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ABSTRACT 

The study was conducted in Chickmagalore and Kadur taluks of Chickmagalore District of Karnataka 
state. Integrated Pest Management Practices in Chilli during 2013 and 2014.Study reveals that use of drip 
irrigation, fertigation technology, and management of pests & Diseases, Drying & grading for marketing 
and use of foliar nutrition in Chilli brought the benefit cost ratio for Chilli IPM farmers compared to farmers’ 
of traditional practice, from 1.47 to 1.83. Whereas increasing yield in farmers who were under Extention & 
Development Activities Team was 810 Kg of Red Chilli per acre compared to 750 Kg of red Chilli in non-
IPM farmers. Adoption of IPM technologies was increased to 65.42 percent among the farmers who were 
under Extention & Development Activities.  
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Vegetables constitute about 55 per cent of 
horticultural crop production in the country with a total 
production of 85 million tonnes which is estimated to 
cross 100 million tonnes in near future. Successful 
cultivation of vegetables is hampered due to the 
incidence of several insect pests. Cultivation of 
hybrids, improved varieties, intensive agronomic 
practices, off season cultivation and indiscriminate use 
of insecticides has changed the pest complex in these 
crops. 
     Chilli is considered as one of the commercial spice 
crops. It is the most widely used universal spice, named 
as wonder spice. Different varieties are cultivated for 
varied uses like vegetable, pickles, spice and 
condiments. In daily life, chilies are integral and the 
most important ingredient in many different cuisines 
around the world as it adds pungency, taste, flavor and 
color to the dishes. Indian chilli is considered to be the 
world famous for two important commercial qualities 
its colour and pungency level. 
     The largest producer of chillies in the world is India 
accounting for 11 lakh tons of production annually 
followed by China with a production of around 4 lakh 
tons. Mexico and Pakistan produces 3 lakhs tonnes 
each of chili every year.In India, Chilli was grown on 
an area of 8.82 Lakh ha and annual production of 11.0 
lakh tones and with an average productivity of 1200 
kg/ha (Anon., 2002). Among Chilli producing states in 
the country Andhra Pradesh stands first in the list of 
leading chilli-producing states in India and also 
constitutes the maximum acreage for chilli cultivation 
in the country. It occupies 49% share in the Indian total 
production and produces around 2.7 lakh tons of 
chillies followed by Orissa (18%), Karnataka (15%), 
Maharashtra (6%), West Bengal (5%), Rajasthan (4%) 
and Tamil Nadu (3%) (www.ikisan.com). 

     Karnataka state stands 3rd in contribution of Chilli 
production to country. We have different chilli 
varieties such as Byadagikaddi, Byadagidabbi, 
Guntur(G-4) , Pusa jwala, KDSC-1, etc. are cultivated 
by farmers, however Byadagi & Guntur varieties has 
been recommended for cultivation. These varieties 
gaining the popularity among the farmers of the state 
also, because of chillies are famous for red colour 
because of the pigment 'capsanthin,' others are known 
for biting pungency attributed to 'capsaicin.  
     Among them occurrence of viral diseases as well as 
ravages caused by insect pests are significant ones 
(Gundannavaret al2007). The pest spectrum in chilli is 
complex with more than 293 insects and mite species 
debilitating the crop in the field as well as in storage 
(Anon, 1987). Amongst these, aphids, Myzus persicae 
Suler.,Aphis gossypii Glover., thrips, Scirtothrips 
doraslis Hood., yellow mite, Polyphagotarsonemus 
latus Banks and fruit borer, Helicoverpa armigera 
Hubner are the most vital production constraints. A 
total of 39 and 57 insect pests were recorded in chillies 
in Karnataka on nursery and field crops, respectively 
(Reddy and Puttaswamy, 1983 and 1984). During the 
last two decades insecticidal control of chilli pests in 
general and especially in irrigated crop characterised 
by high pesticides usage, has posed problems of 
residues in the fruits (Nandihalli 1979 and Joiaet al 
2001). Besides pest resurgence, insecticide resistance 
and destruction of natural enemies (Mallikarjuna Rao 
and Ahmed, 1986), both domestic consumption and 
export of chilli necessitate production of quality 
chillies devoid of contamination of pesticides, 
industrial chemicals and aflatoxins. The pesticide 
consumption is in down trend in cotton with the 
introduction of Bt cotton but not the case of chilli. 
Many instances the dry chilli exports from Indian 
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market were rejected because of pesticide residue 
problem. Hence, the need of the popularization of IPM 
technology in Chilli is felt. The project was started 
with the special objective of educating chilli farmers of 
nine selected villages in Chickmagalore & Kadur 
Taluks of Chickmagalore district of Karnataka on 
rational use of crop protection chemicals in an 
integrated pest management approach and thereby 
reduces the problem of pesticide residues in the 
harvested produce. 

METERIALS AND METHODS 

     A study on enhancing IPM technology in Chilli was 
conducted in two predominantly Byadagikaddi, variety 
of Chilli growing Taluks Chickmagalore and Kadur 
taluks of chickmagalore District in Karnataka from 
from June 2013.  The Training programmes and field 
advisory visits on IPM in Chilli was conducted in 9 
villages of the two Taluks with 50 Chilli farmers. The 
selected farmers were briefed about, the IPM 
technology and its importance in initial group meetings 
with the selected farmers. Continuous field visits was 
done by the Extention team. Regular feedback on 
progress of the crop, pest and disease incidence was 
collected from the field. Regular interaction meetings 
were conducted with farmers to integrate appropriate 
IPM technologies into their existing cultivation 
practices.  

IPM technology for Chili: The schedule for 
Integrated Pest Management in Chilli has been 
standardized at International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT) Hyderabad 
(Table 2). By following the IPM, the disease and insect 
pest incidence were reduced to negligible. The number 
of sprays of pesticides was reduced to about 4 
(botanical+ chemical) as compared to 6 chemical 
sprays in non-IPM plots.  Among various insect pests, 
thrips, aphids, mites and fruit borers in chilli, are of 
prime importance. 

Thrips: These minute and soft bodied insects are 
polyphagous, cosmopolitan, and occur throughout the 
year. Both nymphs and adults lacerate the leaf tissues 
and feed on the oozing sap. Usually young leaves are 
preferred, but buds and flowers also get infested. The 
infested leaves become shortened, curl upwards, and 
crinkle. Under severe infested conditions the leaves 
shed and hence plant growth is affected. Buds, when 
infested, become brittle, petals of the flowers become 
brown and drop off. Infested fruit have light brown 
scars. 

Management: Seed treatment with imidacloprid 
(Gaucho) @ 5 grams per kg seed. In the field, spray 
with imidacloprid @ 1 ml in 3-4 liters of water or 
fipronil @ 2 ml per liter 

Mites: These are tiny insects that live on tender 
foliage, buds and fruits by sucking the plant sap. These 
are found mostly on the lower surface of leaves in a 
protective web. Under severe infestation of chillies the 

leaves curve downwards and fruit turns brownish with 
hardened skin. 

Management: Spray with miticides such as 
dicofol @ 5 ml per liter or wettable sulphur 3 grams 
per liter or Pegasis @ 1 gm per liter or Vertemic @ 0.5 
ml per liter. Use overhead irrigation with sprinklers for 
effective management of mites wherever possible. 

Aphids: These tiny insects can infest the crops at 
any time during the growing season. They look like 
minute dark specks and tend to gather around the shoot 
tips, flower buds and all over young foliage. Aphids 
also leave sticky excreta on leaves that they have been 
feeding on, which could help in the development of 
fungal molds. Aphid infestation results in stunted or 
deformed growth. 

Management: An easy solution is to spray a very 
weak soap solution. This works well, although frequent 
application may affect crop growth. Ladybird beetles 
and hover flies are natural predators of aphids. Trying 
to attract them into these fields is the best way to 
naturally control the pests. Planting bright flowers such 
as marigolds around the chilli plots is a novel way to 
attract these natural enemies. In case of severe 
infestation, application of dimethoate @ 2 ml or 
acephate @ 1 gram per liter or imidacloprid @ 1 ml in 
3-4 liters can effectively manage aphids. 

Fruit borers: Fruit borers are highly polyphagous 
and cosmopolitan in distribution. These normally start 
infesting chilli crop around flowering time. Young 
larvae feed on leaves by scraping chlorophyll, while 
grown- up larvae feed on leaves and fruits resulting in 
holes. Well grown Spodoptera larvae are nocturnal in 
habit and hide in the soil during the day time. 

Management: Installation of pheromone traps for 
Spodoptera litura and Helicoverpa armigera are of 
immense value in monitoring this pest. Planting 
sunflower along the borders can attract ovipositing 
moths, thereby saving the main crop from infestation. 
Use of poison baits (8:1:1 bran, jaggery and 
chloripyriphos) and placing them close to the plants 
proved effective in controlling immigrating Spodoptera 
caterpillars (25 kg bait is sufficient for one ha). Foliar 
spray with Bacillus thuringiensis (Bt) at recommended. 
Application of indoxacarb @ 1 ml per liter or spinosad 
@ 0.3 ml per liter will be effective. Also, for 
Spodoptera and Helicoverpa, application of nuclear 
polyhedrosis virus (NPV) @ 500 LE per ha at the early 
stage of the pest infestation proved to be an effective 
control. 

Sampling area                                                                                                            
     Total Nine villages (Five Villages from 
Chickmagalore Taluk & Four Villages from Kadur 
Taluk) in Chickmagalore district where the project 
activities carried were purposively selected (Table 1). 

Selection of the Respondents 
     50 farmers from nine villages having 175.74 Acre 
cultivable land & growing Byadagikaddi variety of 
Chilli in 111.03 Acre were selected. 
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Data collection tools and procedures 

     A questionnaire was developed for the purpose was 
used for the survey. The questions were asked in 
Kannada and were used for collecting responses from 
the project farmers. The data were collected from the 
respondents through personal interview with the help 
of interview schedule. Necessary precautions were 
taken to ensure that the questions in the schedule were 

unambiguous, clear, concise, complete, and 
comprehensive. The respondents were contacted in 
person mostly at the common place in the village. 

Statistical Analysis;  

     The data collected for the study was tabulated, 
processed and analysed using simple statistical tools 
like frequency and percentage. 

             

Table 1. Sampling area in villages of Chickmagalore district where the project activities carried were 

purposively selected. 

Village / Taluk Taluk 
Number of 

Farmers 

Total Cultivable Are 

(Acre) 
Chilli Area 

Kunnalu Chickmahalore 10 20.50 17 

Sirabidagi Chickmahalore 5 22.98 14 

Uddeboranahally Chickmahalore 5 15.35 9.20 

Karisiddanahally Chickmahalore 5 13.71 9.33 

Kenganahally Chickmahalore 5 11.36 7.30 

Govindapura Kadur 5 14.20 10 

Chikkangla Kadur 5 28.34 16 

Shakunipura Kadur 5 22 11 
Yammedhoddi Kadur 5 27.30 17.20 

No. 9  50 175.74 111.03 

 
Table 2. IPM module developed by ICRISAT Hyderabad  

Activity Stage of crop Management option 

Seed treatment Sowing time Imidacloprid (Gaucho) @ 5 grams per kg seed 
Management of sucking 
pests 

Nursery Imidacloprid @ 1 ml in 3-4 liters of water or fipronil @2 
ml per liter. 

Sowing trap crops At the time of 
transplanting 

Sunflower and marigold as border crop . 

Installation of 
pheromone traps and 
bird perches 

At the time of 
transplanting 

Two traps per location for each species About 25 
perches/ha 

Management of thrips in 
main crop 

Transplanting to one 
month before harvest 

Overhead irrigation with sprinklers wherever possible 
.Imidacloprid @ 1 ml in 3-4 liters of water or fipronil @ 
per Ltr of Water 

Management of mites 
 
 

In the nursery and main 
crop 

Overhead irrigation with sprinklers wherever possible. 
Spray one of these chemicals once in the nursery and 
second time in the main crop – dicofol @ 5 ml per liter or 
wettable sulphur 3 grams per liter or Pegasis @ 1 gm per 
liter or Vertemic @ 0.5 ml per liter 

Management of fruit 
borers 

Flowering stage Application of neem fruit powder extract @ 25 kg ha-1 
NPV @ 500 LE/ha, Bt 4 ml per liter. 

Management of pod 
borers 

Fruiting stage Setting poison baits for Spodoptera Spray indoxacarb @ 1 
ml per liter or spinosad @ 0.3 ml per liter 

Arresting immigrating 
Spodoptera 

Crop maturity stage Erecting polythene fence around the field (4 inches above 
ground) 

Management of pod 
borers 

During crop maturity NPV @ 500 LE/ha, Bt (dipel @ 4 ml per liter) or spinosad 
@ 0.3 ml per liter 

Anthracnose Green fruit stage 
 

Thiophonate methyl 1 g per liter / 
Mancozeb 2.5 g per liter / Tilt 1ml per liter / Antrcol 2g 
per liter 

Powdery mildew Flowering and fruiting 
Stage 

Dinocap 1 ml per liter/ wettable sulfur 3g per liter 
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Table 3. Enhance in adoption of IPM technologies. (N= 50) 

Enhance in Adoption of technology 

Before project implementation After  one year of project 

implementation 

Technology components 

Freq (n) Percent 

adoption 

Freq (n) Percent adoption 

Mulching in Chilli 14 28 24 48 
Use of drip for irrigation 24 48 39 78 
Fertigation technology 26 52 37 74 
Use of NPV for control of fruit 
borer 

6 12 19 38 

Management of pests & diseases 
at various stages 

28 56 38 76 

Preparation on enriched FYM 23 46 33 66 
Drying & Grading of fruits for 
marketing 

27 54 39 78 

 
Table 4. Farmers Participation in Trainings of IPM on Chilli (N=50) 

1-2 times More Than 2 times 

Freq (n) % Freq (n) % 
12 24 39 78 

 
Table 5. Economic improvement in Chilli cultivation through IPM 

Particulars Non IPM farmer IPM  farmer 

No. of plant protection chemical sprays 06 4 

Reduction in no. of chemical sprays - 2 

No. of biological sprays 0 1 

No. of micronutrient sprays 0 1 

Yield Kg per acre 750 810 

Cost of plant protection chemicals/acre Rs 2544 Rs 1696 

Rate obtained per kg of Red Chilli Rs 80 Rs 90 

Total Revenue per acre Rs 60000 Rs 72900 

Total cost per acre Rs 40541 Rs 39693 

Net profit Rs 13459 Rs 24709 

Benefit cost  ratio 1.47 1.83 

Specific for the Red Chilli Kaddi variety grown during  August 13 to April 2014, 
Economics have been worked out for the district of Chickmagalore 

RESULTS AND DISCUSSION 

Table 3 indicates that a majority of farmers (78 %) 
started using drip irrigation for the improvement of 
crop when compared to only 24 % before the 
implementation of the project. Also a considerable 
improvement in parameters like fertilization 
technology, management of pests & Diseases at 
various stages, drying & grading of Red Chilli for 
marketing were improved over the ‘before 
implementation’ of the project. The use of NPV for 
control of fruit borer showed 38 per cent adoption 
compare to 12 % before the project. Technology like 
mulching in Chilli was adopted by 14 % of the farmers 
before the implementation of the project. But a drastic 
improvement (48 %) has been achieved in adoption of 
mulching technology through IPM technology project 
once the farmers realized its importance in water, 

weed, and labor and pest management. This 
achievement could be possible because of the 
Extention & Development Activities of Extention 
Team. 

     It is implied from Table 4 that the 78 % of the 
farmers attended more than two training programmes 
conducted by the Extention Team on IPM in Chilli 
with extension agents and scientists was good. This is 
because extension agents and scientists showed the 
importance of the technologies, and its timely 
application in the field to achieve more economic 
returns. It has been realized by the farmers that regular 
contact with scientists will definitely paves the way for 
gaining a lot from them. 
 
It is evident from the table 5 the components of IPM 
technologies like reduction in chemical sprays, 
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considerably reduction in the environmental pollution, 
health hazards and improves the marketability of the 
Red chilli achieving higher economic returns. 
Reduction in usage of chemicals, frequency of sprays 
and unnecessary usages of chemicals has been 
thoroughly communicated to the farmers to achieve 
more economic returns. Accordingly project area 
farmers could get Rs 1.83 for every rupee invested 
compared to only Rs 1.47 in case of farmers earlier 
practices. A considerable improvement in economic 
returns as well as awareness regarding hazardous 
chemicals among the farmers has been achieved in this 
project. This in turn a lesson for fellow farmers of same 
villages as well as neighboring district Chilli farmers. 
chilli are without chemical residues(Analysis report 
from Spices Board, Ministry of commerce Govt of 

India Kochi India enclosed) and preferred by the 
consumers in the market. 
 

CONCLUSION 

From the findings it can be concluded that an Extention 
& Development activities are must for enhancement of 
adoption of IPM technologies among the farmers. The 
important components like management of pests & 
Diseases in various stages, fertigation and irrigation 
technologies, mulching, Drying & grading for 
marketing etc were effectively passed on to farmers by 
the Extention Team in convincing manner in turn 65.42 
% of the farmers adopted IPM technologies in chilli 
Crop. 
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ABSTRACT 

Black gram is an important pulse in the Indian kitchen and considered as the good nutritional source 
as well as ayurvedic remedy. It is grown all over the India as rotational crop or inter-crop. The growth and 
yield of the crop are widely influenced by its “genotype x environment interaction”. The stability of the crop 
has been determined on the basis of various statistical models. Therefore, an attempt has been made to 
review the previous studies in the context of yield and its component characters in the diversified 
environmental conditions.   
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Black gram (Vigna mungo L. Hepper) commonly 

known as Urd bean is being cultivated in India from 
ancient times. In the year 2013, 1590.3 MT of black 
gram was produced in India. It is a crop which can 
grow on a variety of soils ranging from sandy loam to 
heavy clay, except the alkaline and saline soils. Loam 
or slightly heavier soils with neutral pH are best suited 
for Urd bean cultivation.  

Black gram along with other pulses crops are 
unique for they have the built-in capacity to fix 
atmospheric nitrogen through biological nitrogen 
fixation within the root nodules. Though the amount of 
nitrogen left in the soil depends on the types of pulses 
and the crop conditions, in general, 25-30 kg of N/ha  is 
added to the soil. Therefore, these crops enriched the 
soil with nitrogen, which is an essential macro-nutrient 
for plant. 

 Black gram (Urd bean) are commonly used in the 
form of fermented food such as idle, papad, soda, and 
other regional foods in India. It is consumed in the form 
of split pulse as well as whole pulse, which is an 
essential supplement of vegetarian based diet. It is also 
ground into flour and used to make cakes, bori, bread 
and porridge. It is prescribed as medicine, both 
externally and internally in paralysis, rheumatism and 
infection of the nervous system. Besides, it is used as a 
nutritive fodder, especially for milch cattle. It is also 
used as green manuring crop. Urd plant possesses a 
deep root system which binds the soil particles and thus 
prevents soil erosion.  

The biological value of the pulse improves 
greatly, when wheat or rice is combined with Black 
gram because of the complementary relationship of the 
essential amino acids such as arginine, leucine, lysine, 
Isoleucine, Valine and phenylalanine, etc. In addition, 
being an important source of human food and animal 
feed, it also plays an important role in sustaining soil 
fertility by improving soil physical properties and 

fixing atmospheric nitrogen. Being a drought tolerant 
crop, it is suitable for dryland farming and 
predominantly used as an intercrop with other crops. 
The chemical composition of Black gram is given in 
Table-1. 

 The yield potential of the present day cultivars is 
very low and is plagued with a number of diseases and 
pests which reduce the yields considerably. Hence 
black gram is prone to cultivation in marginal low 
fertile soil with or without fertilizers. Thus, there is a 
need to evolve varieties having greater adaptability to 
these farming conditions. Though several improved 
varieties in this crop have been developed, most of 
them show inconsistent performance under varied 
environmental conditions due to genotype environment 
interaction. Stable genotypes of black gram are 
necessary to increase the productivity. Hence, this 
article aims to represent the developments made in the 
context of stability of black gram and its attributes in 
the different environments. 
Origin and Botanical description  

Black gram, (2n=22) is one of the most important 
pulse crop grown throughout India and is also known 
by various names. It is herbaceous, erect to trailing or 
spreading types of plant and generally propagated by 
seeds. Black gram is called as Phaseolus radiate wild 
by Roxburghi (1832) however, Prain (1897) has named 
it as P. Mungo var. The name P. Mungo L for black 
gram remained viable until it was considered that 
Asiatic Phaeolus species were transferred to the genus 
Vigna. Hepper (1956) named, black gram as Vigna 

mungo L. Hepper. According to Zukovskij (1962), Urd 
bean was originated in India from P. Sublobatus – its 
wild progenitor. Also according to several other 
workers like Piper and Morse (1914), De Candolle 
(1884) and Vavilov (1926) black gram was originated 
from India. 
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Black gram belongs to family Leguminoseae. The 
plant attains a height of 30 to 100 cm, with stem lightly 
ridged, and covered with brown hairs and many 
branches from the base. The leaves are large, trifoliate 
and are also hairy, generally with a purplish tinge. The 
pods are long and cylindrical and about 4 to 6 cm in 
length. There are four to ten seeds in a pod. The seeds 
are generally black or very dark brown. This crop is a 
mini-fertilizer factory, as it has unique characteristics 
of maintaining and restoring soil fertility through fixing 
atmospheric nitrogen in symbiotic association with 
Rhizobium, present in the root nodules. Crop is 
suitable for inter cropping with different crops such as 
cotton, sorghum, pearl millet, green gram, maize, 
soybean, groundnut, for increasing production and 
maintaining soil fertility. 
Cultivation practices 

Black gram is grown all over the country. In 
northern India it is grown in kharif and summer season 
while in South India it is grown in Rabi season also. 
General climatic conditions required for optimum 

growth of black gram has been summarized in the 
Table-2. 
Seasons: Black gram can be cultivated throughout the 
year both as rain fed and irrigated crop. It is 
predominantly a rain fed crop during rainy and post 
rainy seasons. 
Kharif: Largely grown as intercrop under rain fed 
conditions. To a limited extent it is grown as sole crop. 
The first fortnight of July is the optimum sowing time. 
Rabi: Grown on stored soil moisture, largely as sole 
crop on water retentive heavy soils October second 
fortnight – optimum sowing time. 
Late Rabi: As a relay crop on receding soil moisture in 
standing kharif rice before a week of its harvest as sole 
crop. Optimum time of sowing is Jan-Feb depending 
on the harvest of rice. 
Summer: To a limited extent it is grown as an irrigated 
crop, especially after the harvest of Rabi rice crops. 
Second fortnight of April is the optimum time of 
sowing. 

 

Table-1: Chemical composition of Blackgram. 

 

Tabl-2: General climatic conditions required for growth of black gram 

Required Conditions Optimum range 

Temperature 28 to 32°C 
Rainfall 600-1000mm 
Photoperiod 12-13 hrs 
Soil type Sandy to heavy black cotton soils 
Ideal soil pH range 5.0 to 7.5 

 
Table-3: Literature available for stability analysis of component characters 

Characters studies Source 

Days to 50% flowering Kuchanur and Tembhurne (2008); Patil and Narkhede (1995) 
Plant height at maturity NareshBabu et al. (2009); Bhagowati and Hazarika (2001); (Singh, 1998) 
Cluster per plant Kalaimagal et al. (2009) 
Pods per cluster Senthil Kumar et al. (2012); Shivade H. A. et al. (2011); Koteswara Rao et 

al. (2006); Pariya et al. (1999) 
Pods length Roy and Parthasarathy (2003); Razvi et al. (2011) 
Number of primary branches per 
plant 

Raman R.B. and Sinhamahapatra, S.P. (2012) 

Pods per plant Raman, R.B. and Sinhamahapatra, (2012);  
Number of seeds per pod Kuchanur P.H. et al. (2008); Raman, R.B. and Sinhamahapatra, (2012) 
Seed yield per plant Shanthi P. et al. (2007); Kuchanur P.H. et al. (2008); Senthil Kumar et al. 

(2012); AsfawAsratet al. (2004); Asfaw and Daniel Dauro (2006) 
100 seed weight Patil and Narkhede (1989) 
Biological Yield per plant Vaithiyalingan et al. (2002) 

 

Vitamin (mg/100g) Calorific 

(Cal. /100g) 

Crude 

Protein 

(%) 

Fat 

(%) 

Carbohy-

drate  

(%) 

Ca 

(mg/100g) 

Fe 

 (mg/100g) 

P 

 (mg/100g) 
B1 B2 Niacin 

350 26.2 1.2 56.6 185 8.7 345 0.42 0.37 2.0 
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Stability model and genotype X environment 

interaction 

It is a fact that the phenotype of an individual is 
determined by the effects of its genotype and 
environment surrounding it. The effect of genotype and 
environment on phenotype may not always be 
independent. The phenotypic response to change in the 
environment is not same for all genotypes. Very often 
breeders encounter situations where the relative 
rankings of varieties change from location to location 
and/or from year to year. The interplay in the effect of 
genetic and non-genetic on development is termed as 
‘Genotype X Environment interaction’ (Comstock and 
Moll, 1963). Genotype-environment interaction is of 
major consequence to the breeders in the process of 
evolution of improved varieties. When varieties are 
grown at several locations for testing their 
performance, their relative rankings usually do not 
remain same. This causes difficulty in demonstrating 
the significance of any variation. 

There are several ways through which 
environment and genotype may exhibit their effect. 
The environment may cause changes in the genetic 
constitution of a population by pressure of selection it 
exercises on the population. Permanent changes in the 
genetic material may also be induced by environmental 
agencies. The effect of environment on the genotype is 
known as “Conditioning” (Durrant, 1958). Genotype 
and environment may interact and produce differences 
among the individuals within a family. The interaction 
may appear in two ways, viz. as a non-heritable 
variation of a character displayed by individuals within 
a family, changing with genotype and as difference in 
the mean expressions of two or more genotypes grown 
in two or more environments. There is a general 
agreement among the breeders that the interaction of 
genotypes and environments have an important bearing 
on the breeding of better varieties.  

The existence of G x E interaction had inhibited 
genetic analysis of performance and efficiency of plant 
improvement. When genotypes were compared over 
environments, the relative ranking usually differs 
(Gautam et al. 1984). These interactions have been 
usually present under all conditions, including pure 
lines, single cross or double cross hybrids, top crosses, 
S1 lines or any other material used for breeding 
(Eberhart and Russell, 1966). These interactions 
become a serious limitation in most plant breeding 
programs engaged in the improvement of quantitative 
attributes like pod yield (Gautam et al. 1984). Thus, 
there were many problems caused by G x E 
interactions and their solutions were hard to find. 

According to Freeman (1973), of the available 
techniques, there could be no doubt that for geneticist 
and breeders, the most fruitful one had been the 
regression approach. Several studies had revealed that 
stability in performance was a genetic attribute (Bains 
and Gupta, 1973) and as such preliminary evaluations 
should be geared to identify and develop stable or well 

buffered genotypes (Eberhart and Russell, 1966). Such 
effects might be attributed to individual and/or 
population buffering capacity (Allard and Bradshaw, 
1964). 

Lewis (1954) defined stability factor (S.F.) of 
genotype as the ratio of the mean of the high yielding 
environment to the mean of low yielding environment. 
A unit value of S.F. indicated maximum phenotypic 
stability. Wrickle (1962) suggested the use of Eco 
valence (Wi) as a measure of stability. Brennan and 
Byth (1979) expressed the yield in each environment as 
a percentage of environment mean yield and the 
resultant average relative yield across environments 
was used to select cultivars. The methods described 
above provided generalized characterization of 
genotype responses and gave no indication of actual 
patterns of response in specific environments 
(Eisemann and Mungomery, 1981). 

The regression approach was originally devised 
(Yates and Cochran, 1938) but attracted little attention 
until Finlay and Wilkinson (1963) and Eberhart and 
Russell (1966) detailed it. Finlay and Wilkinson (1963) 
regress the log transformed genotype mean of each 
genotype in an environment into an environmental 
index (environmental mean). The regression 
coefficients and mean yield of individual genotypes 
were used to differentiate among productivity response 
of the genotypes. 

Eberhart and Russell (1966) regressed the variety 
mean of the ith variety at jth environmental index 
(environmental mean – grand mean) and used deviation 
from regression, mean yield and regression coefficient 
of individual variety to compare productivity responses. 
Perkins and Jinks (1968) proposed a variation in 
Eberhart and Russell’s model to avoid the confusion of 
partitioning of degrees of freedom associated with 
environmental linear and estimated the regression of G 
x E interaction effect (geij) on to an environmental 
index (Ij). This model yields a regression coefficient 
(bi) around zero rather than one for (bi) in Eberhart and 
Russell’s method.  

The genotype x environment interaction sum of 
squares was partitioned into two components, one 
measuring differences among fitted regression lines 
and the other measuring deviation of the observed 
values around those fitted lines. If significant G x E 
interactions were present either one or both of these 
forms would be significant when tested against the 
pooled error (Gautam et al. 1984). Freeman (1973) 
suggested that it was better to test the significance of bi 
for jth season by comparing mean sums of squares 
(M.S.) with mean sums of squares due to deviation for 
the variety. The test of significance of each βi to 
determine whether or not βi = 0 was an essential part of 
regression analysis (Gomez and Gomez, 1984). 

Stability analysis of component characters in 

Vigna mungo species 
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Several studies were available for the analysis of 
stability for different component characters of black 
gram. Some of them have been summarized in Table-3. 

Biochemical & Molecular aspects of genetic 

stability 

Not much literature was available for molecular 
aspects of stability analysis of black gram. However, 
the DNA based marker system alone or in conjunction 
with morphological markers had been used for in order 
to obtain more reliable information about the black 
gram and related pulses. Several studies had disclosed 
the genetic diversity and the relationship among the 
various landraces of black gram (Shivaprakash et al., 
2004; Gafoor et al., 2012). Chaiteng et. al., (2006) first 
developed the genome map using the azuki bean SSR 
and RFLP marker. Recently, a more saturated map 
consisting of 254 AFLP, 47 SSR, 86 RAPD and 41 
ISSR markers was reported by Gupta et al., (2008). 
Ganguly and Bhat (2012) presented the pattern of 
variation in black gram using sequence tagged 
microsatellite markers in a set of 85 accessions and 
found that all the characters were heritable stable over 
all the locations. 

 Detection of quantitative trait loci (QTL) into 
individual genetic component by use of biochemical 
markers used to make the decision regarding the choice 
for selecting superior genotype for improvement or to 
be utilized as parent for the development of future 
cultivars through hybridization. Ghafoor et. al., (2012) 
analyzed the seed protein of 105 genotype of black 
gram using SDS-PAGE and found that variation in 
seven quantitative traits out of ten were significantly 
associated with the nine protein subunits. Variation at 
protein peptides in the vicinity of the QTL in black 
gram may be an indication of genetic variation 
potentially available to breeding programs. Manasi 
Dash and Dhara Shree (2013) also studied the effect of 
the 3 temperature regimes in seven black gram 
varieties over different developmental stages for 
identifying suitable stress tolerant genotypes. Protein 
content (9.54 mg per gram fresh tissue) was found to 
be present when the genotypes were exposed to 20°C–

30°C temperature. The black gram varieties J.L and 
PDU-1 gave a stable performance in all the 
temperature regimes over characters.  

Gene expression of protein also depended on the 
dose and type of biofertilizer which induced most mid 
and high molecular weight protein bands. 
Biofertilization was known to perform significant 
improvement in plant productivity and quality 
(Selvakumar et al., 2012). Mutations had also been 
used as an alternative source of genetic variability for 
the improvement of black gram. Mutagens influenced 
the methionine content of the seed with different level. 
The various dose/concentration of gamma rays and 
EMS induced mutation for polygenic traits and it was 
found that coefficient of variation and phenotypic 
coefficient of variation, heritability was significantly 
higher for different characters (Gandhi et al., 2012). 

 

Future Challenges 
1. Intensification of research for identification of 

resistant source to major biotic and abiotic 
stresses. 

2. Development of high yielding hybrid varieties of 
black gram. 

3. Refinement in production and protection technology. 
1. Training on breeding technology and agri- 
management of black gram. 
Conclusion 

There is a lot of literature available on black gram 
with its various aspects. Still, there is much scope to 
conduct an extensive study in this crop to be developed 
as new promising cultivars. This is possible via testing 
the various germplasms in diversified environmental 
conditions. Commercialization of black gram cultivar 
can be justified by exploring and utilizing its stability 
in a different environment in the milieu of yield. Future 
research should be directed in this area. 
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ABSTRACT 

Information and communications technology (ICT) has become a very important feature in the 
agricultural sector in contemporary times. Even though it is still a new concept, an increasing number of 
professionals are appreciating its use for development work. Subject matter specialists are important 
stakeholders in the development of agriculture. It is therefore pertinent that they should be abreast with 
modern information and communication technologies so as to discharge their duties more effectively. This 
study examines extent of use of information communication technologies by subject matter specialists. 
Data was obtained from subject matter specialists of Kvks of MPUAT Udaipur, with the help of 
questionnaire. Information collected showed that subject matter specialists were frequently used ICT tool. 
Majority of respondents (100%) used computer / mobile phone, Internet and e-mail (80%), still video 
camera and CD/VCD (50-60%), once in a week, once in fortnight, once in month or on occasion.  

 
Key words: Computer, Information Communication Technologies, Internet and Krishi Vigyan Kendra. 

 
The world is changing at a very fast pace. The 

changes can be seen in every aspect of life, be it 
politics, society or economy. One of the most 
important factors of change is technology. For the 
development of technology, information is essential. 
Information is the collection of facts gathered through 
various means of communication (for example, people, 
newspaper and television) and plays a vital role in fast 
growing generation. At the same time, technology 
makes information gathering fast and easy. ICT, as 
described by Food and Agriculture Organization (FAO, 
1993), refers to technologies that allow for  Collecting 
,processing, storing, retrieving, disseminating and 
implementing data and information, using micro 
electronics, optics, telecommunication and computers. 
The Krishi Vigyan Kendra is one of the leading 
institute denoted to upliftment of rural. Krishi Vigyan 
Kendras (KVKs) all over the country as an institutional 
innovation for application of agricultural science and 
technology on the farmer’s field with the help of 
multidisciplinary team i.e. Subject matter spacialists 
(SMS). These subject matter specialists gives skill or 
knowledge oriented training to farmers in 
multidisciplinary areas like crop. protection 

horticulture, animal Sciences, and fisheries, home 
Science  and  agricultural extension 

METERIALS AND METHODS 

The present study was conducted in all the eleven 
Krishi Vigyan Kendras of Maharana Pratap University 
of Agriculture and technology Udaipur, namely, Kota, 
Bundi, Baran, Sirohi, Rajsamand, Jhalawar, 
Pratapgarh, Chittorgarh, Dungarpur, Banswara & 
Bhilwara.   Programme co-ordinators  and subject 
matter specialists were selected for the study and 
sample comprises of 50 respondents :  Mailed 
questionnaire technique was selected as the most 
suitable technique for data collection. The 
questionnaire consisted of background information of 
the respondents and extent of use of information 
communication technologies by subject matter 
specialists of krishi vigyan kendras viz., computer, 
internet, E-mail, mobile/telephones, still/video camera 
CD/VCD for different types of activities and 
information. Frequency and percentage were used to 
analyze data regarding general information, extent of 
use information communication technologies by 
subject matter specialists.  
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Table 1. Educational Qualification of the respondents 
Variables F % 

Age  

• 30 to 40 years (young) 

• 41 to 50 years (middle) 

• 51 to 60 years (old) 

 
20 
21 
9 

 
40 
42 
18 

Designation  

• Professor  

• Associate Professor  

• Assistant Professor  

 
3 

14 
33 

 
6 

28 
66 

Educational Qualification  

• Post graduate (M.Sc.) 

• Doctorate  

 
5 

45 

 
10 
90 

Working Experience  

• Less than 10 year  

• 10 to 20 years  

• 20 to 30 years  

• 30 or more years  

 
17 
20 
12 
1 

 
34 
40 
24 
2 

 
Table 2. Distribution of respondents common areas related to training   (N=50)                                                                                    

Frequency duration Frequency area 

% 

Common areas  

of training 

F % 

up to 7 day 7-14 days 14-21 days 

1. Orientation training  42 84 - 3 39 

2. Refresher training  40 80 18 22 - 

3. Agriculture 37 74 8 9 20 

4. Animal husbandry  10 20 3 5 2 

5. ICT 30 60 6 19 5 

6. Entrepreneurship development training  5 10 1 4 - 

7. Extension methods and approaches  12 24 3 6 3 

8. Research and development  5 10 1 4 - 

9. General training related to job  7 14 - 3 4 

10. Fisheries  3 6 - 2 1 

            
Table 3. Extent of Use of Information Communication Technology    (N=50) 

Computer Internet Email Mobile/telephone 
Still/Video 

Camera 
CD/VCD 

Extent of use 

F % F % F % F % F % F % 

Every Day 40 80 35 70 30 60 50 100 - - - - 

Once in a 

week 

4 8 2 4 4 8 - - 14 28 - - 

Twice in a 

week 

6 12 3 6 6 12 - - - - - - 

Once in 

fortnight 
  - - - - - - 11 22 6 12 

Once in 

month 
- - - - - -   5 10 4 8 

On occasion - - - - - -     15 30 
Total 50 100 40 80 40 80 50 100 30 60 25 50 

 

RESULTS AND DISCUSSION 

1. Profile of the respondents 

Age: Table 1 indicated that 42 percent respondents 
belonged to middle age group (41-50 years) while 40 
percent respondents were in young age group (30-40 
years) remaining 18 percent were in old age group (51-
60 years).  

Designation : Table further shows that majority of the 
respondents (66%) were Assistant Professor, while 28 
percent were Associate Professor where as only 6 
percent  were professor.  
Educational Qualification: Regarding educational 
status, data reveal that a vast majority of the 
respondents (90%) were Ph.D., (Agri./H.Sc.) while 10 
percent were post graduates (Table 1).  
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Working Experience  

Regarding the working experience, 40 percent 
respondents were having 10 to 20 years experience and 
34 percent respondents had less than 10 years 
experience. While 24 percent had to 20 to 30 years 
experience. Only 2 percent respondents had more than 
30 years experience. 
Training received by respondents 

Regarding areas of training the data indicated 
that majority of the respondents (84%) received 
orientation training, followed by refresher trainings 80 
percent, training related to agriculture 74 percent, ICTs 
60 percent, further data show that 20-24 percent 
respondents received trainings on animal husbandry 
and extension methods & approaches. Very few 
respondents 10-14 percent received trainings on 
entrepreneurship development, research & 
development and general training related to job, only 3 
respondents received trainings on fisheries.  
2 Extent of use of information communication 

technologies  

Computer: Table 3 revealed that all (100%) 
respondents used computer. On the frequency of use 
majority of respondents (80%) used computer 
everyday, 12 percent said that they used it twice in a 
week and 8 percent said that they used it once in a 
week it shows the importance of computers in day to 
day life. Computer is the most important tool in today's 
scenario.  It can make our work reassured and faster. It 
can hold huge amount of information with in all fields. 
It can improve with a very high accuracy, without 
computer we can’t imagine the world.  
Internet: With reference to internet majority of the 
respondents (80%) said that they used It. Out of this 
number, most of respondents (70%) reported that they 
used it daily, Whilest a few (4%) said they used it  once 
in a week  and 6 percent said  they used it twice in 
week. Remaining 20 percent did not used internet 
might be because of the reason that they don’t have 
internet connection; they don’t know how to use 
internet, network problem, lack of power supply. This 
result agrees with the results reported by Oladosu 
(2008) in his study on “extension workers information 

technology use characteristic and training needs of 
Nigeria” revealed that majority of the extension agents 
(80%) has access to the internet.. 
E-mail: Regarding E-mail majority (80%) said they 
used  it and had their own    E-mail IDs. Out of which 
60 percent were used E-mail regularly and daily, 12 
percent used it twice in a week and 8 percent used it 
once in a week.It shows that E-mail is most frequently 
used in kvks. 
Mobile Phone/telephone: Table further reveals that 
mobile /telephone was used everyday by all the 
hundered present respondents .The reason behind this 
might be its value added services such as internet, 
Video, MP3, Bluetooth, easy to operate, time saving 
.The results are also in line with the result reported by 
Abdel Rahman who found that telephones allowed 
farmers to be better informed about agricultural 
information and solving their problems related to 
agriculture 
Aboh (2008) also reported in his study on “Assessment 
of the frequency of ICT tools usage by Agricultural 
Extension agents in IMO state Nigeria” revealed that 
mobile phone and computer were frequently used by 
respondents. 
Still / Digital Video Camera  

More than half of the respondents (60%) used 
Still/Video camera. Out of which 28 percent 
respondents used it once in a week, 22 percent used it 
once in fortnight and 10 percent   used it once in a 
month.   
CD/VCD: 

Fifty percent respondents reported that they used 
CD/VCD .Out of which 30 percent respondents used it 
on occasions, 12 percent used it once in fortnight and 
few(8%) said that they used it once in a month.   
Conclusion 

 According to the study, the most frequently used ICT 
tools were computer, internet, e-mail, mobile/telephone 
obviously because of there ease of use and wide 
coverage. Through these means administrators and 
information personnel are provided with rapid and 
reliable  communication. This shows that all the KVKs 
are well equipped with modern ICT tools. 
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ABSTRACT 

A field experiment was conducted to study the Effect of different growth regulating compounds on 
biochemical and quality parameters in green gram during rabi 2009-10. Among the growth regulators 
growth promoting substance NAA (20 ppm) recorded significantly higher values for biochemical 
parameters, photosynthetic rate where as relative chlorophyll content (SCMR) values were highest in 
chlormequat chloride 50% SL 375.0 g a.i ha

-1
, mepiquat chloride 5% AS (5%) and NAA (20ppm) during 

reproductive stage. Among the quality parameters highest seed protein content (%) and highest nitrogen 
harvest index values were recorded with growth retarding substance chlormequat chloride (187.5 g a.i ha

-

1
) in green gram. 

 

Key words: Biochemical parameters, Green gram, Plant growth regulators, Quality parameters. 
 

The plant growth regulators (PGRs) play an 
important role in overcoming the hurdles in 
manifestation of biological productivity in pulses. The 
use of plant growth regulators are known to improve 
the physiological efficiency including photosynthetic 
ability of plants and offer a significant role in realizing 
higher crop yields [1]. The PGRs are also known to 
enhance the source-sink relationship and stimulate the 
translocation of photo-assimilates, thereby increasing 
the productivity. Use of these regulators should be 
judicious in any given cropping system [2]. The present 
paper deals with the effect of certain growth promoting 
and retarding compounds on biochemical and quality 
parameters in greengram. 
 

MATERIAL AND METHODS 

     A field experiment was conducted during rabi 
2009-2010 at Student’s Farm, College of Agriculture, 
Rajendranagar, Hyderabad. The experiment was laid 
out in randomized block design using the cv. WGG-37 

with nine treatments viz, chlormequat chloride 50% SL 
(137.5 g a.i ha-1,162.5 g a.i ha-1, 187.5 g a.i ha-1and 
375.0 g a.i ha-1), Mepiquat chloride 5% AS, NAA (20 
ppm), Brassinosteroid (20 ppm), Water spray and 
Control replicated thrice. Growth regulators were 
sprayed on 38 DAS (initiation of flowering). The 
photosynthetic rate (Pn) was measured by using Infra 
Red Gas Analyzer of PP systems (Model TPS-1). The 
SPAD-502 (Soil Plant Analytical Development) meter 
is used for measuring the relative chlorophyll content 
of leaves. The seed and plant samples were oven dried 
at 70oCandpowdered. The same was used for 
estimating the nitrogen percentage by following the 
micro Kjeldhal method. The protein content was 
calculated by multiplying the nitrogen content with a 
factor of 6.25. The data were analyzed statistically and 
wherever the results were significant, the critical 
difference (CD) was calculated at 5 per cent level of 
significance [3]. 

 

Table 1. Effect of different growth promoting and retarding substances on SCMR values during reproductive 

stage in green gram. 

Treatments At Flowering 15DAF At Maturity 

Chlormequat Chloride 50% SL  (137.5 g a.i/ha) 
Chlormequat Chloride 50% SL (162.5 g a.i/ha) 
Chlormequat Chloride 50% SL  (187.5 g a.i/ha) 
Chlormequat Chloride 50% SL (375 g a.i/ha) 
Alpha naphthyl acetic acid (NAA)(20 ppm) 
Mepiquat Chloride 5% AS (5%) 
Brassinosteroid (20 ppm) 
Water 
Control 
Mean  
SEd                                                                                      
CD (P=0.05) 

43.26 
43.30 
43.13 
43.73 
41.30 
43.40 
41.63 
42.43 
42.06 
42.69 
1.84 
3.91 

40.08 
40.02 
40.72 
39.40 
39.70 
41.62 
39.14 
38.30 
37.64 
39.62 
3.56 
NS 

31.53 
31.86 
31.78 
30.12 
32.13 
30.73 
31.60 
27.20 
26.83 
30.42 
2.54 
5.39 
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Table 2: Effect of different growth promoting and retarding substances on photosynthetic rate  

(µmol m
-2

 s
-1

) during reproductive stage in green gram. 

 

Treatments At Flowering 15DAF At Maturity 

Chlormequat Chloride 50% SL (137.5 g a.i/ha) 
Chlormequat Chloride 50% SL (162.5 g a.i/ha) 
Chlormequat Chloride 50% SL (187.5 g a.i/ha) 
Chlormequat Chloride 50% SL  (375 g a.i/ha) 
Alpha naphthyl acetic acid (NAA) (20 ppm) 
Mepiquat Chloride 5% AS (5%) 
Brassinosteroid (20 ppm) 
Water 
Control 
Mean   
SEd 
CD (P=0.05) 

8.60 
12.54 
10.46 
9.25 

15.67 
13.60 
9.70 
7.55 
7.15 

10.49 
1.31 
3.03 

17.58 
20.52 
21.95 
16.65 
23.47 
20.23 
19.70 
17.15 
16.50 
19.32 
4.12 
NS 

16.45 
17.58 
14.95 
15.45 
19.18 
18.35 
12.61 
13.92 
15.96 
16.08 
2.16 
NS 

 
Table 3: Effect of different growth promoting and retarding substances on protein content and  Nitrogen  

harvest index in green gram. 

 

Treatments 

Total protein 

content in seed 

(g plant-1) 

Seed 

protein 

(%) 

Total protein 

content in plant 

( g plant-1) 

Nitrogen Harvest 

Index 

Chlormequat Chloride 50% SL  
(137.5 g a.i/ha) 
Chlormequat Chloride 50% SL  
(162.5 g a.i/ha) 
Chlormequat Chloride 50% SL  
(187.5 g a.i/ha) 
Chlormequat Chloride 50% SL 
 (375 g a.i/ha) 
Alpha naphthyl acetic acid  (NAA)  
(20 ppm) 
Mepiquat Chloride 5% AS (5%)  
Brassinosteroid   (20 ppm) 
Water 
Control 
Mean 
SEd   
CD (P=0.05) 

0.82 
 

0.85 
 

0.80 
 

0.84 
 

0.90 
 

0.77 
0.84 
0.66 
0.52 
0.77 
0.44 
0.12 

19.70 
 

20.17 
 

20.63 
 

19.20 
 

20.00 
 

20.27 
19.80 
18.70 
18.20 
19.62 
0.14 
0.31 

4.60 
 

5.01 
 

4.80 
 

4.92 
 

5.44 
 

4.36 
5.20 
4.05 
3.85 
4.69 
0.87 
0.33 

17.20 
 

17.06 
 

17.31 
 

16.49 
 

16.78 
 

17.05 
16.66 
16.44 
15.62 
16.73 
1.26 
NS 

 
Figure 1.  SCMR values as influenced by growth regulators application during  

reproductive   stage in green gram. 
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Figure 2. Photosynthetic rate as influenced by growth regulators application during 

 reproductive stage in green gram 

 
GP = Growth Promoters    GR = Growth Retardants    DAF = Days after flowering 

 

 
Figure 3: Effect of growth regulators on seed protein (%) in greengram 

 

 
GP = Growth Promoters, GR = Growth Retardants 

 
 

RESULTS AND DISCUSSION 

     SCMR (SPAD Chlorophyll meter reading) values 
were maximum at flowering stage and declined 
thereafter (Table 1andFig.1).       The application of 
chlormequat chloride (375.0 g a.i ha-1), NAA (20ppm) 
and mepiquat chloride (5% AS) resulted higher 
chlorophyll content during reproductive stage. Higher 
SCMR values(32.13) at maturity by NAA 20 ppm can 
be attributed to the prevention of photooxidation of 
chlorophyll. The application of mepiquat chloride to 
groundnut resulted in high chlorophyll content without 
the modification of leaf anatomy and delayed 
chlorophyll degradation [4]. The delay in leaf 
senescence could also be attributed to higher 
chlorophyll content and the foliar application of NAA 
(20 ppm) significantly increased chlorophyll content in 
cowpea [5]. 
      Photosynthesis is the primary process, which form 
the basis for yield determination. In the present study, 
the photosynthetic rate increased from flowering to pod 
setting stage and thereafter decreased (Table 2 and 
Fig.2). At flowering stage there were significant 
differences in photosynthetic rate between treatments. 
Among the treatments NAA (20 ppm) recorded higher 
photosynthetic rate at pod setting stage (23.47 µmol m-

2 s-1) and maturity stage (19.18 µmol m-2 s-1). The 
maximum photosynthetic rate with NAA 20 ppm 

treatment can be attributed to more SCMR values and 
more leaf area index values than in other treatments.  
     The application of growth regulators showed 
significant effect on protein content in seed (Table 3 
and Fig.3). Among the treatments Chlormequat 
chloride (187.5 g a.i./ha) recorded significantly higher 
seed protein content (20.63 %) followed by mepiquat 
chloride 5% AS and chlormequat chloride @ 162.5 g 
a.i./ha with 20.27 and 20.17% respectively. 
     The increase in the protein content due to 
application of growth regulators may be attributed to 
their effect on biosynthetic pathways related to protein 
synthesis. All growth regulator treatments did not show 
any significant effect on nitrogen harvest index. 
Though there were significant differences for total 
protein content in plant and seeds, nitrogen harvest 
index did not differ significantly (Table 3). Highest 
protein content values of 0.9 g in seeds and 5.44 g in 
plant were recorded with NAA 20ppm. However, the 
nitrogen harvest index was low in control (15.62) and 
more in chlormequat chloride @ 187.5 g a.i ha-1 
(17.31). The maximum seed protein percentage (20.63) 
and nitrogen harvest index (17.31) was recorded in 
chlormequat chloride (187.5 g a.i/ha). The higher 
uptake as well as mobilization of nitrogen might have 
resulted in enhanced synthesis of amino acids and 
thereby higher protein content in seeds [6, 7].  
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CONCLUSION 

     Among the growth regulators growth promoting 
substance NAA (20 ppm) recorded significantly higher 
values for photosynthetic rate where as relative 
chlorophyll content values were highest in chlormequat 
chloride 50% SL 375.0 g a.i ha-1, mepiquat chloride 5% 

AS (5%) and NAA (20ppm) during reproductive stage. 
Among the quality parameters highest seed protein 
content (%) and highest nitrogen harvest index values 
were recorded with growth retarding substance 
chlormequat chloride (187.5 g a.i ha-1) in greengram. 
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 ABSTRACT 

A field experiment was conducted at Agronomy Research Farm, N.D. University of Agriculture & 
Technology, Faizabad (U.P.) during the Rabi season of 2010-11 to assess the Effect of different dates of 
sowing and irrigation scheduling on growth and yield of mustard (Brassica juncea  L.). Results revealed that all 
the growth and yield attributes were increased significantly under 30

th
 October sowing. Plant height (cm), leaf 

area index and dry matter accumulation (g plant
-1

) and yield attributes like number of siliquae plant
-1

, number of 
seeds siliqua

-1
, length of siliqua (cm) and seed and stover yields of mustard crop were significantly higher with 

irrigation  at 0.7 IW/ CPE ratio. Interaction between dates of sowing and irrigation scheduling was found 
significant on yields of mustard. Highest seed yield (16.36 q ha

-1
) was recorded with 0.7 IW/CPE ratio sown on 

30
th 

October. Irrigation at 0.7 IW/CPE ratio under Oct 30
th
 sowing proved most remunerative and economically 

feasible for mustard under the agroclimatic conditions of Eastern U.P. 
 

Key words: Dates of Sowing, Growth, Irrigation Scheduling and Yield. 
 

Mustard is the second most important edible oil 
seed crop after groundnut. It plays an important role in 
the oil seed economy of the country. India occupies the 
third position in mustard production in World after 
China and Canada. In India, during 2009-2010, the 
mustard crop had production of about 6.40 million 
tonnes from an area of 6.45 million hectares with an 
average productivity of 990 kg ha-1. However, in U.P it 
is grown in 0.82 mha with production of 0.90 million 
tones. The average productivity in U.P is 1141 kg ha-1, 
which is quite less than the National average 
Productivity (Anonymous, 2010).  
  Among the different agronomic practices, optimum 
sowing time plays an important role to fully exploit the 
genetic potentiality of a variety as it provides optimum 
crop growing environment such as temperature, 
humidity and light etc. Sowing time is one of the most 
important non monetary input which influences to the 
great extent on both the productivity of seed and oil. 
Mustard are usually sown by the end of September to 
first fortnight of October in north India when grown as 
a sole crop or sown as mixed or intercrop. But with the 
development of new varieties of crops and adoption of 
multiple cropping systems under irrigated conditions, it 
has become essential to extend their sowing from 
October to mid November or even later. Delayed 
sowing would influence adversely the crop 
performance. It necessitates to develop suitable agro 
techniques to augment the productivity of the crop. 
Water is very precious and scarce input during winter, 
its efficient utilization is quite necessary. Efficient use 
of irrigation water aims at the utilization of available 
water resources to the maximum possible advantages in 
the crop production. As such, use of this costly and 
scarce input through efficient water management 
practices is very essential. Among the several 

recognized criteria of irrigation scheduling, the 
climatological approach (IW/CPE ratio) is very useful. 
Evapotranspiration by a full crop cover is closely 
associated with the evaporation from an open pan 
(Dastane, 1967). Information on optimum water 
requirement of mustard are not available under agro-
climatic conditions of eastern U.P. which calls for a 
need to generate more information on the combined 
effect of mustard to the different dates of sowing and 
irrigation scheduling based on IW/CPE ratio for greater 
yields. 

MATERIALS AND METHODS 

The experiment was conducted at Agronomy 
Research Farm of N.D. University of Agriculture & 
Technology, Faizabad (U.P.) during rabi season 2010-
11. Geographically experimental site is situated at 260 
47′ N latitude; 820 12′ E longitude and an altitude of 
113 meters above MSL in the Indogangetic regions of 
Eastern U.P. The soil of the experimental site was silt 
loam, having 0.32% organic carbon, 180.4 kg/ha 
available N, 18.4 kg/ha available P2O5, 290.0 kg/ha 
available K2O, 7.9 pH and 0.33 dsm-1EC. The 
experiment was conducted in split plot design with 3 
replications. Twelve treatment combinations comprised 
of date of sowing viz., D1 (30th October), D2 (14th 
November) and D3 (29th November) were kept as main 
plot treatments and four irrigation scheduling viz., I1 
(Irrigation at 0.5 IW/CPE ratio), I2 (Irrigation at 0.7 
IW/CPE ratio), I3 (One irrigation at pre-bloom stage) 
and I4 (Irrigations at pre-bloom stage + pod filling 
stage) were kept as sub plot treatments. Seeds were 
sown at 30 cm spacing with the help of Deshi plough. 
Thinning was done twice at emergence stage at 10 
DAS and at 20 DAS as order to maintain optimum 
plant to plant distance 15 cm. 
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Table 1. Effect of different dates of sowing and irrigation scheduling on growth of mustard  
 

Number of branches plant-1 at harvest 
Treatments Plant height 

(cm) 

at harvest 

Leaf area 

index 

at 90 DAS 

Dry matter 

accumulation at 

harvest 

(g/ plant) Primary Secondary 

Dates of sowing  

D1 149.15 3.20 49.31 7.43 15.97 

D2 144.66 3.09 47.26 6.69 14.38 

D3 118.50 2.50 38.93 5.65 12.15 

SEm± 4.52 0.11 1.48 0.22 0.52 

CD at 5% 17.77 0.43 5.82 0.88 2.05 

Irrigation scheduling 

I1 128.59 2.73 42.02 5.94 12.77 

I2 147.03 3.15 48.18 7.25 15.59 

I3 130.08 2.80 43.01 6.06 13.02 
I4 144.04 3.03 47.46 7.11 15.29 
SEm± 3.40 0.06 1.11 0.17 0.30 

CD at 5% 10.09 0.18 3.31 0.49 0.88 

Table 2. Effect of different dates of sowing and irrigation scheduling on yield and Yield attributes of mustard  
 

 
Treatment 

Number of 

siliquae 

plant-1 

Length of 

siliqua (cm) 

Number of 

seeds 

siliqua-1 

1000-seed 

weight (g) 

Seed yield 

(q ha-1) 

Stover 

yield 

(q ha-1) 

Harvest 

index (%) 

Dates of sowing  

D1 399.75 5.35 13.51 4.71 14.65 44.96 24.56 

D2 364.90 5.17 13.05 4.68 12.79 40.02 24.20 
D3 309.72 4.56 11.51 3.69 10.05 30.23 24.89 
SEm± 13.18 0.12 0.27 0.16 0.29 1.04 0.66 

CD at 5% 51.75 0.46 1.04 0.64 1.15 4.08 NS 

Irrigation scheduling 

I1 321.34 4.75 12.00 4.30 10.53 33.90 23.66 
I2 398.77 5.34 13.47 4.46 14.52 45.55 25.59 
I3 332.97 4.86 12.27 4.30 11.01 35.67 23.58 

I4 379.41 5.16 13.04 4.38 13.94 41.48 25.36 
SEm± 7.44 0.08 0.19 0.09 0.20 0.62 0.51 
CD at 5% 22.10 0.23 0.56 NS 0.59 1.84 NS 

 
 

Table 3. Effect of different dates of sowing X irrigation scheduling on seed and stover Yield of Indian 

mustard  
Seed yield (q ha-1) Date of sowing 

Irrigation scheduling 
D1 D2 D3 

I1 12.48 10.78 8.33 
I2 16.36 15.62 11.57 
I3 13.96 10.33 8.74 
I4 15.81 14.43 11.56 

 SEm ± CD at 5%  

I at D 0.40 1.20  

D at I 0.35 1.05  

 Stover yield (q ha-1) 

I1 39.94 33.98 27.78 

I2 48.26 46.93 32.45 
I3 44.07 34.12 28.83 
I4 47.56 45.03 31.85 
 SEm ± CD at 5%  

I at D 1.24 3.68  
D at I 1.21 3.60  

         
 

  



 

Journal of Progressive Agriculture, Vol.5, No. 2: October, 2014 

_______________________________________________________________________________________________________ 

20 
 

RESULTS AND DISCUSSION 

Dates of sowing brought significant variation on Plant 
height, leaf area index, dry matter accumulation plant-1 
and number of branches plant-1 at harvest of mustard 
crop. Crop sown on 30th October produced significantly 
taller plant, higher LAI, No. of branches and dry matter 
accumulation over 29th November sowing (Table-1) due 
to prolonged vegetative growth period because of 
congenial environmental conditions, especially 
atmospheric temperature which formed a basis for rapid 
cell division in the meristematic tissues of the crop 
which led to better growth attributes under normal 
sowing (30th October). The late sown crop on 29th 
November experienced sub-optimal temperature 
regime, especially during the second fortnight of 
December and first fortnight of January which retarded 
their growth compared to normal date (30th October) or 
mid sown (14th November)on earlier date. Height of the 
plant, number of branches, LAI and dry matter 
accumulation were significantly affected by irrigation 
scheduling (Table-1). The taller plant height was 
recorded significantly with 0.7IW/CPE ratio might be 
due to rapid cell division, elongation under adequate 
water supply. Shorter plant height was recorded under 
0.5 IW/CPE ratio were mainly due to poor growth 
caused by stress conditions. (Panda et al; 2004, Singh 
and Singh, 2002 and Kurmi 2002). Leaf area index 
were significantly influenced by various irrigation 
scheduling. Significantly higher LAI were recorded 
with 0.7 IW/CPE ratio. Increase in LAI under 
increasing moisture availability might be due to 
increased nutrient absorption which contributed for 
more number of green leaves and size of leaves and 
ultimately led to higher LAI. The lowest LAI was 
recorded under 0.5 IW/CPE ratio due to reduced cell 
expansion under moisture stress conditions. (Sharma et 

al., 2006). Crop sown on 30th October accumulated 
significantly higher dry matter plant-1 which did not 
differed significantly than sown on 14th November. 
However, crop sown on 29th November accumulated 
significantly lower dry matter than 30th October 
sowing. Accumulation of dry matter is directly related 
to their vigorous plant height, LAI and number of 
branches plant-1 which were appreciably reduced as 
sowing made delayed. (Panda et al; 2004 and Khushu 
and Singh, 2005). Higher dry matter accumulation at all 
the stages were recorded under 0.7 IW/CPE followed 
by irrigation at pre-bloom stage + pod filling stage. 
Might be due to taller plants, number of branches and 
LAI under adequate moisture availability which in turn 
contributed for higher dry matter accumulation as the 
result of proper cell turgidity and opened leaves which 
unltimately increased the photosynthetic activity of 
plants and led to higher dry accumulation under the 
treatment. Significantly higher dry matter accumulation 
due to increasing irrigation level had also been reported 
by Sharma et al.,2006. Higher number of branches 
under was recorded under 0.7 IW/CPE ratio followed 
by irrigation given at pre-bloom + pod filling stage. 

Might be due to adequate availability of moisture which 
perhaps increased the availability of nutrients and led to 
more number of branches plant-1. The lower number of 
branches was recorded under irrigation given at 0.5 
IW/CPE ratio due to inadequate availability of moisture 
to the treatment. (Sharma et al., 2006). Number of 
siliquae plant-1, length of siliqua, number of seeds 
siliqua and 1000-seed weight were successively 
decreased with delay in sowing from 14th November to 
29th November (Table-2). However, the differences 
between 30th October and 14th November sowing were 
not significant. Late sowing (29th November) restricted 
the growth duration and induced early flowering, 
delayed pod initiation and seed setting to the great 
extent as compared to 30th October and 29th November 
sowing due to low temperature during the months of 
December and January which not only restricted the 
growth but also induced slow of pollination and 
flowering in late sown crop. Similar results were 
reported by Singh and Singh, 2002 and Panda et al., 
2004. Number of siliquae plant-1, length of siliqua and 
number of seeds siliqua-1, influenced significantly due 
to different irrigation scheduling. The higher values of 
these yield contributing characters were observed when 
crop was irrigated at 0.7 IW/CPE ratio. This might be 
due to the fact that as reproductive organs are 
determined much before the emergence of siliqua and 
largely governed by the vegetative growth and initiation 
of flower primordia. Better vegetative growth build 
ultimately into higher yield attributing characters due to 
increased absorption of mineral nutrients under 
adequate available soil moisture under adequate 
moisture condition growth characters were highest 
which contributed for highest yield attributes due to 
increased photosynthetic activity and translocation of 
photosynthates from source to sink. (Bhan and Khan, 
1982). Seed and stover yield of mustard were 
significantly affected due to date of sowing (Table-3). 
Crop sown on 30th October recorded significantly 
higher seed yield as compared to 14th November and 
29th November sowing due to better translocation of 
photosynthates from source to sink. But it decreased 
drastically as the sowing delayed further. This might be 
due to poor growth and translocation of photosynthates 
from source to sink. All the growth and yield attributes 
which determined the yield of mustard crop, were 
adversely influenced when the sowing were done 
delayed beyond 30th October. Crop sown later during 
first fortnight of November experienced cool climate 
which reduced the rate of photosynthesis and other growth 
as well as development processes of plants which results 
in reduced seed and stover yield. Khushu and Singh (2005) 
also reported similar results. Yield is the result of interplay 
of various growth characters and yield attributes. Seed and 
stover yields were significantly affected by different 
irrigation scheduling (Table-3). Higher seed and stover 
yields were recorded under irrigation given at 0.7 IW/CPE 
ratio might be due to better translocation of photosynthates 
from source to sink as the result of proper utilization of 
nutrients and led to higher yields. (Sharma et al; 2006). 
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ABSTRACT 

The study was carried out to soil fertility on the basis of correlation between status of OC, pH and 
available Fe in black soil of Navagarh block under Janjgir district of Chhattisgarh. The soil pH varied from 
5.8 to 8.0 (mean 6.24) and indicated that soils were found to be moderately acidic to slightly alkaline in 
reaction. The mean value of organic carbon was 0.58% and about 90% soils of this block comes under 
medium fertility group.  The available iron and manganese and content were ranged from 0.44 to 91.6 mg 
kg

-1
 (mean 23.8 mg kg

-1
) respectively in soil of Navagarh block. Most of soil samples were found in 

sufficient levels of Fe. The correlation studies between available micronutrient Fe and soil properties ( pH 
,OC) showed significant correlation with pH  but significant with OC.  
 
Key words: Correlation, Fe, Organic carbon, pH and soil fertility. 
 

Soil fertility has a direct relation with the crop 
yields, provided other factors are in optimum level. 
Soil fertility must be periodically estimated as there is 
continues removal of macro and micro nutrients by the 
crop intensively grown in every crop season. In order 
to achieve higher productivity and profitability, every 
farmer should realize that fertility levels must be 
measured as these measurements can then be used to 
manage soil fertility. 
     Soil fertility is related to the amount of available 
nutrients Iron and their correlation with OC (organic 
carbon ) and pH. Some measure it by the yield 
capacity, and others look it to be a function of organic 
matter or even soil texture. In brief, soil fertility refers 
to the availability status of essential macro and micro 
nutrients in the soil (Tisdale et.al., 1993).Soil fertility 
status is essential for judicious use of fertilizers and 
assurance of better crop yields. The diagnostic 
techniques for fertility evaluation include fertilizer 
trials, Soil test and plant analysis. Out of these, soil test 
provides the most accurate information on the 

availability of various plant nutrients (Dahnke and 
Olsen, 1990). 

MATERIALS AND METHODS 

Soil physicochemical characteristics of  Soil pH 
was determined in 1:2.5 soil - water suspension after 
stirring for 30 minutes, by glass electrode pH meter as 
suggested by Piper.The sample soil used for pH 
determination was allowed to settle down for four 
hours then conductivity of supernatant liquid was 
determined by Solu- bridge as described by Black 
(1965) . Organic carbon was determined by Walkley 
and Black’s rapid titration method (1934) . The 
micronutrients Fe were extracted by using 0.005M 
DTPA (Diethyl triamine penta acetic acid), 0.01M 
calcium chloride dehydrate and 0.1M triethanol amine 
buffered at 7.3 pH  Lindsay and Novell (1978) and 
concentrations were analyzed by atomic absorption 
spectrophotometer 4129.  

 

Table 1:  Salient soil properties of the study area. 
Soil characteristics Range Mean S.D 

pH  (1:2.5,Soil:water) 5.8 – 8.0 6.24 ± 0.28 

O.C. (%) 0.29 - 0.88 0.58 ± 0.06 

Available Fe (mg kg-1) 0.44 - 91.6 23.8 ± 12.51 

 
Table 2 : Range and Mean values of different nutrients in study area according     to soil type . 

Alfisols Vertisols 
Soil parameters 

Ranges Mean Ranges Mean 

pH 6-7.3 6.20 6.5-8.0 7.16 
Organic carbon% 0.29-0.88 0.58 0.32-1.49 0.53 

Available Fe mg kg
-1

 0.44-91.56 24.42 2.24-33.38 10.41 
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Table 3: Category of soils samples under different pH rating of Navagarh  block. 

 
Table 4 : Distribution and categorization of organic carbon status. 

 

 
Table 5 : Distribution of available iron status in surface soils of Navagarh  block. 

 

 
Table 6 : Correlation coefficients (r) between physico-chemical properties and DTPA -extractable Fe  in 

Vertisols of Navagarh block. 

 

Soil properties Zn 

pH -0.306** 

EC -0.067* 

OC 0.074* 

            *Significant at 5% level                 ** Significant at 1% level  

Alfisols Vertisols 

Classes Limit No. of 

Samples 

% Samples No. of 

Samples 

% Samples 

Total 

(%) 

Strongly acid <5.0 0 0 0 0 0 

Moderately acid 5.1-6.0 273 21.4 0 0 21.24 

Slightly acid 6.1-6.5 888 69.10 0 0 69.10 

Neutral 6.6-7.5 71 5.52 38 2.96 8.48 

Slightly alkaline 7.6-8.5 0 0 15 1.16 1.16 

Organic carbon (%) Alfisols Vertisols 

Classes No. of Samples % Samples No. of 

Samples 

% Samples 

Total (%) 

Very Low 
(<0.25) 

0 0 0 0 0 

Low 

(0.25-0.50) 
96 7.47 24 1.87 9.33 

Medium 

(0.50-0.75) 
1134 88.25 27 2.10 90.35 

High 
(>0.75) 

2 0.16 2 0.16 0.31 

Available Fe 

 (mg kg
-1

) 

Alfisols Vertisols Total              

 (%) 

  No. of 

Samples 

    % Samples No. of 

Samples 

    % Samples  

Deficient <4.5 29 2.25 6 0.46 2.72 

Sufficient 4.5-9 116 9.02 26 2.02 11.05 

High level >9 1087 84.59 21 1.63 86.22 
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Figure 1. Soil available Fe as affected by pH and Organic C. 

 
 

RESULTS AND DISCUSSION 

Physico-chemical characteristics  
 

 Soil reaction (pH)  

A study on soil pH (Table 1) revealed that the soil 
samples collected from the farmer’s field were acidic 
to slight alkaline in reaction and pH ranged from 5.8 to 
8 with an average of 6.24. Singh et al. (2009) reported 
that surface and subsurface soils were normal to 
slightly alkaline in reaction in the soils of district 
Ghazipur, Uttar Pradesh. Considering in Table 2 the 
soils having <5.0 as strongly acidic, 5.1 to 6.0 as 
moderately acidic, 6.1 to 6.5 as slightly acidic, neutral 
as 6.6 to 7.5 and slightly alkaline as 7.6 to 8.5. In 
general out of 1285 samples 21.24% soils were found 
in moderately acidic, 69.1% in slightly acidic, 8.48% 
neutral and 1.16% slightly alkaline in reaction (Table 3).  

Organic carbon (OC) 
Data presented in ( Table 1 and 4 ) revealed that 

most of the soils are having low to medium status of 
organic carbon. It ranged from 0.29 to 0.88 % with a 
mean value of 0.58% covering all the black soil group 
(Alfisol and Vertisol). Nearly 90.35 % soil samples of 
Navagarh block of Janjgeer- Champa district were 
medium in organic carbon content. Considering the 
soils having <0.25% as very low, 0.25- 0.50 % as low, 
0.50- 0.75% medium and >0.75% as high in OC status. 
The overall organic carbon ranges from 0.29 to 0.88 
and 0.32 to 1.67 and with mean of 0.58 and 0.53% in 
Alfisol and Vertisol, respectively ( Table 1). The soils 
of Navagarh were found 9.33% in low, 90.35 % in 
medium and only 0.31% soil samples in high organic 
carbon status.  
     High temperature and good aeration in the soil 
increased the rate of oxidation of organic matter 
resulting reduction of organic carbon content. The high 
temperature prevailing in the area is responsible for the 
rapid burning of organic matter, thus resulting low to 
medium in organic carbon content of these soils. 
Similar results were also reported by Sharma et al. 
(2008) in soil of Amritsar district of Punjab state.  
 

Available Fe status 

     The DTPA-extractable Fe content of soils under 
study varied from 0.44 to 91.56 mg kg-1 with an 
average of 23.85 mg kg-1 (Table 1). These finding 
corroborate with results as reported by Rajeshwar et al. 
(2009) in soil of Krishna district of Andhra Pradesh 
and also confirm the findings of Singh et al. (2009) . In 
the soils of district Gajipur, Uttar Pradesh. Considering 
4.5 mg kg-1 DTPA-extractable Fe as critical limit 
(Table 2) (Lindsay and Norvell, 1978), these soil 
samples were found 2.72% deficient, 11.05% sufficient 
and 86.22 % high in available Fe content (Table 5). 
High available Fe content in soils of Navagarh block 
might be due to its topography and cultivation of rice, 
which induced prolonged submergence coupled with 
reducing conditions. Majority of the soils were not 
deficient in Fe as the amount of iron required by crops 
is being released by iron bearing minerals in these 
soils. The soil pH had reverse effect on the availability 
of Fe content in soil. It was concluded from the table 
4.9 that 84.59 and  total 86.22% samples under high 
level of Fe and 9.02 and  total 11.05%, samples under 
sufficient level of Fe, where as 2.25 and total 2.72% 
samples were fall under deficient in available Fe in, 

Alfisol and Alfisol + Vertisol included under black soil 

group, respectively.  
 

Relationship between soil characteristics and 

DTPA-extractable Fe in Vertisol 
A significant negative correlation (r = -0.306**) of 

available Fe with pH (Table 6) was observed in 
Vertisols of Navagarh block. The findings are in 
conformity with observations reported by Meena et al. 
(2006). The availability of Fe content show higher 
values due to their solubility effects. Similar results 
were also reported by Kumar et al. (2009) for available 
Fe. Organic carbon was positive and significantly 
correlated (r = 0.074**) with available content of zinc 
(Table 6). Rajeshwar et al (2009) confirmed similar 
result observed by Kumar et al. (2009) in Dumka series 
of Santhal Paraganas region of Jharkhand. 
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ABSTRACT 

A poly bag experiment was conducted at Department of Agricultural Microbiology and Bioenergy and 
Interfaculty Department of Biochemistry, College of Agriculture, Rajendranagar, Hyderabad during rabi 
season (2010-11) to study the impact of chemical fertilizers, vermicompost and biofertilizers (nitrogen 
biofertilizer (NBF): Azotobacter and phosphate solubilizing biofertilizer (PSBF): Bacillus) on antioxidant 
activity and shelf life of spinach beet (Beta vulgaris). Results revealed that among all treatments total 
antioxidants were increased significantly with 50% RDF + NBF + PSBF which was on par with 
vermicompost + 50% RDF treatment. Significantly maximum total phenolic content was recorded in 50% 
RDF + NBF + PSBF followed by vermicompost + NBF + PSBF, vermicompost + 50% RDF and 
vermicompost + NBF. Total carotene content was significantly higher (3.62 mg/100g) with application of 
50% RDF + NBF + PSBF at 30, 45 and 60 DAS over all other treatment. Shelf life was recorded higher 
with application of 50% RDF + NBF + PSBF followed by vermicompost + NBF + PSBF, NBF + PSBF and 
vermicompost + 50% RDF both at refrigeration and room temperature in polythene covers. Hence 
application of NBF and PSBF with 50% RDF is recommended for spinach beet crop.  
 
Key words: Vermicompost, nitrogen biofertilizer, phosphate solubilizing biofertilizer, antioxidants, spinach beet. 

 
Green Leafy vegetable like spinach beet, is a much 

valued vegetable, widely consumed everywhere 
because of its delicate texture and jade green color and 
its nutritional value. Spinach beet belongs to the family 
Chenopodiaceae and has the scientific name Beta 

vulgaris. Spinach beet is a good source of antioxidants. 
Antioxidant compounds in food play an important role 
as a health-protecting factor. Antioxidants reduce the 
risk for chronic diseases including cancer and heart 
disease. Some compounds, such as gallates, have 
strong antioxidant activity, while others, such as the 
mono-phenols are weak antioxidants. Certain unique 
anti-cancer carotenoids called epoxyxanthophylls are 
plentiful in spinach beet, even though they may not be 
as effectively absorbed as other carotenoids like beta-
carotene and lutein. Over use of mineral fertilizers 
causes environmental pollution due to the excessive 
accumulation and leaching of harmful elements to the 
ground water (Ju et al., 2007). This calls for a sincere 
effort on the part of the agricultural scientists in 
identifying harmless inputs like biofertilizers and 
organic fertilizers. The effect of both organic and 
inorganic sources of nutrient associated with microbial 
population through inoculation with biofertilizer 
helping in mobilizing phosphorus and nitrogen fixation 
into soluble form in the soil, which inturn promote the 
growth, increase the rate of absorption and better 
accumulation of ascorbic acid, folic acid content in 
spinach (Alderfasi et al., 2009). Therefore there is a 
need to compare the the effect of integrated use of 
biofertilizer, vermicompost and inorganic fertilizer (N, 

P, and K) on antioxidant activity and shelf life of 
spinach beet. 

MATERIALS AND METHODS 

The experiment was conducted at Department of 
Agricultural Microbiology and Bioenergy and Inter 
faculty Department of Biochemistry, College of 
Agriculture, Rajendranagar, Hyderabad during rabi 
season (2010-11) and was laid out in completely 
randomized design with 3 replications and 12 
treatments. Red soil was used for the experiment and 
the spinach beet variety All green which was collected 
from Agricultural Research Institute (ARI). The 
recommended dose of chemical fertilizers used for the 
experiment was 0.43: 1.25: 0.66 g NPK/poly bag, 
vermicompost (24g/poly bag) and biofertilizers 
(nitrogen biofertilizer (NBF): Azotobacter and 
phosphate solubilizing biofertilizer (PSBF): Bacillus). 
Azotobacter and Bacillus cultures were collected from 
bacterial inoculants laboratory, ARI, Rajendranagar 
and mixed with farm yard manure (1:10 g/poly bag) 
vermicompost (24g/poly bag) according to the 
treatments imposed. 
        The treatments consisted of T1 - Control 100% 
Recommended Dose of Fertilizer  (RDF) , T2 - NBF, T3 
- PSBF, T4 -  NBF+PSBF, T5 - 50% RDF + NBF, T6 - 
50% RDF + PSBF, T7 - 50%  RDF + NBF + PSBF, T8 
- Vermicompost, T9 - Vermicompost + NBF, T10 -  
Vermicompost + PSBF, T11 - Vermicompost +NBF + 
PSBF, T12  -  Vermicompost + 50% RDF. Seeds were 
sown at the rate of 20 per poly bag. Two weeks after 
sowing the plants were thinned and watered at regular 
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intervels. The plants were harvested after 30 days (1st 
picking), 45 days (2nd picking) and 60 days (3rd 
picking) after sowing and the following determinations 
were carried out at each picking.   
        Immediately after harvesting the leaves and stems 
of spinach beet plants were washed with tap water and 
then with distilled water and made into small pieces. 
Then the leaf samples were air dried for a period of h 
and then kept in an oven at 720 C till the constant 
weight was obtained. Dry leaf powder was used for 
estimation of total antioxidants and for total phenols. 
Total carotene content was estimated immediately after 

harvesting. Total antioxidants were estimated by using 
the method of Liyana-Pathirana and Shahidi (2005). 
Total phenol content in the extract was determined by 
the modified Folin-ciocalteu method (Wolfe et al., 
2003). Total carotene content in the extract was 
determined by the method of Ranganna (1997). Shelf 
life of the spinach beet crop was assessed after 
harvesting, both at refrigerator and at ambient 
temperature by keeping in 150 guage polythene covers. 
Shelf life was expressed in h. The replicated data were 
statistically analyzed by Completely Randomized 
Design described by Panse and Sukhatme (1967). 

 

Table 1. Influence of biofertilizers, vermicompost and chemical fertilizer on the total antioxidants (%) of 

spinach beet 
Treatments Antioxidant activit at 30 DAS Antioxidant activity at 45 DAS Antioxidant activity  at 60 DAS Mean 

T1- Control (100% RDF)       53.5      58.1    55.7 55.7 
T2 - NBF       53.3      54.0    48.3 51.8 
T3 - PSBF       52.2      55.9    47.8 51.9 
T4 -  NBF+PSBF       52.6      56.0    52.5 53.7 
T5  - 50% RDF + NBF       49.5       55.3    55.1 53.3 
T6 - 50% RDF + PSBF       53.1       52.4    52.4 52.6 
T7 - 50%   RDF + NBF + PSBF       54.6       63.5    61.5 59.8 

T8  -  Vermicompost       53.0       51.1    50.4 51.5 

T9   - Vermicompost + NBF       52.8       54.8    53.7 53.7 

T10 -  Vermicompost + PSBF      53.5       54.7    49.8 52.6 
T11 -  Vermicompost +NBF + PSBF      52.8       54.6    55.3 54.2 

T12  -  Vermicompost + 50% RDF      53.7        60.9    60.3 58.3 

 Mean        52.8           55.9      53.5 49.9 

                                                                                                       SED                                                           CD at 5% 

Treatments (T) 1.61 3.22 
Days (D) 0.81  1.61 
Treatments × Days (T*D) 2.79 5.57 

DAS: Days after sowing, RDF: Recommended Dose of Fertilizer), NBF: Nitrogen biofertilizer,  
PSBF: Phosphate solubilizing biofertilizer, SED: Standard error deviation, CD: Critical difference, 
 T*D: Interaction. 

 

Table 2. Influence of biofertilizers, vermicompost and chemical fertilizer on the total phenol content (mg/g 

gallic acid equivalent) of spinach beet 

DAS: Days after sowing, RDF: Recommended Dose of Fertilizer), NBF: Nitrogen biofertilizer, PSBF: Phosphate solubilizing biofertilizer, 
SED: Standard error deviation, CD: Critical difference, CV: Coefficient of variation, T*D: Interaction. 
   

Table 3. Influence of biofertilizers, vermicompost and chemical fertilizer on the total carotene content (mg/100 g fresh 

weight) of spinach beet 

                      Treatments Carotene content at 30 Carotene content at 45 Carotene content at 
Mean 

Treatments Phenols at 30  DAS Phenols at 45 DAS Phenols at 60  DAS Mean 

T1- Control (100% RDF) 21.20 21.17 21.13 21.16 

T2 – NBF 21.37 21.30 21.27 21.31 
T3 – PSBF 20.90 20.80 20.53 20.74 
T4 -  NBF+PSBF 21.60 21.30 21.10 21.33 

T5  - 50% RDF + NBF 23.20 23.07 23.17 23.14 

T6 - 50% RDF + PSBF 22.33 22.27 22.17 22.25 
T7 - 50%   RDF + NBF + PSBF 26.51 26.35 26.32 26.39 

T8  -  Vermicompost 20.37 20.20 20.27 20.28 
T9   - Vermicompost + NBF 23.60 23.58 23.38 23.52 

T10 -  Vermicompost + PSBF 22.90 22.60 22.37 22.62 
T11 -  Vermicompost +NBF + PSBF 25.78 25.71 25.48 25.65 
T12  -  Vermicompost + 50% RDF 24.85 24.68 24.61 24.71 
 Mean  22.88 22.75 22.65 22.76 
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DAS DAS 60 DAS 

 T1- Control (100% RDF) 3.44 3.20 3.12 3.25 
T2 – NBF 2.30 2.56 2.90 2.58 
T3 – PSBF 2.56 2.82 2.86 2.74 
T4 -  NBF+PSBF 2.82 2.92 3.20 2.98 
T5  - 50% RDF + NBF 2.90 3.00 3.00 2.96 
T6 - 50% RDF + PSBF 2.96 3.16 2.44 2.85 

T7 - 50%   RDF + NBF + PSBF 3.62 3.44 3.62 3.56 
T8  -  Vermicompost 2.58 2.54 2.66 2.59 
T9   - Vermicompost + NBF 1.88 2.34 2.32 2.18 
T10 -  Vermicompost + PSBF 2.22 2.06 2.58 2.28 
T11 -  Vermicompost +NBF + 
PSBF 

2.28 2.42 2.28 2.32 

T12  -  Vermicompost + 50% 
RDF 

2.92 2.89 2.80 2.87 

Mean 2.70 2.77 2.81 2.76 
 

                                                                    SED                                                     CD at 5%  
Treatments (T) 0.04     0.08   
Days (D) 0.02     0.04  
Treatments × Days (T*D) 0.07 0.13 

DAS: Days after sowing, RDF: Recommended Dose of Fertilizer, NBF: Nitrogen biofertilizer,    
PSBF: Phosphate solubilizing biofertilizer, SED: Standard error deviation,  
CD: Critical difference, T*D: Interaction.  
    

Table 4. Influence of biofertilizers, vermicompost and chemical fertilizer on the shelf life (h) of spinach beet. 
RDF: Recommended Dose of Fertilizer, NBF: Nitrogen biofertilizer, PSBF: Phosphate    

SB: solubilizing biofertilizer, SED: Standard error deviation, CD: Critical difference, CV: Coefficient of variation. 
 

RESULTS AND DISCUSSION 

Total antioxidants   
        The influence of biofertilizer with inorganic 
fertilizer and with vermicompost on total antioxidants 

(%) of spinach beet at 30, 45 and 60 days after sowing 
is presented in table 1. Among all treatments total 
antioxidants were increased significantly with 50% 
RDF + NBF + PSBF which was on par with 
vermicompost + 50% RDF treatment. There was 
significant difference among 30, 45 and 60 days after 
sowing in the total antioxidant content. Similar trend 
was reported by Rico et al. (2007) reported an increase 
in antioxidant activity on treatment with half 
recommended fertilizer (HRF; N, P2O5 and K2O at 5.5, 
2.75 and 2.4) biofertilizer (Bio 500 kg biofertilizer/10 

acre) to Rice crop. Ordookhani et al. (2010) reported 
that maximum antioxidant activity was found in tomato 
plants treated with PGPR (Pseudomonas + Azotobacter 

+ Azospirillum) and AMF.  
Total phenolic content  

        Influence of different treatments on total phenolic 
content (mg/g gallic acid equivalent) is presented in 
table 2. Significantly higher total phenolic content was 
recorded in 50% RDF + NBF + PSBF followed by 
vermicompost + NBF + PSBF, vermicompost + 50% 
RDF and vermicompost + NBF. The lowest phenolic 
content in spinach beet leaves was found with 
vermicompost treatment. Significant decrease in total 
phenol content in spinach was observed from 30 to 60 
days after sowing. Biofertilizers application was 

Treatments Ambient temperature Refrigerated temperature 

T1- Control (100% RDF) 90 140 

T2 – NBF 92.8 142.5 
T3 – PSBF 93.1 143.9 
T4 -  NBF+PSBF 96.6 147.3 
T5  - 50% RDF + NBF 94.8 146 
T6 - 50% RDF + PSBF 92.5 143 
T7 - 50%   RDF + NBF + PSBF 98.3 149.2 
T8  -  Vermicompost 94.5 145.4 
T9   - Vermicompost + NBF 93.7 144.6 
T10 -  Vermicompost + PSBF 92.1 141 

T11 -  Vermicompost +NBF + PSBF 97.5 148 

T12  -  Vermicompost + 50% RDF 95.4 146.3 
SED 1.63 1.63 
CD>0.05 3.39 3.39 
CV% 2.12 1.38 
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reported to increase the concentration of simple organic 
molecules such as sugars, free amino acids and total 
soluble phenols which played a role in regulation of 
plant osmosis and consequently better plant growth and 
yield (Ahmed et al., 2000). 
 

Total carotene content  

      The data on total carotene content (mg/100 g fresh 
weight) of spinach beet on application of biofertilizer 
in combination with chemical fertilizer and 
vermicompost is presented in table 3. Among all 
treatments, total carotene content was significantly 
higher (3.62 mg/100g) with application of 50% RDF + 
NBF + PSBF at 30, 45 and 60 DAS over all other 
treatment. In all the other treatments except at 60 days 
after sowing, total carotene content was significantly 
low compared to 100% RDF and the least total 
carotene content was observed with vermicompost + 
NBF treatment at 30 days, vermicompost + PSBF at 45 
days, vermicompost + NBF + PSBF at 60 days. The 
higher carotene content in 50% RDF + NBF + PSBF 
compared to 100% RDF indicate that combination of 
inorganic and biofertilizers help in improving the 
quality of the produce. Similar findings were reported 
in spinach leaves when the crop was applied with 
inorganic fertilizer and biofertilizer. EL-Assiouty and 
ABO-Sedera, 2005 was reported when the crop was 
treated with 300 g/ fed phosphorein and fertilized with 
40 kg N and 15.0 or 7.5 kg P2O5 / fed or 300 g/ fed 
Azotobacter inoculum plus 20 kg N/ fed + 22.5 P2O5 / 
fed contained more carotenoids in the two growing 

seasons compared with the control treatment as well as 
the other treatments.  
Shelf life  
         The influence of inorganic fertilizer in 
combination with biofertilizer and vermicompost on 

shelf life (h) of spinach beet after harvesting is 
presented in table 4. Spinach beet plants applied with 
50% RDF + NBF + PSBF had higher shelf life 
followed by vermicompost + NBF + PSBF, NBF + 
PSBF and vermicompost + 50% RDF treatments both 
at refrigeration and room temperature in polythene 
cover. Mulani et al., (2007) reported that the 
application of organic manures and biofertilizers might 
lead to the reduced respiration which inturn resulted in 
higher shelflife. The minimum shelflife of spinach beet 
was recorded with 100% RDF treatment.  

CONCLUSION 

       Based on the above results, it is concluded that 
application of 50% RDF + NBF + PSBF was found to 
be more effective on total antioxidants, total phenols, 
total carotene content, shelflife over the other 
treatments. The results clearly indicate that there is no 
increase in any of the parameters total antioxidants, 
total phenols and total carotene content. Shelflife of 
spinach beet stored at refrigeration and ambient 
temperatures were increased with biofertilizers either 
in combination with chemical fertilizer and 
vermicompost. These results indicate that the 
application of inorganic fertilizers and vermicompost 
in combination with biofertilizers are more effective 
compared to recommended chemical fertilizer alone. 
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ABSTRACT 

A study on economics of chickpea production in Amravati district was carried out to work out per 
hectare cost of cultivation, gross returns and net return from the crop produce. The study was under 
taken in four tahsils i.e. Morshi, Daryapur, Achalpur and Chandurbazar. From each tahsils, three villages 
are selected and from each village ten farmers were selected for the study. In total, 120 chickpea 
cultivators selected for the study. All the respondents were personally interviewed using interview 
schedule for the year 2009-10. Simple tabular analysis was employed to accomplish the objectives of the 
study. The results revealed that, the overall hired human labour utilization, for chickpea was 38.43 days 
and for family labour it was 15.55 days. The per hectare cost of cultivation of chickpea at cost B at an 
overall level was worked out to Rs. 20876.31. Per hectare gross and net returns were observed highest in 
Daryapur tahsil, whereas net returns per hectare at cost B and cost C were observed lowest in 
Chandurbazar tahsil. Per quintal cost of cultivation was highest in Chandurbazar. The input-output ratio 
for overall size groups at cost A, cost B and cost C were 2.66, 1.24 and 1.17, respectively. The input 
outputs ratios calculated at cost A, cost B and cost C were greater than unity in all tahsils, indicating there 
by the production of chickpea was profitable. 

Key words: Chickpea Cultivation, Cost, Gross Income and Input-Output Ratio. 

`  

Agricultural being one of the major sectors 
associated with country’s population has attracted 
much attention since independence. Pulses have 
exhibited wide year-to-year fluctuations in production. 
The fluctuation may induce inefficiency in production 
which, in turn, would hamper the pace of growth in 
production. The different pulses grown in the country 
are an integral part of sustainable farming. Pulses are 
the important crop in India. The different pulses grown 
in the country are an integral part of subsistence 
farming. Chickpea or chana is very important pulse 
crop in the world after peas and beans named Cicer 

arientinum in the leguminceae family. 
     In India major chickpea growing states are Madhya 
Pradesh, Rajasthan, Bihar, Maharashtra and Uttar 
Pradesh etc. among these states, Maharashtra ranks 
third in acreage under chickpea after Madhya Pradesh 
and Rajasthan. Madhya Pradesh produces the major 
share of 40 per cent in the India production. In 
Maharashtra it constitute 13.08 ha area producing 9.24 
lakh tones with the productivity of 706 kg/ha in 2007-
08. 
     The rural economy of Vidarbha is the basically the 
crop economy. The principal Kharif crops are cotton, 
soybean, jowar, tur, mung, sunflower etc. The principal 
rabi crops are wheat and gram. Though, contribution of 
sub sector like horticultural, forestry is increasing over 
time, the cropping sector remains the major contributor 
to the domestic product. Thus, chickpea is one of the 
major crops grown in Vidarbha region. It is usually 
grown on available soil moisture during winter season 
after harvesting Kharif crop. Since, the irrigation 
facility are very limited in this region, the rabi crop i.e. 

chickpea acts as a good source of income to the 
farmers in rainfed area and also helps in increasing 
cropping intensity of this region giving economic 
support to the farmers. Thus, the study of economics of 
chickpea cultivation is needed to judge the cost items 
which have major share in the cost of cultivation which 
will further help in developing the low cost 
technologies substituting the highly expensive inputs. 
 

METERIALS AND METHODS 

     Amravati district was purposively selected for the 
present study. Out of thirteen tahsils of Amravati 
district, four tahsils were selected for the study. They 
are namely, Morshi, Achalpur, Daryapur and 
Chandurbazar. From each tahsils, three villages were 
selected randomly and from each village 10 chickpea 
cultivators were selected. In this way, total 120 
cultivators were selected for the study. The primary 
data for studying economics of chickpea production 
pertaining to the year 2009- 2010 were collected with 
the help of specially designed questionnaire from the 
four tahsils of Amravati district.   
Economics of production of chickpea 
     Economics of chickpea production was worked out 
by using standard cost concepts viz. cost A, cost B, and 
cost C. Simple tabular analysis was carried out to work 
out per hectare cost of cultivation, gross returns and net 
return from the crop produce. The arithmetic averages, 
were used to work out cost, gross and net returns. The 
collected data were complied, tabulated, and analyzed 
to accomplish the objective of the present study. 
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Table 1.  Tahsil-wise land utilization patterns of selected farmers   

                                                                                                                     (Area in ha)                                                

Tahsils 

Particulars 
Morshi Daryapur Achalpur 

Chandur 

bazar 
Overall 

Total land holding 
3.15 

(88.90) 
2.57 

(79.07) 
1.72 

(84.15) 
3.02 

(84.36) 
2.62 

(84.78) 

Fallow land 
0.12 

(3.80) 
0.11 

(3.38) 
0.09 

(4.45) 
0.07 

(1.95) 
0.1 

(3.24) 

Net sown area 
3.03 

(85.59) 
2.45 

(75.38) 
1.63 

(80.69) 
2.95 

(82.41) 
2.52 

(81.55) 

Irrigated area 
0.31 

(8.75) 
0.44 

(13.54) 
0.21 

(10.39) 
0.83 

(23.18) 
0.45 

(14.56) 

Unirrigated area 
2.72 

(76.84) 
2.01 

(61.85) 
1.42 

(70.29) 
2.12 

(59.22) 
2.07 

(66.99) 

Area sown more than once 
0.51 

(14.41) 
0.80 

(24.62) 
0.39 

(19.31) 
0.63 

(17.59) 
0.58 

(18.77) 

Gross cropped area 
3.54 
(100) 

3.25 
(100) 

2.02 
(100) 

3.28 
(100) 

3.02 
(100) 

Cropping intensity (%) 116.83 132.65 123.92 121.35 123.68 

      (Figures in parenthesis indicated percentage to the gross cropped area) 

 
Table 2.Tahsil-wise cropping pattern of selected farmers in Amravati   District          (Area in ha)                                                                                           

Particulars Tahsils 

Kharif Morshi Daryapur Achalpur 
Chandur 

bazar 
Overall 

Cotton 
1.24 

(35.03) 
1.32 

(40.62) 
1.17 

(57.92) 
1.20 

(33.51) 
1.23 

(39.81) 

Kharif jowar 
0.48 

(13.56) 
0.38 

(11.68) 
0.22 

(10.89) 
0.32 

(8.94) 
0.35 

(11.33) 

Tur 
0.22 

(6.21) 
0.22 

(6.77) 
0.08 

(3.96) 
0.29 

(8.10) 
0.20 

(6.29) 

Green gram 
0.45 

(12.71) 
0.13 

(4.00) 
0.05 

(2.47) 
0.38 

(10.61) 
0.25 

(8.09) 

Soybean 
0.48 

(13.56) 
0.22 

(6.76) 
0.06 

(2.97) 
0.56 

(15.64) 
0.33 

(10.67) 

Other 
0.16 

(4.52) 
0.18 

(5.54) 
0.05 

(2.47) 
0.19 

(5.30) 
0.14 

(4.85) 

Total 
3.03 

(85.59) 
2.45 

(75.38) 
1.63 

(80.69) 
2.65 

(82.40) 
2.44 

(81.23) 

Rabi 

Chickpea 
0.22 

(6.21) 
0.44 

(13.54) 
0.23 

(11.38) 
0.28 

(7.82) 
0.29 

(9.38) 

Wheat 
0.10 

(2.82) 
0.27 

(8.31) 
0.12 

(5.45) 
0.10 

(2.79) 
0.15 

(4.85) 

Sunflower 
0.09 

(2.54) 
0.05 

(1.54) 
0.02 

(0.99) 
0.09 

(2.51) 
0.06 

(1.94) 

Other 
0.10 

(2.82) 
0.04 

(1.23) 
0.03 

(1.48) 
0.16 

(4.47) 
0.08 

(2.59) 

Total 
0.51 

(14.41) 
0.80 

(24.62) 
0.39 

(19.30) 
0.63 

(17.59) 
0.58 

(18.77) 

Gross cropped area 
3.54 
(100) 

3.25 
(100) 

2.02 
(100) 

3.58 
(100) 

3.09 
(100) 

    (Figures in parentheses are per cent to the gross cropped area) 
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Table 3.  Per hectare fixed capital investment by chickpea growers 

Tahasils 
Particulars 

Morshi Daryapur Achalpur Chandurbazar Overall 

Land 
235215.1 
(79.39) 

240470.7 
(74.97) 

236612.3 
(77.93) 

230270.5 
(79.40) 

235642.1 
(77.85) 

Building 
39146.99 
(13.21) 

48700.43 
(15.18) 

46710.97 
(15.38) 

39542.89 
(13.64) 

43525.32 
(14.38) 

Livestock 
18462.8 
(6.23) 

22356.02 
(6.97) 

16610.82 
(5.47) 

13956.28 
(4.81) 

17846.48 
(5.90) 

Implements and machinery 
1896.84 
(0.64) 

1630.69 
(0.51) 

1895.6 
(0.63) 

1850.31 
(0.64) 

1818.36 
(0.60) 

Shed and storage 
1560.32 
(0.53) 

7605.41 
(2.37) 

1787.48 
(0.59) 

4389.08 
(1.51) 

7856.32 
(1.27) 

Total 
296282.1 

(100) 
320763.3 

(100) 
303617.17 

(100) 
290009.1 

(100) 
302667.83 

(100) 

(Figures in parenthesis indicated percentage to the total land holding) 

 
Table 4.  Per hectare level of utilization of key inputs for chickpea 

Physical quantity 

Input Unit 
Rate/ 

Unit Morshi Daryapur Achalpur 
Chand- 

urbazar 
Overall 

Hired human labour 

a) Male 
 

Days 
90.65 17.82 16.14 19.01 17.40 17.59 

b) Female 
 

Days 
75.34 20.80 20.12 28.08 19.37 20.84 

Bullock labour 
 

Days 
161.10 7.10 5.98 6.40 6.53 6.50 

Machine labour 
 

hrs 
148.81 10.22 12.93 10.09 9.89 10.78 

Seed 
 

Kg 
37.50 52.04 53.90 50.01 53.09 52.26 

Manures 
 

Qtl 
-       

Fertilizers 

a) N Kg 12.07 19.25 21.02 17.89 20.95 20.52 

b) P Kg 16.23 26.41 28.07 18.83 20.45 23.44 
Family   labour 
 a) Male Days 79.11 10.43 11.08 10.90 12.00 11.10 
b)  Female Days 69.30 4.02 2.06 4.50 7.24 4.45 
Yield 
a) Main produce Qtl. 2246.14 10.80 12.01 11.19 9.99 11.27 
b) By produce Qtl. 111.86 5.65 5.83 5.12 4.32 5.10 
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Table 5.   Per hectare cost of cultivation of chickpea                                                                    (Rs. /ha) 
 

Tahsils 

Items 
Morshi Daryapur Achalpur 

Chandur 

bazar 
Overall 

Hired human labour(days) 

a) Male 
1615.38 
(7.65) 

1463.09 
(6.21) 

1723.25 
(7.52) 

1577.31 
(7.49) 

1594.76 
(7.23) 

b) Female 
1567.02 
(7.42) 

 

1515.84 
(6.43) 

1738.8 
(7.58) 

1459.33 
(6.93) 

1570.27 
(7.12) 

Bullock labour (days) 
1143.81 
(5.42) 

963.37 
(4.08) 

1031.04 
(4.49) 

1051.98 
(4.99) 

1047.55 
(4.75) 

Machine labour 
1520.83 
(7.20) 

1924.11 
(8.16) 

1501.49 
(6.55) 

1471.73 
(6.99) 

1604.54 
(7.27) 

Seed (Kg) 
1952.5 
(9.25) 

2021.25 
(8.57) 

1875.37 
(8.18) 

1990.87 
(9.46) 

1959.75 
(8.88) 

Manures - - - - - 

Fertilizers 

a) N 
232.3 
(1.10) 

253.71 
(1.07) 

215.93 
(0.94) 

289.07 
(1.37) 

247.76 
(1.12) 

b) P 
428.63 
(2.03) 

455.5 
(1.93) 

305.61 
(1.33) 

331.90 
(1.57) 

380.43 
(1.72) 

c) K - - - - - 

Total 
660.7 
(3.13) 

709.21 
(3.01) 

521.54 
(2.27) 

621.97 
(2.95) 

628.35 
(2.85) 

Insecticide cost 
148.15 
(0.70) 

181.50 
(0.77) 

151.76 
(0.66) 

173.23 
(0.82) 

163.66 
(0.74) 

Incidental charges 
162.58 
(0.77) 

148.61 
(0.63) 

138.15 
(0.60) 

172.64 
(0.82) 

155.49 
(0.70) 

Repairing charges 
132.06 
(0.63) 

121.92 
(0.52) 

117.38 
(0.51) 

127.46 
(0.61) 

124.70 
(0.56) 

Working capital 
8903.03 
(42.16) 

9048.9 
(38.36) 

8798.78 
(38.39) 

8646.12 
(41.07) 

8849.07 
(40.11) 

Depreciation 
320.77 
(1.52) 

340.08 
(1.44) 

286.24 
(1.25) 

234.51 
(1.11) 

295.4 
(1.34) 

Land revenue 
25.10 
(0.12) 

26.23 
(0.11) 

23.17 
(0.10) 

28.14 
(0.13) 

25.66 
(0.12) 

Interest on working capital @ 6% 
534.18 
(2.53) 

542.93 
(2.39) 

527.92 
(2.30) 

518.76 
(2.46) 

530.94 
(2.42) 

Cost ‘A’ 
9783.08 
(46.33) 

9958.14 
(42.22) 

9636.11 
(42.05) 

9427.53 
(47.79) 

9701.21 
(43.98) 

Rental value of land 
4123.28 
(19.53) 

4578.48 
(19.41) 

3799.31 
(16.57) 

4194.69 
(19.93) 

4070.46 
(18.45) 

Interest on fixed capital@10% 
6106.69 
(28.92) 

8029.25 
(34.04) 

8308.78 
(36.25) 

5973.85 
(28.38) 

7104.64 
(32.20) 

Cost ‘B’ 
20013.05 
(94.77) 

22565.87 
(95.67) 

21744.2 
(94.88) 

19596.47 
(93.11) 

20876.31 
(94.62) 

Imputed value of family labour 

a) Male 
825.11 
(3.91) 

876.53 
(3.72) 

862.29 
(3.76) 

949.32 
(4.57) 

878.31 
(3.98) 

b) Female 
278.58 
(1.32) 

143.75 
(0.61) 

311.85 
(1.36) 

501.73 
(2.38) 

308.73 
(1.40) 

Cost ‘C’ 
21116.74 

(100) 
23586.15 

(100) 
22918.34 

(100) 
21047.52 

(100) 
22063.35 

(100) 
Value of produce 

a) Main produce 
24258.31 
 

26976.14 
 

25134.30 
 

22451.68 
24028.08 
 

b) By produce 632.00 652.14 572.72 483.23 548.67 

  (Figure in parentheses indicates per cent to the total cost) 
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Table 6. Per hectare gross income, net return and input output ratios for chickpea crop. (Rs. /ha) 
 

Tahsils 
Items 

Morshi Daryapur Achalpur Chandurbazar Overall 

Production per hectare 
a) Main produce 24258.31 26976.14 25134.30 24909.69 25319.61 
b) By produce 632.00 652.41 572.72 427.30 571.04 
Gross income per hectare 24890.31 27628.28 25707.02 25336.99 25890.65 
Per hectare cost at 
Cost ‘A’ 9783.08 9958.14 9636.11 9427.53 9701.21 
Cost ‘B’ 20013.05 22565.87 21744.2 19596.47 20876.31 
Cost ‘C’ 21116.74 23586.15 22918.34 21047.52 22063.35 
Net return per hectare at 
Cost ‘A’ 15107.23 17670.14 16070.91 15909 16189.44 
Cost ‘B’ 4877.26 5062.41 3962.82 3338.44 5014.34 
Cost ‘C’ 3773.57 4042.13 2788.68 1887.39 3827.3 
Input output ratio at 
Cost ‘A’ 2.54 2.77 2.66 2.43 2.66 
Cost ‘B’ 1.24 1.22 1.18 1.17 1.24 

Cost ‘C’ 1.17 1.17 1.12 1.08 1.17 

Cost per quintal 1955.25 1953.87 2048.10 2106.85 1957.70 
 

 

RESULTS AND DISCUSSION 

Economics of production of chickpea  

     An economic aspect, such as land utilization 
pattern, cropping pattern, per hectare input utilization, 
cost of cultivation, economics of production of 
chickpea and input – output ratio were studied and 
presented in this section. 
Tahsil-wise land utilization pattern of selected 

farmers in Amravati district  

     From Table 1, it is observed that the total land 
holding at overall level, was 2.62 ha. The net cultivated 
area was 2.52 ha; area sown more than once was 0.58 
ha, and irrigated was 0.45 ha. The cropping intensity 
was worked out to 123.68 per cent. Among the four 
tahsils, highest cropping intensity (132.65 per cent) 
was observed in Daryapur tahsils followed by Morshi 
(116.83 per cent), Achalpur (123.92 per cent), and 
Chandurbazar (121.35 per cent).The net cultivated area 
was highest i.e. 85.59 per cent in Morshi where as, it 
was 75.38, 80.69 and 82.41 per cent, respectively in 
Daryapur, Achalpur  and Chandurbazar tahsil. 
Cropping pattern of selected farmers  
     Cropping pattern of the selected farmers was 
worked out and presented in Table 2. Cropping pattern 
refers to allocation of area under different crops on the 
basis of past experiences, available irrigation facilities, 
the pattern of distribution of rainfall and soil type 
available.  From the Table 2, it is observed that, area at 
overall level under kharif crops was 81.23 per cent and 
for rabi crops it was 18.77 per cent. At overall level, in 
kharif season, the highest area 39.81 per cent was 
observed under cotton crop, followed by jowar (11.33), 
soybean (10.67), and green gram (8.09) per cent 
respectively. The area under cotton was observed 
highest in Daryapur tahsil (1.32 ha) followed by 

Morshi (1.24 ha), Achalpur (1.17 ha) and 
Chandurbazar (1.20 ha) respectively, indicated that, the 
cotton was the dominant crop of kharif season. During 
rabi season, at overall level the area under chickpea 
and wheat was highest i.e. 0.29 ha and 0.15 ha 
respectively, which were the major crops of selected 
area.    
Fixed capital investment by selected farmers 

     The success of a farm business largely depends 
upon the timely operations carried out. This is possible 
only, if the required farm implements; tools and 
machinery are available with the farmers. From this 
point of view, it is important to study per hectare fixed 
capital invested by the selected farmers. The per 
hectare investment in fixed farm assets viz; land, 
building, livestock, implements and machinery, shed 
and storage structure by the farmers in selected tahsils 
is presented in Table 3. Land constituted the major 
share in total fixed capital investment. It accounts for 
79.39 per cent, 74.97 per cent, 77.93 per cent, and 
79.40 per cent, in Morshi, Daryapur, Achalpur and 
Chandurbazar tahsils, respectively. At overall level, it 
was observed to be 77.85 per cent, with average per 
hectare value of Rs. 235642.1.Next major item of fixed 
capital invested was building and its share to total fixed 
investment in Morshi, Daryapur, Achalpur and 
Chandurbazar, tahsils were observed to be 13.21 per 
cent, 15.18 per cent, 15.38 per cent, and 13.64 per cent, 
respectively. The overall investment in building was of 
the value Rs.43, 525.32 with the share of 14.38 per 
cent in overall fixed capital investment. At overall 
level, value of livestock was found to be Rs.17846.48 
with 5.90 per cent share in overall total fixed capital 
invested by the selected farmers. At overall level, 
implements and machinery accounted for 0.60 per cent, 
where as shed and storage accounted for 1.27 per cent 
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in overall total fixed capital invested by the selected 
farmers. Thus, the overall total fixed capital invested 
by the selected farmers in the four selected tahsils of 
Amravati district valued Rs. 302667.83. 
Economics of chickpea production  
     Cost of production generally refers to, cost of 
production per unit of output. Normally in economics, 
the cost of production and cost of cultivation are used 
synonymously to convey the cost of cultivation per 
hectare and cost of production per quintal. The cost 
which determine on the basis of common cost concepts 
having different unity of different individual like 
researchers, cultivator, institution, or in policy decision 
are useful in estimating returns to the various factors of 
production. Human labour, bullock labour, seed and 
fertilizers forms the major items of cost. Therefore, it is 
intended to study the per hectare use of this resources 
for the chickpea cultivation in selected tahsils of 
Amravati district. Input utilization in chickpea 
production (per ha.) Input utilization of chickpea 
growers is presented Table 4. At overall level hired 
human labour utilization was worked out as 17.59 days 
for male and 20.84 days for female. On the other hand, 
hired female and male labour utilization was highest in 
Achalpur tahsil as compared to other tahsils i.e. 28.08 
days and 19.01 days, respectively. In case of family 
male and female labour utilization, it was highest in 
Chandurbazar tahsil as compared to other tahsils. Use 
of bullock labour was found at the highest level in 
Morshi (7.10 pair days) and it was lowest in Daryapur 
(5.98 pair days). At overall level it was worked out to 
be 6.50 pair days. Whereas, Seed was observed to be 
important input having major share in cost of 
cultivation. Per hectare seed rate was highest in 
Daryapur (53.90 kg) followed by Chandurbazar (53.09 
kg), Morshi (52.04 kg) and Achalpur (50.01 kg). The 
seed rate per hectare at overall level was found to be 
52.26 kg. Fertilizer application was observed to be 
highest in Daryapur tahsil and it was lowest in case of 
Achalpur. The overall level of utilization of nitrogen 
and phosphorus were worked out to be 20.52 kg and 
23.44 kg, respectively. The overall yield level in 
selected tahsils of Amravati district was worked out to 
be 11.27 quintals with 5.10 quintals of by – produce.  
Cost of cultivation of chickpea  

The information regarding per hectare cost of 
cultivation, gross return, and net return from chickpea 
on the farms of Morshi, Daryapur, Achalpur and 
Chandurbazar tahsils is presented in Table 5. Per 
hectare cost of cultivation has been assessed with 
reference to cost A, cost B, cost C. The cost A has 
significance in the cultivation of crop, which represents 
total variable cost. Table 5 depicts that, variable cost 
‘A’ per hectare of Morshi, Daryapur, Achalpur and 
Chandurbazar tahsils were Rs.9783.08, Rs. 9958.14, 
and Rs.  9636.11 and Rs. 9427.53 respectively and at 
overall it was worked out to Rs. 9701.21 which 
accounts, 43.98 per cent to the total cost. The 
respective figures of cost B per hectare were worked 

out to Rs. 20013.05, Rs. 22565.87, Rs. 21744.2, and 
Rs. 19596.47 for the tahsils of Morshi, Daryapur, 
Achalpur and Chandurbazar tahsils, respectively. At 
overall level, it was worked out to be   Rs. 20876.31 It 
was also observed from the Table 5 that, the cost A 
was highest in Daryapur tahsils i.e. Rs. 9958.14 
whereas, it is observed lowest in Chandurbazar i.e.  
Rs.9427.53. Cost ‘C’ was highest in Daryapur tahsils 
i.e. Rs. 23586.15 and lowest in Chandurbazar tahsils 
i.e. Rs.21047.52. In the total cost C, major items of 
expenditure were total human labour, bullock labour, 
machine charges and rental value of land.  
Cost and returns of Chickpea 

     One the objective of present investigation was to 
study the per hectare gross returns, net returns and 
input output ratio at different cost concepts, which  
were worked out for chickpea and it is presented in 
Table 6. Gross returns from chickpea for Morshi, 
Daryapur, Achalpur and Chandurbazar, tahsils were 
worked out to Rs.24890.31, Rs.27628.28, Rs. 
25707.02, and Rs. 25336.99, respectively. Whereas, at 
overall level it was Rs. 25890.65. At overall level, per 
hectare cost at cost ‘A’, cost ‘B’ and cost ‘C’ were Rs. 
9701.21, Rs. 20876.31, and Rs. 22063.35, respectively. 
The net returns per hectare at cost A, cost B and Cost C 
was observed more in Daryapur tahsil as compared to 
Morshi, Achalpur and Chandurbazar tahsils. Whereas, 
net returns at cost ‘B’ and cost ‘C’ was lowest in 
Chandurbazar tahsil. The input output ratio at overall 
level at cost A, cost B and cost C were worked out to 
2.66, 1.24 and 1.17, respectively. The input output 
ratios calculated at cost A, cost B and cost C were 
greater than unity in all tahsils of Amravati district, 
indicating there by the production of chickpea was 
profitable. Yadav et al. (2001) studied production and 
marketing of chickpea in Faizabad district of eastern 
Uttar Pradesh. Also, Deshmukh et al. (2007) studied 
economics of major crops in western vidarbha in 
relation to present investigation.  

CONCLUSIONS 

     The findings of the study led to the conclusion that, 
Interest on fixed capital and rental value of land 
constituted major cost items in the gross cost i.e. cost 
‘C’. 
- Per hectare gross and net returns were observed 

highest in Daryapur tahsil, whereas net returns per 
hectare at cost B and cost C were observed lowest 
in Chandurbazar tahsil. 

- Per quintal cost of production was observed highest in 
Chandurbazar tahsil. 

- The cost A, B, C, and gross returns in different tahsils 
did not shown much difference. 

- Based on input-output ratios in all tahsils of Amravati 
district, it can be concluded that chickpea is a 
profitable crop. 
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IMPLICATIONS 

It is advocated to the farmers in the study area, 
that they should include chickpea in their cropping 
pattern and cultivation of chickpea needs to be 
promoted by the extension agencies. Also, technical 

guidance regarding scientific cultivation should be 
provided to the farmers by agricultural department and 
allied sources for production and marketing of 
chickpea.  
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ABSTRACT 

Powdery mildew of green gram caused by Erysiphe polygoni DC has become major constraint in 
green gram growing areas. The germination of conidia was maximum at 20

0
C (70.31%) followed by at 

15
0
C and 25

0
C. The temperature range of 15 to 25

0
C was the most congenial for conidial germination. 

The optimum temperature required for conidial germination was 20
0
C. The relative humidity of 80 per cent 

was found to be optimum for conidial germination (70.50%). Maximum germination of conidia was 
observed at 2.0 per cent dextrose solution (75.50%) at 24h after incubation. Very poor germination was 
recorded in sterile water compared to tap water. 
 

Key words: Green Gram, Epidemiology, Erysiphe Polygoni DC, In-vitro and Powdery Mildew. 
     

Pulses, best known as “poor man’s meat”, 
constitute a major source of dietary protein of the large 
section of vegetarian population of the world. Besides 
their high nutritional value, they have a unique 
characteristic of maintaining and restoring soil fertility 
through biological nitrogen fixation and thus play a 
vital role in sustainable agriculture (Asthana, 1998). 
India is the largest producer and consumer of pulses in 
the world accounting for 33 per cent of world area and 
22 per cent of world production. The important pulse 
crops grown in India are Bengal gram, Lentil, Green 
gram, Black gram, Cowpea, Red gram, and Pea.  
     Among them green gram (Vigna radiata L. 
Wilczek), (Syn. Phaseolus aureus Roxb Phaseolus 

radiataus L.) is one of the most important pulse crops 
of leguminacea. It is an ancient and well known 
leguminous crop of Asia, on account of its nutritional 
quality and the suitability to cropping system. Rich in 
easily digestible protein (24%), mung bean adds much 
needed diversity to the cereal-based diets of the poor 
(Thirumaran and Seralathan, 1988). Mungbean 
contains vitamin A (94 mg), iron (7.3 mg), calcium 
(124 mg), zinc (3 mg) and folate (549 mg) per 100 g 
dry seed. It is consumed as dhal in South Asia, and 
food products such as fried snacks, desserts and bean 
sprouts.  Sprouts, which are a good source of vitamin C 
(8 mg per 100 g), can be produced year-round at home 
or commercially (Calloway et al., 1994). It is the third 
most important pulse crop in India covering an area of 
32.99 lakh ha with a total production of 13.74 lakh 
tonnes and an average productivity of 417 kg/ha 
(Anon, 2009). The lower productivity in green gram is 
mainly attributed to low genetic yield potentiality, 
indeterminate growth habit, canopy architecture, low 
partitioning efficiency, cultivation in marginal land and 
due to biotic and abiotic stresses. Among biotic stresses 
powdery mildew, cercospora leaf spot and mungbean 
yellow mosaic virus (MYMV) are the major diseases 

of green gram. The powdery mildew is particularly 
severe in late - sown kharif crop and under favourable 
condition, could be severe even on early kharif crop. 

MATERIALS AND METHODS 

Effect of sugar solution on conidial germination 

     The germination of conidia was studied in tap 
water, distilled water, dextrose (0.5, 1.0, 1.5 and 2%) 
and sucrose (0.5, 1.0, 1.5 and 2.0%). The study was 
conducted by following cavity slide method. Required 
quantity of dextrose and sucrose (0.5, 1.0, 1.5 and 2.0) 
were weighed and dissolved in sterile distilled water 
separately to get required concentrations and used for 
this study.   
     Powdery mildew infected green gram leaves with 
maximum sporulation were collected and brought to 
the laboratory. Spores from the leaf surface were 
transferred with the help of camel hair brush to the 
cavity slide containing respective media so as to get 
about 25 spores per microscopic field (10x10 
magnifications). 
Observations recorded 

Spores were dusted with the help of camel 
hair brush on the cavity slide and placed in the 
incubator for 24 hours at 20±10C temperature. Later 
cavity slides were removed from the incubator and 
observed under low power (10X) of the microscope. 
Total number of conidia and number of conidia 
germinated were recorded in each microscopic field. 
The per cent germination was calculated by counting 
100 spores using the formula 

                     A  
                    PG = --------- x 100 
                                 B 
Where, 
              PG = Per cent germination 
              A = Number of conidia germinated 
              B = Total number of conidia examined 
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Effects of temperature on conidial germination 

     The cardinal temperature required for conidial 
germination was carried out on cavity slides with the 
procedure similar to the one explained above (3.3.2). 
The cavity slides were incubated at various 
temperatures i.e. 50C, 100C, 150C, 200C, 250C, 300C, 
350C and 400C in an incubator for 24 hours. Three 
replications were maintained for each temperature and 
per cent germination was calculated by counting 
numbers of spores germinated to total number of 
spores observed. The per cent germination was 
recorded as done in above 
Effects of relative humidity on conidial germination 

      Effect of relative humidity on conidial germination 
was studied. Different levels of relative humidity were 
maintained in desiccators containing various proportion 
of sulphuric acid with distilled water (Solomon, 1951). 
The petridishes containing conidia and water on cavity 
slide were then placed in desiccators containing 
solution of sulphuric acid and distilled water. Different 
relative humidity percentages maintained were 0, 65, 
70, 75, 80, 85, 90, 95, and 100 per cent The desiccators 
were then incubated in an incubator at 20±10c for 24 
hours. The per cent germination was recorded as done 
in above 

 

Table 2: Standardization different concentrations of sugars solutions on conidial germination of Erysiphe 

polygoni DC 

Media Concentration (%) Conidial germination (%) 

Dextrose 0.5 
59.17 

(50.26)* 

Dextrose 1.0 
64.50 

(53.41) 

Dextrose 1.5 
68.27 

(55.69) 

Dextrose 2.0 
75.50 

(60.32) 

Sucrose 0.5 
57.33 

(49.20) 

Sucrose 1.0 
61.16 

(51.43) 

Sucrose 1.5 
69.17 

(56.25) 

Sucrose 2.0 
63.50 

(52.81) 

Tap water - 
58.17 

(49.68) 

Distilled water - 
57.83 

(49.49) 

Sterile water - 
53.17 

(46.80) 

S.Em.± - 0.41 

C.D at 1% - 1.62 

                     *Arcsine values 
 

Table 3: Effect of temperature on conidial germination of Erysiphe polygoni DC 
 

Temperature(
0
C) Conidial germination (%) 

5 
6.78 

(15.01)* 

10 
12.57 

(20.73) 

15 
61.48 

(51.62) 

20 
70.31 

(56.96) 

25 
44.33 

(41.72) 
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Temperature(
0
C) Conidial germination (%) 

30 
22.33 

(28.17) 

35 
9.26 

(17.66) 

40 
- 
 

S.Em.± 0.84 
C.D at 1% 2.52 

                          *Arcsine values 
 

Table 4: Effect of relative humidity on conidial germination of Erysiphe polygoni DC 

 

Relative humidity (%) Conidial germination (%) 

100 
59.20 

(50.29)* 

95 
60.20 

(50.87) 

90 
61.40 

(51.57) 

85 
64.60 

(53.47) 

80 
70.50 

(57.08) 

75 
55.80 

(48.30) 

70 
51.30 

(45.70) 

65 
47.30 

(43.40) 

S.Em.± 0.42 

C.D at 1% 1.41 

                            *Arcsine values 
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RESULTS AND DISCUSSION 

Standardization of different concentrations of sugar 

solution on conidial germination 

Spore germination of E. polygoni studied in 
different sugar solutions. The per cent germination was 
recorded after 24 hours of incubation and the data are 
presented in Table 1. Fig.2. The effect of different 
sugar on the conidial germination of the fungus was 
significant. The maximum conidial germination of 
75.50 per cent was recorded in two per cent dextrose 
solution, which was found significantly superior over 
the other media tested. However, this was followed by 
sucrose at 1.5 per cent (69.17%) and dextrose at 1.5 per 
cent (68.27%). Tap water, sterile water and distilled 
water recorded 58.17, 53.17 and 57.83 per cent 
conidial germination respectively. Among the sugar 
solutions, least conidial germination (57.33%) was 
observed with sucrose at 0.5 per cent. These findings 
are in agreement with Yarwood (1954) who found that, 
spore germination is accelerated by nutrients in 
powdery mildew and rust spores. Similarly,  Naik 
(1979) and  Navi (1986) who explained that 
uredospores require some nutrients for germination  
and  poor germination of spores in sterile water may be 
due to lack of essential nutrients. 
4.3.2 Effect of temperature on conidial germination 

In the present investigation, the effects of different 
temperature levels on the conidial germination of E. 

polygoni was studied as explained in the material and 
methods and the data are presented in Table 2. Fig.2.  
       An effect of different temperature on the conidial 
germination of fungus was significant. The maximum 
conidial germination (70.31%) was observed at 200C, 
which varied significantly from the other temperature 
levels tested. This was followed by 150C and 250C at 
which the conidial germination was 61.48 and 44.33 
per cent respectively. At 350C and 50C germination 
percentage was significantly decreased to 9.26 and 6.78 
per cent respectively. There was no conidial 
germination at 400C. This wide range of temperature 
adaptability favouring the pathogen to cause infection 
both under dry and wet season, resulting in severe 
disease incidence. Similar results were obtained by 
Paulech et al. (1971); Kothari and Verma (1977); 
Kunkalikar, (1989); Venkatrao (1997) and Abiko 
(1978). The conidial germination at 50C supported by 
the work of Raghavendra (2005) and Biju (2003).  

4.3.3 Effect of relative humidity on conidial 

germination 

The optimum relative humidity range for conidial 
germination of E. polygoni was studied as explained in 
the material and methods and the results obtained are 
presented in Table 3.Fig 3. Different relative humidity 
levels were found to have appreciable effect on 
conidial germination. The different relative humidity 
(RH) levels i.e. 65, 70, 75, 80, 85, 90, 95 and 100 per 
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cent were maintained at 200C. Maximum conidial 
germination 70.50 %, was observed at 80 per cent RH 
(which was significantly superior over other 
treatments. The next best level of relative humidity was 
85 per cent (64.60 %) followed by 90 (61.40%) and 75 
(55.80 %) but they varied significantly among 
themselves. The conidial germination was least (47.30) 
at 65 per cent relative humidity. These results are 
agreement with the work of Carroll et al., (2003) and 
Biju (2003). However, conidia germinated at 65 per 

cent and 100 per cent humidity, indicated the ability of 
fungus to infect both under dry and humid conditions 
as per earlier concepts of powdery mildew were gives 
severity in dry region. The present results offered a 
new window of opportunities in discussing 
epidemiological factors influencing E. polygoni in 
Karnataka. The germination per cent increased with the 
incubation period from 6 to 24 hr. The result supported 
by the work of Raghavendra (2005) and Biju (2003).  

 

REFERENCES 

Asthana, A.N., 1998. Pulse crops research in India. 
Indian J. Agric. Sci, 68: 448-452. 

Abiko, K., 1978. Influence of temperature and 
humidity on development of tomato powdery 
mildew proceedings of the Kamsai. Plant Protect. 

Soc., 20: 49-52. 
Anonymous, 2009. Area, Production, average yield. 

Department of Agriculture and Cooperation 
report, New Delhi.  

Biju, C.N., 2003. Studies on powdery mildew of pea 
(Pisum sativum L.) caused by Erysiphe polygoni 
DC. M.Sc. (Agri) Thesis, Univ. of Agril. Sci. 
Dharwad. 

Calloway, D.H., Murphy, S.P. and Bunch, S. 1994. 
User’s guide to the international minilist nutrient 

database. Department of Nutritional Sciences, 
University of California, Berkeley, CA. 

Carroll, J.E. and Wilcox, N.F., 2003. Effects of 
humidity on the development of grapevine 
powdery mildew. Pl. Dis. 93: 1137-1144. 

Naik, S.T., 1979. Studies on rust of sorghum (Sorghum 

bicolor (Linn.) caused by Puccinia purpurea 
Cooke. M. Sc. (Agri.) Thesis, Univ. Agril. Sci., 
Bangalore 

Kothari, K.L., And Verma, A.C., 1977. Germination 
of conidia of poppy powdery mildew Erysiphe 

polygoni. Mycopathalogia et Myc. Applicata, 47: 
253. 

Kunkalikar, S., 1989. Studies on powdery mildew of 
green gram. M. Sc. (Agri.) Thesis, Univ Agril. 
Sci., Dharwad. 

Navi, S.S., 1986. Studies on leaf rust of wheat caused 
by Puccinia recondita f. sp. tritici Rob. Ex. Desm. 

M.Sc. (Agri.) Thesis, Univ. Agril. Sci., Dharwad. 
Paulech, C. K., Paulechora, K. and Herrera, S., 

1971. Study of the biology of parasite fungus 
Oidium Erysiphoides. Biological Abstracts, 52: 
1157.   

Raghavendra, B.K., 2005. Epidemiology and 
management of chilli powdery mildew caused by 
Leveillula taurica (Lev.) Arn. M.Sc. (Agri) 

Thesis, Uni. of Agric. Sci. Dharwad. 
Thirumaran, A.S. and Seralathan, M.A. 1988. 

Utilization of mungbean. In: Shanmugasundaram, 
S. and McLean, B.T. (eds.). Proceedings of the 
Second International Symposium on Mungbean. 
AVRDC, Shanhua, Taiwan. AVRDC Publication 
No. 88-304, 470-485. 

Solomon, M.E., 1951. Control of humidity with 
potassium hydroxide, sulphuric acid or other 
solutions. Bulletin Entomol. Res., 42: 543-554.  

Venkatrao, 1997, Studies on powdery mildew of green 
gram (Vigna radiata (L.) Wilczek) caused by 
Erysiphe polygoni DC. M.Sc. (Agri.) Thesis, 
Univ. Agril. Sci.,  Dharwad. 

Yarwood, C.E., Sidky, S. Cohen, M. and Santilli, V., 

1954, Temperature relations of powdery mildews. 
Hilgardia, 22: 603-622. 



 

Journal of Progressive Agriculture, Vol.5, No. 2: October, 2014 

_______________________________________________________________________________________________________ 

42 
 

Energetic and Economic Analysis of Rice Based Cropping System: A Case study 
 

HIMANSHU SHEKHAR PANDEY, A. K. DAVE AND VINAY KUMAR NAYAK
 

Department of Farm Machinery and Power, Faculty of Agricultural Engineering 
Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh-492012, India 

      

Received:  21.04.14 

Accepted: 27.06.14 

ABSTRACT 

To investigate the energy input, energy output, output-input ratio, specific energy requirement and 
cost economics of different rice based cropping system on IGKV farm.  Four major crops like rice, wheat, 
chickpea and linseed were selected. The energy consumption of the various operations in each crop 
production has been recorded. Total energy input and output of different cropping systems were 
estimated by using the standard energy equivalents. The rice-wheat cropping system recorded the 
highest energy input 29214.73MJ ha

-1
, which was closely followed by rice-linseed system 22748.5MJ ha

-

1
. The highest total energy output was obtained from rice-wheat 245305.9 MJ ha

-1
, followed by rice- 

chickpea 217753.1 MJ ha
-1

and rice-linseed 199905.9 MJ ha
-1

 respectively. Among the different cropping 
system, the highest energy output-input ratio of 10.73 was obtained from rice-chickpea cropping system 
followed by rice-linseed 8.78 and rice-wheat 8.39 respectively. The specific energy required was found 
lowest in rice-chickpea cropping system having value 2.81 MJ kg

-1
 followed by rice-wheat and rice-linseed 

3.54, and 3.64 MJ kg
-1

 respectively. Under the different cropping systems the lowest input cost was found 
Rs 43005.28 ha

-1
 in rice-wheat cropping system followed by, rice–linseed and rice-chickpea. The 

maximum net return Rs.86575.8 ha
-1

was found under rice-chickpea followed by rice-wheat and rice-
linseed Rs.70477.8 and 63523 ha

-1 
respectively. The highest benefit to cost ratio of 1.97 was obtained in 

rice-chickpea cropping system followed by rice- wheat 1.64 and rice- linseed 1.5 respectively. 
 
Key words: Benefit to Cost Ratio, Cropping System, Energy Ratio, Specific Energy Requirement.   
     

Rice is one of the most important food grain crops 
of Chhattisgarh. It occupies an area around 3.61 
million ha with the production of 6.36 million tones 
and productivity 1800 kg ha-1. Chhattisgarh state is 
popularly known as “Rice Bowl of India” because 
maximum area is covered under rice during Kharif and 
contribute major share in national rice production. Rice 
crop generally grow in low land under irrigated area. 
The IGKV research farm Raipur is well equipped 
having total area of about 114 ha in which 68 ha is 
cultivated area. The different cropping systems such as 
rice-wheat, rice-chickpea, rice- linseed, soybean- 
wheat, maize-chickpea, maize- wheat etc. are grown 
maximum area of IGKV farm. The energy requirement 
of these cropping systems needs to be assessed to 
identify the energy efficient cropping systems for 
varying level of energy used. In IGKV farm, 
considerable progress has been observed on adoption 
of improved technology and mechanization of 
agricultural operations for production of agriculture. 
However, its interpretation in terms of energy input-
output has not been quantified so for. Therefore 
proposed study has been taken to find out the most 
energy efficient and cost effective cropping system on 
IGKV farm. 

 MATERIALS AND METHODS 

     The study was conducted at agriculture farm of 
Indira Gandhi Krishi Vishwavidyalaya, Raipur, India 
during Kharif and Rabi seasons of 2012-2013. All 
crops were grown with recommended package of 

practices. The energy consumption of the various 
operations in each crop production has been recorded. 
Calculation of energy was done by C++ programming. 
Energy input and output 

      Total energy input output of different cropping 
systems were estimated by using the energy 
equivalents as suggested by Mittal and Dhawan (1989). 
The energy input through land preparation, seed bed 
preparation, seed sowing, transplanting, fertilizer and 
pesticide application, intercultural operations. 
irrigation, harvesting, threshing and transportation 
expressed as human labour, fuel, machinery, fertilizer, 
chemical and seed were calculated. The energy inputis 
summation of energy required during cultivation of 
different cropping systems. The energy output was 
calculated by accumulating the main product and by-
product produced from different cropping systems. The 
output-input ratio was worked out by dividing the total 
energy generated from main product and by-product by 
the total energy used for raising the crop in the unit 
area. The energy input and output were computed as 
Mega Joule (MJ) by following formulae: 
Energy input = Ehl + Epr + Emt ………………….. (1) 
Where, 
Ehl= energy from human labour 
Epr= energy from power 
Emt= energy from materials likes seed, fertilizer, 
pesticides and irrigation etc. 
 
Energy output = Emp + Ebp …………………….. (2) 
Where,  
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Emp= energy from main product 
Ebp= energy from by-product 
 

Cost economics 

     The cost economics of different cropping system 
were calculated with standard procedure. The cost of 
cultivation is the summation of total input cost during 
cultivation of different cropping systems. The gross 
return was calculated by accumulating the main 
product and by-product produced from different 

cropping systems. Subtracting cost of cultivation from 
gross return derived the net return. The benefit to cost 
ratio was worked out by dividing the net return by the 
total cost of cultivation. The net return and benefit to 
cost ratio (B:C Ratio) were computed by following 
formula: 
Net return, Rs ha-1 = Gross return - Cost of cultivation----- (3) 

Benefit to cost ratio = Net return / Cost of 
cultivation……..(4) 

 
Table 1. Energy input- output in different crop production 

 
            Crops   Energy consumption 

(MJ ha-1)         Rice       Wheat   Chickpea      Linseed 

Labour        
Fuel           
Machinery  
Electricity   
Fertilizer     
Chemical    
Seed            

1225.98 
3131.68 
311.83 

2091.45 
6152 
162 
588 

233.96 
2901.26 
328.15 

3203.92 
6927 
120 

          1837.5 

578.71 
1682.12 

      58.14 
1245.96 

1487 
192 
1470 

585.24 
2145.47 

80.94 
2135.94 

3608 
30 

500 

Total energy input  

(MJ ha-1) 
13662.94 15551.8 6713.95 9085.61 

1. Main product yield(qha-1)  

2.   By- product yield (qha-1)    

52.47 
63.26 

30 
36 

20 
26 

9.98 
15 

Total energy output  

(MJ ha-1) 

156205.9 89100 62525 43700 

Energyratio 11.43 5.73 9.31 4.80 

Sp. Energy requirement 

(MJ kg-1) 

2.60 5.18 3.35 9.10 

 

Table 2. Energy input- output in different cropping system 

Cropping  systems  Energy consumption 

 (MJ ha-1) 

         Rice- wheat     Rice- chickpea      Rice- linseed 

Labour  
Fuel 
Machinery  
Electricity 
Fertilizer  
Chemical  
Seed 

1459.94 
6032.94 
639.97 

5295.37 
13079 

282 
2425.5 

1804.69 
4813.8 
369.94 

3337.41 
6739 
354 
2058 

1811.14 
5277.15 
392.77 

4227.39 
9760 
192 
1088 

Total energy input (MJ ha-1)                29214.73                        20376.89                      22748.55 

 

Table 2. Energy ratio and specific energy requirement in different cropping systems 

Cropping system Total energy     input 

(MJ ha-1) 

Total energy   output 

(MJ ha-1) 

Output-input ratio Sp. energy reuirement 

(MJ kg-1) 

Rice-Wheat 29214.73 245305.9 8.39 3.54 
Rice-Chickpea 20376.89 218730.9 10.73 2.81 

Rice-Linseed 22748.55 199905.9 8.78 3.64 
SD 4574.27 22809.98 1.65 0.45 
Mean 24113.39 221314.23 9.31 3.33 
CV (%) 18.96 10.31 17.76 13.61 
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Table 3. Cost economics of different cropand cropping systems 

Crop/ cropping system 

Cost of cultivation 

Rs. ha-1 
Gross return 

Rs. ha-1 Net return Rs. ha-1 
B:C ratio 

 

Rice 27492.72 69383.1 41890.38 1.52 

Wheat 15512.56 44100 28587.44 1.84 

Chickpea 16374.5 61060 44685.5 2.73 

Linseed 14895.22 36528 21632.78 1.45 

Rice-Wheat 43005.283 113483.1 70477.82 1.64 

Rice-Chickpea 43867.22 130443.1 86575.88 1.97 

Rice-Linseed 42387.94 105911.1 63523.16 1.49 

SD 1063.25 1384.56 743.0 12561.81 

Mean 33280.33 9806.48 43086.81 116612.43 

CV (%) 1.73 10.77 16.08 14.32 

 
Fig. 1. Showing the energy efficient and cost effective rice based cropping system 

 
RESULTS AND DISCUSSION 

Energy input and output of different crops 

     Energy inputs in different operation of crop production 
such as seed bed preparation, seed sowing, transplanting, 
fertilizing, pest management, intercultural operations, 
irrigation, harvesting, transportation and threshing that 
expressed as energy obtained from human labour, 
materials (seed, fertilizer and chemical) and power (fuel, 
machinery and electricity) are presented in Table 1. 
     Total energy inputs in different crop production under 
this study were in range from (6713.95 to 15551.8 MJ ha

-

1
). In general, fertilizer accounted for a major share of 

energy input (22-44 %) followed by fuel (19-25 %) and 
electricity for irrigation and threshing (16-23 %). The 
energy input (0.5-3%) through chemical was minimum 
followed by seed (4-12 %) in different crop production. 
The machinery energy was found highest in wheat crop 
whereas minimum labour energy consumed. Total energy 
output from main product and by-product of different crop 
production were computed and it was range from 43700 to 
156205.9 MJ ha

-1 
shown in Table 2. The highest total 

energy output was obtained from rice (156205.9MJ ha
-1

) 
followed by wheat (89100MJ ha

-1
) and chickpea (62525 

MJ ha
-1

). The lowest energy output was obtained from 
linseed (43700 MJ ha

-1
). 

Energy ratio and specific energy requirement of 

different crops 

     Among the different crop production, the highest 
energy ratio of 11.43 was obtained from rice followed by 
9.31 of chickpea and the lowest of 4.8 in linseed. The 
higher energy ratio in rice crop was appeared due to 
higher energy output compared to other crops. The lowest 
specific energy requirement 2.60 was obtained from rice 
followed by 3.35 of chickpea and the highest of 9.1in 
linseed crop. 
Energy input and output of different cropping systems 

Total energy inputs in different cropping 
systems shown in Table 2. Under this study energy input 
were in range from (20376.89 to 29214.73 MJ ha

-1
). In 

general, fertilizer accounted for a major share of energy 
input (33-45 %) followed by fuel (20-23 %) and 
electricity for irrigation and threshing (16-18 %). The 
energy input (0.85-1.75 %) through chemical was 
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minimum followed by seed (4.8-10 %). Islam et al. (2001) 
reported that the fertilizer contributed the largest energy 
input (45 % - 50 %) in different cropping systems. The 
rice-wheat recorded the highest energy input (29214.73 
MJ ha

-1
), which was closely followed by rice-linseed 

(22748.55MJ ha
-1

) and rice- chickpea (20376.89MJ ha
-1

) 
cropping system. The highest energy inputs required for 
rice- wheat cropping system might be due to the use of 
costly inputs like fuel, seed, fertilizer, pesticides and 
irrigation. Parihar et al. (1999) reported the total energy 
input in rice-wheat, rice-rice and rice-chickpea pattern 
were 24,370 MJ ha

-1
, 27359 MJ ha

-1
 and 17,700 MJ ha

-1
, 

respectively. 
      Total energy output from main product and by-product 
of different cropping systems were computed and it was 
range from (199905.9 to 245305.9 MJ ha

-1 
) shown in 

Table 3. The highest total energy output was obtained 
from rice-wheat (245305.9 MJ ha

-1
) followed by rice-

chickpea (218730.9 MJ ha
-1

) and rice-linseed. The lowest 
energy output was obtained from rice -linseed (199905.9  
MJ ha

-1
). This result agreed with the findings of Khan, et 

al. (2007). 
Energy ratio and specific energy requirement of 

different cropping systems 

     Among the different cropping systems as shown in 
Table 2. and Fig. 1, the highest energy output-input ratio 
of 10.73 was obtained from rice- chickpea followed by 
8.78 of rice-linseed and 8.5 of rice-wheat cropping 
system. The higher energy output input ratio in chickpea 
involving rice based cropping pattern was appeared due to 
lower energy input required for chickpea compared to 
other crops. Khan et al. (2007) also observed the higher 
energy output-input ratio in pulse involving jute-based 
cropping systems. The lowest specific energy requirement 
2.81 was obtained from rice- chickpea followed by 3.54 of 
rice-wheat and the highest of 3.64 in rice- linseed 
cropping system. 
Cost economics 

Cost economics of different crop production 

The minimum cost of cultivation was found 
Rs.14895.2 per hectare in linseed crop followed by, wheat 
and chickpea Rs.15512.56 and 16374.5 per hectare. The 
highest input cost of cultivation was found 27492.72 in 

rice crop due to more number of labour and machinery 
operation required. The maximum net return Rs. 44685.5 
per hectare was obtained in chickpea crop production 
followed by rice, wheat and linseed Rs. 41890.38, 
28587.44 and 21632.78 per hectare respectively. The 
highest benefit to cost ratio 2.73 obtained in chickpea 
followed by wheat 1.84 and rice 1.52, lowest benefit to 
cost ratio 1.45 was obtained in linseed crop shown in 
Table 3. Similar types of results were also reported by 
Hatirlia et al. (2005) and Alireza et al. (2011). 
Cost economics of different cropping system 

     Under the different cropping system lowest cost of 
cultivation was found Rs.42387.95 per hectare in rice-
linseed cropping system followed by Rs.43005.28 per 
hectare rice-wheat cropping system. The highest cost of 
cultivation was found in rice-chickpea Rs 43867.22 per 
hectare cropping system. The maximum net return was 
found Rs.86575.88 per hectare in rice-chickpea followed 
by rice-wheat Rs.70477.82 and lowest 63523.16per 
hectare in rice-linseed cropping system Results of our 
study indicated that the total cost of production in rice-
chickpeawere higher than other cropping systems. The 
highest benefit to cost ratio 1.97 was obtained in rice-
chickpea cropping system followed by rice-wheat 1.63 
and rice–linseed 1.49. The lowest benefit to cost ratio was 
obtained in rice – linseed cropping system as shown in 
Table 3 and Fig 1. 

CONCLUSIONS 

     In present study we have analysed that rice-chickpea 
cropping system is the one of the most energy efficient 
and cost effective rice based cropping system compared to 
others such as rice-linseed and rice–wheat cropping 
system on IGKV farm. In Rabi crops alone, chickpea 
found to be energy efficient and cost effective crop 
compared to other crops such as wheat and linseed. 
However, rice crop was found highest energy efficient 
among all other crops considered under the study.  
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ABSTRACT 

A field experiment was conducted to study the effect of different levels of NPK on the performance of 
Melia dubia. Treatments consist of three levels of nitrogen (150, 250 and 350 g N plant

-1
), two levels of 

phosphorus (75 and 150 g P plant
-1

) and two levels of potassium (150 and 300 g K plant
-1

) were tried in 
RBD replicated three times. The experiment was conducted in a soil having red sandy loam in texture, 
non-calcareous, neutral in reaction with low nitrogen and phosphorus and medium in available potassium. 
The growth attributes viz., plant height, collar diameter and volume index were recorded. The growth 
attributes were influenced by N, P and K at different levels. Among N, P and K levels, the application of 
250:150:150 g NPK plant

-1
(T4) influenced significantly the growth attributes followed by 250:75:150 g 

NPK plant
-1

(T3).  
 
Key words: diameter, growth, height, levels,  Melia dubia,  NPK, volume index. 

 
Melia dubia belonging to the family Meliaceae has 

its trade name as Malabar Neem and it is locally called 

as Malai Vembu. It is deciduous and fast growing tree 

with wide spreading branches on a stout, straight and 

tall bole. It is indigenous to the Western Ghats of 

southern India and is common in moist deciduous 

forests of Kerala. 

     Melia dubia with its multi-various uses like 

pulpwood, timber, fuel wood and plywood can fit as a 

suitable species for plantation programme. The wood is 

also used for packing cases, cigar boxes, splints and 

kattamarans. In Sri lanka, it is employed for outriggers 

of boats. It is suitable for making musical instruments, 

tea boxes and the most importantly in making plywood, 

as the wood is anti-termite by itself. Being an 

indigenous species, it has great potential to meet the 

demand of pulpwood. Such multiutility native fast 

growing species has not received much attention on 

research and development and hence it needs to be 

investigated. 

     Depletion of forest areas in the country has badly hit 

the supply of fibrous raw material to the industry and 

hence great importance has been given to raise fast 

growing species for use as raw material for paper and 

cellulose industries. Under such circumstances Melia 

dubia has been identified as one of the potential 

pulpwood species1. 

     The most obvious challenge in the forestry sector is 

to meet growing demand for forest products and 

enhance the quality of environment. The tree crop 

taken for investigation currently yields 250 t ha-1 with 

calorific vale of 5043 kcal kg-1 and to increase the 

productivity potential of the tree, the scheduling of 

nutrients is a paramount importance, Hence, in the 

present investigation the effect of different doses of 

NPK fertilizers on growth and yield attributes of Melia 

dubia was studied. 

MATERIALS AND METHODS 

Study site, climate and site preparation 

     The experiment was conducted in village 
Mathampalayam of Coimbatore district which is 
located in Western zone of Tamil Nadu. The 
geographical location is at 11°11’32 N latitude and 
76°57’17 E longitudes with an altitude of 398 m mean 
sea level. The average annual rainfall of the experiment 
site is 915 mm. The mean maximum temperature 
ranges from 32.0 to 36.3°C and the mean minimum 
temperature ranges from 16.1 to 22.1°C. The 
experiment was laid out in Randomized design 
replicated three times. Treatments consisted of three 
levels of nitrogen (150, 250 and 350 g N plant-1), two 
levels of phosphorus (75 and 150 g P plant-1) and two 
levels of potassium (150 and 300 g K plant-1) were 
tried to standardize the fertilizers schedule for the tree 
crop taken for investigation. 
       The soil is red sandy loam, non-calcareous, neutral 
in reaction with low in nitrogen and phosphorus 
medium in available potassium. Field preparation was 
carried out with tractor mounted disc plough followed 
by harrowing twice. The pits were dug at the 
espacement of 3x3m in 60cm3. 

Manure and fertilizers 

     Farm Yard Manure @ 5 kg seedling-1 was applied 
uniformly at the time of planting. Inorganic fertilizers 
as per treatment schedule were given applying full dose 
of P as basally and N K in two splits at an interval of 
three months. 
Planting  

The Melia dubia seedlings which attained the age of 
six months were planted (two numbers per treatment) 
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at the espacement of 3x3m in the pits of 60cm3 
dimension. 

Biometric observation 

The height, basal diameter and volume index 
observations were recorded at 60, 120 and 180 days 
after planting (DAP). 

Volume index was arrived by using the formula 
(Manavalan2) 
Volume Index = (Basal diameter) 2 x Height (cm) 
Statistical analysis 

     The stage wise data were analyzed separately in 
single factor analysis, using AGRES software 
Treatment schedule (Table 1). 

 

Table 1. Treatment schedule 
Treatments        Nutrient Levels 

T1 150 :75 :150 g NPK plant-1 

T2 150 :150 :150 g NPK plant-1 

T3 250 :75 :150 g NPK plant-1 

T4 250 :150 :150 g NPK plant-1 

T5 350 :75 :150 g NPK plant-1 

T6 350 :150 :150 g NPK plant-1 

T7 150 :75 :300 g NPK plant-1 

T8 150 :150 :300 g NPK plant-1 

T9 250 :75 :300 g NPK plant-1 

T10 250 :150 :300 g NPK plant-1 

T11 350 :75 :300 g NPK plant-1 

T12 350 :150 :300 g NPK plant-1 

T13 Absolute control 

 

RESULTS AND DISCUSSION 

Height 

     The results revealed that the plant height at 2 MAP 
varied significantly and it was higher (64.2 cm) with 
the application of 250:150:150 g NPK plant-1 (T4) 
followed by the application of 250:75:150 g NPK 
plant-1 (T3) and 150:150:300 g NPK plant -1(T8) with 
the values of 62.0 and 61.9 cm respectively which were 
on par and superior over the rest of the treatments 
imposed. The treatment which has not received any 
fertilizer showed the height of 37.0 cm (T13.) (Table 1). 
     At 4 MAP, the same trend was observed registering 
the plant height of 165.2 cm with the application of 250 
:150 :150 g NPK plant-1 (T4) followed by the 
application of 250 :75 :150 g NPK plant-1 (T3) , 150 
:150 :300 g NPK  plant-1 (T8)  and 150 :75 :300 g NPK 
plant-1 (T7) with the values of 164.5, 163.1 and 162.0 
cm respectively  and were on par where as the 
treatment (T13) which has not received any fertilizer 
recorded the lowest height of 102.0 cm. At 6 MAP, the 
plant height was higher registering 278.0 cm with the 
application of 250:150:150 g NPK plant-1 (T4) followed 
by the application of 250:75:150 g NPK plant-1 (T3) 
with a value of 275.6 cm and were on par. The 
treatment (T13) which has not received any fertilizer 
showed the height of 184.0 cm (Table 1). 
     The plant height was higher at 2 MAP (62.0 cm); 4 
MAP (164.5 cm) and 275.6 cm at 6 MAP due to 
application of 250: 75: 150 g NPK plant-1 (T3) 

indicating the optimal levels of fertilizer dose. The 
increase in height might be due to better utilization of 
nutrients as evidenced by higher nutrient uptake. 
Application of  different levels of fertilizers have been 
found to  stimulate the growth of plants even in 
moderate or good soils and application of fertilizer 
within three  months of planting produces the 
maximum response (Chapman and Allan,1978) 

The present findings are in line with that of 
Mutanal et al

3
 who also observed that INM in Teak 

given at eight months old seedling along with the 
fertilizer dose of 200: 100: 200 N: P2O5: K2O kg ha-1 
increased significantly the plant height. Application of 
fertilizer dose at planting of 200: 100: 50 NPK kg ha-1 
applied to Populus deltoides registered higher plant 
height as reported by Singh, 2001. 
Collar Diameter 

At 2 MAP, the collar diameter was higher 
with the application of 250:150:150 g NPK plant-1 (T4) 
registering 1.37 cm and it was  on par with the 
application of 250 :75 :150 g NPK plant-1

 (T3), 250 :75 
:300 g NPK plant-1

 (T9) and 250 :150 :300 g NPK plant-

1
 (T10) which recorded 1.35, 1.29 and 1.28 cm 

respectively whereas the treatment T13 which has not 
received any nutrients recorded the  lowest value of 
0.93 cm of diameter (Table 1). 
     At 4 MAP, the collar diameter exhibited significant 
variation due to application of 250 :150 :150 g NPK 
plant-1 (T4) registering the collar diameter of 2.92 cm 
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and it was superior over  the rest of the treatments 
imposed, followed by T3 (2.81 cm) which received the 
fertilizer dose of  250 :75 :150 g NPK plant-1

  and the 
treatment(T13)  which has not received any nutrients  
showed lesser value of 2.04 cm. At 6 MAP, the similar 
trend was observed as the collar diameter was higher 
(5.59 cm) due to application of 250:150 :150 g NPK 
plant-1 (T4) and  it was significantly superior over the 
rest of the treatments followed by T3 (5.21 cm) 
received the nutrients of 250 :75 :150 g NPK plant-1 
whereas the treatment T13 in which no fertilizer was 
imposed recorded the lowest value of 4.04 cm of 
diameter (Table 1). 
     Collar diameter exhibited significant variation 
among the treatments at each stage. The collar diameter 
was higher (1.37 cm) at 2 MAP due to influence of 
250:150:150 g NPK plant-1 (T4) and it was comparable 
with the treatment (T3). At 4 MAP and 6 MAP, the 
treatment (T4) influenced the collar diameter 
significantly followed by the treatment (T3).  
     (Singh et al., 2001) who stated that the effect of 
fertilizer levels on plant growth and biomass 
production in Acacia auriculiformis of eight months 
old seedlings, application of fertilizer dose of 120: 160: 
80 NPK g plant-1 at planting resulted in increase basal 
diameter (3.86 cm). Bammanahali et al., 2011 reported 
that effects of moisture conservation measures and 
nutrient management on growth of Eucalyptus pellita 

of two year old plantation, application of nutrients at 
the rate of 200: 100: 200 N, P2O5 and K2O kg ha-1 
registered the highest DBH 3.84 m. 
Volume index 
     The volume index of the sapling as influenced due 
to different levels of fertilizers varied significantly at 
all the stages of its growth are presented in Table 11. 
At 2 MAP, the volume index shown higher value of 
121 cm3 due to application of 250:150:150 g NPK 
plant-1 (T4) followed by 250:75 :150 g NPK plant-1 (T3) 
which recorded the volume index of 113 cm3 and were 
on par and  superior over the rest of the treatments 
whereas the treatment  T13 which did not receive any 
nutrients registered  the  lowest value of 32 cm3. 
     At 4 MAP, the influence of fertilizer dose was 
higher when it was applied at the rate of 250:150:150 g 
NPK plant-1(T4) recorded 1410 cm3 of volume index. 
This was followed by the application of 250:75:150 g 
NPK plant-1 (T3) registered the volume index of 1299 
cm3 and significantly differed from each other. The 

lowest value of 424 cm3 was obtained in T13 where in 
no fertilizer was imposed. 
     At 6 MAP, the same trend was observed as the 
volume index was influenced by the application of 
250:150:150 g NPK plant-1(T4) registering 8687cm3 
and significantly differed from the rest of the 
treatments. The lowest value of 3003 cm3 was obtained 
in T13 where no fertilizer was applied (Table 1). 
     The volume index varied significantly at all the 
stages of its observation made during its growth.. It 
was higher at 2 MAP (113 cm3); 4 MAP (7841 cm3) 
and 7841 cm3 at 6 MAP due to influence of 250:75:150 
g NPK plant-1 (T3). The optimal level of NP and K 
might have improved the nutrient content and uptake in 
the plant resulting in an increased metabolic activity 
which led to quick growth of plant. 
     The present findings are in tune with that of Santosh 
sumbali et al

7
 who reported that the effect of soil 

moisture conservation structures and application of 
manures and fertilizers on the growth of Acacia 

auriculiformis of twelve months old seedlings, 
application of fertilizer dose of 200: 100: 100 NPK kg 
ha-1 and FYM 2.5 t ha-1 at planting resulted in increased 
volume (23.95 m3ha).   
     Turvey, 1996 observed that the effect of fertilizer 
levels on the yield and nutrient concentration in Acacia 

mangium of 30 months old trees, application of 
fertilizer dose of 180: 78: 150 NPK kg ha-1 at planting 
resulted in increase in total volume of 61 m3 ha−1 

Economics  

     The treatments viz., 250:150:150 g NPK plant-1 (T4), 
250:75:150 g NPK plant-1 (T3), 150:75: 300 g NPK 
plant-1 (T7) and 150: 150:300 g NPK plant-1 (T8) have 
influenced the biomass yield significantly over the rest 
of the treatments attaining  the biomass yield of 2983, 
2915, 2910 and 2892 kg ha-1 respectively and are on 
par which were obtained due to application of different 
levels of NP and K fertilizers cost worth of Rs 16276, 
12298, 15470 and 19448 ha-1 and considering lesser 
cost of expenditure incurred on the nutrients, the 
optimal dose of 250:75:150 g NPK plant-1 (T3) with 
full of dose P as basally, N and K in two splits at an 
interval of three months is effective for enhancing the 
biomass yield of Melia dubia which attained the age of 
six months after planting (Table 1). 
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ABSTRACT 

A field study was conducted during pre kharif, kharif and rabi 2012-13 on sandy clay loam soils of 
Agricultural College Farm, Naira to find out the effect of preceding crop on the performance of succeeding 
rice fallow blackgram. The experiment was laid out in randomized block design with four replications and 
seven treatments. Significant differences were noticed with pre kharif crops on growth parameters, yield 
attributes and yield of rice fallow blackgram. Significantly superior dry matter (1455 kg ha

-1
), pods plant

-1
 

(7.5), seeds pod
-1

 (5.2), test weight (4.87 g), seed yield (382 kg ha
-1

) and haulm yield (743 kg ha
-1

) of rice 
fallow blackgram was observed with incorporation of sunnhemp followed by greengram while fallow 
registered the lowest for all these parameters. Sunnhemp-rice-rice fallow blackgram has also registered 
the highest returns per rupee invested (2.52) and hence was suggested for North Coastal Zone of Andhra 
Pradesh.  

Key words: pre kharif crops, rabi rice fallow blackgram, cropping system and system productivity. 
 

Rice based cropping system (RBCS) is the most 
predominant in North Coastal Zone of Andhra Pradesh. 
Rice-rice system is followed in irrigated ecology while 
rice-pulse system is adopted in rainfed lowlands 
leaving land fallow during pre kharif season. 
Internalization of short duration pre kharif legume (or) 
green manure crops in RBCS supplements N need of 
the succeeding crops besides improving soil physical 
and chemical properties. Furthermore, inclusion of 
pulses in rotation with rice during rabi contribute to 
soil fertility by their favourable rhizosphere influence. 
Grain legumes are more preferable as they offer short-
term additional benefits to farmers and are equally 
beneficial in sustaining the productivity over time in 
RBCS. 

MATERIALS AND METHODS 

A field experiment was conducted during pre 
kharif, kharif and rabi 2012-13 at the Agricultural 
College Farm, Naira, Andhra Pradesh. The 
experimental soil was sandy clay loam in texture with a 
pH of 7.55 and EC of 0.27 dSm-1, low in organic 
carbon (0.24%), available nitrogen (175 kg ha-1) and 
available phosphorus (17.5 kg ha-1) and medium in 
available potassium (219 kg ha-1). A total of 1030.8 
mm rainfall was received during the cropping period. 
The experiment was laid out in randomized block 
design with four replications and seven cropping 
systems viz., fallow-rice-rice fallow blackgram (T1), 
sunnhemp-rice-rice fallow blackgram (T2), greengram-
rice-rice fallow blackgram (T3), blackgram-rice-rice 
fallow blackgram (T4), sesame-rice-rice fallow 
blackgram (T5), clusterbean-rice-rice fallow blackgram 
(T6) and bhendi-rice-rice fallow blackgram (T7). 
Sunnhemp, greengram, blackgram, sesame, clusterbean 
and bhendi during pre kharif, rice during kharif and 
rice fallow blackgram during rabi were tried. Pre kharif 

crops were grown for 84 days and were incorporated 
after taking economic yield wherever possible seven 
days prior to kharif rice transplanting. Thirty day old 
seedlings of kharif rice were transplanted at 20 x 15 cm 
and the test variety was vijetha (MTU 1001). Rice 
fallow blackgram (variety: PU 31) was sown four days 
prior to harvesting of kharif rice in standing rice crop 
as relay crop. 
     The data on growth parameters (plant height and dry 
matter production), yield attributes (pods plant-1, seeds 
pod-1 and test weight) and yield (seed and haulm) of 
rice fallow blackgram, productivity and economics of 
the cropping system were recorded and subjected to 
statistical analysis as per Panse and Sukhatme (1985).  

RESULTS AND DISCUSSION 

Effect of pre kharif crops on rice fallow blackgram  

Growth parameters  

Growth parameters (plant height and dry 
matter production) of rice fallow blackgram varied 
significantly due to the influence of different pre kharif 
crops (Table 1). 

The highest plant height and dry matter of rice 
fallow blackgram at harvest was recorded with crop 
residue incorporation of sunnhemp (T2) which was 
significantly superior to rest of the pre kharif treatments. 
The higher root and shoot dry matter produced with 
sunnhemp might have aided in improved growth stature of 
rice fallow blackgram. Growth parametrs of rice fallow 
blackgram when preceded by greengram (T3), blackgram 
(T4), bhendi (T7) and sesame (T5) were comparable 
between them. Shortest plants and production of dry 
matter of rice fallow blackgram was significantly lowest 
when preceded by fallow (T1). Influence on the growth 
parameters of second succeeding crop due to pre kharif 
cropping was also reported by Radha Kumari and 
Srinivasulu Reddy (2010).  
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Table 1. Growth parameters of rabi rice fallow blackgram as influenced by pre kharif crops in rice based 

cropping system 
 

Cropping system Plant height (cm) at 

harvest 

Dry matter       (kg ha
-1

) 

production  

T1: Fallow-rice-rice fallow blackgram 17.05 661 

T2: Sunnhemp-rice-rice fallow blackgram 22.95 1455 

T3: Greengram-rice-rice fallow blackgram 19.78 1166 

T4: Blackgram-rice-rice fallow blackgram 19.73 1086 

T5: Sesame-rice-rice fallow blackgram 18.71 988 

T6: Clusterbean-rice-rice fallow blackgram 18.65 860 
T7: Bhendi-rice-rice fallow blackgram 18.90 1066 
S.Em + 0.65 63.87 

CD (P=0.05) 1.94 190 

 

Table 2. Yield attributes of rabi rice fallow blackgram as influenced by pre kharif crops in rice based 

cropping system 

Cropping system Number of pods 

plant
-1

 

Number of 

seeds pod
-1

 

Test weight 

(g) 

T1: Fallow-rice-rice fallow blackgram 4.6 4.1 4.22 

T2: Sunnhemp-rice-rice fallow blackgram 7.5 5.2 4.87 

T3: Greengram-rice-rice fallow blackgram 6.7 4.9 4.71 

T4: Blackgram-rice-rice fallow blackgram 6.5 4.8 4.68 

T5: Sesame-rice-rice fallow blackgram 5.5 4.6 4.48 

T6: Clusterbean-rice-rice fallow blackgram 5.3 4.4 4.40 
T7: Bhendi-rice-rice fallow blackgram 5.7 4.7 4.52 
S.Em + 0.19 0.19 0.05 

CD (P=0.05) 0.6 0.6 0.15 

 

Table 3. Seed and haulm yield (kg ha
-1

) of rabi rice fallow blackgram as influenced by pre kharif crops in rice 

based cropping system 

Cropping system Seed yield (kg ha
-1

) Haulm yield (kg ha
-1

) 

T
1
: Fallow-rice-rice fallow blackgram 225 462 

T
2
: Sunnhemp-rice-rice fallow blackgram 382 743 

T
3
: Greengram-rice-rice fallow blackgram 342 667 

T
4
: Blackgram-rice-rice fallow blackgram 329 643 

T
5
: Sesame-rice-rice fallow blackgram 278 551 

T
6
: Clusterbean-rice-rice fallow blackgram 263 538 

T
7
: Bhendi-rice-rice fallow blackgram 291 569 

S.Em + 11.92 24.18 

CD (P=0.05) 35 72 
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Table 4. Yield of pre kharif crops, kharif rice and productivity of different rice based cropping systems as 

influenced by pre kharif crops in rice based cropping system 

                    

Table 5. Gross returns, net returns and benefit cost ratio of different cropping systems as influenced by pre 

kharif crops in rice based cropping system  

 

Treatment 
Gross returns 

(Rs ha-1) 

Net returns 

(Rs ha-1) 
B:C ratio 

T
1
 : Fallow-rice-rice fallow blackgram 65924 32434 1.97 

T
2
 : Sunnhemp-rice-rice fallow blackgram 104069 62758 2.52 

T
3
 : Greengram-rice-rice fallow blackgram 96245 49145 2.16 

T
4
 : Blackgram-rice-rice fallow blackgram 103575 57075 2.23 

T
5
 : Sesamum-rice-rice fallow blackgram 86376 42646 2.11 

T
6
 : Clusterbean-rice-rice fallow blackgram 78943 19973 1.34 

T
7
 : Bhendi-rice-rice fallow blackgram 123868 73238 2.45 

S.Em + 3004.92 3004.92 0.06 

CD (P=0.05) 8928 8928 0.19 

 

Yield attributes 

     Number of pods plant-1, number of seeds pod-1 and 
test weight of rice fallow blackgram varied 
significantly due to the influence of different pre kharif 
crops (Table 2). 
     Number of pods plant-1 and test weight were the 
highest with incorporation of sunnhemp (T2) crop 
residue. Greengram (T3) and blackgram (T4) residue 
incorporation has statistically similar number of pods 
plant-1 and test weight. Number of seeds pod-1 of rice 
fallow blackgram with incorporation of sunnhemp (T2), 
greengram (T3), blackgram (T4) and bhendi (T7) was 
comparable. A higher test weight and other yield 
attributes with sunnhemp is the evidence of more 
efficient translocation to the seed from the vegetative 
parts. Yield attributes were the lowest with fallow (T1) 
as compared to other pre kharif crops which might be 
due to lower nutrient status of soil. These results were 
in close conformity with Babou et al. (2005), Ashok 
Kumar et al. (2008) and Radha Kumari and Srinivasulu 
Reddy (2010).  
 
 

Seed and haulm yield  

Seed and haulm yield (Table 3) of rice fallow 
blackgram differed significantly due to different pre 
kharif crops tried. 
     The highest seed and haulm yield of rice fallow 
blackgram was recorded with incorporation of 
sunnhemp (T2) crop residue which was significantly 
superior to other pre kharif treatments including fallow. 
Comparable yield of rice fallow blackgram was 
recorded with incorporation of greengram (T3) and 
blackgram (T4) residues, which were however, in 
disparity with that of bhendi (T7), sesame (T5), 
clusterbean (T6) residue incorporation. This might be 
due to higher biomass production and prolonged 
availability of nutrients to both rice as well as rice 
fallow blackgram with crop residues of sunnhemp, 
greengram and blackgram. Crop residue incorporation 
of bhendi (T7), sesame (T5) and clusterbean (T6) 
recorded comparable yields of rice fallow blackgram. 
Crop residues incorporation of bhendi, sesame and 
clusterbean have differences in seed and haulm yield of 
rice fallow blackgram which could be attributed to the 
differential decomposition rates and variation in the 

Pre kharif crops 

Treatment Seed yield    

(kg ha-1) 

REY 

(kg ha-1) 

Kharif rice 

grain yield   

(kg ha-1) 

REY of rabi 

rice fallow 

blackgram 

System 

productivity (Kg 

REY ha-1) 

T1: Fallow-rice-rice fallow blackgram - - 4125 640 4765 

T2: Sunnhemp-rice-rice fallow blackgram - - 6501 1084 7586 

T3: Greengram-rice-rice fallow blackgram 217 694 5789 972 7455 

T4: Blackgram-rice-rice fallow blackgram 385 1093 5605 935 7633 

T5: Sesame-rice-rice fallow blackgram 139 657 5310 790 6757 

T6: Clusterbean-rice-rice fallow blackgram 93 172 4825 746 5742 

T7: Bhendi-rice-rice fallow blackgram 1743 2927 5512 826 9265 

S.Em + - 87.87 177.24 33.85 225.70 

CD (P=0.05) - 271 527 101 671 
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quantity of their crop residues but were on par with 
each other. The lowest seed and haulm yield of rice 
fallow blackgram was registered with fallow (T1) as no 
residues were added and therefore depleted soil 
available nutrient status. The seed yield of rice fallow 
blackgram recorded with fallow (T1) was lower by 
41.09 per cent and by 34.21 per cent compared to 
incorporation of sunnhemp and greengram residues 
respectively. The haulm yield of rice fallow blackgram 
recorded with fallow (T1) was lower by 37.82 per cent 
and by 30.73 per cent compared to incorporation of 
sunnhemp and greengram residues respectively. 
Influence on the economic yield of second succeeding 
crop due to pre kharif cropping was also reported by 
Narayana Reddy and Surekha (2000), Prasad et al. 
(2002), Paikaray et al. (2002), Babou et al. (2005), 
Subramani et al. (2005), Mandal et al. (2007), Ashok 
Kumar et al. (2008) and Radha Kumari and Srinivasulu 
Reddy (2010).  
System productivity 
     Economic yield of all the crops tried during pre 
kharif, kharif and rabi was converted into rice 
equivalent yield and summed up to arrive the total rice 
equivalent yield of different rice based cropping 
systems. 
     Bhendi-rice-rice fallow blackgram (T7) system 
produced the highest rice equivalent yield (REY) 
which was significantly superior to all the other 
cropping systems tested (Table 4).  
     REY of blackgram-rice-rice fallow blackgram (T4), 
sunnhemp-rice-rice fallow blackgram (T2) and 
greengram-rice-rice fallow blackgram (T3) was 
comparable with each other. The highest REY of 
bhendi-rice-rice fallow blackgram was because of high 
yield of bhendi and high price of the produce. Higher 
seed yield obtained with blackgram during pre kharif 
season resulted in higher rice equivalent yield of 
blackgram-rice-rice fallow blackgram system. Though 
the rice yield with sunnhemp was significantly highest 
over the other treatments, REY was lower than bhendi 
and blackgram as no economic yield could be realized 

during pre kharif season. Moderate performance of 
greengram during pre kharif season resulted in lower 
REY of greengram-rice-rice fallow blackgram. 
Obviously, the lowest was registered with fallow-rice-
rice fallow blackgram. These findings were in close 
conformity with those of Prasad et al. (2011), Roy et 

al. (2011) and Jat et al. (2012). 
Economics  

     Different rice based cropping systems tried in the 
present investigation was evaluated for their economic 
returns, viz., gross returns, net returns and benefit cost 
ratio (Table 5). The highest gross and net returns were 
realized with bhendi-rice-rice fallow blackgram (T7) 
system, which was significantly superior to all other 
cropping systems. Highest benefit cost ratio was 
recorded with sunnhemp-rice-rice fallow blackgram 
(T2), which was however comparable with bhendi-rice-
rice fallow blackgram (T7) only. The lowest gross 
returns were recorded with fallow-rice-rice fallow 
blackgram (T1) while lowest net returns and benefit 
cost ratio was recorded with clusterbean-rice-rice 
fallow blackgram (T6) which was significantly inferior 
to all other cropping systems. Differences in the gross 
returns, net returns and benefit cost ratio of different 
cropping systems were due to differences in grain yield 
of component crops and cost of cultivation of the 
cropping system. These findings are in accordance with 
the results of Roy et al. (2011). 

CONCLUSION 

     Pre kharif sunnhemp has significantly improved the 
growth parameters, yield attributes and yield of rabi 
rice fallow blackgram. System productivity was the 
highest with bhendi-rice-rice fallow blackgram. 
However, sunnhemp has improved the growth and 
yield of kharif rice as well as rabi rice fallow 
blackgram besides recorded the highest return per 
rupee invested and hence, sunnhemp-rice-rice fallow 
blackgram was suggested for North Coastal Zone of 
Andhra Pradesh. 
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ABSTRACT 

A study was conducted during 2010-11 in Bastpur micro watershed in Morena block of Morena district 
of Madhya Pradesh. To assess the impact of watershed development programme a benchmark survey 
was under taken on management practices. Positive effect of progrmme was noticed an increase in area 
of arhar and wheat while productivity of gram and arhar was increased with a change in arable area, 
agricultural area, irrigated area, cropping intensity, water resources and area of horticultural crops. Micro 
and macro soil nutrients and its availability were also increased. However, the cattle population was also 
increased due to sufficient water and fodder availability. Using modern inputs like high yielding varieties, 
irrigation and plant protection measures, etc., increased the productivity of crops. The co-ordination of 
farmers and government functionaries, land development activities were some of the measures for 
improving the Bastpur Micro Watershed. Better co-ordination between development agencies and 
voluntary rganizations is also essential for effective implementation of watershed programme.  
 
Key Words: Area, Livestock, Productivity and Watershed Programme. 
                                                              

About two-thirds of the country’s cultivated land 
currently depends exclusively on rainfall, which is 
often erratic and poorly distributed. Water, soil and 
vegetation are the most vital natural resources for the 
survival of people. Watershed forms an integral 
component of these basic, natural resources. Watershed 
conditions influence the productivity of food, fuel, 
fodder, fiber and fruits. Growing demand for these 
items has extensively depleted the protective vegetative 
cover and exposed surface soils, which has resulted in 
partial to complete loss of nutrients and thereby 
reducing productivity and endangering vital life, 
support system. Experiences of many have also 
indicated that it is not very difficult to organize people 
around a profitable activity for some time but 
sustaining of such interest for a long period has been 
difficult. Mobilization of people’s participation would 
need much more intensive interaction while the 
communities would be needed to be involved in the 
process of planning, execution and management of the 
watershed to the extent possible. It is well known fact 
that after construction of watershed the water for 
irrigation was increased, which brings the changes in 
cropping pattern and increases the crop productivity in 
the respective watershed areas. 
     The Bastpur micro watershed developed under 
Rajiv Gandhi Watershed Mission (RGWM) during 
2005-06 to 2010-11 at Morena block of district morena 
of Madhya Pradesh having 500 hectare. Watershed 
secures availability of water in particular area. After 
the availability of sufficient water in particular area, 
which impact may be found.  
     The impact of this micro-watershed on different 
aspect of agricultural production, structural, 
operational, and extent of technological adoption needs 
to be examined.       Hence the present study was under 

taken to assess the Impact of Participatory Approach in 
Management of Watershed practices in micro 
watershed Bastpur in Morena District. 

 

METERIALS AND METHODS 

     The Bastpur Micro Watershed of Morena district 
was purposively selected for this study during 2010-11. 
Out of 250 farmers, 50 beneficiary farmers were 
selected randomly for the study.  All the farmers, who 
were selected as respondents for the benchmark survey 
of this project in year 2005-06, were used for this 
study. For the study, pre testing interview schedules 
were used for obtaining data and were compared with 
the data collected for the benchmark survey and from 
Patwari records. The secondary data for year 2010-11 
were collected from the own survey and project records 
from Govt. offices. Simple percentage distribution 
statistical methods were used for analysis of data. The 
impact of watershed development programme was 
studied in terms of change in area under different 
crops, productivity, land use pattern, land resources 
use, Change in water resources, and livestock status.  

RESULTS AND DISCUSSION 

Change in area 

     The data presented in table-1 revealed that total area 
under crops increased after implementation of 
watershed programme in the Bastpur watershed area. 
The positive changes were observed in the area of 
Arhar (300%) in Kharif and wheat (366.67 %) in Rabi 
season over the period of implementation. Whereas, 
change occurs in the area of mustard. However,no 
reduction was observed in the area of gram (2.13%). 
The figures implies that due to Insufficient availability 
of irrigation water, timely availability of agricultural 
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Inputs and training imparted by extension agents, after 
implementation of watershed programme. Area of 
crops like wheat, which need timely irrigation, has 
significantly increased. Thus, the positive change 

clearly indicates the healthy impacts in the study area 
due to watershed development programme. These 
findings are similar to those of (Shrivastava et. al., 
1996). 

 

Table-1: Change in area of major crops in micro WS- Bastpur after implementation of watershed 

programme 
 

        major crops(ha) Pre-project 

status(ha) 

Post-project 

status(ha) 

Absolute change 

(ha) 

Relative change 

(%) 

Kharif crops     
Bajra,  60 116 +56 93.33 
Arhar  10 40 +30 300.00 
Rabi crops     
Wheat 15 70 +55 366.67 
Mustard 60 70 +10 16.67 
Gram  47 48 +1 2.13 

 

Table-2: Change in productivity of major crops in micro WS- Bastpur after implementation of 

 watershed programme. 
 

                  crops  Pre-project status 

(qt /ha.) 
Post-project status 

(qt /ha.) 

Absolute 

change 
Relative change 

(%) 

Kharif crops     
Bajra 17  20  +3 17.65 
Arhar  12  15  +3 25.00 
Rabi crops     
Wheat 30  33  +3 10.00 
Mustard 12  14  +2 16.67 
Gram  10  12  +2 20.00 

 

Table-3: Change in land use pattern in micro WS- Bastpur after implementation of watershed programme 

Change in land use pattern Pre-project 

status 

Post-project 

status 

Absolute 

change 

Relative 

change (%) 

Arable land (ha) 188 188 +0 0.00 
Non-arable land (ha) 312 312 0 0.00 
Change in cropping intensity (%). 65% 135% +70 107.69  
Increase in Agricultural land (ha) 120 188 +68 56.67 
Change in area under irrigation(ha)  15  70 +55 366.67 

 

Table-4: Change in land resources use activities in micro WS-Bastpur after implementation  

of watershed programme 
 

Change in land resources use activities 

(ha) 

Pre-

project 

status 

Post-

project 

status 

Absolute 

change 

Relative change (%) 

Increase area under pasture  10  24  +14 140.00 
Increase in area under horticulture crops  0 3 +3 100.00 
Increase in vegetation area.  0 22 +22 100.00 
Status of waste land development.  0 44 +44 100.00 

 

Table-5: Change in water resources in Micro WS- Bastpur after implementation of watershed programme 
 

Change in water resources Pre-project 

status 

Post-project status Relative change 

(%) 

Number of soil and water conservation structure 0 16 1600 
Number of Wells 2 4 100 
Number of Hand pump 10 14 40 
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Table-6: Change in livestock status in Micro WS-Bastpur after implementation of watershed programme 
 

             Live stock  Pre-project 

status (No.) 

Post-project status 

(No.) 

Absolute change 

(No.) 
Relative change 

(%) 

Cow 22 38 +16 72.73 

Bullock 40 46 +6 15.00 

Buffalos 74 102 +28 37.84 

Sheeps  145 266 +121 83.45 

Goats   90 140 +50 55.56 

birds   22 38 +16 72.73 

fodder availability (qt.) 150 400 +250 166.67 

 
Change in productivity 

The impact of watershed development programme is 
also studied in terms of crop productivity from the post 
project status. It can be evident from the table-2. That 
the highest increment in productivity was observed in 
Arhar (25.00%) and Gram (20.00%) followed by 
Bajra(17.65%).and Mustard (16.67%). The 
productivity of Wheat also increased by (10.00%) after 
the project implementation period. Due to watershed 
development programme farmers used modern inputs 
like high yielding varieties, chemical fertilizers, timely 
irrigation and use of plant protection measures etc. may 
increased the productivity of crops. Similar findings 
were also reported by (Jat et. al., 2008). 
Change in land use pattern  

      The impact of watershed development programme 
in terms of change in land use pattern is presented in 
table-3. Availability of arable and non-arable land was 
not affected. The study showed that the average 
cropping intensity was observed 135% as compare to   
65% in bench mark of survey during the year 2005-6 in 
bastpur watershed area. An increase in agricultural and 
irrigated area about (56.67%) and (366.67%) 
respectively in watershed area in the year 2010-11 as 
compared to starting of the programme 2005-06. Thus, 
it could be inferred that due to the participation in the 
watershed management activities farmers were able to 
gear up their adoption on soil and water conservation 
practices. Similar findings were also reported by (Desai 
et. al., 1997). 
Change in land resources  

      Highly positive change was noticed in area of 
pasture land (140%), area under horticultural crops 
(100%) and vegetation of the watershed area (100%), 
due to wasteland development. Which was nil at the 
time of benchmark survey in the year 2005-06. Thus, 
the positive change clearly indicates healthy impacts by 

the adoption on horticultural and forestry practices. 
Forestry programme was observed only on wasteland, 
panchayat and government land, very few farmers 
planted forest plants, bushes and grasses in the study 
area. This might be due to marginal and small land 
holdings, where they preferred to grow food grain 
crops rather than the tree plantation. These results in 
conformity with (Desai et. al., 1997). 
Change in water resources  

     The data presented in Table-5 revealed that no soil 
and water conservation structures were constructed 
before implementation of watershed development 
programme. Whereas, 16 numbers of structures have 
been constructed after watershed development 
programme. Due to increase in ground water status 
some new wells and hand pumps also constructed.  
Water run-off reduced by small structures resulted in 
increased agriculture area. Wells and hand pumps, 
which used to dry up during the summers have been 
converted into perennial sources of water, the 
conservation of soil in the farms has resulted in the 
better productivity of crops in the watershed 
development programme. Similar results were found 
by (Verma, 2008).  
Change in livestock status  

      The data in table-6 revealed that before project 
implementation, livestock population was less as 
compared to after project implementation. The positive 
change in livestock population was found due to 
improvement of fodder availability, balanced feeding 
of animals and vaccination in animals has also 
increased in the area. Watershed management was 
showed positive impact on farming community. 
Similar findings were also reported by (Shrivastava et. 

al., 1996). 
CONCLUSION

It could be concluded that the overall watershed 
management practices in the study area have positive 
and effective changes on agricultural area, crop 
productivity, land use, use of land resources, water 
resources, and livestock due to increase in availability 
of water in the watershed area. It was also found 

positive change in Agricultural land (56.67%), irrigated 
area (366.67%), cropping intensity (107.69%), area 
under horticultural and vegetables crops. Similarly 
cattle population was also increased due to sufficient 
availability of water and fodder in watershed area. 
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The results of the study suggested that 
appropriate steps needed to be taken by the farmers for 
rational use of cultivated land, wasteland, forests and 
other common property resources. Using modern 
inputs like high yielding varieties, chemical fertilizers, 
irrigation and plant protection measures, etc., increased 
the productivity of crops. The co-ordination of farmers 
and government functionaries, land development 
activities were some of the measures for improving the 

Bastpur Micro Watershed. Better co-ordination 
between development agencies and voluntary 
rganizations is also essential for effective 
implementation of watershed programme. The lack of 
effective co ordination among project officials, 
agriculture extension department, agriculture research 
station and farmers near the study area is a constraint in 
the adoption of watershed technique. 
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ABSTRACT 

Frontline demonstration (FLD) is one of the most powerful appropriate tools to demonstrate and 
transfer recommended technologies among the farmers. Keeping in view of an effective extension 
approach of FLDs for dissemination of moong technology, an impact assessment of FLDs conducted by 
Krishi Vigyan Kendra in Sriganganagar district of Rajasthan was assessed. Krishi Vigyan Kendra, 
Sriganganagar (Rajasthan) conducted 30 demonstrations on moong crops in an area of 12 hectares 
since 2010-11 to 2013-14 in five adopted villages. The critical inputs were identified in existing production 
technology through trainings, farmers meetings and group discussions with the farmers. The average four 
years data revealed that an average yield of demonstration plot was obtained 10.76 q/ha over local check 
(9.12 q/ha) and the increase average moong productivity by 17.52 %. The farmers have incurred average 
higher returns of Rs. 37886.00 per hectare through these demonstrations. The comparative results of the 
demonstration highlight the cost benefit ratio of 3.92. Results of the demonstration had shown that the 
use of improved variety, improved cultivation practices and proper plant protection measures resulted in 
higher productivity of Moong crop. 

 
Key Words: Frontline demonstration, Krishi Vigyan Kendra, Moong (Vigna radiata) and Production Technology. 

 
Contribution of pulses to agriculture and daily life 

has been tremendous besides being one of the 
important constituents of our diet. Historically India is 
the largest producer, consumer and importer of pulses 
(Raj at al., 2013). Although it is the world’s largest 
pulses producer, India had been imported 3.04 million 
metric tons (MT) of total pulses out of which 0.62 MT 
of moong commodity during 2013-14 to meet its 
domestic demand. However, during the last decade, 
growth in pulses production has increased significantly. 
India achieved a record output in pulses production at 
19.7 MT in 2013-14 with an all-time high production 
achieved in chickpea (9.79 MT), tur (3.34 MT) moong 

(1.28 MT) and urad (1.59 MT)( Anonymous, 2014). 
Even though pulses production increased significantly 
during the last decade, still the productivity of pulses in 
India (694 kg/ha) is lower than most of the major pulse 
producing countries continuing the faster growth is a 
bigger challenge for researchers, extension agencies 
and policy makers and yield potential attained at 
research stations and on-farm demonstrations.  

Moong bean or green gram (Vigna radiata) which 
is commonly known as Moong is an important pulse 
crop grown in our country and accounts 6.44 % to the 
total production of pulses. Moog is an annual crop, 
cultivated mostly in rotation with cereals. It is an erect, 
highly branched and is about 60 to 76 cm tall plant 
(Oplinger, et al, 1990). It is delicious pulse and is 
considered as first choice among pulses particularly in 
northern parts of the country because it is generally 
short duration crop, photo-insetivity and also dense 

crop canopy compared to other pulses. It is generally 
recommended by doctors for growing children, old 
persons, patients due to its easy digestibility. Eating 
moong bean sprouts is indeed a very important part of 
healthy eating. It is grown in our country during Kharif 

, but it is also grown in spring or summer season in 
irrigated northern plains and as a rabi crop in southern 
& south-eastern parts, where the winter is quite mild. 
Being a leguminous crop it has the capacity to fix 
atmospheric nitrogen. It also helps in preventing soil 
erosion. It assumes special significance in crop 
intensification and diversification, conservation of 
natural resources and sustainability of production 
system. 

The Government of India had established a 
"Technology Mission on Pulses" in the year 1991-92 
with the objective to enhance the pulse production and 
productivity. The concept of front line demonstrations 
was put forth under this mission. These demonstrations 
are conducted under the close supervision of scientists 
of Krishi Vigyan Kendras, SAUs and their Regional 
Research Stations. The FLD is an important tool for 
transfer of latest package of practices in totality to 
farmers and the main objective of this programme is to 
demonstrate newly released crop production and 
protection technologies and management practices at 
the farmers' field under real farming situation. Through 
this practice, the newly improved innovative 
technology having higher production potential under 
the specific cropping system can be popularized and 
simultaneously feedback from the farmers may be 
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generated on the demonstrated technology (Singh et 

al., 2012).  
The KVK (SKRAU), Sriganganagar was 

mandatory entrusted with the responsibility of 
conducting FLD in Sriganganagar district of Rajasthan. 
The main emphasis was to maximize production per 
unit area by using high yielding varieties of moong in 
conjunction with the package and practices. Keeping 
this in view the present study has been undertaken to 
study the difference between demonstrated package of 
practices vis-a-vis practices followed by the local 
farmers in moong crop. 
 

RESULTS AND DISCUSSION 

The study was carried out during Kharif  season 
from 2010-11 to 2013-14 (four consecutive years) in 
operational area of Krishi Vigyan Kendra (SKRAU), 
Sriganganagar (Rajasthan). Sriganganagar district is 
situated in the north-western part of India between 
28.4o to 30.3o N latitude and 72.3o to 75.3oE longitude 
and at 175.6 meters height above mean sea level. As 
per the agro climatic zones of Rajasthan it has been 
designated as Irrigated North Western Plain Zone- 1b. 
Geographical Zone- 1b forms North West part of 
‘Thar’ desert and comprised of arid and semi arid areas 
but agro climatic conditions are quite different from the 

neighboring areas of Haryana and Punjab. Thirty front 
line demonstrations were conducted on moong crop 
var. SML-668 in 10 villages over the last four years, an 
area of 12 ha was covered with plot size 0.40 ha under 
front line demonstration with active participation of 30 
farmers. Before conducting FLDs, a list of farmers was 
prepared from group meeting and specific skill training 
was imparted to the selected farmers regarding 
different aspects of cultivation (Venkattakumar et al., 

2010). The primary data were collected from the 
selected farmers with the help of interview schedule 
and interpreted and presented in terms of percentage, 
the qualitative data were converted into quantitative 
form and expressed in terms of percent increased yield. 
Thus, a total sample size comprised of 30 respondents 
from 10 villages across district wherein FLDs were 
conducted by KVK Sriganganagar (Singh et al., 2012). 
The extension gap, technology gap, technology index 
along with the benefit cost ratio were worked out 
(Katare et al., 2011, Samui et al., 2000) as given 
below: 
Technology gap = Potential yield-Demonstration yield. 
Extension gap= Demonstration yield- Farmers yield. 
                           Potential yield-Demonstration yield 
Technology index = ——————————— X 100. 
                                      Potential yield 

 

Table 1: Date of sowing, harvesting date, area and no. of demonstrations of moong under FLD. 

Area (ha) 
No. of farmers/ 

demonstration Crop Thematic area 
Season and 

year 

Sowing date Harvest 

Date 

Proposed Actual SC/ST Others Total  

Kharif  2013-14 1-10/07/13 
  20 Sept.- 4 
Nov.,13 12 12 7 23 30 

Kharif  2012-13 1-10/07/12   20 Sept.- 4 Nov.,12 12 12 8 22 30 
Kharif  2011-12 1-10/07/11   20 Sept.- 4 Nov.,11 12 12 9 21 30 

Moong  
Productivity 
enhancement in field 
crops 

Kharif  2010-11 1-10/07/10   20 Sept.- 4 Nov.,10 12 12 7 23 30 

 

Table 2: Production, technology gap, extension gap and technology index in moong under FLD. 
Demo. Yield 

(q/ha) 

Crop 
Technology 

Demonstrated 
Variety 

No. of 

Farmers 

Area 

(ha.) 
H L A 

Yield of 

local  

Check 

(q/ha) 

Increase in 

yield (%) 

Technology 

gap 

(q/ha) 

Extension 

gap 

(q/ha) 

Technology 

index 

(%) 

30 12 9.80 8.40 9.25 10.75 15.62 10.75 1.25 53.75 

30 12 9.2 7.0 8.31 11.69 18.37 11.69 1.29 58.45 
30 12 10.2 7.6 8.7 11.30 15.23 11.30 1.15 56.50 

Moong  Whole Package SML- 668 

30 12 19.6 14.5 16.8 3.20 20.86 3.20 2.90 16.00 
Mean 25 10.5 12.2 9.37 10.76 9.24 17.52 9.24 1.65 46.18 

 
Table 3: Average cost of cultivation, gross return, net return and B/C Ratio of moong under FLD 

Average Cost of cultivation 

(Rs./ha) 
Average Gross Return (Rs./ha) Average Net Return (Profit) (Rs./ha) 

Crop 

Demonstration Local Check Demonstration  Local Check Demonstration  Local Check 

Benefit-Cost Ratio 

(Gross Return / 

Gross Cost) 

8925 8150 41625 36000 32700 27850 4.6 
8750 8000 29085 24570 20335 16570 2.3 
8250 7760 27579 23934 19329 16174 2.33 

Moong  

8250 7760 53256 44063 45006 37246 6.45 
Mean 8543.75 7917.5 37886.25 32141.75 29342.5 24460 3.92 
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RESULTS AND DISCUSSION 

Table 1 showed the data interpreting of thematic 
area, no. of demonstrations, area, season and year, date 
of sowing and date of harvesting. The data of Table 2 
revealed that the yield of Moong fluctuated 
successively over the years in demonstration plot. The 
maximum yield was recorded (16.8 q/ha) during 2010-
11 and minimum yield was recorded in year 2012-
13(8.31 q/ha) and the average yield of four years was 
recorded 10.76 q/ha over local check (9.11q/ha). The 
average increase in per cent of yield was 17.52 q/ha 
was recorded during four years of study. The results 
clearly indicate the positive effects of FLDs over the 
existing practices toward enhancing the yield of 
Moong in Sriganganagar district of Rajasthan with its 
positive effect on yield attribute. Table 3 revealed the 
data interpreting of average cost of cultivation, average 
gross return, average gross return and benefit-cost 
ratio. The data clearly indicate the positive effects of 
FLDs over the existing practices toward enhancing the 
yield attribute of moong in the Sriganganagar district 
of rajasthan.  
     The extension gap ranging between 1.15-2.90 q/ha. 
During the study period emphasizes the need to 
educate the farmer through various means for adoption 
of improved agricultural production to reverse the 
trend of wide extension gap. The trend of technology 
gap (ranging between 3.20-11.69 q/ha) reflects the 
farmers cooperation in carrying out such 
demonstrations with encouraging results in subsequent 
years. The technology gap observed may be attributing 

to the dissimilarity in soil fertility status and adverse 
weather conditions. Similar findings were recorded by 
(Katare et al., 2011, Mitra et al., 2010, Singh et al., 
2012). 

The technology index showed the feasibility of 
the evolved technology at the farmer’s fields. The 
lower value of technology index the more is the 
feasibility of technology. As such fluctuation in 
technology index (ranging between 16.00 to 58.45) 
during the study period in certain region, may be 
attributed to the dissimilarity in soil fertility status, 
adverse weather condition, insect-pests and disease 
attack. 

CONCLUSION 

From the above findings it is concluded that the 
FLD programme is an effective tool for increasing the 
production and productivity of moong crop and 
changing the knowledge, attitude and skill of farmers. 
The increase average Moong productivity by 17.52 % 
in FLDs over the farmers practice created greater 
awareness and motivated the other farmers to adopt the 
improved package of practices of moong. Use of 
scientific methods of moong cultivation can reduce the 
technology gap to a considerable extent thus leading to 
increased productivity of moong in the Sriganganagar 
district of rajasthan. Moreover, extension agencies in 
the district need to provide proper technical support to 
the farmers through different educational and 
extension methods to reduce the extension gap for 
better quality higher moong production. 
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ABSTRACT 

A field experiment was conducted during Rabi 2010-11 at farmers’ fields in Raniwas village of Dausa 
district of Rajasthan, which falls in agroclimatic zone IIIa (Semi arid eastern plain zone). The study 
consists four treatments namely T1- Control (No spray), T2- 0.5% Zinc sulphate spray at vegetative and 
reproductive stage, T3- 500 ppm thiourea spray at vegetative and reproductive stage, T4- 500 ppm 
thiourea+ 0.2 % zinc sulphate (mixed solution) spray at vegetative and reproductive stage. These four 
treatments were replicated 10 locations in the year Rabi 2010-11 at farmers fields at Raniwas villages of 
Dausa district. The results of the experiment indicated that plant height (cm), Number of primary branches 
and number of total branches, number of pods/plant, grain yield and fodder yield (q/ha) of chickpea was 
found superior in treatment T4- 500 ppm thiourea + 0.2 % zinc sulphate (mixed solution) spray at 
vegetative and reproductive stage by the tune of 5.89, 21.33, 16.02, 14.51, 24.19 and 16.67 per cent over 
control, respectively. The grain yield (q/ha) of chickpea was found significantly superior in treatment T4 
(500 ppm thiourea+ 0.2 % zinc sulphate (mixed solution) spray at vegetative and reproductive stage) 
followed by treatment T2 (0.5% Zinc sulphate spray at vegetative and reproductive stage) being at par 
with each other found significantly superior over T3 (500 ppm thiourea spray at vegetative and 
reproductive stage) and T1 (control).  Treatment T4 (500 ppm thiourea+ 0.2 % zinc sulphate (mixed 
solution) spray at vegetative and reproductive stage) recorded the significantly higher grain yield (q/ha) by 
the tune of 16.67, 10.0 and 24.19 per cent over T3(500 ppm thiourea spray at vegetative and reproductive 
stage), T2 (0.5% Zinc sulphate spray at vegetative and reproductive stage) and T1 (control), respectively. 
Similarly fodder yield of chickpea was recorded the highest with treatment T4 which is 19.29 per cent 
higher over control, followed by treatment T2 which is 13.15 per cent higher over control. The highest 
gross returns (Rs 35420/ha), Net returns (Rs 15238/ha) and B:C ratio (1.75) were recorded with the 
treatment T4 (500 ppm thiourea+ 0.2 % zinc sulphate (mixed solution) spray at vegetative and 
reproductive stage) while in Treatment T1 (control) the gross returns (Rs 28420/ha), net returns (Rs 
12020/ha) and B:C ratio (1.73) were recorded. 

The Overall study revealed that the treatment T4-500 ppm thiourea+ 0.2 % zinc sulphate (mixed 
solution) spray at vegetative and reproductive stage found significantly superior and farmer can increased 
their yield of chickpea by adopting this technology and gave their input in changing the scenario of green 
revolution to evergreen revolution. 

Key word: Chickpea, Thiourea, Zinc sulphate, Yield and Economics 
 
With increasing population growth and 

diminishing water availability Indian agriculture facing 
severe challenge to produce more food per unit of land 
and water. Use of high yielding varieties and higher 
dose of macro nutrients and growing of wheat year 
after year has resulted in depletion of micro nutrients 
like zinc resulting declining or stagnating productivity 
of chickpea due to unfavorable climatic condition 
resulted in stagnating or decline the productivity even 
after the increasing the seed rate and macro nutrients 
application.  For sustainable agriculture it is imperative 
to renewable inputs which can maximize the ecological 
benefits and minimizing the environmental hazards. 
One possible way of achieving this is to decrease 
dependence on use of macro nutrients by foliar 
application of SH bio-regulators (thiourea) and zinc 
sulphate which helps in better transportation 
mechanism in the plants phloem system and increasing 

the yield potential of chickpea.  Chickpea is an 
important pulse crop in India both from the point of 
view of gross hectarage cultivated and grain 
production, after successful story of green revolution 
the country has made an impressive progress in 
enhancing productivity of all the crops including 
chickpea. However, realizable yield level at cultivators 
end in most part of the country  and especially in 
Rajasthan are still deplorably low as compared to its 
genetic and feasible potential, this calls for renewed 
efforts for analyzing the production constraints and 
evaluating location specific monetary and non 
monetary technology for improving the existing 
productivity level. 
The mineral fertilizer application went so high that it 
has shown its ill effect like soil fertility degradation, 
adverse effects on soil physical properties, over 
exploitation of natural resources, ground water 
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pollution and eutrophication.  Soils have not only 
become hungry for major plant nutrients (N.P.K.&S.) 
but are also showing deficiency symptoms of base 
elements like zinc manganese and ferrous. Chickpea 
demand in India is increasing continuously due to ever 
increasing population day by day. To meet the pulse 
demand there is an urgent need to increase the 
production and productivity of the chickpea. Chickpea 
yield can also be increased by high yielding variety, 
disease (wilt) and insect (pod borer) management; 
irrigation facility and use of need base amount of 
macro and micro nutrients either as soil or foliar 
application. The foliar application of the micro 
nutrients is more effective than soil application (Sahu 
and Singh, 1995 & Narang et al 1977). Zinc is also 
involved in various metabolic activities of plant such as 
photosynthesis, respiration and assimilation of organic 
compound to sink. The efficacy of such type element is 
improved when it is used in combination with other 
elements like N & K (Rajput, et al 1995 and Fathi, et 

al.1990).  
The concentration of the zinc in the soil is lower 

than that present in the material from which they are 
derived which resulted in yield stagnation and/or 
depletion.  Thiourea is one of the options to combat the 
adverse climatic conditions such as drought stress, and 
maintain or increase the productivity of chickpea.  
Abdelkader et al 2012 and Anjum et al 2008 find that 
field use of thiourea is feasible for enhancing chickpea 
yield under stress full condition .To overcome this 
problem a study has been conducted by Krishi Vigyan 
Kendra, Dausa (Rajasthan) by framing a on farm 
testing at farmers fields at Raniwas village in Dausa 
district of Rajasthan during Rabi 2010-11.  

MATERIALS AND METHODS 

The field experiment was conducted during Rabi 
2010-11 at farmers fields in Raniwas village of Dausa 
district of Rajasthan, which falls in agroclimatic zone 
IIIa (Transitional plain zone of inland drainage). Soils 
of the experimental sites were sandy to sandy loam in 
texture, slight alkaline (pH 7.6) in reaction, low in 
nitrogen and phosphorus and medium in potassium 
status. The study consists four treatments namely T1- 
Control (No spray), T2- 0.5% zinc sulphate spray at 
vegetative and reproductive stage, T3- 500 ppm 
thiourea spray at vegetative and reproductive stage, T4- 
500 ppm thiourea+ 0.2 % zinc sulphate (mixed 
solution) spray at vegetative and reproductive stage. 
The above four treatments were replicated 10 times in 
the year 2010-11 at farmers fields of the Raniwas 
villages of Dausa in Randomized Block Design. The 
chickpea variety GNG 663 was grown in the first 
fortnight of December. The crop was irrigated at 
critical growth stages. The crop was raised with the 
recommended dose of major nutrients in the zone IIIa 
i.e. 20 kg nitrogen and 40 kg phosphorus per hectare. 
The crop was harvested in the first week of April. The 
harvesting and threshing was done in separate strips of 

treatments. The observations of yield attributes and 
yield like plant height, number of primary 
branches/plant, number of total branches/plant, number 
of pods/plant, grain yield (q/ha) and fodder yield (q/ha) 
of chickpea were recorded treatment and replication 
wise at every location and then statistical analysis for 
the test of significance were done.  Observations of ten 
competitive plants at maturity stage from each 
treatment and replication were randomly selected, 
average of these plants in respect of different plant 
characters like plant height, number of primary 
branches/plant, number of total branches/plant, number 
of pods/plant, grain yield (q/ha) and fodder yield (q/ha) 
of chickpea. The economics was calculated by simple 
mathematical formula. The cost of cultivation included 
all the expenditure right from land preparation, cost of 
irrigation, cost of inputs, cost of treatment with 
application cost and other expenditures. Gross return 
was calculated by multiplying of produce to prevailing 
market price. B: C ratio was calculated as gross return 
divided by cost of cultivation Additional cost was 
calculated as additional amount spent to the treatment 
given and additional return was calculated as difference 
between net return of control & net return of treatment. 

RESULTS AND DISCUSSION 

Yield attributes and yield 
Data in Table 1 revealed that the plant height (cm) 

was increased by all the three treatments as compared 
to control or no spray. Significantly the highest plant 
height was recorded in treatment T4- 500 ppm 
thiourea+ 0.2 % zinc sulphate (mixed solution) spray at 
vegetative and reproductive stage which is 5.89 per 
cent higher over control or no spray. In respect of 
number of number of primary branches/plant and 
number of total branches/plant, treatment T4- 500 ppm 
thiourea+ 0.2 % zinc sulphate (mixed solution) spray at 
vegetative and reproductive stage were found 
significantly superior over control and the per cent 
increase were found 21.33 and 16.02 as compared to 
control, respectively. Number of pods/plant were 
recorded significantly higher with the treatment T4- 
500 ppm thiourea+ 0.2 % zinc sulphate (mixed 
solution) spray at vegetative and reproductive stage  by 
the tune of 15.69 per cent over control or no spray. In 
nut shell all three treatment found better as compared 
to control in respect of all yield attributes. The 
treatment T4- 500 ppm thiourea+ 0.2 % Zinc sulphate 
(mixed solution) spray at vegetative and reproductive 
stage recorded significantly the highest values for all 
the yield attributes like plant height, number of primary 
branches/plant, number of total branches/plant and 
number of pods/plant. The spray of thiourea and zinc 
sulphate has a favorable impact on dry matter 
partitioning between source and sink. Better 
translocation of assimilates from source to sink is one 
of the possible reason for increasing the yield attributes 
of chickpea crop resulting in increased plant height, 
number of primary branches/plant, number of total 
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branches/plant and number of pods/plant. Similar 
results were also recorded by Sahu and Singh, 1995 
with the application of thiourea spray at tillering and 
flowering stage. Dayanand et al. 2013 also recorded 
significantly higher yield attributes of wheat like plant 
height, grains per ear and test weight with 500 ppm 
thiourea+ 0.2 % Zinc sulphate (mixed solution) spray 
at tillering and grain initiation stage. Gul et al 2011 
recorded two times spray of 0.5% Zinc solution on 
wheat was highly influenced in plant height, number of 
tillers and other yield attributes characters in wheat. 

Data presented in Table 1 depicts that treatment 
T2- 0.5% Zinc sulphate spray at vegetative and 
reproductive stage and treatment T4- 500 ppm 
thiourea+ 0.2 % Zinc sulphate (mixed solution) spray 
at vegetative and reproductive stage recorded the 
significantly higher grain yield i.e. 12.90 and 24.19 per 
cent higher over control, respectively and being 
statistically at par with each other. Similarly fodder 
yield of chickpea was also recorded significantly 
superior in the treatment T2- 0.5% Zinc sulphate spray 
at vegetative and reproductive stage and T4- 500 ppm 
thiourea+ 0.2 % Zinc sulphate (mixed solution) spray 

at vegetative and reproductive stage by the tune of 
15.79 and 16.67 per cent as compared to control, 
respectively both the treatments are being statistically 
at par with each other.  Dayanand et al. 2013 also 
recorded 5.7,10.4 and12.7% higher  grain yield over 
control with  two foliar spray  of,500 ppm thiourea, 
0.5% Zinc sulphate  and + 500 ppm thiourea+ 0.2 % 
Zinc sulphate (mixed solution) spray at tillering and 
grain initiation stage . Sahu and Singh, 1995 also found 
similar results that thiourea spray at both tillering and 
flowering increased the grain yield, biological yield 
and harvest index, grain yield increased by 23.9% over 
control.  
Economics 

Data in Table 2 revealed that highest gross return 
was found in T4 of Rs 35420/-followed by T2 of Rs 
32110/- as compared to control (28420) and the highest 
net return was found in T4 of Rs 15238 /- as compared 
to control (12020).  B:C ratio was also found the 
highest in T4 (1.75) whereas it was 1.73 in treatment T1 
(control). Dayanand et al. 2013 also recorded higher 
return in two foliar application of thiourea 
@0.05%+ZnSo4@0.2 per cent. 

Table-1 Effect of zinc sulphate and thiourea spray on yield attributes and yield of chickpea 

Treatments/ characters Grain 

yield 

(q/ha) 

Fodder 

yield 

(q/ha) 

Plant 

height 

(cm) 

Number of 

primary 

branches/pla

nt 

Number of 

total 

branches/ 

plant 

Number of 

pods/plant 

T1- Control (No spray) 12.4 11.4 64.5 7.5 20.6 25.5 
T2- 0.5% Zinc sulphate spray at 
vegetative and reproductive 
stage 

14.0 12.9 66.6 8.6 22.3 27.1 

T3- 500 ppm thiourea spray at 
vegetative and reproductive 
stage 

13.2 11.5 66.2 8.4 22.7 26.4 

T4- 500 ppm thiourea+ 0.2 % 
Zinc sulphate (mixed solution) 
spray at vegetative and 
reproductive stage 

15.4 13.3 68.3 9.1 23.9 29.2 

SEm ± 0.482 0.362 1.252 0.548 1.102 1.18 
CD (P=0.05) 1.40 1.05 3.983 1.591 3.197 3.428 

 
Table-2 Effect of zinc sulphate and thiourea spray on economics of chickpea 

Treatments/ characters Cost of 

cultivation 

(Rs/ha) 

Gross 

returns 

(Rs/ha) 

Net 

returns 

(Rs/ha) 

Additional 

cost (Rs/ha) 

Additional 

returns 

(Rs/ha) 

B:C 

ratio 

T1- Control (No spray) 16400 28420 12020 - - 1.73 
T2- 0.5% Zinc sulphate spray at 
vegetative and reproductive stage 

22400 32110 9710 6000 3690 1.43 

T3- 500 ppm thiourea spray at 
vegetative and reproductive stage 

18182 30090 11908 1782 1670 1.65 

T4- 500 ppm thiourea+ 0.2 % Zinc 
sulphate (mixed solution) spray at 
vegetative and reproductive stage 

20182 35420 15238 3782 700 1.75 
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ABSTRACT 

      In recent years, natural antioxidants in food and other biological materials have drawn considerable 
concern due to their presumed safety, nutritional and therapeutic value that offers protection against a 
range of non-communicable diseases and ageing. The present study focuses on evaluation of 
Coriandrum sativum (Coriander) varieties for their antioxygenic potential using different in vitro free 
radical scavenging models. The methanolic extracts of Local and Simco varieties of coriander were found 
to be appreciably effective in scavenging hydroxyl radical generated by Fenton reaction (EC50=38 and 

18µg/ml), super oxide radical generated by photoreduction of riboflavin (EC50=553.50 and 668.67µg/ml), 
and nitric oxide radical generated in vitro from sodium nitroprusside (EC50=180 and 227µg/ml) in a 
concentration dependent manner. In contrast, methanol: hexane extracts of both the varieties of coriander 
were found to be ineffective in quenching hydroxyl radical and revealed only moderate activity in 
quenching super oxide radical (EC50=712 and 832µg/ml) and nitric oxide radical (EC50=569 and 
703µg/ml). However, hexane extracts exhibited no appreciable affects at either of the concentrations in all 
the three models. Instead, it showed pro-oxidant activity at higher concentrations. Above mentioned in 
vitro models proved Local variety to possess better antioxygenic potential. Likewise, the inhibition of in 
vitro linoleic acid peroxidation for longer period of incubation by methanolic extract (superior to ascorbic 
acid, a standard antioxidant) and lipid peroxidation in rat liver homogenate (EC50=383µg/ml) also 
indicated good antioxygenic potential of Local variety of coriander. 

Key words:  Antioxidant Activity, Coriander, Methanolic Extracts, Oxidative Stress, in- vitro models 
      

Oxidative stress is believed to play an important 
role in pathogenesis of ageing, inflammation and 
cancer (Sayre et al., 2001). Free radicals have also 
been implicated in etiology of various age related 
diseases such as atherosclerosis, asthma, stroke, 
vasospasms, liver damage and Alzheimer’s disease etc 

(Ray and Husain, 2002). Partially reduced oxygen 
species such as superoxide anion radical (O2

·-), 
hydroxyl radical (OH·), nitric oxide, hydrogen 
peroxide, peroxynitrite, hypochlorous acid etc which  
are collectively known as reactive oxygen species 
(ROS) can result in cell membrane disintegration by 
reacting with  membrane proteins or lipids 
(Bandyopadhyay et al., 1999). Moreover these can 
cause DNA mutation which further initiate or 
propagate development of many diseases (Valentao et 

al., 2002). Antioxidant status plays a pivotal role by 
inhibiting or delaying the oxidizing chain reaction to 
minimize oxidative damage which consequently 
prevents pathological changes (Kudlackova et al., 
2006). In recent years, the use of natural antioxidants 
present in food and other biological materials has 
attracted considerable interest due to their presumed 
safety, nutritional and therapeutic value (Ajila et al., 
2007). Plant foods contain a large number of phyto-
nutrients that have the potential for offering a good 
degree of protection against a range of non-
communicable diseases, like cancer, cardiovascular 
disease and cataract (Rao, 2003). 
Coriandrum sativum (Coriander), an umbelliferous 
annual plant, probable native to the eastern 

Mediterranean and Southern Europe is now extensively 
cultivated in India. Among spices and herbs, 
Apiacae/Umbelliferae family exhibit good antioxidant 
property (Jiwajinda et al., 2002; Satyanarayana et al., 
2004). Different parts of the plant, including the fruits 
and the green herbs, are used for medicinal purposes 
such as dyseptic complaints and loss of appetite 
(Blumenthal et al., 2000). Coriander is valued for the 
dry ripe fruits, called coriander seeds and also for the 
fresh green leaves called cilantro. Coriander leaves are 
used extensively in cooking and coriander fruits are 
used as spice, an essential ingredient in curry powder 
in Indian dietary pattern. Preliminary reports have 
indicated the antioxidant potential of coriander in 
different in vitro models. However, the antioxidant 
potential is highly variable with respect to the variety, 
cultivation practices and location (Dragland et al., 
2003). Efforts to gain extensive knowledge regarding 
power of antioxidants from plants like Coriandrum 

sativum, is therefore on increase (Ali et al., 2008). 
Previous phytochemical investigations on coriander by 
various authors demonstrated the presence of 
terpenoids and flavonoids and related polyphenols in 
the extracts of coriander (Chithra and Leelamma, 1997; 
Panjwani et al., 2010). Hence, the present study has 
been undertaken to investigate the antioxidant activity 
of seeds of two varieties (Local and Simco) of 
Coriandrum sativum. 
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MATERIALS AND METHODS 

 Two varieties of the coriander (Coriandrum sativum) 
i.e. Local and Simco, were obtained from Department 
of Agronomy and Agrometeorology, Punjab 
Agricultural University, Ludhiana. About 100g of 
shade dried coriander seeds were ground to a fine 
powder and were exhaustively extracted with solvents 
of varying polarities such as hexane, methanol and 
hexane-methanol mixture (3:7) by refluxing at 60°C for 
12 hours. After filtration, the residues were re-extracted 
twice under same conditions. Solvent was removed 
from the combined filtrates under vacuum at 45°C in 
Buchi rotary evaporator. The yield of crude extracts 
was determined gravimetrically. These extracts were 
then stored in a desiccators until further use. The crude 
extracts were re-dissolved in distilled water when 
necessary for assessment of antioxidant activity. For 
the evaluation of antioxidant potential, the extracts 
obtained from solvents of varying polarity were tested 
in different in vitro models (hydroxyl radical, 
superoxide radical and nitric oxide radical scavenging 
potential). 
Determination of hydroxyl radical scavenging 
activity- Hydroxyl radical scavenging activity was 
determined by deoxyribose degradation method 
(Halliwell et al., 1987) on the basis of study of 
competition between deoxyribose and test compounds 
for hydroxyl radicals produced by Fe2+-ascorbate-
EDTA-H2O2 system (Fenton reaction). The hydroxyl 
radicals attack deoxyribose that eventually results in 
formation of thiobarbituric acid reacting substances 
(TBARS) method (Ohkawa et al., 1979). The reaction 
mixture consisted of 0.1ml of deoxyribose (2.8 mM), 
0.1ml of FeCl3 (0.1 mM), 0.1ml of EDTA (0.1 mM), 
0.1ml of ascorbic acid (0.1 mM), 0.1ml of H2O2 (1 
mM), phosphate buffer (20 mM, pH 7.4) and various 
concentrations of coriander extracts in a final volume 
of 1 ml. The reaction mixture was incubated for 1 h in 
a water bath at 37°C. Then 3ml of thiobarbituric acid 
(TBA) was added followed by vigorous shaking and 
incubated for 1h in a boiling water bath. The % 
inhibition was determined by comparing the 
absorbance values at 532 nm of test and control. 
Determination of superoxide radical scavenging 

activity- Superoxide scavenging activity was 
determined by inhibition of light induced 
(photoreduction) superoxide radical generation by 
riboflavin and subsequent reduction of NBT (Mc-Cord 
and Fridovich, 1969). The reaction mixture consisted 

of 0.1 ml of EDTA (6.6 mM) containing 3 µg NaCN, 

0.1 ml of riboflavin (2µM), 0.1 ml of NBT (50µM), 
various concentrations of coriander extracts and 
phosphate buffer in a final volume of 3 ml. The tubes 
were uniformly illuminated with incandescent lamp for 
15 min and the optical density was recorded at 530 nm 
before and after the illumination. The % inhibition of 
superoxide generation was measured by comparing the 
absorbance values of test and control compounds.  

Determination of nitric oxide radical scavenging 

activity- Nitric oxide radical scavenging was 
determined by detecting the inhibition of nitric oxide 
generation. Aqueous solution of sodium nitroprusside 
spontaneously generates nitric oxide (NO˙) at 
physiological pH, which interacts with oxygen to form 
nitrite ions. These nitrite ions were measured 
colorimetrically, by their diazotization with 
sulphanilamide and its subsequent coupling to 
naphthylethylene diamine (Green et al., 1982).  
Reaction mixture consisted of 1ml of sodium 
nitroprusside (10 mM), various concentrations of 
coriander extracts and phosphate buffered saline (PBS) 
to make a total volume of 3ml. The reaction mixture 
was incubated at 25°C for 150 min. After incubation, 
0.5 ml of incubation mixture was drawn and to this 0.5 
ml of Gries reagent (1% sulphanilamide, 2% 
phosphoric acid and 0.1% naphthyl – ethylene - 
diamine dihydrochloride) was added. The absorbance 
of chromophore formed was read at 546 nm after 
making the final volume of 4 ml with distilled water. 
The % inhibition of nitric oxide generation was 
measured by comparing the absorbance value of test 
and control. 
Determination of Lipid peroxidation inhibiting 

activity using linoleic acid emulsion- The antioxidant 
activity of coriander was determined by detecting the 
ability of extract to inhibit H2O2 induced lipid 
peroxidation of linoleic acid. Different concentrations 
of extracts of coriander were mixed with 2.5 ml of 
linoleic acid emulsion (pH 7.0) in phosphate buffer 
(0.2 M, pH 7.0). The reaction mixture was incubated at 

37°C. Aliquots (l0 µl) were taken at different time 
intervals during incubation. The degree of oxidation 
was measured according to the thiocyanate method 

(Mitsuda et al., 1996), by sequentially adding ethanol 
(4.7 ml, 75%), ammonium thiocyanate (0.1 ml, 30%), 

sample solution (l0 µl) and ferrous sulphate (0.1 ml, 
0.02M in 3.5% HCl). The mixture was allowed to stand 
for 3 min and absorbance was recorded at 500 nm. 
Vitamin C was used as a positive control. 
In vitro lipid peroxidation of rat liver homogenate- 
Antioxidant potential of coriander was also evaluated 
by their ability to prevent lipid peroxidation (LPO) 
induced by Fe2+ - ascorbate system in rat liver 
homogenate (Bishayee and Balasubramaniyam, 1970). 
Freshly excised rat liver was processed to get 10% rat 
liver homogenate prepared in cold phosphate buffered 
saline (pH 7.4) using a glass Teflon homogenizer and 
filtered to get a clear homogenate. The incubation 
mixture contained 0.5ml of 10% rat liver homogenate, 
0.1ml of ferrous iron (0.5 mM), 0.1ml of ADP (1.7 
mM), 0.1ml of ascorbic acid (0.5 mM) and the final 
volume was made up to 1.5 ml with KCl (0.15 M). 
Mixture was incubated for 20 min at 37°C in presence 
and absence of different concentrations of coriander 
extracts. After incubation, 0.6 ml of reaction mixture 
was taken and treated with 0.2 ml sodium dodecyl 
sulphate (8.1%), 1.5 ml of thiobarbituric acid (0.8%) 
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and 1.5 ml of acetic acid.  The mixture (4 ml) was then 
kept in a boiling water bath for 1 h.  After cooling, 1 ml 
of distilled water and 5 ml of a mixture of n-butanol 
and pyridine were added and shaken vigorously.  
Followed by centrifugation, the absorbance of the 
upper layer containing chromophore was read at 532 
nm.  The % inhibition of lipid peroxidation by the 
extract was determined by comparing the absorbance 
values of control and experimental tubes. 

EC50 values: The concentration of extracts 
required for 50% inhibition of free radical generation, 
were determined by plotting the % inhibition vs 
concentration of the extract. By considering, EC50 
values and the yield of the extracts obtained from both 
of the varieties of coriander, EC50 equivalents/ g of 
coriander seeds were calculated as EC50 equivalents/g 
= Yield of extract (µg/g)/ EC50 value (µg/ml). 
 

RESULTS AND DISCUSSION 

Yields of the extracts of both varieties of coriander 
with different solvents were quite different. Local 
variety had 6.65% yield where as Simco variety 
yielded 5.60% in case of methanolic extracts. 
Likewise, for methanol:hexane extracts, Simco variety 
(7.19%) had better yield than Local variety (6.27%). 
Where as in case of the hexane extracts Local variety 

gave better yield (6.61%) than Simco variety (4.60%).  
Antioxidant activity of hexane and hexane-methanol 

extracts 
No appreciable effect of hexane extracts was seen 

at either of the concentrations in all the three models. 
Instead, the extract showed pro-oxidant activity at 
higher concentrations, thereby ruling out the free 
radical scavenging potential of hexane extract.  

Methanol:hexane extracts were also found to be 
ineffective in scavenging of hyroxyl radical (Fig 1a). 
However, the methanol:hexane extracts of both the 
varieties showed some superoxide radical and nitric 
oxide radical scavenging potential. The inhibitory 
potential of Local variety of coriander yielded better 
results than Simco variety in both the models. The 
concentrations needed for 50% inhibition (EC50) of 
superoxide production were found to be 712 and 832 

µg/ml respectively (Fig 1b) and EC50 equivalents/g 
were 88 and 86 equivalents for Local and Simco 
varieties respectively. The concentrations needed for 
50% inhibition of nitrite production, were 569 µg/ml 
for Local variety and 703 µg/ml for Simco variety (Fig 
1c). The EC50 equivalents/g of coriander worked out to 
be 110 and 102 respectively for Local variety and 
Simco variety.  

 

Table 1. Antioxidant activity of methanolic extract of both the varieties of coriander - EC50 equivalents/g of 

coriander seeds.  
 

EC50 equivalents*/g of coriander seeds 
ROS scavenged by in vitro model 

Local variety Simco variety 

Hydroxyl radical 3627.93 1493.33 

Superoxide radical 120.14 83.75 

Nitric oxide radical 370.41 247.06 

*1 EC50 equivalent: µg of extract required for 50% inhibition of oxidation reaction in a volume of 1ml. 
 

Table 2. Antioxidant activity of methanolic extract of coriander (local variety) - Inhibition of linoleic acid 

peroxidation. 

Time (h)  Concentr-

ation 

(µg/ml) 
0.5 12 24 36 48 60 72 84 96 108 

Coriander Local variety (Coriandrum sativum) 

20 0.00 38.08 27.61 23.55 18.41 6.67 6.37 0.00 0.00 0.00 

50 0.00 44.75 27.61 37.00 27.22 20.37 6.37 1.57 0.00 0.00 

100 10.71 61.87 54.47 49.61 40.85 31.62 19.94 12.46 3.13 1.47 

150 7.142 66.64 70.26 66.40 61.64 52.66 40.78 32.48 24.01 16.18 

200 7.142 72.37 78.64 78.18 80.01 66.46 52.65 45.53 36.29 27.94 

Ascorbic acid (Positive control) 

100 10.00 32.14 12.10 10.42 1.96 6.62 0.00 0.00 0.00 0.00 

200 20.00 35.71 36.59 20.83 11.76 25.74 4.96 2.78 0.00 0.00 

500 40.00 50.00 43.90 27.08 17.65 30.88 25.00 12.50 6.94 0.00 

1000 55.00 75.00 63.41 37.50 29.41 50.00 30.50 18.06 11.11 0.00 
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Table 3. Antioxidant activity of methanolic extract of coriander (local variety) –Protection of in vitro lipid peroxidation in 

rat liver homogenate. 

Concentration (µg/ml) 
MDA formed (nmoles/h/ml of tissue 

homogenate) 
% Protection 

20 55.244 ± 2.03 5.99 ± 2.57  

50 51.667 ± 3.69 12.23 ± 3.07  

100  43.321 ± 3.69  26.48 ± 2.83  

200 33.782 ± 2.03 42.57 ± 1.84  

500 27.025 ± 1.49 54.04 ± 1.55 

1000 19.474 ± 1.12 65.57 ± 2.52 

Control  58.821 ± 2.98  - 

EC50 - 383.10 ± 40.40 

Values are mean ± S.D, n = 3 
EC50 :  Effective concentration required for 50 % protection. 

 
Figure1. Effect of methanol:hexane extract of Local and Simco varieties of coriander on oxygen radical generation in 

vitro- (a) hydroxyl radical (b) superoxide radical (c) nitric oxide radical. 
 

 
Figure 2. Effect of methanolic extracts of Local and Simco variety of coriander on oxygen radical generation in vitro- (a) hydroxyl 

radical (b) superoxide radical (c) nitric oxide radical. 
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Antioxidant activity of methanolic extracts 

 The methanolic extracts of coriander were highly 
effective in scavenging free radicals in a concentration 
dependent manner in all the in vitro models used.  
Hydroxy radical scavenging activity- Concentrations of 
local and simco variety needed for 50% inhibition of 
hydroxyl radical generation were found to be 38 and 18 

µg/ml respectively (Fig. 2a). EC50 equivalents/g of 
coriander for hydroxyl radical scavenging potential 
was found to be 3628 and 1493 for Local variety and 
Simco variety respectively (Table 1).  
Superoxide radical scavenging activity- The 
methanolic extracts of coriander exhibited even better 
inhibition against superoxide radicals generated by 
photo reduction of riboflavin in concentration 
dependent manner. The inhibitory potential followed 
the same scenario where Local variety displayed the 
better potential than Simco variety and concentrations 
needed for 50% inhibition (EC50) were found to be 
553.50 and 668.67 µg/ml respectively (Fig. 2b). The 
EC50 equivalents/g of coriander computed were 120 
and 84 respectively for Local variety and Simco variety 
(Table 1). 
Nitric oxide radical scavenging activity- Inhibition 
potential of methanolic extracts of both the varieties of 
coriander against nitric oxide radical generation proved 
better than that of hexane and methanol:hexane 
extracts. Local variety revealed better inhibitory 
potential than Simco variety rendering EC50 values of 
180 and 227 µg/ml respectively (Fig. 2c). The EC50 
equivalents/g of coriander, were calculated to be 370 
and 247 for Local and Simco varieties of coriander 
respectively (Table 1). The concentration of ascorbic 
acid needed for 50% inhibition was found to be much 

higher i.e. 2700 µg/ml.  
These results highlights that Local variety 

exhibited better inhibitory potential than Simco for all 
three in vitro models (hydroxyl radical scavenging 
potential, super oxide radical scavenging and nitric 
oxide radical scavenging potential). Different varieties 
of the same herb are known to show relative 
antioxidant efficiencies (Dragland et al., 2003). The 
EC50 values obtained in the present study were 
different in each assay which could be due to 
difference in their sensitivity. Methanolic extracts 
exhibited most potent in vitro antioxidant activity with 
high percentage inhibition as compared to other 
solvents (Gupta et al., 2007). Since only the methanolic 
extracts were effective anti-oxidants it appears that the 
antioxidant potential of coriander could be attributed to 
its high flavonoid content. From in vitro evaluation of 
antioxidant activity of two varieties of coriander, the 
Local variety which proved to be potent in in vitro 

radical scavenging studies was selected for further 
evaluation of its antioxigenic potential using models 
more close to in vivo system i.e. oxidation of linoleic 
acid and liver homogenates. 
Inhibition of linoleic acid peroxidation- The 
methanolic extract of coriander exhibited inhibition of 

the peroxidation of linoleic acid in a concentration 
dependent manner (Table 2). The coriander extract was 
highly effective in preventing the peroxidation of 
linoleic acid even up to 48h at higher concentrations. 
On comparison of coriander extract with standard 
antioxidant ascorbic acid, the antioxidant activity in 
this system was found to be far better in coriander. 
Ascorbic acid gained the maximum inhibition of 75 % 
till 12h where as coriander exhibited maximum 
inhibition of 80 % till 48h of incubation period. 
The functional methods that simulate oxidative 
reactions similar to those occurring in vivo explore 
their protective effects against oxidative reactions 
(Kahkonen et al., 1999; Kaur and Kapoor, 2002; 
Lavellei et al., 2000). As relatively polar solvent 
extract showed better antioxidant property the presence 
of various flavonoids in herbal extracts might have 
been involved in inhibition of peroxidation (Ratty et 

al., 1998). It has been reported that the total phenolic 
contents or probably some other factors in various 
herbs play major role in the antioxidant potential 
against linoleic acid peroxidation system (Velioglu et 

al., 1998). Lipid peroxidation, caused by free radicals 
leading to oxidative destruction of PUFA a  constituent  
of cellular membranes produces toxic and reactive 
aldehyde metabolite i.e. malondialdehyde (MDA) 
which is most commonly measured as TBARS 
(Karlsson, 1997).  

Inhibition of lipid peroxidation in rat liver 

homogenate- Addition of herbal methanolic extract of 
local variety of coriander at various concentrations was 
found to inhibit peroxides generated by Fe2+-ADP-
ascorbate in rat liver homogenate in a dose dependent 
manner (Table 3). The concentration of local variety of 
coriander needed for 50% inhibition was found to be 
383µg/ml. The protection of membrane lipids by the 
methanolic extracts is evidenced by the MDA formed 
and % protection in in vitro lipid peroxidation induced 
in rat liver homogenate.  

The present study indicated a strong antioxidant 
action of methanolic extracts of both the varieties of 
coriander as evidenced by low EC50 values. However, 
the extracts of coriander prepared using hexane as 
solvent did not show any antioxidant activity. Instead, 
a pro-oxidant activity was exhibited at higher 
concentrations. The methanol:hexane extracts exhibited 
mild to moderate antioxidant activity only at some 
critical concentrations. Moreover, the quantity of the 
methanolic extracts needed for the in vitro inhibition of 
oxygen radicals such as hydroxyl radicals, superoxide 
radicals, nitric oxide radicals and lipid peroxides were 
relatively low and superior to methanol-hexane 
extracts. As the methanolic extract of Local variety of 
coriander is been highly enriched in antioxidant 
compounds, it can be exploited to prepare effective 
anti-oxidant preparations for food supplements or 
nutraceuticals. 
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ABSTRACT 

A field experiment was conducted during 2008-09 and 2009-10 at Jabalpur, Madhya Pradesh on 
sandy clay loam soils, to find out higher productivity and economics of rice (Oryza sativa L.) based 
cropping system through diversification and intensification under irrigated ecosystem. The experiment 
was laid out in randomized block design with four replication and 12 treatments. Okra (Abelmoschus 
esculentus L.) and Hy. rice – potato (Solanum tuberosum L.) – ground nut (Arachis hypogaea L.) and 
scented rice – berseem (Trifolium alexandrinum L.) sequence gave significantly higher rice equivalent 
yield.  A different cropping sequences of Hy. rice – gobhisarson (Brassica campestris) – yield (184.75, 
155.92 and 143.18 q/ha, respectively) and gross returns (Rs 153707, 132404 and 119259/ha 
respectively). The highest net return of Rs 109504/ha/year were realized from Hy. rice – gobhisarson – 
okra and followed by Hy. rice – potato – groundnut (77779/ha/year). However, the benefit : cost ratio was 
highest (3.47) in Hy. rice – gobhisarson – okra. Similarly, these cropping sequence also recorded higher 
production efficiency (52.48 kg/ha/day). Inclusion of oilseed, pulse, vegetables, ornamental or fodder 
crops resulted in higher rice equivalent yield, gross returns, net returns, production efficiency and benefit : 
cost ratio of rice based cropping system. 
 
Key words: - Cropping systems, Diversification, Economics, Intensification, Production efficiency, Rice, 
Rice equivalent yield. 

 
Rice (Oryza sativa L.) and wheat (Triticum 

aestivum L. emend.Fiori and paol) is the most 
dominant cropping system in the kymore plateau and 
satpura hill zone of Madhya Pradesh under both 
irrigated and rainfed production system. In India it 
occupies about 10.5 million hectares area (Sharma et 

al., 2004) in Indo-gangetic plain region. This is the 
most important agriculture production system for food 
security of India, mainly because of its higher 
productivity and wider ecological adaptability. It share 
about 23% of the national food grain production. 
Although this system has been main stay of food 
security, employment and income generation in the 
IGPR, but the system has sustained over the years, 
yield gradually stagnates. This stagnation in 
productivity can be attributed mainly to monotony of 
the system as well as exhaustive nature, require more 
irrigation water of the cereal – cereal crop sequence. 
Besides, continuously following the same system has 
adverse effect on soil condition, ultimately reducing 
the productivity of the system. Crop diversification and 
intensification with inclusion of different crops like 
pulse, oilseed, vegetable and fodder will improve the 
economic condition of farmer owing to higher price 
and higher value of their grain production and by 
products, to maintain and enhance soil health, preserve 
environment and meet daily requirement of human and 
animals. Due to income decrease while decreasing the 
land day by day per capita and intensification of rice 
based cropping system gave the higher crop 

productivity and net return. In addition the legume 
have favourable impact on improving the soil fertility 
and help in increasing the yield of succeeding rice crop 
(Kharub et al., 2003 ). In view of these facts, the 
present investigation was carried out to find out the 
suitability of different need based pulse or oil or 
vegetable or fodder for substituting in existing rice 
based cropping system as crop diversification and 
introducing need based short duration crop as 
intensification. 

MATERIALS AND METHODS 

 The field experiment was conducted on rice based 
cropping system under irrigated condition during all 
three season of the year 2008-09 and 2009-10 at 
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, 
Madhya Pradesh, under All India Coordinated 
Research Project on Integrated Farming System. The 
soils of the experimental field was sandy clay loam in 
texture, slightly alkaline (7.62) in reaction with low 
organic carbon (6.5 kg/ha), normal electrical 
conductivity (0.55 ds/m) and analyzing medium in 
available N (240 kg/ha), low in available P (16.0 kg/ha) 
and medium in available K (448 kg/ha). The 
experiment consisted with 12 treatments which was 
laid out in randomized block design under four 
replications. Twelve rice based cropping system were 
evaluated for their production and economics viz., T1 : 
rice – wheat (most existing cropping system of the 
zone), T2 : rice – chickpea (Cicer arietinum L.), T3 : 
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Hy. rice – onion – green gram, T4 : rice – berseem 
(Trifolium alexandrinum L.) as green manure as well as 
seed purpose, T5 : Hy. rice – potato (Solanum 

tuberosum L.) – maize, T6 : Hy. rice – gobhisarson 
(Brassica campestris), T7 : Hy. rice – vegetable pea 
(Pisum sativum) - sesame (Sesamum indicum L.), T8 : 
Hy. rice – potato – groundnut (Arachis hypogaea L.), 
T9 : Hy. rice – gobhisarson – groundnut+maize 
(intercropping), T10 : Hy. rice – gobhisarson – okra 
(Abelmoschus esculentus L.), T11 : Hy. rice – garlic- 
sorghum+cowpea (Intercropping), T12 : Hy. rice – 
marigold (Tagetus erecta L.) – maize. 
Groundnut+maize, sorghum+cowpea were sown in 4:2, 
4:2 row proportion. The plot size was 8.0 m x 4.2 m . 
Rice cv ‘Kranti’, ‘ProAgro 6444, ‘Sugandha-5’ and 
‘JRH-5’, more sown during rainy (Kharif) season; 
Wheat ‘GW-273’, Chickpea ‘JG-322’, Onion 
‘Pusared’, Berseem ‘JB-5’ (for fodder purpose), potato 
‘Kufri Sinduri’, Gobhisarson ‘Teri Uttam’, Green pea 
‘Arkel’, Garlic ‘G-41’, Marigold ‘African Gaint’, 
during (winter) rabi season; and Green gram ‘Pusa 
Vishal’, Berseem’JB-5’ (for seed purpose), Maize ‘JM-
12’, Sesame ‘TKG-55’, Groundnut ‘Jyoti’, Okra 
‘Parbhani Kranti’, Sorghum ‘MP Chari (F), Cowpea 
‘Local’ (F). during summer season were raised under 
irrigated conditions with recommended packages of 
practices. Nitrogen, P and K were supplied through 
urea, single super phosphate and muraite of potash, 
respectively. The average rainfall received during the 
crop period was 1000 – 1500 mm in 2009 – 2010. The 
yield of rabi and summer crops were converted into 
rice equivalent yield by converting the yield into 
economic value based on the prevailing prices at the 

local regulated market in a year as per Yadav and 
Nevaj (1990). Gross returns, net returns, benefit : cost 
ratio and production efficiency were worked out for all 
cropping sequences. 

RESULTS AND DISCUSSION 

Rice equivalent yield: Almost all diversified cropping 
system produced significantly higher rice equivalent 
yield than both the existing cropping systems of the 
locality viz., rice – wheat and rice – chickpea systems 
which had REY of 114.54 and 109.18 q/ha/year, 
respectively. Rice equivalent yield of Hy. rice – 
gobhisarson – okra was significantly higher than other 
sequences (184.75 q/ha) and it was followed by Hy. 
rice – potato – groundnut (155.92 q/ha) and scented 
rice – berseem (Fodder+Seed) (143.18 q/ha). Similar 
results were also reported by Padhi (1993), 
Adisarwanto et al., (2001). The higher rice equivalent 
yield in these cropping systems were owing to 
replacement of wheat with high priced vegetable and 
fodder crops like potato and berseem. Closely followed 
by Hy. rice – onion – greengram (136.63 q/ha), Hy. 
rice – potato – maize (130.25 q/ha), Hy. rice – 
gobhisarson – groundnut+maize (116.64 q/ha) (Table 
1). Rice equivalent yield of Hy. rice – gobhisarson – 
maize and Hy. rice – garlic – sorghum+cowpea was 
lower than above sequence. Inclusion of oilseeds, 
vegetables, ornamental or fodder crops to diversify the 
existing rice – wheat system also helped in achieving 
higher rice equivalent yield than with sequence having 
cereals and pulse crops. 

 

Table 1.  Rice equivalent yields (REY) and production efficiency under different rice based 

cropping system 

Crop sequence REY  (q/ha) 
Tre. 

Kharif Rabi Summer Kharif Rabi Summer 

REY 

(q/ha/year) 

Crop 

duration 

(days) 

Production 

efficiency 

(kg/ha/day) 

T1 Rice Wheat - 56.04 58.50 - 114.54 257 44.56 

T2 Rice Chickpea - 57.62 51.56 - 109.18 244 44.74 

T3 Rice Onion Green gram (G+R) 73.17 26.96 36.50 136.63 330 41.40 

T4 Rice Berseem (F+S) - 68.75 9.56 64.87 143.18 303 47.25 

T5 Rice Potato Maize (C+F) 56.50 53.57 20.18 130.25 323 40.32 

T6 Rice Gobhi sarson Maize (C+F) 57.41 33.46 17.51 108.38 323 33.55 

T7 Rice Vegetable pea Sesame 58.10 27.97 24.03 110.10 323 34.08 

T8 Rice Potato Groundnut 59.23 49.10 47.59 155.92 342 45.59 

T9 Rice Gobhi sarson Groundnut+maize (I.C) 57.34 34.87 24.43 116.64 342 34.10 

T10 Rice Gobhi sarson Okra 58.84 35.31 90.60 184.75 352 52.48 

T11 Rice Garlic Sorghum+cowpea (I.C) 58.99 10.41 19.29 88.69 329 26.95 

T12 Rice Marigold Maize (C+F) 71.47 27.85 17.18 116.50 319 36.52 

SEm±                                                                                                                                                                                                                                         
CD (P=0.05)                                                                                                                                                                                                                                                                                    

0.76 
2.18 

0.76 
1.91 

0.30 
0.86 

0.36 
1.05 

- 
0.231 
0.662 

F+S = Fodder+Seed, F = Fodder, I.C = Intercropping, C+F = Cob+Fodder, G+R = Grain+Residues 
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Table 2.  Economic (Rs/ha) of different rice based crop sequences 

Crop sequence 
Tre. 

Kharif Rabi Summer 
Cost of cultivation Gross return Net return 

Benefit : Cost 

ratio 

T1 Rice Wheat - 35.886 102.942 67.056 2.86 

T2 Rice Chickpea - 32.344 93.61 61.266 2.89 

T3 Rice Onion Green gram 50.247 115.135 64.888 2.29 

T4 Rice Berseem - 43.059 119.259 76.182 2.76 

T5 Rice Potato Maize 54.747 110.866 56.119 2.02 

T6 Rice Gobhi sarson Maize 41.677 92.47 50.793 2.21 

T7 Rice Vegetable pea Sesame 
43.996 96.586 52.59 2.19 

T8 Rice Potato Groundnut 54.685 132.464 77.779 2.42 

T9 Rice Gobhi sarson Groundnut+maize 42.152 99.852 57.70 2.36 

T10 Rice Gobhi sarson Okra 44.203 153.707 109.504 3.47 

T11 Rice Garlic Sorghum+cowpea 53.046 75.709 22.663 1.42 

T12 Rice Marigold Maize 48.068 99.203 51.162 2.06 
CD (P=0.05)  883 1057 0.005 

Sale price of produce (Rs/q) (a) rice, scented rice, wheat, chickpea, onion, Berseem fodder, Berseem seed, potato, maize, 
gobhisarson, vegetable pea, sesame, groundnut, okra, green gram, cowpea, garlic, marigold and maize cobs are Rs. 800, 1300, 
1100, 2200, 500, 70, 10000, 400, 70, 2500, 800, 2200, 2500, 800, 2500, 70, 2500, 1000 and 50 respectively. 
And (b) straw of wheat Rs. 100/q; haulm or straw of other crops Rs. 50/q respectively. 

 

Production efficiency :       

 Highest production efficiency was obtained from rice – 
gobhisarson – okra (52.48 kg/ha/day) among all crop 
sequence. Followed by rice – berseem (47.25), rice – 
potato – groundnut (45.29), rice – chickpea (44.74), 
rice – wheat (44.56) (Table 1). The production 
efficiency of rice – garlic – sorghum+cowpea gave 
26.95 kg/ha/day which is lower than above sequences. 
Economics:  

 Economic analysis showed that the highest cost of 
cultivation (Rs 54747/ha) incurred on Hy. rice – potato 
– maize sequence, followed by Hy. rice – potato – 
groundnut (Rs 54685/ha). Inclusion of potato, maize 
and groundnut in the system increased the cultivation 
cost, as they required heavy fertilization and labour. 
Significantly higher gross returns were recorded with 
Hy. rice – gobhisarson – okra cropping sequence 
followed by Hy. rice – potato – groundnut and scented 
rice – berseem (F+S) cropping sequence. The higher 
gross returns were owing to higher yield of rice, potato, 
groundnut and berseem in sequence with rice than 
other crops (Table 2). The net returns were 
significantly higher with the Hy. rice – gobhisarson – 
okra (Rs 109504/ha) followed by Hy. rice – potato – 
groundnut (Rs 77779/ha) and scented rice – berseem 
(Rs 76182/ha) (Table 2). These results are in 
conformity to the finding of Gangwar and Baldevram 

(2005) and Saha et al. (2002). The traditional system of 
rice – wheat and rice – chickpea gave net returns of Rs 
67056/ha/year and Rs 61266/ha/year, respectively. 
These all crop sequences were significantly superior 
than Hy. rice – garlic – sorghum+cowpea cropping 
sequence (Rs 22663/ha) with regard to NMR. 
Similarly, benefit : cost ratio was also significantly 
higher with Hy. rice – gobhisarson – okra (3.47) 
followed by both existing cropping viz., rice – 
chickpea and rice – wheat with B:C ratio 2.89 and 2.86, 
respectively. Similar findings were also reported by 
Nayak et al (2003), Sharma et al (2007) and Upadhyay 
et al. (2007). The Hy. rice – garlic – sorghum+cowpea 
system gave the lowest benefit : cost ratio of 1.42 
which indicated low benefit from this sequence (Table 
2). 

CONCLUSION 

Based on findings of this experiment it can be 
concluded that under conditions of Madhya Pradesh, 
India. Hy. rice – gobhisarson – okra cropping system 
was achieve highest Rice equivalent yields (REY), 
production efficiency and Benefit : Cost ratio followed 
by Hy. rice – potato – groundnut cropping sysytem . It 
was concluded that diversification and intensification 
significantly gives the higher productivity and 
economics. 
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ABSTRACT 

The field experiment was conducted on sandy loam soil during the Kharif season 2009-2010 at the 

Adhartal Farm, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur. The field was infested with grassy 

weeds (51.6%), broad leaf weeds (34.1%) and sedges (13.2%). Density and relative density of monocot 

weeds were higher than the dicot weeds both at 40 and at harvest also weed menace was the minimum 

under weed free treatment. Lowest weed biomass was recorded under weed free treatment closely 

followed by T5 (Imazethapyr + adj. + Ammonium Sulphate @ 100g + 750 ml + 1 kg/ha). Weed free 

treatment were significantly provided higher pods per plant, straw yield and seed yield closely followed by 

T5 (Imazethapyr + adj. + Ammonium Sulphate @ 100g + 750 ml + 1 kg/ha) was found significantly 

superior over all the rates of imazethapyr (75 and 100g/ha) with or without adjuvant as early post-

emergence. Application of Imazethapyr + adj. + AS @ 100g + 750 ml + 1 kg/ha (T5) recorded significantly 

higher net return (39109.18 Rs/ha) and B : C ratio (3.20) followed by hand weeding (T8) and imazethapyr  

+ adj. @ 100g + 750 ml/ha (T4) as early post-emergence to soybean. 

Key words : Soybean, Post emergence herbicide, Weed, Yield, Imazethapyr, Net return, Benefit:cost ratio 

Soybean (Glycine max) is an important rainy season 
crop and an important oilseed crop in Madhya Pradesh. 
It has emerged as a potential crop for changing the 
economical position of the farmers in India particularly 
in Madhya Pradesh because of comparatively good 
economic return/unit area obtained by the farmers from 
cultivation. On an average soybean contains 37-41% 
protein, 17-21% oil, 25-30% carbohydrate, 4-5% ash 4-
5% crude fiber and 2 % phospholipids. Hence, it called 
as “meat of the field“. Being a rainy season crop, the 
environment is more conductive for excessive weed 
infestation in soybean. Sever weed competition is one of 
the major constraints for low productivity of soybean. 
The competitional stress of weeds on crop for nutrient, 
water, light and space are responsible for poor yield of 
soybean. Weeds in general cause competition stress on 
soybean growth, especially during the first 40 days after 
sowing (Tiwari et al. 1997). The weeds if not controlled 
during critical period of weed-crop competition there is 
reduction in the yield of soybean 35 to 55 per cent 
depending upon type and weed intensity (Chandel and 
saxena 1998 and Singh 2007). Weed management 
through manual weeding or hoeing although effective in 
reducing the weed competition but it is not free from 
several limitations such as non-availability of sufficient 
manpower during peak periods, high labour cost, time 
consuming and not feasible under heavy soils and high 
rainfall areas. To overcome these difficulties, weed 
control by chemical is resorted to, which is effective, 
easier, cheaper and many times faster than the 
conventional methods. Recently, some of the post-
emergence herbicides have been develop which 
selectively control either grassy or broad leaved weeds 

in a single application. The objective of the study was to 
effect of post emergence herbicide against weeds in 
soybean.. 

MATERIALS AND METHODS 

A field experiment was conducted during 
rainy season of 2009-10 at Research Farm, Jawaharlal 
Nehru Krishi Vishwa Vidyalaya, Jabalpur (Madhya 
Pradesh). The soil of the experimental field was sandy 
clay loam in texture, neutral in reaction having 0.68 per 
cent organic carbon. The soil was low in available N 
(215 kg/ha), P (9.20 kg/ ha) and medium in K (318.0 
kg/ha). Nine treatments, viz. imazethapyr (75 g/ha), 
imazethapyr (100 g/ha) imazethapyr + adjuvant (75 g + 
1 l/ha) imazethapyr + adjuvant + ammonium sulphate 
(100 g + 750 ml + 1 kg/ha), chlorimuron-ethyl (9.7 
g/ha), fenoxoprop-ethyl (67.5 g/ha), weed free (HW at 
30 DAS) and weedy check were tested in randomized 
block design with three replications. Healthy seeds (70 
kg/ha) of soybean cv. 'JS 97.52' were treated before 
sowing with thiram at the rate of 3 g/kg and sown in 
furrows opened manually at 30 cm apart rows. The 
soybean crop fertilized with 20 kg N (urea) : 60 kg 
P2O5 (single super phosphate) and 20 kg K2O (muriate 
of potash) at the time of sowing. The total rainfall 
received during the period of experimentation was 
1339.3 mm. Dominant weed flora, species wise weed 
population and their dry weight was recorded under all 
the treatments at 40 DAS and harvest stages using 50 
cm quadrat randomly at three place in a plot. The data 
were transformed and expressed in per square meter. 
The percentage of weed flora was estimated from 
weedy check. Weed control efficiency (WCE) was 
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estimated by the formula given by Mani et al. (1973). 
The economic viability of treatment was computed 
with minimum support price or prevailing market rate 
of products. 

RESULTS AND DISCUSSION 

Effect on weeds 

The weed flora of the experimental field consisted 
of both grassy weeds, viz. Cyperus rotundus, Digitaria 

sanguinallis and Eleusine Indica and broad-leaved 
weeds, viz. Portulaca oleracea and Eclipta alba. 

Density and relative density of monocot weeds 
were higher than the dicot weeds both at 40 and harvest 
growth stages (Table 1). In weedy check, total weed 
population was significantly higher than all the 
herbicidal treatments including weed free treatments. 
Among herbicidal treatments, imazethapyr + adjuvant 
+ ammonium sulphate (100 g + 750 ml + 1 kg/ha) was 
most effective in reducing most of the weeds and was 

almost similar to hand weeding. But, if imazethapyr 
was applied without adjuvant and ammonium sulpate, 
its effect on weeds was not appreciable. Weedy check 
had the highest weed biomass and it had reduced 
significantly when weeds were controlled either by the 
use of herbicides or hand weeding. The lowest weed 
biomass was recorded under weed free treatment 
(Table 2), closely followed by imazethapyr + adjuvant 
+ ammonium sulphate (100 g + 750 ml + 1 kg/ha). 
Application of imazethapyr at 75 and 100 g/ha with 
adjuvant found significant to reduced the weed biomass 
than the application of imazethapyr alone and other 
herbicides (Kushwah and Vyas 2009). Weed-free 
treatment registered maximum weed control efficiency 
than all other treatments because of least dry matter 
production of the weeds over weedy checks (Table 3). 
The next best treatment was imazethapyr + adjuvant + 
ammonium sulphate (100 g + 750 ml + 1 kg/ ha). 
These findings were in agreement with Shete et al. 

(2007).

 
Table 1. Weed flora in control at 40 DAS and harvest 

Density (no./m2) Relative density (%) Weed species 

40 DAS Harvest 40 DAS Harvest 

Monocot weeds 

Grasess 

Digitaria sangunallis 8.2 8.8 18.6 18.2 
Eleusine indica 10.2 11.2 24.6 24.8 

Sedges 
Cyperus rotundus 11.1 10.9 25.2 24.1 

Dicot weeds 
Partulaca oleracea 3.5 4.0 8.1 7.8 

Eclipta alba 5.3 5.8 12.1 12.8 

Other weeds 5.1 5.5   
Total 44.2 45.2   

 

Effect on yield attributes and yields of soybean  

All yield attributing characters, viz. 

branches/plant, leaf area index (LAI), dry matter 
productions were significantly different due to different 
treatments. Significantly maximum number of 
branches/plant (3.67), LAI (9.25), dry matter 
production (1.2 kg/m2) was recorded under weed free 
condition followed by imazethapyr + adjuvant + 
ammonium sulpate (100 g +750 ml + 1 kg/ha). This 
may be because of effective control of weeds which 
promoted the better growth and development of plants 
and ultimately produced higher yield attributing traits 
than the weedy check and other herbicidal treatments. 

These results are in confirmation with findings of 
Mishra et al. (2001) and Dhane et al. (2009). 

Pods/plant, seed yield and straw yield were 
significantly higher under weed free treatment closely 
followed by imazethapyr + adjuvant + ammonium 
sulphate (100 g +750 ml + 1 kg/ ha). Excellent growth 
and development of soybean plants under weed free 
conditions and imazethapyr applied along with 
adjuvant and ammonium sulphate were noted. Because, 
both these treatments provided congenial environment 
at critical period of crop- weed competition than the 
weedy check, resulted in most inferior seed yield (1.3 
t/ha). These results are in close conformity with the 
findings of Pandya et al. (2005). 
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Table 2. Species wise dry weight of weeds  as influenced by different weed control treatments (g/m
2
) 

                                          * Values in parenthesis are square root transformed and real values (above value) 

 

Effect on Economic returns 

The minimum gross monetary returns (Rs 
25,577/ha), net monetary returns (Rs 11,93 7/ha) and 
B: C ratio (1:1) was recorded under weedy check 
treatments than the other treatments. The maximum 
gross returns (Rs 58,533/ha) and net monetary returns 
(Rs 39,893/ha) was observed under weed free 
conditions closely followed by imazethapyr (Rs 56,419 
and 38,809/ha) + adjuvant + ammonium sulphate (100 
g +750 ml + 1 kg/ha). The benefit : cost ratio repre-

sents the profitability of the treatments with each rupee 
investment. It is remarkable (Table 4) to note that the 
application of imazethapyr + adjuvant + ammonium 
sulphate (100 g + 750 ml + 1 kg/ha) was more 
remunerable (3.20) than rest of the treatments 
including weed free treatment (3.14). While weedy 
check was not advantageous as there was loss of almost 
100 paise per rupee investment. Similar findings have 
also been reported by Bhan and Kewat (2003). 

Table 3. Weed control efficiency and Weed index of different weed control treatments  over 

weedy check treatment 

Treatments (Dose a.i. ha-1) WCE 

40 DAS 

(%) 

WCE 

Harvest (%) 

Weed index (%) 

Imazethapyr (75g/ha) 64.67 85.27 30.32 

Imazethapyr  (100g/ha) 70.00 87.91 22.91 

Imazethapyr+ adj. (75g+1lit./ha) 73.89 91.21 17.80 

Imazethapyr+adj. (100g+1lit./ha) 81.41 93.38 5.96 

Imazethapyr + adj. + A.S. (100g+750ml.+1kg/ha) 84.60 94.70 3.05 

Chlorimuron-ethyl (9.7g/ha) 54.84 80.41 35.16 

Fenoxoprop ethyl (67.5 g/ha) 59.90 84.85 32.06 

Hand weeding once at 30 DAS 94.72 97.71 0.00 

Weedy check 0.00 0.00 52.90 

 

 

 

Digitaria 

sanguinallis 
Eleusine indica Cyperus rotundus 

Partulaca 

oleracea 
Eclipta alba Others 

Treatments 
(Dose a.i. ha-1) 40 

DAS 
Harv 
est 

40 
DAS 

Harv 
est 

40 
DAS 

Harv 
est 

40 
DAS 

Harv 
est 

40 
DAS 

Harv 
est 

40 
DAS 

Harv 
est 

Imazethapyr  
(75g) 

4.75 
(22.05) 

3.72 
(13.32) 

4.17 
(16.86) 

3.73 
(13.41) 

2.79 
(7.27) 

2.00 
(3.52) 

3.32 
(10.53) 

2.57 
(6.13) 

2.51 
(5.80) 

1.64 
(2.20) 

2.02 
(3.60) 

1.39 
(1.43) 

Imazethapyr 
(100g) 

4.34 
(18.33) 

3.35 
(10.73) 

3.73 
(13.40) 

3.27 
(10.20) 

2.76 
(7.13) 

1.89 
(3.07) 

3.02 
(8.60) 

2.44 
(5.47) 

2.39 
(5.20) 

1.62 
(2.13) 

1.99 
(3.47) 

1.31 
(1.23) 

Imazethapyr+ adj. 
(75g + 1lit.) 

4.18 
(16.97) 

2.98 
(8.40) 

3.47 
(11.53) 

2.63 
(6.40) 

2.63 
(6.40) 

1.68 
(2.33) 

2.75 
(7.07) 

2.17 
(4.20) 

2.27 
(4.67) 

1.46 
(1.64) 

1.65 
(2.22) 

1.18 
(0.90) 

Imazethapyr+adj. 
(100g + 1lit.) 

3.11 
(9.16) 

2.52 
(5.87) 

2.91 
(7.97) 

2.15 
(4.13) 

2.53 
(5.93) 

1.60 
(2.07) 

2.42 
(5.36) 

2.03 
(3.64) 

2.22 
(4.43) 

1.37 
(1.37) 

1.56 
(1.94) 

1.18 
(0.90) 

Imazethapyr+adj. 
+A.S. 
(100 g + 750 ml + 
1 kg.) 

2.60 
(6.27) 

2.11 
(3.94) 

2.61 
(6.33) 

1.99 
(3.47) 

2.49 
(5.70) 

1.50 
(1.77) 

2.32 
(4.87) 

1.95 
(3.29) 

2.08 
(3.82) 

1.30 
(1.20) 

1.52 
(1.82) 

1.11 
(0.73) 

Chlorimuron ethyl  
(9.7g) 

5.42 
(28.85) 

4.36 
(18.50) 

4.89 
(23.43) 

4.42 
(19.07) 

3.23 
(9.97) 

2.17 
(4.2) 

3.69 
(13.15) 

2.68 
(6.70) 

2.43 
(5.42) 

1.68 
(2.33) 

2.04 
(3.67) 

1.70 
(2.40) 

Fenoxoprop ethyl 
(67.5g) 

4.87 
(23.24) 

3.85 
(14.34) 

4.41 
(18.98) 

3.41 
(11.13) 

2.93 
(8.10) 

1.93 
(3.22) 

4.00 
(15.49) 

2.92 
(8.03) 

2.53 
(5.93) 

1.75 
(2.58) 

1.95 
(3.29) 

1.53 
(1.83) 

Hand weeding 
Once at 30 DAS 

2.01 
(3.53) 

1.38 
(1.40) 

1.66 
(2.27) 

1.66 
(2.26) 

1.47 
(1.67) 

1.21 
(0.97) 

0.71 
(0.00) 

0.71 
(0.00) 

1.31 
(1.21) 

1.28 
(1.13) 

1.30 
(1.20) 

0.98 
(0.47) 

Weedy check 5.86 
(33.80) 

6.12 
(37.00) 

9.24 
(84.86) 

9.84 
(96.33) 

4.12 
(16.50) 

4.39 
(18.80) 

5.19 
(26.4) 

5.97 
(35.20) 

3.13 
(9.33) 

3.77 
(13.75) 

4.08 
(16.15) 

8.42 
(70.49) 

SEm± 0.18 0.13 0.20 0.16 0.15 0.10 0.16 0.29 0.13 0.18 0.08 0.13 

C.D. at 5% 0.55 0.38 0.60 0.49 0.45 0.30 0.47 0.87 0.39 0.55 0.25 0.40 
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Table 4. Effect of herbicides on yield and economics of soybean 

 
Treatments 

(Dose a.i. ha-1) 

Pods/ 

plant 

Seed 

yield 

(t/ha) 

Straw 

yield 

(t/ha) 

Gross 

monetary 

returns 

(x 103 Rs/ha) 

Total cost of 

cultivation  (x 103 

Rs/ha) 

Net monetary 

returns 

(x 103 Rs/ha) 

B:C 

Ratio 

Imazethapyr  (75g/ha) 69.88 1.96 4.78 
41.1 16.9 24.5 2.43 

Imazethapyr  (100g/ha) 76.64 2.19 5.29 
48.1 17.2 31.2 2.79 

Imazethapyr+ adj.  (75g+1lit./ha) 79.46 2.24 5.64 
49.2 17.3 32.2 2.85 

Imazethapyr+adj. (100g+1lit./ha) 83.72 2.52 6.45 
54.6 17.6 37.3 3.10 

Imazethapyr + adj. + A.S. 
(100g+750ml.+1kg/ha) 

87.77 2.56 6.65 
56.4 17.6 39.1 3.20 

Chlorimuron-ethyl       (9.7g/ha) 65.93 1.64 4.45 
36.3 16.1 20.6 2.27 

Fenoxoprop ethyl   (67.5 g/ha) 68.80 1.81 4.65 
39.5 17.1 22.9 2.33 

Hand weeding once at 30 DAS 91.14 2.65 6.86 
58.5 18.7 39.9 3.14 

Weedy check 50.42 1.25 3.23 
27.6 15.6 11.9 - 

 

Conclusion 

 Early post-emergence applications of imazethapyr 
with adjuvant and ammonium sulphate (100 g + 750 ml 
+ 1 kg/ha) was most effective in paralyzing the weed 
growth and producing significantly higher yield 

attributing characters and seed yield (2.6 t/ha). The 
same treatment recorded the maximum net monetary 
returns 39,109/ha) and B:C ratio (3.20). The minimum 
seed yield (1.3 t/ha) was recorded under weedy check. 
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ABSTRACT 

A field study was undertaken to compare the grazing system and stall feeding system in Kenguri 
rams in Raichur district, Karnataka state. In this study, 30 Kenguri rams were divided into two groups; stall 
feeding group and grazing group each containing 15 kenguri rams. After the completion of the study for 
90 days, based upon body weight, overall weight gain was significantly higher in the kenguri rams of stall 
fed group (10.80±0.32 kg) compared to kenguri rams of grazing group (6.67±0.21 kg). Blood parameters 
(average Hb (g/dl), PCV (%) and RBC (10

6
/cmm) count) were higher in the kenguri rams of stall feeding 

group (9.15 ±0.2, 25.11±0.31 & 11.09 ±0.13 respectively) compared to the kenguri rams in grazing group 
(8.48 ±0.81, 23.17 ±0.16 & 8.96±0.63 respectively).  Upon DLC analysis, different leukocytes were in the 
normal range in the stall fed group compared to the grazing group. On the 1

st
 day of the experiment 

deworming was done with albendazole & niclozamide for all the kenguri rams. At the end of the study, 
neither parasites nor parasites’ eggs were observed in the kenguri rams of both the groups. However, 
coccidial oocysts (Eimeria spp) were observed in the feces of three kenguri rams in grazing group. On 
economic analysis, after three months of work for 15 kenguri rams the profit was calculated to be Rs. 
50,250 (based on present market prices) in stall fed group as compared to Rs. 40,848 in grazing group 
indicating an excess of Rs.9,402 in stall fed group as compared to grazing group.  It can be concluded 
that, kenguri rams grow healthier, gain better body weight and are safer on health grounds and farmers 
gain more profit in stall feeding system of rearing compared to grazing system. 

Key words: Kenguri ram; Stall feeding system; Grazing system; Blood parameters; Economics  
 

Livestock contribute about 50% of the income of 
poor households in crop–livestock systems in some 
agriculture-based states of India. Sheep are mostly 
reared under extensive (grazing) system in rural India 
[1] and in the state of Karnataka it is a very important 
component in dry land farming system [2]. Sheep 
farming is followed as an animal husbandry occupation 
in addition to agriculture by a large section of small 
holders and landless laborers [3]. Conventional grazing 
of sheep does not supply adequate nutrients for 
obtaining optimum growth. Limited concentrate 
supplementation in addition to free grazing 
substantially improves production performance of ewes 
according to Venkateswarlu and Ramana Reddy, 

2013 [4].  

Kenguri breed is among the main meat type of 
sheep breed in India [5]. The kenguri breed is an 
animal that adapts itself readily to almost any climate 
especially in arid region. With very low investments 
kenguri ram rearing can be made in to a profitable 
venture for small and marginal farmers [6]. Significant 
pressure on resources will occur as the global 
population is expected to increase to 9 billion by 2050 
and because of deforestation and non availability of 
grazing land, intensive method of livestock, kenguri 
ram in this region, rearing has its own significance.  

The demand for non-vegetarian food products is 
increasing due to high per capita income growth, 

urbanization and changes in the taste and preferences 
of consumers  [7 and 8]. The meat production of India 

has been projected to rise to 8.0-9.0 million tones by 
2020, in which contribution of mutton would be 
substantial [9]. India, that experienced the most rapid 
rates of GDP growth, have recorded the greatest surge 
in demand for livestock products over the period 1990 
to 2005 [10]. The small ruminant meat from India is 
highly preferred in the export market due to lean meat 
and organic nature of production. To meet the domestic 
and international demands for mutton and wool 
products, the domestic production of sheep has to be 
enhanced. The production enhancement can be 
achieved only through improvement in productivity 
[11]. 

 Therefore the present study was undertaken to 
compare the grazing system and stall feeding system of 
rearing of kenguri rams with the objectives to educate 
and provide technical inputs to farmers regarding 
intensive system of kenguri ram rearing, to supply feed 
supplements to kenguri rams in intensive farming 
system thereby helping in attaining better growth of 
animals as compared to grazing system, to do 
economic analysis of the intensive farming system in 
comparison with grazing system and to appraise the 
farmers on prospects and economics of rearing kenguri 
rams for meat purpose under intensive method. 
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MATERIALS AND METHODS 

Farmers and the kenguri rams 

The study was conducted during first of March 
2011 to first of June 2011 (6 month field trial). Two 
farmers were selected from the village Yaramaras, 
Raichur (taluq), Raichur (district) of Karnataka state. 
Each farmer was given 15 kenguri rams aged 3 months; 
one should rare the kenguri rams under stall feeding 
system (intensive system) (group A) and another 
should rare the kenguri rams under the grazing system 
(extensive system) (group B). 

Experimental design  

The farmer A (intensive system) was educated 
about scientific method of raising kenguri rams through 
intensive system - Training and method demonstration. 
Then he was given 15 kenguri rams to rare under stall 
feeding system. The farmer B was given the 15 kenguri 
rams to rare through extensive as he was well versed 
with grazing system of rearing. In case of intensive 
system, the kenguri rams were stall-fed (per day basis) 
as follows; 

 

the kenguri rams were administered with Albanic 
(albendazole and niclosamide) solution for deworming 
on the 1st day of the experiment. The body weight of all 
the kenguri rams at 0 day (on the day of purchase-3 
month old), 1 month, 2 month & 3   month of the 
experiment were recorded. The blood samples of all the 
kenguri rams  of the two groups were collected in 
EDTA vials on 0th, 30th, 60th and 90th day of the 
experiment and analyzed for hemoglobin 
concentration, packed cell volume (PCV), RBC count, 
WBC count and DLC [12]. The fecal samples of all the 
kenguri rams of the two groups were collected on 0th, 
30th 60th and 90th day of the experiment and analyzed 
for parasitic eggs and oocysts. The economic analysis 

was done after 3 month experiment, amount of gross 
earning of the farmers was worked out and 
comparative analysis was done between stall feeding 
system and grazing method. 
Statistical analysis: 

In the present study, mean as a measure of 
central tendency and the standard error as a measure of 
random error were employed for the statistical analysis 
[13]. The two sample test with P value of 0.05 was 
used to know the significant variation between the two 
groups. 

 

Table -1 ÷ Body weight gain in stall fed kenguri rams in comparison to grazing kenguri rams  

Stall fed system Grazing system Parameter 

0
th

 day 30
th

 day 60
th

 day 90
th

 day 0
th

 day 30
th

 day 60
th

 day 90
th

 day 
Average body weight 

(Kg) (mean±SE) 
9.65±0.12 12.77±0.59 16.92±0.29 20.45±0.31 9.34±0.15 11.68±0.26 14.68±0.38 16.01±0.23 

Overall average 

weight gain (Kg) 

(mean±SE) 

10.80±0.32 6.67±0.21 

 

Table – 2.  Hematological examination install fed kenguri rams in comparison to grazing kenguri rams 

Stall fed system  Grazing system Parameter  

0th day 30th day 60th day 90th day Average  0th day 30th day 60th day 90th day Average 
Blood - Hb 

(g/dl) 

(mean±SE) 

9.16 ±0.35 
8.91 ±0.71 

8.98 ±0.11 9.58 ±0.29 9.15 ±0.21 
8.19 ±0.45 

7.98 ±0.13 8.82 ±0.32 8.93±0.21 8.48 

±0.81 

PCV (%) 

(mean±SE) 

21.98 

±0.35 

21.09 

±0.25 

27.83±0.61 29.56 

±0.29 

25.11±0.31 21.80 

±0.13 

18.82±0.66 25.91 

±0.51 

26.16 

±0.47 

23.17 

±0.16 

RBC 

(106/µL) 

(mean±SE) 

9.1 ±0.15 
10.12 

±0.22 

11.64 

±0.29 

13.5 ±0.77 11.09 

±0.13 
8.96±0.29 

8.64±0.44 8.51±0.88 9.75±0.91 8.96±0.63 

Type of farming system Type of feed  Amount  

First month 75 g 

Second month   100 g 

Concentrate feed (Type 1 Karnataka 
milk federation (KMF) feed) 

Third month 150 g 
Maize fodder One stack 

Stall feeding system  

Acacia leaves and pods Small quantity 
Grazing system The kenguri rams were grazed from 8 a.m. to 5 p.m. No extra feed was given after 5 pm 
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Stall fed system  Grazing system Parameter  

0th day 30th day 60th day 90th day Average  0th day 30th day 60th day 90th day Average 

WBC 

(103/µL)  

(mean±SE) 

11.54±0.24 15.84±0.64 
15.91±0.89 16.97±0.33 15.06 

±0.83 
11.29±0.51 

16.16±0.28 16.87±0.34 16.26±0.77 15.15 

±0.95 

DLC-

Lymphocyte 

(%)  

(mean±SE) 

69.30 

±0.75 

79.51 

±0.55 

65.55±0.19 57.31 

±0.54 

67.92 

±0.63 
70.34 

±0.29 

65.90 

±0.81 

82.44 

±0.17 

72.26 

±0.52 

72.73 

±0.90 

Neutrophil 

(%) 

(mean±SE) 

20.57 

±0.60 

21.53 

±0.22 

29.24 

±0.49 

38.64 

±0.76 

27.49 

±0.83 

21.19 

±0.19 

28.1 ±0.05 22.5 ±0.13 29.57 

±0.09 

25.34 

±0.42 

Eosinophil 

(%)(mean±SE 
0.6 ±0.31 

0.92 ±0.54 
0.8 ±0.51 0.87 ±0.19 0.80 ±0.48 0.7±0.59 1.3 ±0.42 1.6 ±0.46 1.8 ±0.57 1.35 

±0.22 

 

RESULTS & DISCUSSION 

Body weight 

The average body weights of kenguri rams are 
illustrated in Table 1. The average weight of the 
kenguri rams significantly increased from 9.65±0.12 to 
20.45±0.31 with 10.80±0.32 kg body weight gain at the 
end of 3 month experimental period in stall feeding 
group (Group A). While it increased from 9.34±0.15 to 
16.01±0.23 kg with 6.67±0.21 kg body weight gain in 
grazing group (Group B).  

This was a significant finding in this study. In a 
study carried out by [14], it was found that lambs 
gained weight @ 66 g/head/day in intensive system of 
rearing compared to 26 g/head/day in extensive 
rearing. Even the weaning weight was higher in 
intensive rearing compared to extensive rearing in a 
study by [15]. However contrasting results were 
obtained by Nasrullah et. al., 2013 [16] where higher 
weight gain was obtained in extensive rearing 
compared to intensive rearing. The reason could be that 
this study was carried on grazingland grown with 
specific grass-lucern.  
Blood analysis  

The measure of various blood parameters is 
presented in the Table 2. The average Hb (g/dl), PCV 
(%) and RBC (106/cmm) count were higher in the 
kenguri rams of Stall feeding group (9.15 ±0.2, 
25.11±0.31 & 11.09 ±0.13 respectively) compared to 
the kenguri rams in grazing group (8.48 ±0.81, 23.17 
±0.16 & 8.96±0.63 respectively). This finding indicates 
healthy growth in Stall fed kenguri rams.  

Based upon DLC analysis, different leukocytes 
were in the normal range in the stall fed group 
compared to the Grazing group. This indicates the 
safety of the health which supports better development 
of immune system, growth and body weight gain in 
stall feeding. Also noteworthy finding was, in grazing 
group kenguri rams the lymphocyte and eosinophil 
counts were higher compared to stall fed group which 
indicates use of energy and nutrients to combat 
infections and parasitic infestations rather than to gain 
weight.  

 
 
 
 Fecal examination 

Based on fecal examination on 0th day no 
parasitic eggs were observed in the kenguri rams of 
both the groups. After deworming, with albendazole & 
niclozamide neither helminthes  nor helminth eggs 
were observed in the kenguri rams of both the groups. 
However, coccidial oocysts (Eimeria spp) were 
observed in the feces of three kenguri rams in grazing 
group. In a study, extensively managed sheep 
experienced higher incidence of Eimeria oocysts that 
implicated body weight development and daily weight 
gain [17]. 
Economic analysis 

The cost and benefit analysis is depicted in the 
Table 3. The dressing percentage of 50 % and Rs. 
320/kg as the current market price of the mutton in 
Raichur district are taken for calculation propose. After 
three months of experimental period for a unit of 15 
kenguri rams the net profit was found out to be Rs. 
50,250 in stall fed group (Group A) as compared to Rs. 
40,848 in grazing group (Group B).  It can be 
interpreted as there was significantly higher profit of 
Rs. 9,402 in stall fed groups as compared to grazing 
group for a unit of 15 kenguri rams.   

It can be concluded that in stall feeding system 
of rearing, kenguri rams grow healthier, gain better 
body weight, and are safer on health grounds. By 
adopting intensive farming system of rearing for 
kenguri rams progressive farmers have a large potential 
for gaining more financial benefit with positive net 
returns compared to grazing system. This is important 
because of shrinking resources for extensive grazing. 
As developing-country economies, India in particular, 
grow and diversify over time, more rural people will 
migrate out of livestock production and other forms of 
agriculture and the remaining smallholder systems will 
have to consolidate, specialize, intensify  and 
commercialize the farming. McDermott, et. al., 2010 
[18] suggests that intensification is the answer for 
upliftment of the smallholder livestock farmers, which 
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represent 20% of the world’s population [19], from the 
poverty. The result obtained in this study can be 
adopted as a base for large scale commercial kenguri 

ram farming and improvement in the economy of the 
farmers in this region of Karnataka state. 

 

Table -3: Economic analysis of Stall fed system over Grazing system 

Stall fed system Grazing System 

Input cost Income Net Profit Input 
cost 

Income Net Profit 

Economical 

difference  

(Grand net 

Profit) 

Rs. 90/- per kenguri 
ram for concentrate 
feed for 3 months. 

So, Rs. 90 x 15= Rs. 
1350/- 

Average weight at 3 
months is 21.55 kg. 

Dressed meat weight* is 
10.75 kg.  For each 

kenguri ram income** is 
10.75 x Rs. 320  =  Rs 

3440 /- 
For 15 Kenguri rams  = 

RS 51,600 /- 

51,600-
1,350 

=50,250 

0 Weight at 3 months is 
17.01 kg. Dressed meat 
weight* is 8.51 kg. For 

each kenguri ram 
income** is 8.51 x Rs. 

320  =  Rs 2723 /- 
For 15 Kenguri rams 

Rs 40,848 /- 

Rs. 40,848 -
0 = Rs. 
40,848/- 

50,250 – 
40,848 
=Rs.  
9,402 

* Dressing % = 50%, ** Market price for chevon (kenguri ram meat) = $ 4.32 per kg
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ABSTRACT 

The present research work was undertaken to prepare bread using composite sorghum flour and 
wheat maida. The breads were prepared from varying levels of sorghum flour and analyzed for the 
nutritional quality and their consumer acceptance. The experiment was laid in completely randomized 
design (CRD) with five treatments (5, 10, 15, 20 and 25 % sorghum flour incorporation with wheat maida). 
The crude fiber content of blended bread increased significantly from 1.80 to 2.27 per cent as proportion 
of sorghum flour increased. The same trend of increment was observed for ash, crude fat, calcium and 
iron. This increase was due to higher content of respective nutrients in sorghum flour. However moisture 
content decreased significantly from 37.80 to 36.10 %. The overall results indicated the positive response 
of sorghum flour substitution to wheat maida up to 15 per cent level because of its low gluten content in 
formulation of high fiber and low moisture containing bread without affecting their overall quality. 

 
Key words: Maida, Sorghum flour, Composite bread, Organoleptic 
 

Demand for ready to eat processed foods with 
better shelf life, satisfying taste, ease of palatability, 
high nutritional quality and low calories is increasing 
throughout  the world because of growing urbanization 
and increased employment for women in industrial and 
public sectors. Bakery products like bread are the most 
important that can satisfy these requirements. The 
nutritional significance of bakery products is well 
recognized and attempts are being made to not only 
enrich the products with high quality non-wheat flours 
but also give the medicinal usage. Also today’s 
consumers in the cosmetic, food and beverage market 
are interested in a trend of healthy life-style which has 
created demand for health oriented products. They 
have become health cautious and prefer low-calorie 
diets. 

Therefore partial substitution of wheat maida 
with sorghum flour can produce the bread with good 
chemical and sensory attributes along with excellent 
nutritional qualities that deviate from that of 
conventional foods. Composite flour technology refers 
to the process of mixing various flours to make use of 
local raw material to produce high quality food 
products in an economical way. Formulation of 
composite flour is vital for development of value-added 
products with optimal functionality (Rehman et al., 
2007). A variety of wheat flour substitutes have been 
tried in bakery formulations with varying success; for 
example, soy or defatted soy flour (Junqueira et al., 
2008), defatted wheat germ (Arshad et al., 2007), 
flaxseed (Koca and Anil, 2007), sunflower seed (Skrbic 
and Filipcev, 2008), and lupin flour (Hall and Johnson, 
2004). 

 

In addition to composite breads, several 
researchers have reported on the production of gluten-
free bread from sorghum and much of this work is 
reviewed by Taylor and Dewar (2001). India is the 
largest producer of sorghum in the world with 7.15 
million tons during 2007 and almost entire production 
of sorghum (95 %) in the country from above regions 
therefore there is enough potential in this crop to be 
utilized as a raw material for bakery products and other 
food industries. Interest in foods rich in dietary fibers 
has also increased recently because of its beneficial 
effects in various degenerative diseases and added that 
sorghum is unique among cereals because of its high 
concentration of dietary fiber Rao and Rao (1997).  

MATERIALS AND METHODS 

Sorghum grains of Phule-Vasudha (variety) 
were obtained from the Sorghum Improvement Project 
MPKV, Rahuri. Shortening agent, sugar, milk, yeast 
and other minor ingredients were purchased from the 
local market. 

The sorghum grains were cleaned to remove 
all extraneous material. Cleaned sorghum grains were 
subjected to milling in laboratory by using grinding 
mill. Whole sorghum flour was used for preparation of 
breads. 

Composite flour 

Maida was blended with sorghum flour at the 
levels of 0, 5, 10, 15, 20 and 25 % and treatment details 
are given in Table 1. These combinations of composite 
flour were used in the preparation of bread. 
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Table 1. Treatment details 

Treatments Wheat maida Sorghum flour 

T0  100 % 0 % 
T1 95  % 5 % 
T2 90  % 10 % 

T3 85  % 15 % 

T4 80  % 20% 

T5 75  % 25% 
 

Preparation of bread  

Composite flour of wheat maida and sorghum 
was used for preparation of bread according to the 
standard method of AACC, (1975) and the methods of 
Kent, (1984). The flow chart for complete process for 
preparation of bread is given in Fig. 1. Laboratory oven 
was used for baking the breads in the bakery unit. The 
ingredients required for preparation of 1 kg bread are 
as given in Table 2. 

Table 2 Ingredients for preparation of 1 kg bread 

Ingredients Quantity 

Composite flour 600g 

Fat 30 g 
Sugar 90 g 
Salt 9 g 

Yeast 12 g 
Milk 120 mL 

Water 360 mL 

 

Proximate Composition of Different Types of Bread 

The prepared bread samples were ground by 
using laboratory grinder to 60 meshes and then 
analyzed for moisture, crude fat, crude protein, crude 
fiber, ash, carbohydrate, calcium and iron content by 
AOAC, 1990 and 2000 methods. The results were 
expressed on dry basis. 

RESULTS AND DISCUSSION 

 The breads were prepared and analyzed for chemical 
composition and organoleptic properties. 

Effect of different levels of sorghum flour on 

chemical composition of bread 

The results with respect to effect of addition 
of different levels of sorghum flour on nutritional 

quality parameters of the bread are presented in Table 3 
and photographs of the bread prepared from different 
combination of wheat maida and sorghum flour are 
shown in Plate 1. From the results it was observed that 
the incorporation of sorghum flour with wheat maida 
improves the nutritional quality of composite bread 

especially in terms of crude fiber, crude fat and iron 
content. 

 

Table 3. Chemical composition of sorghum flour and wheat maida blended breads 

    T0, T1, T2, T3, T4 and T5 are 100, 95, 90, 85, 80 and 75 % wheat bread respectively. 

Treatments Wheat maida Sorghum flour

1 T0 100 % 0 %

2 T1 95  % 5 %

3 T2 90  % 10 %

4 T3 85  % 15 %

5 T4 80  % 20%

6 T5 75  % 25%

T0

T6

T4T3

T1 T2

 

Plate 1 Bread samples with different Treatments 

Treatment 
Moisture 

(%) 

Crude 

fat 

(%) 

Crude 

protein      

(%) 

Crude     

fiber 

(%) 

Ash 

(%) 

Carbohydrate                

(%) 

Calcium 

(mg/100

g) 

Iron 

(mg/100g) 

T0 37.80 2.95 11.55 1.80 1.50 46.20 72.35 2.50 
T1 37.45 3.20 11.42 1.86 1.51 46.42 72.80 2.60 
T2 37.00 3.52 11.41 2.00 1.52 46.56 73.30 2.68 
T3 36.68 3.75 11.37 2.08 1.53 46.67 73.78 2.83 
T4 36.25 4.17 11.32 2.22 1.55 46.71 74.15 2.95 
T5 36.10 4.46 11.26 2.27 1.57 46.79 74.75 3.15 
SE 0.29 0.20 0.23 0.06 0.05 0.32 0.51 0.04 

CD @ 5 % 0.91 0.61 NS 0.20 NS NS NS 0.13 
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Moisture  

Moisture content of a food is of great 
significance for many scientific, technical and 
economic reasons. Lesser the moisture contents of 
bread better is its storage stability. The moisture 
content of five different formulations T0, T1, T2, T3, T4 

and T5  showed that the highest moisture content was 
observed in control bread (T0) 37.80 % and at par with 
the T1 (37.45 %) and T2 (37.00 %). It is seen from the 
data (Table 4.1) that the variation in moisture content 
of bread was significant, due to different levels of 
sorghum flour, the moisture contents decreased from 
37.80 % (T0) to 36.10 % (T5) with increase in sorghum 
flour in composite bread. This might be due to that 
sorghum flour contained higher amount of solid 
matters compared to wheat flour. Similar results were 
noticed by Rastogi and Singh (1989) that 
supplementation of sorghum flour, in a suitable form, 
to cereal foods would decrease the moisture content of 
the final product.  

Crude fat 

The mean values for fat content for sorghum 
flour composite bread explicated significant differences 
with varying levels of sorghum flour ranged from 2.95 
to 4.46 %. Highest fat content 4.46 % was observed in 
bread containing 25 % sorghum flour (T5) which was at 
par with the T4 (4.17 %) and bread containing 0 per 
cent sorghum flour (T0) contains lowest, i.e. 2.95 % fat 
content. The results are in close agreement with the 
findings of Riaz (1999) who reported that sorghum 
blended sweet rolls has higher per centage of fat 
content.  

Crude protein  

 The protein content of different bread was 
found to be ranged from 11.55 to 11.26 %. The 
preparation of bread incorporated with sorghum flour 
had nearly same values of protein. No significant 
change was found in the protein content. The crude 
protein content of composite bread gradually decreased 
with increasing level of sorghum flour. Decrease in 
crude protein content with increase in sorghum flour 
was due to lower protein content in sorghum flour as 
compared to maida. The results of the present 
investigation are in accordance with the findings by 
Kent (1983) reporting that the wheat bread contains 
8.65 to 9.25 % crude protein, the statement is in 
contradiction with statement.  

Crude fiber 

It could be seen from the data that the 
variation in crude fiber content ranged from 1.80 to 
2.27 % in the prepared bread and it was increased with 
the increase of sorghum flour, highest crude fiber 
content was observed in bread containing 25 % 
sorghum flour (T5) 2.27 % which was at par with the T4 

(2.22 %) and bread containing 0 per cent sorghum flour 
(T0) 1.80 % contains lowest crude fat content. It might 
be due to the addition of sorghum flour to the bread 
formulations. The crude fiber represents variable 
fraction of dietary fiber and includes mostly the lignin, 
cellulose and hemicelluloses components. Increase in 
crude fiber content with increase in sorghum flour was 
due to higher crude fiber content in sorghum flour as 
compared to maida. Similar effect has been reported by 
Yusnita and wong (2011) for wheat/corn cob 
composite bread.  

Ash  

Ash content varied from 1.50 to 1.57 % in 
sorghum flour combined breads and there was no 
significant change observed. Increase in ash content 
with increase in sorghum flour was due to higher ash 
content in sorghum flour as compared to that in maida. 
High ash content (1.57 %) was observed in bread with 
25 % sorghum flour (T5) followed by that in bread with 
20 % sorghum flour (T4) (1.55 %), while minimum ash 
content (1.50 %) was observed in bread with 0 % 
sorghum flour (T0). The results of the present 
investigation are in conformity with the findings of 
Harper et al. (1983).  

Carbohydrate 

The data showed that, carbohydrate content 
increased in the different levels of sorghum flour 
ranging from 46.20 to 46.79 %, there was no 
significant change observed. Bread with 25 % sorghum 
flour (T5), contains highest carbohydrate 46.79 %, 
followed by bread with 20 % sorghum flour (T4) 
contains 46.71 %, while bread with 0 % sorghum flour 
(T0) contains lowest carbohydrate 46.20 %. This 
increase in carbohydrates may be due to the variations 
in carbohydrate content among the bread samples 
because of the difference in the level of protein, fat, ash 
and moisture content of wheat flour and sorghum flour. 
Eddy et al. (2007) observed the carbohydrate of the 
bread samples ranged from 55.30 to 68.87 % with 
higher values obtained in sorghum composite flour 
bread compared to the 100 % wheat bread.  

Calcium 

The results for calcium content of bread 
showed that the calcium content increased with levels 
of sorghum flour ranging from 72.35 to 74.75 mg/100 
g however the change was not significant. Bread with 
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25 % sorghum flour (T5), contains highest calcium 
content 74.75 mg/100 g followed by bread with 20 % 
sorghum flour (T4) contains 74.15 mg/100 g while 
bread with 0 % sorghum flour (T0) contains less 
calcium content of 72.35 mg/100 g. The results are in 
conformity findings of Edward (2006) who found the 
66 to 76 mg/ 100 g calcium content for wheat- 
sorghum blended biscuits.  

 

 

Iron 

The iron content was found to increase 
linearly as per cent of sorghum flour incorporation 
increased through the experiment as shown in Table 
4.1. It could be seen from the data that the variation in 
iron content ranged from 2.50 to 3.15 (mg/100 g) in the 
prepared bread and it was increased with the increase 
of sorghum flour. The iron content of five different 
formulations T0, T1, T2, T3, T4 and T5 showed that the 
significantly highest iron content was observed in 
bread (T5) 3.15 (mg/100 g) and at par with 2.95 
(mg/100 g) in T4. It would be seen from the data that 
the variation in iron content of bread was significant, 
due to different levels of sorghum flour. The iron 
content increased from 2.50 (mg/100 g) (T0) to 3.15 
(mg/100 g) (T5) with increase in sorghum flour in 
composite bread. The results are in accordance with the 
Hwang et al. (2002) the iron content was found 2.95 ± 
0.37 mg/100 g for sorghum fortified cookies. 

Sensory Evaluation of Bread 

The blending of wheat flour with sorghum flour 
at different levels altered the organoleptic properties of 

different blended breads. As the breads were prepared 
using sorghum flour at different levels ranging from 0 to 
25 per cent and breads were evaluated for its quality and 
sensory acceptability using 9 point Hedonic scale, with 
respect to colour, texture, flavour, taste and overall 
acceptability are presented in Table 4 and graphically 
shown in Figure 2. It could be revealed from data that 
there was decrease in sensory score with the addition of 
sorghum flour in the product. 
Colour 

Colour is very important parameter in judging 
the properly baked bread that not only reflects the 
suitable raw material used for the preparation but also 
provides information about the formulation and quality 
of the product. There was much change in colour of the 
product by the addition of sorghum flour. The 
treatment T0 had significantly highest score 8.80 and at 
par with the T1 (8.20) as compared with the other 
treatments. Colour values ranged between 8.80 (T1) to 
3.20 (T5) which agreed with the  findings of Banks et 

al. (1997) that non-wheat flour in bread formulation 
has been shown to increase colour darkness in baked 
products. The results obtained are in general agreement 
with those results from the literature. 

Texture 

Texture is combined sensation of all the 
rheological and structural parameters of the product 
during chewing or biting. The crust texture was related 
to the external appearance of the bread top i.e. 
smoothness or roughness of the crust. Crust texture 
score also decreased with increase in the substitution of 
sorghum flour in maida as compared with the control 
bread. The textural qualities 

 

Table 4. Effects of different levels of addition of sorghum flour on sensory characteristics of blended bread. 

Treatments Colour Texture Flavour Taste Overall acceptability 

T0 8.80 8.60 8.60 8.80 8.70 

T1 8.20 8.20 8.00 8.60 8.25 

T2 8.00 7.80 7.80 8.20 7.95 

T3 7.80 7.60 7.60 8.00 7.75 

T4 3.80 4.10 4.40 4.10 4.15 

T5 3.20 3.60 3.80 3.40 3.50 

S. E. 0.25 0.22 0.24 0.23 0.17 

C.D. @ 5% 0.75 0.65 0.71 0.69 0.51 
 

Fig. 2. Effect of different levels of addition of sorghum flour on sensory characteristics of blended bread  
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Where,     T0=100 % wheat maida + 0 % sorghum flour (control), T1=95 % wheat maida + 5 % sorghum flour 
                T2=90 % wheat maida + 10 % sorghum flour,                T3=85 % wheat maida + 15 % sorghum flour 
                T4=80 % wheat maida + 20 % sorghum flour,                T5=75 % wheat maida + 25 % sorghum flour 

were gradually lowered by increasing proportion of 
sorghum flour in the composite breads. The texture was 
lowered from 8.60 (T0) to 3.60 (T5). The treatment T0 
had significantly highest score 8.60 and at par with the 
T1 (8.20) as compared with the other treatments. This 
may be due to more rough textured sorghum flour 
characteristics. The blended breads with 5, 10 and 15 
% sorghum flour having the score 8.20, 7.80 and 7.60 
which are in acceptable range of 9 point Hedonic 
rating. The similar deterioration in the texture of 
composite breads with puffed bengal gram beyond 20 
% substitution has also been observed by Rathna and 
Neelakantan (1995).  

Flavour is main criteria that make the product to be 
liked or disliked. The perception of flavor is 
combination of taste, smell impression and texture. The 
score for flavour from Table 4.10, revealed that there 
was decrease in flavor from 8.60 (T0) to 3.80 (T5) with 
increase in proportion of sorghum flour in the blended 
breads. The scores 8.0, 7.80 and 7.60 were observed 
for 5, 10 and 15 % sorghum flour respectively which 
are in the permissible limit of acceptability on 9 point 
Hedonic scale. Similar decrease in the flavour of breads 
with increase in the supplementation levels of 
fenugreek flour was noticed by Sharma and Chauhan 
(2000).  

Taste is sensation perceived by the taste buds and 
influenced by the texture, flavour, taste and 
composition of the product. It is one of the most 
essential parameter related to acceptability of the 
product. 

Results from Table 4 indicated that the taste score 
decreased with increased level of substitution with 
sorghum flour as compared with control bread. Maida 
substituted with sorghum flour at the 25 % level was 
rated poorest in taste. The average taste score was 
significantly decreased with addition of sorghum flour 
in composite breads ranged between 8.80 (T0) to 3.40 

(T5). The treatment T0 had significantly highest score 
8.80 and at par with the T1 (8.60) as compared with the 
other treatments. Similar results were  given by Rastogi  
and  Singh (1989) that the taste score decreased with 
increased level of substitution of soya flour (full fat and 
defatted) as compared with control bread.  

Overall acceptability  

The overall acceptability rating was the mean 
score of all the organoleptic characteristics in the 
present study. The results from Table 4.10 showed that 
the overall acceptability score of all the supplemented 
breads at the 5 % level (8.25) was at par with the 
control (8.70). Breads made from maida and sorghum 
flour up to the 15 % level were found acceptable but at 
20 % and 25 % substitution the overall acceptability 
score was significantly reduced as compared with the 
control. The overall acceptability scores of sorghum 
flour supplemented breads did not change up to the 15 
% level as that of the control and were considered as 
acceptable. Sorghum supplemented bread at 20 % 
substitution had the poorer overall acceptability score 
(4.15) and was found to be unacceptable. Whereas, 
maida plus sorghum flour supplemented breads at the 
25 % level had poorest overall acceptability score 
(3.50) and hence were considered unacceptable.  

Koca and Anil (2007) based on their results, suggested 
that bread containing up to 20 % flaxseed flour could 
be baked with acceptable sensory quality. The results 
obtained are in general agreement with those results 
from the literature. 

CONCLUSIONS 

Sorghum flour can be used satisfactory to enrich 
bread nutritionally. The nutritional composition of the 
standardized bread was superior to that of the product 
made with the maida alone. The sensory score revealed 
that replacement of sorghum flour has significant effect 
on almost all the characteristics of the bread
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ABSTRACT 

Weed management in rice production is a major constrain leading to low yields. Studies were 
conducted to assess the competitiveness of different rice varieties and to identify rice genotypes for weed 
competitiveness. The results showed varietal differences in their competitiveness against weeds.   The 
presence of weed overall reduced the yield level from 172.6- 1024.3g and 52.6-223.3g in weedy and 
weed free conditions, respectively.  In weedy environment, grain yield showed positive and significant 
association with panicle length and number of filled grains per plant. The two genotypes identified to be 
exhibiting weed competitiveness were R 1033-968-2-1 and Kakro.  
 

Key words: Weed competitiveness, upland condition and Rice 
 

In most agricultural systems, effective weed control 
has been one of the major problems. Worldwide a 10% 
loss of agricultural production can be attributed to the 
competitive effect of weeds, in spite of intensive 
control of weeds in most agricultural systems. Without 
weed control, yield losses range from 10-100% 
depending on the competitive ability of the crop. 
Weeds are the major constraint to productivity in direct 
sown upland as well as lowland ecosystem where 
standing water is not maintained throughout the season. 
In upland fields, weeding can require up to 190 
person/day/ha./year (Roder, 2001). Therefore, weed 
management is one of the key elements of most 
agricultural systems. This has resulted in the 
development of strategies for integrated weed 
management, based on the use of alternative methods 
for weed control and rationalization of herbicide use, 
i.e. rather than trying to eradicate weeds from a field, 
emphasis is on the management of weed populations. 
The identification and development of competitive rice 
varieties may be more effective in weed suppression 
and provide a tool for integrated weed management 
(Fischer et al., 2001 Caton et al., 2003).  Contrary to 
other weed control methods improved varieties have 
proven well for ease of adoption.  In this view this 
research was carried out to assess the competitiveness 
of different rice varieties and to identify the superior 
rice genotypes for weed competitiveness under upland 
condition. 

MATERIALS AND METHODS 

  Field experiment was conducted at Research Farm, 
Department of Genetics and Plant Breeding, IGKV, 
Raipur. Twelve rice cultivars that differ in 
morphological characteristics were evaluated. The soil 
type was loamy. The preceding crop was sunflower 
during the Rabi season. Before sowing, the field was 
ploughed, harrowed and leveled. Two adjacent trials, 
weed free and weedy were arranged in split plot design 
with three replications each was planted in the same 
field. Cultivars were manually drilled in plots sized 3.6 

m2 with 9 long rows per plot and row spacing of 20 
cm. The seeding rate for each cultivar was 80 kg ha-1. 
The weed free plot was kept free from weeds by hand 
weeding three times during the crop season.  All 
normal agronomic practices were followed for raising a 
normal crop. The field was kept under non-saturated 
aerobic condition through the whole growing season. 
Trials were primarily rainfed, and drainage was 
conducted whenever heavy rains resulted.  
 Weed species and their densities were investigated at 
the time of harvest of the crop varieties. Weed biomass 
was clipped at the soil surface in each plot in the 
weedy trials; fresh weight and dry weight of weeds 
were taken. Weed biomass was also visually rated and 
taken in percent. Crop growth (biological yield per 
plant) was recorded by weighing the dry weight of 
above ground plants per square meter of ground area. 
Flowering date was recorded when 50% of the plants 
in a plot started to flower. Plant height was measured at 
21 days of crop growth and final plant height was 
measured as the distance from the ground to the 
panicle tip of five random plants from each plot. 
Panicle length was measured from the base to the tip of 
the panicle. Panicles were selected randomly from each 
plot were harvested, threshed, dried for yield and 
separated into filled and unfilled grains, which were 
then counted. From this, hundred seeds were counted 
and weighed. Grain yield from each plot was 
harvested, dried at 50˚C and weighed and adjusted to a 
moisture content of 14%. The data was taken on the 
above said traits and was subjected to test for the 
presence of genotype x weed management interaction. 
A combined analysis over the genotype and weed 
management was conducted using split plot design 
with two replications. Phenotypic correlations among 
traits were calculated on the basis of cultivar means, 
within or between management treatments. 
Correlations between traits measured in different weed 
management treatments were computed as per Cooper 
et al. (1996). 
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Table 1: Mean for thirteen traits of upland rice evaluated under weed free (F) and weedy (W) environments  

Parameters  Weed Free environment Weedy environment 

Plant height  

(21 days) (cm) 

21.845 23.408 

Plant height 

(maturity) (cm) 

102.257 98.979 

Days to flowering 75.194 72.833 

No. of  plants   mt2 35.722 21.167 

Panicle length (cm) 21.943 20.717 

Total no. of grains panicle-1 91.807 65.476 

No. of Filled  grains  panicle-1 67.792 41.141 

No. of unfilled grains  panicle-1 26.934 26.749 

Hundred grain weight (g) 2.519 2.369 

Biological Yield plant-1 (g) 2607.00 990.550 

Yield plant-1 (g) 613.806 91.861 

Fresh wt.  of weeds per mt2 - 2320.54 

Dry wt.  of weeds per mt2 - 1282.91 

 

RESULTS AND DISCUSSION 

The analysis of variance indicated that the 
presence/absence of weed had higher significant effect 
on biological yield and grain yield per plant. This was 
expected as presence of weed drastically reduced the 
biological yield and grain yield. The other traits which 
differed significantly under the two conditions was 
days to flowering, number of plants per sq.mt., panicle 
length, total number of grains per plant and number of 
grains per panicle.  
The genotypes exhibited significant differences for 
most of the traits; it indicates that the genotypes 
included in the present study belong to diverse genetic 
background. The prevalent weed species found were 
Echinocloa colonum, Euphorbia hirta, Parthenium 

hysterophorus, Cyperus irria, Aeschynomene indica, 

Alternathera tendra and others in experimental field. 
Weed pressure in the weedy trials revealed that the 

fresh weight of weeds was 2320.54 g m-2 and the dry 
weight of weeds was 1282.91 g m-2 (Table 1). The 
differences in the weed pressure were probably caused 
by different weed seed banks in the experimental 
fields. For the agronomic and yield traits evaluated in 
this study, the effect of weed management treatment 
reached to a significant level (Table 2). 
 Grain yield and biological yield per plant or crop 
biomass had high value under weed free condition as 
compared to weedy management. Plant height both at 
21 days crop duration and at maturity level showed less 
or no differences. Similar pattern was observed in traits 
like, panicle length, number of unfilled grains panicle-1 
and hundred grain weights. Apart from this, days to 
flowering, number of plants per square meter, total 
number of grains panicle-1, number of filled grains 
panicle-1 showed high significant differences at weed 
free and weedy conditions.  

 

Table 2: Weed management and cultivar effects on yield and yield attributing traits of aerobic rice from the 

combined analysis of weedy and weed free trials 

ANOVA 

effect 

Plant height 

(cm) 

(21 days) 

Plant height 

cm (maturity) 

Days to flowering No. of plants sq. 

mt2 

Panicle length 

(cm) 

Total no. of 

grains panicle-

1 

 F  P F  P F  P F  P F  P F  P 

Weed (W) 0.39 - 11.09 0.07 

NS 

87.67 0.01* 362.71 0.00* 18.65 0.04* 88.60 0.01* 

Genotype 

(G) 

3.89 0.00* 668.51 0.00* 1086.55 0.00* 8.95 0.00* 26.48 0.00* 39.53 0.00* 

W x G 1.33 0.23 

NS 

2.17 0.03* 34.50 0.00* 2.11 0.03* 1.74 0.09 

NS 

7.41 0.00* 
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No. of Filled  grains  

panicle-1 

Hundred grain 

weight (g) 

Biological  Yield  

plant-1 (g) 

Grain yield  (g) Fresh wt. of 

weeds 

Dry wt. of 

weeds 

F  P F  P F  P F  P F  P F  P 

445.99 0.00* 4.95 0.15 

NS 

214.80 0.00* 44.05 0.02* 1.14 0.41 

NS 

1.79 0.17 

NS 

13.46 0.00* 10.30 0.00* 2.90 0.00* 5.27 0.00*     

5.17 0.00* 7.01 0.00* 1.64 0.11 

NS 

3.98 0.00*     

 

Table 3: Means for 12 upland rice cultivars evaluated under weed-free (F) and weedy (W) conditions at 

IGKV, Raipur 

Cultivars Plant height  

 cm (21 days) 

Plant height 

cm (maturity) 

Days to 

flowering 

No. of plants  

sq. mt2 

Panicle length 

(cm) 

Total no. of grains 

panicle-1 

 F W F  F W F W F W F W 

ARB-6 21.98 25.53 114.47 107.64 74.00 72.66 40.00 25.00 22.73 21.63 140.63 66.93 

Dagad Deshi 29.22 29.57 124.74 118.35 65.00 62.66 33.66 19.00 22.30 22.20 135.34 104.89 

Mahamaya 24.08 22.42 84.38 78.82 90.00 81.00 32.33 20.33 20.00 17.23 108.16 62.55 

IR-64 22.90 20.93 81.29 79.81 80.66 79.33 42.66 20.66 23.83 23.13 81.62 69.28 

Poornima 23.34 21.50 86.15 80.62 74.00 72.66 49.00 26.66 23.00 20.23 83.53 52.46 

MTU-1010 19.97 22.02 84.30 81.48 78.00 76.33 32.66 20.66 19.90 19.70 75.40 61.53 

IR64 x 

Mahamaya 

20.90 21.83 86.17 83.35 74.66 73.00 36.00 23.00 18.30 17.43 43.08 46.47 

Mahamaya x 

CT 9993 

21.86 24.36 84.80 82.80 78.00 76.33 35.66 20.00 19.43 18.63 60.00 43.91 

R 1033-968-

2-1 

21.46 24.19 106.04 104.48 75.00 73.00 26.66 17.00 23.67 21.93 94.33 70.06 

RR 347-5 20.14 24.70 117.18 117.23 75.00 73.00 32.00 19.66 24.33 24.60 75.43 57.33 

VL 3288 23.83 20.60 123.78 122.34 64.00 62.33 35.66 21.00 18.46 18.40 70.86 58.53 

Kakro 24.42 23.22 133.74 130.79 74.00 73.33 32.33 21.00 27.33 23.46 133.26 91.73 

Mean 22.84 23.40 102.25 98.97 75.19 72.97 35.72 21.16 21.94 20.71 91.80 65.47 

 

Cultivars No. of filled grains  panicle-1 Hundred grain  

weight (g) 

Biological  yield  plant-1  (gm) Grain yield 

 (gm) 

 F W F W F W F W 

ARB-6 113.94 33.25 2.59 2.11 2620.0 1139.0 769.0 121.0 

Dagad Deshi 111.57 54.56 2.61 2.45 2376.0 1237.6 491.0 60.3 

Mahamaya 27.16 29.20 2.45 2.62 2820.6 1903.0 172.6 57.0 

IR-64 61.25 45.26 2.65 2.59 2574.3 582.0 357.3 85.3 

Poornima 65.93 43.93 2.35 1.55 2265.0 681.0 796.6 67.6 

MTU-1010 52.63 43.86 2.39 2.52 2717.0 1115.0 435.6 112.6 

IR64 x Mahamaya 41.75 20.00 2.79 2.29 2607.3 656.0 860.6 39.6 

Mahamaya x CT 9993 38.66 25.86 2.35 1.74 2779 873.6 571.6 63.3 

R 1033-968-2-1 86.60 48.93 2.59 2.58 3144.3 861.3 1024.3 125.3 

RR 347-5 48.73 41.86 2.37 2.60 2325.3 911.6 407.6 95.0 

VL 3288 46.93 43.13 2.37 2.69 2370.6 647.6 620.3 52.6 

Kakro 118.33 63.80 2.67 2.63 2684.0 1278.0 858.6 222.3 

Mean 67.79 41.14 2.51 2.36 2607.0 990.5 613.8 91.8 

 

Varietal performance 

The cultivars/ varieties differed significantly in all the 

traits studies (Table 3). The range in varietal crop 

biomass or biological yield per plant under weed free 

was 2265 to 3144 g and in weedy condition it was 582 

to 1903 g. Equivalent ranges from grain yield were 

about five folds (172.6 – 1024.3) in weedy condition. 

The fresh weed biomass ranged from 1061.5 to 4042.5 

g whereas the dry weight of weeds ranged from 691.5 

to 2626.5 g. Two varieties R 1033-968-2-1 and Kakro 

were the highest yielding cultivars under both weedy 

and weed free conditions.  
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Weed competition significantly reduced grain yield of 

rice varieties. This shows that rice varieties behave 

differently in their competitiveness to suppress weeds 

under competition. Similar work was reported by 

Garrity et al. (1992), IRRI (1994) & Harding et al. 

(2011). The two genotypes identified to be exhibiting 

weed competitiveness were R 1033-968-2-1 and 

Kakro. These two genotypes had early seedling vigour 

more plant height and high yield potential under both 

the conditions. These elite cultivars are likely to be 

useful as parents in breeding weed – competitive 

cultivars. 
 

Table 4: Phenotypic correlations between yield and other yield attributing traits of upland rice under weed – 

free (F) or weedy (W) conditions  
 

Weed free 

  PH (21) PH DTF NPPSM PL TGPP NFGPP NUFGPP HGW BYP GY 

PH (21) 1.00                     

PH 0.42 1.00                   

DTF -0.37 -0.67* 1.00                 

NPPSM 0.07 -0.35 -0.03 1.00               

PL 0.15 0.46 -0.02 0.01 1.00             

TGPP 0.59* 0.57 -0.10 -0.09 0.58* 1.00           

NFGPP 0.45 0.66* -0.45 -0.03 0.67* 0.81** 1.00         

NUFGPP 0.16 -0.16 0.63* -0.19 -0.18 0.22 -0.37 1.00       

HSW -0.34 0.24 -0.01 -0.20 0.27 -0.16 -0.19 0.07 1.00     

BYP -0.29 -0.23 0.49 -0.58* -0.01 0.05 0.00 0.15 -0.35 1.00   

GY 0.00 -0.33 0.25 0.38 0.22 -0.11 -0.06 -0.13 -0.10 -0.04 1.00 

 

* and ** Significant at 5 % and 1% probability level. PH (21)=Plant height  (21 days); PH= Plant height (maturity); DTF 
=Days to flowering; NPPSM= No. of plants sq. mt2 ; PL =Panicle length (cm); TGPP= Total no. of grains panicle-1, NFGPP 
=No. of filled grains panicle-1; NUFGPP= No. of unfilled grains panicle-1; HSW =Hundred grain weight (g); BYP= 
Biological yield plant-1 (g); GY= Grain yield (g); Fresh wt. of weeds and Dry wt. of weeds 

Relationship among traits under the weed 

management regime 

In weed free environment, the studies showed that only 
biological yield was negatively associated with number 
of plants per square meter. Three characters namely, 
total number of grains plant-1 followed by panicle 

length and plant height at maturity showed significant 
and positive association with number of filled grains 
plant-1. This indicates that increase in plant height, 
panicle length and total number of grains leads to 
increase in number of filled grains. Likewise, total 
grains plant-1 showed positive association with plant 

Weeded 

  PH (21) PH DTF NPPSM PL TGPP NFGPP NUFGPP HGW BYP GY Fresh wt dry wt 

PH (21) 1.00                         

PH 0.42 1.00                       

DTF -0.38 -0.68* 1.00                     

NPPSM -0.30 -0.25 0.03 1.00                   

PL 0.38 0.53 -0.08 -0.21 1.00                 

TGPP 0.59* 0.59* -0.37 -0.33 0.54 1.00               

NFGPP 0.22 0.62* -0.34 -0.27 0.69* 0.78** 1.00             

NUFGPP 0.60* 0.06 -0.23 0.18 0.08 0.62* 0.22 1.00           

HSW -0.04 0.43 -0.08 -0.63* 0.25 0.44 0.37 -0.19 1.00         

BYP 0.34 0.06 0.26 -0.19 -0.12 0.39 0.05 0.41 0.27 1.00       

GY 0.08 0.49 0.14 -0.11 0.60* 0.47 0.65* -0.06 0.26 0.22 1.00     

Fresh wt -0.29 -0.17 0.04 -0.58* -0.24 -0.22 -0.12 -0.40 0.23 -0.33 -0.27 1.00   

Dry wt -0.43 -0.21 0.11 -0.39 -0.04 -0.11 0.00 -0.32 0.35 -0.43 -0.23 0.87** 1.00 
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height (21 days) and panicle length. However, it was 
observed that when the days to flowering increase, 
plant height at maturity decreases indicating negative 
association with them. Similarly, as there is increase in 
days to flowering, there is simultaneous increase in 
number of unfilled grains per plant. 
In case of weedy environment, grain yield showed 
positive and significant association with panicle length 
and number of filled grains plant-1. Similar trend was 
observed between days to flowering and plant height 
i.e., negative correlation as compared to weed free 
trials. Total number of grains plant-1 showed positive 
association with both plant height (21 days) and plant 
height (at maturity). 
Again similar trend was found between number of 
filled grains plant-1 and plant height, panicle length and 
total grains plant-1 as compared to weed free trials. 
Number of unfilled grains plant-1 showed positive 
association between plant height (21 days) and total 
grains plant-1. Hundred seed weight showed negative 
association with number of plants per square meter 
(Table 4). However, competitive ability is often 
negatively correlated to yield potential (Jennings and 

Aquino, 1967; Moody and De Datta, 1982). Wall 
(1983) reviewed the role of plant breeding in weed 
management for several crops like rice, wheat and 
small grain cereals. In general, a high competitive 
ability was associated with tall plants that rapidly 
establish complete ground cover. 

CONCLUSION 

Breeding to increase the competiveness of highly 
productive rice plant types would be possible without 
significantly affecting yields. The competitiveness 
observed in these studies for the varieties ARB-6, 
1033-968-2-1 and Kakro would be adequate to 
improving farmer’s income and reduce herbicide use. 
More plant height, more tiller numbers will result in 
more competitive rice varieties. The two genotypes 
identified to be exhibiting weed competitiveness were 
R 1033-968-2-1 and Kakro. These two genotypes had 
early seedling vigour more plant height and high yield 
potential under both the conditions. These elite 
cultivars are likely to be useful as parents in breeding 
weed–competitive cultivars. 
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ABSTRACT 

A field experiment was conducted in paddy in a high soil available P vertisols under K.C. Canal 
ayacut at Regional Agricultural Research Station, Nandyal to study the influence of levels of phosphorus 
either alone or in conjunction with FYM and green manure on soil properties and yield during kharif 2011. 
The influence of phosphorus alone or in conjunction with green manure or farmyard manure on pH and 
EC shows non-significant results. Application of 50% recommended dose of phosphorus along with farm 
yard manure recorded highest available nitrogen, phosphorus and potassium at all stages of crop growth.  
 
Key words: Paddy, Green manure, Farmyard manure, pH, EC, Available N, P and K. 

Phosphorus is one of the major nutrients required 
for production of rice. The use efficiency of 
phosphorus is very low due to fixation in soil in 
addition to poor solubility of native soil phosphorus. 
Plants utilize fewer amounts of phosphatic fertilizers 
that are applied and the remaining portion is rapidly 
converted into insoluble complexes in the soil. In soil 
more than 80% of P becomes immobile and 
unavailable for plant uptake because of adsorption, 
precipitation, or conversion to organic form. 

In recent years, use of excess and/or indiscriminate 
amounts of fertilizers has created problem of multiple 
nutrient deficiencies, diminishing soil fertility and 
unsustainable crop yields. A field experiment 
conducted in high soil available P Vertisols under K.C. 
Canal ayacut. Of late it was observed that the soils 
under irrigated canal commands especially under 
paddy crop are showing high soil available P status 
(Annual Progress Reports of AICRP, 1984). This is 
resulted due to excess addition of P containing 
complex fertilizers over years, like DAP (18:46:0), 
28:28:0, etc., which were applied as basal dose and top 
dressing. It was found to occur mainly in places where 
intensive cultivation is being followed under irrigation 
commands with indiscriminate use of not only this 
nutrient but also fertilizers containing other nutrients. 
Keeping in mind the significance of organic manures in 
maintaining soil health and improvement in 
productivity of crops. 

           As submergence influences the available P 
and the physico-chemical regime of waterlogged soil is 
quite different from upland soils, it is necessary to 
quantify the submergence effect on P availability while 
making the fertilizer P recommendations to rice. 
Increase in available P due to submergence is closely 
related to the Eh, pH, organic matter, texture, free iron 
oxide and distribution of different inorganic forms of 
soil P (Mandal 1979). Addition of organic matter 
influences the available P content in waterlogged soils 

due to more reduced conditions and chelating action 
through its microbial decomposed products (Mandal 
and Mandal 1973).  

MATERIALS AND METHODS 

A field experiment was conducted during kharif 
2011 at Regional Agricultural Research Station, 
Nandyal, Kurnool district of Andhra Pradesh. The soil 
of the experimental site was clay loam in texture, 
medium in OC (0.43%), low in available N (227 kg ha-

1) but high in available P (153 kg ha-1) and K (596 kg 
ha-1). The experiment was laid out in a randomized 
block design and each treatment replicated thrice. The 
soil samples were taken at tillering, panicle initiation 
and at harvest stages and analyzed for pH, EC, N, P 
and K content. The phosphorus was determined by 
colorimetric method (Olsen et al., 1954), nitrogen by 
alkaline potassium permanganate method (Subbiah and 
Asija, 1956) and potassium by flame photometric 
method (Jackson, 1973). Apart from the initial soil 
analysis, the organic manures used for the study viz., 

FYM and green manure crop (Dhainchae) also 
analysed for their nutrient contents. Green manure crop 
contains highest nitrogen (3.5%), phosphorus (0.26%) 
and potassium (1.0%) than the FYM nitrogen (0.5%), 
phosphorus (0.08%) and potassium (0.5%). Rice was 
the test crop with RDF applied as N:P2O5:K2O @ 
200:80:80 Kg ha-1. All the manures and fertilizers are 
applied as per the treatments. The mean maximum and 
minimum temperatures during crop growth period 
ranged from 32.2°C and 19.8°C respectively. The 
treatments were laid out in a randomized block design 
and each treatment replicated thrice. The experiment 
comprised of twelve treatments  

T1: Absolute control (no manure and fertilizers), 
T2 : Farm yard manure (FYM) @ 5 t ha-1 only, T3: 
Green manure (GM) ploughed insitu only, T4: 100% 
Recommended Dose of P for paddy (80 Kg P2O5 ha-1), 
T5 : 50% Recommended Dose of P for paddy (40 Kg 
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P2O5 ha-1), T6 : 25% Recommended Dose of P for 
paddy (20 Kg P2O5 ha-1), T7 : Recommended Dose of N 
and K only (No P2O5), T8:T5 + FYM@5t/ha only (T2), 

T9 :T5 + Green manure only (T3), T10:T6 + FYM@5t/ha 
only (T2), T11:T6 + Green manure only (T3), T12:Soil 
Test Based Fertilizer (STBF) application.

 
Table 1. Influence of different treatments on soil pH, EC (dSm

-1
) at various stages of crop growth 

pH EC Treatment 

Tillering 
stage 

Panicle initiation 
stage 

Harvest 
stage 

Tillering 
stage 

Panicle initiation 
stage 

Harvest 
stage 

T1:Absolute control 7.97 8.10 8.45 0.14 0.14 0.17 

T2:FYM @ 5 t ha-1 7.97 8.00 8.42 0.15 0.15 0.19 

T3:Green manure 8.10 8.10 8.48 0.15 0.15 0.18 

T4:100% RDP 8.00 7.84 8.39 0.17 0.17 0.20 

T5:50% RDP 8.10 8.07 8.50 0.17 0.16 0.18 

T6:25% RDP 8.10 8.08 8.47 0.17 0.16 0.20 

T7:No P 8.00 8.00 8.49 0.14 0.15 0.19 

T8:50% RDP + FYM 8.10 8.00 8.48 0.14 0.15 0.20 

T9:50% RDP + GM 8.00 7.92 8.39 0.16 0.15 0.19 

T10:25% RDP + FYM 8.10 8.00 8.36 0.15 0.15 0.19 

T11:25% RDP + GM 8.10 8.13 8.39 0.18 0.17 0.21 

T12:STBF 8.10 8.16 8.51 0.17 0.15 0.19 

SEm+ 0.08 0.10 0.04 0.01 0.01 0.01 

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

 

RESULTS AND DISCUSSION 

PHYSICO-CHEMICAL PROPERTIES OF SOIL 

The results indicate that the pH and EC of the soil were 
not significantly influenced by type and level of 
manures, fertilizers alone or in combination with each 
other in rice. The pH and EC data present in Table 1. 
The results showed that increase in soil pH at harvest 
from tillering and panicle initiation stages which might 
be due to flooding condition of field during crop 
growth decreases the pH . The highest pH was 
recorded with T12 (STBF) at all stages of crop growth. 
EC of soil at tillering and panicle initiation stages was 
lower than at harvest stages and it might be due to 
inundation of field during crop growth which causes 
movement of salts into deeper layers, similar results 
were reported by Chaudhary et al. (1981) in 
experiments with organic manures. 
SOIL CHEMICAL PROPERTIES 

The result showed that available nitrogen, 
phosphorus and potassium of soils were differs 
significantly at different stages due to different 
treatments. It could be noticed that of the soil the 
manures and inorganic fertilizers either alone or in 
conjunction recorded higher values of available 
nitrogen, phosphorus and potassium than absolute 
control at all the stages of crop growth.  
AVAILABLE NITROGEN (Kg/ha): 

At tillering stage significantly higher available 
nitrogen was observed in T8 (50% RDP + FYM), 
which was on par with T2 (FYM), T4 (100% RDP), T5 
(50% RDP), T6 (25% RDP), T7 (No P), T9 (50% RDP 
+ GM) and T11 (25% RDP + GM). At panicle 
initiation stage, significantly higher value of the 
available nitrogen was observed in T2 (FYM), which 

was on par withT8 (50% RDP + FYM), T9 (50% RDP + 
GM). At harvest stage, significantly higher available 
nitrogen was observed in T8 (50% RDP + FYM), 
which was on par with T9 (50% RDP + GM), T10 (25% 
RDP + FYM), T11 (25% RDP + GM) and T12 (STBF). 
 

AVAILABLE PHOSPHORUS (Kg/ha): 

The increase in available phosphorus status of 
soil from sowing to maximum tillering stage can be 
attributed to the flooding condition of the soil and it is 
in conformity with the results of Chakravarthi and Kar 
(1970). The treatment T8 (50% RDP + FYM) recorded 
highest available phosphorus at all stages of crop 
growth. At tillering and panicle initiation stages, 
available phosphorus content in soil increased and it 
might be due to flooding of field where in soil 
reduction increases higher solubility of phosphorus. 
Drying of flooded soil alters this property in reverse 
order. Similar results were reported by Patrick and 
Reddy, (1978). 

The increasing levels of P in combination with 
organic manures had significant increase in the 
available P2O5 in soils. This may be due to some sort of 
triggering action and also solubilisation of native 
phosphorus (Pareck and Gaur, 1973) and also due to 
reduction of phosphorus fixing capacity of soil 
(Dhanapalan Mosi et al. 1975 and Singh and Hariram, 
1977). The addition of FYM along with inorganics had 
beneficial effect in increasing available phosphorus. 
Available phosphorus increases mainly due to solvent 
action of organic acids produced in the soil after 
decomposition of FYM besides the additional content of P 
in FYM. 
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The steep decrease in available P status from 
panicle initiation stage to harvest may be due to the 
higher uptake of phosphorus by the plant and due to the 
oxidized condition which prevailed in the field as the 

entire field was completely drained two weeks prior to 
harvest. Patrick and Mahapatra (1968) reported that the 
drying of soil decreases the available phosphorus 
content of soil. 

 

Table 2. Influence of different treatments on available nitrogen, phosphorus and potassium at different 

Stages of crop growth 

Available nitrogen Available phosphorus Available potassium Treatments  

Tillering 
stage 

Panicle 
initiation 

stage 

Harvest 
stage 

Tillering 
stage 

Panicle 
initiation 

stage 

Harvest 
stage 

Tillering 
stage 

Panicle 
initiation 

stage 

Harvest 
stage 

T1:Absolute control 199 225 181 144 170 59 513 407 301 
T2:FYM @ 5 t ha-1 272 385 234 190 211 121 611 491 449 
T3:Green manure 214 305 222 191 234 132 516 443 460 
T4:100% RDP 308 293 237 169 202 88 590 443 437 
T5:50% RDP 307 309 213 226 224 142 575 457 444 
T6:25% RDP 293 238 234 184 200 93 575 443 455 
T7:No P 312 314 234 165 170 71 558 475 437 
T8:50% RDP + 
FYM 313 345 288 261 241 192 661 502 493 
T9:50% RDP + GM 311 322 273 236 226 157 578 434 443 
T10:25% RDP + 
FYM 240 289 238 196 203 173 622 490 463 
T11:25% RDP + 
GM 302 281 273 171 196 134 584 443 443 
T12:STBF 239 284 263 175 181 142 563 443 452 
SEm+ 23 24 17 16 9 6 25 16 42 
CD (P=0.05) 69 68 50 48 28 18 74 49 NS 

 

The efficiency of FYM in increasing P 
availability is known to be due to reduced phosphate 
sorption with low bonding energy. It is in conformity 
with Sharma & Tripathi (1999). The treatment T5 (50% 
RDP) recorded highest available phosphorus than T4 
(100% RDP) which might be due to the fact that 
release of phosphorus will be more with low dose of 
phosphorus application in high soil available 
phosphorus soils. Similar results were reported by 
Ganauri Singh et al. (2002). Highest available 
phosphorus is recorded with T8 (50% RDP + FYM) 
and it might be due to organic acids which were 
released during microbial decomposition of organic 
matter which helped in the solubility of native 
phosphates, thus increasing the available phosphorus 
content in soil. Besides this, appreciable quantities of 
carbon dioxide released during the decomposition of 
organic matter might have formed carbonic acid, which 

enhance the solubility of phosphates resulting in higher 
availability of phosphate in plots treated with organic 
manures. Similar results were observed by Bharadwaj 
and Omanwar (1994) and Reddy and Reddy (1998) and 
Sharma et al. (2001). 
AVAILABLE  POTASSIUM (Kg/ha): 

The treatment T8 (50% P + FYM) recorded 
highest available potassium (661 Kg ha-1 at tillering 
stage, 502 Kg ha-1 at panicle initiation stage and 493 
Kg ha-1 at harvest stage) at all stages of crop growth. 
The lowest available potassium was recorded with T1 
(absolute control). The lower status of available 
nitrogen, phosphorus and potassium, were observed in 
the treatment T1 (absolute control) at the time of 
harvest of the crop compared to other treatments which 
might be attributed to the maximum utilization of soil 
available nutrients by the crop in the control. Similar 
result was reported by Kavitha (2001). 

 



 

Journal of Progressive Agriculture, Vol.5, No. 2: October, 2014 

_______________________________________________________________________________________________________ 

98 

 

REFERANCES 

Annual Progress Report of All India Coordinated 

Project. Investigations on Soil Test Crop 

Response. 1984. pp. 23-32. 

Bharadwaj, V and Omanwar, P.K. 1994. Long term 
effects of continuous rotation cropping and 
fertilization on crop yields and soil properties 
like effects on EC, pH, organic matter and 
available nutrients of soil. Journal of the Indian 

Society of Soil Science. 42: 387-392. 

Chakravarthi, S.N. and Kar, A.K. 1970. Solubility of 
phosphorus in waterlogged soils. Journal of the 

Indian Society of Soil Science. 18: 249-257. 

Chaudhary, M.L., Singh, J.P and Narwal, R.P. 

1981. Effect of long term application of P, K and 
FYM on some chemical properties. Journal of 

the Indian Society of Soil Science. 29: 81-85. 

Dhanapalan Mosi, A., Soundararajan, S.K and 

Lakshminarayanan. 1975. Studies on the 
phosphorus fixing capacity of major soil series 
of Thanjavur district. Journal of the Indian 

Society of Soil Science. 23: 195-201. 

Ganauri Singh, Ganeshamurthy, A.N and Dinesh, 

R. 2002. Status of phosphorus and response of 
rice (Oryza sativa L.) to applied phosphorus in 
coastal alluvial soils of Andaman and Nicobar 
Island. Indian Journal of Agricultural Sciences. 
72 (10): 604-606. 

Jackson, M.L. 1973. Soil Chemical Analysis. Prentice 
Hall of India Private Limited, New Delhi. 

Kavitha, P. 2001. Integrated nitrogen management in 
Sunflower (Helianthus annuus L.) M.Sc.(Ag.) 

Thesis. Acharya N G Ranga Agricultural 
University, Hyderabad. 

Mandal, L.N. 1964. Effect of time, starch and lime on 
the transformation of inorganic phosphorus in a 
waterlogged rice soil. Soil Science. 97:127-132. 

Mandal, L.N and Mandal, K.C. 1973. Influence of 
organic matter and lime on the transformation of 
applied phosphate in acidic low land soils. 

Journal of Indian Society of Soil Science. 21(1): 
57-62. 

Olsen, S.R., Watanable, F.S., Cole, C.V and Dean 

L.A. 1954. Estimation of available phosphorus by 
extraction with sodium bicarbonate. USDA 
Circular 939, Washington. 

Pareck, R.P and Gaur, A.C. 1973. Release of 
phosphate from tricalcium and rock phosphate 
by organic acids. Current Science. 42: 278-279. 

Patrick, W.H and Mahapatra, I.C. 1968. 
Transformation and availability to rice of 
nitrogen and phosphorus in waterlogged soils. 
Advance Agronomy. 20: 323-355. 

Patrick, W.H and Reddy, C.N. 1978. Chemical 
changes in rice soils. Soils and Rice, 
International Rice Research Institution, Los 
Banos, Philippines. 361-380. 

Reddy, V.B and Reddy, M.S. 1998. Effect of organic 
manure and nitrogen levels and soil available 
nutrient status in maize-soybean cropping 
system. Journal of the Indian Society of Soil 

Science. 46 (3): 474-476. 

Sharma, U.C and Tripathi, A.K. 1999. Phosphate 
management in rice-mustard cropping sequence 
on acid soils of Nagaland. Journal of the Indian 

Society of Soil Science. 47(4): 732-738. 

Sharma, M.P, Bali, V.S and Gupta, D.K. 2001. Soil 
fertility and productivity of rice (Oryza sativa 
L.) wheat (Triticum aestivum L.) cropping 
systems in an inceptisols as influenced by 
integrated nutrient management. Indian Journal 

of Agricultural Sciences. 71 (2): 82-86. 

Singh, R.P and Hariram. 1977. Effect of organic 
matter on the transformation of inorganic 
phosphorus in soils. Journal of the Indian 

Society of Soil Science. 25: 118-121. 

Subbiah, B.V and Asija, G.L. 1956. A rapid method 
for estimation of available nitrogen in soil. 
Current Science. 25: 283-289. 



 

Journal of Progressive Agriculture, Vol.5, No. 2: October, 2014 

_______________________________________________________________________________________________________ 

99 

 

 

Tritrophy- A new dimension in IPM - A review 
 

K. KAVITHA AND K. DHARMA REDDY 
Regional Agricultural Research Station, Palem-509215, Mahabubnagar Dist. 

ANGRAU, Andhra Pradesh, India 
 

Received:  04.01.14 

Accepted: 18.08.14 

ABSTRACT 

In the natural ecosystem, plants and their arthropod pests have evolved a set of interactions with each other and 
also pests and their natural enemies such as parasitoids, predators, pathogens and birds. In the new millennium, 
analysis of interactions amongst these community components is very much necessary to enhance the 
effectiveness of pest management strategies. This will also help in developing augmentative and alternative 
components in a Bio-intensive IPM system and make it more sustainable. Most of the interactions between host 
plants, insect pests and natural enemies result from interacting mechanisms such as ecosystem energy/resource 
flow (involving trophic and allelochemical relationships) and habitat modifications. In a trophic dynamic sense, all 
plant pests use plants as their food source and are primary consumers while beneficial arthropods or the natural 
enemies are secondary consumers. Consequently, tritrophic interactions occur when plant characteristics especially 
chemicals are passed through the insect pest consumer to the secondary level consumer. 

Key words: Plants, herbivores, natural enemies, chemicals, interactions. 

We cannot understand the plant-herbivore interaction 
Without understanding the role of enemies. We cannot 
understand predator-prey relationships without 
understanding the role of plants. (Price et al., 1980) 

 In nature, the majority of food webs associated with 
living plants involve atleast three trophic level 
interactions: plants, herbivores and the natural 
enemies. An important feature in this trophic system is 
that members of alternate trophic levels may act in a 
mutualistic manner. For instance, natural enemies of 
herbivores benefit the plants by reducing herbivore 
abundance, while plants may benefit the herbivore’s 
enemies, making herbivores more vulnerable to natural 
enemies. These factors paved for two kinds of plant 
defenses with effective defense and attack at each level 
(Price, 1986). Plant breeders have emphasized the need 
for intrinsic defense mechanism, whereas those 
interested in biological control have emphasized the 
need for extrinsic defense using natural enemies 
 

 

Intrinsic resistance 

  Here the plant alone produces defense through 
physical means (trichomes or toughness) or through 
production of chemicals (toxins or digestibility 
reducers) or both (glandular trichomes or resins). 

Extrinsic resistance 

 Here the natural enemies (third trophic level) of insect 
pests (second trophic level) benefit the host plants (1st 
trophic level) by reducing the pest abundance. 

1.1 Relationship between host plants – insect pests 

and natural enemies 

 Two hypotheses have been proposed to explain 
relationships in an ecosystem between host plants – 
insect pests and their natural enemies. Both hypotheses 
are a combination of mechanisms driven by energy or 
resource flow and habitat modification. 

1.1.1 Enemies hypothesis 

 This hypothesis states that vegetationally diverse 
habitats support greater diversity of prey and thus have 
more stable populations of enemies. Therefore, 
outbreaks of phytophagous prey arthropods are less 
likely to occur because higher proportions of enemies 
have been maintained in the diverse ecosystem [Root 
(1975), Russel (1989)]. Andow (1991) have reviewed 
the hypothesis. 

1.1.2 Resource concentration hypothesis 

 The second hypothesis was proposed by Root (1975) 
to cover up inadequacies in enemies hypothesis. Russel 
(1989) and Andow (1991) have reviewed this 
hypothesis. This hypothesis predicts that relative 
attractiveness of a habitat to a particular arthropod is 
based on concentration of resources (host plant or prey 
species). For phytophagous arthropods, the 
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concentration of the host plant species is important but 
for the natural enemies concentration of their prey is 
more meaningful (except in circumstances where the 
natural enemy is first attracted to the host plants of the 
prey). 

 Resource concentration is thus a function of the 
number of host plant species or prey present and it 
could be governed by acceptability of host, density and 
spatial arrangement of host and interference of non-
hosts. At lower host concentration, the arthropod either 
will have greater difficulty in finding a host or will 
have greater prosperity to migrate to other plants. This 
hypothesis also involves “apparency” (Feeny, 1976). It 
is argued that host plants that are more apparent to 
herbivores are more likely to be attacked and hence are 
more apt to support populations of herbivores. 
Apparency can be chemically or visually mediated. 
The relative importance of mechanisms controlling 
insect populations can vary from one ecosystem to 
another, but it seems clear that a combination of 
several mechanisms is operating at the same time 
which governs the host plant – insect pest – natural 
enemy relationship. 

1.2 Trophic interactions 

 The host plant – insect pest and natural enemy 
interactions are generally tritrophic. Tritrophic 
interactions that involve a link through two trophic 
levels. Thus, when a host plant can effect a parasitoid 
or a predator through its prey that feeds on the plant, a 
tritrophic interaction gets evolved. 

2.0 ECOLOGY OF INFOCHEMICAL USE IN 

TRITROPHIC CONTEXT 

 Price et al. (1980) stated that interactions between 
herbivores and their host plants and between 
herbivores and their natural enemies can only be 
understood within a tritrophic context. The importance 
of tritrophy is reflected in the searching behaviour of 
natural enemies of herbivores i.e., predators and 
parasitoids. Information from plants is important in 
their searching process. A sequence of responses to 
different information sources brings the foraging 
animal closer and closer to its potential victim. 

 Chemical information plays an important role in which 
plant volatiles mediate searching behavior especially at 
longer distances, while the importance of herbivore – 
derived chemicals increases with decreasing distance 
from the victim.Chemical information may result from 
interaction between herbivore, food and or associated 
organisms. 

 

2.1.1 Info chemical 

 A chemical that, in the natural context, conveys 
information in an interaction between two individuals, 
evoking in the receiver a behavioural or physiological 
response. Constitute sub category of semiochemicals. 
The three trophic levels (plants, herbivores and natural 
enemies) each confront different selective pressures. 
To survive, herbivores must locate their specific host 
plants and natural enemies must locate their specific 
host. The plants and natural enemies both benefit from 
the detection and attack of herbivore, they would both 
be expected to evolve mechanisms to facilitate this 
process. Plants make their presence known to natural 
enemies by a continual release of volatile chemicals. 
However, because herbivorous arthropods also orient 
to plant volatile this could be counterproductive. 

2.1.2 Location of herbivores by natural enemies 

 Parasitic and predaceous arthropods, like their 
herbivorous relatives, locate suitable food and 
oviposition sites if they are to survive and reproduce. 
For many natural enemies host/prey selection process 
includes host /prey-habitat location, Host/prey location, 
Host/prey acceptance 
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This process normally involves numerous sequential 
stimuli and as the natural enemy moves through the 
steps, detectability of stimuli becomes more less 
important while the importance of reliability increases 
(Vet and Dicke, 1992). 

 

 

� Stimuli from plants tend to be relatively 
detectable by natural enemies because of the large 
biomass involved; however, plants may not necessarily 
be good predictors of presence of herbivores. 

� Stimulus from herbivorous arthropods, on other 
hand, are reliable indicators of their presence but less 
detectable, because of minute quantities involved, and 
in part because herbivores may attempt to hide any 
indication of their presence (Vet et al., 1991). 

 Diurnal natural enemies typically use vision in prey 
search nocturnal natural enemies often rely more on 
chemical and tactile stimuli. 

 For monophagous natural enemies, feeding on 
polyphagous herbivores, prey cues are more reliable 
and predictable than plant cues. A polyphagous natural 
enemy specializing on a variety of prey on a particular 
plant would be expected to respond to specific plant 
stimuli and generalized prey cues. Entomophagous 

arthropods are known to use all sensory modalities 
when searching for prey including visual, acoustic, 
tactile thermal and chemical stimuli; however plant 
derived stimuli especially plant chemicals, are of major 
significance to natural enemies of phytophagous 
arthropods (New, 1991; Vinson, 1985). 

2.2 Role of Allelochemicals in host location 

behaviour of parasitoid insects 

 Chemical stimuli play an essential role as cues in 
almost all stages of host searching and host selection. 
Allelochemicals that reach a great distance may only 
convey the information that a habitat is likely to 
contain suitable hosts. As the parasitoids gets close, 
different allelochemicals, that convey information on 
the availability and location of the host will be 
emanated from its host, host activities or from host 
plant (Lewis et al ., 1972). 

 Many parasitoids are known to discriminate and 
respond to volatile chemicals produced by uninfested 
plants and infested plants with a particular herbivore 
species. Once the herbivore feeds on plant, plant starts 
producing large amount of volatile chemicals which 
are used as cues leading females of parasitoid to 
microhabitat of the hosts (Turlings et al., 1991). When 
a chewing herbivore such as a caterpillar, bites into a 
leaf, the contents of plant cells and vessels are directly 
exposed to the air where rapid votalization occurs. Not 
only existing plant chemicals released but entirely new 
volatile substances can be produced when plant 
enzymes and protoplasm come into contact with 
oxygen. Hence with every caterpillar bite miniclouds 
of plant volatiles are released. These volatile plumes 
drift down wind, where they stimulate enemies, also 
serve as chemical road maps for entomophagous 
arthropods. 

 Turlings et al. (1991) showed that beet army worm 
(Spodoptera exigva) damaged corn seedling leaves are 
major source of volatile allelochemicals that attract 
females of Apanteles marginiventris. They concluded 
that plants are the principle source of valuable 
synomones that not only direct parasitoids to the host 
plants, but also to get them into the direct location of 
the host. They also concluded that damaged plants are 
significantly more attractive to parasitoid wasps than 
frass of larvae. It was also found that Pieris brassicae 
caterpillars infesting cabbage initiate the release of 
volatile allelochemicals that play important role in long 
range host location by Apanteles glomerata. They also 
reported that herbivore infested plants remain attractive 
to Apanteles glomerata for atleast several hours after 
removal of the larvae. They also concluded that 
allelochemicals from second trophic level (Pieris 

brassicae) seem to be less important in long range host 
location by Apanteles glomerata than allelochemicals 
from first trophic level (cabbage). 
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Allelochemicals of different host plants in tobacco ecosystem (Chari et al., 1994) 

 

Name of Host 

Plant 

Allelochemicals % Sugars 

Tobacco Nicotine, Nornicotine anabasine, tannins and 
lignins 

25-50% reducing sugars, sucrose, 
maltose dextrin 

Chillies Capsaicin 7.2% monosaccharides, raffinose, 
sucrose 

Cotton Gossypol, Hemigossypol, quercetin, 
chrysanthemin 

6.1% 

Sunflower Flavones, sesquiterpene lactones 26% 
Groundnut Non-protein amino acids, lectins, photosensitizer 17.5% 
Castor Ricinine, Chlorogenic acid 10.53% 

 

2.3 Synomones  

Synomone is a substance produced or acquired by an 
organism that when it contacts with an individual of 
another species in the natural context evokes in the 
receiver physiological or behavioural response that is 
adaptively favourable to both receiver and emitter. 
Synomones mediate plant herbivore and herbivore – 
Natural enemy interactions as well as tritrophic level 
interaction based on chemical cues released from 

plants and herbivores. The best known and one of the 
most prevalent plant herbivore synomonal interaction 
links the flowering plants and their pollinators. Plant 
body odours and floral volatiles benefit plants by 
attracting pollinators and benefit herbivores by serving 
as nutritional resources. Pollen and nectar of several 
plants increase life spans and reproductive potential of 
many parasitoids and predators fostering greater 
herbivore mortality. 

  
 

Host plant Pest Natural Enemy Reference  

Soybean Trichoplusia ni Podisues maculiventris 
(Pentatomid bug) 

Vinson, 1980 

Crucifers Brevicoryne brassicae  

(Cue – Sinigrin) 
Diaeretiella rapae (Uses mustard 
oil, allylisothiocyanate from plant 

and aphid) 

Read et al., 1970 

 

2.3.1  Importance of plants in host/prey search 

 The first evidence suggesting that plants play an 
important role in the host/prey selection process of 
natural enemies came from observations that may 
parasitic Hymenoptera attacked larvae from different 
families and even different orders if they are found on 
same plant (Picard and Rabaud, 1914) eg: Nordlund et 

al. (1984) reported the parasitization of Helicoverpa 

zea eggs by Trichogramma pretiosum females was 
relatively high in plots of tomato but almost non-
existent in adjacent plots of corn. Predators also 
respond to plant volatiles. Podisus maculiventris, a 
predaceous pentatomid, orients to caterpillar damaged 
soybean plants. 

2.3.1.1. Plant volatiles used by natural enemies 

 The significance of plant chemical diversity in terms of 
host/prey selection by natural enemies is that each plant 
genera produces a different blend of volatile chemicals 
when damaged. Thus, to a certain extent, each plant 
species has its own unique chemical identity. Some 
natural enemies have evolved to respond to these 
chemicals differences by preferentially orienting to 
those specific components representative of the plants 
upon which their hosts or prey are found. The volatile 

emissions of damaged leaves are usually complex 
blends. They typically contain both common plant 
substances, such as green leaf volatile as well as 
idiosyncratic substances that are unique to just a few 
taxa. Secondary plant compounds such as, Allyl 
isothiocyamate from Brassicaceae, Sulfur compounds 
from Allium, Terpenes from pinus. Crucifer plants 
produce sulfur containing allyl isothiocyanates attract 
braconid parasitoid Diaretiella rapae which kill many 
parasitoids. 

Eg. Diadromus pulchellus, an Ichneumonid parasitoid 
of caterpillars that feed on Allium becomes excited in 
presence of several of the very odorous sulfur 
compounds from this plant genes (Lecomte and Pouzat, 
1985). 

Eg. A terpene from herbivore damaged elm trees ∝ - 
cubebene attracts atleast four different parasitoid 
species of the elm bark beetle (Kennedy, 1984). 

Eg.- Cotton terpenoids r-bisabolene, β-caryophyllene 
oxide and gossonorol attract the ichneumonid 
parasitoid Campoletis sonorensis parasitoid of 
Helicoverpa armigera in a walking y-tube olfactometer 
(Elzen et al., 1984). 
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 Natural enemies also make use of the more ubiquitous 
or generalized plant volatiles. One of the most common 
classes of substances released from damaged plants are 
the green leaf volatiles which comprise six carbon 
alcohols and aldehydes and their longer chained ester 
derivatives, and which are found in the majority of 
terrestrial green plants. 

 Predatory mites also orient to plant volatiles apparently 
by the use of tarsal sensilla (mites lack antenna) De 
Bruyue et al., (1991) made electrotarsograms of the 
predatory mite Phytosciulus persimilis. The tarsal 
sensilla gave positive responses to methyl salicylate 
and to (3E) –4, 8 – dimethyl –1, 3, 7 – nonatriene, two 
substances released by lima bean plants infested with 
the phytophagous mite Tetranychus uriticae. Most of 
the plants emit relatively few volatiles until their 
tissues are damaged; it is the damage that causes the 
release of these stimuli. 

2.3.1.2. Herbivore induction of plant volatile release 

 In many cases artificial damage to plant (by scissors) 
just as attractive to a natural enemy as damage caused 
by an herbivore. In other cases herbivore damage 
produces a different and more attractive volatile blend 
than artificial damage. Such an example is seen with 
the braconid parasitoid Apanteles marginiventris and 
damaged corn seedlings (Turlings et al., 1990). Plants 
cut with a razor blade produced low levels of terpenoid 
volatiles and were only moderately attractive to 
Apanteles in wind tunned, whereas corn seedlings 
damaged by chewing beet armyworm caterpillars, 
spodoptera exigua produced high levels of many 

votalites including two terpenoids (α - trans – 
bergamotene and (E) - merolidol) that were not 
detected in artificially damaged plants. Turlings et al., 
(1993) attributed this difference to the chemical 
interaction of the caterpillar saliva with plant 
protoplasm. 

 Even more fascinating is that the volatile chemicals 
that attract Apanteles are released not only at the site of 
herbivore damage, but all over the plant within hours of 
herbivore attack. Undamaged leaves begin to release 
higher levels of the attractive terpenoids. Apparently, 
caterpillar damage causes a signal to travel throughout 
the plant, initiating a physiological change in 
undamaged leaves (Turlings andTumlinson 1992). In 
cotton plants attacked by Tetranychus uriticae. 
Uninfested cotton plants exposed to the volatiles of 
infested cotton plants begin to produce high levels of 
volatiles attractive to P. persimilis predator mites 
(Bruin et al., 1992). 

2.4 Kairomones 

Kairomone is a substance produced or acquired by an 
organism that, when it contacts with an individual of 
another species in the natural context, evokes in the 
receiver a behavioural or physiological response that is 
adaptively favourable to receiver but not to emitter. 

• Plant based kairomones 

• Insect based kairomones 

2.4.1 Plant based kairomones 

 Corn plants contain the chemical tricosane and the corn 
earworm Heliothes zea incorporates tricosane 
unchanged into its eggs and this chemical is then used 
by egg parasitoid, Trichogramma evanescens as a 
Kairomone to find the host (Lewis et al., 1972). 
Herbivores on plants growing in association with other 
plant species may be attacked more heavily by natural 
enemies because the second plant species provide 
attractants. Eg. The Aphid Myzus persicae was much 
more heavily attacked by the parasitoid Diaretiella 

rapae when the aphid occurred on a crucifer with 
mustard oil attractants than when it occurred on beet 
with mustard oil (Boethal  & Eikenbary, 1986). 

 This suggests that biological control of aphids on 
beetroot may be enhanced by companion planting with 
crucifers and other plants so that the plant attractants in 
aggregate provide more positive cues for a greater 
variety of natural enemies for better host detect than in 
a single crop situation. 

2.4.2 Insect based Kairomone 

 Natural enemies utilize a variety of stimuli to locate 
and identify their prey/hosts based on chemical cues 
emanating from their bodies. Hu and Chen (1987) 
reported that spraying of Kairomones (extracted from 
the frass of Cnaphalocrosis medinalis) on rice plants in 
the field could increase 15-25% parasitism of 
Cnaphalocrosis medinalis by Apanteles cypris. Highest 
rate of parasitism was obtained when Kairomones were 
applied during ovipositon period of the parasitoid. 
Senrayan and Annadurai (1990) stated that solitary egg 
parasitoid Anastatus ramakrishnae allocates higher 
female sex ratio on its host eggs (Coridicus obscurus) 
reared on Coccinia indica compared to other 
Cucurbitaceous food plants. 

2.4.3 Uses of Kairomones 

� Stimulates host searching behaviour of parasitoid 

� Stimulates ovipositional behaviour of parasitoid 

� Field application enhances parasitization and 
predation 

� Useful in screening natural enemies as potential 
bioagent 

� Monitoring natural enemies populations 

� Useful for mass rearing of natural enemies on 
alternate hosts 

2.4.4 Problems in field applications 

� Over stimulation of parasitoids or predators due to 
field applications of search induced Kairomones 

� If kairomones are applied extensively, there is an 
obvious damage of damaging wild parasitoid 
populations in the long term. 
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� Fast degradable in crop ecosystem, require 
repeated applications and thereby proving costly. 

� Non-availability of proper formulations. 

2.5 Antimones 

 Substances released by organisms occasionally 
produce responses in receiving organisms which are 
detrimental to both the releaser and receiver. Majority 
of wild species of tomatoes (Lycopersicon sp.) release 
Methyl Ketone, 2-tridecanone, a toxic substance 
proved to be fatal to many herbivores and natural 
enemies (Farrar et al., 1994). Trichomes of some wild 
tobacco (Nicotiana) species contain nicotine, non-
nicotine, alkaloids which are toxic to a variety of 
insects including parasitoids of tobacco pests thereby 
the damage potential of the crop is increased many 
folds (Barbosa et al., 1986). 

3.0 NUTRITIONAL AND RESISTANT FACTOR 

MEDIATED INTERACTIONS 

 There is continuum of effects between semiochemicals 
and other kinds of nutritional parameters. When a 
herbivore is feeding on a food plant, chemical defenses 
can interact directly with nutrition of herbivore. Eg. – 
Digestibility reducers such as tannins act as chemical 
defenses  through binding with proteins and making 
them unavailable to herbivores and such effects have 
their ramifications upto third and subsequent trophic 
systems. 

 Plants provide food directly to the enemies of 
herbivores in the form of floral nectar, pollen and extra 
floral nectar (Smiky, 1978). Associated plants may be 
fed upon extensively by parasitoids and frequently 
attract ants that tend to drive off other herbivores. Plant 
nutrition also helps the natural enemy complex 
indirectly by making it available to natural enemies. 

 

 Feeny (1976) pointed out that tannins lowered the 
digestibility of food and it is compensated by 
prolonged feeding. Therefore, it is apparent that plants 
with digestibility reducers have herbivores which are 
susceptible to natural enemies very heavily than 
herbivores on plants without such digestibility reducing 
substances. 

 Toxins present in plants may be passed on to herbivore 
and then upto third trophic level along the food chain 
providing defense against their enemies. A monarch 
butterfly parasitoid, Zenillia adamsoni (Tachinid) 
sequesters cardiac glycosides from the host which picks 
it up from milk weed plants. As a result, it is distasteful 
to predatory birds (Brower, 1969). On the contrary, 
when this compound is not sequestered or detoxified or 
excreted then such defensive links between the trophic 
levels are broken down. 

 The development of the immature stages of the aphid 
parasitoid Aphelinus asychis on the host Myzus 

persicae fed on the deficient diets were delayed. The 

size of emerging adults was small, which corresponds 
with the reduced size of the host. The percentage of the 
male parasites was found to be higher on the deficient 
diets than on the complete food. The fecundity of the 
females of Aphelinus asychis was found to be 
dependent on the food composition of shoots during 
larval development as well as during adult life (Zohdy, 
1976). 

 The parasitoids like some Ichneumonids, braconids and 
tachinids that live in the host, as the herbivore feed and 
grows, the timing of herbivore mortality due to plant 
nutritional influence can have dramatic effects on the 
natural enemies. Toxic compounds in plants can be 
sequestered or cycled in the haemolymph by well 
adapted herbivores and used as defenses against the 
third trophic levels. Toxins sequestered in the body of 
herbivores have related effects on natural enemies. 
Alkaloid “tomatine” which is chemical defense in 
plants to which H. zea was little effected but parasitoid 
Hyposotor exiguae was severely affected by increased 
tomatine in herbivores diet (Boethal  & Eikenbery, 
1986). 

 Thus, the chemical effects of plants at the third trophic 
level may be direct or indirect and cause strong linkage 
and interaction between the plants defensive system, 
resistance to herbivores and their natural enemies in 
biological control programmes. 

 4.0 PHYSICALLY MEDIATED INTERACTIONS 

 Physical factors are as important as chemical ones in 
Tritrophic interactions but have not received much 
attention in biological control programmes. Moreover, 
sometimes it may not be possible to distinguish 
between the effects of the two. 

Eg.- Plant resins affect natural enemies physically 
because of its stickyness and it may be quite important 
as a chemical deterrant also. 

 Many physical traits of plants influence herbivores 
availability to its enemies. In case of Brassica cultivars, 
parasitism is high on caterpillars of Pieris rapae 
feeding on open leaves, but much lower on heading 
varieties on which the caterpillars infest folded leaves 
thereby escaping the parasitoids search (Pimental, 
1961). Trichomes have been widely exploited as a 
insect defense mechanism for a number of crop plants. 
Small soft bodies, sap-feeding insects are relatively 
more sensitive to trichomes than  other insect 
herbivores. 

 Trichomes minimize insect load/damage by 

• Repellant activity of exudates 

• Limiting contact with surface of the plant 

• Physical or chemical entrapment 
• Increasing exposure time to biotic and abiotic agents 

• Inhibiting larval growth 

• Deterring oviposition 

 The egg parasitoid Anastatus ramakrishnae preferably 
attack the eggs of the pentatomid when deposited on 
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trichome free varieties of coccinea indica plants, while 
parasitism rates were drastically reduced on host plants 
such as Luffa cylindrica where in dense trichomes 
affect the parasitoid host searching. 

 The biological control of white fly on cucumber in 
glass houses was proved to be a great success with the 
parasitoid Encarsia formosa, but in natural ecosystems, 
due to honey secreting nature of these cucumber 
cultivars affected the searching and attacking behaviour 
of the parasitoid leading to a serious set backs. Further 
experiments on hairless cucumber indicated that 
whiteflies were controlled with greater levels as 
expected and therefore indicating the importance of 
hairless varieties in Biological control of pest. 

 Rao and Chandra (1984) have reported that the 
movement of grub of the chrysopid, Brinckochrysa 

scelestes was not hindered by the glandular trichomes 
of tobacco and thus the population of green peach 
aphid, Myzes persicae was reduced by 78% due to B. 

scelestes predation. 

 Many of South and Central American species of 
potato’s foliage bear glandular trichomes. These 
pubescence provide opportunity to natural enemies to 
scan the host for Leptinotarsa sp. since these predators 
have evolved mechanisms to overcome foliar trichomes 
(Obrycki et al., 1986) which help to enhance their 
efficiency. 

 

 The searching behaviour of aphid parasitoid Trioxys 

indicus which attacks pigeon pea aphid, Aphis 

craccivora is influenced by foliar pubescence of the 
aphid’s host plant. The highest rate of parasitism was 
recorded on moderately resistant varieties of Cajanus 

cajan which bear fine epidermal hairs (Kumar et al., 

1983). 

5.0 CONSEQUENCES OF SEQUESTRATION OF 

PLANT NATURAL PRODUCTS IN 

TRITROPHIC INTERACTIONS 

 ‘Sequestration’ is a detoxification phenomenon 
wherein herbivores and natural enemies convert plant 
toxic factors and store them in their systems to be used 
against their own natural enemies. The assessment of 
plant fitness as well as insect fitness to subsequent 
trophic levels must be integrated in order to implicate 
such a relationship in particular crop ecosystem with 
reference to tritrophic level interactions. Parasitization 
of Manduca sexta and Manduca quinquemaculata were 
reduced greatly on tobacco plants by Apanteles sp. 
resulting from the ingestion of nicotine by the host and 
subsequent toxification of the parasitoid. 

The tobacco hornworm Manduca Sexta and Apanteles 

congregata association provides and excellent model 
system to study the interactive effects of parasitism and 
allelochemistry on herbivore nutritional indices. 
Although hornworm larvae appear to be adapted to the 
alkaloid nicotine, they can be negatively affected by 

certain nicotine concentrations. This nicotine can also 
affect survival and development of C. congregata a 
gregarious endoparasitoid of tobacco horn worm. 

6.0 IMPLICATIONS OF BEHAVIOUR 

MODIFYING CHEMICALS IN BIOLOGICAL  

CONTROL 

 Entomophagous insects are important biological 
resources which keeps most pest species under 
economic threshold levels both in natural and man 
made ecosystems. The classical biological control 
methods involving propagation and introduction into 
agro-ecosystems have no longer provided to be an 
effective step in places where new cultivars of crops 
have been introduced. 

 The physical and chemical characteristics of various 
food plants developed in plant breeding programmes on 
natural enemy population often lead to negative effects 
on entomophagous insects. The various behaviour 
modifying chemicals and their impact on host 
searching by entomophagous insects have also been 
illustrated and have indicated tremendous variation in 
the host searching leading to failure in controlling some 
of the key pest species. 

7.0 POTENTIAL FOR MANIPULATING CROP 

PEST NATURAL ENEMY INTERACTIONS FOR 

IMPROVED INSECT PEST MANAGEMENT 

 The manipulation of the crop environment based on 
detailed understanding of tritrophic interactions 
contribute to improvements in control of insect pests. 
Such approaches are likely to be of particular benefit 
against those pests, notably certain species of 
lepidoptera and aphid, which are difficult to control 
with insecticides because of insecticide resistance or 
suppression of natural enemies. 

7.1 Identifying areas for manipulation 

• Host plant resistance. 

• Allelochemicals 

• Use of refugia and non-crop plants. 

• Cropping pattern. 

• Crop background. 

• Fertilizer regimes. 

• Parasitoid conditioning by host plants. 

• Manipulation with insecticides. 

• Transgenic crops. 

7.1.1 Host plant resistance 

 The intrinsic plant resistance is fundamentally 
compatible with biological control, which is held 
widely by many pest management practitioners. Hare 
(1992) cited 16 studies where interactions between 
resistant crop varieties and natural enemies when 
studied showed a spectrum of interactions ranging from 
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synergistic, to additive, to none apparent or 
antagonistic. 

Negative interactions between partial plant resistance 
and biological control are often caused by secondary 
plant chemicals. Van Emden (1995) suggests that 
negative interactions between potentially toxic 
secondary plant compounds and natural enemies are 
less likely in the case of natural enemies using phloem-
feeding insects such as aphids as prey compared with 
chewing insects because, when present, these 
compounds are quite often at low concentrations or 
absent in the phloem (Ryan et al., 1990). Negative 
interactions may also be caused by plant physical 
factors which can impede natural enemy effectiveness 
(e.g.) leaf toughness, cuticle thickness, trichomes. 

 Positive interactions result where natural enemies use 
plant-emitted synomones as cues to find prey. Such 
interactions have been reviewed by Vet and Dicke 
(1992), an example being the orientation of the 
parasitoid Diaeretiella rapae (Hymenoptera : 
Braconidae) to allyl isothiocyanates produced by 
cruciferous plants on which its aphid prey feed (Read et 

al., 1970). Partial plant resistance may also provide 
benefits for the third trophic level by reducing the 
intrinsic rate of increase of prey which in turn increases 
the duration of their availability to natural enemies 
(Feeny, 1976). He proposed that sublethal defences in 
plants would leave herbivores more exposed to natural 
enemies (i.e. slow growth – higher mortality). Apart 
from increasing the likelihood of predation or 
parasitism, several studies have shown that natural 
enemies foraging on leaf surfaces dislodge potential 
(aphid) prey to a greater extent on partially resistant 
compared with susceptible host plants.  

Gowling & Van Emden (1994) showed this for 
Metopolophium dirhodum (Homoptera : Aphididae) 
and the parasitoid Aphidius rhopalosiphi (Hymenoptera 
: Braconidae) (on partially resistant and susceptible 
cultivars of wheat) in the glasshouse, as well as for 
Brevicoryne brassicae (Homoptera : Aphididae) on 
Brussels sprouts in the field where hoverflies (Diptera : 
Syrphidae) were the main predatory group. 

Van Emden (1995) cites a number of studies showing 
that partial plant resistance or environmental variables 
(e.g. reduced application of nitrogen fertilizer to plants) 
can not reduced application of nitrogen fertilizer to 
plants) can not only reduce aphid size and fecundity but 
may also substantially reduce the weight and fecundity 
of female parasitoids (A. rhopalosiphi) emerging from 
the aphids. Also of potential concern to the biological 
control practitioner were the effects of plant resistance 
on sex ratio (10% fewer females on a partially resistant 
compared with a susceptible wheat vareity0 and 
parasitoid emergence success from aphid mummies. A 
subsequent study has shown that linear 
furanocoumarins (secondary plant metabolites) in 
celery plants selectively and adversely affect the 
polyembryonic parasitoid, Copidosoma floridanum 

(Hymenoptera : Encyrtidae), whilst not affecting its 
larval host, Trichoplusia ni (Reitz & Trumble, 1996). 

7.1.2 Allelochemicals 

 It has been known for long time that plants use 
chemicals to defend themselves against herbivores 
(Feeny, 1976). Haukioja (1980) working with the 
autumnal moth Epirrita autumnata (Lepidoptera : 
Geometridae) a birch defoliator, found that the 
presence of insect feaces in the soil elicited a stronger 
defensive response from the trees than that shown by 
naïve trees. Rhoades (1983) demonstrated that willow 
trees attacked by tent caterpillar Malacosoma 

californicum (Lepidoptera : Lasiocampidae) produced 
chemicals that were apparently picked up by 
neighbouring trees and stimulated the production of 
allelochemicals by those trees before the attack 
occurred. These two pieces of work stimulated great 
interest in the role of induced plant defenses for 
protection against insect herbivory (Karbon and 
Baldwin, 1997). 

 Cruciferous plants, when free from herbivory are often 
relatively odourless but when attacked can release 
enzymes which rapidly convert inactive mustard oils to 
volatile parasitoid attracting synomonal derivatives 
(Whitman, 1988). 

 Altieri et al. (1981) found that application of water 
based extract from an Amaranthus sp. of significantly 
increased parasitism of eggs of corn ear worm 
Helicoverpa zea (Lepidoptera : Noctuidae) by naturally 
occurring Trichogramma spp (Hymenoptera : 
Trichogrammatidae) in different crops including 
soybean, cowpea, tomato and cotton. 

 The prospects for manipulating predator prey 
interactions via the first trophic level (plant) were 
discussed by Dicke et al. (1990) which include:  

• Enhancement of searching efficiency or triggering 
specific search modes in natural enemies. 

• Increasing host acceptability to natural enemies in 
mass rearing. 

• Using the response to an allelochemical as a 
criteria in the selection of natural enemies in control 
programmes. 

• Ensuring quality control of mass reared natural 
enemies. 

• Breeding of plant cultivars which have high 
emission rates of natural enemy attracting synomones. 

 

 Stoszek (1988) suggests that the recognition of the 
processes underlying the insect plant relationship are 
essential to sound pest management decisions which 
must be proactive. Plant breeding programmes aimed at 
the use of allelochemicals to target herbivores pests for 
natural enemies attack is an important step in IPM 
perspective. Although the influence of plant 
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allelochemicals on parasitism on herbivores has been 
investigated separately both factors may act on an 
herbivore at the same time.  Each of these factors have 
been shown to alter growth, and food consumption and 
utilization by herbivores. 

7.1.3 Use of refugia and non crop plants 

 A detailed knowledge of tritrophic interactions 
associated with a given pest or pest complex is required 
if refugia for natural enemies are to be 
conserved/established. Stray (1970) used the term 
“parasite foci” in reference to refugia for parasitoids of 
aphids and stressed that foci existing inside the given 
crop, in allied crops and in neighbouring areas such as 
uncultivated land and hedgerous must be distinguished 
if conservation is to be attempted. Maintaining 
presence of weed Cytisus scoparius (broom) in Central 
Europe has been shown to be beneficial as it helps in 
maintaining the parasitoid Aphidius ervi (Hymenoptera 
: Braconidae) via economically unimportant aphid 
hosts (Stray, 1970). The resulting increased abundance 
of A. ervi in turn assists in regulating the economically 
important aphid Acyrthosiphon pisum on alfa alfa in 
same region. 

 

Habitat manipulation by border planting of Phacelia 

tanacetifolia (Hydrophyllaceae) as a floral (pollen) 
resource was shown to be effective in increasing the 
abundance of syrphidae which in turn reduced number 
of aphids on cabbage (White et al., 1995). Cowgill et 

al. (1993) also demonstrated an increase in syrphid 
populations through the selective use of floral 
resources. 

 Murphy et al. (1996) has confirmed that the value of 
the common farming practice of using prune trees as 
parasitoid refuges for control of the western grape 
leafhopper, Erythroneura elegantula (Homoptera : 
cicadellidae) in vineyards in Western United States. 
They found almost twice the abundance of the eggs 
parasite Anagrus epos (Hymenoptera : Mymaridae) in 
vineyards downward of prune tree refuges compared 
with vineyards lacking prune trees, the trees act both as 
overwintering sites and as a wind break thus aiding 
parasitoid flight and dispersal. 

 It is also possible for the crop plant itself to provide 
refuges for natural enemies. Agrawal and Karban, 1997 
showed that by experimentally adding domatia (small, 
sometimes elaborate pits on junctures of veins on 
abaxial surface of leaves of some plants) to cotton 
plants, fruit production could be increased by 30% 
compared with cotton plants because of increase in 
population of predatory mites which in turn were able 
to reduce the number of herbivorous mites. 

7.1.4 Cropping pattern / Intercropping 

 Intercropping will increase the effect of natural 
enemies because one of the intercropped plants provide 
allelochemical attraction on a nectar source for natural 

enemies or because the intercrop improves conditions 
for ground dwelling predators (Van Emden, 1989). 
Read et al. (1970) suggested that the planting collards 
near beet may enhance biological control of beet pests 
because collards attract broconid parasitoids to the 
general area. 

 Field studies in mexico showed that parasitism of 
Diaphanica hyalinala ( Lepidoptera : Pyralidae) was 
greater in triculture (squash, maize, legumes) than in 
monocultures of squash providing partial support of 
enemies hypothesis which dictates that natural enemies 
should be more abundant in diverse rather than in 
simple habitats. In a study of Maize monocrop and 
maize-cowpea intercrop field experiments in Kenya, 
Pats et al. (1997) found no change in oviposition 
behaviour of the herbivore pests chilo spp (Lepidoptera 
: Pyralidae) but did find increased egg parasitism in 
inter crops. 

 Abundance of an important ground dwelling predator 
Pterostichus melanarius (Coleoptera : Carabidae) was 
found to be greater in a barley pea intercrop than in 
monocultures of barley, pea, bean. Preference shown 
by beetles may be due to both visual and chemical cues 
from the intercrop (Caracamo and Spence, 1994).  In a 
comparision of numbers of cotton aphid Aphis gossypii 

and aphid specific predators in monoculture cotton and 
cotton grown with strip intercrops of rape, wheat and 
sorghum (relay intercrops) number of aphids were 
lower and predators highest in the relay intercrops 
compared with monoculture cotton (Parajulee et al., 

1997). Studies on the Mexican bean beetle Epilachna 

varievestis (Coleoptera : Coccinellidae) and its 
parasitoid Pediobius foveolatus (Hymenoptera : 
Eulophidae) in monocultural and intercropped habitats 
indicated that though initial colonization by parasitoid 
is more on monocultural plot sooner emigration takes 
place to intercropped plots which provide favourable 
habitat for the multiplication of the parasitoid. 

7.1.5 Crop background 

 A number of insect pests and natural enemies have 
been shown to be differentially attracted to particular 
crop backgrounds. For example, B. brassicae 
abundance was greater on Brussels sprouts plants 
where they contrasted with a bare background 
compared with when the background consisted of a 
carpet of weeds, cut regularly to avoid excessive 
competition with the crop. Aphids have been shown to 
be more strongly attracted to the crop when it 
contrasted with the bare background but that relative 
attraction between different groups of natural enemies 
varied significantly.  Aphid abundance could have been 
affected by differential attraction of natural enemies, 
with anthocoreid predators being most strikingly 
enhanced in the weedy habitats. Van Emden (1989) 
noted that certain species of Syrphidae lay more eggs 
on aphid-infested crops when the ground is covered, 
but warned that other syrphid species prefer crops 
surrounded by bare soil. 
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7.1.6 Fertilizer regimes 

Van Emden and Waring (1965) proposed that partial 
host plant resistance could be induced by altering the 
physiological status of plants via the fertilizer regime 
(eg. differing levels of nitrogen and potassium and 
degree of water stress. They showed that the abundance 
of two aphid species, B. brassicae and Myzus persicae 
could be depressed on Brussels regime and such 
cultural resistance would be compatible with the action 
of natural enemies under field conditions. 

A comprehensive study of the effects of nitrogen 
treatment of collards on the vulnerability of the 
cabbage white butterfly, Pieris rapae (Linnaeus) 
(Lepidoptera : Pieridae) to natural enemies showed that 
its larvae grew more slowly under low nitrogen 
conditions and were more susceptible to ground 
dwelling predators. There were also studies  that 
emergence of pupal parasites, Pteromalus spp. 
(Hymenoptera : Pteromatidae) was greater on high-
nitrogen plants, larvae on the low nitrogen plants 
frequently dying as a result of stress – induced bacterial 
infection so preventing complete development of 
parasitoids. In studies of interactions between collards, 
P. xylostella and its parasitoid D. insulare, sex ratios of 
parasitoids emergening from hosts on plants treated 
with high levels of nitrogen were found to be 
consistenly female biased compared with those of 
parasitoids emerging from unfertilized plants, where 
sex ration were male-biased with the implication of 
lower potential parasitism. 

7.1.7 Parasitoid conditioning by host plants 

With regard to natural energy conditioning by the host 
plant, studies on the parasitoid Aphidius rhopalosiphi 
reared on the cereal aphid Metopolophium dirhodum on 
two wheat cultivars has shown that aphid parasitoids 
also appear to be conditioned at a later stage in their 
development. The studies involved transferring 
parasitized aphids between the two cultivars, excising 
pupae from aphid hosts and olfactometer assay. 

The workers concluded that conditioning of the 
parasitoid by the host plant occurs as a result of 
exposure to chemicals on the integument of the aphid 
mummy or following contact with host plant chemicals 
as the adult parasitoid bites its way out of its host. 
There is also evidence to suggest that the host plant on 
which an aphid has fed may alter its susceptibility to 
aphid specific natural enemies, particularly, if the 
predator or parasitoid’s initial feeding experience was 
of an aphid originating from another plant species, even 
if the aphids encountered subsequently are of the same 
species (Jessey, 1996). 

Host plant conditioning of parasitoids could also 
contribute to sub-optimal parasitism following 
introduction of an exotic parasitoid which has been 
mass reared on a host plant variety different to that 
constituting the target crop. 

7.1.8 Manipulations with insecticides 

The appreciation that partial host plant resistance could 
enhance parasitism of P. xylostella (Verkerk, 1995) led 
to the testing of low (sub-lethal) concentrations of the 
botanical extract, neem on a host plant highly 
susceptible to P. xylostella. This chemical treatment 
was shown to enhance parasitism success by Diadegma 

semiclausum in the laboratory although a dose five fold 
greater than this parasitism enhancing dose led to a 
drastically reduced rate of pupal emergence so 
effectively inhibiting parasitism. 

Low doses of a neem extract and azadirachtin (a 
primary active ingredient of neem) of plants have been 
shown to reduce the fecundity of several aphid species 
(Lowery and Isman, 1994). It has also been suggested 
that sub-lethal doses of azadirachtin may make a 
significant contribution to the control of the peach 
potato aphid Myzus persicae, while having little or no 
adverse impact on parasitism by Aphidius matricariae. 
Laboratory studies showed that azadirachtin could 
enhance the toxicity of Lymantra dispar nuclear 
polyhedrosis virus to its host; the combined effects of 
the insecticide and NPV being greater than either 
product applied on its own (Cook et al.,  1996). 

Host plant variation has been shown to contribute 
substantially to the toxicity of endotoxins of the 
bacterial pathogen Bacillus thuringiensis Berliner. 
More than five-fold differences in toxicity of B. 

thuringiensis subsp. aizawai were found to P. xylostella 
larvae when exposed to treated leaves of susceptible 
and partially resistant common cabbage while more 
than ten-fold variation in toxicity of B. thuringiensis 
subsp. kurstaki was shown to larvae of L. dispar  when 
exposed on a range of different host plants. 

Chilcutt and Tabashnik (1997) investigated effects of 
interactions between different phenotypes of P. 

xylostella, and its endolarval parasitoid Cotesia 

plutellae and B. thuringiensis. The outcome of the 
interaction was dependent on the host phenotype. In 
susceptible hosts the parasitoid did not affect 
performance of the pathogen; in moderately resistant 
hosts the interaction was symmetrical and competitive; 
while, highly resistant hosts were not susceptible to the 
pathogen which created a refugium from competition 
for the parasitoid. 

7.1.9 Transgenic crops 

Most emphasis on genetic manipulation of host plants 
has concerned the development of host plant resistance, 
particularly by the induction of toxic principles (Brar 
and Khush 1993). In recent years, particular attention 
has been focused on the incorporation of transgenic 
toxin genes, notably from B. thuringiensis in crop 
plants to combat lepidopterous pests. 

Although B. thuringiensis toxins from transgenic plants 
have no direct adverse effect on natural enemies, there 
are some concerns that transgenic crops such as cotton 
may trigger secondary pest outbreaks which may need 
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to be controlled with conventional insecticide sprays. 
These insecticides, rather than the transgenic plants 
themselves, could potentially harm natural enemies. 
Mensah & Khan (1997) investigated the use of Lucerne 
strips on commercial cotton farms, as an alternative to 
insecticides, to reduce developoment of Mirid pests of 
cotton. They found 15 and 35 times fewer mirid adults 
and nymphs, respectively, on intercropped cotton 
compared with monocultrue cotton and that the lower 
numbers were comparable to the abundance of Mirids, 
following application of nine conventional insecticides. 
Strong et al. (1990) argued that transgenic techniques 
need to be refined so that toxins are only expressed  in 
a subset of crucial tissues and at specific developmental 
stages and they should also be integrated into an 
ecological framework if they are to be effective and 
contribute to biological control. Van Emden and 
Wratten (1991) warned that modern gene transfer 
techniques aimed at creating resistant crop varieties are 
some likely than traditional plant breeding methods to 
use an allelochemical mechanism of resistance 
(antibiosis) which might be damaging to natural 
enemies. 

Genetic manipulation of crop plants to enhance nutrient 
uptake has been considered and could be compatible in 
integrated crop management systems. The potential 
also exists for creating genetically engineered plants 
which emit increased amounts of natural enemy-
attracting volatiles, although this has yet to be 

attempted. Bearing in mind the possible danger to 
natural enemies of using allelochmeical and toxin 
based genetic manipulations, the use of plants emitting 
synomones would seem to be the best alternative. 

CONCLUSION 

 A broad understanding of the various level of 
interaction taking place between plants – herbivores 
and their natural enemies is very much important for 
the development of biological control methods which 
not only yields fruitful results in pest suppression but 
also encourage the abundance and effectiveness of 
entomophagous insect guild in natural ecosystem. The 
use of allelochemicals to manipulate entomophagous 
insects and to improve their performance in cropping 
systems holds great promise for biological control 
programmes and integrated pest management 
strategies. Therefore, sufficient data on crop wise study 
on tritrophic interactions may even enable us to have 
resistant crops with allelochemicals. These chemicals 
increase entomophagous insect activity leading to the 
co-existence of chemical resistance of host plants and 
biological control. 

 Therefore, tritrophic studies involving host plant, 
herbivore and natural enemy interactions are important 
and could give rise to significant advances in future 
biological control programmes and integrated pest 
management strategies. 
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ABSTRACT 

Paper tries to explore the problems faced by Indian agriculture for food security in terms of 
inadequate infrastructure and highly inefficient supply chain in context of information technology. This 
paper examines the critical issues at each sub-system of agriculture supply chain, starting from the input 
to the consumer, with a view to integrating them in efficient and effective manner. As proper flow of 
information across the chain constitutes an integral part, the role of information and communication 
technologies (ICTs) in improving supply chain efficiency in agriculture discussed in detail. Thus, this 
paper broadly covers some of important aspects of agriculture supply chain in India- identification of 
issues at different levels in the supply chain; transformation in the agriculture due to various supply chain 
interventions; the role of ICTs in supply chain management: and this paper also covers the suggestion to 
improve efficiency at different levels in supply chain. There is wide research gap in this sector, having 
such potential and prospectus for overall growth there is not much research in this field. The paper 
concludes that ICT plays very important role for development and contemporary issue for agriculture 
therefore; government action must address the issue of infrastructure development to achieve the 
objective of food security for all.  

Key words: Agriculture; Infrastructure; Food Security; Development; Investment; Socio-economic 

 

India has experienced a remarkable growth in the 
production of various agricultural commodities over 
the last four decade. Technological intervention in mid 
1960s contributed significantly towards bringing the 
country from deficit to surplus stage in food grain 
production, the recent trends of cropping system is 
creating lots of problem relating to sustainability and 
market imbalances. Several studies and research work 
suggest that the reform policy of government only 
focused on the price measures and ignored the 
infrastructure and institutional changes which have 
caused an unfavourable effect on agricultural growth in 
recent decades. Various empirical studies have also 
shown the strong and positive impact of public 
investment on agricultural productivity and growth in 
India (Chand, 2001; Landes, 2004), which has been 
declining over time. But contrary to this, for competing 
in the world market with the emergence of World 
Trade Organisation (WTO), Indian agriculture needs 
more public investment and policy support in several 
areas to overcome prevailing structural weaknesses 
such as low scale of operation, high post-harvest 
losses, poor rural infrastructure, a lack of product 
diversification, inadequate R & D spending, low 
productivity, an absence of marketing infrastructure 
and inadequate financial support. 
The agricultural production is broadly categorized in to 
these sub-system-input supply, production, processing, 
sales and distribution to consumer and quality and food 
safety measures. Integration between these components 

is negligible throughout the agriculture sector in India. 
In practice, most of these components act 
independently and the flow of information between 
different components is either missing or very poor. 
Due to lack of coordination between various sub-
systems, the agriculture operates inefficiently at each 
stage of supply chain. A low level of adoption of high 
yielding seeds and other modern inputs show that these 
inputs are not reaching the potential client effectively 
and completely. It is not only the purchasing power of 
farmers which hinders the adoption rate, it also the 
farmer’ insecurity about the crop failure that prevents 
them for adopting any change. Likewise, at the 
production level, farmers’ usually do not make 
decisions based on market trends in a planned manner, 
nor they plan the use of resources in appropriate way. 
The agricultural production system is still operating at 
low scale with low productivity and high uncertainty in 
the country. There is little or no alignment between the 
growing for the agricultural commodities in the market 
and the production and supply of these commodities. 
Despite faster growth and increased diversification in 
consumer food demand, empirical studies suggest 
sluggish growth in the agricultural production sector in 
recent decades. The opportunity to strengthen growth 
in agriculture in India lies in value addition through 
agro processing, which is very low level at present. The 
Agribusiness food processing industry is facing 
constraints and barrier such as non-availability of 
adequate critical infrastructure facilities (cold chain, 
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packing and grading centers) lack of adequate quality 
control and testing infrastructure, lack of suitable 
varieties of farm produce for processing, seasonality of 
raw material , high inventory carrying cost, and high 
taxation and packaging costs (Mittal and Mukherjee, 
2008). 
The consumption pattern in India is undergoing 
significant shifts towards high value consumption 
commodities like fruits, vegetables, milk, meat and 
eggs due to an increase in per capita income, 
urbanization, changes in lifestyle and preferences, 
relative prices and increased awareness among 
consumers about food nutrients (Kumar and brithal, 
2004; and Pingali, 2007). India’s consumer class is 
growing rapidly and becoming more and more attracted 
towards the availability of fresh, convenient, palatable, 
nutritious and safe food. Besides, these consumers are 
able to make purchasing decision based on criteria 
other than price constraints and therefore high value 
processed food and beverages are gaining more space 
in shopping baskets. To meet these requirements 
agricultural sector needs intensive and new farming 
techniques to address new challenges for sustainable 
production, processing practices and promotes a 
balanced approach to the problems of food quality, 
safety, and good environmental management (Ziggers 
and Trienekens, 1999). 
The private sector organizations investment in 
agribusiness sector is not up to mark due the high level 
of government regulations including regulation 
governing procurement and movement, storage , 
warehousing and marketing of major commodities, 
plant- scale restriction in food processing, and 
restriction on contract farming and land leasing. 
However, the transformation in global food systems is 
leading to changes in food production and marketing in 
form of emerging contractual and sharecropping 
relationship between private dealers and farmers, 
beyond direct government intervention (Deshingkar et 
al., 2003; Rao and Jeromi, 2006: Joshi et al., 2007). To 
promote private participation in agribusiness and 
processing industry, most of the states in the country 
already initiated amendments in the existing APMC act 
as per the model Act on agricultural marketing 
suggested by central government to encourage direct 
marketing and contract farming programmes, to 
facilitate the process by which industries and large 
trading companies undertake procurement of 
agricultural commodities directly from farmers, and to 
establish effective linkage between farmers and retail 
chain. 
For strengthening agricultural production and 
productivity, the governments had taken various 
initiatives, most of which were on the production side 
to ensure food security in the country. As a result, 
agricultural production in India experienced a 
remarkable growth after the mid-1960s with adoption 
green revolution technologies. This growth certainty 
led the country to being food deficit country to food 

surplus country, but at the cost of excessive utilization 
of natural resources and further, raised issues of 
sustainability in agriculture. The other crucial problem 
that constraints the growth of the agricultural sector is 
that public investment in agriculture as a percentage of 
GDP has been declining gradually. A policy analysis of 
agricultural system shows that there is multiplicity and 
duplicity of rules and regulations dealing with various 
components of supply chain in agriculture. Lack of 
coordination among these, again, leads to the poor 
alliance and collaboration supply chain, which in turn 
leads to the inefficient product and information flow. 
2.0 Objectives of the Study 

There is basically two most important objective of the 
study: 
1. To study current status of infrastructure in the context 

of Information technology in Indian Agriculture. 
2. To assess the impact of inadequate Agricultural 

infrastructure on supply chain and Agriculture 
 
3.0 Research Methodology- Literature Review 

Method 
The starting point of our research work has been 
literature review to understand the fundamental of 
subject. The literature review covers many areas 
related to the nature of the research questions put 
forward, and thus includes: agriculture, food 
management, supply chain approaches, information 
technology and supply chain interfaces. Tracing the 
references by looking to the reference list is also 
performed and relevant papers found in journals have 
been tackled as well. The literature sources are mainly 
books, scientific journals, conference proceedings, 
dissertations, projects documentations, and 
management-oriented publications. These sources are 
of particular importance and engender all research 
process development, especially the early phase for 
initial exploration of the food supply chain 
management. Published materials on the Internet, 
annual reports and archival records of the involved 
companies and organizations are helpful and are used 
as a compensation for some empirical shortcoming. 
4.0 Limitations for the Study 
The major limitations for the study are as follows 

• The paper has been prepared based on the data 
collected from the published and unpublished 
secondary sources. 

• The study findings are based on the limited coverage 
of selected literature and data available. 

• Poor availability of secondary sources of data. 
 

5.0 Revolution in the Agricultural Supply chain 

The economic reforms and liberalization in the 
agriculture sector have emphasized the need for 
transforming Indian agriculture by designing a 
comprehensive supply chain model covering 
innovations at farming level which can help farmers 
regain profitability in a sustainable manner under 
changing conditions with proper assurance of market 
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arrangement (Rao and Punwar, 2004). In recent 
decades, the government has introduced a number of 
initiatives to strengthen market linkage and 
diversification in the agricultural production system 
(Rao and Jeromi, 2006; Joshi et al., 2007). Reform in 
agricultural marketing system to ensure private 
participation for establishing direct linkage with 
farmers, capacity building and infrastructure 
development in regulated markets, extension of road 
network and transportation, storage and warehousing, 
market intelligence system, introduction of commodity 
trading by establishing commodity exchanges are some 
important areas of interventions, but changes are taking 
place at very slow pace. A close look at flow of 
agricultural commodities in India suggests that there 
are multiple routes, most of which are not recorded. 
The organized procurement or flows of agricultural 
commodities are quite low and primarily takes place in 
form of government market intervention scheme 
coupled with few special procurement licenses to 
private organisations and contract farming 
arrangements (Landes et al., 2004). 
Different models of supply chain management 
government, cooperatives, corporate houses and MNCs 
have been initiated to improve production, strengthen 
linkage with farmers and market efficiency, 
particularly in high value commodities (Brithal et al., 
2005). The inclination of leading corporate 
organizations in India towards investing in 
Agribusiness chain is very vibrant, and number of 
organisations, for example, Hindustan Unilever 
Limited (HUL) and ITC, have already entered or are 
planning to entre agribusiness activities. This trend is 
creating a new business environment for agribusiness 
operations. In traditional business model, the flow of 
agricultural commodities is influenced by number of 
intermediaries who added costs but no value to the 
agricultural commodity chain. The new corporate 
entries are not just participating in chain to source their 
required raw material (mainly indirectly from the 
farming community), but are more focusing in the 
primary source of agricultural produce. In this context, 
the development of direct linkages with farmers will 
attain greater importance. It has been very well realized 
by these corporate participants in the agribusiness 
chain the leadership in food business requires a keen 
understanding of supply chain for agricultural produce. 
The participants should have clear strategies for 
sourcing raw material and distributing the final 
products to potential consumers efficiently and 
effectively. 
Retailing in India is undergoing an unprecedented 
transformation with number of national and 
international organizations trying to capture the huge 
and exponentially growing consumer market. The 
Indian retail market estimated to be worth around US $ 
350 billion (Khanna, 2006), it is at the 13 percent per 
annum, and food retailing constitute of major part of 
overall retailing business. The list of business houses 

that entered retail business or getting ready to do so 
includes Bharti (with Wal- Mart), Reliance industries 
ltd., Mahindra Shublabh, the Birla’s, the Munjals, 
HUL, ITC, Adani Retail, RPG Retail and Godrej 
Agrovet. The liberalization of government policy 
towards FDI in retailing has enhanced the process of 
modern retailing in the country. At present FDI is not 
allowed in food and grocery retailing since it is only 
allowed in single brand retailing, where 51 percent FDI 
is allowed through the Foreign Investment Promotion 
Bureau (FIPB) route, where 100 percent foreign 
investment is allowed through automatic route or they 
can enter in to technical tie-ups (Mittal and Mukherjee, 
2008).  
6.0 Information and communication Technologies 

and Agriculture 

There are various reason for inefficiency in agricultural 
production and supply system, but the that has attracted 
the major attention of policy maker in last decade has 
to do with lack of appropriate information and services 
related to agricultural practices (Adhiguru and 
Mruthyunjaya, 2004; Rao, 2007). With the emergence 
of globalization, liberalization and privatization of 
agricultural economy and increasingly complex 
agribusiness environment, traditional models of 
information dissemination and service provision have 
failed to meet the growing information and service 
demand of the farming community (Kumar and Ali, 
2007). Modern Agriculture is knowledge intensive and 
increasingly information driven; each participant on 
supply chain thrives on timely and accurate 
information for various decisions. According to the 
Rao (2007), the implementation of ICTs proposes three 
unique strategies – (1) a close vertical supply chain 
network for agribusiness enterprises; (2) an open chain 
network with dynamically evolving partners and 
supply chain situation for public, non- governmental 
and multilateral organization; and (3) a spatial data 
services network to address the natural resource 
management and its sustainability concerns. Therefore, 
knowledge and information are important factors for 
accelerating agricultural development by increasing 
agricultural production and improving marketing and 
distribution efficiencies (Poole and Kenny, 2003; 
Bertolini, 1999; Lio and Liu, 2006). In addition to 
connecting small farmers and artisans to markets, ICTs 
also facilitate most agricultural decisions- what to 
cultivate, how to cultivate and harvest, when and where 
to sell and what price to maximize the returns. 
Effective decision making related to all these aspects 
ultimately determines efficiency in supply chain. 
Therefore, efficient and effective flow among various 
stakeholders of any business activity is key to 
strengthening supply chain efficiency. The major 
problem faced by farming community and associated 
stakeholders is related to efficient and effective 
decision making at different stage of agribusiness 
activities, right from crop planning to marketing of 
final produce. At each stage of farming a farmer 
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require data and information on a number of variables. 
In the absence of timely availability or non-
accessibility of this data, farmers are not able to decide 
what, how and how much to produce as per market 
needs. The fast and innovative development in ICTs 
can provide immense opportunity to public and private 
sector agencies to integrate these technologies in there 
supply chain systems. ICTs are extremely important for 
dissemination of information, provision of services, 
enabling various transaction and awareness creating 
among rural masses far removed from government. 
ICTs provide a modern, effective and speedy mode of 
interaction and communication that conveys new 
resources of knowledge and information to the society. 
In order to disseminate information and provide 
different services in a cost effective manner, numerous 
ICT initiatives are being made in many countries. The 
developing world is looking towards ICT systems for 
solving their numerous information related problems. 
Literature argues that use of ICT facilities free flow of 
information and makes available the services even to 
the most marginalised section of the society. Many 
public and private sector ICTs – enabled initiatives 
have been undertaken in India in the last decade 
especially to cater the needs of agricultural or overall 
rural sector development. Some of these initiatives 
include e- Choupals by ITC, DCM Shriram 
Consolidated Limited (DSCL), Hariyali Kissan Bazar, 
Drishti, AgMarknet, Gyaandoot, iKisan, Parry Kiosks 
by EID parry etc.  
All these ICT initiative share the common objective of 
empowering rural communities to take the right 
decisions related to their day-to-day activities and 
thereby improve their performance. Since the rural 
economy in India or, for that matter, in any developing 
country, has very strong linkage with agricultural 
economy, the major thrust of these initiatives has been 
the agriculture and allied sectors. But integration 
between these models lacking due to lack of proper 
coordination among various sub-system in supply 
chain. The Government of India (GOI) has formulated 
an ambitious National e- governance plan (NeGP) 
which identifies 25 mission mode projects including 
agriculture to be implemented through different 
ministries at the centre well state level. 
 

7.0 Integrated Knowledge Model for Agricultural 

Supply Chain in India 

Strengthening vertical relationships between various 
stages of production and processing in Agribusiness 
sector has always been an important area of empirical 
analysis by researchers and policy makers across the 
world. Vertical coordination in Indian agriculture 
sector is limited to some selected high value 
commodities such as poultry product, milk, fruits, and 
vegetables. Empirical studies has suggested that 
vertically integrated agribusiness activities are reducing 
production cost among contract growers, as well as 
producer- consumer margins with a comparatively high 

involvement of smallholders (Landes et al.,2004; 
Brithal at al., 2005). However the pace of change in 
supply chain integration and responsiveness of the 
production system towards a market driven approach is 
slower in India as compared to elsewhere in the world.  
 
Farmers are still more comfortable growing the 
traditional crops, particularly rice and wheat, as they 
have already discovered the market for their 
marketable surplus- be it government procurement 
arrangement or private local traders. But the shift in 
market demand needs a balancing approach to meet the 
supply of deficit commodities such as pulses, oil seeds 
and high value food items. This balancing of demand 
and supply can be ensured by strengthening buyer-
supply relationships in an efficient way, and 
disseminating accurate and timely information to all 
the participants of the business chain. The major issues 
in Indian Agribusiness supply chain is lack of 
integration between different sub- systems of the chain 
(Figure 1). Each participant in the chain acts as an 
independent agent with a very low level of business 
relationship. 
 
Based on practical experiences, Grimsdell (1996) 
proposed six fundamental requirements for an efficient 
supply chain between vegetable growers and major 
retail customers- scale of operation, strategic alliances, 
production flexibility, continuity of supply, quality 
control, and communication. These parameters are very 
relevant while establishing a supply chain community 
between farming community, processors, handlers, 
government and consumers in the country to ensure a 
cost effective and safe flow of agricultural 
commodities through the chain, which requires 
extended relationship between the supply chain 
stakeholders. Collaboration and relationship 
management along the chain is key instrument for 
integrating the supply chain system and the ability to 
establish effective relationship is necessary to reach 
supply chain success.  
Several empirical studies has recognized the increase 
need for collaboration is a way to construct even more 
efficient and responsive supply chains, in order to 
deliver exceptional value to customers. According to 
Matopolous et al., there are two major pillars of supply 
chain collaboration – the design and governance of 
supply chain activities, and the establishment and 
maintenance of supply chain relationship (Fig. 2).  
The success of collaboration depends largely on the 
physical structure of the chain flow and the way 
relationships among various channel members are 
maintained in the system. An efficient physical flow 
system needs a governance mechanism for organizing 
and controlling the activities as per design. The 
physical structure and governance of conventional 
supply chains in India shows that these chains 
generally exclude the primary stakeholders of 
agriculture, ie. the farmers, from the system (Eapen et 
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al., 2003; Deshingkar et al, 2003; Singh, 2006) and the 
supply chain of agribusiness firm start from the raw 
material sourcing from the traders and wholesalers of 
agriculture commodities. One of the major reasons of 
this kind of arrangement may be government regulation 
or direct procurement from the farming community.  
The recent policy changes and amendments in the 
existing Agriculture Produce Marketing Committee 
(APMC) Act by state government provide an 
opportunity to private firms to extend their supply 
chain to the farm level. The design of supply chain 
governance system depends on an efficient flow of 
information on various aspect of the chain, such as 
numbers of participants required at each stage i.e. 
Selection of partners; types of goods and services 
required to strengthen the relationship, i.e. Width 
supply chain activity; and level of decision taking 
relationship required (Matopolous et al., 2007). 
The sustainability of supply chain collaboration largely 
depends on how relationship are established and 
maintained among the chain partners. Generally, 
business relationships are maintained by adopting two 
basic approaches behavioural and economic. A balance 
between risk and reward considered to be an important 
economic factor for enhancing relationship. Similarly, 
trust among channel partners, power share and 
interdependence are other important factors for 
enhancing relationship in the supply chain system 

(Handfield and Bechtel, 2004). Empirical studies 
shows that institutions paly important and potential role 
in strengthening the markets for produced commodities 
produced, bought and sold by smallholders; enabling 
collective action; and redressing missing markets. 

CONCLUSION 

Based on above assessment, this paper examines the 
critical issues at each sub-system of agriculture supply 
chain, starting from the input to the consumer, with a 
view to integrating them in efficient and effective 
manner. As proper flow of information across the chain 
constitutes an integral part, the role of information and 
communication technologies (ICTs) in improving 
supply chain efficiency in agriculture discussed in 
detail. Technical intervention and policy issues have 
also been discussed for suggesting appropriate ways for 
the integration of each sub-system of the agricultural 
supply chain. Thus, this paper broadly covers some of 
important aspects of agriculture supply chain in India- 
identification of issues at different levels in the supply 
chain; transformation in the agriculture due to various 
supply chain interventions; the role of ICTs in supply 
chain management: and this paper also covers the 
suggestion to improve efficiency at different levels in 
supply chain. 
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ABSTRACT 

    Various conventional methods like pedigree, bulk population, mass selection, single seed descent 
(SSD) and single pod descent (SPD) have been used in crop improvement programme in self pollinated 
crops like chickpea to handle large segregating population. But these approaches of crop improvement in 
chickpea(Cicer arietinum L.) do not provide any opportunity for reshuffling of genes. Hence, any 
unfavourable associations observed in early segregating generation like in F2 are likely to persist through 
the F1 generations. Whereas, biparental mating in early generations like F2 help in breaking unfavourable 
association (Yunus and Paroda1982; Nematullah and Jha 1993). The increase in chickpea productivity 
through breeding efforts has not been adequate because of these traditional method following 
hybridization. Keeping this in view, the present investigation was planned to compute and compare the 
nature and magnitude of correlation among various characters in the biparental progenies and 
corresponding selfed generation viz. F3. 

Key words: Progeny, intermating, segregating, population and chickpea. 

 

The two genotypes KWR108 (P1) and IPC 94-19 
(P2) were selected on the basis of their peculiar 
contrasting characteristic productivity related features 
as well as reaction to wilt. These two parents were 
crossed to generate F1’s during Rabi 2008-09. 
Intermating of selected plants in the F2 of KWR 108 
(P1) and IPC 94-19 (P2) cross were also selfed 
simultaneously to obtain F3 progenies. The biparental 
population and its corresponding F3 population were 
sown in eight rows each of 5 cm length row. The rows 
and plants were spaced at 30 cm and 15 cm, 
respectively. A single non-experimental row was 
grown all around the experimental area to neutralize 
border effect. Data were recorded on 200 plants in BIP 
population and on 150 plants in F3 population for plant 
height (cm), primary branches, secondary branches, 
pods per plant, 100 seed weight (g) and seed yield per 
plant (g). The individual plant data were used for the 
statistical analysis. 

A comparison of correlation co-efficient among 
characters studied within BIP population with those 
with in F3 population in Table-1 revealed that 
correlation co-efficient in biparental population are 
generally of higher magnitude than in F3 population. 
The increase in magnitude of correlation co-efficient 
would be expected if linkages were in repulsion phase 

(Nanda et.al. 1990). However, in both the populations, 
association of number of pod per plant with seed yield 
per plant was high and positively significant. This 
clearly reveals the fact that, number of pods per plant is 
the most important yield contributing character in 
chickpea. Therefore, in any chickpea breeding 
programme, selection based on number of pod per 
plant is certainly expected to improve the seed yield. It 
was also observed that the non significant positive 
association between 100 seed weight and seed yield per 
plant in F3 and between 100 seed weight and number of 
secondary branches per plant in F3 got changed to 
positive and significant in biparental population. These 
results inducted that Intermating in F2 was quite 
effective to break undesirable linkages. It was thus 
evident that the reshufflings of genes responsible for 
correlation amongst some characters resulted in newer 
recombination’s which presumably were due to 
changes from a coupling phase to repulsion phase 
linkages (Bohl and Vinod 1991; Katiyar 2003). 

The present study on the impact of Intermating on 
association pattern in chickpea has clearly brought out 
its importance in altering the association pattern 
involving some important components of yield to the 
breeder’s advantages enabling him to increase the 
efficiency of selection for improving productivity. 
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Table 1:  Correlation co-efficient among different characters in Biparental and F3 population of chickpea  

Characters Population Primary 

branches/ plant 

Secondary 

branches/plant 

Pods 

/plant 

100 seed 

weight 

Seed yield / 

plant 

Plant height Biparental 
F3 

0.880** 
0.781** 

0.622** 
0.617** 

0.753.** 
0.669** 

0.117 
0.016 

0.674** 
0.665** 

Primary branches 
/ plant 

Biparental 
F3 

 0.801** 
0.769** 

0.799** 
0.734** 

0.830** 
0.124 

0.159* 
0.743** 

Secondary 
branches / plant 

Biparental 
F3 

  0.901** 
0.878** 

0.169* 
0.114 

0.865** 
0.746** 

Pods / plant Biparental 
F3 

   0.109 
0.074 

0.936** 
0.911** 

100 seed weight Biparental 
F3 

    0.181* 
0.090 

*,** Significant at 5% and 1% levels, respectively 
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ABSTRACT 

Frontline demonstration is one of the most powerful tools for transfer of technology among farming 
community. The KVK Ajmer has carried out FLDs on green gram covering an area of 60 ha area at 150 
farmers’ field from kharif 2010-2013 to exhibit latest production technologies.The results revealed that 
under demonstration plot the yield of green gram was found to be remarkably higher than that under 
farmers’ practice during all the years (2010-2014).  The yield of green gram in FLD fields was ranging 
from 6.59 to 13.86 quintals per ha while it was 5.06 to 9.84 quintals per ha in non FLD fields during the 
study period.  An attempt was also made to know the knowledge level of farmers about improved 
technology of green gram by 50 FLD and 50 non-FLD farmers.FLD farmers and non-FLD farmers were 
randomly selected from FLD villages.  It was found that majority of FLD farmers (88 percent) had medium 
to high  knowledge level whereas only 50 percent non FLD farmers have medium to high knowledge level 
about improved technologies of green gram.  The study also highlighted that there was a significant 
difference in knowledge level about different aspects of improved technologies of green gram cultivation 
between FLD and non-FLD farmers. 

Key words: – Krishi Vigyan Kendra; frontline demonstration; SubjectMatter Specialist; Transfer of 
technology; Phosphate Solubilizing Bacteria 
 

Green gram is an important legume and pulse 
crop.  Green gram is a protein rich staple food.  It 
contains about 24 percent protein which is almost three 
times that of cereals.  It also supplies part of protein 
requirement of vegetarian population in India.  Green 
gram is also rich in thiamine (B1), riboflavin (B2) and 
niacin (B3).In addition to being an important source of 
human food and animal feed; green gram also plays an 
important role in sustaining soil fertility by improving 
soil physical properties and fixing atmospheric 
nitrogen.  Green gram is being cultivated in about 
790185 hectares in Rajasthan with 234266 metric tons 
production with productivity of 296 kilogram during 
2012-2013.  Rajasthan raised green gram in largest area 
followed by Maharashtra, Karnataka, and Andhra 
Pradesh etc. Since the productivity is far below the 
potential yield, so efforts were made to increase the 
adoption of improved technologies of green gram 
through frontline demonstrations.   
  FLDs are mainly conducted through Krishi Vigyan 
Kendras all over the country.  Hence, the KVK Ajmer 
has organized frontline demonstrations with improved 
variety along with recommended package of practices.  
Realising the importance of FLD in transfer of 
technology, it was thought appropriate to study the 
impact of FLD on gain in knowledge about improved 
technology of green gram with the following specific 
objectives.   
1. To assess the recommended technology and 
farmers practice of green gram production. 
2. To study the potential of improved technologies of 
green gram under frontline demonstrations on farmers 
field. 

3. To find out the extent of knowledge of FLD and 
non-FLD farmers about improved technologies of 
green gram. 

METERIALS AND METHODS 

 All the farmers who have organized FLD of green 
gram were purposively selected for the study.  The 
farmers who were involved in demonstrations were 
given the improved variety along with recommended 
package of practices to grow along with local check in 
the adjacent field with farmers practice.  The FLDs 
were conducted by KVK Ajmer from Kharif 2010 to 
2014 in an area of 60 ha. on 150 locations (farmers).   
Thus, a total of 150 full package FLDs were laid 
out.These were compared with prevailing production 
technologies of green gram crop (which were taken in 
check plots).  The performances of improved varieties 
with improved technologies were evaluated by the 
organising seasonal trainings, method of 
demonstrations, field days and by taking crop-cut 
experiments.  Regular diagnostic visit by the scientists 
helped in proper execution of demonstration as well as 
collection of farmers’ opinion about the demonstration 
field. 
 The impact of FLD in terms of gain of knowledge 
about recommended production technology by the 
farmers was also made.Out of 150 participating 
farmers, 50 FLD farmers were randomly selected.  
Similarly, a sample of 50 non-FLD farmers was 
randomly selected from the green gram growing 
farmers of the same area.  Thus a total of 100 farmers 
were selected as respondents. To test the knowledge of 
the respondents, a knowledge schedule was developed 
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with the help of SMS of agronomy and plant protection 
of krishi vigyan Kendra. One mark was given to every 
right answer and zero for wrong answer.   

RESULTS AND DISCUSSION 

1. Assessment of production technology in FLD plots 

and local check plots 

 The records of recommended production technology of 
green gram in frontline demonstration plots were 
compared with the farmers practices adopted in local 
check plots.  The details are given in table 1 revealed  
that under FLDs only recommended high yielding 
varieties like RMG-492 @15-20kg per ha. was sown 

after seed treatment with thiram @ 3 gm per kg seed 
followed by seed treatment with Rhizobium and PSB 
culture.  The line sowing was practiced under 
demonstration plots.  20 kg nitrogen and 40 kg P2O5  

per ha. were applied as basal application.  Whereas 
under farmers practice, they used their own seed 
(khaaki) and applied lower seed rate @ 10 to 15 kg per 
ha without seed treatment.  Mostly line sowing  method 
was adopted in sowing with low quantity of fertilizer at 
the time of basal application by the farmers in farmer 
practice 

Table – 1 Comparison between adoption of demonstration package and farmers practices of green gram 

Particular practice Demonstration  Farmers practice 

Improved variety RMG-492 Local seed  
Optimum seed rate 15-20 kg 10-15 kg 
Seed treatment Thiram @ 3 gm/kg seed +  Rhizobium & 

PSB culture 
Not used 

Sowing method Line sowing   line sowing 
Sowing distance 30x 10 cm 30x15 cm 
Basal application of fertilizer   20 kg N + 40 kg P    Low dose of fertilizer 
PP measures Malathion@ 1lit/ha for pod borer 

management 
Indiscriminate  use of 
insecticides 

 

2.  Productivity of improved technologies of green 

gram under frontline demonstrations   

The grain yield data (Table 2) indicated that 
variety RMG-492 with improved technologies of green 
gram in frontline demonstration were superior to local 
check.  In case of FLD plots the yield improvement 
ranges from 30.20 percent to 40.85 percent with an 
average improvement of 35.64 percent as compared to 

local variety.  The finding is in line with Sharma et al 
(2011) who found that the variety Raj.3765 and 
Raj.4037with improved package of practices in 
groundnut gave 27.46 percent to 39.65 percent increase 
in yield over local variety with an average 
improvement of 32.72 percent.  Similar results were 
also reported by Pradhan et al (2011) and Rao et al 
(2011).  

 

Table 2 – Performance of green gram variety under frontline demonstration 

 

Year Variety 
Area 

(ha.) 

No. of 

demo. 
Avg. Yield (kg/ha) 

% increase in yield over 

control 

    Demo Control  

2010 RMG-492 12 30 13.86 9.84 40.85 

2011 RMG-492 12 30 10.76 8.00 34.50 
2012 RMG-492 12 30 07.81 5.75 35.80 
2013 RMG-492 12 30 08.76 6.42 36.88 
2014 RMG-492 12 30 06.59 5.06 30.20 

Overall    09.56 7.01 35.64 

    
3.     Knowledge of farmers about improved 

technology of green gram 

The data in table 3 stated that 38 percent FLD and only 
5 percent non-FLD farmers were having high 
knowledge level about improved technology of green 
gram.  Whereas, 12 percent FLD and 50 percent non-

FLD farmers were having low knowledge level about 
improved technology of green gram.  It leads to the 
conclusion that FLD farmers in general had higher 
knowledge than non-FLD farmers about the improved 
technology of green gram. 
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Table 3 – Distribution of respondents on the basis of knowledge level about improved technologies of green 

gram.                                                                                                                                                                                                       n = 100  

FLD farmers Non-FLD farmers 
Knowledge Category 

Frequency %age Frequency %age 

Low knowledge (0-33%) 6 12.00 25 50.00 
Medium Knowledge (34 to 66%) 25 50.00 20 40.00 

High Knowledge (67-100%) 19 38.00 5 10.00 
 

 Further, the percentage of farmers having knowledge 
about different aspects of improved technology of 
green gram were analyzed separately (table 4).  The 
data in table 4 indicated that all the FLD farmers had 
knowledge about sowing method and sowing time and 
hence these were ranked first.  The second highest 
percentage of FLD farmers (98 percent) had knowledge 
about recommended seed rate followed by sowing 
distance (94 percent). Further, 4th, 5th and 6th rank were 
awarded to use of high yielding variety seed, basal 
application of fertilizers and seed treatment, 
respectively by the FLD farmers.    Only 50 percent 
FLD farmers had knowledge about plant protection 
measures hence, it was awarded lowest rank.  From the 
findings, it was also evident that all the non-FLD 

farmers had knowledge about sowing method and 
sowing time and ranked first. 
 Table 4 also stated that there was a wide gap in other 
aspects such as optimum seed rate sowing distance, 
plant protection measures, basal application of 
fertilizers and seed treatment in FLD and non FLD 
farmers.  This might be due to the reason that the FLD 
farmers have gained knowledge about improved 
technology of green gram through trainings, field days, 
scientists visit and demonstrations conducted by KVK.  
The results were similar to the findings of Asiwal et al 
(2008) who concluded that there was a significant 
difference in knowledge level with regards to different 
improved cultivation practices of mustard crop in 
beneficiary and non-beneficiary respondents under 
FLD programme.   

Table – 4 Extent of knowledge about improved technologies of green gram crop by the FLD farmers and non-

FLD farmers                                                                                                                                                            n=100 

 

CONCLUSION 

 Based on the findings, it could be concluded that 
improved technology of green gram in FLD enhanced 
yield from 06.59 qt/ha to 13.86 qt/ha with an average of 
09.56 qt/ha.  The percentage of increase in yield of FLD 
ranges from 30.20 to 40.85 with an average increase of 
35.64 percent over the farmers practice in local check 
plot.  This created greater motivation among other farmers 
who do not adopt improved technology of green gram.  It 
was also concluded that knowledge about improved 

technology of green gram was higher among FLD farmers 
than the non-FLD farmers.  The finding of the study 
clearly showed that FLD was an effective tool for 
increasing the knowledge about improved technology of 
green gram cultivation by the farmers and raising their 
productivity &ultimately fulfilled the yield gap.The 
farmers conducted demonstration became the important 
source of information regarding the frontier technology 
for other farmers.  
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       FLD farmers        Non-FLD farmers 
Improved practices 

MPS Rank MPS Rank 

Use of HYV seeds 92.00 IV 40.00 V 
Recommended seed rate 98.00 II 42.00 IV 
Seed treatment 74.00 VI 24.00 VII 
Sowing time 100.00 I 100.00 I 
Sowing method 100.00 I 100.00 I 
Sowing distance 94.00 III 50.00 III 
Basal application of fertilizer 76.00 V 30.00 VI 
PP measures 68.00 VII 58.00 II 
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ABSTRACT 

The study was conducted in 3 agro-climatic zones (Zone-IA,Zone I C and Zone IIIA) of Rajasthan state, 
form which, 6 tehsils 20 villages and 200 farmers were selected randomly with proportional allocation method. 
And a sample of 55 extension personnel working in study area was selected randomly from the State Department 
of Agriculture. The data were statistically analyzed.it was found that the majority of extension personnel opined 
that need for creation of posts and combination of upward, downward and horizontal communication type were 
suitable for extension organisation to sustainability. The components of idealised situation like “Managing 
rewards- efficiency in works”, “Decision making- at appropriate level” were perceived as most essential by the 
majority of the extension personnel. 
 

Key words: Sustainability, Management, Dryland.    
 
The concept of sustainable agriculture involves the 
evolution of new types of agriculture rich in 
technology and information, with much less intensive 
energy use and market purchased inputs. Thus, 
sustainability is the successful management of 
resources to satisfy the changing human needs, while 
maintaining or enhancing the quality of environment 
and conserving natural resources. For this the whole 
agriculture system in the country will have to be 
reoriented to make it sustainable and to achieve 
sustainable growth. The system had to be made target 
oriented keeping in view far reaching effects on our 
environment. This is very important in Indian context 
that while achieving our agricultural targets we 
maintain the health of our soil, water and 
environment. The agriculture can be termed 
sustainable, if- (a) it enhances the quality of 
environment and natural resources on which it 
depends, (b) it sustains the population and helps in 
generating meaningful employment for the farming 
community and (c) it is well within the reach of the 
farming community and helps to elevate their social 
status. 
Extension management for the present study refers to 
managing men, material, task and technology. The 
sustainability of agriculture has become increasingly 
important to policy makers, agricultural scientists, 
farmers and the public.  More precisely the ways, the 
technology received is managed by the extension 
personnel and its dissemination to ultimate user-
farmers, who in turn accept and manage the new 
techniques while managing their farming systems are 
the important elements of sustainable agriculture. The 
whole process by which the farmer is able to enhance 
returns from the farm on sustained basis for the 

attainment of family goals is considered as extension 
management. There is an urgent need to reorient and 
manage the agricultural extension systems to meet 
these new challenges. The Human Resource 
Development can play a very important role in this 
task. The present investigation was undertaken with 
the following specific objectives : 
1. To find out the opinion of extension personnel 
about suitability of existing organizational structure 
to the human resource development for the 
sustainability of dry land agriculture 
2. To identify the idealised situation needed in 
extension organization for human resource                     
development for the sustainability of dry land 
agriculture. 

METERIALS AND METHODS 

The study was conducted in Rajasthan state. 
Rajasthan state has been divided in to 10 agro-
climatic zones in which, 3 agro-climatic zones, 
namely zone- IA, zone IC and zone IIIA were 
selected by simple random sampling technique. From 
these three zones, 6 tehsils namely Phalodi, 
Lunkaransar, Lalsot, Sambharlake, Chomu and 
Sarwar were selected with the help of probability 
proportional to size technique. Similarly a total of 20 
villages were selected from these selected 6 tehsils 
with the help of probability proportional to size 
technique. From these selected tehsils a sample of 55 
extension personnel working in study area was 
selected randomly from the State Department of 
Agriculture. 
For studying the preference of extension personnel to 
motivational climate in the extension organization 
and the extent of job satisfaction of extension 
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personnel in the extension organization for the 
sustainability of dryland agriculture from extension 
management point of view were analysed separately 
by means of a schedule specially constructed by the 
investigator in light of suggestions of the experts and 
the responses were recorded accordingly. The validity 
and reliability of the schedule was also ensured. 
  The personal interviews as well as mailed 
questionnaires were used for collecting the data from 
extension personnel included in the study. The data so 
collected were classified, tabulated and analysed. 
Inferences were drawn after subjecting the data to 
statistical analysis, which led to following findings. 

RESULTS AND DISCUSSION 

1. Opinion of extension personnel about suitability 

of existing organizational structure to the human 

resource development for the sustainability of dry 

land agriculture 

  It is apparent from the Table 1 that majority 
(81.82per cent) of extension personnel (91.18 per cent 
advisory and 66.67per cent administrative extension 
personnel) opined that there was a need for creation 
of posts of AAO’s and AO’s (sub-divisional level) 
and was suitable for extension organisation to the 

human resource development for the sustainability of 
dry land agriculture. It was also observed that 
majority (78.18 per cent) of extension personnel 
(88.24 per cent advisory and 61.50 per cent 
administrative) opined that need for creation of post 
of agriculture supervisor was also suitable for 
extension organisation to the human resource 
development for the sustainability of dry land 
agriculture. Similarly, the majority (78.18 per cent) of 
extension personnel (85.71 per cent administrative 
and 73.53 per cent advisory) opined that the 
interactivity component of existing organisational 
structure was suitable for extension organisation to 
sustainability. The data in table also indicated that 
72.73 per cent of extension personnel (82.35 per cent 
advisory and 57.14 per cent administrative) opined 
that a combination of upward, downward and 
horizontal communication type was suitable for 
extension organisation to sustainability. It is also 
found that majority (72.73per cent) of the extension 
personnel (76.47per cent advisory and 66.67per cent 
administrative) were perceived the component 
specialisation of tasks suitable for extension 
organisation to the human resource development for 
the sustainability of dry land agriculture . 
  A cursory look from the data presented in Table 1 
reveal that majority of both the categories of 
extension personnel opined that organisational 
structure was balanced. They opined that it was not 
appropriate for social sustainability as well as social 
acceptability but it was appropriate for economic 
feasibility. They also opined that specialisation of 
tasks and interactivity was suitable for existing 
extension organisation. Majority of them in both the 

categories of extension personnel preferred medium 
size of extension organisation and they preferred 
participative leadership style as well as consultative 
leadership style for extension organisation. Need for 
creation of Agricultural supervisor, AAO’s and AO’s 
(sub-divisional level and regional level) were opined 
by both the categories of extension personnel. A 
combination of upward, downward and horizontal 
types of communication was reported to be required 
by both the categories of extension personnel 
suitability of the existing extension organisation to 
the human resource development for the 
sustainability of dry land agriculture . 
 

2.   The idealised situation needed in extension 

organization for human resource development for 

the sustainability of dry land agriculture 

  In this section the extension personnel were asked to 
indicate their response to the idealised situation for 
each aspect of the extension organisation for human 
resource                     development for the 
sustainability of dry land agriculture. Here, the 
concern was not ‘what is’ but ‘what should be’ 
idealised situation needed in the extension 
organisation to sustainability. The idealised situation 
for various aspects of extension organisation is 
presented in Table 2. 
  It is apparent from the Table 2 that the aspect 
‘Managing rewards i.e. efficiency in work’ was 
perceived ideal by 92.73 per cent extension personnel 
(94.12per cent advisory and 90.47 per cent 
administrative) for the ideal situation needed for 
extension organisation for human resource 
development for the sustainability of dry land 
agriculture, followed by ‘Decision making at 
appropriate level’ as part of extension organisation, 
which was perceived as ideal situation for extension 
organisation by 89.09 per cent of extension personnel 
(90.47 administrative and 88.24 advisory). The data 
in table also indicate that 87.27 per cent of extension 
personnel (88.24 per cent advisory and 85.72 per cent 
administrative) perceived the aspects 
‘Communication i.e. availability of relevant 
information’ and ‘Trust worthiness i.e. competent and 
experts to be trusted more’ as ideal situations for 
extension organisation to sustainability, followed by 
85.45 per cent of extension personnel (85.72 
administrative and 85.30per cent advisory) who 
perceived the aspect ‘Supervision i.e. effective for 
creating a climate of commitment’ as ideal situation 
for extension organisation to sustainability. Whereas, 
only 67.27 percent of extension personnel (70.50per 
cent advisory and 61.90per cent administrative) 
perceived the aspect ‘Orientation concern for 
development of people’ as least ideal situation for 
extension organisation for human resource 
development for the sustainability of dry land 
agriculture. 
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  Thus, it leads to draw the general conclusion that for 
the ideal situation in extension organisation for better 
extension management for its suitability to 
sustainability, there should be efficiency in work, 
decision making at appropriate level, availability of 
relevant information, effective for creating a climate 
of commitment, competent and experts to be trusted 
more, for managing mistakes – experts help needed, 
need for expert help for solution to conflicts in 
dispassionate way, initiative for managing problems 
should be taken by people with higher sense of 
responsibility, concern for development of people and 
concern for one another, respectively. The idealised 
situation as reported by both the categories of 
extension personnel will not only be conducive for 
organisational climate but will also help in achieving 
the management objectives of extension organisation 

to the best satisfaction of all those concerned with 
rendering efficient extension services to the farming 
community. 

CONCLUSION 

1. The majority of extension personnel opined that 
need for creation of posts of AAO’s and AO’s, 
interactivity specialization of tasks and combination 
of upward, downward and horizontal communication 
type were suitable for extension organisation to 
sustainability. 
2. The components of idealised situation like 
“Managing rewards- efficiency in works”, “Decision 
making- at appropriate level” were perceived as most 
essential while as “Interpersonal relation -concerns 
from one another” was perceived as least essential by 
the majority of the extension personnel.

 

 

Table 1 :Opinion of extension personnel about suitability of different components of extension 

organization to the human resource development for the sustainability of dry land agriculture   

N = 55 (Multiple response) 

Administrative  Advisory  Components of existing organization 

structure (N = 21) (N = 34) 

Total 

Balanced organizational structure 15  (71.43) 22 (64.71) 37 (67.27) 

Appropriation to social sustainability 7 (33.33) 11 (32.35) 18 (32.73) 
Appropriation to social acceptability 8 (36.10) 14 (41.18) 22 (40.00) 
Appropriation to economical feasibility 14 (66.67) 25 (73.53) 39 (70.91) 
Specialization of tasks 14 (66.67) 26 (76.47) 40 (72.73) 
Interactivity 18 (85.71) 25 (72.53) 43 (78.18) 
Size of extension organization       
Small 4 (19.05) 6 (17.65) 10 (18.18) 
Medium 15 (71.43) 20 (58.82) 35 (63.64) 
Large 12 (57.14) 12 (35.29) 24 (43.64) 
Leadership style       
Employee centred 4 (19.05) 5 (14.71) 9 (16.37) 
Participative 11 (52.38) 22 (64.71) 33 (60.00) 
Consultative 11 (52.38) 18 (52.94) 29 (52.73) 
Inter-personal 8 (38.10) 6 (17.65) 14 (26.45) 
Need for creation of posts       
Agriculture supervisor 13 (61.90) 30 (88.24) 43 (78.18) 
A.A.O.s 14 (66.67) 31 (91.18) 45 (81.82) 
A.O.s (sub divisional level) 14 (66.67) 31 (91.18) 45 (81.82) 
A.O.s (Regional level) 11 (52.38) 28 (82.35) 39 (70.91) 
Communication type       
Upward 8 (38.10) 7 (20.59) 15 (27.27) 
Downward 7 (33.33) 10 (29.41) 17 (30.91) 
Horizontal 5 (23.81) 10 (29.41) 15 (27.27) 
Upward + Downward 13 (61.90) 22 (64.71) 35 (63.64) 
Downward + Horizontal 13 (61.90) 21 (61.76) 34 (61.82) 
Upward  + Horizontal 9 (42.86) 12 (35.29) 21 (38.18) 
Upward + Downward + Horizontal 12 (57.14) 28 (82.35) 40 (72.73) 

Figures in parentheses indicate percentage 
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Table   2 : Opinion of the extension personnel about idealness of different components of idealized 

situation needed in the extension organization to sustainability 

                                                                                                                                                          N = 55 

(Multiple response) 

Administrative 

(N = 21) 

Advisory  

(N = 34) 

Total Idealized situation 

   

Orientation - Concern for development 
of people 

13 (61.90) 24 (70.58) 37 (67.27) 

Interpersonal 
relations 

- Concern for one another 15 (71.42) 22 (64.70) 37 (67.27) 

Supervision - Effective for creating a 
climate of commitment 

18 (85.72) 29 (85.30) 47 (85.45) 

Communication - Availability of relevant 
information  

18 (85.72) 30 (88.24) 48 (87.27) 

Decision making - At appropriate level 19 (90.47) 30 (88.24) 49 (85.09) 
Trust worthiness - Competent and experts to 

be trusted more 
20 (95.24) 28 (82.36) 48 (87.27) 

Managing 
problems 

- Initiative taken by people 
with higher sense of 
responsibility 

13 (61.90) 28 (82.36) 41 (74.55) 

Managing 
mistakes 

- Expert help needed 16 (76.20) 30 (88.24) 46 (83.64) 

Managing 
conflicts 

- Solution worked in a 
dispassionate way 

13 (61.90) 29 (85.30) 42 (76.36) 

Managing 
rewards 

- Efficiency in work 19 (90.47) 32 (94.12) 51 (92.73)  

Figures in parentheses indicate percentage 
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ABSTRACT 

       An investigation was conducted in the Instructional Farm of College of Agriculture, Vellayani, 
Trivandrum to study the shade response of guinea grass varieties and to assess the optimum 
potash requirement for maximum fodder quality under different shade intensities. Results of the 
experiment revealed that quality parameters of the forage significantly improved as shade 
progresses. Maximum crude protein was realized at lower level of potassium. Among the 
varieties, Haritha registered higher crude protein and chlorophyll contents. 

Key words: Grass, chlorophyll, protein and forage. 

     Global trend in animal production indicates a 
rapid and massive increase in the consumption of 
livestock products. The urban population in India 
is projected to reach 58% by 2025. Urbanization 
has brought a marked shift in the lifestyle of 
people in feeding habits towards milk products and 
meat. Due to the increasing population pressure of 
human beings,arable land is mainly used for food 
and cash crops resulting in little chance of 
availability of good quality arable land for fodder 
production. Hence wherever possible fodder crops 
should be fitted into the multiple cropping system. 
In Kerala coconut occupies an area of 7.5-8.0 lakh 
ha. In the uplands and guinea grass is 
recommended as an intercrop in the partial shade 
of coconut garden.This study was conducted to 
evaluate the quality of guinea grass cultivars in 
different shade levels under varying levels of 
potash. 
      The yield of shade-tolerant grasses often shows 
little depression or is even increased under 
moderate light levels(Samarakoon et al.,1990). 
Norton et al.(1991) reported increased yield in 
Paspulumnotatum under shade. However,the 
effects of shade on the quality of tropical grasses 
are less clear. Shading usually reduces the total 
non-structural carbohydrates of grasses(Wilson 
and Wong,1982) but its effect on the structural 
carbohydrate composition and dry matter 
digestibility appears variable. Wilson(1982) 
reported that the common shade response in forage 
species appeared to be an increase in cell wall 
cntent and lignification and a decrease in dry 
matter digestibility of forage.According to Barro et 
al. (2012), the increase on shading enhanced the 
level of nitrogen nutrition status of grass 
genotypes, which also led to improvements of 
forage quality. 
     Deficiency of potassium in soil not only affects 
production but also the quality of roughage. 
Optimum quantity of potash is required for the 

efficient utilization of nitrogen and phosphorus for 
herbage production. Higher levels of potassium in 
the soil results in a consequent reduction in crude 
protein synthesis(Raheja,1966). Based on this 
study the effect of different shade levels on the 
nutritive quality of two guinea grass varieties for 
different potash levels can be standardised. 
Field experiment was conducted in the upland area 
of the Instructional Farm of College of 
Agriculture,Vellayani,Trivandrum .  Eighteen 
treatment combinations consisting of three levels 
of shade (0,25,50%), three levels of 
potassium(50,100,150 kg/ha) and two varieties of 
guinea grass(Hamil and Haritha) were evaluated 
under split-split plot design with three replications. 
Haritha is a guinea grass cultivar released by KAU 
while Hamil is a national variety of guinea 
grass.Shade levels were maintained by usinh shade 
nets. FYM @ 10t/ha was applied uniformly to all 
the plots at the time of final preparation of land. 
Entire dose of phosphorus was given as basal @ 
50kg/ha. Nitrogen @ 200kg/ha was given in two 
equal splits one as basal and one after the second 
harvest. Healthy slips of guinea grass varieties as 
per treatments were planted at 40X20 cm spacing 
@ 2 slips /hill.Harvesting of the crop was done at a 
height of 15 cm from the base. Six observational 
plants were selected from each plot and 
observations were taken on plant height,number of 
tillars/hill,leaf: stem ratio and green fodder yield. 
Crude protein and crude fibre content were 
estimated. Crude protein content was calculated by 
multiplying the nitrogen content of plant by the 
factor 6.25(Simpson et al.,1965). Crude fibre was 
determined by A.O.A.C. 
method(A.O.A.C.,1975).Crude fibre content 
reduced significantly with increase in shade levels. 
Lowest fibre content was noticed at 25 per cent 
shade level which was on par with that at 50 per 
cent shade level. Among the varieties, Haritha 
registered the lower crude fibre content than 
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Hamil. Potassium has no influence on crude fibre 
content. Crude protein yield was reduced by 37.4 
per cent and 1.4 per cent in 50 per cent and 25 per 
cent shade over open respectively. The cultivars 
Haritha and Hamil recorded comparable crude 
protein yield. Potassium application had no 
significant influence on the crude protein yield of 
guinea grass. 
Crude protein content 
       Crude protein content was significantly 
influenced by shade levels,varieties and potassium 
application. When the intensity of shade 
increased,the crude protein content of the grass 
was also found to increase significantly with 
increase in shade levels.Crude protein content 
concentration is much more responsive to shading 
than other quality characteristics. Plants adapted to 
shade had lower non-structural carbohydrate 
concentrations than those adapted to full 
sunlight(Kephart and Buxton,1996). Increased 
concentration of nitrogenous compounds from 
shading is usually at the expense of soluble 
carbohydrates(Buxton,2001). A study conducted 
by Ladyman et al.(2003) reported an increase in 
nitrogen content in nineteen forage species grown 
under reduced sunlight.Among the 
varieties,Haritha reported higher crude protein 
content compared to Hamil. The genetic 
superiority of this variety in this character has been 
an added advantage in this respect. Similar report 
was also reported by Babu(1996) in Haritha and by 
Goerge(1996) in Hamil. Potassium levels 
significantly reduced the crude protein content. 
Higher crude protein content was observed at 
lowest dose of potassium(50kg/ha). This might be 
due to a comparatively higher levels of potassium 
in the soil which inturn reduced the uptake of 
nitrogen,resulting in a consequent reduction in 
crude protein synthesis(Raheja,1966). 
Crude fibre content 

      Shade levels and varieties significantly 
influenced the crude fibre content of the plant. 
Crude fibre content reduced significantly with 

increase in shade levels. Lowest fibre content was 
noticed at 25 per cent shade level which was on 
par with 50 per cent shade level. Growing of 
forages in full sunlight causes changes in chemical 
composition of plant parts including that of cell 
walls. F0rage cell walls,composed mostly of 
polysaccharides and lignin,limit forage 
consumption and digestibility(Buxton,2001). Most 
studies have reported that shading decreases cell 
wall concentration of forages. The hemicellulose 
fraction may be less sensitive to shading than 
cellulose and lignin fractions(Kephart and 
Buxton,1996). Halim et al.(1989) reported that 
stressful  conditions such as drought and shade 
likely reduces availability of photosynthesis for 
secondary cell wall development, and stress may 
increase the percentage of digestible intracellular 
constituents, by reducing cell wall(fibre) content 
as suggested by Kephart and Buxton(1993). The 
Ladyman et al.(2003) study also showed an 
unexpected increase in the amount of neutral 
detergent fiber(NDF) and acid detergent 
fiber(ADF) content as light intensity decreased. 
However,aven with the higher NDF 
concentration,there was an increase in NDF 
digestibility. 
Crude protein yield 

     Significant increase in crude protein yield was 
obtained by shade levels, varieties and potassium 
application. Crude protein yield was the highest 
for lowest shade level.This may be due to the 
effect of dry fodder yield which was highest in the 
open and lowest in 50 per cent shade .The crude 
pretein yield was reduced by 37.4 per cent and 1.4 
per cent  in 50 per cent and 25 per cent shade over 
open respectively.  Among the varieties Hamil 
recorded significantly higher crude protein yield 
which is due to the higher dry matter production 
by this variety. Among  the different K2O 
levels,k3 was found to produce higher crude 
protein yield followed by k2 and k1. Increased dry 
fodder yield at k3 level may be the cause of 
significantly higher crude protein yield.  

Table 1. Effects of shade levels,varieties and potassium on crude protein content and  

crudefibrecontent(per cent) 
Main effects Crude protein content Crude fibre content 

Shade levels   
s0 8.06 32.08 
s1 8.09 31.67 
s3 8.14 31.53 
F2,4 157.33** 31.71** 
SE 0.003 0.051 
CD 0.013 0.200 
Varieties   

V1 8.08 31.94 
V2 8.11 31.58 
F1,6 29.14** 6.16** 
SE 0.003 0.105 
CD 0.011 0.362 
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Potash levels 
K1 8.12 31.92 
K2 8.10 31.73 
K3 8.08 31.63 
F2,24 25.50** NS 
SE 0.003 0.115 
CD 0.009 - 

** Significant at 5 per cent level                                                                                                                                                                                                                                         NS-Not Significant 
      
From this experiment it could be concluded that 
shading improved the quality of fodder. Crude 
protein content of the plant enhanced with increase 
in shade levels. Higher levels of applied potassium 
reduced the protein content of the fodder. Among 
the varieties protein content was higher in Haritha 
compared to Hamil. Crude fibre content reduced 
significantly with increase in shade levels. Among 

the varieties Haritha registered lowest crude fibre 
content. Potassium had no influence on crude fibre 
content.  Based on the results of this study,it 
concluded that guinea grass varieties Haritha and 
Hamil can be recommended for fodder production 
in shade levels from 0 to 25 per cent along with 
the application of 50 kg K2O/ha. 
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