 0.06 0.07 3.47 

 CD at 5 % 0.11 0.13 0.22 0.18 0.19 0.20 10.42 

 CV % 4.75 5.03 6.89 7.32 10.03 9.96 11.07 

 

cm and 30 cm above the height of the crop canopy as per
treatment 10 days after emergence of the crop. White grease
was used as the sticky material.  Plywood board was used
as material for preparing traps. Colors sticky traps were
placed diagonally (NE & SW direction wise) in the Okra
crop 15 cm and 30 cm above the height of crop and 20 cm
apart from the plant so as to attract (trap) maximum number
of insects in the plot and not stuck to the plant.

Four sprays of azadirachtin 1% w/w (10,000 ppm) 2ml/
litre of water were undertaken at 20, 35, 50 and 65 days after
sowing so as to protect crop from sucking pests.

First count of sucking pest was undertaken at 3 days
after installation of sticky trap on traps and plants.
Subsequent counts were recorded at weekly interval upto
first spray. Pretreatment observations were undertaken 24
hrs before first spray of azadirachtin at 20 days after sowing.

Post treatment observations were undertaken at 7 and 14
days after first, second, third and fourth spray.
The data thus obtained was subjected to statistical analysis
after transformation of original values

RESULT AND DISCUSSION
The data presented in Table 1. revealed that, the

minimum population of aphid per leaf  at 7th DAS and 14
DASth(4.3 and 5.6 )  was recorded in treatment i.e. T5 (YST at
15 cm height above crop canopy + Aza. 10000 ppm @ 2ml/
L) and found most effective as compare to the  other
remaining treatments. The above results are in agreement
with Gandhi et al. (2006) who revealed that the neem oil
recorded minimum population of sucking pests viz.,
Leafhopper and Aphids below the ETL up to 45days.

Minimum population of leaf hopper  assessed in
various treatments revealed that  7th DAS and 14th DAS
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(3.3/leaf and 4.4/leaf).  indicated that YST at 15 cm height
above crop canopy + Aza. 10000 ppm @ 2ml/L (T5) were
found most effective.   The results quoted above are in
confirmation with Rosaiah (2001) who reported that neem
oil was significantly superior over NSKE 5% reducing
leafhopper population.Jat and Jeyakumar (2006) and Anitha
and Nadihali(2008) studied the effect of neem oil at 1, 2 and
3 per cent was comparatively more effective against
leafhopper than NSKE.

In minimum population whitefly (2.8/leaf and 3.1/leaf)
at 7 DAS  and 14th DAS (2.8/leaf) was recorded in T5 (YST at
15 cm height above crop canopy + Aza. 10000 ppm @ 2ml/
L) and it was statistically at par with T7, T6 ,T8, T9  and T1
having munimum population ( 2.9,3.0,3.2,3.4, 3.5/leaf and
3.2,3.4,3.7,4.0,4.2/leaf) and they were statistically at par with
each other.The similar trend of observation was also
recorded Jat and Jeyakumar (2006)and who Harischanrda
et al. (2012) evaluated that, the efficacy of neem oil at 1, 2
and 3 per cent and NSKE 5%, 7%, these both neem products
proved to reduce more than 50% whitefly population.

Amongst all treatments, T5 (YST at 15 cm height above
crop canopy + Aza. 10000 ppm @ 2ml/L) recorded
significantly highest yield (67.82 q/ha).

The above yield parameters are in confirmation with
Adilakshmi et al (2008) who reported that NSKE 5% proved
to be more effective against sucking insects infesting Okra
and relatively more yield 83.27 q/ha.

CONCLUSION
From the above results, it can be concluded thatthe

treatments Yellow Sticky Trap at 15 cm height above crop
canopy + Aza. 10000 ppm @ 2ml/L (T5) and Yellow Sticky
Trap at 30 cm height above crop canopy + Aza. 10000 ppm
@ 2ml/L (T7) were proved to be the effective combination

minimizing sucking pests of Okra viz.,  aphid, leaf hoper
and whiteflies at critical periods of Okra and highest yield,
was registered.
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ABSTRACT
Twelve genotypes of French bean were evaluated to
estimate the variability, heritability and genetic advance
in randomized block design with three replications. Higher
phenotypic and genotypic coefficients of variation were
observed for plant height at 30 DAS, the number of leaves
per plant at 30 DAS, the number of leaves per plant at 45
DAS, number of primary branches per plant at 30 DAS,
number of primary branches per plant at 45 DAS, number
of secondary branches per plant at 30 DAS and 45DAS,
leaf area index, number of pods per plant and pod yield per
plant. High estimates of heritability coupled with high
genetic advance were also observed for these characters
except number of leaves per plant at 30 DAS, indicating
that these characters are governed by additive gene action.
Hence, direct selection may be followed for the
improvement of French bean for these characters.

Key word French bean, Genetic Variability,
Heritability, Genetic Advance.

French bean (Phaseolus vulgaris L.) is the most
important and widely cultivated among all the beans. It is a
native of central and South America (Swaider et al. 1992). It
has one of the longest histories of cultivated plants and
equally widely cultivated in the temperate, subtropical
regions and tropics. It is the most important legume
worldwide for human consumption (Singh 1999). Beans,
the “meat of the poor”, contributes essential protein to the
undernourished people living in the hills. It is grown for
dried seeds, green pod vegetable and for processing as a
frozen vegetable. The exploitation of variability is a pre-
requisite for the effective screening of superior genotypes
in all crops including French bean. The progress in breeding
for the yield and its contributing characters is poly
genetically controlled, environmentally influenced and
determines the magnitude and nature of their genetic
variability. Hence, it is essential to partition the overall
variability into its heritable and non-heritable components
with the help of genetic parameters such as genetic
coefficient of variation, heritability and genetic advance.

MATERIALS AND METHODS
The present investigation on genetic variability,

heritability and genetic advance in French bean was carried
out during 2014 at Department of Vegetable Science College
of Horticulture Mudigere. There were 12 genotypes viz.
Mridula, Arka Komal, Selection-9, Arka Suvidha, Arka
Anoop, Arka Bold, Powel, Sunil, Jyothi, Nandi, Arka Sharath
and Anuradha selected for present study. The experiment
was laid out in Randomized Complete block Design (RCBD)
with three replications. All the recommended cultural and

management practices were followed to raise a healthy crop.
Observations were recorded on 17 characters viz.
germination percentage (%), plant height (cm), number of
primary branches per plant, number of secondary branches
per plant, leaf area (cm2). Leaf area index, days to fifty per
cent flowering, number of clusters per plant , number of
pods per cluster, days to first picking, number of pods per
plant, pod length (cm), pod circumference (cm), days taken
to final picking  and pods yield per plant (g). Analysis of
variance was done by the method suggested by Sundar
Raj et al. (1972). The phenotypic and genotypic coefficient
variation (Burton), heritability (Broad sense) and genetic
advance were computed.

RESULTS AND DISCUSSION
The extent of variability in respect of range, mean,

phenotypic and genotypic coefficients of variation,
heritability and genetic advance are presented in Tables 1
and 2. Analysis of variance showed significant differences
among the genotypes for all the characters studied
indicating presence of significant variability in the material.
Higher genotypic and phenotypic variances were observed
for characters like Pod yield per plant (g), Number of leaves
per plant at 45 DAS, Germination percentage (%) and
Number of pods per plant, whereas low genotypic and
phenotypic variances were observed for characters such
as Number of primary branches at 30 DAS, Number of
secondary branches at 30 DAS, Number of secondary
branches at 45 DAS, Leaf area index at 45 DAS, Number of
pods per cluster, Number of cluster per plant and Pod
circumference (cm). Therefore, these characters having
higher variance may be exploited in breeding programme.
Selection will be effective  if  there is high variances and
variability. Higher genotypic and phenotypic coefficient of
variances were observed for plant height at 30 DAS (29.17
and 38.24%), the number of leaves per plant at 30 DAS
(15.56 % and 20.67 %), the number of leaves per plant at 45
DAS (24.77 % and 29.47 %), number of primary branches
per plant at 30 DAS (27.62 % and 34.62 %), number of
primary branches per plant at 45 DAS (25.59 % and 28.81
%) , number of secondary branches per plant at 30 DAS
(20.63 % and 35.22 %) and 45DAS ((25.95 % and 21.01 %),
leaf area index (43.08 % and 45.10%), Number of pods per
plant (29.31 % and 24.98 %) and Pod yield per plant (35.05
% and 30.99 %).whereas the moderate GCV and PCV were
recorded for plant height at 45 DAS (7.64 % and 12.42 %),
leaf area (17.03 % and 19.05 %), Number of pods per cluster
(10.89 % and 14.69 %), Number of cluster per plant (19.64%
and 18.22%),pod circumference (13.49 % and 16.90 %) and
pod length (12.82 and 13.77). The present findings are in
conformity with the reports of Jitender et al. (2014) for leaf
area index and pod yield per plant; Huque et al. (2012) for
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GV- Genotypic variance                                                         h2- Broad sense heritability
PV- Phenotypic variance GA- Genetic advance
GCV- Genotypic co-efficient of variation                              GAM- Genetic advance as per cent of mean
PCV- Phenotypic co-efficient of variation                            DAS- Days after sowing

Table 1. Estimates of mean, range, components of variance, heritability and genetic advance for growth parameters in
French bean

 

Sl. No. 
Characters Mean ±S.Em Range GV PV 

GCV 
(%) PCV (%) h2 (%) GA 

GAM 
(%) 

1 Germination 
percentage (%) 89.25  ± 1.95 75.18 - 98.81 75.03 86.45 9.70 10.42 86.80 16.62 18.62 

2 Plant height (cm) (30 
DAS) 29.43±1.74 17.86 -36.70 29.17 38.24 18.35 21.01 76.30 9.72 33.02 

3 Plant height (cm) (45 
DAS) 39.69±2.25 34.37- 45.33 9.19 24.32 7.64 12.42 37.80 3.84 9.67 

4 Number of leaves(30 
DAS) 

 
22.95±1.8 16.87 -31.40    12.76 22.52 15.56 20.67 56.70 5.54 24.14 

5 Number of leaves 
  (45 DAS) 

 
40.07±3.69 27.60- 56.67 98.54 139.45 24.77 29.47 70.70 17.19 42.90 

6 Number of primary 
branches  (30 DAS) 

 
3.55±0.43 2.33-5.33  0.97 1.52 27.62 34.62 63.70 1.62 45.40 

7 Number of primary 
branches  (45 DAS) 

 
6.25±0.48 3.67-9.00 2.56 3.25 25.59 28.81 78.90 2.93 46.81 

8 Number of secondary 
branches  (30 DAS) 

 
1.97±0.33 1.13-2.80 0.17 0.49 20.63 35.22 34.30 0.49 24.89 

9 Number of secondary 
branches  (45 DAS) 

 
3.17±0.28 2.07-4.46 0.45 0.68 21.01 25.95 65.60 1.11 35.04 

10  Leaf area (cm2)             
(45 DAS) 

 
37.12±1.83 22.9-45.10  39.83 49.87 17.03 19.05 80.00 11.62 31.35 

11 Leaf area index 
 (45 DAS) 

 
3.43±0.26 2.00-5.63 1.99 2.19 43.08 45.10 91.00 2.78 84.75 

GV- Genotypic variance                                                              h2- Broad sense heritability
PV- Phenotypic variance                                                             GA- Genetic advance
GCV- Genotypic co-efficient of variation                                  GAM- Genetic advance as per cent of mean
PCV- Phenotypic co-efficient of variation

Table 2. Estimates of mean, range, components of variance, heritability and genetic advance for yield parameters in
French bean

Sl.No. Characters Mean ±S.Em Range GV PV GCV (%) PCV (%) h2 (%) GA GAM (%) 

1 Days to 50 per cent flowering 43.50±1.28 38.67-47.67 7.80 12.74 6.42 8.20 61.00 4.50 10.35 

2 Number of cluster per plant 7.64±0.32 5.63-10.06 1.94 2.25 18.22 19.64 86.00 2.66 34.83 

3 Number of pods per cluster 3.91±0.22 3.10- 4.70 0.18 0.33 10.89 14.69 55.00 0.65 16.62 

4 Days to first picking 59.27±1.16 54.00-64.33 9.70 13.75 5.25 6.26 71.00 5.39 9.09 

5 Number of pods / plant 28.73±2.54 19.67 -44.33 51.52 70.92 24.98 29.31 73.00 12.60 43.87 

6 Pod length(cm) 14.44±0.42 10.00 -17.00 3.43 3.96 12.82 13.77 87.00 3.55 24.58 

7 Pod circumference  (cm) 3.26±0.19 2.30- 4.10 0.19 0.30 13.49 16.90 64.00 0.72 22.17 

8 Days taken to final harvest 95.47 ±1.23 91.67 -99.67 6.44 10.97 2.66 3.47 59.00 4.01 4.20 

9 Pod yield per plant(g) 52.14±4.93 35.13 to 82 261.10 333.96 30.99 35.05 78.00 29.43 56.44 
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pods per cluster; Singh et al. (2010) for Number of cluster
per plant; Jay and  Ram (2014) for plant height and
secondary branches pod length and pod width and pod
yield per plant. It was observed that the difference between
GCV and PCV for most of the characters is narrow.

Heritability (h2) in broad sense (bs) was high for all
the traits except plant height  at 45DAS, number of leaves
per plant at 30DAS, number of secondary branches per
plant at 30 DAS, number of pods per cluster and days to
last harvest. The present findings are in line with reports of
Kumara et al.(2014) for plant height, number of secondary
branches per plant at 30 DAS, Alemu et al. (2013) for number
of leaves per plant at 30DAS, Huque et al.(2012) for number
of pods per cluster. High heritability coupled with high
genetic advance (% of mean) was ob served for characters
like plant height at 30DAS, number of leaves per plant at 45
DAS, number of primary branches per plant at 30DAS,
number of primary branches per plant at 45 DAS, Number
of secondary branches per plant at 45 DAS, leaf area, leaf
area index, Number of cluster per plant, Number of pods per
plant, pod length and pod yield per plant. Similar results
were observed by Jay and Ram (2014). Whereas Days to 50
per cent flowering and days to first picking had high
heritability coupled with low genetic advance. These results
are in agreement with the findings of Kumara et.al. (2014).

CONCLUSIONS
Analysis of variance showed significant differences

among the genotypes for all the characters studied
indicating  variability in the materials. Higher genotypic
and phenotypic variances were observed for characters
like pod yield per plant (g), number of leaves at 45 DAS,
germination percentage (%) and number of pods per plant.
Among growth and yield parameters studied, high (>20%)
estimate of GCV and PCV were found for plant height at
30das, number of leaves per plant, number of primary
branches per plant, number of secondary branches per
plant, leaf area index, number of pods per plant and pod
yield per plant. These characters showed very narrow

differences between GCV and PCV, indicating that they are
least affected by the environment. Heritability (h2) in broad
sense (bs) was noticed high for most of the traits. High
heritability coupled with high genetic advance (% of mean)
was observed for the traits such as plant height, number of
primary branches per plant, number of secondary branches
per plant, leaf area, number of cluster per plant, number of
pods per plant, pod length and pod yield per plant. Direct
selection can be attempted for the improvement of these
characters due to predominance of additive gene effect for
these traits.
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ABSTRACT
The objective of the research work to study the minor
mineral content of Sangamnari goat milk namely Iron,
Manganese, Copper and Zinc. During the entire study the
fresh goat milk samples of Sangamneri goats were
analyzed for chemical properties such as fat protein,
lactose, total ash, titratable acidity, pH and total solids also
the minor content viz. Fe, Cu, Mn, and Zn of Sangamnari
goat milk in summer, rainy and winter seasons,
respectively. The data were statistically analyzed by using
completely Randomized Design (CRD) with three
treatment and six replications. There was significant
variation (P<0.05) was observed among the season of
milking as regard iron, manganese, copper and zinc
content of Sangamneri goat milk. Minor mineral content
of milk was 0.56 mg/kg iron, 0.180 mg/kg manganese,
0.46 mg/kg copper and 3.00 mg/kg zinc. The mean values
of iron, manganese, copper and zinc content of Sangamneri
goat milk significantly increased from summer to winter
season. The minor mineral content viz. Fe, Mg, Cu, Zn of
goat milk was significantly affected by season and higher
values of minerals were recorded in winter season.

Keyword Goat milk, minor minerals

In the developing countries, goats make a very
valuable contribution, especially to the poor class in the
rural areas. Goat keeping in India constitutes an important
rural business of small, marginal farmers and landless
labours due to multifold advantages like short generation
interval, high rate of prolificacy, easy in management and
marketing over large ruminant in the India. India ranks
second in the world goat population followed by china.

About 18 to 20 lakh families are involved in goat and
sheep rearing with an average strength of 1 to 7 goats per
household. Goat is also known as poor man’s cow. It is one
of the important and multipurpose species of livestock
economically maintained for meat, milk, fiber, skin and
manure production. Therefore, goats are proved to be a
boon to the poor, landless labours and marginal farmers.

Goat milk has higher medicinal value and it also
contains 4.5 per cent fat, 3.3 per cent milk protein,
carbohydrate 4.6 per cent, Ca 170 mg/100 gm and P 120 mg/
100 ( Haenlein, 2004). The fat globules of goat milk are
smaller than those of cow milk and probably this is one of
the reasons for the easy digestion of goat milk (Fevrier et
al; 1993 and Haenlein, 1996). Fatty acids present in goat
milk are of considerable interest in medicine because they
are used for the treatment of various ailments e.g.,
malabsorption, syndromes, intestinal disorders, coronary
diseases, premature infant nutrition.

A goat appears to be the best suited to overcome
these problems by way of producing better nutrition in the
form of goat milk. This gives much support to the
contention that improved gat milk production is one of the
best strategies to relieve human starvation, under nutrition
and malnutrition and therefore, great market growth
potential incentive and justification specially in areas where
pasture conditions.

Wide publicity needs to be given in view of the virtues
of goat milk and fall out will be a silver lining for both the
goats and goat farmers. The composition of goat milk has
been reported from various parts of the world. Little
however, is know about the composition and nutritive value
of goat milk produced locally. The composition of goat milk
in relation to human needs and in comparison to cow’s
milks need much more research in order to document their
unique value, to justify their existence and the higher cost
of producing these milk compared to cow’s milk.

Milk is complex fluid containing proteins, fats,
carbohydrates, vitamins, minerals (Fe, Mn, Cu, Zn) etc. The
nature and composition of these constituents are influenced
by various production and processing factors. Effects to
improve goat milk production in the country will provide
supplementary source of income to weaker section of
society (Agnihotri and Prasad, 1992). Sangamnari goat is
an important goat breed in Maharashtra. Sangamneri breed
is a dual purpose breed (milk and meat). The average milk
production is 0.859 L. per day head. However, some
Sangamneri goats producing 3 L of milk/day under filed
condition.

Goat milk has unique qualities over the milk of other
livestock. It is nearest to human milk in its content of fat,
protein and serves as good source of minerals, which make
it complete food for infants. Goat milk rich source of various
minerals and all these minerals are important as per the
human nutrition.

MATERIALS AND METHODS

Treatment Detail

Season of 
  milking 

Replication Mean 

R-I R-II R-III R-IV R-V R-VI  

T1        

T2        

T3        

Overall mean  

S.E  

C.D. at 5%  

Result  
 

mailto:ashmukhekar5@gmail.com


2112 Trends in Biosciences 10 (11), 2017

T1 : Summer season (March-June)
T2 : Rainy season (July-Oct.)
T3 : Winter season (Nov- Feb)

Proximate analysis
The samples of goat milk were analyzed for Iron,

manganese, Copper and Zinc by Murthy and Rhea (1971)
using Atomic Absorption Spectrophotometer (AAS).

RESULTS AND DISCUSSION

Iron
The overall iron content in milk was 0.56 ± 0.006 mg/

kg which was significantly (P<0.05) affected by the season.
The maximum iron content of the milk was 0.60 mg/kg during
winter season and minimum value (0.53 mg/kg) was recorded
in summer season. The average iron content of goat milk
was significantly increased from 0.53, 0.55 to 0.60 mg/kg in
summer, rainy and winter season, respectively.

 The present investigation showed that the values of
Fe in the milk coincide with the observation made by Mathur
and Roy (1988) who observed 0.55 ppm average iron present
in goat milk, Rehout et al. (1994) reported the overall iron
content of cow milk was 0.515 mg/L and Prajapati (2011)
mentioned overall mean iron content of 0.05 mg/100 gm in
the goat milk. However, slightly higher values (1.30 ppm) of
iron in goat milk were recorded by Belewu et al. (2002).
Influence of the season on the micro mineral profile of gaot
milk was studied by Mathur and Roy (1988), Zafar et
al.(2006) and Efthymia et al. (2007). They observed that the
iron content in milk was significantly affected due to change
in season and it was significantly increased from summer
to winter season. These results have supported the results
obtained under present investigation.

Manganese
The overall manganese content in milk was

0.180±0.003 mg/kg and highest value (0.192 mg/kg) of
manganese was recorded in winter season. The change in
season had significantly (P<0.05) affected the manganese
content in the milk. The average manganese content of
goat milk was 0.170, 0.182, 0.188 mg/kg in summer, rainy and
winter season, respectively.

 Prajapati (2011) he mentioned the average manganese
value og goat milk as 0.018 mg/100 gm. However, higher
value (3.29 ppm) of manganese was reported by Belewu et
al. (2002). The significant effect of season on the mineral
profile of goat milk was confirmed by study of Coni et al.
(1996), Zafar et al. (2006) and Efthymia et al. (2007). They
concluded that the manganese content of goat milk was
higher in winter and lowered dawn in summer season.

Copper
The overall copper content of milk was 0.46 mg/kg. it

was observed that mean copper content of the milk was
maximum (0.50 mg/kg) in winter season, while it was the
lowest (0.39 mg/kg) in summer. The change in season
significantly (P<0.005) affected the copper content in the
milk. The average copper content of goat milk was 0.42,
0.47 and 0.49 mg/kg in summer, rainy and winter season
respectively.

The present finding showed a similar trend to that
reported by Prajapati (2011) who reported the overall mean
copper of 0.48 mg/kg and 0.046 mg/100 gm, respectively in
goat milk. Elamin and Wilcox (1992), Coni et al. (1996), Zafar
et al. (2006) and Efthymia et al. (2007) reported that the per
cent copper content in goat milk was affected due to season
and was continuously increase from summer to winter
season, which is in consonance with present findings.

Zinc
The average mean of zinc content in the milk was 3.00

± 0.0029 mg/kg. the change in season had significantly
(P<0.05) affected the zinc content in the milk. The zinc
content in milk increased significantly from summer (2.80
mg/kg) to winter season (3.15 mg/kg).

Gacia et al. (2006) mentioned that average zinc content
of goat milk was 3.20 mg/kg. The corresponding value
reported by Prajapati (2011) was 0.30 mg/100gm. The
significant influence of season of milking on zinc content
and the increasing trend from summer to winter as obtained
in present investigation was supported by zafar et al. (2006)
who reported that the zinc content of goat milk was higher
in winter and lowest in summer season and their values are
changed due to effect of season.

CONCLUSION
The overall mean values of minor mineral content of

Sangamneri goat milk viz. iron , manganese, copper and
zinc were 0.56, 0.180, 0.46 and 3.00 mg/kg, respectively. The
minor mineral content viz, Fe, Mn, Cu, Zn of goat milk was
significantly affected by season and higher values of
mineral were recorded in winter season.

LITERATURE CITED
Agnihotri, M.K. and Prasad, V.S.S. 1992. Processing of goat milk

and milk product in India. Central Institute for Research on
goats, Makhdoom. pp. 212-221

Belewn, M.A. and Aiyegbusi, O.F. 2002. Comparison of mineral
content and apparent biological value of milk from human, cow
and goat. The J. Food Tech. in Africa 7(1): 9-11.

Table 1. Minor mineral content of Sangamneri goat
milk as affected by season of milking (mg/kg)

Minor 
mineral 

Season of  
milking 

Treatment 
Mean 

S.E CD 
(0.05%) 

Iron Summer  0.53 0.006 0.0183 

 Rainy  0.55   

 Winter 0.60   

Manganese summer 0.170 0.0013 0.004 

 rainy 0.182   

 Winter 0.188   

Copper  Summer  0.42 0.007 0.007 

 Rainy  0.47   

 Winter  0.51   

Zinc Summer  2.80 0.029 0.088 

 Rainy  3.05   

 Winter  3.15   

 



MUKHEKAR et al., Influence of Seasons of Milking on Minor Minerals Content of Sangamneri Goat Milk 2113

Coni, E., Bocca, A., Coppolelli, P., Caroli, S., Cavallucci, C., and
Trabalza Marinucci, M. 1996.  Minor and trace element content
in sheep and goat milk and dairy products. Food Chemistry, 57:
253-260.

Efthymia Kondyli, Maria C. Katsiari, Leandros P. Voutsinas. 2007.
Variations of vitamin and  mineral contents in raw goat milk of
the indigenous Greek breed during lactation. Food Chemistry
100 (2) 226-230.

Elamin, F.M. and Wilcox, C.J. 1992. Milk composition of majahora
camel and goat milk. J. Dairy Sci. 75: 3156-3157.

Fevrier, C.,Mourot,J., Jaquelin, Y., Mounier, A., & Lebreton, Y.
1993. Comparative digestive utilization of UHT goats and cows
milks: nutritional effects of gelation use of a swine model. Lait,
73, 581-592.

Garcia, M.I.H., Puerto, P.P., Baquero, M.F., Rodriguez, E.R., Martin,
J.D. and Romero, C.D.  2006. Mineral and trace elements
concentration of dairy products from goat’s milk products in
Tenerife (Canary Islands). International Dairy J.16 (2): 182-
185.

Haenlein, G.F.W. 1996. Nutritional value of dairy products of ewe
and goat milk. Proceedings of the IDF/Greek National

Committee of IDF/CIRVAL Seminar, 159-178.
Haenlein, G.F.W. 2004. Goat milk in human nutrition. Small

Ruminant Research 51:155-163.
Mathur, O,N and Roy, N.K. 1988. Iron- an essential trace elements

in milk and milk products. Dairy Guide. 32 (1): 51-53.
Murthy, G.K., and Rhea, U.S. 1971. Cadmium, copper, iron, lead,

manganese and zinc in evaporated milk, infant products and
human milk. J. Dairy Sci. 54 (7):1001-1005.

Prajapati, J.P. 2011. Preparation of value added produce from goat
milk. Seminar on conservation and development of Surti Goat
held at Anand Agriculture University, Anand from 17-19 Feb,
2011.

Rehout, V., Citek, J., Soch, M., Kosvanec, K. and Hajic, F. 1994.
Levels of microelements in  cow milk taken from selected
localities of the South Bohemia region depending on  season.
Sbornik Jihoceska Univerzita-Zemedelska Fakulta, Ceske
Budeejovice  Zootechnicka- Rada. 11(2): 35-48.

Zafar Iqbal Khana, Muhammad Ashraf, Altaf Hussian, L.R. McDowell,
Muhammad Yaseen Ashraf. 2006. Concentrations of minerals
in milk of sheep and goats grazing similar pastures in semiarid
region of Pakistan. Small Ruminant Research 65 (2006) 274-
278.

Received on 12-03-2017 Accepted on 17-03-2017



2114 Trends in Biosciences 10 (11), 2017

Rapid Clonal Propagation of Bamboo (Bambusa vulgeris) Using Shoot Tip
Culture
SANJAY KUMAR BHARIYA*; AJIT KUMAR MANNADE AND PANKAJ SHRIVASTAVA

Department of Plant Molecular Biology and Biotechnology,
I.G.K.V., Raipur, Chhattisgarh
*email : sanjay.crin@gmail.com

Trends in Biosciences 10(11), Print : ISSN 0974-8431, 2114-2116, 2017

ABSTRACT
Bambusa is major woodly plant used in mat making
traditional instrument, furniture, floring and
constructions material, fuel wood etc. B. vulgeris are
specially used for ornamental purpose because their stem
color is yellow. The experiment on rapid clonal propagation
of B. vulgeris under objectives like optimization of media
for shoot and root multiplication, hardening and soil
transfer tissue culture are raised plats were carried out
at Devleela biotech VIP road Raipur (C.G.) Nodal shoot
segments collected from 3 year old plants of B. vulgeris.
MS medium supplemented with BAP ranging from 0.5–
2.5 mg/l. Concentrations of BAP markedly influenced
number of 2 shoots/explants and 4.2cm  in length.
Incorporation of Kinetin 0.5mg/l in the medium help in
further improvement of shoot number or length and auxin
alone favour shoot development. In MS liquid medium
supplemented with IBA ranging from 1.0–2.5 mg/l with
charcoal 2.5 mg/l. Concentrations of IBA and charcoal
influenced number of root development. Best growth of
explants in initial stage was occurred with BAP at 1 mg/l
concentration 2-4 fold growth occurs in 4 week. About
95% rooting with longer root and more number in IBA +
charcoal (2 + 2.5 mg/l).

Key words Bambusa vulgeris, Inter nodes, BAP, Kinetin,
IBA, Charcoal.

Bambusa vulgaris is a rhizomatous plant. The genus
of bamboo (Arundinaria, Oxytenanthera, Oreobambos and
Bambos) are present throughout the continent under rainfall
ranging from 700 to 1500 mm (Sene, 1998). Because of the
monocarpic character, episodic flowering, over-exploitation
and bush fires, the bamboo is extinct in the region of Fatick
and strongly fragmented and threatened in Kaolack (both
in Senegal) (Sene, 1998). The vegetative propagation
becomes the only viable alternative for this species
because B. vulgaris does  not  set  seed  after  sparse
flowering, which makes seedling progenies unavailable. A
low-cost propagation trial was conducted to explore the
clonal propagation techniques for the species with two
types of small branch cuttings, nodal leafy cuttings and tip
cuttings ( Islam et al., 2011)

Propagation through culm cuttings (single node,
double node, triple node and whole culm cuttings) require
large quantity of material and availability of right stage of
material is for a short period, which is useful for small scale
production. In addition, this method is successful for small
scale production of clonal planting material. Node of
segmented axis of each and every a bamboo plant bears a
bud or a branch, and branches, in turn has a bud in their

axil. Few studies on its vegetative propagation have aimed
at evolving as many as possible of these buds into planting
material (Banik, 1994). The technique of adventitious
rooting in culm/ branch cuttings have been successfully
adopted for its vegetative propagation of many bamboo
species (Agnihotri et al., 2009). Clonal propagation through
shoot proliferation from field grown mature nodal shoot
explants have been reported with varied success in many
bamboo species viz; 54 species from 15 genera of bamboo
(Prutpongse and Gavinlertvatana, 1992) and  B. vulgaris
‘Striata’ (Ramanayake et al., 2006).

MATERIALS AND METHODS
Explants were taken from green house primary

hardening chamber which were grown in the commercial
field of Devleela Biotech Raipur (C.G.).

Plant materials and culture media
Young healthy node of B. vulgeris were surface-

sterilized with 70% ethanol for 1 min and further treated
with 0.2% sodium hypochlorite solution (v/v) for 15 min
followed by five rinses in sterile distilled water. The seeds
were cultured in MS (Murashige and Skoog 1962) with
vitamins supplemented with 3% sucrose as carbon source
and solidified with 0.8% agar.

Culture conditions for Shoot regeneration and Root
development

Healthy node explants was sectioned into 1 cm in
length and inoculation into shoot induction medium
similarly about one week old node were placed vertically
on MS medium supplemented with different concentrations
of BAP (0.5, 1.0, 1.5, 2.0 and 2.5 mg/l) + Kinetin for shoot
induction. Cultures were incubated at 26 ± 0.5 °C with a 16
hour photoperiod and an irradiance of 40 ìmol m-2 s -1

provided by cool white fluorescent light. There were about
50 explants per treatment and all the experiments were
performed in triplicates. To compare the morphogenic
response of internode explants towards different
concentration of benzylaminopurine (BAP) and kinetin,
appropriate nutrient medium was standardized. The explants
were cultured in MS medium supplemented with specific
concentration (2.5 mg/l) of Kinetin and BAP collectively.
All the explants were incubated in identical conditions for
4 weeks after which they were scored for the number of
responsive explants exhibiting shoot regeneration.
Elongated shoots (2–4 cm) were transferred to MS medium
containing different concentrations of indole-3-butyricacid
(IBA; 0.5, 1.0, 1.5, 2.0 and 2.5 mg/l) AND 2.5 mg/l charcoal
for rooting.

RESULTS AND DISCUSSION
Growth and elongation of node depends heavily on

mailto:sanjay.crin@gmail.com
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the external supply of the nutrient and plant growth
regulators in synthetic media. A well defined tissue culture
system for efficient in vitro organogenesis in bamboo was
established that allowed the crucial role of plant
phytohormones to be observed during plant regeneration.

Effect of culture medium on in vitro
The present study was undertaken to standardize the

factors affecting the in–vitro regeneration of bamboo.
nodes from healthy plant were taken as explants. The shoot

Growth Regulator 
concentration BAP 

Conc. (mg/l) 

Shoot initiation after 
10 days 

Length of shoot cm 
after 10 days 

No of  shoots 
after 30 days 

Length of shoot cm after 
30 days 

0.5mg/l 1 1.5 2 2.8 

1.0mg/l 2 1.9 3 3.7 

1.5mg/l 2 2.6 4 4.1 

2.0mg/l 1 1.7 3 3.5 

2.5mg/l 1 1.4 2 3.1 

 

Table 1. Influence of explants type and hormone concentration of BAP

induction was highest in BAP (1.5mg/l) + kinetin (2.5 mg/l)
for node explants. Explants showed varied level of shoot
induction ranges from 85 to 100% (Table 1). It was observed
that the response of explants.

Shoot regeneration
In the clonal propagation of node explants

combination of BAP and Kinetin has been reported to
influence morphogenesis in bamboo. BAP is most widely
used cytokinin for in vitro regeneration of bamboo. The
maximum shoot regeneration was obtained in MS media
containing BAP (1.5mg/l) + Kinetin (1mg/l.); highest
frequency of shoot regeneration (89% and 88%) and
maximum number of shoots per explants (4.00 and 3.00) was
obtained from the explants, respectively (Table 2).

Root development
Successful rooting of regenerated shoots is a

prerequisite for clonal propagation. The rooting was
observed effectively in the rooting hormone IBA at the
concentration of 2mg/l with 2.5 mg/l charcoal efficiently
(Table 3, Graph 3).

Growth 
Regulator 

concentration 
BAP+kinetin 
Conc. (mg/l) 

Length of shoot 
cm after 10 days 

Length of shoot 
cm after 30 
days 

0.5+0.5mg/l 1.5 2.8 

1.0+0.5mg/l 2.8 4.4 

1.5+0.5mg/l 2 3.7 

2.0+0.5mg/l 1.7 3.5 

2.5+0.5mg/l 1.4 3.1 

 

Table 2. Influence of explants type and hormone
concentration of BAP+Kinetin

Growth Regulator 
concentration IBA+Charcoal 

Conc. (mg/l) 

Length of root 
cm after 10 days 

Length of root cm 
after 30 days 

Root initiation after 10 
days 

No of  roots 
after 30 days 

0.5+2.5mg/l 0.5 1.2 2 3 

1.0+2.5mg/l 0.5 1.5 3 5 

1.5+2.5mg/l 0.6 1.9 3 4 

2.0+2.5mg/l 1 2.8 5 6 

2.5+2.5mg/l 0.9 2 4 4 

 

Table 3. Influence of explants type and hormone concentration of IBA+Charcoal.

Fig. 1. In vitro propagation of bamboo shoot: [A]
Shoot initiation in MS+BAP; [B] and [C] Shoot
induction in MS+kinetin+BAP.
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Graph [A] Influence of explants type and hormone concentration of BAP [B] Influence of explants type and hormone
concentration of BAP+Kinetin [C] Influence of explants type and hormone concentration of IBA+Charcoal.

Transplantation of in vitro grown plantlets to the soil
The plantlets with well-developed root system were

removed from culture vessels with care and without
damaging the roots. The agar was removed from the roots
by washing with running tap water. After washing, the
plantlets were transferred to small earthen pots filled with
1:2:1 of sand, soil and cow dung mixture.

The present research was made to evaluate the
morphogenic potential of explants types excised from green
house primary hardening chamber. Shoots of B. vulgeris
could be successfully induced from in vitro elongated
shoot when explants from nodes were cultured on MS media
added with kinetin and BAP. The results of the present
study showed that there were significant differences
between explants and also culture medium used for in vitro
organogenesis and regeneration of plantlets. Shoot initiation
and shoot induction was observed from explants cultured
on different regeneration media. Ndiaye et al., 1978
developed protocol that the regeneration efficiency has
been reported to be affected by different factors, such as
combination of growth regulators. Most of the organogenic
systems reported are based on supplementing culture media
with auxins and cytokinins, either alone or in combination.
The results of multiple shoot proliferation in MS medium
without any growth regulator for rooting of in vitro
regenerated shoots.

CONCLUSION
The shoot was initiated at five to six days and highest

shoot initiation was obtained in BAP (1.5mg/l) for shoot
explants. The maximum shoot regeneration was obtained in
MS media containing BAP (1.0mg/l) + Kinetin (0.5mg/l) at

30 days after internode inoculation; highest frequency of
shoot regeneration (89% and 88%).
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