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VARIABILITY, CHARACTER ASSOCIATION AND 
DIVERSITY ANALYSIS OF RIDGE GOURD (luffa 
acutangula Roxb.) GENOTYPES OF BANGLADESH  

M. G. Rabbani1, M. J. Naher and S. Hoque 
Department of Horticulture, Bangladesh Agricultural University, Mymensingh-2202, Bangladesh 

ABSTRACT 

Sixty genotypes of ridge gourd (Luffa acutangula Roxb.) were 
collected from different locations of Bangladesh and were used to 
study their variability, character association and genetic diversity. 
Seventeen traits studied, of these, eight showed high heritability 
(over 80%). Correlation coefficient study indicated that yield per plant 
had highly significant positive relationship with the number of fruits 
per plant (r = 0.874**), average fruit weight (r = 0.707**), vine length 
at harvest (r = 0.359**) and length of fruit (r = 0.334**). On the other 
hand, the sex ratio and circumference of fruit exhibited negative 
association with yield. Path co-efficient analysis showed that number 
of fruits per plant exhibited the highest positive direct effect (0.7192) 
on yield followed by average fruit weight (0.4656). Based on 
Mahalanobis’ D2 statistics, the sixty genotypes were grouped into 
four different clusters. Clustering pattern revealed that genotypes 
collected from the same location were grouped into different clusters. 
The average intercluster distances were always higher than the 
average intracluster distances suggesting wider genetic diversity 
among the genotypes within the cluster. Custer-III had the highest 
intracluster distance (97.9).  
Keywords: Variability, character association, ridge gourd, diversity 
analysis. 

INTRODUCTION 
Ridge gourd (Luffa acutangula) is one of the most important vegetables 

available during summer season of Bangladesh when there is a scarcity of vegetables. 
It is rich in vitamin A, C and iron (Fe) (Yawalkar, 1985). It has great medicinal 
value. A glycoprotein was isolated from seeds of L. acutangula, which was found to 
be immunologically distinct from abortifacient proteins isolated from other members 
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of the Cucurbitaceae family (Yeung et al., 1991). The luffaculin, a protein isolated 
from its seed, exhibited abortifacient, antitumor, ribosome inactivating and 
immunomodulatory activities (Ng et al., 1992). Another ribosome inactivating 
peptide isolated from seeds of ridge gourd designated luffangulin inhibited cell-free 
translation (Wang and Ng, 2002). L. acutangula Linn contains trypsin inhibitors 
(Haldar et al., 1996). Recently, this crop has been tested for its antioxidant (free 
radical scavenging-FRS) activity confirming the great interest of the nutraceutical 
sciences (Ansari et al., 2005). Effectiveness of its extract as larvicide (Prabakar and 
Jebanesan, 2004) and its seed oils as grain protectant against certain insects are not 
very far discoveries (Mishra et al., 2007). So far, 106 local landraces of L. 
acutangula have been reported in Bangladesh (Rabbani, 2007). The average yield of 
the crop in Bangladesh is about 1.83 mt per acre in 2007-2008 (BBS, 2008) 
indicating low yield performances of the cultivars. Several factors are responsible for 
such a low yield. Varietal uniformity is one of the main requirements for the 
improved cultivars. Variability, on the other hand, is highly desired in germplasm 
collection and conservation purposes as genetic variation may exist or created, is the 
first step to any crop improvement programme (Singh, 2000). Knowledge of genetic 
diversity among existing cultivars of any crop is essential for long-term success in 
breeding program and to maximize the exploitation of the germplasm resources 
(Belaj et al., 2002). Growing interest to this vegetable crop was achieved through 
studies on its constituents, but no systematic research has so far been done to evaluate 
the potentialities of the available germplasm with a view to releasing modern 
varieties to meet  increasing demands to come. Under such circumstances, this study 
was conducted to assess the variability among the 60 genotypes of ridge gourd 
collected from different parts of Bangladesh for yield and yield contributing 
characters, their interrelationship and genetic diversity through biometrical 
procedures. 

MATERIALS AND METHODS 
A total of 60 ridge gourd landraces were used in this study. The materials were 

collected from 16 locations which represent four major divisions of Bangladesh 
(Figure.1). The experiment was laid out in the Randomized Complete Block Design  
(RCBD) with three replications. One accession represented one treatment and three 
plants in an accession represented one replication. Data on seventeen characters 
covering stem, leaf, flower, fruit and seeds were recorded from the studied plants. 
Computation of the data was carried out using MSTAT-C program. Genotypic and 
phenotypic coefficient of variation was calculated as described by Burton (1952). 
Heritability was estimated according to Lush (1943). Simple correlation co-efficient 
was worked out according to Singh and Chaudhury (1985). Path coefficient analysis 
was carried out following the procedure employed by Dewey and Lu (1959) using 
simple correlation values. Analysis of genetic divergence was done according to 
Mahalanobis’ D2 (1936) statistics. 
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RESULTS AND DISCUSSION 
Different variability parameters estimated in seventeen traits are presented in 

table1. Range of all traits revealed that there was a wide variation in the collected 
genotypes. Genotypic co-efficient of variation (GCV) was always smaller than 
phenotypic coefficient of variation (PCV) indicating the effect of environment to 
some extent in the expression of the characters. However, dry weight of flesh, the 
GCV (25.89%) and the PCV (26.71%) differed with very narrow margin showing 
little environmental effect. That is why the character was highly heritable (97.89%). 
On the contrary, the trait peduncle length was severely affected by the surrounding 
environment as revealed by the wide difference in GCV (21.25%) and PCV (29.52%) 
values. As a result, the character showed very low heritability (51.85%). The yield 
ranged from 307.5 g to 2467.5 g with the average of 952.77 g per plant. Low 
difference between the GCV (58.0%) and the PCV (59.67%) and the high heritability 
(94.16%) indicated a little contribution of environment to the phenotype. Out of 
seventeen characters, eight were found highly heritable (above 80%) and the rest had 
medium heritability (50-80%). 

Table1. Range, mean and heritability of seventeen characters of 60 ridge gourd 
genotypes 

Characters Range Mean ± SE GCV 
(%) 

PCV 
(%) 

Heritability in 
broad sense (%) 

Vine length at  harvest (cm) 235.4 – 955.5 548.58 ± 70.69 29.61 33.55 77.70 
Leaf length (cm)  6.95 – 16.0 12.26 ± 0.97 18.23 20.64 78.04 
Leaf breadth (cm)  12.00 – 27.40 18.90 ± 2.16 16.59 21.72 58.38 
Petiole length (cm)  3.35 – 13.80 7.87 ± 1.67 26.38 32.04 67.82 
Internode length (cm)  24.00 – 46.70 32.91 ± 2.22 14.75 16.90 77.61 
Primary branch at harvest  15.67 – 42.67 29.94 ± 2.74 22.24 24.90 79.78 
Male: Female flower  14.74 – 41.62 24.89 ± 2.20 31.14 32.69 90.71 
Length of fruit (cm) 8.00 – 34.67 19.16 ± 2.74 26.54 31.81 69.63 
Fruit circumference (cm) 8.95 – 20.67 11.66 ± 1.47 20.23 25.43 63.27 
Peduncle length (cm) 2.67 – 11.17 7.69 ± 1.29 21.25 29.52 51.85 
Dry weight of flesh (g) 3.50 – 11.12 5.58 ± 0.17 25.89 26.71 97.89 
Seed length (cm)  0.93 – 1.29 1.11 ± 0.02 7.52 8.04 87.50 
Seed breadth (cm) 0.58 – 0.80 0.68 ± 0.02 12.29 13.13 87.50 
 100-seed  weight (g) 5.75 – 16.46 11.67 ± 0.63 18.62 19.76 88.66 
No. of fruit per plant 4.67 – 19.00 9.96 ± 0.76 39.28 40.36 94.69 
Average fruit weight (g) 39.73 – 173.69 93.31 ± 7.98 31.56 33.25 90.07 
Fruit yield per plant (g) 307.5 – 2467.5 952.77 ± 112.33 58.00 59.77 94.16 
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SE= Standard error, GCV= Genotypic coefficient of variation, PCV= Phenotypic 
coefficient of variation  
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Legends: 

Figure.2. Path diagram constructed using correlation coefficients among yield and eight of its
component traits in ridge gourd 
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Genotypic correlation coefficients (r) and path coefficients (P) of yield versus 
eight important yield contributing traits were calculated. Detailed relationship among 
the characters is presented in Figure 2. Yield per plant had highly significant positive 
relationship with number of fruits per plant (r = 0.874**) (Figure.3a), average fruit 
weight (r = 0.707**) (Figure.3b), vine length at harvest (r = 0.359**) (Figure.3c) and 
length of fruit (r = 0.334**) (Figure.3d). On the other hand, sex ratio and 
circumference of fruit exhibited negative relationship with yield per plant. The 
diagram also shows the genotypic direct effects of eight component characters on 
yield per plant as obtained through path analysis. Number of fruit per plant showed 
the highest positive direct effect (0.7192) on yield followed by average fruit weight 
(0.4656). Moreover, vine length at harvest (0.0019); length of fruit (0.0175) and 
number of seeds per fruit (0.0310) had also positive direct effect on the yield per 
plant. On the contrary, node number for first female flower (-0.0256); male: female 
flower ratio (-0.0015) and circumference of fruit (-0.0176) showed negative direct 
effect on the yield. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 3a-d. Graphical representation of relationship of yield with different traits in ridge gourd 
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The multivariate analysis using Mahalanobis’ D2 statistics was carried out to 
study genetic diversity among 60 genotypes of ridge gourd. The genotypes grouped 
together are less divergent than the one which fall into different cluster.  By 
application of non-hierarchical clustering using covariance matrix, 60 genotypes 
were grouped into four clusters. Cluster-I was the largest comprising of 31 genotypes 
followed by cluster-II with 19, cluster-III with 9 and cluster-IV with single accession. 
It is interesting to note that 51.67% of the genotypes fell under cluster-I, 31.67% 
under cluster-II, 15.0% under cluster-III and 1.67% under cluster-IV (Table 2). 
Clustering pattern of the genotypes revealed that the accession collected from the 
same region did not fall in a single cluster. As for example, 6 genotypes collected 
from Mymensingh region were grouped into all the four clusters (Table 2).  

Table 2. Distribution of 60 genotypes of ridge gourd in different clusters 

Cluster No. No. of acc in 
cluster 

Contribution to 
diversity (%) 

No. of locations the genotypes 
collected from 

(of the total of 16 locations) 
I 
II 
III 
IV 

31 
19 
9 
1 

51.67 
31.67 

15 
1.67 

12 
7 
8 
1 

It was observed that the average inter cluster distances were always higher than 
the average intra cluster distances suggesting wider genetic diversity among the 
genotypes of the groups. Custer-III had the highest intra cluster distance (97.9) 
whereas cluster-IV had zero. The maximum inter cluster distance (301.73) was 
recorded between them. The later (cluster-IV) also maintained the minimum distance 
(122.21) with cluster-II (Figure. 4). Mean performance of different clusters for seven 
characters are shown in the table 3. Although cluster-I had the maximum number of 
genotypes (31), no remarkable feature was found in this cluster for different traits. 
Cluster II scored second position in all seven traits but fruit length. The highest mean 
value for sex ratio and circumference of fruit were showed by the genotypes under 
cluster III. Cluster IV ranked first in terms of yield per plant. Next position was held 
by cluster II followed by cluster III and cluster I. 
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Fig.4. Cluster diagram showing the average intra- and intercluster distances (D = √D2) of ridge gourd 
genotypes. The values along the lines indicate inter-cluster distances and the values within the 

circle indicate intracluster distances. 

 Table 3. Mean for seven characters in sixty ridge gourd genotypes  

Cluster mean 
Characters  

I II III IV 
Vine length at harvest (cm)  530.76 553.49 471.74 955.50 
Sex ratio 22.35 24.81 34.37 19.98 
Length  of  fruit  (cm)  18.11 19.76 19.78 34.67 
Circumference of fruit (cm) 11.14 12.04 12.78 10.37 
Number fruits per pant 8.32 13.67 6.89 18.00 
Average fruit weight (g) 74.84 112.63 110.96 139.69 
Fruit yield per plant (g) 620.29 1508.39 756.67 2467.50 

There are three ways to estimate variability in a given population: 1) using 
simple measures- range, arithmetic mean, standard deviation, standard error, 
coefficient of variation (CV) etc; 2) by estimating the various component of 
variation; and 3) by studying the genetic diversity (Singh, 2000). The first and the 
third approach were tried in the present study among 60 L. acutangula genotypes. 
Simple statistical measurement of mean, range standard error, genotypic as well as 
phenotypic coefficients of variations were done, which proved wider variation in the 
population (Table1). GCV for all seventeen characters was lower than PCV as was 
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found by Chowdhury and Sharma (2002) in 12 L. acutangula cultivars. It was an 
indication of environmental interference in the expression of genetic make up for the 
characters studied. The amount of interference was also calculated in terms of 
heritability- the proportion of total phenotypic variance that was due to genotype. The 
efficiency of selection largely depends on the extent of genetic variability present in a 
population, and the heritability of the concerned character. Selection is generally 
more effective for traits with high heritability than those having low heritability. So it 
can be claimed that selection for eight characters (Male: female flower, dry weight of 
flesh, seed length, seed breadth, 100-seed weight, number of fruit per plant, average 
fruit weight and fruit yield per plant) should be fairly easy in the present study as all 
the above mentioned characters showed heritability over 80% (Singh, 2000). High 
values of heritability were also recorded for vine length, yield per hectare and fruit 
weight by Chowdhury and Sharma ( 2002); for number of nodes for appearance of 
first male and female flower, fruit per plant, fruit set, fruit length, fruit weight and 
yield per plant by Singh et al.,( 2002a). Heritability was high for most characters 
examined by Sahni et al., (1987) in 21 Luffa acutangula genotypes.  

Higher yield is the main breeding objective in all the crops. Yield is regarded 
as a complex character which is influenced by many components or contributing 
traits both in positive and negative directions. Generally, direct selection for yield is 
not sufficiently effective due to its low heritability, and it is desirable to select 
indirectly for improved yield. Some biometrical techniques provide information 
about the relative contributions of the various component traits to yield. Therefore, 
these techniques aid in the isolation of superior yielding genotypes from genetically 
variable population by providing information on indirect selection for yield. 
Correlation coefficient and path coefficient are two of those techniques among others 
(Singh, 2000). Correlation coefficient analysis measures the mutual relationship 
between various plant characters and determines the component characters on which 
selection can be based for improvement in yield. The results of the present study 
revealed that selection for yield of ridge gourd should be based on the trait like 
number of fruits per plant; average fruit weight; vine length at harvest and length of 
fruit as the traits showed significant positive relationship with fruit yield (Figure. 2a-
d). Shah and Kale (2002) conducted an experiment on correlation co-efficient 
analysis of yield components of 55 genotypes of ridge gourd. The fruit weight per 
vine was positively and significantly correlated with number of fruits per vine, 
average fruit weight, number of female flower per vine and vine length, indicating 
the close association and dependency of yield on these characters. Yield per plant, in 
an assessment of genetic variability and correlation for yield and its attributes in 
pointed gourd (Trichosanthes dioica), was reported to have significant positive 
correlation with number of fruits per plant (Dora et al., 2003).  

Path analysis, another important aid to selection, splits the correlation 
coefficient into the measures of direct and indirect effects of a set of independent 
variables on the dependent variable (in this case yield). The characters number of 
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fruits per plant and average fruit weight exerted relatively high positive direct effect 
(0.7192 and 0.04656, respectively) on yield. A greater yield response is obtained 
when the character for which indirect selection is practiced has a high heritability and 
high correlation with yield. It is noted that both the traits had highly significant 
positive relationship with yield as well as heritability value of over 0.94. Rao et al., 
(2000) conducted an experiment on the segregating population of ridge gourd to 
estimate correlation and path coefficient analysis. Path analysis revealed that yield 
improvement could be achieved by direct selection for days to 50% flowering, girth 
of fruit, fruits per plant or vine, fruit per branch and length of the vine of ridge gourd. 
Path coefficient analysis among some important yield related traits in cucumber also 
indicated that fruit weight had the highest direct effect on fruit yield (Singh et al., 
2002b).  

Sixty genotypes in this study were grouped into four clusters (Table 2). 
Though, in another study for the genetic divergence among thirty genotypes of ridge 
gourd landraces, six clusters were reported using D2 and principal component 
analysis (Quamaruzzaman et al., 2008). Clustering pattern of the genotypes revealed 
that the accession collected from the same region did not fall in a single cluster. This 
result indicated that factors other than geographical separation are also responsible 
for divergence, and the genotypes that have originated from the same place might 
have different genetic architecture or vice-versa. The genetic diversity should be 
utilized for the development of gene pools, which serve as the reservoirs of genes. 
Information on genetic diversity can also be utilized for the exploitation of hybrid 
vigor. Morphological approach to explore variation and divergence is more 
conventional method with several limitations and influenced by environmental 
factors. So, to get more accurate results, molecular approach using RAPD, RFLP, 
SSR are suggested for identification of individual accession to avoid duplication in 
conservation of the germplasm for future use as well as to study genetic study in 
ridge gourd (L. acutangula).  
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ABSTRACT 

The present study assesses the market integration of chickpea in 
India from 2003 to 2010. The month end prices of chickpea for 
twelve markets in north India were used for the study. Out of twelve 
markets, only three markets are cointegrated, indicating weak 
integration of chickpea markets in India. However, the terminal 
markets located in major consuming (Delhi) and export/import 
locations (Dohad/Gujarat) clearly play an important role in price 
discovery and influences other domestic markets indicating the 
relevance of the import prices and large consuming centres on local 
market prices. Error correction terms indicate that the adjustment 
process from short-term disequilibrium in prices to long run price 
equilibrium is very slow. Overall, there is evidence of weak 
cointegration in the chickpea markets in North India and imports and 
major consuming centres are playing an important role in price 
discovery in domestic chickpea markets. 

INTRODUCTION 
Spatial and temporal market integration is an indicator of the efficient 

functioning of agricultural markets. India has been implementing agricultural 
liberalization policies since the early 1990s. It has been argued that such market 
reforms are required for achieving efficient agricultural markets and hence an 
efficient agricultural production system. Until agricultural markets are integrated, 
producers and consumers will not realize the potential gains from liberalization. The 
term ‘spatial market integration’ refers to a situation in which the prices of a 
commodity in spatially separated markets move together and the price signals and 
information are transmitted smoothly across the markets. Hence, spatial market 
performance may be evaluated in terms of the relationship between the prices of 
spatially separated markets, and spatial price behaviour in regional markets may be 
used as a measure of overall market performance.  
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There are several studies that have dealt with the measurement of market 
cointegration, especially in food markets in many countries (Baulch, 1997; Engle and 
Granger 1987; Johansen,1988; Johansen and Juselius,1990). However, work in this 
field in India has been very limited (Jha et al., 1997; Blyn, 1973; Ghosh, 2000; Deb, 
2004; Reddy and Reddy, 2011). Most of the studies pertaining to major food grains 
like rice and wheat and no study has yet been focused particularly on widely spread 
and thinly traded food grains such as pulses in India. Jha et al., (1997) investigated 
rice and wheat market integration in India, carrying out binary and multivariate 
cointegration tests. Applying these methods to the monthly wholesale prices of rice 
and wheat for the period from 1980 to 1990, they observed that all pairs of prices of 
rice as well as of wheat are cointegrated. Moreover, for both the crops, all the prices 
taken together are linked in a cointegrating relationship. Based on these results, they 
concluded that food markets all over India are highly integrated. Reddy and Reddy 
(2011) analysed groundnut pod, oil and cake markets in India in the post-
liberalisation period, they concluded that out of eleven groundnut pod and ten oil 
wholesale markets, only four markets are co-integrated, while in case of groundnut 
cake only two markets are co-integrated out of five major markets. In case of 
groundnut oil and cake, price information flows from major import/export markets 
like Mumbai and Chennai to major producing centres, as price of groundnut oil and 
other edible oils (like palm oil, soyaoil) are interrelated and being freely traded 
internationally, edible oil price discovery takes place in these centres and are linked 
to border prices. 

A study by Ghosh (2000) using the Johansen method of cointegration, evaluated 
the inter-state and intra-state regional integration of rice markets by testing the long-
run linear relationship between the prices. One price was set by law in the regional 
markets within the state of Uttar Pradesh, whereas in Bihar, Orissa and West Bengal 
a single price was not maintained by law, even though the rice markets were 
integrated. At an inter-state level, prices are integrated, but a law stipulating one price 
has not been implemented. On the whole, the regional rice markets within and across 
the states are spatially linked in the long run, suggesting that prices provided relevant 
signals to the regional markets within and across the states. In line with Ghosh 
(2000), the present study evaluates the spatial integration of chickpea markets in 
India by using the methods of Engle and Granger (1987) and Johansen and Juselius 
(1990).  

Present study also examines the long-term causality effect by applying granger 
causality tests and short-term price adjustment to the long-run equilibrium price by 
using the error correction model. The methodology adopted here allows  to answer 
the following questions: (a) Whether the chickpea prices in spatially separated 
markets are sufficiently related to each other in the long run? (b) Whether the short-
run price movements in a given market are determined by their own past prices or do 
they need to be seen in the context of integrated prices determined by past prices in 
other chickpea markets? (c) Whether short-run price movements are stabilizing? 
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Prices in the short run can be adjusted in various ways. A stable form of adjustment is 
when the prices are adjusted a long-run relationship between the prices is reached 
quickly. (d) How many markets are exogenous to the process of price formation? In 
these markets the changes in prices in the other markets do not matter. In some ways, 
these markets are prime movers in the overall market.  

General Condition of Chickpea Markets in India 
Chickpea is a major pulse crop grown in India. They account for more than 40 

% of total pulse production in India. Two types of markets exist for chickpeas, 
terminal markets and secondary/primary markets. In the terminal markets (Delhi, 
Mumbai, Chennai and Kolkata), the chickpeas traded are mainly from major 
chickpea growing regions as well as imports from other countries (more details about 
Indian pulses markets, especially the chickpea markets are described by  Reddy 
(2004 & 2009); Reddy and Reddy (2010); and Reddy et al., (2007). The 
primary/secondary markets are those where the chickpeas being traded are mainly 
from domestic chickpea producing regions in India. The interstate trade in chickpea 
is growing due to the removal of interstate movement restrictions and due to the 
expansion into south and central India where chickpea consumption is low. 
Chickpeas are sold in primary or secondary wholesale markets directly by the 
producer to a broker, a commission agent, and middlemen. The bulk of the chickpea 
from brokers and commission agents are sold to primary wholesalers who in turn sell 
them to the millers and processors of dal or to secondary wholesalers. A proportion 
of the dal from dal millers and primary wholesalers goes to secondary wholesalers, 
and  then sold to consumers as dal through the retailer. A major portion of chickpea 
production also goes to retailers without any post-harvest process for consumption as 
a whole-grain. Some whole-chickpea from secondary wholesalers are sold to frying 
mills.  Puffed or roasted chickpeas are sold to consumers via retail markets (Agbola 
et al., 2004).  

The chickpea trade in India has been subject to many restrictions during pre-
liberalization up to 1994, such as the regulations of the Essential Commodities Act of 
1955, compulsory levies on millers, stocking limits for private traders, milling 
reserved only for small scale industries, occasional restrictions of interstate 
movements and prohibition of future trading. Most of these restrictions have recently 
been lifted. Now there is no direct government regulation on chickpea marketing in 
India, with a few exceptions like the prohibition of the export of split chickpea in 
anything larger than 5-kilogram packs. This makes export of split chickpea more 
costly, as the additional cost of packaging is estimated to be approximately Rs.315- 
495 ton-1 which is about 3 to 4% of the chickpeas, which makes it non-competitive. 
The Indian government removed the import levy on chickpeas in 1998. Procurement 
of chickpeas at Minimum Support Price (MSP) by the government agencies during 
the harvest period is another major government intervention in the chickpea markets. 
However, over the years, for the pulses including chickpea, the MSP has generally 
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remained below the market price, and therefore has had no noticeable procurement 
by government agencies and have negligible impact on the price of chickpea in India. 
Overall, the chickpea markets in India are functioning under little restrictions from 
the government and the market price is more or less determined by a supply and 
demand situation in a free competitive environment.  

The data used in the cointegration exercise consist of month-end wholesale 
prices of chickpea for the period from May 2003 to January 2010. The data relating 
to chickpea prices quoted in 12 spatially separated markets was compiled from 
various issues of the Agricultural Situation in India, a monthly journal published by 
the Ministry of Agriculture, Government of India. All these markets are major 
chickpea producing and consuming centers, even though the choice of the states and 
the markets from each state has been constrained by the availability of consistent data 
for the period under consideration. On that basis, the following markets were chosen: 
Patna and Matihari from Bihar, Dohad from Gujarat, Rohtak from Haryana, Jaipur 
and Sriganganagar from Rajasthan, Allahabad, Jhansi, Hapur, Kanpur and Kalpi from 
Uttar Pradesh and one market centre from Delhi (Figure 1).  

 
Figure 1: Locations of Selected chickpea markets for the study 
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METHODOLOGY 
Two markets are considered to be spatially integrated if, in the presence of trade 

between them, the price in the importing market (Pi
t) is equal to the price in the 

exporting market (Pe
t) plus the transport and other transfer costs involved in moving 

goods between them (Tt
ei). This is because of the spatial arbitrage condition given by 

Pi
t=Pe

t+Tt
ei. Market integration does not, however, necessarily imply that markets are 

competitive. The condition of spatial arbitrage and market integration are fully 
consistent with competitive pricing as well as oligopolistic pricing practices. 

The approaches that are generally used for testing market integration may be 
classified into two broad categories. The first, the ‘Law of One Price’ (LOP), tests for 
the perfect co-movement of prices and assumes that if markets are integrated, price 
changes in the export market will be transmitted to the import markets on a one-for-
one basis. The LOP requires that trade flows between two markets must occur in 
every period and that prices in one market are determined exogenously. These are, 
however, highly restrictive assumptions that are rarely satisfied in the real world. To 
avoid some of these problems, a second approach, cointegration, is used to test for 
spatial market integration. A cointegration test can be used even in a situation when 
the co-movement of prices is less than perfect, prices are simultaneously determined 
and there are seasonal variations in transfer costs. Moreover, under certain 
conditions, the multivariate maximum likelihood cointegration method allows a test 
for LOP. The LOP holds if there are n-1 cointegrating vectors, among ‘n’ price series 
and all contains a common stochastic trend. It is for these reasons, and because most 
prices tend to be non-stationary, that the cointegration method has recently become 
the primary tool for investigating market integration in terms of a long-run linear 
relationship between prices. The most frequently used cointegration test is the Engle-
Granger test. This study use both Engle and Granger test and ML method of 
cointegration, otherwise known as the Johansen and Juselius (1990) test. The 
Johansen and Juselius (1990) method allows for testing multiple cointegrating 
vectors within a multivariate framework. Since this test is carried out in a reduced 
form vector autoregressive (VAR) model, it does not involve the endogeneity 
problem, and because of that, the test results remain invariant to the choice of the 
variable selected for normalization in the regression. A mathematical illustration of 
above methods is given below. 
Engle Granger Cointegration Tests 

Engle and Granger (1987) formulation tests on residuals from the cointegration 
regression are as follows:  

tεPαP t2t1 ++=  ----------------(1) 

Where, P1 and P2 are two price series from different regions. The residuals from 
the above equation are considered to be temporary deviations from the long-run 
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equilibrium. ADF unit root tests are then conducted on the residual tε obtained from 
equation (1) based on the following linear equation:  

tit

m

i
itt ωεβαεε +∆+=∆ −

=
− ∑

1
1  ---------(2) 

Where α  and β  are the estimated parameters and ω  is the error term. A 
cointegration test will be carried out on the estimated coefficient,α . If the t-statistic 
of the coefficient exceeds the critical value reported in Engle and Yoo (1987), the 
residuals, tε  from the cointegration equation (1) will be stationary, and thus the price 
series P1 and P2 will be cointegrated.  

A hypothesis of no integration is rejected if the t-statistics are greater than the 
critical value in absolute terms. Otherwise, it can be concluded that the two price 
series are cointegrated. A number of lags (m) in equation 2 have been chosen to 
ensure that the error termω , is uncorrelated. The present study tries to use a variety 
of lags and the optimal results are reported using Akaic information criteria. 

Johansen test 
Following Johansen and Juselius (1990), the ML method of cointegration will 

be briefly outlined here. If Pt denotes an (n*1) vector of I (1) prices, then the kth order 
vector autoregressive (VAR) representation of Pt may be written as: 

εβtµΡΡ t
1

t

k

i
i it +++∑∏=

=
− ; (t=1,2,…..,T)      -------(3) 

The procedure for testing cointegration is based on the error correction model 
(ECM) representation of Pt given by: 

εβtµΡ∆ΡΓ∆Ρ
1

1
tktit

k

i
it +++∏+∑= −−

−

=

      --------(4) 

where ( ) 1,...21,i;Π t.....Π1ΙΓi −=−−−= k ;    

).....( 1 Π−−Π−Ι−=Π k ; 

Each of Пi represents n*n matrices of parameters; єt and is an identically and 
independently distributed n-dimensional vector of residuals with zero mean and 
variance matrix, where Ωє; µ is a constant term and t is a trend. Since Pt-k is I (1), but 
∆Pt and ∆Pt-1 variables are I (0), equation (4) will be balanced if ΠPt-k is I (0). Thus, it 
is the Π matrix which conveys information about the long-running relationship 
between the variables in Pt. The rank of Π, r, determines the number of cointegrating 
vectors, as it determines how many linear combinations of Pt are stationary. If the 
prices are stationary in levels, and if r=0, no linear combinations of Pt are stationary. 
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If 0<rank (Π)=r<n, and there are n*r matrices such as that Π =αβ’, then it can be said 
that there are r cointegrating relations among the elements of Pt. The cointegrating 
vector β has the property that β’Pt is stationary even though Pt itself is non-stationary. 
The matrix α measures the strength of the cointegrating vector in the ECM, as it 
represents the speed of adjustment parameters. Two likelihood ratio test statistics are 
proposed to test number of cointegrating vectors. The null hypothesis of at most r 
cointegrating vectors against a general alternative hypothesis of more than r 
cointegrating vectors can be tested by the trace statistics: 

)iln(1Τ)( λ
n

1ri

∧

+=
∑ −−=λ trace

 

The null of r cointegrating vector against the alternative of r+1 can be tested by 
the maximum Eigen value statistic: 

λ̂ 1rmax
Τln(1)(

+
−−=λ ) 

Given that λis represents the estimated Eigen values (characteristic roots) 
obtained from the Π matrix and T stands for the number of usable observations (for 
details, see Johansen and Juselius, 1990). The number of cointegrating vectors 
indicated by the tests is an important indicator of the extent of co-movement of 
prices. An increase in the number of cointegrating vectors implies an increase in the 
strength and stability of price linkages. 
Error Correction Model and Causality Tests  

After confirming that a long-run relationship exists among the price series, the 
ECM was applied to investigate the short-run causality between variables further and 
to establish the speed of adjustment of the short-run disequilibrium to the long-run 
equilibrium. The error correction model for a three variable case can be expressed as 
follows: 

υ t1
m
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Ρ kt3∆Ck∆P jt2

m
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Bj∆P it1

m
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Where P1, P2  and P3 denote the price series in different markets. The error 
correction terms are  
µ 1−t ,  

υ t3
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For the residuals are obtained from the cointegrating equation (1) of a 
cointegrating price series. The number of error correction terms in each equation 
depends on the number of cointegrated vectors in the price series. The past values of 
error terms in the equation have an impact on the changes of variables P1t , P2t and P3t 
. The υ1t,, υ2t and υ3t are stationary random processes capturing other information not 
contained in either lagged value of P1t , P2t and P3t. Finally, the m is the optimal lag 
order to be determined by using the final prediction error procedures using Akaike 
information criteria. 

There is a strong connection between cointegration and causality in that at least 
one granger causal relationship must exist in a cointegrated system. Causality from P2 
to P1 and from P1 to P2 (there may be bi-directional causality) may be tested using the 
equation 5 to 7 of the error correction mode. Rejection of the joint hypothesis:  

B1=….. Bm  =0 
(by standard F-tests) implies causality from P2 to P1 because a lagged P2 

provides a better prediction of current changes in P1 once lagged P1 has already been 
accounted for by the error correction term 

( µ 1−t ) . Similarly rejecting D1=… Dm  =0 (through an F test) indicates granger 

causality from P1 to P2. 

RESULTS 
Test for unit roots 

Before conducting cointegrating tests, there is a need to examine the univariate 
time-series properties of the data and confirm that all the price series are non-
stationary and integrated in the same order. This can be established by a visual 
examination of the price series and by using the Augmented Dickey Fuller (ADF) 
Test developed by Dickey and Fuller (1981) and the Phillips-Perron (PP) test 
(Phillips and Perron, 1988). Through a visual examination of figure 2 one can infer 
that the price of chickpeas in different locations ranged between Rs.1000 and 
Rs.2500 during the study period and that there was an upward movement of prices 
during the period. The first difference in the price series is shown in figure 3 and it 
seems that the series is stationary at this point. To make an objective judgment about 
unit roots, ADF and PP tests have been conducted. 

A Dickey-Fuller test can be applied to the first-order auto-regressive model that 
includes the drift and linear time trend (t): 

ε ttβ2x 1tβ1β0x t∆ ++−+= ----------(8) 

To test for the presence of a unit root in equation 8, it is necessary to test the 
null hypothesis H0:B1=0, against H0:B1<0, with the left-sided critical region referring 
to the critical values provided in the DF tables.  
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An Augmented Dickey-Fuller (1981) test controls for serial correlation by 

adding lagged first-differences to a DF equation. The application of ADF tests has 
been discussed for problems arising due to the deterministic part of regression and 
selection of appropriate lag lengths. As a result, the application of a sequential 
procedure has often been suggested while implementing an ADF test. In this study, a 
sequential testing has been used, which involves a step-by-step testing procedure, by 
considering three different equations: 
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ε t∆x iti γitβ2x 1tβ1β0∆x t +−∑++−+= --------(9) 

ε∆xγxββ∆x titi i1t10t +++=
−− ∑ -------------(10) 

ε∆xγxβ∆x titi i1t1t ++=
−− ∑ -------------------(11) 

To examine the presence of the unit root, there is a need to test the null 
hypothesis H0:B1=0, in all three equations by using ADF test statistics.  

Phillips-Perron Test: One possible weakness in the ADF tests has been that their 
underlying distribution theories assume that residual errors are statistically 
independent and have a constant variance, which may not be true for many time 
series data. Phillips and Perron (1988) developed non-parametric test statistics, which 
involve less-restrictive assumptions about the error process. In this case, the 
hypothesis: H0:B1=0, is tested by using Γг-statistics and referring to the critical values 
of DF tables. The 2 lag lengths have been selected on the basis of maximum Akaike 
information criteria. 

Table 1. Results of the Augmented Dickey-fuller tests for the order of 
Integration 

 

ADF test with 2 lags 
Market centres 

In level In First difference 
  I(1) vs. I(0) I(2) vs. I(1) 
Patna -2.095 -5.154* 
Matihari -2.791 -4.797* 
Dohad -2.349 -4.960* 
Rohtak 2.269 -4.436* 
Jaipur -2.305 -4.757* 
Sriganganagar -1.891 -4.687* 
Allahabad -2.117 -4.484* 
Hapur -1.882 -4.535* 
Jhansi -2.023 -4.409* 
Kanpur -2.301 -4.707* 
Kalpi -1.955 -4.599* 
Delhi -2.266 -4.454* 
Notes: * indicates significant at 1 percent level. For n=82, 1 per cent and 5 per cent critical values for 
ADF statistics are –4.0052 and –3.4611 respectively. ADF is calculated with the assumption of constant 
and time trend. 
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Given that all the prices are now integrated in the same order (order one) by 
measuring ADF and PP tests, we may now proceed to conduct the cointegration tests. 
As we have chosen comparable varieties/grades of chickpeas across the markets, we 
can assume that price variability is caused by spatial effects and not by differences in 
grades/variety. 

Table 2: Philips and Perron test for unit roots for first difference of price series. 
 

Market centres Test with 2 lags 
  p-stat Alpha 
Patna -6.2993* -0.6359 
Matihari -5.3138* -0.5262 
Dohad 8.2616* -0.9323 
Rohtak -4.9279* -0.451 
Jaipur -9.4093* -1.112 
Sriganganagar -9.0506* -0.9408 
Allahabad -8.3489* -0.9169 
Hapur -11.2554* -1.0572 
Jhansi -7.3119* -0.7299 
Kanpur -6.7018* -0.7333 
Kalpi -6.4575* -0.7252 
Delhi -4.151* -0.3612 

Note: critical value are –3.4391,-2.9152 and –2.5841 at 1,5% and 10% level of significance. * indicates 
significant at 1% level of significance. 

Test for long run cointegration 
Engle Granger Bivariate Cointegration Tests 

The Engle and Granger test for cointegration results is presented in appendix 1. 
The results show that the Patna market is cointegrated with three other chickpea 
markets, namely Jaipur, Sriganaganagar and Hapur at  1% level of significance and 
with three other markets - Dohad, Jhansi and Kalpi - at  5% level of significance, 
while Jaipur market is cointegrated with Hapur, Jhansi and Patna markets. The 
Rohtak, Allahabad and Delhi markets are not influenced by any other chickpea 
markets, and so are exogenous to the system. There is a two-way causation between 
the Jaipur (Rajastan)-Hapur (Uttar Pradesh) and the Jaipur (Rajastan)-Jhansi (Uttar 
Pradesh) markets. This indicates that chickpea markets are integrated across the 
states. Overall, only eleven out of sixty-six relationships are cointegrated, which 
indicates a very low level of integration in the chickpea markets in India. However, 
due to the inability of the Engle and Granger test to test multiple cointegration 
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(testing of cointegration among three or more price series at a time) Johanson method 
was used for testing the number of cointegrating price series from a range of twelve 
price series and the results are presented in following section.  
Johansen Multivariate cointegration test 

The results of the multivariate cointegration tests are reported in table 3. The λ-
trace statistics show that five markets are cointegrated, while the λ-max test indicates 
that three markets are cointegrated out of twelve markets at  5 % level of 
significance. However, given the fact that the λ-max test is more powerful than the 
trace test, it may be argued that at least three cointegrating vectors exist, along with, 
at best, nine common stochastic trends among the twelve selected chickpea markets 
in North India. The presence of nine common stochastic trends implies the absence of 
pair-wise cointegration of prices, suggesting that the LOP does not hold, even though 
the markets are integrated.  

On the whole, the results of cointegration tests (from both the Engle and 
Granger and Johansen methods) indicate that the regional chickpea markets are 
weakly integrated in the long run, as only three out of twelve markets are 
cointegrated. This also indicates that nine common stochastic trends, and hence nine 
independent markets, exist among the twelve markets. 

Table 3: Johansen cointegration results for spatial integration of chickpea 
markets in India 

 Critical 
values  Critical values 

Eigen 
Value null Trace 

statistics 1% 5% Null Maximum 
Eigen Value 1% 5% 

0.72 r=0 518.1** 375.3 358.7 r=0 101.6** 87.2 80.0 
0.63 r≤1 416.5** 322.4 306.9 r=1 80.5** 81.1 73.9 
0.58 r≤2 335.9** 273.4 259.0 r=2 69.2* 74.7 67.9 
0.52 r≤3 266.7** 228.2 215.1 r=3 62.3* 68.5 61.8 
0.50 r≤4 207.4** 187.2 175.2 r=4 55.0 62.2 55.7 
0.45 r≤5 151.3** 150.1 139.3 r=5 47.9 55.8 49.6 
0.35 r≤6 103.5 117.0 107.3 r=6 34.1 49.4 43.4 
0.26 r≤7 69.3 87.8 79.3 r=7 24.1 42.9 37.2 
0.18 r≤8 45.3 62.5 55.2 r=8 15.6 36.2 30.8 
0.15 r≤9 29.7 41.1 35.0 r=9 12.6 29.3 24.3 
0.13 r≤10 17.1 23.1 18.4 r10 10.8 21.7 17.1 
0.08 r≤11 6.3 6.6 3.8 r=11 6.4 6.6 3.8 

** and * indicates significance at 1 and 5% level respectively. 
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Granger causality test  
Evidence of causality can be inferred from the F (causality) statistics from the 

Granger causality tests presented in appendix 2 and summarized in table 4, which 
indicate the strength of causality in each market with reference to every other market, 
based on the significance level of F (causality) statistics. Events at the Patna market 
brought about price changes in Kanpur and Kalpi at 10% and 5% significance levels 
respectively. The price changes at Patna were influenced by the markets at Dohad 
and Sriganganagar at  10% significance level. The Delhi, Dohad and Rohtak markets 
are independent markets (exogenous to all markets), and are thus not influenced by 
any other markets, while the Jaipur and Sriganaganagar markets are exogenous to all 
markets except Dohad, at  10% level of significance.  

The results show that the chickpea markets of the adjoining states of Gujarat 
and Rajasthan markets are cointegrated. According to the Granger tests, prices 
movements in the Dohad market cause prices in many markets in Uttar Pradesh (such 
as Jhansi, Allahabad and Kanpur) at 1% level of significance and those in Hapur and 
Kalpi at 5% level of significance), those in Rajastan (Jaipur and Sriganaganagar) at 
10% level and in Bihar (Patna) at 10% level of significance. This indicates that 
cointegration exists among interstate chickpea markets. Matihari prices influence 
price changes in Allahabad, Hapur and Kanpur at 10% level of significance and 
Kalpi at 5% level of significance. On the other hand, the Delhi prices do not 
influence price changes in any market, while Kalpi and Jhansi price movements 
cause price changes only in Matihari. Two-way relationships exist between Matihari-
Kalpi, Matihari-Kanpur, and Matihari-Hapur, as no large markets exist between them 
and they belong to adjoining states. This indicates that state boundaries have little 
influence in segmenting markets. It is noticeable that the exogeneity is concentrated 
in the large consumer markets like Delhi. Furthermore Dohad market prices are 
exogenous to most of the other markets as it is major import/export hub of chickpeas 
to India. On the whole, the Delhi, Rohtak and Dohad markets are exogenous to the 
system, and in some sense they are an important source of price formation according 
to the Granger causality approach, whereas, according to Engle and the Granger 
approaches, the Rohtak, Delhi and Allahabad markets are exogenous to the system. 
Out of 132 price relationships, as many as 118 relationships are strongly exogenous 
to the system in terms of Granger causality (They are marked by an ‘E’ in Table 4). 
This indicates that, in line with the Engle and Granger causality tests, Granger 
causality tests also reveal that most of the markets are not integrated and are 
independent of each other in the long run. 
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Table 4: Causality and Exogeneity among price series 
Dependent 

Independent 
Patna Matihari Dohad Rohtak Jaipur Sriganga Allahabad Hapur Jhansi Kanpur Kalpi Delhi 

Patna  ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) 10% 5% ---(E) 

Matihari ---(E)  ---(E) ---(E) ---(E) ---(E) 10% 10% ---(E) 10% 1% ---(E) 

Dohad 10% ---(E)  ---(E) 10% 10% 1% 5% 1% 1% 5% ---(E) 

Rohtak ---(E) ---(E) ---(E)  ---(E) ---(E) 5% 5% ---(E) ---(E) ---(E) ---(E) 

Jaipur ---(E) ---(E) ---(E) ---(E)  ---(E) 5% ---(E) ---(E) ---(E) ---(E) ---(E) 

Sriganga 10% 5% ---(E) ---(E) ---(E)  ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) 

Allahabad ---(E) ---(E) ---(E) ---(E) ---(E) ---(E)  ---(E) 10% ---(E) ---(E) ---(E) 

Hapur ---(E) 5% ---(E) ---(E) ---(E) ---(E) ---(E)  10% ---(E) ---(E) ---(E) 

Jhansi ---(E) 10% ---(E) ---(E) ---(E) ---(E) ---(E) ---(E)  ---(E) ---(E) ---(E) 

Kanpur ---(E) 5% ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E)  10% ---(E) 

Kalpi ---(E) 10% ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E)  ---(E) 

Delhi ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E) ---(E)  

Note: Summarised based on Appendix 2 of granger causality tests, 
(E)-denotes exogenous, 1%,5%,10% indicates significance at that level 

Error correction model (short term adjustment) 
In fact in case of ECM estimates, the coefficient of the error correction terms 

(ECTs) turn out to be positive in many cases (Table 5). These coefficients apparently 
reflect the short-run deviations of the system from the long run equilibrium level. The 
coefficients of ECTs indicate the speed of adjustment of any disequilibrium towards 
the long-run growth path. In the present case, the positive ECTs indicate that the 
short-run disequilibrium adjustment process might not lead to stable long-run prices 
in most of the markets (for example in Patna, Matihari, Allahabad, Hapur, Jhansi, 
Kanpur and Kalpi market prices). However, the results convey that the short-run 
influences of many of the ECTs are statistically insignificant in explaining the price 
changes in many of the locations.  

The Jhansi and Kalpi prices are almost instantly transmitted to Matihari market 
in the same direction in the short-run as indicated by the Jhansi price coefficient 
(0.88) and the Kalpi price coefficient (0.37) for the Matihari regression equation. 
Along the same lines, the price changes in Kalpi positively influenced the price 
changes in Allahabad. The Hapur price is transmitted to Delhi market with a lag in 
the short-run. On the other hand, the Allahabad price is instantly negatively 
transmitted to the Patna market, and the Patna price is negatively transmitted to the 
Allahabad market. Likewise, the Patna price was negatively transmitted to the 
Matihari market, the Allahabad price was negatively transmitted to Jhansi and Delhi 
markets and the Dohad price was negatively transmitted to the Kalpi market. These 
negative coefficients indicate that in addition to spatial price differences, some 
unknown factors are playing predominant role in spatial price transmission.  

 



Table 5: Results of Error Correction Model with two lag periods 
Independen

t 
series 

Dependent price series 

∆Patna ∆Matihari ∆Dohad ∆Rohtak ∆Jaipur ∆Sriganga 
nagar 

∆Allahabad ∆Hapur ∆Jhansi ∆Kanpu
r 

∆Kalpi ∆Delhi 

beta t-stat Beta t-stat beta t-stat beta t-stat Beta t-stat beta t-stat beta t-stat beta t-stat beta t-stat beta t-stat beta t-stat beta t-stat
∆Patna(t-1) -0.442* -2.1 -0.301* -2.0 -0.087 -0.3 -0.289 -1.3 -0.348 -1.1 -0.303 -1.1 -0.547* -2.4 0.050 0.3 -0.213 -1.2 -0.208 -1.0 -0.315 -1.4 0.265 1.7

(t-2) -0.349 -1.8 -0.154 -1.1 -0.085 -0.3 -0.252 -1.2 -0.397 -1.4 -0.224 -0.9 -0.387 -1.8 -0.017 -0.1 -0.137 -0.8 -0.025 -0.1 -0.304 -1.5 0.164 1.1
∆Matihari(t-1) -0.120 -0.6 0.042 0.3 -0.211 -0.7 -0.081 -0.4 0.014 0.0 0.028 0.1 -0.115 -0.5 -0.197 -1.1 -0.068 -0.4 0.142 0.7 -0.152 -0.7 0.128 0.9

(t-2) 0.008 0.1 0.138 1.2 -0.222 -0.9 -0.052 -0.3 -0.311 -1.3 -0.078 -0.4 -0.167 -1.0 -0.147 -1.1 0.002 0.0 -0.262 -1.7 -0.157 -0.9 -0.047 -0.4
∆Dohad(t-1) 0.102 0.3 -0.240 -1.1 -0.034 -0.1 -0.172 -0.5 0.047 0.1 -0.289 -0.7 -0.215 -0.6 0.318 1.2 0.169 0.6 0.169 0.5 -0.614* -1.9 0.249 1.1

(t-2) 0.337 1.4 -0.175 -1.0 0.218 0.6 -0.052 -0.2 0.225 0.6 -0.031 -0.1 0.238 0.9 0.163 0.8 0.327 1.6 0.179 0.7 -0.100 -0.4 0.035 0.2
∆Rohtak(t-1) 0.177 0.9 -0.198 -1.3 -0.187 -0.6 -0.195 -0.9 0.220 0.7 0.086 0.3 0.447 2.0 -0.298 -1.7 -0.099 -0.6 0.364 1.8 0.190 0.9 -0.191 -1.3

(t-2) -0.162 -1.0 -0.007 -0.1 -0.091 -0.4 -0.496 -2.8 0.018 0.1 -0.029 -0.1 0.054 0.3 -0.347* -2.5 -0.031 -0.2 0.258 1.6 -0.076 -0.4 -0.085 -0.7
∆Jaipur(t-1) -0.080 -0.3 -0.010 -0.1 0.079 0.2 0.281 1.1 -0.701* -2.0 0.159 0.5 0.108 0.4 -0.152 -0.7 -0.005 0.0 0.059 0.2 0.425 1.6 -0.015 -0.1

(t-2) -0.128 -0.5 -0.243 -1.4 -0.217 -0.6 0.101 0.4 -0.696* -2.0 -0.133 -0.4 -0.387 -1.5 -0.165 -0.8 -0.247 -1.2 0.106 0.5 0.076 0.3 -0.068 -0.4
∆Gangangr (t-1) -0.019 -0.1 0.168 1.1 0.241 0.7 -0.061 -0.3 0.320 1.0 -0.097 -0.3 0.276 1.2 0.193 1.1 0.181 1.0 -0.175 -0.8 0.368 1.6 -0.045 -0.3

(t-2) -0.003 0.0 0.166 1.3 0.092 0.3 0.253 1.3 0.351 1.3 -0.227 -0.9 0.198 1.0 0.072 0.5 0.038 0.2 -0.259 -1.4 0.239 1.2 -0.053 -0.4
∆Allahabad(t-1) -0.423* -2.1 -0.186 -1.3 -0.169 -0.5 0.247 1.1 -0.233 -0.8 -0.410 -1.5 -0.488* -2.2 -0.224 -1.3 -0.364* -2.1 0.179 0.9 -0.134 -0.6 -0.336* -2.2

(t-2) -0.280 -1.6 -0.186 -1.5 0.072 0.3 0.314 1.7 -0.045 -0.2 -0.030 -0.1 -0.073 -0.4 0.033 0.2 -0.034 -0.2 0.038 0.2 0.010 0.1 -0.305* -2.3
∆Hapur(t-1) 0.016 0.1 -0.139 -0.7 0.023 0.1 -0.289 -1.0 -0.242 -0.6 0.207 0.6 -0.258 -0.9 0.135 0.6 -0.168 -0.7 -0.076 -0.3 -0.397 -1.4 0.163 0.8

(t-2) 0.258 1.4 0.109 0.8 0.261 0.9 0.041 0.2 0.195 0.7 0.076 0.3 -0.001 0.0 0.216 1.3 0.209 1.3 0.109 0.6 0.000 0.0 0.274* 2.0
∆Jhansi(t-1) 0.097 0.3 0.881* 3.8 0.217 0.4 0.175 0.5 0.168 0.4 0.364 0.8 -0.580 -1.7 -0.170 -0.6 0.009 0.0 -0.374 -1.2 -0.072 -0.2 0.235 1.0

(t-2) 0.303 1.1 0.414* 2.2 -0.071 -0.2 -0.008 0.0 -0.242 -0.6 -0.016 0.0 -0.442 -1.5 -0.074 -0.3 -0.049 -0.2 -0.449 -1.7 0.096 0.3 0.176 0.9
∆Kanpur(t-1) -0.020 -0.1 0.151 1.3 -0.145 -0.6 -0.194 -1.1 0.100 0.4 -0.151 -0.7 0.252 1.4 0.035 0.2 -0.248 -1.7 -0.337* -2.0 -0.188 -1.1 -0.067 -0.5

(t-2) 0.121 0.8 0.116 1.0 -0.017 -0.1 0.195 1.1 0.276 1.2 0.159 0.7 0.248 1.4 0.280* 2.0 -0.037 -0.3 -0.276 -1.7 -0.005 0.0 -0.069 -0.6
∆Kalpi(t-1) 0.218 1.1 0.379* 2.7 -0.047 -0.2 0.294 1.4 0.306 1.0 0.112 0.4 0.549* 2.6 -0.034 -0.2 0.403* 2.4 -0.092 -0.5 -0.004 0.0 0.094 0.6

(t-2) 0.191 0.9 -0.016 -0.1 -0.202 -0.6 0.174 0.8 0.142 0.5 0.275 1.0 0.259 1.1 0.023 0.1 0.043 0.2 0.097 0.5 0.007 0.0 0.099 0.6
∆Delhi (t-1) 0.080 0.3 0.233 1.4 0.110 0.3 0.158 0.6 0.281 0.8 -0.264 -0.9 0.246 1.0 -0.126 -0.6 0.309 1.6 0.262 1.1 0.158 0.6 -0.202 -1.2

(t-2) -0.394 -1.7 -0.171 -1.0 0.172 0.5 -0.235 -0.9 -0.033 -0.1 -0.193 -0.6 0.009 0.0 -0.217 -1.1 -0.122 -0.6 -0.029 -0.1 -0.013 -0.1 -0.161 -0.9
ECT1 0.007 0.9 0.003 0.5 -0.010 -0.8 0.011 1.3 0.006 0.6 0.009 0.8 0.029* 3.5 -0.009 -1.3 0.006 1.0 0.018* 2.4 0.022* 2.6 -0.008 -1.4
ECT2 0.017* 2.2 0.021* 3.8 0.004 0.3 0.002 0.2 0.015 1.3 0.018 1.7 -0.002 -0.2 -0.001 -0.1 0.015* 2.2 -0.004 -0.6 0.016* 2.0 0.004 0.7
ECT3 0.016* 2.1 -0.004 -0.7 0.002 0.2 -0.003 -0.3 0.009 0.8 0.013 1.3 0.015 1.8 0.028* 4.2 0.004 0.6 0.015* 2.0 0.011 1.3 0.006 1.0

Constant 0.515
* 

3.
2 

0.254
* 

2.2 0.029 0.
1 

0.056 0.
3 

0.384 1.
6 

0.500
* 

2
.
3 

0.375* 2.
1 

0.348* 2.
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0.30
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2.2 0.28
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1
.
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0.51
4* 

3.0 0.09
3 
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8 

R-sqr 0.620  0.713  0.219  0.559  0.358  0.415  0.612  0.749  0.63
4 

 0.57
9 

 0.50
0 

 0.50
6 

 

• Indicates significant at 5% level. 
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Overall, the short term integration of chickpea market in North India is not 
noticeable. In many cases, error correction terms tends to be positive., indicating that 
short term changes in prices in many markets may not lead to long-term equilibrium 
in the system. Here, the levels of interstate causality appeared to exist to certain 
extent in spatially separated chickpea markets, which indicates that the state barriers 
are not restricting inter-state free trade and the price signals passes through interstate 
markets. 

CONCLUSION 
In general, pulses (grain legumes) markets are fragmented, thinly traded and 

most farmers concentrate on producing for their own domestic consumption with 
little marketed surplus. The chickpea is a very important pulse crop in India. The 
study tested, market integration between major chickpea producer and consuming 
centers in North India, including Uttar Pradesh, Bihar, Rajasthan, Gujarat, Haryana 
and Delhi, in twelve market locations. Among the twelve markets only three markets 
were cointegrated at 5% level of significant as indicated by λ-max statistic and five 
markets were cointegrated as per λ-trace-statistic. Given the reliability of λ-max, the 
conclusion is that only three cointegrated markets were present among twelve 
selected chickpea markets in North India. Based on these results, one can conclude 
that, even though the chickpea markets in North India were  cointegrated i.e., prices 
move together, either in an upward or downward direction, but the law of one price 
does not hold.  

The causality relationship has been studied by Engle and Granger and also 
through Granger causality tests, which show that price changes in Matihari are 
influenced by five other markets, namely Sriganaganagar, Hapur, Jhansi, Kanpur and 
Kalpi, whereas the Dohad, Rohtak and Delhi markets are exogenous and not 
influenced by any other markets and are thus important sources of price formation. 
The Dohad price influences prices in many other markets and acts as a major source 
of price discovery. About 118 price relationships are exogenous among a total of 132 
relationships, which show that the chickpea markets are weakly integrated.  

The error correction model suggests that the adjustment to deviations from 
equilibrium in the local markets does not lead to a long-term equilibrium in most of 
the markets. The findings reveal that the chickpea markets are different from rice and 
wheat markets. For example, many food market studies [e.g. studies of wheat 
markets by Jha et al., (1997), rice markets by  Ghosh (2000) and rice, potato and 
mustard markets by Palaskas and Harris-White (1993)] reported that food markets are 
cointegrated to a large extent, but the present study has revealed that, even though 
chickpea markets are cointegrated, the extent of cointegration is very limited; i.e., 
only three markets out of twelve markets remain cointegrated in the long run and, in 
many cases, the adjustment process in short term deviations from equilibrium may 
not lead to a long term equilibrium of the system. The major terminal markets in 
large consuming and import/export locations (Delhi, Rohtak and Dohad) are 
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exogenous to the system, and are thus important in price formation in Indian 
chickpea markets. 
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Appendix 1: Engle and Granger tests for co-integration 
 Patna Matihari Dohad Rohtak Jaipur Srigang 

anagar 
Allahabad Hapur Jhansi Kanpur Kalpi Delhi 

Patna  -3.163 -3.491 -2.805 -3.720 -3.273 -2.733 -3.641 -3.539 -2.871 -3.236 -2.585 

Matihari -3.26  -3.198 -2.793 -3.364 -3.072 -2.694 -3.033 -2.913 -3.788 -2.511 -3.155 

Dohad -4.1461* -3.486  -2.277 -3.710 -3.128 -3.773 -3.588 -3.691 -2.739 -3.526 -2.790 

Rohtak -3.43 -3.138 -2.508  -2.577 -2.174 -2.436 -2.877 -2.320 -2.717 -2.636 -2.474 

Jaipur -4.862** -3.807 -4.311** -2.336  -2.334 -3.681 -4.185* -4.032* -2.761 -3.135 -2.645 

Sriganganagar -5.337** -3.771 -3.555 -2.182 -2.852  -3.658 -3.622 -3.207 -2.520 -2.451 -2.673 

Allahabad -3.740 -3.227 -4.044** -2.431 -3.742 -3.380  -3.216 -3.099 -2.251 -3.463 -2.602 

Hapur -5.319** -3.666 -3.866 -2.864 -4.379* -3.443 -3.359  -3.018 -2.585 -2.726 -2.186 

Jhansi -4.094** -3.357 -3.987* -2.329 -4.062* -2.852 -3.038 -2.679  -2.702 -3.105 -2.676 

Kanpur -3.40 -4.542** -2.938 -2.648 -2.860 -2.232 -2.142 -2.367 -2.850  -1.795 -3.259 

Kalpi -4.297** -3.075 -3.562 -2.399 -3.158 -2.255 -3.236 -2.383 -3.155 -1.906  -2.033 

Delhi -2.74 -3.610 -2.793 -2.277 -2.636 -2.531 -2.543 -2.026 -2.533 -3.312 -1.864  

Critical values are –4.5041 and -3.9157 respectively for 1% and 5% level of significance. ** and * indicates significant at 1 and 5% 
level. The model runs with constant and time trend with 2 lags. 

 



Appendix 2: Granger Casualty Tests 
Independent Variable 

Dependent 
Variable 

 Patna Matihari Dohad Rohtak Jaipur Srigan 
ganagar 

Allahabad Hapur Jhansi Kanpur Kalpi Delhi

Patna f-stat 0.75 2.04 11.37*** 1.83 0.08 2.79* 0.42 1.83 0.40 0.69 0.01 1.24
  Χ2 prob. 0.48 0.14 0.00 0.17 0.93 0.07 0.66 0.17 0.67 0.51 0.99 0.30
Matihari f-stat 1.37 0.21 1.58 1.15 1.88 3.71** 1.77 3.34** 3.29** 3.93** 2.94* 1.88
 Χ2 prob. 0.26 0.81 0.22 0.32 0.16 0.03 0.18 0.04 0.05 0.03 0.06 0.16
Dohad f-stat 0.73 0.50 0.32 0.05 0.54 0.33 0.54 0.60 0.25 0.11 0.10 0.27
 Χ2 prob. 0.49 0.61 0.73 0.95 0.59 0.72 0.59 0.55 0.78 0.90 0.91 0.76
Rohtak f-stat 0.12 0.25 0.31 7.16* 0.46 0.82 0.10 1.42 0.26 1.82 0.14 0.78
 Χ2 prob. 0.88 0.78 0.74 0.00 0.63 0.45 0.90 0.25 0.77 0.17 0.87 0.47
Jaipur f-stat 0.36 1.72 2.95* 0.18 2.45* 0.00 0.29 1.63 0.99 0.28 0.12 0.51
 Χ2 prob. 0.70 0.19 0.06 0.84 0.10 1.00 0.75 0.21 0.38 0.76 0.89 0.60
Sriganganagar f-stat 0.04 0.96 2.91* 0.47 0.69 3.33** 1.40 0.14 0.59 1.15 0.16 0.18
 Χ2 prob. 0.96 0.39 0.06 0.63 0.51 0.04 0.26 0.87 0.56 0.32 0.85 0.83
Allahabad f-stat 0.76 2.36* 9.66*** 4.15** 4.09** 0.51 13.57*** 1.18 0.26 0.48 0.67 0.34
 Χ2 prob. 0.47 0.10 0.00 0.02 0.02 0.61 0.00 0.32 0.77 0.62 0.52 0.71
Hapur f-stat 0.12 2.57* 4.01** 3.49** 0.04 2.18 1.48 18.53*** 1.95 1.83 1.37 0.13
 Χ2 prob. 0.88 0.09 0.02 0.04 0.96 0.12 0.24 0.00 0.15 0.17 0.26 0.88
Jhansi f-stat 0.08 1.09 9.00*** 1.18 1.42 1.46 2.55* 2.78* 2.61* 2.19 1.63 1.73
 Χ2 prob. 0.92 0.34 0.00 0.32 0.25 0.24 0.09 0.07 0.08 0.12 0.21 0.19
Kanpur f-stat 2.43* 2.36* 8.32*** 0.39 0.04 0.62 1.44 1.48 0.81 11.77*** 0.96 0.57
 Χ2 prob. 0.10 0.10 0.00 0.68 0.96 0.54 0.25 0.24 0.45 0.00 0.39 0.57
Kalpi f-stat 0.85 3.67** 6.11*** 3.62** 1.67 0.39 0.52 2.21 0.61 2.86* 2.83* 0.31
 Χ2 prob. 0.43 0.03 0.00 0.03 0.20 0.68 0.60 0.12 0.55 0.07 0.07 0.74
Delhi f-stat 0.59 0.45 1.08 0.21 0.16 0.20 0.08 1.05 0.23 0.19 1.36 0.48
 Χ2 prob. 0.56 0.64 0.35 0.81 0.85 0.82 0.92 0.36 0.80 0.83 0.27 0.62

***, **,* Indicates significant at 1%, 5% and 10% level. 
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FACTORS INFLUENCING THE ENTREPRENEURIAL 
BEHAVIOUR OF AGRICULTURAL GRADUATES 
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ABSTRACT 

The study is to assess the performance of Agri Clinic entrepreneurs 
promoted under the scheme on Agri Clinic and Agri Business 
Centers in India. Thus an attempt has been made to evolve a set of 
factors influencing the entrepreneurial behaviour through a data 
reduction process of factor analysis. The factors include: planning 
orientation, work orientation, personal efficacy, market orientation, 
location, business acumen, dynamism, service orientation, in-depth 
knowledge, achievement motivation, social networks, interest, 
internal control, marketing strategy and innovativeness. The factor 
analysis brought out results that appeared to be in conformity with 
the existing theory of entrepreneurial motivation and entrepreneurial 
behaviour patterns of successful entrepreneurs. 
Key words: Agripreneurship, determinants, entrepreneurship and 
factor analysis. 

INTRODUCTION 
The scheme on Agri Clinics and Agri Business Centers has been launched to 

enhance the quality of paid extension services to farmers in India. The scheme 
provides opportunities for self-employment to agricultural graduates in agricultural 
and allied enterprises mainly in the tertiary and secondary sectors (Small Farmers 
Agribusiness Consortium (SFAC, 2002). This scheme has been perceived to be 
double-edged as it envisages gainful employment to agricultural graduates in addition 
to providing quality extension services on payment basis to farmers. Parimaladevi, 
Husain and Bhaskaran (2006) reported that the most important factors influencing 
establishment of Agri Business units were attitude towards self-employment, 
entrepreneurial ability, and self-confidence. Dedicated personnel with managerial 
skills are a critical input for successful Agri Business (Arora, 2001). Hence, it has 
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been felt imperative to the determinants of entrepreneurial behaviour through a data 
reduction process of the agripreneurs’ responses of preferred rankings on several 
variables identified to be influencing the entrepreneurial behaviour and 
entrepreneurial success of Agri Clinic enterprises. Hence, Q-sort and factor analysis 
techniques were adopted to assess the determinants of entrepreneurial behaviour 
among agripreneurs’. 

METHODOLOGY 
The present study was conducted using an ex post facto research design. 

According to Kerlinger (1963) an ex post facto research is a systematic empirical 
enquiry in which the researcher does not have direct control over the variables 
because their manifestations have already occurred or because they are inherently not 
manipulable. The data were collected from the respondents through pre-tested 
structured interview schedule and analysed using statistical techniques. 
Locale of the study 

The scheme on Agri Clinics and Agri Business Centre (ACABC) implemented 
all over India was monitored and supervised by MANAGE (National Institute of 
Agricultural Extension Management). Key information on the performance of the 
scheme was collected by the researcher from MANAGE, which is the monitoring 
agency of Agri Clinic scheme. As per information available with MANAGE, huge 
response for Agri Clinic scheme came from Uttar Pradesh. The trained agricultural 
graduates were the highest (3586) in Uttar Pradesh and the number of Agri ventures 
opened was also the highest (1678) in same state. Hence, this state was purposively 
selected for the study. 
Selection of the Nodal Training Institute 

In Uttar Pradesh, seven centers were identified by MANAGE as Nodal 
Training Institutes (NTIs) to impart training for the participants of Agri Clinic 
scheme. All the Nodal Officers of these seven NTIs were personally contacted by the 
researcher, but only one nodal training institute, Sree Maa Guru Gramodyog 
Sansthan, Varanasi, evinced interest in the study and cooperated with the researcher. 
In fact all other nodal training institutes could not provide any information on the 
where abouts and contact address of their trainees under the ACABCs scheme. They 
did not have any follow-up activity with the trainees and did not possess any 
information on the progress of their Agri Clinic enterprises. So, Sree Maa Guru 
Gramodyog Sansthan, Varanasi, an NGO was considered for the study. 
Selection of Districts 

Under the NGO operated Nodal Training Institute, Sree Maa Guru Gramodyog 
Sansthan, Varanasi, the number of trained agricultural graduates (2006) as well as the 
number of Agri Clinics launched and running were the highest (1226). From this list, 
it was noted that the Agri Clinic operators were hailing from several agro-climatic 
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zones and districts of Uttar Pradesh. Hence, five agro-climatic zones of Uttar 
Pradesh, viz., South-western semi-arid zone, western plains, central plains, eastern 
plains and Vindhyan zone were selected. From these five agro-climatic zones, twelve 
districts were selected purposively since these districts had successfully operating 
Agri Clinics. About 1-4 Agri Clinics were found in majority of districts. Since the 
nodal training institute was located in Varanasi, twelve Agri Clinics were 
successfully operating due to close supervision and hand holding support from the 
training institute.  
Selection of respondents 

From the twelve districts, the Agri Clinic operators, who were running their 
enterprises at the time of data collection, were selected as the respondents of the 
study. This sample consisted of Agri Clinic founders. A total of 40 Agri Clinic 
founders were chosen purposively from among those who were operating their Agri 
Clinics successfully for the last three years.  

In order to get the preferences of the respondents on the collected list of 
variables, a Q-sort technique was used. Then the factor analysis was done on the 62 
determinants using an exploratory approach, where the objective was to explore the 
possible underlying factor structure of a set of observed variables without imposing a 
preconceived structure on the outcome. The Q-sort technique was adopted for rank 
ordering the Agri Clinic entrepreneurs’ perception of the entrepreneurial behavior. 
Most persons seem to enjoy sorting Q-decks perhaps because the method is both 
challenging and realistic. Hence, the Q-sort technique was adopted in the present 
investigation. In this technique, the subjects are required to sort the items into a 
number of categories each having in it a specified number of items as required to 
form a normal distribution. The categories are in rank order, the highest containing 
those items that are considered to be the most important and the lowest containing 
those items that are considered to be the least important. When the number of 
categories in the judgmental continuum is more, it provides more discrimination. But 
use of too many categories might lead to random judgment. Block (1961) emphasized 
that even though a nine point interval continuum makes a heavier demand on the 
judges, it elicits reliable discrimination. Kerlinger had also used a nine point 
judgmental continuum. Hence, in the present investigation it was decided to fix upon 
nine categories for the Q-sort distribution. 

Before processing with factor analysis, 19 determinants were finally selected 
from the 62 determinants, after deleting those items which had the mean values less 
than median score i.e., 5.5. As stated by Comrey (1973) all the variables with factor 
loadings of 0.30 and above were considered as significant under each factor. All 
those variables, in each rotated factor that have high loadings were considered to be 
closely related variables. 
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RESULTS AND DISCUSSION 
The factor analysis was done on the Agri Clinic agripreneurs responses 

(preferred rankings) of 62 listed determinants influencing entrepreneurial behaviour 
of respondents. Q-sort technique was used to get the preferred rankings from the 
respondents. In the factor analysis, the principal component analysis was adopted and 
varimax rotation was used to draw a set of 19 factors. Based on the highest factor 
loading for each variable, the set of variables grouped under a factor were separated. 
Thus, at the end, fifteen factors have been identified and given appropriate names. 
All these results are presented below and discussed. 

Table 1: Mean scores of preference rankings of determinants  

Variables included Q –sort technique Mean 
score Degree of importance 

Capital 
Availability of technical information support 

8.00 
7.80 

Highly important 

Planning 
Self-confidence 
Hard work 
Strong training  support 

7.30 
7.15 
6.98 
6.78 

Very important 
 

Determination 
Location 
Human relations 
Internal  control 
Dedication 
Institutional support 
Commitment 
Work stress 
Interest 

6.35 
6.15 
6.15 
6.10 
6.07 
5.88 
5.85 
5.62 
5.50 

Quite important 
 

In depth knowledge 
Honesty 
Institutional linkage 
Business tactics 
Dynamism 
Decision making behaviour 
Promptness in delivery 
Goal  setting  tendency 
Personal  efficacy 
Communication skills 
Service with smile 
Oral skills 
Responsiveness 

5.48 
5.45 
5.43 
5.40 
5.33 
5.32 
5.28 
5.28 
5.28 
5.20 
5.18 
5.15 
5.13 

Some what important 
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Variables included Q –sort technique Mean 
score Degree of importance 

Personal effort  on outcomes 
Sincerity 
Self  esteem 
Investment decisions 
Credibility 
Social networks 
Patience 
Self-Actualization 
Punctuality 
Marketing strategy 
Fairness 
Clear and forward looking 
Market Intelligence 
Achievement motivation 
Self-dependence 
Persuasability 
Readiness 

5.10 
5.08 
5.07 
5.05 
5.03 
5.00 
4.97 
4.97 
4.88 
4.85 
4.85 
4.83 
4.78 
4.65 
4.65 
4.63 
4.55 

Willingness to take challenge 
Openness to feedback 
Role of values 
Tendency to take feedback 
Social support 
Unemployment  among  educated  group 
Modernization 
Initiative 

4.43 
4.22 
4.15 
4.13 
4.00 
4.45 
3.70 
3.50 

Slightly important 

Need for commercial  utilization  of  local 
resources 
Change proneness 
Adoption propensity 
Price support 
Innovativeness 
Project  management  skill 
Creativity 
Autonomy 

3.43 
3.40 
3.38 
3.38 
3.33 
3.18 
3.08 
3.05 

Of little importance 
 

Social disparity 1.83 Of very little importance 

As can be seen from the above table, all the 62 were found to follow a normal 
distribution into seven categories. This indicates that the sample of respondents was 
found to represent the universe. The preferred rankings given by the respondents 
were put to factor analysis using a principal component analysis and varimax rotation 
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of factors. Through these statistical procedures, a set of 19 factors were identified 
whose Eigen values were more than 1. These Eigen values are given in table 2.  
These Eigen values were found from principal component analysis. Results from the 
table 2 revealed that the variance explained by factor 1 is 7.346, which is about 11.85 
per cent of total variance.  Thus, all the 19 factors could explain 86.9 per cent of total 
variance among the selected 62 variables and their preferred ranking scores. The total 
variance explained is quite substantial and the factors identified were quite adequate. 

Table 2: Eigen values of the principal components analysis 

Initial Eigen values 
Component 

Total % of Variance Cumulative % 
1 7.346 11.848 11.848 
2 6.752 10.890 22.737 
3 4.764 7.683 30.420 
4 4.008 6.464 36.885 
5 3.537 5.704 42.589 
6 3.055 4.928 47.517 
7 3.022 4.875 52.392 
8 2.785 4.492 56.884 
9 2.594 4.183 61.067 

10 2.202 3.552 64.620 
11 2.090 3.372 67.991 
12 1.939 3.127 71.118 
13 1.758 2.836 73.955 
14 1.694 2.733 76.687 
15 1.544 2.490 79.178 
16 1.338 2.159 81.336 
17 1.240 2.000 83.336 
18 1.162 1.874 85.210 
19 1.050 1.694 86.905 

Extraction Method: Principal Component Analysis. 
Further, these unrotated factors were rotated using an option of varimax 

rotation. This analysis gave rotated factors and their factor loadings. Factor loadings 
above 0.3 can be considered as significant. But to arrive at a final list of variables 
under each factor, the highest factor loading for each variable was considered and 
these were taken as the final factor loadings for all sixty two determinants. This 
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exercise was done by comparing all the factor loadings of all 19 factors for each of 
62 determinants. All these results can be seen in table 2, where only 15 factors were 
finally selected. These factors were truncated into a single column and given in table 
3, where the factors were also given a new name appropriate to set of variables. 

Table 3: Factor loadings of the Factors identified and their names 

Factors Name assigned to 
Factor Determinants included in Factor Analysis Factor 

Loadings 
Adoption propensity 0.70268 
Communication skills 0.65079 
Institutional support 0.61324 
Planning 0.51057 
Decision making behaviour 0.44097 
Openness to feedback -0.44386 
Investment decisions -0.45515 
Readiness -0.55412 
Social disparity -0.58351 
Honesty -0.58868 

1  Planning 
Orientation 

Patience -0.80328 
Goal setting tendency 0.77541 

Project management skill 0.61986 

Need for commercial utilization of local resources 0.59441 

Modernization 0.53928 

Willingness to take challenge 0.47286 

Social support 0.46690 

Self-Actualization 0.44686 

Hard work -0.42102 

Personal effort  on outcomes -0.42778 

Work stress -0.50340 

Determination -0.54097 

Institutional linkage -0.55462 

Commitment -0.56895 

Capital -0.57268 

Responsiveness -0.61200 

2 Work Orientation 

Punctuality -0.66241 
Unemployment among educated group 0.61487 

Persuasability 0.52490 
Personal efficacy 0.52490 

Strong training support 0.51738 

Human relations 0.42987 

3 Personal Efficacy 

Self-dependence -0.47787 
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Factors Name assigned to 
Factor Determinants included in Factor Analysis Factor 

Loadings 
Tendency to take feedback 0.44573 

Change proneness 0.40182 

Availability of technical information support 0.39718 

Market Intelligence 0.30613 

Sincerity -0.52235 

4 Market 
Preparedness 

Self esteem -0.60068 

Location -0.42119 
Oral skills -0.42912 

5 Location 

Autonomy -0.57478 
Initiative 0.51307 
Dedication 0.48700 
Promptness in delivery 0.48074 
Business tactics -0.45704 
Creativity -0.57736 

6 Business Acumen 

Credibility -0.57736 
Clear and forward looking -0.46075 
Dynamism -0.49780 

7 Dynamism 

Fairness -0.54866 
Price support 0.51697 8 Service 

Orientation Service with smile -0.50549 
9 In depth 

knowledge 
In depth knowledge 0.46790 

10 Achievement 
Motivation 

Achievement Motivation -0.43613 

Self-confidence -0.37766 11 
 

Social networks 
Social networks -0.46191 
Role of values -0.41585 12 Interest 
Interest -0.43107 

13 Internal control Internal control -0.50542 

14 Marketing 
strategy 

Marketing strategy 0.44505 

15 Innovativeness  Innovativeness  0.37430 

It was clear from the above table, only 15 factors were identified to have 
cluster of variables. While ten of the variables have a cluster of more than two 
variables, five factors have a single variable in them. All these 15 variables were 
independent of each other. This indicates that these factors have been achieved to 
represent the set of variables that were clustered together. Thus 15 factors were the 
final determinants for entrepreneurial behaviour of Agri Clinic agripreneurs of this 
study. These factors were not selected by choice but by statistical procedure. 



ENTREPRENEURIAL BEHAVIOUR OF AGRICULTURAL GRADUATES 39 

DISCUSSION 
The approach of exploratory factor analysis was successfully done to yield a 

set of independent factors to represent the entrepreneurial behaviour and 
entrepreneurial success of Agri Clinic entrepreneurs. It was interesting to note that 
the planning orientation, work orientation, personal efficacy, market preparedness, 
and business acumen had the maximum number of variables clustered together. 
Location and dynamism had three variables each that were clustered together. The 
factors: in-depth knowledge, achievement motivation, innovativeness, internal locus 
of control, marketing strategy, interest, social networking, service orientation were 
found to be independently contributing to the successful entrepreneurial behaviour of 
the Agri Clinic agripreneurs. 

CONCLUSION 
The Q-sort technique and the factor analysis were found to be adequate and 

good tools for this sort of exploratory analysis of determinants of entrepreneurial 
behaviour among Agri Clinic and Agri Business agrirepreneurs. It may be concluded 
that the above 15 factors were found to be the determinants of entrepreneurial 
behaviour of Agri Clinic agrirepreneurs. These determinants of entrepreneurial 
behaviour could be useful for the entrepreneurial training centers, agencies helping to 
Agri Clinic and Agri Business entrepreneurs, planners and policy makers. The 
methodology used in deciding the determinants could be helpful for the social 
science researchers and students working in this area. 
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ABSTRACT 

A field experiment was conducted during 2007-2009 in the 
instructional farm of Uttar Banga Krishi Viswavidyalaya, West Bengal, 
India to find out the effect of integrated nutrient management on oil 
and protein yield of Rapeseed (Brassica campestris var. Yellow 
sarson). The experiment was laid out in randomized block design with 
12 treatments viz., 100% Recommended Dose Fertilizer (RDF) 
60:30:30 Kg ha-1 of N: P: K (T1), 100% RDF + Borax @ 10.0 Kg ha-1 
(T2), FYM @ 10.0 t ha-1 (T3), Vermicompost @ 5.0 t ha-1

 (T4), 
Neemcake @ 5.0 t ha-1 (T5), Poultry manure @ 5.0 t ha-1 (T6), T1+ FYM 
@ 5.0 t ha-1 (T7), T1+ Vermicompost (VC) @ 2.5 t ha-1 (T8), T1+ 
Neemcake (NC) @ 2.5 t ha-1 (T9), T1+ Poultry Manure (PM) @ 2.5 t ha-

1 (T10), 50% RDF+ FYM @ 2.5 t ha-1 + VC @1.25 t ha-1 + NC @ 1.25 t 
ha-1 + PM @ 1.25 t ha-1 (T11) and Control (T12) and replicated thrice..  
Average results of oil and protein content and their respective yields 
was maximum (44.99 & 29.84% and 606.33 & 402.11 kg ha-1 
respectively) in the crop fertilized with 50% RDF + FYM @ 2.5 t ha-1 + 
VC @1.25 t ha-1 + NC @ 1.25 t ha-1 + PM @ 1.25 t ha-1 (T11) followed 
by T9 i.e. application of T1+ Neemcake @ 2.5 t ha-1 (44.81 & 29.22% 
and 600.67 & 391.50 kg ha-1 respectively) and T8 i.e. application of T1+ 
Vermicompost @ 2.5 t ha-1

 (44.24 & 29.01 and 585.33 & 383.67 kg ha-

1 respectively). Based on pooled data T11 treatment recorded 
maximum seed  yield of 1347.68 kg ha-1 which was statistically at par 
with T9 (1340.47 kg ha-1), However, treatment T1 (100 % RDF) showed 
highest BCR (3.85)  due to low cost of cultivation.  
Keywords: Crude seed, INM, neem cake, oil yield, poultry, protein yield, 
rapeseed, vermicompost  
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INTRODUCTION 
Continuous use of chemical fertilizer in intensive cropping system is leading to 

imbalance of nutrients in soil, which has an adverse effect on soil health and 
ultimately low crop yields. Thus, imbalance use of mineral fertilizers have often led 
to fall of overall soil health of the country leading to a stagnation of food grain 
production in recent years in spite of consistent rise in fertilizer use (Abrol et al., 
2000). This stagnation in agricultural productivity is often credited to degradation of 
soil due to various biotic and abiotic stresses inflicted on soil due to high input 
agriculture (Wang et al., 2003). Rapeseed oils are of high-value agricultural 
commodity for use in refined edible oil products and as renewable industrial or fuel 
oils. After oil extraction, rapeseed extraction meals contain a high-quality protein that 
can be used as a valuable animal feed. However, in comparison to other meals, 
oilseed rape also contains relatively high amounts of anti-nutritive fibre compounds, 
phenolic acids, phytate and glucosinolates (Wittkop et al., 2009). Fertilizer 
application has been a major strategy for soil nutrient replenishment. On the other 
hand, use of organic materials not only increase the nutrient status of the agricultural 
soils but also help improve various physical, chemical and biological properties of 
soils leading to betterment of soil quality and also to increased fertilizer use 
efficiency (Dick and Gregorich 2004). Again, continuous use of organics helps to 
build up soil humus and beneficial microbes besides improving the soil properties 
(De et al., 2009). This practice is aimed at ensuring that the cost of fertilizers are 
either escaped or at least substantially reduced. Hence, it is obvious that sustainable 
crop production could only be achieved in depleted tropical soils if both organic 
(plant and animal sources combined) and inorganic nutrient sources are properly used 
in integrated form. Therefore, a substitution and/or supplementation of major 
nutrients with a considerable proportion from organic manures or in combination for 
sustaining of high level of production, is necessary to boost up rapeseed production. 
Considering the above facts present investigation was undertaken to  find out the 
effect of integrated nutrient management on oil and protein yield of Rapeseed 
(Brassica campestris var. Yellow sarson).   

MATERIALS AND METHODS 
The experiment was carried out at Instructional Farm of Uttar Banga Krishi 

Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India during the winter 
season of 2007, 2008 and 2009 respectively. The farm is situated at 26° 19' 86" N 
latitude and 89° 23' 53" E longitude and at an altitude of 43 meters above mean sea 
level. The soil of the experimental site was sandy loam (62-65% sand, 18% silt, 16-
17% clay), with 0.52% organic carbon and acidic in nature (pH of 5.42), low in 
available nitrogen (118 kg ha-1), medium in available phosphorus (24 kg ha-1), 
available potash (76 kg ha-1) and available boron (1.61 kg ha-1).  

 



OIL AND PROTEIN YIELD OF RAPESEED 43 

The experiment was laid out on 25th, 17th and 20th day of October in 2007, 2008 
and 2009 and harvested on 14th, 24th and 12th day of March in 2008, 2009 and 2010 
respectively. The experiment was done in a randomized block design with 12 
treatments  viz. 100% Recommended Dose Fertilizer (RDF) 60:30:30 Kg ha-1 of N: 
P: K (T1), 100% RDF + Borax @ 10.0 Kg ha-1 (T2), FYM @ 10.0 t ha-1 (T3), 
Vermicompost @ 5.0 t ha-1

 (T4), Neemcake @ 5.0 t ha-1 (T5), Poultry manure @ 5.0 t 
ha-1 (T6), T1+ FYM @ 5.0 t ha-1 (T7), T1+ Vermicompost (VC) @ 2.5 t ha-1 (T8), T1+ 
Neemcake (NC) @ 2.5 t ha-1 (T9), T1+ Poultry manure (PM) @ 2.5 t ha-1 (T10), 50% 
RDF+ FYM @ 2.5 t ha-1 + VC @1.25 t ha-1 + NC @ 1.25 t ha-1 + PM @ 1.25 t ha-1 
(T11) and Control (T12) and replicated thrice. Well decomposed farmyard manure, 
vermicompost, neemcake, poultry manure with nitrogen, phosphorus and potassium 
in the form of urea, SSP, MOP and borax were applied to the soil as per  treatments. 
Full dose of phosphorus, potash and half of the recommended dose of nitrogen and 
borax were applied as basal dose. Rest half of the recommended dose of nitrogen was 
applied as top dressing at 21 DAS (days after sowing) after completion of the first 
weeding. One irrigation was given to rapeseed crop 45 DAS. Rapeseed cultivar “NC-
1” was sown at a spacing of 30 cm × 10 cm.  

Nitrogen content of the plant parts were analyzed separately after harvest by 
modified Kjeldahl method (Jackson. 1967) and was multiplied by their respective dry 
weights to work out uptake of nutrients of different parts as well as the plant as a 
whole and represented by the standard units. The N, P and K content of farm yard 
manure (0.43, 0.16 and 0.44%), vermicompost (0.75, 0.26 and 0.03%), poultry 
manure (2.13, 1.11 and 1.09%) and neemcake (1.73, 0.66 and 0.94%) were analyzed 
subsequently. The percentage of oil in rapeseed grains were estimated by adopting 
Soxhlet Ether Extraction Method (1970) where 5 g grain samples for each treatment 
combinations was used. Oil yield kg ha-1 (Oy) was estimated by multiplying seed 
yield (Sy) with oil content . Whereas, crude seed-protein content (CSPC) of rapeseed 
was calculated by multiplying  nitrogen content (%) of seeds,  by a factor, 6.25.  

The data collected from the field and laboratory experiments were subjected to 
statistical analysis and the treatment variations were tested for significance (Gomez 
and Gomez, 1984) at 5% level.  

RESULTS AND DISCUSSION 
Yield components of rapeseed 

The yield components of rapeseed were influenced significantly by different 
INM treatments involving 50 and 100% of recommended dose of N, P, and K in 
combination with organics than the sole application of organics over control 
treatment. The highest numbers of siliqua plant-1 (189.47) were recorded with the 
integrated nutrient application of 50% RDF+ FYM @ 2.5 t ha-1 + VC @1.25 t ha-1 + 
NC @ 1.25 t ha-1 + PM @ 1.25 t ha-1 (T11) (Table-1). It was indicative of the fact that 
during the three years of experiment, Neemcake, Vermicompost and Poultry manure 
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in conjunction with FYM, nitrogen, phosphorus, potassium exhibited their role in 
various physiological functions, movement of growth regulators within the plant, 
germination and growth of pollen grains and pollen tubes (Sakal and Singh, 1995). 
Similarly, the number of grains siliqua-1 (7.19), length of siliqua (21.16 cm) and 
1000- seed weight (3.08 g) were also maximum with the same integrated nutrient 
management of rapeseed followed by T9 (T1+ Neemcake (nc) @ 2.5 t ha-1), T8 (T1+ 
Vermicompost (VC) @ 2.5 t ha-1) & T10 (T1+ Poultry manure (PM) @ 2.5 t ha-1), 
which were statistically at par. With the successive addition of FYM, Vermicompost, 
Neemcake and Poultry manure or their different combinations with the recommended 
dose of N, P, K, S, B (50 or 100%) and consecutively for the peceeding three years, 
the length of siliqua were increased over control as well as over recommended dose 
of N, P, K, S, B either alone or with borax and sole application of organics. 
Gangasaran and Kinra (1997),) also reported similar findings about yield 
components. It would further be seen that higher weight of 1000-seeds were obtained 
in the treatments where N, P, & K level was more or less optimum through inorganic 
or organic sources. It was not ostensible that boron, zinc as well as sulphur favored 
fruit-setting and grain filling of rapeseed by improving the source-sink relationships 
and photosynthate partitioning.  
Oil content 

Variations in oil content were not much pronounced. Pooled analysis (Table-2) 
revealed that maximum  seed oil content of rapeseed (44.99%) was recorded under 
T11 (50% RD + FYM @ 2.5 t ha-1+ VC @ 1.25 t ha-1+ NC @ 1.25 t ha-1 + PM @ 
1.25 t ha-1)  followed by T9 (44.81%), T8 (44.24%) and T10 (44.12%). The 
supplementation of FYM, Vermicompost, Neemcake and Poultry manure and their 
different combinations with 50 and 100% of recommended dose of nitrogen, 
phosphorus and potash, increased the oil content of rapeseed during the 
experimentation.  Chauhan et al., (1996) also reported increase in oil content in seed 
with the application of organics in combination or alone. The essential elements like 
sulphur, boron and zinc were present with a considerable amount in FYM, 
Vermicompost, Neemcake and Poultry manure which, probably promotes the 
synthesis of oil with the receipt of energy from ATP (adenosine tri phosphate). These 
results corroborated the findings of Tomar et al., (1996) and Singh and Singh (2006). 
Oil yield 

Maximum oil yield of 606.33 kg ha-1 was also obtained with integrated nutrient 
management of 50% RD + FYM @ 2.5 t ha-1+ VC @ 1.25 t ha-1+ NC @ 1.25 t ha-1 + 
PM @ 1.25 t ha-1 (T11).  But, it was statistically at par with T9 (100% of RD + 
Neemcake @ 2.5 t ha-1). The wider variations in oil yield were largely due to 
differences in seed yield of rapeseed because oil yield is the resultant of seed yield 
and oil content. Satyajeet et al., (2007) studied the residual effect on the Indian 
mustard (cv. RH-30) crop after pearl millet where the application of vermicompost 
and biofertilizer to the previous pearl millet crop improved the yield characteristics of 
the succeeding Indian mustard. Tomar et al., (1996) obtained same findings. 
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Crude seed-protein content (CSPC) 
Crude seed-protein content increased with the application of higher level of 

nutrients particularly nitrogen, phosphorus, potassium. Crude seed-protein content 
(CSPC) was maximum (29.84%)with T11 (50% RD + FYM @ 2.5 t ha-1+ VC @ 1.25 
t ha-1+ NC @ 1.25 t ha-1 + PM @ 1.25 t ha-1) which was statistically at par with T9 
(100% of RD + Neemcake @ 2.5 t ha-1) and T8 (100% of RD + Vermicompost @ 2.5 
t ha-1) (Table-2). Lower percent of crude proteins were recorded with 100% 
recommended dose alone and with borax and sole application of organic. Since 
nitrogen plays an important role in the synthesis of amino-acids which constitute 
building blocks of protein, it resulted in higher protein content in seeds at 50% RD + 
FYM @ 2.5 t ha-1+ VC @ 1.25 t ha-1+ NC @ 1.25 t ha-1 + PM @ 1.25 t ha-1. FYM, 
being well decomposed high quality manure contained 0.5% of N. Similar results 
were reported by Mandal and Sinha (2004). 
Crude seed-protein yield 

The highest crude seed protein yield (402.11 kg ha-1) was also recorded with 
T11 which was statistically at par with the protein yield of T9 (100% of RD + 
Neemcake @ 2.5 t ha-1) and T8 (100% of RD + Vermicompost @ 2.5 t ha-1) (Table-
2). Higher protein yields were obtained at 100 and 50% level of recommended dose 
combined with FYM, Vermicompost, Neemcake and Poultry manure  than control 
(without fertilizers). Higher protein yield was ascribed in those treatment 
combinations where seed yield was higher. Similar findings were reported by Mandal 
and Sinha (2004). 
Cost Benefit Analysis 

Maximum rapeseed yield (13.48 q ha-1) was obtained by integrated nutrient 
managent of 50% RD + FYM @ 2.5 t ha-1+ VC @ 1.25 t ha-1+ NC @ 1.25 t ha-1+ PM 
@ 1.25 t ha-1(T11)  whereas highest BCR (3.85) was achieved with the application of  
100% Recommended dose (60:30:30 Kg ha-1 of N: P: K) due to low cost of 
cultivation (T1). Higher price of neemcake (Rs 10 Kg-1) leads to increased treatment 
cost in turn elevating the investment cost as a result incurred loss of Rs 36385.35 ha-

1. The minimum net return was obtained with T9 (100% of RD + Neemcake @ 2.5 t 
ha-1). Among the treatment combinations the maximum higher net return of Rs 
24,904 ha-1 was obtained from treatment T1 (100% Recommended dose), whereas 
higher yield treatment T11 earned lower return of Rs 11113.48 ha-1. This indicated 
that the crop had received the most congenial nutrient status in soil at its vegetative 
and reproductive organs of rapeseed when these treatments were applied. These 
results are corroborative of the findings of Dubey and Khan (1993).   
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CONCLUSION 
Combination of all the organic sources with inorganic nutrients gives higher oil 

as well as seed yield of rapeseed in addition with the improvement in soil health but 
recommendations could only be made by judging from the economic point of view 
where treatment consisting of 100% recommended fertilizer along with Borax 
showed higher benefit due to lower cost. Thus, farmers who produce or recycle their 
own organic sources for their field application could only be benefited in the long 
run.  
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Table 1: Effect of integrated nutrient management on yield components of 
rapeseed (Pooled of 3 years data) 

Treatments Siliqua plant-1
 Siliqua length 

(cm) 

No. of seed 
siliqua-1 

Test weight 
(g) 

T1 120.95 5.53 17.34 2.81 
T2 121.96 5.61 18.42 2.85 
T3 95.72 4.75 15.67 2.36 
T4 118.92 5.40 17.06 2.74 
T5 112.76 5.37 16.64 2.67 
T6 103.37 5.15 16.41 2.59 
T7 130.48 5.68 18.68 2.90 
T8 137.10 6.57 19.36 2.95 
T9 153.09 6.76 20.05 3.01 
T10 134.84 5.77 19.05 2.93 
T11 189.74 7.19 21.16 3.08 
T12 80.64 3.62 14.10 2.27 

S.E  ± 1.76 0.04 0.09 0.02 
C.D (p=0.05) 3.65 0.09 0.18 0.03 

T1= 100% Recommended dose (60:30:30 Kg/ha of N: P: K) T2= 100% Recommended dose + Borax @ 
7.5 Kg ha-1; T3= FYM @ 10.0 t ha-1; T4= Vermicompost @ 5.0 t ha-1;T5= Neemcake @ 5.0 t ha-1; T6= 
Poultry manure @ 5.0 t ha-1; T7= T1+ FYM @ 5.0 t ha-1; T8= T1+ Vermicompost @ 2.5 t ha-1; T9= T1+ 
Neemcake @ 2.5 t ha-1; T10= T1+ Poultry manure @ 2.5 t ha-1; T11= 50% Recommended dose + FYM @ 
2.5 t ha-1a + VC @1.25 t ha-1+ NC @ 1.25 t ha-1+ PM @ 1.25 t ha-1; T12= Control.  
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Table 2:  Effect of integrated nutrient management on oil content (OC), oil yield 
(OY), crude seed protein content (CSPC) and crude seed protein yield 
(CSPY) of rapeseed (Pooled of 3 years) 

Treatments OC (%) OY 
(Kg ha-1) 

CSPC (%) CSPY 
(Kg ha-1) 

T1 43.28 539.33 24.47 304.96 
T2 43.55 550.67 24.84 314.07 
T3 38.70 308.67 23.61 188.26 
T4 41.72 425.33 24.32 247.91 
T5 40.62 372.00 24.24 221.99 
T6 39.59 334.00 24.18 203.83 
T7 43.79 565.67 25.46 328.81 
T8 44.24 585.33 29.01 383.67 
T9 44.81 600.67 29.22 391.50 
T10 44.12 577.67 27.94 365.52 
T11 44.99 606.33 29.84 402.11 
T12 37.02 280.67 14.99 113.37 

S.E  ± 0.19 3.14 0.25 2.21 
C.D (p=0.05) 0.41 6.51 0.53 4.59 

T1= 100% Recommended dose (60:30:30 Kg/ha of N: P: K) T2= 100% Recommended dose + Borax @ 
7.5 Kg ha-1; T3= FYM @ 10.0 t ha-1; T4= Vermicompost @ 5.0 t ha-1;T5= Neemcake @ 5.0 t ha-1; T6= 
Poultry manure @ 5.0 t ha-1; T7= T1+ FYM @ 5.0 t ha-1; T8= T1+ Vermicompost @ 2.5 t ha-1; T9= T1+ 
Neemcake @ 2.5 t ha-1; T10= T1+ Poultry manure @ 2.5 t ha-1; T11= 50% Recommended dose + FYM @ 
2.5 t ha-1 + VC @1.25 t ha-1+ NC @ 1.25 t ha-1+ PM @ 1.25 t ha-1; T12= Control.  
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Table 3: Effect of integrated nutrient management on seed yield, net return and 
BCR (Pooled of 3 years) 

Treatments Seed yield 
(q ha-1 ) 

Gross margin 
(Rs ha-1) 

Total cost 
(Rs ha-1 ) 

Net return 
(Rs ha-1) 

Benefit 
cost ratio 

T1 1246.24 37387.32 15419 21968.32 3.85 
T2 1264.54 37936.30 17819 20117.30 3.26 
T3 797.49 23924.64 17565 6359.64 1.72 
T4 1019.44 30583.35 31365 -781.65 0.95 
T5 915.99 27479.65 63865 -36385.35 -0.14 
T6 843.63 25309.00 43865 -18556.00 0.15 
T7 1291.87 38756.12 17269 21487.12 3.49 
T8 1323.09 39692.62 24169 15523.62 2.28 
T9 1340.47 40214.20 40419 -204.80 0.99 
T10 1309.21 39276.15 30419 8857.15 1.58 
T11 1347.68 40430.48 29317 11113.48 1.76 
T12 758.16 22744.78 13865 8879.78 2.28 

T1= 100% Recommended dose (60:30:30 Kg/ha of N: P: K); T2= 100% Recommended dose + Borax @ 
7.5 Kg ha-1; T3= FYM @ 10.0 t ha-1; T4= Vermicompost @ 5.0 t ha-1;T5= Neemcake @ 5.0 t ha-1; T6= 
Poultry manure @ 5.0 t ha-1; T7= T1+ FYM @ 5.0 t ha-1; T8= T1+ Vermicompost @ 2.5 t ha-1; T9= T1+ 
Neemcake @ 2.5 t ha-1; T10= T1+ Poultry manure @ 2.5 t ha-1; T11= 50% Recommended dose + FYM @ 
2.5 t ha-1a + VC @1.25 t ha-1+ NC @ 1.25 t ha-1+ PM @ 1.25 t ha-1; T12= Control.  
Cost of FYM (4 tonnes) = Rs. 1850, Urea= Rs. 5.02, Borax (powdered) = Rs. 300 
SSP= Rs. 3.52 kg-1      Vermicompost= Rs. 3.5 kg-1 MOP=Rs. 4.62 kg-1     
Neemcake= Rs. 10 kg-1  Poultry manure= Rs. 6 kg-1 
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AGRO-ECONOMIC POTENTIAL OF CAPSICUM WITH 
DRIP IRRIGATION AND MULCHING 

V. K. Choudhary1 and M. C. Bhambri 
Department of Agronomy, Indira Gandhi Krishi Vishwavidyalaya, Chhattisgarh, India 

ABSTARCT 

A field experiment was conducted during 2006-07 and 2007-08 at 
Precision Farming Development Centre, Indira Gandhi Agricultural 
University, Raipur, Chhattisgarh, India, to evaluate the production, 
potential and economics of capsicum (Capsicum annum L.) as 
influenced by drip irrigation and mulches. Experiment was laid out in 
a split-plot design replicated thrice with irrigation levels 1.0 Epan 
(Pan evaporation) through drip, 0.8 Epan through drip, 0.6 Epan 
through drip and 1.0 Epan with flood irrigation (FI) in main plot and 
mulches (i.e. no mulch (Glyphosate @ 6.0 ml l-1followed by 2 hand 
weedings), black polythene mulch (BPM: 40 µ thickness), 
transparent  polythene mulch (TPM: 40 µ thickness), paddy straw 
mulch (PSM: 5 t ha-1) in sub plots. The growth parameters like plant 
height, number of primary and secondary branches, stem girth, leaf 
area, leaf area index, dry weight of leaf, stem, fruit and total dry 
weight were maximum with drip irrigation at 1.0 Epan followed by 
drip irrigation at 0.8 Epan. Among the mulches the maximum values 
of the growth parameters were noticed with black polythene mulch 
followed by paddy straw mulch. The yield attributes like fruit length, 
fruit volume, fruit girth, per cent fruit set, fruits/plant, green capsicum 
fruit weight and yields were higher with drip irrigation at 1.0 Epan 
followed by drip at 0.8 Epan.  
Among the mulches, all the yield attributes were found higher with 
black polythene mulch followed by paddy straw mulch; whereas least 
yield attributes were measured with no mulch. Marginal cost, 
marginal return, MR: MC, cost of cultivation, net returns and B: C  
were higher with drip irrigation at 1.0 Epan followed by drip irrigation 
at 0.8 Epan. Among different mulches all the economic parameters 
were higher with black polythene mulch followed by paddy straw 
mulch except MR: MC and B: C ratio. Capsicum with paddy straw 
mulch produced higher values of MR: MC and B: C ratios.  
Key words: Capsicum, drip irrigation, economics, growth, mulches, 
yield 
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INTRODUCTION 
Capsicum is one of the important vegetable crops in India. It is not only used as 

vegetable but also it occupies a maximum place in kitchen. Its importance is 
increasing gradually in industries. Due to high content of capsaicin, this ingredient is 
extracted from capsicum for flavour purpose. Growing capsicum in field condition is 
very difficult because it is much sensitive to both insufficient and excess supply of 
water; which is not suitable for capsicum cultivation. The crop is generally grown 
during post rainy season so that management of water becomes convenient. Green 
capsicum plants are more susceptible to water logging, flood water should be drained 
out from the field as early as possible; otherwise plants might die. In these condition 
furrow and drip irrigation are recommended whereas, sprinkler irrigation causes 
disease development and spread (Berke et al., 1999). Therefore, scheduling of 
irrigation and application of water as per the requirement is very much important 
(Campbell and Turner, 1990). Optimum quantity of water must be applied during the 
different crop growth periods to get higher capsicum yield. It is very much required 
to determine the water consumption of plants and periods that plants are susceptible 
for water beside the irrigation intervals in order to increase the crop yield (Ertek et 
al., 2007). During post rainy season temperature comes down which affect the 
growth and development of capsicum. In this condition placement of mulch play a 
vital role in order to maintain the temperature and moisture content (Patel et al., 
2009). Keeping all this the present study was carried out to evaluate the production 
potential and economics of capsicum with drip irrigation and mulches under 
Chhattisgarh plain. 

MATERIALS AND METHODS   
A field study was conducted at Precision Farming Development Centre, Indira 

Gandhi Agricultural University, Raipur (India) during 2006-07 and 2007-08.  The 
place receives an average annual rainfall of 1200-1400 mm most of which (about 85 
per cent) is received from third week of June to mid September and scanty during 
October and February. The soil samples were taken from 20 cm soil depths and a 
composite sample was drawn for analysis. The soil was silty clay loam, neutral in 
reaction (pH 7.06), medium in organic carbon (0.49 per cent), low in nitrogen (236.5 
kg ha-1), medium in phosphorus (18.8 kg ha-1), high in available potassium (310.5 kg 
h-1a) and normal in EC (0.42 dS m-1 at 25oC). Capsicum (cv. Agnirekha) was taken as 
test crop during study. The experiment was laid out in a split plot design with three 
replications, Main plots were allotted for irrigation levels [i.e. 1.0 Epan (Pan 
evaporation) through drip, 0.8 Epan through drip, 0.6 Epan through drip and 1.0 Epan 
with flood irrigation (FI)] and sub plots were treated with mulches [i.e. no mulch 
(glyphosate @ 6.0 ml l-1followed by 2 hand weeding), black polythene mulch (BPM; 
40 µ thickness), transparent polythene mulch (TPM; 40 µ thickness), paddy straw 
mulch (PSM; 5 t ha-1)]. Planting spacing was maintained as per recommended 
spacing of 60 cm x 45 cm. All other cultural practices were done as per standard 
recommendation for capsicum. 
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Seedlings were raised in a nursery and after preparing the main field, five week 
old seedlings were transplanted. Drip laterals were placed at 8th days after 
transplanting (DAT) and started imposing the allotted treatments from 10 DAT. 
Mulches were placed on bed carefully at 12 DAT. During investigation growth 
parameters, yield attributes, yields were observed and economics were calculated as 
per existing market rate. Followings are the important parameters which were 
considered for economic analysis; 
1. Yield difference (t ha-1) = Yield of treated practice- yield of conventional 

practice 
2. Marginal returns (MR) (Rs ha-1) = Additional yield over flood irrigation (t ha-1) 

x price of produce (Rs t-1) 
3. Marginal cost (MC) (Rs ha-1) = Additional yield (t ha-1) x cost to produce unit 

quantity (Rs t-1) 
Statistical analysis was done for all parameters by adopting the procedures of 

Gomez and Gomez (1984). 

RESULTS AND DISCUSSION 
Effect of drip irrigation 
Growth parameters 

Drip irrigation at 1.0 Epan produced maximum plant height (63.18 cm), 
number of primary (9.30) and secondary branches/plant (14.13), stem girth (2.13 
cm), dry matter accumulation  (g plant-1) on different plant parts (viz, leaves (7.57), 
stem (17.29), fruit (21.32) and their total weight (45.92), leaf area (81.95 dm2) and 
leaf area index (3.04) but was statistically at par with drip irrigation at 0.8 Epan 
(Table 1). Moisture content was found sufficient for these treatments throughout the 
crop growth which provided conducive environmental condition. With, drip irrigation 
levels, a small portion of soil volume were irrigated, which reduced the evaporation 
loss and eliminated runoff. The loss of water was low due to slow flow rate and better 
canopy coverage. All the growth parameters are having prime importance for better 
availability of solar radiation and responsible to produce higher photosynthates 
(Doyle et al., 1994 and Bandi, 1994). Whereas, flood irrigation at 1.0 Epan recorded 
lower growth parameters followed by drip irrigation at 0.6 Epan. 
Yield and yield attributes 

The yield attributes like fruit length (12.90 cm), fruit volume (28.44 cc), fruit 
girth (6.43, 5.70 and 3.78 cm at top middle and bottom respectively), per cent fruit 
set (66.38), fruit/plant (32.35), green fruit weight (24.54 g fruit-1) and capsicum yield 
(32.02 t ha-1) were higher with drip irrigation at 1.0 Epan followed by drip at 0.8 
Epan (Table 2). This was due to availability of soil moisture in sufficient range which 
possibly led to positive effect on growth parameters, enhanced the photosynthetic 
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area and better partitioning of dry matter produced and finally, resulted in more 
number of flowers and less flower dropping. Therefore, fruit setting was more and 
the yield was maximum. However, with flood irrigation at 1.0 Epan, the crop plants 
suffered from adverse conditions like excess and limited moisture supply respectively 
at the beginning and end of the irrigation cycles respectively which enhanced the 
possibility of flower dropping and finally reduced capsicum yield. Similar findings 
were also reported by Hegde and Srinivas, 1989 in tomato and Bandi, 1994 in green 
chilli. 
Economics 

Drip irrigation at 1.0 Epan had the highest cost of cultivation (Rs 67,302 ha-1), 
net return (Rs 2,52,898 ha-1) and B: C (3.76) followed by drip irrigation at 0.8 Epan 
(Table 3). However, flood irrigation at 1.0 Epan gave the lowest values of economic 
parameters. This is due to higher yield recorded on drip irrigation at 1.0 Epan. Higher 
levels of drip helped the plants for better production of dry matter due to availability 
of moisture in root vicinity, which helped the plant to induce the floral buds and 
finally contributed to higher per cent of fruit set and yield (Palada et al., 2001). Yield 
difference (11.50 t ha-1), MC (Rs 11,500 ha-1) and MR (Rs 24,172 ha-1) and MR: MC 
ratio (4.76) measured higher with drip irrigation at 1.0 Epan followed by drip 
irrigation at 0.8 Epan (Table 4). However, with drip irrigation at 0.6 Epan registered 
lower values of above mentioned parameters over flood irrigation at 1.0 Epan.  These 
are due to higher yield of capsicum and comparatively lower investment per unit of 
production on drip irrigated plots.  
Effect of mulching 
Growth parameters 

All the growth parameters were maximum with black polythene mulch 
followed by paddy straw mulch. However, lower values of all the growth parameters 
were obtained with no mulch followed by transparent polythene mulch (Table 1). The 
increase in dry matter production/plant (45.45 g plant-1) and its accumulation in leaf 
(7.43 g/plant) stem (16.94 g plant-1) and fruits (21.19 g plant-1) were influenced by 
favourable growth in terms of maximum plant height (63.11 cm) and number of 
primary (9.41) and secondary branches/plant (13.95). The higher dry matter 
production might be due to higher leaf area (82.52 dm2) and leaf area index (3.06). 
The prerequisite for high yield is the maximum dry matter production/plant coupled 
with higher photosynthetic rate for building of organic substances in the plant 
(Choudhary et al., 2006). Sudha (1999) reported that highest dry matter 
accumulation, leaf area and leaf area index in tomato plant were found by black 
plastic mulching compared to the other mulch. 
Yield and yield attributes 

Placement of black polythene mulch produced highest fruit yield of capsicum 
(31.24 t ha-1), which was 6.25, 26.12 and 28.48 per cent higher than paddy straw, 
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transparent polythene mulch and no mulch respectively. The higher capsicum fruit 
yield obtained from both black polythene and paddy straw mulches may be attributed 
to the increased values in yield components viz. fruit length (12.71 and 12.34 cm 
respectively), fruit volume (27.37 and 26.80 cc respectively), average fruit girth (5.34 
and 5.01 cm respectively), per cent fruit set (67.16 and 64.24 respectively), number 
of fruits/plant (31.56 and 28.70 respectively), fruit weight (25.88 and 24.25 g fruit-1 
respectively). Vos and Sumarni (1997) also reported increased number of fruits, fruit 
weight/plant and fruit size by polythene and organic mulch. Maximum number of 
fruits/plant (31.56) was found in the present investigation with black polythene 
mulch, which was 9.96, 37.22 and 51.15 per cent higher than paddy straw, 
transparent polythene and no mulch, respectively. It might be due to higher total dry 
matter accumulation and proper translocation of food materials to the fruits, these 
helped to the formation of more flowers, less flower and fruit dropping as well as 
better uptake of nutrient and moisture due to favourable conditions created by 
mulching (Hegde and Srinivas, 1989). 
Economics 

The total cost of cultivation was high with black polythene mulch (Rs 73,796 
ha-1) and this was comparable to transparent polythene mulch (Rs 73,361 ha-1). No 
mulch treatment had lowest cost of cultivation (Rs 56,153 ha-1) followed by paddy 
straw mulching (Rs 58,252 ha-1). Gross (Rs 3,12,400 ha-1) and net income (Rs 
2,38,604 ha-1) were maximum with black polythene mulch but at par with paddy 
straw mulch (Rs 2,94,000 and 2,35,748 ha-1 respectively). This might be due to high 
yield obtained under black polythene mulch. No mulch gave minimum gross (Rs 
2,25,700 ha-1) and net income (1,69,547 ha-1) followed by transparent polythene 
mulch (Rs 2,47,700 and 1,74,339 ha-1 respectively), due to lower yield of capsicum 
under these treatments. Lower returns were mainly due to the lowest yield harvested 
and these findings were in agreement with earlier finding of Patel et al., (2009). 
Benefit cost ratio did not follow the above mentioned trend and the highest B: C was 
recorded with paddy straw mulch (4.05). This was due to the high capsicum yield 
accompanied with low cost of cultivation. There was no significant difference 
between black polythene mulch and no mulch. However, lowest B: C ratio (2.38) was 
obtained with transparent polythene mulch as compared to other mulches. It was due 
to lowest capsicum yield and high cost of cultivation involved per unit of production 
with this treatment.  

Fruit yield difference, MC and MR were higher with black polythene mulch 
(8.67 t ha-1, 86,700 and 20,481 Rs ha-1, respectively) followed by paddy straw mulch 
(Table 4), whereas, MR: MC ratio was higher with paddy straw mulch (5.05) 
followed by black polythene mulch (4.23). However, transparent polythene mulch 
recorded the lower values of above mentioned parameters over no mulch. These are 
due to higher yield of capsicum and relatively lower investment per unit of 
production on black polythene and paddy straw mulch. 
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However, the interaction between drip irrigation levels and mulches were not 
statistically significant. The finding of the experiment showed that drip irrigation and 
mulching play a crucial role in the growth, development and finally yield of 
capsicum. Drip irrigation at 1.0 Epan harvested with higher fruit yield and economic 
return followed by drip irrigation at 0.8 Epan. Among the mulch materials black 
polythene mulch harvested with higher yield followed by paddy straw mulch. 
However, economic returns were registered higher with paddy straw mulch. 
Therefore, it could be recommended that growers may adopt for drip irrigation at 1.0 
Epan with paddy straw mulch in Chhattisgarh plain to obtain higher yield of 
capsicum with better economic returns.  
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Table 1: Growth parameters as influenced by drip irrigation and mulching in capsicum (pooled data of 2 years) 
Branches/plant Dry weight (g/plant) 

Treatment 
Plant 
height 
(cm) Primary Secondary 

Stem girth 
(cm) 

Leaf 
area 
(dm2) 

Leaf area 
index Leaf Stem Fruit 

Total dry 
weight (g 
plant-1) 

Drip irrigation level 
1.0 Epan 63.18 9.30 14.13 2.31 81.95 3.04 7.57 17.29 21.32 45.92 
0.8 Epan 61.91 8.42 13.07 2.26 80.39 2.98 6.97 16.74 20.11 43.72 
0.6 Epan 59.22 7.74 11.34 2.05 77.93 2.89 6.33 15.07 17.23 38.54 
FI (1.0 Epan) 55.96 7.10 9.35 1.88 73.67 2.73 5.55 13.57 15.67 34.74 
CD (P=0.05) 2.29 1.14 1.11 0.15 4.22 0.16 0.60 1.07 2.86 3.19 
Mulching 
No Mulch 56.54 6.80 10.01 1.96 74.82 2.77 5.86 14.48 16.07 36.27 
BPM 63.11 9.41 13.95 2.32 82.52 3.06 7.43 16.94 21.19 45.45 
TPM 58.53 7.25 10.57 1.98 75.86 2.81 6.03 15.00 16.90 37.78 
PSM 62.09 9.09 13.34 2.24 80.74 3.00 7.09 16.25 20.15 43.40 
CD (P=0.05) 4.67 0.66 1.04 0.21 4.47 0.17 0.82 1.25 2.57 3.16 

FI, Flood irrigation; BPM, Black polythene mulch; TPM, Transparent polythene mulch; PSM, Paddy straw mulch 

 
 
 
 



Table 2: Yield attributes and yields as influenced by drip irrigation and mulching in capsicum (pooled data of 2 
years) 

Fruit girth (cm) 
Treatment Fruit length 

(cm) 

Fruit 
volume 

(cc) Top Middle Bottom 
Fruit set 

(%) 
Fruits/ 
plant 

Fruit weight of green 
capsicum (g fruit-1) 

Fruit 
yield

(t ha-1)
Drip irrigation level 
1.0 Epan 12.90 28.44 6.43 5.70 3.78 66.38 32.35 24.54 32.02 
0.8 Epan 12.43 27.29 6.15 5.45 3.75 65.54 30.00 22.92 29.89 
0.6 Epan 11.35 23.26 5.57 5.08 3.62 58.50 23.40 22.04 25.54 
FI (1.0 Epan) 10.06 20.12 5.13 4.60 3.20 55.60 18.38 20.29 20.51 
CD (P=0.05) 1.05 1.09 0.55 0.36 0.25 5.31 2.92 1.84 2.66 
Mulching 
No Mulch 10.56 22.27 5.28 4.88 3.28 56.29 20.88 19.25 22.56 
BPM 12.71 27.37 6.48 5.67 3.88 67.16 31.56 25.88 31.24 
TPM 11.11 22.66 5.52 4.91 3.49 58.32 23.00 20.42 24.77 
PSM 12.34 26.80 5.99 5.36 3.70 64.24 28.70 24.25 29.40 
CD (P=0.05) 0.66 1.55 0.34 0.32 0.29 6.19 2.79 2.07 2.03 

FI, Flood irrigation; BPM, Black polythene mulch; TPM, Transparent polythene mulch; PSM, Paddy straw mulch 

 
 



Table 3: Cost of cultivation, net returns and B: C ratio as influenced by drip irrigation and mulching 
in capsicum (pooled data of 2 years) 

Cost of (Rs ha-1)    Treatment 

Cultivation Mulches Drip  Water  

Total cost of 
cultivation (Rs 

ha-1) 

Total returns 
(Rs ha-1) 

Net returns 
(Rs ha-1) B : C 

Drip irrigation level 
1.0 Epan 38502 13530 8400 6870 67302 320200 252898 3.76 
0.8 Epan 38502 13530 8400 5670 66102 299000 232898 3.52 
0.6 Epan 38502 13530 8400 4470 64902 255400 190498 2.94 
FI (1.0 Epan) 38502 13530 - 11220 63252 205200 141948 2.24 
CD (P=0.05)        0.22 
Mulching 
No Mulch 38502 4293 6300 7058 56153 225700 169547 3.02 
BPM 38502 21936 6300 7058 73796 312400 238604 3.23 
TPM  38502 21501 6300 7058 73361 247700 174339 2.38 
PSM  38502 6392 6300 7058 58252 294000 235748 4.05 
CD (P=0.05)        0.19 

FI, Flood irrigation; BPM, Black polythene mulch; TPM, Transparent polythene mulch; PSM, Paddy straw mulch 

 
 



Table 4: Yield difference, marginal return and marginal cost as influenced by drip irrigation and 
mulching in capsicum (pooled data of 2 years) 

Treatment Fruit yield 
(t ha-1) 

Yield difference over 
flood irrigation (t ha-1) 

Marginal returns 
(MR) (Rs ha-1) 

Marginal cost (MC) 
(Rs ha-1) 

MR/MC 

Drip irrigation level 
1.0 Epan 32.02 11.50 115000 24172 4.76 
0.8 Epan 29.90 9.38 93800 20737 4.52 
0.6 Epan 25.54 5.02 50200 12757 3.94 
FI (1.0 Epan) 20.52     
CD (P=0.05) 2.66     
Mulching 
No Mulch 22.57     
BPM 31.24 8.67 86700 20481 4.23 
TPM  24.77 2.20 22000 6516 3.38 
PSM  29.40 6.83 68300 13533 5.05 
CD (P=0.05) 2.03     

Price of green capsicum, 10/kg, FI, Flood irrigation; BPM, Black polythene mulch; TPM, Transparent polythene mulch; PSM, 
Paddy straw mulch 
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ABSTRACT 

Combining ability study was carried out in a 10 x 10 diallel set of dry 
beans (Phaseolus vulgaris L.) for seed yield and its component 
characters. The 45 F1s generated by crossing ten diverse lines and 
their parents were evaluated in Randomized Block Design (RBD) in 
two replications at three locations during Kharif, 2008. Analysis of 
variance revealed that both gca and sca were influenced by 
environments, which suggested that studies be conducted over 
environments to get unbiased estimates. The sca x environment 
interaction was greater than gca x environment interaction for most 
of the traits. The relative magnitude of gca and sca variation 
indicated that greater magnitude of sca variances for all the traits, 
indicating greater importance of non additive gene action for the 
inheritance of these traits. SKUA-R-607 and SKUA-R-608 showed 
high combining ability for seed yield and yield attributing traits. The 
most promising crosses in order of merit for seed yield were 
Shalimar Rajmash 1 x SKUA-R-607, SKUA-R-608 x SKUA-R-106 
and Shalimar Rajmash -1 x SKUA- R-612. These promising crosses 
may be improved through conventional breeding methods such as 
biparental mating and diallel selective meeting, thereafter followed by 
pedigree method of selection, so as the tight linkage, if any, may be 
broken and transgressive segregants may be isolated. 
Key Words: Dry beans, combining ability, gene action 

INTRODUCTION 
Grain legumes or pulses occupy an important place in human food and 

nutrition. They are important constituents in the diets of a very large number of 
people, particularly in the developing countries and are rich sources of protein, which 
help supplementation of  cereal diets, improving their nutritive values. Among pulses 
dry beans contributed about 32% to global pulses production followed by dry peas 
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(17%), (Faostat, 2010). Like other legumes, dry beans supply proteins, 
carbohydrates, vitamins and minerals and complement cereals, roots and tubers that 
compose of the bulk of diets in most developing countries. Genetic information on 
major yield attributing traits is a prerequisite of crop improvement. However, the 
choice of parents in a breeding programme for hybridization is one of the most 
critical consideration, as the selection on the basis of per se performance does not 
provide clear information. The genetic parameters such as combining ability plays a 
significant role in crop improvement, as it helps characterizing the nature and 
magnitude of genetic effects governing yield and component traits, besides 
pinpointing the promising parents to be used in the creation of genetic variability for 
eventual use in development of suitable varieties. Diallel analysis developed by 
Griffing (1956) offers an excellent means of obtaining information on differential 
parental combinations in terms of general combining ability (gca) and specific 
combining ability (sca) and nature and extent of gene action. The use of diallel 
analysis procedures for choosing parents in Phaseolus vulgaris breeding programme 
has recently received higher emphasis from bean breeders (Goncalves et al., 2008). 
Therefore, the present investigation was carried out to understand the type of gene 
action governing yield and yield contributing traits and to identify the parents and 
crosses, which could be exploited for future breeding programme. 

MATERIALS AND METHODS 
The ten diverse lines of  dry beans (Phaseouas Vulgaris L.) namely SKUA-R-

602, Shalimar Rajmash-1, SKUA-R-607, SKUA-R-608, SKUA-R-609, SKUA-R-
612, SKUA-R-91, SKUA-R-106, SKUA-R-23 and SKUA-R-153 were crossed in a 
half diallel fashion during kharif,  2007. The parents and hybrids in a total of 55 
treatments, were evaluated in RBD with two replications at each location viz; Pulse 
Research Sub Station SKUAST-K Habak, Krishi Vigan Kendra farm SKUAST-K 
Pumbai, Anantnag and Faculty of Agriculture SKUAST-K Wadoora, India, during 
kharif, 2008. Each cross/parent was represented by 1m double row with inter and 
intra spacing of 30 and 10 cm, respectively. The observations were recorded on five 
competent plants for different traits viz., primary branches plant-1, secondary 
branches plant-1, number of pods plant-1, pod length (c.m), number of seeds pod-1, 100 
seed weight (g), seed yield plant -1 (g) and protein content (%). The protein (%) was 
also estimated by modified Kjeldhal’s method of Piper (1966). 

RESULTS AND DISCUSSION 
Analysis of variance pooled over environments (Table-1) revealed significant 

differences between the genotypes, parents and crosses interacted differentially for 
the traits under changed environments. Increasing the number of environments 
reduces the contribution of pooled error and additive x environment variances 
(Eberhart et al., 1995).  The crosses interacted more markedly with environments, 
suggesting the  hybrids did not have the same relative performance across locations. 
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Similar results among parents and crosses for numbers of pods plant-1, 100 seed 
weight, primary branches plant-1 and seed  yield plant-1  were  revealed by  Dethe et 
al., (2008) in mungbean. The analysis of variance for combining ability (Table 2) 
revealed significant mean squares for gca and sca for all the traits pooled over 
environments .The significance of interaction arising from gca and sca with 
environments revealed that the alleles controlling the gca and sca behaved differently 
in the  environments tested. The presence of significant gca or sca x environment 
interaction have been reported by Matzinger et al., (1959) and Kunkaew et al., (2006) 
for seed yield plant-1, with contradictory reports revealing non significant interaction 
of gca and sca x environment for number of pods plant-1 and 100 seed weight.  

Comparison of relative magnitude of gca and sca variances indicated greater 
magnitude of sca variance for all the traits studied in data pooled over environments, 
thereby, indicating greater importance of non-additive gene action for the inheritance 
of these traits. Importance of non-additive gene action for number of seeds pod-1, 
seed yield plant-1, primary branches plant-1, secondary branches plant-1 and seed 
weight have been reported by Barelli et al., (2000) and Sofi et al., (2006) and Saleem 
(2009). The average degree of dominance was in the range of over dominance for all 
the traits. The gca effects of parents are presented in table-3. None of the parents was 
a good general combiner for the gca effects for all the traits studied. For bold seeds, 
high combining ability as indicated by SKUA-R-612 and SKUA-R-90 was associated 
with average or high combining ability for seed yield plant-1 and protein content 
(excepting SKUA-R-91). The high combining ability for seed yield plant-1 as 
indicated by SKUA-R-607 and SKUA-R-608 was accompanied with high combining 
ability for primary branches plants-1, pod length and number of seeds pod-1 (SKUA-
R-607); secondary branches plant-1, number of pods plant-1, 100 seed weight and 
protein content (SKUA-R-608) in pooled analysis. Further study revealed that there 
has been no correlation between seed yield and desirable sca effect for protein 
content (quality), as most of the cross combinations exhibiting desirable sca effect for 
protein content (quality) revealed non significant sca effect for seed yield plant-1. 

Good combining ability for yield as indicated by SKUA-R-607 and SKUA-R-
608 were also associated with good combining ability for primary branches plant-1, 
secondary branches plant-1, number of pods plant-1, pod length, 100-seed weight 
(except for SKUA-R-607) and protein  content,  while,  SKUA-R-153 was a poor 
combiner for yield and yield attributing traits (Table -4). 

The best five cross combinations for yield and quality traits on the basis of sca 
and per se performance revealed that SKUA-R-608 was involved in the maximum 
number of cross combination (16) followed by Shalimar Rajmash-1 (14) for yield 
and yield attributing traits across the environments (Table 5). While assessing the 
performance of parents on the basis of general combining ability, it was observed that 
most of the desirable cross combinations involved high x low, average x low, high x 
average and average x average general combiners, which was also reported by 
several workers in most of the crop species (Ram and Rajput, 1999 and 
Ganesamurthy and Seshadri, 2002). 
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Table-1: Analysis of variance for yield and yield attributing traits in dry beans (Phaseolus vulgaris L.) )pooled 
over environments) 

Source of variation d.f 
Primary 
branches 

plant-1 

Secondary 
branches 

plant-1 

No. of pods 
plant-1 

Pod length 
(cm) 

No. of seeds 
pod-1 

100-seed 
weight (g) 

Seed yield 
plant-1 

Protein 
content (%)

Environments 2 0.14* 6.44** 10.49** 6.62** 0.39** 74.61 4.68 59.07 

Replications 1 - - - - - - - - 

Replications within 
Environments ( Error a) 

3 0.20** 0.48 0.31 8.12** 0.27** 16.33 1.45** 4.75** 

Genotypes 54 0.55** 5.14** 5.25** 4.02** 0.73** 88.6** 9.36** 23.41** 

Parents 9 1.49** 2.00** 3.09** 2.70** 0.68** 42.92** 2.50** 13.64** 

Crosses 44 0.31** 3.39** 4.09** 2.72** 0.61** 79.30** 7.19** 23.28** 

Parents vs Crosses 1 2.82** 110.34** 75.84** 72.88** 6.31** 885.26** 166.43** 117.34** 

Genotypes x 
Environments 

108 0.16* 2.05** 2.11** 2.31** 0.55** 30.99** 2.14** 5.36** 

Parents x Environments 18 0.02 1.66** 0.39* 0.59 0.41** 11.16** 0.53 4.43** 

Crosses x Environments 88 0.19** 2.14** 2.47** 2.55** 0.58** 35.59** 2.50** 5.65** 

Parents x Crosses x 
Environments 

2 0.04 1.85** 1.44** 6.79** 0.64** 7.22 0.82 0.88 

 Pooled error 165 0.21 0.22 0.38 0.06 2.38 0.33 1.18 0.34 

*, ** Significant at 5 and 1 per cent levels, respectively 
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Table-2 : Analysis of variance for combining ability and estimates of components of variance for yield and yield 
attributing traits in dry beans (Phaseolus vulgaris L.) 

Source of variation d.f. 
Primary 
branches 

plant-1 

Secondary 
branches 

plant-1 

No. of pods 
plant-1 

Pod length 
(cm) 

No. of 
seeds pod-1

100-seed 
weight      

(g) 

Seed yield 
plant-1      

(g) 

Protein 
content  

(%) 

Gca 9 0.72** 1.81** 1.42** 2.90** 0.31** 96.45** 4.13** 9.65** 
Sca 45 0.19** 2.72** 2.86** 1.83** 0.37** 33.60** 4.78** 12.12** 
gca x environments 18 0.04** 1.60** 0.65** 22.48** 0.32** 16.87** 0.77** 1.76** 
sca x environments 90 0.09** 0.91** 1.13** 102.28** 0.26** 15.22** 1.13** 2.86** 

g2σ̂  - 0.02** 0.05 0.03 0.07 0.01 2.64 0.11 0.25 

s2σ̂  - 0.05** 0.87** 0.91** 0.54** 0.11** 10.80** 1.54** 3.84* 

g2σ̂ x environment - 0.001 0.12 0.04 0.08 0.02 1.30 0.05 0.09 

s2σ̂ x environment  - 0.07 0.80 1.02 0.94 0.23 14.03 0.96 2.27 

[ D2σ̂ / A2σ̂ ]½ - 1.22 2.94 3.60 1.44 3.31 1.42 2.64 2.77 

*, ** Significant at 5 and 1 per cent levels, respectively. 
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Table-3: General combining ability effects for for yield and yield attributing traits in dry beans (Phaseolus 
vulgaris L.)  

Parents 
Primary 
branches 

plant-1 

Secondary 
branches 

plant-1 

No. of pods 
plant-1 

Pod length 
(cm) 

No. of seeds 
pod-1 

100-seed 
weight         

(g) 

Seed yield 
plant-1         

(g) 

Protein 
content  (%) 

SKUA-R-602 -0.09** 
 (2.86) 

0.01 
 (6.53) 

-0.20** 
 (5.50) 

-0.07 
 (7.76) 

0.04* 
 (4.31) 

1.44** 
(34.15) 

0.07           
(7.06) 

0.09  
 (19.89) 

Shalimar Rajmash 1 -0.02 
 (2.80) 

0.07 
 (5.96) 

-0.26**  
(5.26) 

0.33** 
 (8.66) 

-0.03 
 (3.60) 

1.16** 
(33.74) 

-0.01  
 (5.03) 

0.10 
  (20.45) 

SKUA-R-607 0.24**  
(3.96) 

-0.18**  
(4.96) 

0.04  
(5.10) 

0.47**  
(9.60) 

0.20**  
(4.00) 

-3.47** 
(29.64) 

0.61**  
(5.19) 

-1.01** 
(17.99) 

SKUA-R-608 0.27** 
 (4.06) 

0.45** 
 (6.56) 

0.13* 
 (5.66) 

0.25**  
(8.20) 

0.03  
(3.40) 

2.08** 
(38.01) 

0.43** 
 (6.11) 

0.34** 
(21.08) 

SKUA-R-609 -0.06** 
 (2.83) 

-0.05 
 (5.76) 

-0.01 
 (5.46) 

0.06 
 (7.63) 

-0.05**  
(3.36) 

0.31  
(37.77) 

0.03          
(6.26) 

-0.21 
 (16.67) 

SKUA-R-612 -0.05* 
 (2.96) 

-0.01 
 (5.63) 

0.22**  
(6.00) 

-0.24** 
 (7.83) 

-0.12** 
 (3.56) 

0.60*  
(36.36) 

-0.10  
 (6.45) 

0.45** 
(18.59) 

SKUA-R-91 0.02 
 (2.80) 

-0.04 
 (6.16) 

-0.01 
 (6.16) 

0.06 
 (8.26) 

0.04** 
 (3.70) 

0.40  
(36.53) 

0.01           
(6.62) 

-0.70** 
(17.74) 

SKUA-R-106 -0.14** 
 (2.66) 

-0.31**  
(5.63) 

-0.07 
 (5.90) 

-0.28** 
 (7.26) 

-0.07**  
(3.30) 

-1.83** 
(31.93) 

-0.57**  
(5.97) 

0.34** 
(20.94) 

SKUA-R-23 -0.04* 
 (3.06) 

0.26** 
 (6.76) 

0.36**  
(7.66) 

-0.27**  
(7.56) 

0.02 
 (3.66) 

-0.39  
(36.58) 

-0.27** 
 (5.63) 

0.61** 
(20.97) 

SKUA-R-153 -0.05* 
 (2.90) 

-0.18** 
 (6.66) 

-0.19* 
 (5.73) 

-0.31** 
 (7.80) 

-0.06**  
(3.20) 

-0.301  
(34.22) 

-0.21* 
 (5.53) 

-0.02 
 (18.38) 

SE(g)± 0.02 0.05 0.05 0.06 0.02 0.17 0.06 0.12 

SE(gi-gj)± 0.03 0.07 0.07 0.10 0.04 0.25 0.09 0.18 

*, ** Significant at 5 and 1 per cent levels, respectively;   Values in parentheses denote mean 
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Table : 4 Performance of parents on the basis of general combining ability over environments 

Parents 
Primary 
branches 

plant-1 

Secondary 
branches 

plant-1 

No. of 
pods 

plant-1 

Pod 
length 
(cm) 

No. of 
seeds 
pod-1 

100-seed 
weight 

(g) 

Seed yield 
plant-1 (g) 

Protein 
content 

(%) 
SKUA-R-602 L A L A H H A A 
Shalimar Rajmash-1 A A L H A H A A 
SKUA-R-607 H L A H H L H L 
SKUA-R-608 H H H H A H H H 
SKUA-R-609 L A A A L H A A 
SKUA-R-612 L A H L L H A H 
SKUA-R-91 A A A A H H A L 
SKUA-R-106 L L A L L L L H 
SKUA-R-23 L H H L A A L H 
SKUA-R-153 L L L L L A L A 

H : High;   L : Low;  A : Average 
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Table-5: Top ranking specific cross combinations on the basis of sca and per se 
performance over environments 

Parameters Per se performance Sca  

Primary 
branches 
plant-1 

SKUA-R-607 x SKUA-R-609             
SKUA-R-607 x SKUA-R-91         SKUA-
R-608 x SKUA-R-153         Shalimar-
Rajmash-1 x SKUA-R-608        SKUA-R-
607 x SKUA-R-23 

SKUA-R-602 x SKUA-R-106  
Shalimar-Rajmash-1 x SKUA-R-91 
SKUA-R-608 x SKUA-R-23 
SKUA-R-612 x SKUA-R-106       
SKUA-R-607 x SKUA-R-609  

L x L 
A x A 
H x L 
L x L 
H x L 

Secondary 
branches 
plant-1 

Shalimar-Rajmash-1 x SKUA-R-608           
SKUA-R-608 x SKUA-R-106        SKUA-
R-607 x SKUA-R-23         SKUA-R-608 x 
SKUA-R-609        Shalimar-Rajmash-1 x 
SKUA-R-23 

Shalimar-Rajmash-1 x SKUA-R-608     
SKUA-R-607 x SKUA-R-23          
 SKUA-R-608 x SKUA-R-106         
SKUA-R-607 x SKUA-R-609        
Shalimar-Rajmash-1 x SKUA-R-612 

A x H 
L x H 
H x L 
L x A 
A x A 

Number of 
pods plant-1 

Shalimar-Rajmash-1x SKUA-R-23          
SKUA-R-612 x SKUA-R-106           
SKUA-R-607 x SKUA-R-91          SKUA-
R-602 x SKUA-R-106         SKUA-R-607 x 
SKUA-R-609 

SKUA-R-602 x SKUA-R-106         
Shalimar-Rajmash-1 x SKUA-R-23       
Shalimar-Rajmash-1 x SKUA-R-608     
SKUA-R-607 x SKUA-R-91        
SKUA-R-608 x SKUA-R-153 

L x A 
L x H 
L x H 
A x A 
H x L 

Pod length 
(cm) 

SKUA-R-608 x SKUA-R-609         SKUA-
R-607 x SKUA-R-91          SKUA-R-602 x 
SKUA-R-607         Shalimar-Rajmash-1 x 
SKUA-R-608         SKUA-R-91 x SKUA-
R-23 

SKUA-R-608 x SKUA-R-609         
 SKUA-R-602 x SKUA-R-106         
SKUA-R-91 x SKUA-R-23         
SKUA-R-612 x SKUA-R-106        
 SKUA-R-608 x SKUA-R-153 

H x A 
A x L 
A x L 
L x L 
H x L 

Number of 
seeds pod-1 

SKUA-R-607 x SKUA-R-23          SKUA-
R-608 x SKUA-R-609       SKUA-R-608 x 
SKUA-R-106       Shalimar-Rajmash-1 x 
SKUA-R-23         SKUA-R-607 x SKUA-
R-153 

SKUA-R-608 x SKUA-R-609          
SKUA-R-608 x SKUA-R-106         
SKUA-R-607 x SKUA-R-23        
Shalimar-Rajmash-1 x SKUA-R-23       
SKUA-R-607 x SKUA-R-153 

A x L 
A x L 
H x A 
A x A 
H x L 

100 seed 
weight (g) 

Shalimar-Rajmash-1 x SKUA-R-612         
SKUA-R-602 x SKUA-R-608        SKUA-
R-608 x SKUA-R-106        SKUA-R-602 x 
SKUA-R-612        Shalimar-Rajmash-1 x 
SKUA-R-607 

Shalimar-Rajmash-1 x SKUA-R-607     
SKUA-R-608 x SKUA-R-106          
Shalimar-Rajmash-1 x SKUA-R-612     
SKUA-R-23 x SKUA-R-153        
Shalimar-Rajmash-1 x SKUA-R-153 

H x L 
H x L 
H x H 
A x A 
H x A 

Seed yield 
plant-1 (g) 

SKUA-R-607 x SKUA-R-609        SKUA-
R-608 x SKUA-R-91      SKUA-R-607 x 
SKUA-R-612         SKUA-R-607 x SKUA-
R-91       SKUA-R-609 x SKUA-R-612 

SKUA-R-607 x SKUA-R-609         
 SKUA-R-608 x SKUA-R-91           
SKUA-R-609 x SKUA-R-612        
Shalimar-Rajmash-1 x SKUA-R-153     
Shalimar-Rajmash-1 x SKUA-R-23 

H x A 
H x A 
A x A 
A x L 
A x L 

Protein 
content (%) 

SKUA-R-612 x SKUA-R-23         SKUA-
R-602 x SKUA-R-23          SKUA-R-608 x 
SKUA-R-612        SKUA-R-608 x SKUA-
R-153        SKUA-R-612 x SKUA-R-153 

Shalimar-Rajmash-1 x SKUA-R-91       
SKUA-R-608 x SKUA-R-153          
 SKUA-R-602 x SKUA-R-23        
SKUA-R-609 x SKUA-R-153         
SKUA-R-612 x SKUA-R-153 

A x L 
H x A 
A x H 
A x A 
H x A 
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CONCLUSION 
Overall ranking of genotypes studied revealed that genotypes like SKUA-R-602, 
Shalimar Rajmash-1, SKUA-R-607, SKUA-R-608, SKUA-R-23 and SKUA-R-153 
could be useful source of elite allelic resources based on their general combining 
ability effects, specific combining ability effects and per se performance of both the 
parents and the crosses. Promising crosses for seed yield plant -1 (g)  viz.,  SKUA-R-
607 x SKUA-R-609,  SKUA-R-608 x SKUA-R-91, SKUA-R-607 x SKUA-R-612,  
SKUA-R-607 x SKUA-R-91 and SKUA-R-609 x SKUA-R-612  could be improved 
through conventional breeding methods such as biparental mating and diallel 
selective mating thereafter followed by pedigree method selection, so as the tight 
linkage if any may be broken and transgressive segregants may be isolated. 
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AND MULCHING  
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ABSTRACT 

A field experiment was conducted during 2006-07 and 2007-08 at 
Precision Farming Development Centre, Horticulture Farm, Indira 
Gandhi Agricultural University, Raipur, Chhattisgarh, India to 
evaluate the weed dynamics, yield, quality, organoleptic parameters 
and root growth of Capsicum as influenced by drip irrigation and 
mulches. The black polythene mulch being at par with paddy straw 
mulch gave the least weed population, dry weight and highest weed 
control efficiency over other mulches. Drip irrigation at 0.6 Epan 
obtained the least value of weed growth and highest weed control 
efficiency. Drip irrigation at 1.0 Epan showed highest fruit yield 
(32.02 t ha-1), total soluble solid (5.72), ascorbic acid (120.25 mg 
100g-1) and organoleptic parameters but root growth registered 
maximum in flood irrigation at 1.0 IW/CPE. Black polythene followed 
by paddy straw mulch showed maximum fruit yield and other 
parameters. Pungent test scored maximum with flood irrigation at 1.0 
IW/CPE and no mulch. Drip irrigation at 1.0 Epan along with black 
polythene as well as paddy straw mulch restrict weed growth, 
harvested quality fruit with higher fruit yield of capsicum.  
Key words: Capsicum, drip irrigation, mulch, quality, root growth, 
weed dynamics 

INTRODUCTION 
Capsicum (Capsicum annum L.) is one of the important commercial crops of 

India. It is a crop of tropical and sub-tropical regions and requires a warm humid 
climate. It is rich source of vitamin A and C with good medicinal properties. Among 
the spices consumed per head, dry capsicum fruits constitute a major share. Recently, 
formulated flavour extracts called ‘Capsicum oleoresin’ has varied uses in processed 
food and beverage industries (Dhar and Majumdar, 2006). Capsicum being a long 
duration crop, maintaining soil moisture and weed free status throughout its growth 
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period is crucial for getting higher yield. Under these circumstances, drip irrigation 
along with mulching are good approaches for efficient means of applying water and 
maintaining weed free condition. In drip irrigation, water is applied directly to root 
zone around the plants through a pipe network with the help of emitters near the 
plants. Thereby conveyance and distribution losses of water could be minimized 
substantially. Although drip irrigation requires higher initial installation cost, but due 
to its major advantages such as high benefit cost ratio, minimum disease and pest 
incidence and saving energy and labour, compensate its higher initial cost 
(Choudhary et al., 2006 and Ertek et al., 2007). Mulching conserve soil moisture 
through less evaporation losses and also improve the soil properties, thereby produce 
better fruit quality with less weeds, disease and pest etc. (Samedani and Rahimian, 
2006). The present study was carried out to study the weed dynamics, root growth 
and quality, organoleptic parameters and yield of capsicum under drip irrigation and 
mulches. 

MATERIALS AND METHODS 
A field study was conducted at Precision Farming Development Centre, 

Horticulture Farm, Indira Gandhi Agricultural University, Raipur (India) during 
2006-07 and 2007-08.  The experimental site receives an average annual rainfall of 
1200-1400 mm and most of which (about 85%) is concentrated from third week of 
June to mid September and little during October and February. The soil of the 
experimental site was silty clay loam, neutral in reaction (pH 7.06), medium in 
organic carbon (0.49%), low in available nitrogen (236.5 kg ha-1), medium in 
available P (18.8 kg ha-1), high in available K (310.5 kg ha-1) and normal in EC (0.42 
dS m-1 at 25 °C). Capsicum (var. Agnirekha) was taken as test crop during study. The 
experiment was laid out in split plot design with three replications. Four irrigation 
levels [i.e. L1: 1.0 Epan (pan evaporation) through drip, L2: 0.8 Epan through drip, L-
3: 0.6 Epan through drip and L4: 1.0 IW/CPE through flood irrigation (FI)] were 
allotted to main plots and four mulching treatments i.e. M1: No mulch along with 
glyphosate @ 6.0 ml l-1 with 600 l ha-1 of water followed by 2 hand weeding at 26 
and 51 DAP, M2: Black polythene mulch (BPM; 40 µ thickness), M3: Transparent 
polythene mulch (TPM; 40 µ thickness), M4: Paddy straw mulch (PSM; 5 t ha-1) were 
allotted to sub-plots. Seedlings were raised in a nursery and after preparing the main 
field, 35 days old seedlings were transplanted on 1st October, 2006 and 3rd October, 
2007, respectively with the gross plot area of 4.80 m x 5.40 m (25.9 m2) and net area 
of 2.40 m x 4.50 m (10.8 m2). The capsicum crop was nourished with fertilizer 
dressing @ 180 kg N, 120 kg P and 120 kg K ha-1. Nitrogen was applied in three split 
doses i.e. 50% at basal, 25% at 30 DAT and rest 25% at 50 DAT and entire quantity 
of phosphorus along with potash was applied as basal dose and thoroughly mixed in 
soil. Spacing (60 cm x 45 cm) was maintained as per recommendation. All other 
cultural practices were done as per standard recommendation for capsicum. Drip 
laterals were placed on 8th DAP (days after planting) and started imposing the allotted 
treatments from 10 DAP. Mulches were placed on the planted bed carefully 12 DAP 
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as per the quantity given in treatments. Glyphosate @ 6.0 ml l-1 was sprayed 26 DAP 
for both the years by using flat nozzle with the help of using card board above nozzle 
to protect the drift hazards. The total water used ranges from 334.6 to 531.8 mm 
during 2006-07 and 311.1 to 510.2 mm during 2007-08. Cost of mulch was Rs 65 
kg-1 (1USD equivalent to 45 Rs) and Rs 400/ha/irrigation charge for water. Flood 
irrigation required 15 irrigations throughout the crop period. There were six picking 
of capsicum fruits which started from 20th and 22nd January during 2007 and 2008 
respectively and final harvests were done on 11th and 12th March during 2007 and 
2008 respectively. 

Weed parameters (weed density, weed dry weight, weed control efficiency and 
weed index) were recorded during critical competition period (25, 50 and 75 DAP), 
fruit yield was recorded as per picking and cumulative has been used for drawing 
final yield. Quality parameters like total soluble solids (TSS), ascorbic acid and 
capsicin were measured. Besides, root growth parameters (i.e. maximum root length, 
root numbers, root volume, root dry weight, root density and root fractions) and 
organoleptic parameters (i.e. appearance, colour, shining, juiciness and pungency) 
were measured. Statistical analysis was carried out using standard agricultural 
statistical package (AGRES).  

RESULTS AND DISCUSSION 
Weed dynamics 

Among the dominant weed species observed in experimental field, Cyperus 
rotundus was the only sedge, Echinochloa colona, Cynodon dactylon and Brachiaria 
ramose were major grasses and Parthenium hysterophorus, Physalis minima, 
Melilotus alba, Chenopodium album, Convolvulus arvensis were the major broad 
leaves weeds. 
Weed density and weed dry weight 

Weed density and weed dry weight were minimum with drip irrigation at 0.6 
Epan followed by drip irrigation at 0.8 Epan at different days after planting. 
However, flood irrigation at 1.0 IW/CPE registered maximum value of weed density 
and weed dry weight (Table 1). These might be due to the restricted wetting area near 
the plant parts in drip irrigated plants. The density and dry weights were more 
because flood irrigation induces the weed seeds to germinate and emerge quickly. 
Among the mulches, black polythene mulch recorded the minimum weed density and 
weed dry weight throughout the crop growth period. However, the maximum weed 
density and weed dry biomass throughout the crop growth period were observed with 
no mulch. It was also noticed that transparent polythene mulch induces Echinochloa 
colona and Cynodon dactylon grasses to emerge quickly over others. It might be due 
to the fact that the grasses are having the higher photosynthetic efficiency and can 
absorb even long wave radiation which was emitted from the soil. Most of the 
inferior quality of radiations was filtered by transparent polythene and only good 
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quality radiation was transmitted through the polythene (Orzolek, 1995). But sedges 
and broadleaves were more with no mulch having profuse canopy coverage and high 
competing ability. The growth of weeds was less in paddy straw mulch followed by 
black polythene mulch. Weeds emerged only near the plants where holes were made 
on black polythene mulch, whereas in paddy straw mulch weeds emerged in the area 
where solar radiation was penetrated. It might be due to the unavailability of solar 
radiation which restricts the weed seeds to germinate and emerge as black polythene 
mulch completely restricts the penetration of light to soil, whereas paddy straw mulch 
allows restricted penetration of solar radiation by zigzag motion.  
Weed control efficiency 

Drip irrigation at 0.6 Epan obtained 51.2% weed control efficiency (WCE) 
followed by 0.8 and 1.0 Epan (45.3 and 38.1% respectively); whereas, the lowest 
WCE was recorded with flood irrigation at 1.0 IW/CPE (Table 1). Flood irrigation 
induces the weed seeds of seed bank to germinate and provide congenial condition 
for further growth from entire area. Drip irrigation generally suppress the weed seeds 
to germinate; whereas, wet region favours the weeds growth. Among the different 
mulches, black polythene mulch had maximum WCE (72.9%) followed by paddy 
straw mulch (32.9%). Maximum weeds were found in no mulch followed by 
transparent polythene mulch. Lesser weed germination and infestation by restricting 
the penetration of solar radiation under black polythene mulch resulted in higher 
weed control efficiency. Transparent polythene mulch induced the germination of 
grasses therefore WCE was comparatively lower (Patel et al., 2009).  
Weed Index 

The weed index was maximum in flood irrigation at 1.0 IW/CPE (36.0) 
followed by drip irrigation at 0.6 Epan (20.2). The maximum weed index (27.8) was 
recorded from no mulch followed by transparent polythene mulch and paddy straw 
mulch (20.7 and 5.9 respectively).  
Fruit yields 

Drip irrigation at 1.0 Epan recorded the highest capsicum yield (32.02 t ha-1) 
which was statistically at par with drip irrigation at 0.8 Epan (29.90 t ha-1). However, 
flood irrigation at 1.0 IW/CPE had the lowest yield (20.52 t ha-1). Black polythene 
mulch recorded maximum yield (31.24 t ha-1) followed by paddy straw mulch (29.40 
t ha-1). Lowest yield was obtained from no mulch followed by transparent polythene 
mulch (22.56 and 24.77 t ha-1 respectively). 

Drip irrigation at 1.0 and 0.8 Epan supplied water drop by drop with slow flow 
rate which restricted the water losses and allowed the plants to absorb available soil 
moisture from the root zone and thereby increased the productivity of capsicum. 
Flood irrigation at 1.0 IW/CPE had reduced the capsicum yield by 56.12, 45.73 and 
24.52% compared to drip irrigation at 1.0, 0.8 and 0.6 Epan respectively (Table 2). 
Under flood irrigation at 1.0 IW/CPE most of the applied water was lost through 
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evaporation and leaching due to fast rate of application. This also favoured to grow 
more weeds and competed with the capsicum crop for nutrient and moisture, which 
directly reduced the capsicum yield. Capsicum yield showed inverse linear 
relationship with weed dry weight (R2=0.60). Similarly, Choudhary et al., (2006) also 
reported that under flood irrigation, the crop experienced excess moisture (water 
stagnation) conditions in the beginning, which enhanced the leaching of available 
nutrients. The crop was under favourable condition only for a short span of time and 
due to high evaporation rate from soil surface most of the water was lost and at the 
end of the irrigation cycle, availability of moisture became insufficient, which created 
water stress.  

Placement of black polythene mulch registered 6.25, 26.12 and 28.48% higher 
yield of capsicum, than paddy straw mulch, transparent polythene mulch and no 
mulch, respectively. Vos and Sumarni (1997) also reported that crop under black 
polythene mulch and paddy straw mulch had higher chlorophyll content which 
enhances the carbon dioxide and other gasses exchange and ultimately leads to higher 
photosynthesis and transpiration. Therefore, dry matter accumulation and partitioning 
was better at different plant parts and enhanced crop growth parameters and 
capsicum yield than other mulches.  
Quality parameters 

Flood irrigation of capsicum at 1.0 IW/CPE recorded maximum total soluble 
solids (5.72%) followed by drip irrigation at 0.6 Epan (5.39%). Capsicin showed 
highest values in drip irrigation at 1.0 Epan (0.40%). However, TSS and capsicin 
values were lower with drip irrigation at 1.0 Epan (4.16 and 0.26% respectively) 
followed by drip at 0.8 Epan (Table 2). In contrary, ascorbic acid content was higher 
with drip irrigation at 1.0 Epan (121.27 mg 100g-1) followed by drip irrigation at 0.8 
Epan (118.63 mg 100g-1) and least values under flood irrigation at 1.0 IW/CPE 
followed by drip at 0.6 Epan. Black polythene mulch (4.50 and 0.29% respectively) 
and paddy straw mulch (4.60 and 0.30% respectively) had lower TSS and capsicin. 
Maximum TSS and capsicin were measured with no mulch followed by transparent 
polythene mulch. In contrary ascorbic acid was maximum with black polythene 
mulch (119.92 mg 100g-1) followed by paddy straw mulch and least with no mulch 
(108.99 mg 100g-1) followed by transparent polythene mulch (Table 2). Yield was 
inversely linearly related with TSS and capsicin (R2= 0.93), whereas, positive linear 
relationship (R2 =0.98) was observed with ascorbic acid content (Figure. 2 a, b, c). 

Higher TSS and capsicin with flood irrigation at 1.0 IW/CPE and no mulch is 
due to high accumulation of soluble solids which helps plant not to loose water from 
their fruits to sustain against stresses. The increased amount of capsicin content of 
fruit could be attributed to the increased cell metabolism, enzymatic activity and 
mineral composition (Dhar and Majumdar, 2006). In black polythene mulch and drip 
irrigation at higher levels, the availability of water and nutrients were better. 
Similarly, with paddy straw mulch the activity of microbes might have increased with 
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decomposition of it, which in turn increases inavailability of nutrients. Higher 
microbial activity leads to secretion and formation of organic acid which was directly 
up taken by plants and this leads to higher ascorbic acid (Mahendaren and Bandara, 
2000). 
Root growth 

Flood irrigation at 1.0 IW/CPE showed maximum root length, root number, 
root volume and root dry weight at 120 DAP (30.89 cm, 29.41, 26.69 cm3 and 11.62 
g respectively) followed by drip irrigation at 0.6 Epan (29.25 cm, 26.16, 24.28 cm3 
and 10.26 g respectively). Whereas, low value of all root growth parameters were 
recorded in drip irrigation at 1.0 Epan followed by 0.8 Epan (Table 3) which might 
be due to low availability of water with flood irrigation at 1.0 IW/CPE. Crop plants 
suffered from adverse condition during first 1-3 days of irrigation cycle due to 
suffocation and stress at the end of irrigation cycle. The unavailability of water helps 
the plant roots to grow still deeper thereby most of the photosynthates were 
translocated towards the roots and these were further utilized for growth and 
development. It was also noticed that with flood irrigation at 1.0 IW/CPE, roots were 
more fibrous and branched. When photosynthates were translocated towards roots 
and again partitioned according to need of the plants. Most of the photosynthates 
were translocated and burned to produce fibrous roots and rest was used for normal 
growth and development (Sahu, 2003 and Choudhary, 2005-06). No mulch recorded 
maximum root length, root number, root volume and root dry weight (30.74 cm, 
28.01, 25.99 cm3 and 11.06 g respectively) followed by transparent polythene mulch. 
Poor root growth parameters were observed with black polythene mulch followed by 
paddy straw mulch (Table 3). This was mainly due to low availability of water for 
crop plants in above cited two treatments. There was more competition for water 
among crop plants and weeds and rate of evaporation was also higher in no mulch 
because of completely exposed area. However, with black polythene mulch and 
paddy straw mulch the loss of water was very meager due to less exposed area and 
low weed density. These led to uptake water by plant for longer time with sufficient 
quantity therefore the development of root was near the surface of ground. Yield was 
inversely linearly related with root dry weight (R2= 0.98) (Figure. 2d). 

Root density was not consistent with irrigation levels and mulches. Maximum 
root fraction was observed on top soil with drip irrigation at 1.0 Epan (47.0%) 
followed by drip irrigation at 0.8 and 0.6 Epan (Figure. 3). But comparatively higher 
root fraction was recorded with drip irrigation at 0.6 Epan on deeper soil over upper 
soil (11.8%) and vice versa on higher level of drip irrigation (2.0%). However, flood 
irrigation at 1.0 IW/CPE had more root fraction at lower layer than upper layer which 
was contrary to drip irrigation levels. Comparatively higher root fraction was also 
noticed at more distances from plant, than near the plant with flood irrigation at 1.0 
IW/CPE. Maximum root canopy was noticed with flood irrigation at 1.0 IW/CPE 
over other drip irrigation levels. Black polythene mulch and paddy straw mulch had 
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shallow root depth near the plant (Figure 1). This was mainly due to availability of 
enough moisture on surface soil which restricts the excessive growth of roots. 
However, no mulch and transparent polythene mulch showed different root behavior.    
Organoleptic parameters 

Drip irrigation at 1.0 Epan secured maximum score with respect to appearance, 
colour, shining and juiciness of green capsicum over other drip irrigation levels at 0.8 
and 0.6 Epan. However, the least score was recorded with flood irrigation at 1.0 
IW/CPE. But, shining score was least with drip irrigation at 0.6 Epan. On the other 
hand, flood irrigation at 1.0 IW/CPE secured the higher score for pungency over 
others. Similar finding was also reported by Choudhary et al., (2006). Black 
polythene mulch secured the highest score of appearance, colour and juiciness over 
others. However, the least score was secured by crop with no mulch. Whereas, 
shining score was high with transparent polythene mulch and least with paddy straw 
mulch. On contrary, juiciness was least scored with transparent polythene mulch. 
Pungency scored high with no mulch and least with black polythene mulch (Table 4).   

However, the interaction between drip irrigation levels and mulches were not 
statistically significant.  

CONCLUSION 
Use of drip irrigation at 1.0 Epan registered the higher fruit yield of capsicum 

along with better quality. But drip irrigation at 0.8 Epan had equally good to drip 
irrigation at 1.0 Epan. During the study capsicum used the total water from 311.1 to 
531.8 mm. However, among the mulches black polythene as well as paddy straw 
mulch restricts the weed growth and harvested quality capsicum with higher fruit 
yield. Therefore, as per availability of irrigation water and mulches could be used to 
harvest better quality capsicum with higher fruit yield.  
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Table 1. Weed density, weed dry weight, weed control efficiency and weed index as influenced by drip irrigation 
and mulches in capsicum (pooled data of 2 years) 

Weed density (no. m-2) Weed dry weight (g m-2) 
Treatment 

25 DAP 50 DAP 75 DAP 25 DAP 50 DAP 75 DAP 
Weed control 
efficiency (%) 

Weed 
index 

Drip irrigation level 
1.0 Epan 34.8(5.94) 26.4(5.19) 43.6(6.64) 11.82(3.51) 8.51(3.00) 15.91(4.05) 38.1 - 
0.8 Epan 31.6(5.66) 22.7(4.81) 41.1(6.45) 10.42(3.30) 7.74(2.87) 13.90(3.79) 45.3 6.7 
0.6 Epan 28.3(5.37) 19.6(4.48) 37.9(6.19) 9.31(3.13) 6.79(2.70) 12.41(3.59) 51.2 20.2 
FI (1.0 
IW/CPE) 38.2(6.22) 30.6(5.58) 46.7(6.87) 18.16(4.32) 16.27(4.09) 23.53(4.90) - 36.0 

CD P=0.05) 3.0 2.1 2.9 1.36 1.33 2.66   
Mulching 
NM 44.8(6.73) 34.6(5.93) 54.8(7.44) 19.12(4.43) 13.85(3.79) 23.83(4.93) - 27.8 
BPM 10.6(3.33) 7.7(2.87) 14.1(3.83) 5.10(2.36) 3.91(2.10) 6.16(2.58) 72.9 - 
TPM 41.8(6.50) 31.9(5.70) 52.9(7.31) 13.72(3.77) 11.61(3.48) 19.36(4.46) 21.5 20.7 
PSM 35.7(6.01) 25.0(5.05) 47.4(6.92) 11.78(3.50) 9.92(3.23) 16.38(4.11) 32.9 5.9 
CD (P=0.05) 3.1 2.8 3.60 1.54 1.78 2.87   

FI: Flood irrigation; BPM: Black polythene mulch; TPM: Transparent polythene mulch; PSM: Paddy straw mulch; DAP: days after planting; Figures 
in parenthesis are square root transformed values √x + 0.5 
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Table 2. Fruit yield, total soluble solid, ascorbic acid and capsicin as influenced 
by drip irrigation and mulches in capsicum (pooled data of 2 years) 

Treatment Fruit yield 
(t ha-1) TSS (%) Ascorbic acid 

(mg 100g-1) 
Capsicin 

(%) 
Drip irrigation level 
1.0 Epan 32.02 4.16 121.27 0.26 
0.8 Epan 29.90 4.61 118.63 0.30 
0.6 Epan 25.54 5.39 113.00 0.33 

FI (1.0 IW/CPE) 20.52 5.72 104.62 0.40 

CD (P=0.05) 2.66 0.38 9.79 0.05 

Mulching 
No Mulch 22.56 5.45 108.99 0.36 
BPM 31.24 4.50 119.92 0.29 
TPM 24.77 5.33 111.52 0.34 
PSM 29.40 4.60 117.09 0.30 

CD (P=0.05) 2.03 0.56 7.90 0.04 

FI: Flood irrigation; BPM: Black polythene mulch; TPM: Transparent polythene 
mulch; PSM: Paddy straw mulch 

Table 3.  Root growth parameters at 120 DAP as influenced by drip irrigation 
and mulches in capsicum (pooled data of 2 years) 

Treatment Root number 
plant-1 

Root length 
(cm) 

Root dry weight 
(g plant-1) 

Root volume 
(cm3) 

Root density 
(g cm-3) 

Drip irrigation level 

1.0 Epan 23.01 27.46 8.80 22.07 0.41 

0.8 Epan 23.71 27.94 9.54 23.38 0.42 

0.6 Epan 26.16 29.25 10.26 24.28 0.43 
FI (1.0 IW/CPE) 29.41 30.89 11.62 26.69 0.44 
CD (P=0.05) 1.65 2.12 0.74 2.05 NS 
Mulching 
NM 28.01 30.74 11.06 0.51 0.43 
BPM 23.18 27.17 9.06 0.49 0.41 

TPM 26.98 29.71 10.50 0.53 0.43 

PSM 24.11 27.93 9.60 0.50 0.42 
CD (P=0.05) 2.82 2.61 1.08 NS NS 

FI: Flood irrigation; BPM: Black polythene mulch; TPM: Transparent polythene 
mulch; PSM: Paddy straw mulch; DAP: days after planting 
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Table 4. Scores of organoleptic parameters as influenced by drip irrigation and 
mulches in capsicum (pooled data of 2 years) 

Treatment Appearance Colour Shining Juiciness Pungency 
Drip irrigation level 
1.0 Epan 3.92 4.36 3.49 4.36 2.04 
0.8 Epan 3.67 4.04 3.15 4.03 2.26 
0.6 Epan 3.3 3.31 2.64 3.28 2.87 
FI (1.0 
IW/CPE) 2.83 2.98 2.68 2.95 3.28 

CD (P=0.05) 0.32 0.2 0.38 0.18 0.48 

Mulching 
NM 2.96 3.39 3.2 3.37 3.04 
BPM 3.91 4.04 2.66 4.02 2.19 
TPM 3.04 3.31 3.54 3.29 2.95 
PSM 3.8 3.95 2.56 3.94 2.29 

CD (P=0.05) 0.38 0.4 0.37 0.41 0.53 

FI: Flood irrigation; BPM: Black polythene mulch; TPM: Transparent polythene mulch; PSM: Paddy 
straw mulch; Score: 1: poor; 2: fair; 3: good; 4: very good; 5: excellent 
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Figure 1. Relationship between yield and weed dry weight as influenced by drip irrigation 

and mulches in capsicum 
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Figure 2. Relationship of yield with a) TSS, b) capsicin, c) ascorbic acid and d) root dry weight as 
influenced by drip irrigation and mulches in capsicum 
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FI: Flood irrigation at 1.0 IW/CPE; BPM: Black polythene mulch; TPM: Transparent polythene mulch; 
PSM: Paddy straw mulch 
Figure 3. Root fractions as influenced by drip irrigation and mulches in capsicum  (error bars shows the 
mean ± standard deviation) 
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ABSTRACT 

One hundred high yielding rice genotypes were evaluated to 
determine character association, variability and diversity for grain 
yield, yield components and quality characters. High estimates of 
heritability, genetic advance, genotypic and phenotypic coefficients 
of variation were recorded for panicle hill-1, flag leaf area and grain 
yield hill-1. Majority of the traits showed significant and positive 
associations between yield and yield components like biological yield 
hill-1 followed by harvest-index as most important traits which need 
due consideration at the time of devising selection strategy. Thus, 
presence of several contrasting types of inter-relationships 
simultaneously would bring improvement in others due to correlated 
responses. Path analysis might have resulted into cancellation of 
contrasting associations by each other which ultimately lead to 
lowering of the net impact. This suggested that selection would be 
quite efficient in improving yield and yield components in context of 
germplasm evaluated. The crossing between superior genotypes of 
above diverse cluster pairs may provide desirable transgressive 
segregants for developing high yielding varieties of aromatic and 
non-aromatic rice. Thus, hybridization of Swarna of cluster XI with 
promising genotypes of cluster VI (Narendra 118, Vandana, 
Narendra 1, Akashi and Narendra 97) is recommended. 
Kew words: Correlation coefficient, diversity, genetic parameters, 
path analysis and rice 
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INTRODUCTION 
More than 90 per cent of the world’s rice is grown and consumed in Asia, 

known as rice bowl of the world, where 60 percent of the earth’s people and two 
thirds of world’s poor live (Khush and Virk 2000). The world population is expected 
to reach eight billion by 2030 and rice production must increase by 50 per cent in 
order to meet the growing demand (Khush and Brar, 2002). Rice, being one of the 
important cereal crops of India, ranking first among all the cereal crops, is cultivated 
as pure culture mainly in wet season; cultivated in large area but characterized by 
poor productivity due to lack of high yielding stable varieties adaptable for different 
seasons and agroclimatic conditions at different parts of the country. The basic 
objective of this crop improvement programs is to realize a marked improvement in 
crop yield through various breeding methods. In order to step up the production 
potential, it is necessary to launch a dynamic breeding program to develop improved 
rice varieties suitable for different agro-climatic regions. For planning and execution 
of a successful breeding program, the most essential pre-requite is the availability of 
substantial desirable genetic variability for important characters in the germplasm 
collections of the plant species. The available variability in a population can be 
partitioned into genetic parameters such as coefficients of variation, heritability and 
genetic advance to serve as basis for selection of desirable genotypes than existing 
ones. However, yield is a complex character which is controlled by association of 
number of components most of which are under polygenic control. Thus the 
identification of important components and information about their association with 
yield and other traits are very useful for developing efficient breeding strategy for 
evolving high yielding varieties. Genetic diversity is an important tool for a crop 
improvement programme, as it helps in the development of superior recombinants 
(Manonmani and Fazlullah Khan 2003). Genetic divergence among the genotypes 
play an important role in selection of parents having wider variability for different 
traits (Nayak et al., 2004). The ultimate goal of any plant breeding programme is to 
develop improved genotypes which are better than the existing ones in producing the 
economic yield. This requires genetic amelioration through maximum utilization of 
allelic resources to develop ideal genotype. 

MATERIALS AND METHODS 
The material for the present study comprised 100 rice germplasm accessions 

along with four checks (Sarjoo 52, Pusa Basmati 1, CSR 30 and Narendra 97), 
evaluated in an Augmented Design at Research Farm of Department of Genetics and 
Plant Breeding, N. D. University of Agriculture & Technology, Kumarganj, 
Faizabad, India, during wet season, 2009 and 2010. Twenty one days old seedlings 
were transplanted in 5 m2 plots with 20 cm x 15 cm spacing, using single seedling 
hill-1. All the recommended cultural practices and packages were followed to raise a 
good and healthy crop. In each entry, ten competitive plants were selected randomly, 
data recorded on eleven quantitative and three qualitative traits viz, plant height (PH), 
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flag leaf area (FLA), panicle hill-1(P/H), panicle length (PL), spikelets panicle-1 (S/P), 
spikelet fertility (SF), 1000-grain weight (TW), biological yield hill-1(BY/H), grain 
yield hill-1 (GY/H), harvest-index (HI), kernel length (KL), kernel breadth (KB) and 
L:B ratio (L/B), and days to 50% flowering (DF) was recorded on plot basis. The 
data was subjected to statistical analyses following Gomez and Gomez (1984) using 
Crop-Stat 7.2 (2009) statistical programme. The genetic parameters, correlation 
coefficients and path coefficient at genotypic and phenotypic levels were computed 
following Singh and Chaudhury (1985); Beale (1969) and Spark (1973) and to 
estimate genetic divergence and grouping of 104 genotypes into different clusters 
was done using Tocher’s method. 

RESULTS AND DISCUSSION 
Analysis of variance for augmented design revealed highly significant and 

exploitable variability among tested genotypes for all fourteen characters and non-
significant for the blocks. Greater variability in the initial breeding materials ensures 
better chances of producing desired recombinants for improvement of the crop.  
Genetic Parameters 

The high genotypic coefficient of variability (GCV) and phenotypic coefficient 
of variability (PCV) recorded for P/H followed by FLA and GY/H indicate the 
existence of wide spectrum of variability for these traits and offer greater 
opportunities for desired traits through phenotypic selection (Table 1). Moderate 
PCV and GCV values recorded for BY/H, S/P, L/B, PH, PL, HI, TW, and DF while, 
rest of the characters recorded low PCV and GCV. The estimates of PCV were higher 
than GCV for all the traits. However, Manikya and Reddy (2011) reported, small 
difference between GCV and PCV for all the characters under study, which indicated 
less influence of environment over expression of the traits. High heritability coupled 
with high genetic advance was observed for all the traits except SF, KL and KW. 
This indicates the lesser influence of environment in expression of these characters 
and prevalence of additive gene action in their inheritance hence, amenable of simple 
selection. The above mentioned  three characters had high heritability with moderate 
genetic advance, indicating that the characters were also governed by both additive 
and non-additive gene actions. These results are accordance with Jayasudha and 
Sharma (2010). 
Correlation coefficient 

Out of 29 significant estimates among the total 91 correlations obtained 
between different character pairs, 25 correlation coefficients were positive in nature 
while only 4 estimates were negative (Table 2). This represents highly favourable 
situation for obtaining high response to selection in improving yield and yield 
components in rice germplasm evaluated. The measure of degree of symmetrical 
association between two variables or characters revealed that GY/H had highly 
significant and positive correlation with BY/H, HI, TW and P/H besides having 
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significant and positive association with PL. Therefore, these characters emerged as 
most important associates of grain yield in rice. The TW exhibited strong positive 
association with HI, BY/H, P/H and FLA besides having strong positive association 
with GY/H. The above characters except FLA also had strong positive association 
with GY/H, which augurs well for providing correlated response during selection for 
improving these characters. The above observations of strong positive associations 
between yield and yield components are in agreement with the available literature in 
rice (Chaudhary and Motiramani, 2003), Zahid et al., 2006 and Yadav et al., 2011. 
Results indicated that the taller genotypes possessed greater FLA and PL besides 
having late flowering, which appears logical. Janardanam et al., (2002) have also 
reported positive associations between these characters. Among the grain 
characteristics, KL had positive association with PH while KB was positively 
associated with DF and FLA. The negative association of L/B with KB and BY/P 
indicates that the genotypes with longer grains have lesser breadth as well as biomass 
production potential.  
Path coefficient analysis 

Path analysis provides clear picture of character associations for formulating 
efficient selection strategy. The high positive direct effects on GY/H were exerted by 
BY/H and HI thus these characters emerged as most important direct yield 
components on which emphasis should be given during simultaneous selection aimed 
at improving grain yield of rice (Table 3). These characters have also been identified 
as major direct contributors towards grain yield by Mishra and Verma (2002) 
Jayasudha and Sharma (2010) and Yadav et al., (2011). 

Biological yield hill-1 exerted considerable positive indirect effects on GY/H 
via, DF, P/H, PL, S/P, SF, TW and KB while, negative indirect effect via L/B ratio. 
Harvest-index had positive indirect effect on GY/H via TW. Janardanam et al., 
(2002), Mahto et al., (2003), Patil and Sarawgi (2006) have also identified BY/H and 
HI as most important yield contributing traits which merit due consideration at the 
time of devising selection strategy aimed at developing high yielding varieties in rice.  
Genetic divergence 

The 104 genotype were grouped into eleven distinct clusters (Table 4). Among 
the eleven clusters, cluster IV was the largest with 21 genotypes, followed by cluster 
IX with 19 entries and cluster I with 15 entries. Clustering pattern of genotypes 
showed lack of any relationship between geographic origin and genetic diversity 
reported by Chandra et al., (2007) and Bhanumathi et al., (2010). Cluster XI 
exhibited very high inter cluster distances from cluster VI, II, III and I, while VI 
showed very high inter-cluster distance from cluster X (Table 5). The crossing 
between superior genotypes of above diverse cluster pairs may provide desirable 
transgressive segregants for developing high yielding varieties of aromatic and non-
aromatic rice. Considering the mean performance of genotypes, diversity of clusters 
they belonged and cluster means for different characters, hybridization of Swarna of 
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cluster XI with promising genotypes of cluster VI (Narendra 118, Vandana, Narendra 
1, Akashi and Narendra 97), cluster II (CSR-RIL-06-165), cluster III (NDRK 50006, 
IR 68051-23-NDR-1-2-1-1, CSR-2K-255, Susk Samrat, Saket 4 and IR 77674-3B-8-
2-2-14-2-AJY-3) and cluster I (Jal Priya, Taraori Basmati, Basmati 370, Kasturi and 
Pusa Sugandha 3 ) may be recommended for isolating transgressive segregants. 
Similarly, crossing of promising genotypes of cluster VI (Narendra 118, Vandana, 
Narendra 1, Akashi and Narendra 97) and cluster X (T 3, Kalmuhi, Kalanamak, T 
100, Hazardana, Chakia 59 and Madhukar) is likely to be fruitful for obtaining 
desirable recombinants for developing high yielding rice varieties. 

The characters identified as important direct and indirect yield contributing 
traits, should be given due consideration while devising selection strategy for 
developing high yield ideotypes. In the light of above findings it is apprehended that 
the improvements in characters like biological yield and harvest index will help  
improving the grain yield in this population. These characters also showed high 
heritability and genetic advance. Intercrossing of divergent genotypes with desirable 
traits would lead to greater opportunity for maximum amount of heterosis and utilize 
them for multiple crossing programmes to accumulate favorable genes in single 
genotypes. 
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Table 1: Grand mean, estimates of phenotypic (PCV) and genotypic (GCV) 
coefficient of variation, heritability (h2b) and genetic advance in per 
cent of mean for 14 characters in rice 

Coefficient of variationCharacters Grand Mean 

PCV GCV 

Heritability 
in broad 
sense (%) 

Genetic advance 
in per cent of 

mean 
DF 95.94 ± 2.79 10.72 10.68 99.30 21.93 
PH 108.68 ± 2.98 12.22 12.19 99.50 25.05 

FLA 27.27 ± 2.29 27.93 27.81 99.10 57.04 
P/H 10.49 ± 2.29 30.89 30.62 98.20 62.50 
PL 26.96 ± 1.97 11.99 11.78 96.50 23.83 
S/P 136.56 ± 17.38 15.63 15.13 93.70 30.17 
SF 84.94 ± 5.24 5.89 5.58 89.60 10.88 
TW 23.43 ± 2.05 10.80 10.46 93.70 20.86 

BY/H 46.37 ± 2.97 16.56 16.44 98.60 33.62 
GY/H 19.04 ± 1.99 20.38 20.13 97.50 40.94 

HI 41.18 ± 5.33 11.21 10.48 87.30 20.18 
KL 6.11 ± 0.43 9.17 8.92 94.40 17.86 
KB 2.30 ± 0.10 8.96 8.85 97.60 18.01 
L/B 2.69 ± 0.26 13.04 12.68 94.60 25.41 

 



Table 2: Estimates of simple correlation coefficients between 14 characters in rice 

Characters PH FLA P/H PL S/P SF TW BY/H HI KL KB L/B GY/H 

DF 0.352** 0.280** 0.110 0.259** 0.152 -0.029 0.079 0.152 -0.065 0.002 0.189* -0.109 0.107 

PH  0.200* -0.304** 0.449** 0.247** -0.041 -0.049 -0.055 -0.075 0.238** 0.034 0.157 -0.078 

FLA   -0.050 0.342** 0.268** 0.028 0.282** 0.047 0.015 -0.077 0.250** -0.223** 0.079 

P/H    -0.042 -0.112 -0.046 0.212* 0.228** 0.162 -0.090 -0.049 -0.048 0.290** 

PL     0.355** 0.002 0.013 0.171* 0.041 0.184* 0.133 0.053 0.177* 

S/P      -0.003 0.022 0.124 0.043 0.065 0.041 0.021 0.143 

SF       -0.018 0.145 0.055 0.101 0.102 -0.011 0.141 

TW        0.239** 0.283** -0.110 0.014 -0.099 0.368** 

BY/H         -0.026 -0.110 0.194* -0.217** 0.802** 

HI          0.153 -0.004 0.089 0.564** 

KL           -0.064 0.728** 0.018 

KB            -0.723** 0.152 

L/B             -0.110 

**, * Significant at 1and 5 per cent probability levels, respectively. 



Table 3: Direct and indirect effects of 13 characters on grain yields per hill in rice 

Character DF PH FLA P/H PL S/P SF TW BY/H HI KL KB L/B 

DF 0.013 0.005 0.004 0.001 0.003 0.002 0.000 0.001 0.002 -0.001 0.000 0.002 -0.001 

PH -0.001 -0.004 -0.001 0.001 -0.002 -0.001 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 

FLA 0.010 0.007 0.035 -0.002 0.012 0.009 0.001 0.010 0.002 0.001 -0.003 0.009 -0.008 

P/H 0.001 -0.004 -0.001 0.012 -0.001 -0.001 -0.001 0.003 0.003 0.002 -0.001 -0.001 -0.001 

PL -0.001 -0.002 -0.002 0.000 -0.006 -0.002 0.000 0.000 -0.001 0.000 -0.001 -0.001 0.000 

S/P 0.001 0.002 0.002 -0.001 0.003 0.008 0.000 0.000 0.001 0.000 0.001 0.000 0.000 

SF 0.000 0.000 0.000 0.001 0.000 0.000 -0.011 0.000 -0.002 -0.001 -0.001 -0.001 0.000 

TW 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.002 0.000 -0.001 0.000 0.000 0.000 

BY/H 0.124 -0.045 0.038 0.186 0.140 0.101 0.118 0.195 0.817 -0.021 -0.090 0.158 -0.177 

HI -0.038 -0.044 0.009 0.094 0.024 0.025 0.032 0.164 -0.015 0.581 0.089 -0.003 0.052 

KL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.001 

KB 0.002 0.000 0.003 -0.001 0.002 0.000 0.001 0.000 0.002 0.000 -0.001 0.011 -0.008 

L/B -0.004 0.005 -0.007 -0.002 0.002 0.001 0.000 -0.003 -0.007 0.003 0.024 -0.024 0.033 

GY/H 0.107 -0.080 0.080 0.289** 0.177* 0.142 0.140 0.368** 0.802** 0.563** 0.018 0.150 -0.110 

RESIDUAL EFFECT = 0.1151, Bold Figure represent Direct effect 
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Table 4: Clustering pattern of 104 rice genotypes based on Non-hierarchical 
Euclidean cluster analysis for 14 characters. 

Cluster 
number 

No. of 
genotypes Name of genotypes 

I 15 
NDRK 50018, Jal Priya, NDRK 5014, Sonalika, Basmati 370, Pusa Basmati 
1, Kasturi, Pakistani Basmati, Pusa Sugandha 4, JKRH 2000(Hybrid), CSR 
27, Indrasan, Pusa Sugandha 3, NDRK 50019 and Taraori Basmati. 

II 2 CSR-RIL-06 -165 and Chaini. 

III 10 
NDRK 50006, NDCP 608, IR 68051-23-NDR-1-2-1-1, CSR-2K-255, NDRK 
50011, CSR 36, Susk Samrat, Narendra 80, Saket 4 and IR 77674-3B-8-2-2-
14-2-AJY-3. 

IV 21 

Panvel 1, Pant Dhan 12, NDRK 5097, CSR 11, NDRK 50008, NDR 2026 
(Richa), AURC 02-05-1, NDR 2022, NDR 2064, CR 2472-4-28-2, Y 
134,Annada, TKM 9, IR 64, CSR -2K-242, IR 75395-2B-B-19-2-1-2, 
NDRK 5087, Pant Dhan 10, NDRK 5033, NDRK 50015 and Ratna. 

V 5 FL 478, IR 59418-7B-21-3, NVSR 6029, NVSR 6030 and CSR 10. 

VI 7 Narendra 118, CSR 30, Nagina 22, Vandana, Narendra 1, Akashi and 
Narendra 97. 

VII 8 CR 661-236-1-3, CSR 13, Pankaj, Sambha Masuri, Narendra Lalmati, CR 
2472-1-6-2-1, Jal Lahari and NDR 423. 

VIII 8 NDRK 50012, PNR 381, NDR 2031, Pant Dhan 4, TR 2005-041, NDR 
8030, IR 24 and NDRK 50013. 

IX 19 

Pant Dhan 102, NDRK 5088, Raghuvansi 4, NDRRK 5026, IR 72593-B-13-
3-3-1, Lalpari No. 3, Sarjoo52, NDR 3026, Sundri, Narendra 359, Jaya, 
NDRK 50005, NDRK 50007, Narendra Usar 2, NDRK 50016, MRI 18, 
CSR-RIL-06 -94, NDRK 50002 and Narendra Usar 3. 

X 8 T-3, Kalmuhi, Kalanamak, T-100, Hazardana, Chakia 59, Madhukar and T-
1. 

XI 1 Swarna. 
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Table 5: Estimates of average intra (diagonal and bold) and inter cluster 
distances for 11 clusters in rice. 

Cluster I II III IV V VI VII VIII IX X XI 

I 0.43 1.71 1.54 2.45 5.51 8.30 2.67 1.15 1.63 2.75 15.16 

II  0.42 1.73 4.74 10.39 6.78 7.56 4.62 5.09 6.95 25.58 

III   0.29 1.26 4.70 3.32 5.10 2.88 2.22 6.80 19.58 

IV    0.38 1.59 4.43 3.25 2.04 0.96 6.21 13.47 

V     0.24 8.44 2.95 2.10 1.54 7.10 7.92 

VI      0.87 13.81 10.52 8.12 17.10 31.33 

VII       0.38 0.63 1.04 1.42 5.73 

VIII        0.20 0.51 1.52 8.77 

IX         0.19 3.01 9.09 

X          0.58 8.43 

XI           0.00 

 
 



Table 6: Clusters means for 14 characters in rice 
 

Clusters DF PH FLA P/H PL S/P SF TW BY/H GY/H HI KL KB L/B 
Cluster I 97.13 126.18 27.37 8.89 29.66 138.19 85.04 21.96 44.39 17.17 38.96 6.41 2.20 2.96 
Cluster II 86.97 138.30 23.89 8.84 27.81 156.95 82.46 24.93 42.05 20.33 47.61 6.26 2.18 2.87 
Cluster III 84.68 112.90 25.07 11.13 27.11 134.60 85.06 22.69 43.01 17.60 41.71 6.35 2.34 2.73 
Cluster IV 89.10 96.76 25.50 10.00 25.77 131.45 85.39 23.51 46.71 19.24 41.62 6.09 2.23 2.75 
Cluster V 95.73 79.43 25.18 15.51 22.67 120.15 84.84 21.96 44.32 18.33 41.49 6.00 2.29 2.63 
Cluster VI 65.67 92.53 22.54 7.38 23.22 118.43 88.59 22.13 41.54 17.53 41.71 5.58 2.28 2.47 
Cluster VII 109.53 109.34 32.64 9.39 26.71 145.31 83.92 23.42 49.25 20.01 40.89 5.79 2.41 2.44 
Cluster VIII 103.79 114.17 25.68 12.42 27.16 143.34 82.18 24.90 44.08 18.70 42.46 6.13 2.21 2.78 
Cluster IX 98.94 103.83 27.02 12.04 27.62 137.56 84.21 24.50 51.14 21.32 41.44 6.16 2.33 2.67 
Cluster X 115.11 129.82 35.98 6.73 29.11 143.07 87.13 23.10 44.88 17.77 39.85 6.07 2.45 2.52 
Cluster XI 128.70 83.11 25.75 26.06 24.06 105.35 91.23 24.06 57.86 27.81 48.07 5.46 2.49 2.19 
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ABSTRACT 

The study was conducted to develop a cytology based diagnostic 
tool for the diagnosis of avian Mycoplasma and E. coli infections at 
post mortem in the field condition. A total of 38 culture and PCR 
confirmed Mycoplasma, E. coli or mixed infected samples were used 
for this study. Lung impression smears were prepared on glass slide 
from the samples at post mortem examination. Inflammatory cells 
were counted on microscope after Giemsa staining. Cell counts were 
analyzed with Bonferroni joint confidence interval and Mann-Whitney 
U test. The average cell percentages in healthy cases were 73.54-
81.66%, 9.63-13.37% and 7.42-14.38% for lymphocyte, heterophil, 
and macrophage, respectively. In case of Mycoplasma infection, 
average percentages of lymphocyte, heterophil and macrophages 
were 82.01-88.10%, 5.6 to 8.16% and 4.52 – 9.68%, respectively. In 
E. coli infection, average percentage of lymphocyte, heterophil and 
macrophages were found as 64.44-70.76%, 19.73-23.47% and 8.9-
12.7%, respectively. In mixed infection, lymphocyte, heterophil and 
macrophage were found as 76.08-80.50%, 13.47 –17.63% and 4.56 
–7.66%, respectively. Statistical analyses revealed that in 
Mycoplasma infection number of lymphocyte and in E. coli infection 
number of heterophil increased significantly (p< 0.01). In MC 
complex, number of heterophil increased and macrophages 
decreased significantly (p < 0.01). These findings could help  
identification of Mycoplasma, E. coli or Mycoplasma- E. coli complex 
at post mortem examination in the field condition. 
Key words: CRD, mycoplasma, E. coli and cytology. 
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INTRODUCTION 
Poultry rearing is playing a vital role in the poverty alleviation and income 

generation in Bangladesh. Mycoplasmosis is an economically important disease of 
poultry caused by four commonly recognized pathogens – Mycoplasma 
gallisepticum, M. synoviae, M. meleagridis and M. iowae. M. gallisepticum and M. 
synoviae (Sikder et al., 2005) causing chronic respiratory disease (CRD) with 
significant mortality and decrease in egg production in chickens, turkeys and other 
avian species. In Bangladesh, the prevalence of Mycoplasmosis markedly increases 
in the winter season and may reach up to 61.45% which is a threat for poultry sector 
(Sikder et al., 2005). Very often it is confused with other respiratory diseases 
particularly with E. coli infection which sometimes make the treatment very 
expensive. Early diagnosis is the corner stone for the successful treatment, prevention 
and control strategies. The organism can be diagnosed by isolation, serological tests, 
culture and nucleic acid based tests (Nascimento et al., 2005). Conventional means of 
isolation or culture have proven to be tedious and time consuming and it requires 
special growth supplement, which make it an expensive option (OIE, 2008). It is 
important to choose a way for diagnosis that will be compatible with actual field 
condition, as well as facilities available. Clinical pathology has played a major role in 
the diagnosis of human and animal diseases. The importance and accuracy of 
cytological examination as a diagnostic tool has been studied and reviewed in the 
human and veterinary literature (Bottles et al., 1986, Cochand-Priollet et al., 1987, 
Campbell, 1988, Cowell et al., 1989) as an indirect method of diagnosis in case of 
infectious diseases which involve relatively non-invasive means of sampling from the 
specimens and could provide one step forward from post mortem diagnosis. This 
paper describes the use of cytological smear collected at necropsy for the diagnosis of 
avian Mycoplasma and E. coli infections which were compared with the 
histopathological changes.  

MATERIALS AND METHODS 
Samples 

A total of 38 samples (Blood, lung exudates, swab from trachea and larynx) 
were collected from dead birds that were suspected to be the case of Mycoplasma or 
E. coli infections during November, 2008 to June, 2009. Ten (10) samples were 
collected from apparently healthy chickens at regular slaughter that assumed to be 
free from chronic respiratory diseases clinically as control. The samples that were 
confirmed as Mycoplasma or E. coli or mixed infection by culture and PCR were 
subjected for cytological evaluation. 

 
Pathological Studies 

Gross pathological examination was conducted on necropsy. Tissues from 
lungs, liver, trachea, heart and spleen organs were collected at necropsy and were 
preserved as per requirement. Part of the samples was fixed in 10% neutral buffered 
formalin for histopathological examination as per earlier described procedure (Luna 
1968). 
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Cytology 
Clean glass slides were gently touched onto the lesion of lung and immediately 

lifted off and air dried, stained with Giemsa staining and observed under a 
microscope using a 100× magnification with oil immersion.  The counting was done 
gradually from one side to another side and numbers of inflammatory cells were 
estimated by counting 300 cells. Only Mycoplasma, E. coli or complicated 
Mycoplasma infected cases determined on necropsy findings were considered under 
this count.  
Isolation of Mycoplasma and E. coli 

Lung and tracheal swabs were collected either in nutrient or Mycoplasma broth 
supplemented with supplement G (Oxoid, Milan, Italy) and kenamycin. The nutrient 
broth containing suspected swab was incubated in aerobic condition at 37°C for 48 h. 
Upon growth of the organism, 100 µl of inoculums (infected media) were inoculated 
into EMB agar plate (Oxoid, Milan, Italy). Plates were incubated at 37°C for 48 h. 
After 48h, production of typical metallic sheen in EMB agar was considered as E. 
coli infection. Mycoplasma broth (Oxoid, Milan, Italy) containing suspected swab 
was incubated at 37°C for 72 h. After growth, 100 µl of Inoculum (infected media) 
were inoculated into Mycoplasma agar (Oxoid, Milan, Italy) with 20% of equine 
serum and plates were incubated for 10 days at 37°C in humid chamber with 10% 
CO2. After 2 or 3 passages Mycoplasma, when present, produced typical colony with 
fried egg appearance (Figure.1).  
Identification of isolated Mycoplasma using PCR 

Polymerase chain reaction (PCR) was used to detect the organisms following 
the procedure described by Lauerman et al., (1995). Commercial PCR kit (PCR 
Master Mixture Kit, GeNeiTM, Banglore Genei, BDA Industrial Suburb, Peenya, 
India) was used for this purpose. Mycoplasma gallisepticum vaccine; MG TS-
11(Merial Select, Inc, Gainesville, USA) was used as positive control for 
Mycoplasma gallisepticum during PCR. Wizard R Genomic DNA Purification Kit 
(Promega Corporation. 2800 Woods Hollow Road. Madison, USA) was used to 
extract the DNA from Mycoplasma vaccine and Mycoplasma isolates as per 
manufacturer’s instructions. Primers and thermal profile were adopted from previous 
work (Lauerman et al., 1995). DNA amplification was performed in an oil-free 
thermal cycler (Master Cycler Gradient, Eppendorf, Germany). The amplified products 
were analyzed by 1.5% agarose gel (Promega Corp. Madison, WI, USA). The gel 
was visualized under UV light on a transilluminator (Labortechnik, Germany). The 
expected product size of M. gallisepticum and M. synoviae were of 900 and 497bp, 
respectively. 
The diagnoses of the samples were made based on the following criteria (Table 1): 
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Table 1: Criteria to identify Mycoplasma and E. coli infections 

Diagnosis Cultural characteristics/ PCR detection 

Mycoplasma 
infection 

Samples showed typical Mycoplasma colonies in Mycoplasma agar 
and PCR positive  

E. coli infection Samples showed positive growth with metallic sheen in EMB agar 
and no colonies in Mycoplasma agar. 

Mycoplasma and 
E. coli complex  

Samples showed positive growth with metallic sheen in EMB agar 
and typical Mycoplasma colonies in Mycoplasma agar and PCR 
positive. 

Statistical Analysis 
Cell counting results obtained from blood of Mycoplasma and E. coli infected 

birds and healthy control birds were analysed with Bonferroni joint confidence 
interval, Mann-Whitney U test (Johnson and Wichern, 2002)  using the software MS 
Excel, SPSS and MINITAB 13.   

RESULTS AND DISCUSSION 
The samples that were confirmed as Mycoplasma or E. coli or mixed infection 

either by culture (Figure.1) or by PCR (Figure.2) were subjected for cytological 
evaluation. Pathological study was done to correlate the lesions with cytological 
smears. For normal healthy cases the average lymphocyte, heterophil, and 
macrophage counts were 73.54-81.66%, 9.63-13.37% and 7.42-14.38%, respectively. 
Impression smears sampled from Mycoplasma infected birds showed predominant 
lymphocytic aggregates containing 82.01-88.10%, on an average 8% increase when 
compared with normal healthy cases. The average cell percentage of heterophil and 
macrophage was found as 5.60-8.16% and 4.52-9.68% respectively, average 5% 
decrease of both cells when compared to the normal healthy cases. On Mann-
Whitney U test it has been found that increase of lymphocyte and decrease of 
heterophil count  significantly differ at 5% or 1% level of significance in comparison 
to normal healthy birds. These cytological changes closely correlated with the 
histopathological lesions of the same Mycoplasma confirmed birds where pneumonia 
with predominant lymphocytic infiltration was observed (Figure. 3). On the other 
hand, impression smears from E. coli infected birds showed an increasing trend of 
heterophil count (19.73-23.47%), but lymphocyte and macrophage counts were 
relatively decreased (64.44-70.76% and 8.9-12.7%). These findings also correspond 
to the findings of a previous histopathological study (Chandrashekhar, 2008). In same 
study statistical analysis showed decrease of lymphocytes and increase of heterophils 
and these significantly differ at 5% or 1% level of significance in comparison to 
normal healthy birds in E. coli infections. In case of mixed infection (Mycoplasma –
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E. coli complex), the average percent of lymphocyte was 76.08-80.58% in which the 
difference is insignificant in comparison to normal healthy cases. But, the percent of 
hetetrophils increased to 13.47-17.63% and the percent of macrophages relatively 
decreased to 4.56-7.66%.  In Mycoplasma –E. coli complex, the increase of 
lymphocytes is insignificant whereas significant difference existed between normal 
and Mycoplasma – E. coli complex for increased neutrophils and decreased 
macrophages. The relative numbers of different inflammatory cell types and their 
average percentage for normal healthy cases, Mycoplasma, E. coli infection and 
mixed infection are shown in tables 2 – 6. Figure 4 shows predominant lymphocytic 
infiltration in a lung impression smear of Mycoplasma infected birds.  

Predominance of mononuclear inflammatory cells (lymphocytes and 
macrophages) and a smaller number of heterophil indicates a chronic inflammatory 
process. Since Mycoplasmosis is a chronic respiratory disease, increased number of 
lymphocyte has been found in this study. Increased heterophil indicates acute 
inflammatory response. E. coli infection is also considered as an acute infectious 
disease. The relative increase in the range of lymphocyte and heterophil and relative 
decrease in the range of macrophage indicate mixed infection. The results are in 
agreement with a previous study (Villiers and Dunn, 1998). Evaluation of cellular 
responses can provide the veterinarian with a diagnostic aid in the development of a 
presumptive or definite diagnosis (Campbell et al., 1988). The present results provide 
a basis for the diagnosis and predilection of these diseases at post mortem. Although 
it is not confirmatory test, comparing with other diagnostic methods but 
advantageous to use the smear cytology due to its easiness as well as low expense 
and possible application for other histological test which is not possible on formalin 
fixed and paraffin embedded tissues. However, the cytological evaluation of 
Mycoplasma/E. coli infected birds has not been reported. When cytological diagnosis 
suggests Mycoplasma/E. coli, a more specific complementary examination should be 
added to confirm infection, so that adequate treatment can be done. This would 
probably reduce the treatment cost in poultry farming. 

CONCLUSION 
Cytological smear showed increased lymphocyte count (≥ 85%) which can be 

considered as Mycoplasma infection and an increased heterophil count (± 19%) can 
be considered as E. coli infection. In case of Mycoplasma –E. coli complex, normal 
lymphocyte ± 78% count and ±14% heterophil count can be considered.  Cytological 
examination requires only glass slide and Giemsa stain; it could be a useful, rapid and 
compatible tool in field condition. Although it is not a confirmatory test, it could help 
pathologist to make decision one step further after post mortem examination that 
could guide a further confirmatory laboratory test.   
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Table 2: Inflammatory cell count in cytological smear from lungs obtained 
from normal healthy cases. 

Sample No Lymphocyte (%) Heterophil (%) Macrophage (%) 
N1 85 9 6 
N2 75 10 15 
N3 82 11 7 
N4 75 15 10 
N5 73 12 15 
N6 77 13 10 
N7 78 13 9 
N8 76 9 15 
N9 72 13 15 
N10 83 10 7 

**Mean(±Margin 
of error) 

77.6(±4.06) 11.5(±1.87) 10.9(±3.48) 

 
Table 3: Inflammatory cell count in cytological smear from lungs obtained 

from Mycoplasma infected cases. 

Sample No Lymphocyte (%) Heterophil (%) Macrophage (%) 
M1 86 7 7 
M2 85 8 7 
M3 85 7 8 
M4 80 9 11 
M5 82 8 10 
M6 90 6 3 
M7 88 6 6 
M8 86 6 8 
M9 84 5 11 

**Mean(±Margin 
of error) 

85.11(±2.99) 6.88(±1.28) 7.1(±2.58) 
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Table 4: Inflammatory cell count in cytological smear from lungs obtained from 
E. coli infected cases 

Sample No Lymphocyte (%) Heterophil (%) Macrophage (%) 
E1 69 19 12 
E2 69 20 11 
E3 71 19 10 
E4 61 24 15 
E5 70 21 9 
E6 70 22 8 
E7 69 21 10 
E8 68 22 10 
E9 67 23 10 

E10 62 25 13 
**Mean(±Margin 

of error) 
67.6(±3.16) 21.6(±1.87) 10.8(±1.90) 

 
Table 5: Inflammatory cell count in cytological smear from lungs obtained 

from mixed infected cases. 

Sample No Lymphocyte (%) Heterophil (%) Macrophage (%) 
M+E1 75 17 8 
M+E2 75 20 5 
M+E3 78 15 7 
M+E4 78 16 6 
M+E5 80 13 7 
M+E6 81 14 5 
M+E7 78 15 7 
M+E8 79 14 7 
M+E9 81 16 3 

**Mean(±Margin 
of error) 

78.33(±2.25) 15.55(±2.08) 6.11(±1.55) 
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Table 6: The average percentage of inflammatory cells in cytological smear 
from lungs obtained from normal healthy, Mycoplasma, E. coli and 
mixed infection cases. 

The average cell percentage Mean (±SD) Groups 

Lymphocyte (%) Heterophil (%) Macrophage (%) 

Normal healthy 
(control) 

77.6 ±4.06 11.5 ±1.87 10.9 ±3.48 

Mycoplasma 
infected 

85.11 ±2.99 6.88 ±1.28 7.1 ±2.58 

E.coli infected 67.6 ±3.16 21.6 ±1.87 10.8 ±1.90 

Mixed infected 78.33 ±2.25 15.55 ±2.08 6.11 ±1.55 

 

** Margin of Error=
n

SD
p

t ii
n )

2
(1
α

−  where )
2

(1 p
tn

α
−  Critical Values for Bonferroni’s 

method of multipe comparisons, SD refers to standard deviation, n refers to sample 
size. 
 
 
 
 
 
 
 
 
 
 

Figure 1. Growth of Mycoplasma supplemented with horse serum. A-B: Fried egg appearance with 
formation of nipple at the center, A: 8 days culture, B: 18 days culture. 

 

BA
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Figure 2. Electrophoresis of PCR products. L; Marker, V; Mycoplasma vaccine, W, R, Y; Mycoplasma 
samples, C; Water control.  V; Vaccine (M. gallisepticum) and W; M. synoviae showed positive band 

900 bp and 497 bp, respectively. 

 
 

 
 
 
 
 

 
 
 
 

Figure 3.   Pneumonia with predominant lymphocytic infiltration (H&E stain x 330). 
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Figure 4.   Lung smear from Mycoplasma infected bird consisting mainly lymphocyte 
(arrow). Giemsa stain x 825. 

 
   
 
 
  
 
 
 

 
  

Figure 5.  Lung smear from Mycoplasma  infected cases consisting mainly macrophage (arrow), 
Giemsa stain, × 82.5). 

 
 
 
 
 
 
 

 
 

Figure 6. Lung smear from E.coli infected cases consisting mainly heterophil (arrow), Giemsa stain, × 82.5). 
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ABSTRACT 

An attempt has been made to study the price behaviour of major 
vegetables in hill region of Nepal. The study is based on secondary 
data on wholesale monthly/weekly arrivals and prices for the period 
of 2000-01 to 2009-10. The seasonality in wholesale price was 
analyzed using multiplicative model; the Fourier analysis was used to 
analyze cyclical variation in wholesale prices and Autoregressive 
model to study the relationship between market arrival and price of 
vegetables in market of hill region of Nepal. It was found that during 
the post-harvest period, the wholesale price ruled very low while 
during the lean period, the prices were quite high which is due to 
seasonal and perishable nature of the vegetables. The entire 
vegetables registered the positive and increasing trend and 
periodicities of 2 to 3 years in the wholesale price of vegetables. The 
effect of lagged price on current wholesale price was positively 
significant and high in magnitude and significant negative response 
was observed for the relationship between wholesale price and 
market arrival for all the vegetables in the market of hill region. 
Therefore, improved market information system is a need of efficient 
vegetable markets in Nepal in order to enable farmers to make 
proper production and marketing decisions. Further, Government is 
required to create market infrastructure facilities like warehousing, 
processing, transportation, etc. for reducing the variation in prices of 
vegetables in the market of hill region of Nepal. 
Key Words: Hill region, nepal, price behaviour, and vegetables. 

INTRODUCTION 
Nepal is a landlocked country lying on the southern slope of Himalayas in 

South Asia between People’s Republic of China in North and India in South, North 
and East. Ecologically, Nepal can be divided into three regions namely the Terai 
(Plain), the Hills and the Mountains. Agriculture is the engine of development of 
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Nepalese Economy which together with forest contributed 33.03 per cent to Gross 
Domestic Product (GDP) during the fiscal year 2009-10 (Ministry of Agriculture, 
Nepal 2010). Among horticultural crops, vegetable cultivation is one of the important 
short seasonal and major crop enterprises of Nepalese agricultural system. Production 
of vegetables is a traditional custom in Nepalese community, particularly for culinary 
purpose. It comes under national priority because they are much important as 
vegetables are less risky, fast growing and best source of income in comparison to 
other cereal crops and fruits. Further, the importance of vegetables in agricultural 
economy of Nepal can be very well appreciated in terms of their rising domestic 
demand, providing better employment and income opportunities to the growers in 
view of their being labour intensive nature and more remunerative. While domestic 
demand is steadily rising, the production and supply of vegetables face tremendous 
uncertainties on several accounts. Their extremely perishable nature, bulkiness, and 
sensitiveness to climatic conditions results in inability on the part of producers to 
manage their supply in assembling markets. Seasonal gluts are, therefore, a common 
phenomenon in assembling markets during normal production seasons. 

 

The market imperfections are also providing disincentive to the growers in 
increasing vegetable production. The availability of information of quantum of 
market arrivals and existing prices in different markets help the farmers in adjusting 
their cropping pattern in such a way that they could sell their produce at a time when 
the prices are reasonably high in the market. Thus, the price behaviour of vegetables, 
spatial or temporal, has a definite bearing upon the rationality of the decisions by the 
growers as well as traders. Therefore, the price behaviour of major vegetables needs 
to be studied. In view of above situation, the present study was conducted with the 
main objective to examine the temporal price behaviour of vegetables in the hill 
region of Nepal. The hill region has the potential for producing seasonal as well as 
off-seasonal vegetables. 

 
MATERIALS AND METHODS 

The study was based on secondary data collected from Kalimati Fruit and 
Vegetable Market Development Board and Agro Enterprise Centre, Federation of 
Nepal Chambers of Commerce and Industry (FNCCI), Kathmandu , Nepal for the 
period from 2000-01 to 2009-10. This market was selected for the study, being the 
largest vegetable market in the region in term of vegetable trade which receives daily 
market arrival around 500 or 600 tons. The major vegetables cultivated in hilly 
regions of Nepal are tomato, potato, onion, cabbage, cauliflower, etc. The farmers of 
hilly region have scattered land holdings that are unsuitable for cereals production. 
Therefore, farmers are more fascinated towards the cultivation of vegetable crops that 
give higher total yield per unit area per unit time. Vegetables like tomato, cabbage 
and cauliflower have achieved tremendous popularity over some year due to their 
two seasons of production. These vegetables are very healthy as they are good source 
of Vitamins A and C. Although potato and onion are produced once a year in hilly 
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region but their consumption is high all over the country. These are the vegetables 
that arrive in largest quantity in the central market of Capital. Therefore, the major 
vegetables selected on the basis of arrival in the selected principal regulated market 
were tomato-local, potato-red, onion-dry, cabbage and cauliflower (Table 1). 
 The temporal price behaviour of each sample vegetables was studied by 
computing the seasonal, trend and cyclical variation therein using a multiplicative 
model of following type: 
 Pt = St × Tt × Ct ×Rt    
where, 
 Pt = Time series data on wholesale prices of vegetable (Rs/Qtl); 
 St = Seasonal fluctuation at time t; 
 Tt = Trend value at time t; 
 Ct= Cyclic fluctuation at time t ; and 
 Rt= Irregular fluctuation at time t. 
 The seasonality or seasonal indices was estimated by classical decomposition 
through 12 Month Moving Average using monthly average prices. The price series 
was deseasonalised by dividing it by seasonal indices. Then the trend equations were 
fitted in deseasonalised data as- 
 Y = a + bT + U 

Where,   
 Y= Deseasonalised prices per month; 
 T = Time period in months (T=1, 2,……., 120); 
 a = Slope coefficient; 
 b = Regression coefficient; and  
 U = Error term.   
 The trend estimates were tested using t-statistic and the trend values were 
derived using the trend equation. The Fourier analysis using trigonometric functions 
was used to uncover the hidden periodicity of the business cycles in a series. The 
time series data for the period of 9 years (2001-02 to 2009-10) were deseasonalised 
and detrended as a Fourier series. For analysis 3 periods of 2, 3 and 4 years of length 
were taken and squared amplitudes were computed for each specific period by 
findings the Fourier coefficients. The Fourier coefficients AP and BP were computed 
from above formulae for the trial period P (mP is N or the nearest integer below N): 

 
Fourier coefficients 
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The squared of amplitudes for trial period P was given as: 

 
The hidden periodicities were found by using Schuster test Periodogram analysis. It 
was used to test the significance of the squared amplitude derived from Fourier 
analysis. The mean squared amplitude (R2

m) was calculated under the assumption that 
there were no periodic fluctuations i.e. series were random following normal 
distribution. 
According to the test, the probability that the empirical squared amplitude (R2

P) was 
k times the mean squared amplitude.  

 
Where, σ2 is the variance of the original price series 
The significant value of k at 0.05 probability level is 3. The analysis has been done 
for each vegetable separately. 
 The temporal relationship between arrivals of vegetables and prices was 
analysed in ten year monthly data (2000-01 to 2009-10) using ordinary least square 
method. Following type of linear functions were estimated to study the relationship: 
 At= a + bPt + u 
 Pt= c + dAt + v 
where,  
 At= Market arrival (Qtl.) of vegetable in tth month; 
 Pt= Wholesale price (Rs Qtl-1.) of vegetable in tth month; 
 a and c = Slope intercepts ; 
 b and d = Regression coefficients; and  
 u and v = Error terms. 
The regression coefficient was tested using t-statistic. In monthly data, only 
concurrent functions were fitted because vegetables being perishable  nature arrive 
daily in the market in the respective seasons and also due to improvement in market 
information, farmers are informed of prevailing market price within a day or at most 
at the gap of 2-3 days. Thus, the arrival of vegetable cannot be a lagged function of 
price prevailing one month earlier.  
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The seasonal relationship between arrivals and wholesale prices of vegetables was 
analyzed in three years weekly data (2007-08 to 2009-10) using dynamic 
econometric model namely Autoregressive model. If the model includes one or more 
lagged values of the dependent variable among its explanatory variables, it is called 
an autoregressive model. The model can be cited as follows: 

 
Where, 
Pt=Price of vegetable (Rs Qtl-1) in tth week; 
Pt-1= Price of vegetable (Rs Qtl-1) in (t-1)th week; and 
At= Arrival of vegetable (Rs Qtl-1) in tth- week. 
The specific linear model involving above three variables and a random term ut was 
used as: 

 
Where, 

  = Intercept; 

  and  = Slope coefficients associated with Pt-1 and At, respectively; and 
ut = Random term. 
 The parameters were tested using t-statistic. In this case classical least squares 
method is not applicable because if an explanatory variable in a regression model is 
correlated with the stochastic distribution term, the OLS estimators are not only 
biased but also not even consistent. Further, the serial correlation in the errors, make 
the estimation problem in the autoregressive model complex. Durbin h test was 
applied as proposed for a large sample test of first-order serial correlation in 
autoregressive model. The d value from Durbin-Watson test was used to calculate ρ 
as follows: 

 
where,  
n= Sample size; 
  var I= Variance of the lagged price (Pt-1) coefficient; and  
   ρ= Estimate of first-order serial correlation. 
 Criteria: If |h|> 1.96, reject the null hypothesis that ρ=0, i.e. there is 
evidence of first-order autocorrelation in above given autoregressive model. 
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RESULTS AND DISCUSSION 
 Vegetables are seasonal crops and their production and consequently their 
supply in the market is subject to natural vagaries. The supply of each vegetable on 
one hand and the demand for them on the other, at a particular time and market, will 
determine the wholesale price. The change in determinants of supply and demand 
over a period of time will affect the price which will lead to seasonality effect in 
price series that is generally more during off-seasons. The analysis of such seasonal 
and other components of time series on wholesale prices of vegetables is very 
important from producers’, consumers’ and policy makers’ stand point. There are 
four components of price fluctuation viz., seasonal, secular trend, cyclical and 
irregular variation. The irregular variation has no defined pattern, hence is of no 
policy importance. Therefore, in the study seasonal movement, secular trend and 
cyclical movement of prices have been studied. 
Seasonality in Prices of Vegetables  
 The result pertaining to the seasonal indices of price of all major vegetables are 
exhibited in table 2.   
 Tomato-local: Tomato should be sold in fresh form. Storage facility for this 
crop does not have a significant role. Due to this, it is expected that the price of 
tomato would register a much higher magnitude in intra year price rise or fall 
depending on arrivals received in Kalimati Wholesale market. The price of tomato-
local in Hill region shows rising trend from March/April and start decreasing from 
September/October as the tomato from plain starts coming in the market. The lowest 
price of tomato-local in hill region was in January/February and highest in the month 
of August/September 
 Potato-red: The analysis shows that the prices of potato-red in hill region start 
rising from March/April till September/October because of high demand of hill 
potato in plains in the period and by February/March all the local produce gets 
harvested and arrival decline substantially in hill region. The prices again show 
declining trend from October/November as the harvesting of early crops starts and 
the minimum prices are indicated in February/March. 
 Onion-dry: The analysis shows the prices of onion-dry rise from June/July 
with maximum in October/November in hill region and prices become less than 
average from January/February as the onion from plain region starts coming in the 
market. The minimum price is seen in the month of May/June. 
 Cabbage: Cabbage is generally winter season crop for mid-hill region while it 
is summer and rainy season crop for high-hill region. The analysis shows that the 
prices of cabbage was more than average from June/July to November/December 
which were lower than average during December/January to May/June, being the 
main production season. The prices start to increase from June/July in spite of arrival 
of cabbage from high-hill as the harvesting season in this region is in the month of 
July/August. This is due to the sticking of wholesale price to previous month price 
inspite of arrival from high-hills. This revealed that wholesale price of cabbage is 



PRICE BEHAVIOUR OF MAJOR VEGETABLES IN HILL REGION OF NEPAL 113 

affected by its lagged price in hill region. Thus, the storage helps prices behave 
evenly over time through reducing glut in the market and sale in lean period or off-
season. 
 Cauliflower: Cauliflower, a close relative of cabbage, is a delicate crop mainly 
grown as rainy season crop in high-hill and winter season crop in mid-hill regions. 
The main harvesting period of cauliflower in hill regions is October/November to 
March/April Consequently the price indices are below 100 during these months. The 
maximum price was seen in the month of August/September and minimum in 
February/March.  
Secular Trend in the Prices of Vegetables 
 Trend is that component of variation which reveals general direction of change 
in prices over a period of time. This component is affected by factors inducing 
changes in demand such as change in population, income, habits, customs, 
establishment of processing industries, etc. for the commodity concerned. Price trend 
is also affected by adjustment in supply arising out of development of cold storage 
and marketing facilities, production techniques and market arrival over a long period. 
Trend Equations in wholesale prices of major vegetables are estimated after 
removing seasonality in monthly prices. The equations are estimated on 
deseasonalised price for 120 months. The results are presented in table 3. 
 The table reveals that the trend coefficients were significant for all the 
vegetables. It is noted in the table that wholesale prices of all the vegetables have 
been found increasing over time. The table further reveals that the onion-dry prices 
were rising more rapidly and cauliflower prices with the least rate. The increase in 
wholesale price of onion-dry might be due to substitution of crop by other more 
profitable crops by the farmers which cause decrease in supply in the region. The 
value of coefficient of determination (R2) was high for potato-red and onion-dry 
indicating good fit for trend. The explained variation of price trend of tomato-local 
and cabbage was only around 19 percent.   
Cyclical Fluctuation 
 The cycles were the oscillatory movements of the time series with a variable 
period and amplitude. According to Schumpeter (1939), these cycles are classified as 
Kondratieff cycles (period<60 years), Juglar cycles (period<10 years) and Kitchin 
cycles (period<40 months). Nine years deseasonalised and detrended data were 
analyzed using Fourier analysis followed by Periodogram analysis to estimate the 
hidden periodicity along with amplitude in the cycles of vegetable prices. Estimated 
coefficients of Fourier analysis and Periodogram analysis along with Schuster test are 
presented in table 4. 
 The table depicts that for tomato-local prices only the value of k for the trial 
period of 2 years (k=3.06) was more than 3, significant at 5 percent level which 
showed that prices of tomato-local followed Kitchin cycle having a significant 
periodicity of 2 years. The results of analysis for potato-red prices indicated that in 
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Kalimati market, two year price cycle (k) as obtained which was significant at 5 
percent level. The results of Periodogram analysis for onion-dry prices indicated that 
two-year prices cycle were found to be significant at 5 percent level in Kalimati 
market. Similarly for cabbage prices the table indicates that the value of k for the trial 
period of 3 years (k=3.15) was more than 3, significant at 5 percent level which 
showed that cabbage prices followed the Kitchin cycle having periodicity of 3 years. 
The cauliflower prices also followed the Kitchin cycle having periodicity of 3 years 
given only the value of k for the trial period of 3 years (k=3.08) was more than 3, 
significant at 5 percent level.   
Temporal Relationship 
 Conceptually, arrival of a commodity in the market rises as its market price 
increases, ceteris-paribus. Further, with the increase in market arrivals, the market 
price of the commodity declines, ceteris-paribus. In other words, the market arrival is 
expected to be an increasing function of the market price, whereas the market price is 
expected to be the decreasing function of market arrival. The result of analysis of 
inter-relationship between arrival and price pertaining to major vegetables are 
presented in table 5 and 6.  
 The table 5 reveals that except for potato-red and onion-dry, all the other major 
vegetables responded negatively to the rise in market arrivals thereof, i.e., the 
hypothesis of price decrease with increase in arrivals and vice-versa stand accepted. 
There was a positive but insignificant response of potato-red arrival to its price. 
However, the significant positive response of onion-dry to its price appeared to be 
contributed by factors like integration between hill and plain markets; arrival being 
received in hill markets from hill as well as plains, having different market seasons; 
and relatively less perishability of the commodity. The variation explained in tomato-
local wholesale price by market arrival was 13 percent in Kalimati market of hill 
region. However, in any of the other vegetables not much variation in price was 
attributable to variation in market arrival. 
 The table 6 implies that except for potato-red and onion-dry, market arrival 
responded negatively to rise in wholesale price of all other major vegetables. The 
relation appeared to be a spurious one and advised not to be used. In fact, in case of 
vegetables, highly perishable commodities, growers had no option but to sell the 
product immediately after harvest and as the market arrival rises, prices ought to 
decline, ceteris paribus. Thus, the arrival of vegetables in the market depends on 
variables like perishability, distance from market and similar  factors rather than on 
market price.  
Seasonal Relationship 
 The seasonal relationship between the market arrival, current price and lagged 
price of major vegetables in hill region were based on the weekly statistics for a 
period of three years viz., 2007-08 to 2009-10. The econometric model known as 
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autoregressive model was used to analyze the relationship between current price, 
lagged price and the market arrival of vegetables. 
 As the serial correlation in the error term make the estimation in autoregressive 
model rather complex, a large-sample test of first-order serial correlation known as h 
statistic was applied. The result of h statistic revealed that there was an absence of 
positive autocorrelation (Table 8). Table 7 depicted that the positive response of 
lagged price of all vegetables to its current wholesale price was highly significant. 
The maximum change in current price due to one week lag price was observed in 
potato-red and onion-dry. Further, the current price of all the vegetables responded 
negatively to its market arrival. Among the vegetables, the change in current price of 
tomato-local was observed maximum with the change in its market arrival. The 
current price variation explained through lagged price and market arrival were 70 , 95 
, 66 , 81  and 67 percent in case of tomato-local, potato-red, onion-dry, cabbage and 
cauliflower, respectively. The results revealed that grower’s decision to sell the 
produce was also based on current market arrival and lag weekly price of vegetables. 
This indicated the presence of imperfection in marketing of vegetables as the traders 
used the previous week price as a guide for setting the current price of the vegetables, 
instead of current market arrival and demand. 
 

CONCLUSION 
 The results found from this research showed reasonably a high degree of 
seasonality in the wholesale prices of all the vegetables. However, continuity in 
seasonality in prices was affected because of arrival of vegetables in Kalimati 
Wholesale Market from different agro-climatic regions due to which seasonality got 
smoothened. It was observed that vegetable crops such as potato-red and onion-dry 
are yearly crops whereas tomato-local, cabbage and cauliflower are produced even 
twice in a year. In addition, many vegetable crops have the same harvesting season 
due to which the substitutability or complementarily of one vegetable affects the 
price of the other. The trend analysis showed that all the vegetable crops had a 
positive increasing trend in prices of vegetables during the study period which 
indicated that irrespective of increase in supply the price also increased, due to faster 
rate of growth in demand than supply. The wholesale price series of both tomato-
local and potato-red in Kalimati market followed the Kitchin cycle having significant 
periodicity of 2 years while remaining vegetables viz., onion-dry, cabbage and 
cauliflower followed the Kitchin cycle of 3 years periodicity. The irregular 
component, however, is difficult to predict and it differed for prices series among 
various selected crops.  
 The relationship between wholesale price and market arrival of all the major 
vegetables except potato-red and onion-dry showed a negative relationship whereas 
the vice-versa relationship for potato-red and onion-dry were spurious. This might be 
due to the dependency of current price upon lagged price of onion-dry which may be 



116 R. Mishra and D. A. Kumar 

due to perishable nature of vegetables, lack of storage facilities and market 
information. Further, it was observed that there was absence of positive 
autocorrelation. Therefore, the effect of lagged price on current wholesale price was 
positive, high in magnitude and significant for all the selected vegetables. This 
indicated imperfection in marketing of vegetables in Kalimati Wholesale market as 
the traders used the previous week price as guide for setting the current price of the 
vegetable, instead of current market arrival and demand. Therefore, it may be 
concluded from the study that Government is required to pay attention in building the 
improved market information system i.e. able to disseminate up to date and timely 
market information on the regular basis so as to make proper production and 
marketing decision. Further, market infrastructure facilities like warehousing, 
transportation, processing, etc should be established to help the growers in storage of 
their produce in the glut season and then take advantages of off-season prices in order 
to eliminate the seasonality in market arrivals of vegetables and this also minimize 
the price volatility of the vegetables.  
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Table 1: Market Arrivals (Qtl) of Fruits and Vegetables in Kalimati Wholesale 
Market of Nepal (2007-08 to 2009-10) 

Particulars 2007-08 Percent 2008-09 Percent 2009-10 Percent 

Fruits and others 407368.19 20.02 368723.31 20.79 292331.35 16.56 

Total Vegetables 1627747.43 79.98 1405166.18 79.21 1472932.70 83.44 

Total 2035115.62 100 1773889.49 100 1765264.05 100 

Tomato-Local 204433.02 12.56 185567.60 13.21 161874.00 10.99 

Potato-Red 238579.70 14.66 233477.00 16.62 239317.00 16.25 

Onion-Dry 125589.50 7.72 113736.00 8.09 151352.20 10.28 

Cabbage 136323.98 8.38 129778.50 9.24 112224.10 7.62 

Cauliflower 204093.75 12.54 153957.55 10.96 251912.30 17.10 

Subtotal 909019.95 55.85 816516.65 58.11 916679.69 62.23 

Other vegetables 718727.48 44.15 588649.53 41.89 556253.10 37.77 

Total  100  100  100 

Source: Kalimati Fruit and Vegetable Market Development Board (KFVMDB), 2010. 

 
Table 2: Seasonal Price Indices of Major Vegetables in Hill Region of Nepal 
Months Tomato-local Potato-red Onion Cabbage Cauliflower 
Apr/May 82.60 72.70 84.00 68.87 83.00 
May/June 86.68 90.19 75.11 67.25 90.93 
June/July 129.45 102.40 84.77 106.77 109.66 
July/Aug 130.92 113.78 94.80 111.81 119.93 
Aug/Sept 154.21 126.96 110.40 123.56 162.68 
Sept/Oct 130.61 137.95 119.38 139.60 156.08 
Oct/Nov 97.18 134.38 131.13 146.47 119.23 
Nov/Dec 74.58 108.95 121.42 126.95 95.28 
Dec/Jan 72.62 92.83 104.82 91.23 75.04 
Jan/Feb 71.63 79.46 99.81 71.26 65.57 
Feb/Mar 91.50 67.90 94.16 66.64 60.60 
Mar/Apr 82.49 72.46 83.26 63.62 64.95 

Note: All values are in term of indices 
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Table 3: Estimated Trend Equations in Wholesale Prices of Major Vegetables 
in Hill Region of Nepal   (Prices in Rs per Quintal) 

Vegetables Intercept 
(a) 

Regression 
Coefficient (b) 

t-value Standard Error of 
Coefficient SE(b) 

R2 

Tomato-local 1281.614 9.869*** 5.385 1.833 0.197 
Potato-red 688.381 11.091*** 11.899 0.927 0.548 
Onion-dry 1019.726 12.197*** 10.899 1.119 0.502 
Cabbage 527.661 7.895*** 5.283 1.494 0.191 
Cauliflower 1894.231 4.912*** 3.465 1.418 0.092 

  Note: *** significant at 1 percent level of probability (t-value= 2.58) 

Table 4: Periodogram Analysis of Wholesale Prices of Major Vegetables in 
Kalimati Market of Hill Region of Nepal  

Fourier Coefficients Squared 
Amplitude 

Mean Squared 
Amplitude 

Ratio Period (N) 

Ap Bp R2
p R2

m K 
Tomato-Local 

2 -275.43 0 75866.21 3.06** 
3 101.10 -87.63 17900.22 0.70 
4 125.10 36.65 16993.23 

24792.88 

0.68 
Potato-Red 

2 205.22 0 42115.73 3.01** 
3 109.88 -83.77 19091.02 1.36 
4 30.69 -67.72 5527.87 

13991.94 

0.40 
Onion-Dry 

2 221.71 0 49158.14 3.02** 
3 -180.19 67.80 32536.23 1.99 
4 -72.9 -6.74 5359.83 

16277.53 

0.30 
Cabbage 

2 -102.64 0 10535.84 0.80 
3 161.29 115.37 39326.44 3.15** 
4 -31.51 143.97 21720.24 

12484.59 

1.74 
Cauliflower 

2 166.99 0 27885.66 1.03 
3 241.30 157.24 82952.60 3.08** 
4 -47.21 -30.35 3149.90 

26889.70 

0.11 

Note: **Significant at 1 percent level of probability (k-value= 3.00) 

Table 5: Estimated Regression Equations of Wholesale Price on Market Arrival 



PRICE BEHAVIOUR OF MAJOR VEGETABLES IN HILL REGION OF NEPAL 119 

of Major Vegetables in Kalimati Market of Hill Region of Nepal  
(Prices in Rs per Quintal) 

Vegetables Intercept 
(a) 

Regression 
Coefficient 

(b) 

t-value Standard 
Error of 

Coefficient 
SE(b) 

Coefficient of 
Determination 

(R2) 

Correlation 
Coefficient 

(r) 

Tomato-Local 2637.45 - 0.583*** - 4.310 0.135 0.136 - 0.369 

Potato-Red 1220.42 0.079 0.641 0.123 0.003 0.058 

Onion-Dry 1242.68 0.610*** 2.610 0.234 0.054 0.233 

Cabbage 1242.04 - 0.236* - 1.869 0.126 0.029 - 0.17 

Cauliflower 2387.61 -0.165 - 1.357 0.122 0.015 - 0.124 

Note: ***Significant at 1 percent level of probability (t-value= 2.58) 
*Significant at 10 percent level of probability (t-value= 1.65) 

Table 6: Estimated Regression Equations of Market Arrival on Wholesale Price 
of Major Vegetables in Kalimati Wholesale Market of Hill Region of 
Nepal                                                                    (Prices in Rs per Quintal) 

Vegetables Intercept 
(a) 

Regression 
Coefficient 

(b) 

t-value Standard 
Error of 

Coefficient 
SE(b) 

Coefficient of 
Determination 

(R2) 

Correlation 
Coefficient 

(r) 

Tomato-
Local 

1800.03 - 0.233*** - 4.31 0.054 0.136 - 0.369 

Potato-Red 1634.60 0.044 0.64 0.068 0.003 0.058 

Onion-Dry 699.30 0.089** 2.61 0.034 0.054 0.233 

Cabbage 1031.76 - 0.122* -1.86 0.064 0.029 - 0.17 

Cauliflower 1327.34 - 0.093 -1.35 0.068 0.015 - 0.124 

Note: ***Significant at 1 percent level of probability (t-value= 2.58) 
**Significant at 5 percent level of probability (t-value= 1.96) 
*Significant at 10 percent level of probability (t-value= 1.65) 
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Table 7: Estimated Regression Equations of Wholesale Price on Lagged Price 
and Market Arrival of Major Vegetables in Kalimati Wholesale 
Market of Hill Region of Nepal            (Prices in Rs per Quintal) 

Regression Coefficient of Standard Error of 
Regression 
Coefficient 

t-value Vegetable Intercept 

( ) 

Lagged 

Price ( ) 

Market 

Arrival ( ) 

SE 

( ) 
SE( )   

R2 

Tomato-local 1472.02 0.667*** - 2.01*** 0.057 0.461 11.791 - 4.361 0.70 

Potato-red 176.344 0.966*** - 0.24** 0.019 0.113 15.852 - 2.135 0.95 

Onion-dry 651.117 0.806*** - 0.75*** 0.049 0.476 16.370 - 2.596 0.66 

Cabbage 292.345 0.904*** - 0.57** 0.036 0.394 25.15 - 1.984 0.81 

Cauliflower 901.912 0.755*** - 0.85*** 0.049 0.266 15.704 - 3.224 0.67 

Note: ***Significant at 1 percent level of probability (t-value= 2.58) **Significant at 5 percent level of 
probability (t-value= 1.96) 
 

Table 8: Test of Serial Autocorrelation in Establishing Relationship of 
Wholesale Price with Lagged Price and Market Arrival of Major 
Vegetables 

Vegetables Standard Error of 
Regression 

Coefficient of 
Lagged Price 

[SE ( )] 

Variance of Regression 
Coefficient of Lagged 

Price 

[var ( )] 

d-
statistic 

Estimate of 
First-Order 

Serial 
Correlation 

( ) 

h-
statistic 

Tomato-local 0.057 0.00324 1.779 0.1105 1.805 

Potato-red 0.019 0.00361 1.720 0.0140 1.710 

Onion-dry 0.049 0.00241 1.845 0.0770 1.136 

Cabbage 0.036 0.00129 2.120 -0.060 -0.794 

Cauliflower 0.049 0.00241w 1.944 0.028 0.413 

Note: Sample size (n) = 143 

Rejection of null hypothesis ( =0) when |h|>1.96 at 5 percent probability 
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ABSTRACT 

The study was done on the economic analysis of tomato, brinjal and 
bhendi cultivation with a comparison of income, access to technology 
of supermarket and traditional market supply farmers in the two 
selected districts. The per hectare cost of cultivation of the three 
selected vegetables on supermarket and  traditional market supply 
farms revealed that cost of cultivation of vegetables was remarkably 
higher for traditional farms than supermarket supplying farms. This 
was mainly due to excessive use of manures and fertilizers, 
irrigation, plant protection chemicals and human labour. The returns 
per rupee invested have been noted higher for supermarket supply 
farmers than that of traditional farmers. The evidence indicates that 
innovative institutions contribute in reducing production cost and 
augmenting farm profits. Discriminant function analysis shows that 
price, manures and fertilizers, yield, hired labour and net income 
contributed mostly to discriminate between two groups’ viz., 
supermarket and traditional market supplying farmers. 
Key words:  Andhra pradesh, marketing of vegetables, supermarket 
supply channel; traditional market supply channel. 

INTRODUCTION 
Indian agriculture is gradually diversifying towards high-value food 

commodities. This is expected to benefit millions of farmers especially smallholders, 
who rely on agriculture for their livelihood. The challenges that supermarkets pose in 
certain circumstances on small producers may have a comparative advantage over 
larger commercial growers (David et al., 2003). Vegetables are considered as 
protective food and acts as a regular source of returns in farm business. Production of 
vegetables is limited to a small proportion of farmers because of high production and 
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market risks, institutional linkages between production and markets enable farmers to 
cope with such risks, contribute to more efficient markets and extension, and reduce 
public institution costs. Agribusiness firms enhanced skills and provided training in 
clean production, and provided inputs, technology, credit, and services to improve 
competitiveness. Demand for vegetables in India is income-elastic and is expected to 
grow faster as the factors underlying demand growth that is income growth and 
urbanization, have been quite robust during this period and are unlikely to subside in 
the near future. In other words, rapid growth in demand for high value food 
commodities opens up immense income and employment opportunities for producers 
especially, small holders and other stakeholders as the cultivation of vegetables is 
more profitable, capital and labour intensive compared to staples and other cash 
crops. This offers a perfect opportunity to small holders to augment their income and 
employment. Evidence from many Asian and African countries indicates that 
vegetable production requires 1.5-3 times more labour and generates 1.3-14 times 
more returns compared to cereals (Joshi et al., 2006). The farmers connected to 
organised retail in India have larger land holdings (Joseph et al., 2008; Mangala and 
Chengappa, 2008; Alam and Verma, 2007) and higher proportion of irrigated land 
(Joseph et al., 2008) than those supplying to traditional market channels.  Studies on 
fresh fruit and vegetable retail chains in India have confirmed relative advantages for 
farmers connected with organised retail and the farmers contracted by retail chains 
received comparatively higher prices (Dhananjaya and Rao, 2009).   

For supplying to supermarket less perishable commodities are procured from 
the farmers by setting up collection centers in the niche production regions.  Most 
organised food retail ventures are involved in arrangements of procurement without 
any contracts or commitments, apart from paying farmers at price for the produce 
(Sulaiman et al., 2010).The procurement officers provide technical support to the 
member farmers in preparation and planning of crop calendar and showing schedules 
to get the desired supply on a regular basis. For other inputs, the firm maintains a 
panel of some reputed input dealers and recommends producers to source their 
requirements from them. Producers, however, are free to buy from anywhere. In 
general, input price charged by these dealers are marginally less than their market 
prices. Extension services such as selection of quality inputs, sowing techniques, 
irrigation management practices, identification of pests and diseases and their 
management, harvesting techniques, and grading, standardization and packaging 
methods are provided to the farmers at free of cost to farmer. Singh (2010) report that 
retail chains have raised quality consciousness among farmers introduced grading (in 
primary processing) and have helped cost‐cutting through extension and training on 
input use for better yield. 

Under this perspective, the present study is undertaken with the following 
objectives: (i) to analyse the economics of vegetable production of supermarket and 
traditional market supply farmers , (ii) to compare the income of these two groups of 
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farmers, and (iii) to specify the variables that are discriminating the supermarket 
supply farmers from traditional market supply farmers. 

MATERIALS AND METHODS 
Medak and Rangareddy Districts of Andhra Pradesh were purposively selected 

for the present study as they were supplying vegetables to many corporate retail 
companies like Reliance Fresh, More, Spencers, ITC e-choupal which were operating 
their retail outlets in Hyderabad city. The study focuses on three fresh vegetables 
namely tomato, brinjal and bhendi as they are farmer perspective (regularly providing  
income  for producers). A total of 468 vegetable cultivators were selected of which 
234 are from Rangareddy district and 234 are from Medak district. Among the 234 
farmers, 117 farmers are linked with supermarkets and 117 farmers are supplying 
vegetables to traditional markets. Out of 117 farmers 39 each of tomato, brinjal and 
bhendi farmers were selected randomly taking two categories of farmers i.e. small 
and large from each district. 

Primary data on cost of cultivation of both the group of farmers was collected 
during the year 2009-2010 through a pre-tested schedule. Analysis was done to 
estimate costs according to cost concepts where income measures and Discriminant 
function were employed as shown below. 
Cost concepts:  

Cost A1: All the variable costs excluding family labour cost and including 
interest on working capital; Cost A2: Cost A1 + rent paid for leased-in land; Cost B1: 
Cost A1 + interest on value of owned capital assets (excluding land); Cost B2: Cost B1 
+ rental value of owned land + rent paid for leased- in land (net of land revenue); 
Cost C1: Cost B1 + imputed value of Family Labour; Cost C2: Cost B2 + imputed 
value of Family Labour and Cost C3: 10% of C2. 
Income measures: 

Gross income: Yield of the crop X market price received per quintal; Net 
income : Gross income - Cost C2; Farm business income : Gross income - Cost A1 or 
Cost A2; Family labour income : Gross income - Cost B2 ; Farm investment income
 : Farm business income – imputed value of family labour. 
Discriminant Function 

Discriminant functional analysis was used to know the relative importance of 
different variables, power of relevant variables to discriminate between two groups of 
farmers viz., suppliers to supermarkets and non- supplier to supermarkets. The 
discriminant function employed was of the following form: 

          p 
Z1  =  ∑  Li Xi   (for first group farmers ) 
         i=1 
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           p 
          Z2  =  ∑  Li Xi   (for second group farmers ) 

         i=1 
Where, Z = Total discriminant score for both group of farmers, Xi= Variables 

selected to discriminate the two groups; and Li = Discriminant coefficients of the 
variables estimated from the data. 
           S L = d 

Where, 
L= Column vector of the coefficient of discriminant function, S=  Pooled 

dispersion matrix Sij (pooled covariance matrix of the same groups), d = d1, 
d2,…………dp was the vector of mean differences on the ‘p’ original measure. 
           The discriminant function was tested for significance, whether the variables 
considered together were significantly discriminating between the two groups. 
Mahalanobis D2 statistics was used to measure the discriminating distance between 
the two groups as follows: 

                  p     n                                      n 
D2 

ab= (n-g) ∑   ∑  Wij (Xia-Xib ) (Xja-Xjb) = ∑ Lidi                   
Where, n = total number of cases, g = number of groups, p = number of 

variables, Xia = Mean of ith variable in group ‘a’, Wij = Element from the inverse of 
within groups covariance matrix; and Li = Inverted matrix of the coefficients of the 
discriminant function. a = suppliers,           b= non suppliers. The significance of D2 
as tested by applying the following F- test. D 2 = ( X1-X2 )  S-1  ( X1- X2 ); and  S   =  
Pooled covariance matrix of the two samples. 

RESULTS AND DISCUSSION 
Cost of cultivation of vegetables 
            Various components of cost of cultivation of tomato, brinjal and bhendi 
farmers for supermarket and traditional market supply in Rangareddy and Medak 
districts were presented in tables-1,2,3. In Rangareddy district, operational cost per 
hectare was less for supermarket supply tomato small farmers (Rs. 18978) over 
traditional market supply tomato farmers (Rs. 21589) due to excess indiscriminate 
usage of seeds, manures and fertilizers and plant protection chemicals (Table 1). 
Among the operational costs for tomato of small farmers, human labour occupies a 
major share (28.38 and 30.20) of total cost of (Rs. 36379 and Rs. 38855) of 
supermarket and traditional market supply, respectively.  In Medak district also the 
operational cost per hectare was less for supermarket supply farmers (Rs. 19206) 
over traditional market supply tomato farmers (Rs. 20825). Farmers of Medak district 
were also found to have used labour efficiently in supermarket supply. 
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The cost of cultivation of supermarket supply brinjal small farmers in 
Rangareddy district was Rs. 38473 which was comparatively less than traditional 
market supply farmers of Rs. 39902.  Among the various items in operational cost of 
brinjal cultivation in Medak district, human labour accounts slightly 1% more for 
supermarket supply farms than traditional markets supply. It was also noted that 
human labour utilization of supermarket supply brinjal was more than tomato crop, 
this might be due to the long duration of brinjal crop. The expenditure on manures 
and fertilizers was highest in small farms followed by large farms for both the 
channel farmers. It was observed that the expenditure on plant protection chemicals 
was higher in brinjal compared to tomato, as more number of pests and diseases are 
observed on brinjal. Supermarket supply small farmers invested less amount on plant 
protection chemicals when compared to the traditional markets supply channels by 
Rs. 121 (Table 2). The reason may be that the supermarket suppliers are more 
conscious about chemicals usage than traditional farmers. 

The cost of cultivation of supermarket supply bhendi large farmers in 
Rangareedy district was Rs. 29579 which was comparatively lower than supermarket 
supply small farms i.e Rs. 36313.The same trend was noticed in Medak district also. 
The cost of cultivation per hectare for supermarket supply bhendi small farmers in 
Rangareddy was Rs. 36314 which was comparatively less than traditional market 
supply farmers of Rs. 38969.  In Medak district the cost of cultivation of supermarket 
supply bhendi small farmers was less than traditional market supply channels by Rs. 
2170.   Likewise, in tomato and brinjal, there is an inverse relationship between cost 
and farm size, the results revealed that supermarket farmer was efficient in carrying 
out the various operational activities. The total operational cost is observed to be 
more in bhendi compared to brinjal and tomato in both the districts. Among the 
various operational costs human labour utilization was more in bhendi compared to 
other vegetables which occupied a major share because of risk involved to carry out 
the cultural operations within the crop, followed by manures and fertilizers for both 
the channel farmers. 

From the above analysis it was evident that the total cost of cultivation per 
hectare was highest in Rangareddy district brinjal traditional farmer followed by 
tomato and bhendi farmers. This difference across the vegetables was due to duration 
of the crops and the requirement of inputs. The difference across the channels was 
due to the lack of proper knowledge about the material inputs management. Small 
farmers were incurring more expenditure compared to large farmers in the cultivation 
of all these selected vegetables inspite of this small holders were gradually 
diversifying out of staples towards high-value commodities, (Birthal, Joshi and 
Gulati 2003) and this was expected as small holders had a higher endowment of 
labour in relation to land and thus, had a comparative advantage in production of 
labour-intensive high value crops (Birthal and Joshi 2007). 
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Cost concepts and income measures 
The comparison of cost concepts in table 4 revealed interesting findings in all 

the three selected vegetables.  CostA1 for tomato of supermarket supplier pertaining 
to small farms in Rangareddy district was less than the traditional market supply 
farms by Rs. 2,813.85. CostA1 indicated an inverse relationship with farm size in 
tomato, brinjal, bhendi cultivation. This was mainly due to participation of more of 
owned labour in small farms. The CostB1 on tomato supermarket small farmers 
accounted to Rs. 15,008.08 against Rs. 17,029.17 of brinjal and Rs. 16794.23 of 
bhendi small farmers. While in Medak district tomato, brinjal and bhendi crop small 
farmers recorded Rs. 15,312.31, Rs. 16,258.75, Rs. 17,277.69 respectively. CostC1 
has showed an inverse relationship with the farm size for both the market channels in 
two districts. Cost C3 which was 10% of Cost C2 indicated as Rs. 3638, Rs. 3847, and 
Rs. 3631 in Rangareddy district pertaining to supermarket suppliers of small farms 
with respect to tomato, brinjal and bhendi. In Medak district Cost C3 for supermarket 
supply small farms of tomato, brinjal, bhendi was indicated as Rs. 3598, 3762 and 
3643 respectively. 
         The average yield of Rangareddy supermarket supplying small farms in case of 
tomato, brinjal, bhendi was 131, 132 and 68 quintal per hectare, while that of 
traditional market supply farmer’s average yield for the selected vegetables was 130, 
134 and 67 quintal per hectare. In Rangareddy district supermarket supply tomato 
small farmer yield obtained was 131 quintals per hectare which was slightly higher 
than traditional market supply farmers of 130 quintals per hectare, in Medak district 
also supermarket supply farmers yields were slightly higher than traditional market 
supply farmers. It was also known that the average yields in quintals per hectare of 
all the three vegetables were slightly higher in Medak district pertaining to suppliers 
of supermarket small farms when compared to large farms which indicated an inverse 
relationship with farm size. It was observed that the gross returns (94098), farm 
business income (73518), family labour income (57401) obtained in Rupees per 
hectare were the highest in Rangareddy district brinjal producing supermarket supply 
small farmers than large farmers. for all the three selected vegetables the gross 
returns, farm business income, family labour income were highest in supermarket 
supply small farms than large farms. The reason was identified as more concentration 
paid by the small farmers in vegetable production which resulted higher yields and 
returns. Naveen et al., (2005) revealed that Supermarket channel farmers had adopted 
more capital intensive production technologies (irrigation interventions and enhanced 
use of soil fertility inputs) which resulted in their average land and labour 
productivity being 60-70 percentages higher than those of traditional channel 
farmers.  

Different measures of return namely, gross income, net income, family 
labour income, farm family investment income and farm business income per hectare 
also revealed high degree of profit from supermarket supplying farms. It was found 
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that retail chains had enhanced the farmers profitability by 10-15% (Changappa and 
Nagaraj 2005). Even though, the yields were slightly higher for supermarket supply 
farmers, a deeper view indicated that there was minimum difference in productivity 
of the three selected vegetables between the supermarket and traditional market 
supply farmers. But there were differences in cost of cultivation of the three selected 
vegetables between supermarket and traditional market supply farmers. The price 
received per quintal for supermarket supply farmers was relatively higher than 
traditional market supply farmers in both the districts for all the three selected 
vegetables due to the freshness retained and less damage caused by transportation for 
supermarket supply farmers (Tables 4, 5 and 6). Linking of traditional market 
farmers with retail outlets would enable small farmers to have more profit (Mangala 
and Changappa 2008).  
Discriminating characteristics between supermarket and traditional market 
supply farmers. 

The results of discriminant function analysis as studied between two distinct 
groups of farmers in the selected districts are presented in (Table 7). The D2 value 
was found to be 65.60 and 44.29 in Rangareddy and Medak districts, respectively 
which were statistically significant at one per cent level of probability indicating that 
the variables considered in the function are significantly distinguishing between the 
two groups of farmers.  

The relative importance of the discriminators as seen through the table 
revealed that price, manures and fertilizers, yield, hired labour and net income 
contributed mostly to discriminate between two groups in Rangareddy, while in case 
of Medak district, transportation cost, rent for owned land, human labour, price 
received per quintal contributed mostly to discriminate between the two groups. This 
indicated that there was a significant difference in the cultivation of vegetables by the 
supermarket and traditional supply farmers.  

CONCLUSIONS 
This paper analyzed issue of small holder participation in high-value vegetable 

production and their access to the markets. Even though, the yields were slightly 
higher for supermarket supply farmers, a deeper view indicated that there was 
minimum difference in productivity of the three selected vegetables between the 
supermarket and traditional market supply farmers. But there were differences in cost 
of cultivation of the three selected vegetables between supermarket and traditional 
market supply farmers.  It emerged from this study that small holders, despite their 
limited access to land, participated more in vegetable production and made sizeable 
contribution to their output. Further, small holders had greater endowment of family 
labour and were more efficient in production of labour intensive crops like 
vegetables. So it could be concluded that the supermarket supply farmers were 
profitable, as the collection centre officers and the distribution centre officers were 
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disseminating good agricultural practices to the farmers who were linked with the 
supermarkets, hence led to reduced cost of cultivation. The profitability of small 
farmers could be increased by reducing the cost of cultivation, by adopting a location 
specific suitable method of input supply system. The linkage of supermarket with 
farming changed the method of farming especially for small farmers, through their 
intensive cultivation, and they had been able to earn considerably higher income. 
Developmental programs should assist small holder farmers to access the 
supermarket chain and would have to make sure that farmers meet the major portion 
of supermarket requirements. Production of most of the high -value vegetables is 
capital- and information/knowledge- intensive and riskier, while smallholders lack 
access to capital, improved technologies, quality inputs, extension services needed 
for entry into the high- value segment.  Institutions like cooperatives, contract 
farming and growers associations were considered to improve producer’s access to 
markets and the evidence indicated that these institutional innovations enhanced their 
access to market, quality inputs, improved technology information and services. It 
was, therefore, essential to strengthen institutional mechanisms that improve 
smallholders’ access to credit, technology and support services. Institutional 
innovations that linked production with markets, enable producers cope up with risks, 
contributed towards development of efficient markets and extension systems, and 
reduced burden on public exchequer of providing such services. Task force on 
promotion of new and competitive agricultural market in private and cooperative 
sectors was required to encourage direct marketing and contract marketing 
programmes that facilitated industries and large trading companies to undertake 
procurement of agricultural commodities directly from the farmers field and to 
establish effective linkages between the farm production and retail chains. Reduction 
in commission charges, provision of cheap and efficient transport facilities, 
establishment of regulated markets, strengthening of the cooperative marketing 
institutions, innovations in packing and storage technology for the vegetables needed 
be developed. India being the land of small and marginal farmers and have been 
advocating the fact that small farmers are going to feed India, it is important to 
mobilize and help them to diversify to meet the increasing domestic demand of 
horticulture products. As identified from African nations the small farmers are the 
key to initiate the horticultural revolution and with technical change and increase in 
international competitiveness large scale operations and vertical integration takes 
place. Thus to sustain the growth and development of the small land holder, farmers 
should be monitored to identify, select and support horticultural and entrepreneurial 
smallholders. Linking small farmers with high value urban and export markets would 
lead to the development of the rural sector. 
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Table 1: Cost of cultivation of tomato supermarket and traditional market supply farmers in Ranga reddy and 
Medak districts  of Andhra Pradesh. 

                                                                                                                            (Rupees per hectare)              
Ranga reddy Medak 

Particulars 
Super market supply farmers Traditional market supply  farmers Super market supply farmers Traditional market supply  farmers 

 Small Large Small Large Small Large Small Large 
Human Labour 10327.31(28.38)       8528.85  (29.29) 11736.54(30.20) 9802.69 (30.87) 1093462 (25.29)        9268.08 (31.48) 11518.46(30.53) 9532.31(31.56) 
Owned 5871.15 (16.13)         3860.77 (13.26) 5479.23 (14.10) 3339.23 (10.51) 5669.62 (12.72) 3187.31 (10.82) 5244.62 (13.90) 3861.15  (12.7) 
Hired 4456.15 (12.24) 4668.08 (16.03) 6257.31 (16.10) 6463.46 (20.35) 5265.00 (14.63) 6080.77 (20.65) 6273.85 (16.63) 5671.15(18.77) 

Bullock labour 2010.38   (5.52) 1897.69   (6.51) 2244.62   (5.77) 1923.85   (6.05) 1966.92   (5.46) 1848.85   (6.28) 2083.08   (5.52) 1895.38  (6.27) 

Seeds 533.85     (1.46) 560.00     (1.92) 750.00     (1.93) 794.62     (2.48) 522.31     (1.48) 556.15     (1.88) 748.46     (1.97) 789.62    (2.59) 
Manures and 
fertilizers 3270.00   (8.98) 2863.08   (9.83) 3760.00   (9.67) 3365.77 (10.60) 3048.46   (8.47) 2780.77   (9.44) 3576.54   (9.48) 3065.00(10.14) 

Irrigation 444.62     (1.22) 421.54     (1.44) 466.92     (1.20) 423.08     (1.33) 439.23     (1.22) 430.77     (1.46) 470.00     (1.24) 413.85    (1.37) 

Plant Protection 
chemicals 2060.77   (5.66) 2373.08   (8.15) 2255.00   (5.80) 2559.23   (8.06) 1968.85   (6.27) 2286.15   (7.76) 2053.85   (5.44) 2474.62  (8.19) 

Interest on 
working capital 330.7       (0.90) 427.31     (1.46) 376.54     (0.96) 419.23     (1.32) 325.77     (0.90) 429.23     (1.45) 375.00     (0.99) 416.15    (1.37) 

Total variable 
cost 18977.69(52.16) 17071.54(58.63) 21589.62(55.56) 19288.46(60.37) 19206.15(55.10) 17600.00(59.79) 20825.38(54.91) 18586.92(61.1) 

Rent owned 
land 15500.00(42.60) 10815.38(37.14) 15600.00(40.35) 11516.92(36.27) 15500.00(43.07) 10661.54(36.22) 15500.00(41.00) 10684.92(35.3) 

Land revenue 150.00     (0.41) 133.08     (0.45) 79.23       (0.20) 76.54       (0.24) 85.38       (0.23) 82.69       (0.28) 78.08       (0.20) 75.38      (0.24) 

Depreciation 548.46     (4.41) 439.23     (1.50) 429.23     (1.11) 344.62     (1.08) 535.00     (1.48) 436.92     (1.48) 426.92     (1.13)  343.85   (1.13) 

Interest on fixed 
capital 1203.07   (3.30) 656.15     (2.25) 1157.69   (2.99) 721.54     (2.27) 1155.38  ( 3.21) 653.08     (2.21) 1094.23   (2.90) 712.31    (2.35) 

Total fixed cost 17401.5  (47.83) 12043.85(41.36) 17266.15(44.66) 12659.62(39.87) 16775.77(46.62) 11834.23 (40.2) 17099.23(45.32) 11816.15(39.1) 

Total cost 36379.23  (100) 29115.38  (100) 38855.77  (100) 31948.08  (100) 35981.92  (100) 29434.23  (100) 37924.62  (100) 30403.03 (100) 

figures in parenthesis indicate percentages to total cost 



Table 2: Cost of cultivation of brinjal supermarket and traditional market supply farmers in Ranga reddy and 
Medak districts of Andhra Pradesh.                                    (Rupees per hectare)              

Ranga reddy Medak 
Particulars Super market supply 

farmers 
Traditional market supply  

farmers 
Super market supply 

farmers 
Traditional market supply  

farmers 
 Small Large Small Large Small Large Small Large 

Human Labour 11351.54(29.509840.00  (31.73)11903.85(29.98)10125.77(31.88) 11416.15(28.739432.31 (31.17) 11544.23(27.73)9422.31 (30.20)
Owned 5779.23 (15.02)3671.54 (11.84) 5876.15 (14.80) 3868.08 (12.17 5738.85 (14.503559.23 (11.76) 6286.92 (16.27) 3669.23 (11.76)
Hired 5572.31 (14.48)6168.46 (19.89) 6027.69 (15.18) 6257.69 (19.70) 5677.31 (15.095873.08 (19.40) 5257.31 (13.61) 5753.08 (18.44)
Bullock labour 2470.00   (6.42)1934.62   (6.23) 2371.92   (5.97) 1960.00   (6.17) 2066.15   (5.491861.15   (6.15) 2265.71   (5.86) 1960.00   (6.28)
Seeds 550.00     (1.42)562.30     (1.81) 771.15     (1.93) 767.69     (2.40) 542.31     (1.44559.23     (1.84) 761.15     (1.96) 763.83     (2.43)
Manures and 
fertilizers 3378.46   (8.78)3062.69   (9.87) 3759.62   (9.46) 3228.46 (10.16) 3270.38   (8.692961.54   (9.78) 3670.38   (9.50) 3377.69 (10.82)

Irrigation 452.30     (1.17)383.85    (1.23) 459.23     (1.15) 419.23     (1.32) 446.54     (1.18377.69     (1.24) 450.77     (1.16) 415.35     (1.33)
Plant Protection 
chemicals 2181.92   (5.67)2484.62   (8.01) 2340.77   (5.89) 2745.38   (8.64) 2148.46   (5.712359.62   (7.79) 2270.00   (5.87) 2668.08   (8.55)

Interest  on 
working capital 350.00     (0.90)425.00     (1.37) 368.08     (0.92) 419.23     (1.32) 346.92    (0.92)418.85     (1.38) 367.69     (0.95) 431.54     (1.38)

Total variable 
cost 20734.23 (53.9)18693.08(64.7) 21974.62(55.07)19665.7 (61.53) 20236.92 (53.717970.38(59.38)21330.00(54.93)19238.85(61.27)

Rent owned land 1566154(40.70)11130.0  (35.89)15823.08(39.85)11033.08(34.74) 15615.38(41.5111103.85(36.69)15700.00(40.64)11115.38(35.62)
Land revenue 87.31       (0.22)64.62       (0.20) 90.00       (0.22) 94.62       (0.29) 86.54       (0.2363.46       (0.20) 83.08       (0.21) 92.31       (0.29)
Depreciation 540.00     (1.40)435.38     (1.40) 518.08     (1.30) 368.46     (1.16) 410.77     (1.09443.85     (1.46) 535.38     (1.38) 361.54     (1.15)
Interest on fixed 
capital 1450.00   (3.76)638.84     (2.06) 1496.15   (3.76) 796.15     (2.50) 1266.15   (3.36678.46     (2.24) 1176.15   (3.04) 789.23     (2.52)

Total fixed cost 17738.35(46.1012313.85(39.71)17927.31(45.15)12292.31(38.70) 17378.85(46.2012289.62(40.61)17494.62(45.29)12358.46(39.61)
Total cost 38473.08  (100)31006.92   (100)39901.92   (100)31958.08  (100) 37615.77   (10030260.00   (100)38824.62   (100)31397.31   (100)

(figures in parenthesis indicate percentages to total cost) 



Table 3: Cost of cultivation of bhendi supermarket and traditional market supply farmers in Ranga reddy and 
Medak districts of Andhra Pradesh.                                                         (Rupees per hectare)              

Ranga reddy Medak 
Particulars 

Super market supply farmers Traditional market supply  
farmers Super market supply farmers Traditional market supply  

farmer 
 Small Large Small Large Small Large Small Large 

Human Labour 11118.85(30.61) 9792.69 (33.10) 12128.08(31.28) 10249.23(33.43) 12058.85(33.09) 9626.54  (33.14) 12395.77(32.27) 10249.23(33.43) 
Owned 6444.23 (17.74) 3735.38 (12.62) 6553.85 (16.90) 4279.23 (13.95) 6428.08 (17.64) 3664.23  (12.61) 6538.85  (17.02) 4279.23 (13.95) 
Hired 4674.62 (12.87) 6057.31 (20.47) 5574.23 (14.37) 5970.00 (19.47) 5630.77 (15.45) 5962.31  (20.52) 5856.92  (15.24) 5970.00 (19.47) 
Bullock labour 2655.77   (7.31) 2423.08   (8.19) 2723.85   (7.02) 2587.69   (8.44) 2423.08  (6.65) 2260.00   (7.78) 2671.54    (6.95) 2587.69   (8.44) 
Seeds 627.31     (1.72) 516.54     (1.74) 845.38     (2.16) 751.54     (2.43) 627.31     (1.72) 510.38     (1.75) 840.00      (2.17) 751.54     (2.43) 
Manures and 
fertilizers 3864.62 (10.64) 3474.23 (11.74) 4073.85 (10.50) 3672.69 (11.98) 3762.3   (10.32) 3580.38  (12.32) 3957.31 (10..30) 3672.69 (11.98) 

Irrigation 455.38     (1.25) 260.00     (0.87) 485.38     (1.25) 205.38     (0.66) 449.23     (1.23) 260.00     (0.89) 478.46      (1.24) 205.38     (0.66) 
Plant protection 
chemicals 2686.15   (7.39) 2389.62   (8.07) 2731.92   (7.04) 2417.69   (7.88) 2570.77   (7.05) 2389.62   (8.22) 2656.92    (6.91) 2417.69   (7.88) 

Interest on working 
capital 318.85     (0.87) 322.31     (1.08) 336.15     (0.86) 316.92     (1.03) 315.77     (0.86) 313.85     (1.08) 321.54      (0.83) 316.92     (1.03) 

Total variable cost 21726.92(59.83) 19178.46(64.83) 23324.62(59.85) 20201.15(65.47) 22207.31(60.94) 18940.77(65.21) 23321.54 (60.4) 20201.15(65.47) 
Rent owned land 12730.7 (35.05) 9220.00  (31.17) 14151.54(36.50) 9340.00 (30.46) 12730.77(34.93) 8900.00  (30.64) 13800.0 (34.93) 9340.00 (30.46) 
Land revenue 60.00       (0.16) 63.85       (0.21) 68.46       (0.17) 63.85       (0.20) 63.08       (0.17) 62.69        (0.21) 66.92        (0.17) 63.85       (0.20) 
Depreciation 463.85     (1.27) 332.31     (1.12) 466.92     (1.20) 363.85     (1.18) 460.00     (1.26) 350.00      (1.20) 465.00      (1.21) 363.85     (1.18) 
Interest on fixed 
capital 987.69     (2.71) 784.62     (2.65) 957.69     (2.47) 886.15     (2.89) 975.38     (2.67) 791.92      (2.72) 952.69      (2.48) 886.15     (2.89) 

Total fixed cost 14586.92(40.16) 10400.77(35.16) 15644.62(40.35) 10653.85(34.75) 14229.23(39.05) 10104.62(34.78) 15284.62(39.79) 10653.85(34.75) 
Total cost 36313.85  (100) 29579.23   (100) 38969.23   (100) 30855.00   (100) 36436.54  (100) 29045.38   (100) 38606.15   (100) 30855.00   (100) 

 (Figures in parenthesis indicate percentages to total cost) 



Table 4.  Market wise Comparision of cost concepts of selected vegetables production in Rangareddy and Medak 
districts of Andhra Pradesh  For the year 2009-2010. 

                                         Rangareddy                                                 Medak 
  Particulars 

Super market supply farmers        Traditional      farmers         Super market supply farers        Traditional   farmers 
Tomato Small    Large   Small    Large Small    Large   Small    Large 

Cost A1 13805.00 13783.08 16618.85 16170.38 14156.92 14932.31 16085.77 14945.00 
Cost A2 18805.00 16783.08 21618.85 20170.38 19156.90 19932.31 21085.76 19945.00 
Cost B1 15008.08 14439.23 17776.54 16891.92 15312.31 15585.38 17180.00 15657.31 
Cost B2 35508.08 28254.62 38376.54 33408.84 35312.32 31246.92 37680.00 31341.92 
Cost C1 20879.23 19260.00 23255.77 20231.15 20981.92 18772.69 22424.62 19518.46 
Cost C2 36379.23 29115.38 38855.77 31948.08 35981.94 29434.23 37924.62 30403.03 
Cost C3 3637.92 3007.53 3885.57 3174.80 3598.19 3443.42 3792.46 3020.30 

Brinjal         
Cost A1 15579.16 15521.54 16706.54 16260.77 14993.75 14918.46 15661.54 15823.46 
Cost A2 20579.17 19421.52 21706.55 20060.77 18993.72 18418.42 20661.52 18823.44 
Cost B1 17029.17 16205.38 18202.69 17056.92 16258.75 15596.92 16837.69 16612.69 
Cost B2 36695.83 31335.38 39025.77 31890.00 35875.42 30200.77 37537.63 30728.08 
Cost C1 22809.17 19876.92 24078.85 20925.00 22005.00 19156.15 23124.62 20281.92 
Cost C2 38473.08 31006.92 39901.92 31958.08 37615.77 30260.00 38824.62 31397.31 
Cost C3 3847.58 3100.69 3990.19 3195.80 3762.16 2976.00 3882.46 3129.73 

Bhendi         
Cost A1 15806.54 15839.23 17306.15 16349.62 16302.31 15689.23 17314.62 16332.31 
Cost A2 20806.35 20839.23 22306.14 21349.63 21302.21 19687.22 22314.64 20332.33 
Cost B1 16794.23 16623.85 18263.85 17235.77 17277.69 16481.15 18267.31 17189.25 
Cost B2 34869.62 30843.85 37415.38 31575.77 35008.46 29381.17 37067.34 30439.23 
Cost C1 23238.46 20359.23 24817.69 21515.00 23705.77 20145.38 24806.15 21540.00 
Cost C2 36313.85 29579.23 38969.23 30855.00 36436.54 29045.38 38606.17 30855.00 
Cost C3 3631.38 2957.92 3896.92 3085.50 3643.65 2904.53 3860.61 3079.00 



Table 5 : Market wise farm income measures for tomato and brinjal  production in Rangareddy and Medak 
districts  of Andhra Pradesh                                                                                                                (Rupees 
per hectare)             

Tomato Brinjal 
Particulars Super market supply 

farmers Traditional   farmers Super market supply farmers 
 Traditional  farmers 

 Small    Large    Small      Large     Small Large Small Large 

Rangareddy  

Average yield (Q/Ha) 131.54 129.54 130.00 128.46 134.69 127.85 133.85 128.92 

Market price 693.27 688.46 552.88 548.08 703.85 693.08 586.54 570.19 

Gross returns 91192.73 89183.10 71874.40 70406.35 94097.70 88610.27 78508.37 73508.89 

Net returns 54813.50 60067.72 33018.63 38458.27 55624.62 57603.35 38606.45 41550.81 

Farm business income 72387.73 72400.02 50255.60 50235.97 73518.53 69188.75 56801.82 53448.12 

Farm family labour income 59684.65 58528.48 36497.86 35997.51 57401.17 57274.89 41483.20 40218.00 

Farm investment income 66516.58 68539.25 44776.37 46896.76 67739.30 65517.21 50925.67 49580.04 

Medak         

Average yield (Q/Ha) 151.38 148.46 149.69 148.00 153.08 149.08 150.92 148.00 

 Marker Price 696.15.00 680.38 470.19 463.46 675.04 624.04 511.54 494.23 

Gross returns 105383.18 101009.21 70382.74 68592.08 103335.12 93031.88 77201.61 73146.04 

Net returns 69401.26 71574.77 32458.12 38189.05 65719.35 62771.88 38376.99 41748.73 

Farm business income 86226.28 81076.90 49296.98 48647.08 84341.40 74613.46 56540.09 54322.60 

Farm family labour income 73070.86 69762.29 35702.74 32250.16 67459.70 62831.11 42663.98 40417.96 

Farm investment income 80556.6 71808.82 43953.38 44785.93 78602.55 71054.23 50253.17 50653.37 



Table 6 : Market wise farm income measures for bhendi production in Rangareddy and Medak districts of 
Andhra pradesh                                                                                                                  (Rupees per hectare) 
Particulars Bhendi 

 Super market supply farmers Traditional  farmers 

 Small Large Small Large 
Rangareddy     

Average yield (Q/Ha) 69.15 66.92 67.38 65.85 

 Market Price 1269.23 1228.85 1148.08 1131.73 

Gross returns 86498.02 82234.64 77357.63 74524.42 

Net returns 50184.17 52655.41 38388.40 43669.42 

Farm business income 65691.67 61395.41 55051.49 53174.79 

Farm family labour income 51628.40 51390.79 42942.27 40948.65 

Farm investment income 59247.44 57660.03 48497.64 48895.56 

Medak     

Average yield (Q/Ha) 73.85 71.69 72.77 69.69 

 Market Price 1168.27 1155.77 1059.62 1054.81 

Gross returns 85907.48 82857.15 77108.54 73509.70 

Net returns 49470.94 53811.77 38502.39 42719.70 

Farm business income 64605.27 63169.93 54793.90 53177.37 

Farm family labour income 53899.02 50475.98 43041.20 41070.47 

Farm investment income 63957.19 59505.70 48255.05 48826.60 



Table 7 : Discriminant function analysis for vegetable cultivators in Rangareddy and Medak districts of Andhra 
Pradesh. 

Districts Rangareddy  Medak  
S.No 

Variables Discriminant 
coefficients t-value Discriminant 

coefficients t-value 

1 Intercept a -13.43*** 12.48 -6.579*** 5.244 
2 Owned labour  0.00016** 2.668  0.00048*** 4.781 
3 Hired labour  0.00055*** 6.260  0.00050*** 4.691 
4 Bullock labour  0.00059* 2.579  0.00117** 2.605 
5 Seeds  0.00383*** 5.161 -0.00080 0.696 
6 Manures and fertilizers  0.00162*** 8.039  0.0005** 3.067 
7 Irrigation  -0.00064 0.867 -0.00180** 3.010 
8 Plant protection chemicals  0.00046* 2.286  0.00023 0.953 
9 Rent  for own land -0.00020*** 4.193  0.00018*** 4.880 

10 Depreciation -0.00101* 2.230  0.00127* 2.114 
11 Price (Rs/Q)  0.01727*** 9.183  0.00925** 3.301 
12 Yield  0.01547*** 7.409  0.00075 1.252 
13 Net income  0.00003*** 5.429  0.00001 1.391 
14 Distance covered  0.01962*** 2.767 -0.00818 1.192 
15 Transportation cost  0.00560 1.819  0.01856*** 5.205 

 Misclassification probability 0.0051% 0.0875% 

    D2 65.60 44.29 
    T2 3838.80 2591.84 
    F statistics 210.24 141.94 

         *** Significant at one percent level             **   Significant at five percent level          *  Significant at ten percent level 
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ABSTRACT 

A study was conducted in 22 alluvial soils of West Bengal, India to 
estimate the critical limit of Zn in soil and rice plant for predicting the 
response of rice (Oryza sativa) to zinc application.  The DTPA-
extractable Zn was positively and significantly correlated with CEC, 
organic carbon and clay contents and negatively correlated with pH, 
silt and sand contents of soil. The DTPA-extractable Zn also showed 
a positive correlation with dry matter yield and plant Zn content. The 
critical concentration of Zn in these soils was established at 0.75 mg 
kg-1 for rice and that of 28.0 mg kg-1 in the plant tissue. Soil 
containing Zn below the critical limit responded appreciably to Zn 
fertilization. A negative response to Zn application was also observed 
at its higher level. The average dry matter yield increases with 
increasing level of Zn application up to 2.5 mg kg-1 in Zn deficient 
soils. The average response to Zn application in rice in Zn deficient 
soils was found to be 68.5% and 19.9% in Zn adequate soils. 
Key words: Zinc, bray’s percent yield, critical limits, alluvial soil, 
physico-chemical properties of soil, rice. 

INTRODUCTION 
Rice is one of the most important food crops and a primary food source for 

more than one third of world’s population (Prasad et al., 2010). In Asia, India has the 
largest area under rice cultivation (44.3 million ha) accounting for 29.4 per cent of 
the global rice area. The productivity level in India is low (2.04 t ha-1) as compared to 
Japan (6.25t ha-1), China (6.24t ha-1) and Indonesia (4.25t ha-1). In India, West Bengal 
is one of the leading states for rice cultivation. Productivity of rice depends upon 
balance application of nutrients. The soils of West Bengal are poor in micronutrients 
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due to continuous growing of high yielding varieties and only incorporation of 
macronutrients in cropping system. The deficiencies of micronutrients are of critical 
importance for sustaining high productivity of rice in India.  Zinc is one of the 
essential plant micronutrients and its importance for crop productivity is similar to 
that of major nutrients (Rattan et al., 2009). Zinc plays an important role in different 
plant metabolism processes like development of cell wall, respiration, 
photosynthesis, chlorophyll formation, enzyme activity and other bio-chemical 
functions (Das, 2003 and Singh, 1984). 
 Widespread and extensive Zn deficiency has been reported in the soils of low- 
land rice cultivation of India, Bangladesh, Pakistan, Philippines, Myanmur, 
Indonesia, Japan, Korea, Taiwan and Thailand (IRRI, 1978). In West Bengal, 55% of 
the soils are found to be deficient in Zn (Takkar et al., 1989). Studies on Zn fertilizer 
proved that the application of Zn greatly influences growth, yield and quality of rice 
(Patnaik et al., 2011 and Rahman et al., 2007). The symptoms of Zn deficiency have 
been recorded on rice and other field crops including vegetables crops grown in soils 
of alluvial zone of West Bengal. Realising the importance of Zn in plant growth and 
at the same time seriousness of its deficiency in soils and plants, an attempt was, 
therefore, made to study the critical concentration of Zn in soils and rice crop which 
is widely grown in the region of West Bengal for making Zn application more 
rational. 

MATERIALS AND METHODS 
Twenty two soil samples in bulk from plough layer (0-20 cm) were collected 

from different locations of alluvial zone of West Bengal. This zone comprised of four 
districts viz, Nadia, Burdwan, Murshidabad, and Hoogly of West Bengal, India 
(Table 1), lying between 220 34/ to 230 24 / N latitude and 88024/ to 880 33/ Longitude. 
These soils belong to order Inceptisols, Entisols and Alfisols (Soil Survey Staff, 
2006). The collected soil samples were separately air dried ground and passed 
through 2 mm size sieve for laboratory analysis. Particle size distribution was done 
by the standard Bouyoucos hydrometer method (Gee and Bauder, 1986). Soil pH was 
determined by glass electrode with calomel as standard (Jakson 1973). Organic 
carbon was estimated by wet digestion method of Walkey and Black (Jackon, 1973). 
The cation exchange capacity was determined by leaching the soil with 1 N 
NH4

+OAC and subsequently displacing the adsorbed NH4
+ methods (Gupta, 2007). 

Available zinc content of the soil samples was extracted with DTPA-TEA (pH 7.3) 
extractant following the method of Lindsay and Norvell (1978) and the concentration 
of Zn in the extracted solution was estimated with the help of Atomic Absorption 
Spectrophotometer (AAS).  

A pot culture experiment was conducted in a greenhouse in polythene lined pots 
at the Instructional farm (22057/ N Latitude and 88020/ E Longitude), Mohanpur, 
West Bengal. The polythene lining was rinsed in 0.1N HCI followed by deionized 
water. Four kg of each soil was transferred into each pot. Recommended doses of 
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nitrogen, phosphorus and potassium @ 50, 11 and 21 mg kg-1 N, P and K, 
respectively were applied as reagent grade i.e. Urea, KH2PO4 and KCl. Three 21 day 
old rice seedlings (var. IR 36) were transplanted in each pot. Zinc was applied @ 0, 
1.25, 2.5 and 5.0 mg kg-1 soil as reagent grade of Zinc sulphate (ZnSO4, 7H2O) after 
7 days of transplanting of rice seedling. Each treatment was replicated thrice in 
completely randomized design. Watering with deionized water and intercultural 
operations like weed control and plant protection measures were adopted uniformly 
in each pot as and when required. Rice plants of above ground portion were 
harvested after 30 days of transplanting and washed in acidified solution, rinsed with 
deionized water, dried at 65 0C in a hot air oven and dry-matter yield was recorded. 
The dried rice plant and dried 3rd leaf samples of each pot were separately powdered 
in a warring stainless steel grinder. The dry powdered plant samples were digested in 
a mixture of 10:4:1 of HNO3: HClO4: H2SO4 on a hot plate and filtered through 
Whatman No.42 for estimation of Zn with the help of Atomic Absorption 
Spectrophotometer (AAS). The critical value of  DTPA-extracted zinc in soil and in 
plant were determined by plotting the Bray’s percent yield against soil DTPA-
extracted zinc content and separately against plant tissue zinc content respectively, 
following the method of Cate and Nelson (1965). 

Bray’s percent Yield = x100 

 

Simple correlation analysis was carried out to establish the relationships 
between the Zn and soil properties. 

RESULTS AND DISCUSSION 
Soils properties 

The data of DTPA-extracted zinc and relevant physical and chemical 
properties of the soils of alluvial zone of West Bengal are presented in table 1. From 
data it was seen that soil texture varied from sandy to clay. The soils had pH values 
ranging from 5.6 to 7.5 with a mean value of 6.5. Soils were slightly acidic to neutral 
in reactions. The organic carbon status of soil samples ranged from 4.5 to 9.5 g kg-1 
with a mean value of 6.5 g kg-1. In general, soils were low in organic carbon content 
and more than 60 per cent soils were found to be low in organic carbon. The range of 
values of cation exchange capacity was 6.5 to 32 cmol (p+) kg-1 with a mean value of 
15.81 cmol (p+) kg-1. The results are in agreement with earlier works of Debnath et 
al., (2009) and Thakur et al., (2011). 
Critical limits of zinc in soils and third leaf rice plant 

The available Zn content ranged from 0.60 to 0.97 mg kg-1 with a mean value 
of 0.79 mg kg-1 (Table 1). The percent of dry matter yield of rice ranged between 
53.2- 104.9 with a mean value of 74.9. The value of Zn concentration in 3rd leaf of 
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rice crop, total Zn in entire shoot and Zn uptake by rice shoot in no Zn applied pots 
were 15.1-39 mg kg-1, 20- 45 mg kg-1 and 108- 661.5 µg pot-1 with respective mean 
value of 24.5 mg kg-1, 32.1 mg kg-1 and 329.2 µg pot-1 (Table 2). The plot of Bray’s 
per cent yield against soil available Zn and plant tissue Zn revealed 0.75 and 28.0 mg 
kg-1, respectively as the critical concentration of Zn in soils and plant (Figure 1 & 2). 
These values are close to critical level of Zn (0.83 mg kg-1) as observed by Rahman 
et al., (2007), Muthukumararaja et al., (2012) and Gangwar and Chandra (1975). 
However, critical limit of DTPA-extracted Zn and plant tissue Zn was 0.76 mg kg-1 

soil and 21.5 mg kg-1 reported by Sakal et al., (1984) for rice  in Sub-Himalayan hill 
and forest soils of India, below which appreciable responses to Zn application were 
observed. Based on the soil test, plant analysis and response of different crops to the 
application of Zn in greenhouse and field trial, the critical limit of Zn of 0.60 g kg-

1(DTPA-extracted) for rice and wheat has so far been fixed for West Bengal (Das and 
Saha, 1999).  
Effect of zinc on dry matter yield  

The data presented in table 3 revealed that the average response in dry matter 
yield (%) at optimum level of applied Zn in soils below critical limit ranged from 
51.2 to 89.6 per cent with mean value of 68.5 per cent. With increasing the level of 
Zn content in soil above the critical limit, the percentage responses also decreased 
which varied from (-) 5.2 to 70.3 per cent with a mean value of 19.9 per cent. On the 
other hand, the application of Zn increased the average shoot yield from 8.4 to 11.76 
g pot-1 up to 5.0 mg Zn kg-1 soil below the critical value (Patnaik and Bhupal, 2001). 
The positive effect of Zn might be due to its beneficial effect on metabolism (Rashid 
and Fox 1992). Whereas, above the critical value, the application of Zn fertilizer 
increased the average shoot yield marginally from 11.38 to 13.04 g pot-1 up to 2.5 mg 
Zn kg-1 soil. However, a substantial amount of average dry matter yield decreased 
with increasing levels of applied zinc fertilizer in the soils containing Zn above 
critical limit up to 5.0 mg Zn kg-1 soil. The decrease in dry matter yield at higher Zn 
levels may be ascribed to Zn toxicity in plant tissue (Singh, 1984). Based on critical 
value of available Zn, soils were grouped into deficient and adequate classes (Table 
3). Considering critical value of Zn in soils (0.75 mg kg-1), 13 soils were rated to be 
adequate and 53.8% soils belonging to this category responding to Zn application. 
Whereas, 100% soils below the critical value showed the positive response to Zn 
application and number of soils in this category were nine (9).  However, closer 
examination indicated that the magnitude of mean percentage response due to 2.5 mg 
kg-1 level of Zn application over 0 mg kg-1 was found to be maximum (Table 2). This 
indicated that Zn can be applied for rice @2.5 mg kg-1 in the soils of alluvial zone of 
West Bengal, where the Zn content was below 0.75 mg kg-1. Naik and Das (2010) 
reported  that the application of zinc as Zn-EDTA @ 1 kg ha-1 to low land rice soil of 
West Bengal resulted the  37.8% and 20.9 % greatest  increase in grain and straw  
yield of rice respectively, over the control. 
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Correlation among soil properties and zinc 
The DTPA- extracted Zn exhibit significant positive correlation with organic 

carbon (r = 0.63 **), Clay (r = 0.62**), CEC (r =0.71**), and Bray’s percentage 
yield (r = 0.77*) of the soils (Table 4), whereas, a negative relationship was also 
observed between pH (r = -0.11), silt (r = -0.47*) and sand (r = -0.04). Such 
behaviour was also reported by Yadav and Meena (2009) and Thakur et al., (2011). 
This suggests that organic matter, clay and CEC are the major factors of determining 
the Zn availability in soils. Further, Bray’s percentage yield have significant and 
positive association with Zn concentration in plant tissues of 3rd leaf and (r =0. 97**) 
and total Zn concentration in plant tissues (r = 0.97**). Similar correlation was also 
reported by Rahman et al., (2007).   

CONCLUSION 
The results indicate that the critical limit values of DTPA-extracted Zn in soil and 
third leaf of the rice plants were 0.75 and 28.0 mg kg-1, respectively. It is evident 
from the study that Zn @ 2.5 mg kg-1 needs to be applied to obtain optimum yield for 
rice in the soils of alluvial zone of West Bengal. The soils will likely respond to Zn 
application more when it contains less than 0.75 mg kg-1 DTPA- extracted Zn.   
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Table 1. Soil properties and DTPA-extractable zinc in experimental soils.  
Physico-chemical properties of soils Locations/Districts 

Sand      Silt Clay 

Nadia 

pH Organic 
carbon 
(g kg-1) 

% 

Textural 
Classes 

CEC  
C mol 

(p+)kg-1 

DTPA-
extractable 

zinc 
(mg kg-1) 

Soil Order

1 Kaligunj 6 4.5 18.7 68 13.3 sil 6.5 0.60 Alfisols 

2 Debogram 7.3 6.7 30.8 46 23.2 l 8.6 0.68 Inceptisols

3 Nakashipara 6.8 5.0 24.2 54.6 21.2 sil 8.5 0.63 Entisols 

4 Dhubulia 7.1 4.7 19 62 19 sil 8.5 0.60 Inceptisols

5 Ranaghat 6.7 6.2 14.2 50.8 35 sicl 19.2 0.86 Inceptisols 

6 Chakdah 7 8.9 12 42.4 45.6 sic 20.9 0.92 Entisols 

Burdwan          

7 Konarpara 5.8 6.7 25.8 44.2 30 l 12.5 0.70 Alfisols 

8 Balidanga 6.2 5.0 48.4 26 25.6 l 12.2 0.73 Entisols 

9 Srirampur 6.5 5.5 29.2 30 40.8 c 16.4 0.70 Inceptisols 

10 Mirzaqpur 6.5 8.3 30.2 35 34.8 cl 18 0.96 Inceptisols

11 Hangram 6.2 7.2 25.4 44.6 30 cl 16.4 0.82 Inceptisols 

12 Totpara 5.6 7.6 43.4 20 36.6 c 18.4 0.94 Alfisols 

13 Banpara 6.1 6.6 35.6 42.1 22.3 l 14.8 0.86 Inceptisols 

14 Ghoghat 6 4.7 47 25 28 sc 18.1 0.74 Entisols 

15 Shyam 
sundarpur 

6.2 7.8 30 35.1 34.9 cl 14.1 0.95 Entisols 

Murshidabad          

16 Sagardihi 6.2 5.3 22 37.1 40.9 c 19.9 0.82 Alfisols 

17 Nabagram 6.6 5.5 10 41 49 c 32 0.94 Entisols 

18 Surjyapur 7.2 9.0 30.6 50.8 18.6 sil 12.6 0.80 Inceptisols 

19 Gura 7.5 9.5 12 46.3 41.7 sic 20 0.97 Inceptisols

Hooghly          

20 Tarakeshwar 6.5 7.6 10.9 48.3 40.8 sic 18.2 0.78 Inceptisols 

21 Balagarh 6.7 5.4 21.4 47 31.6 l 16.4 0.83 Entisols 

22 Kanagar 6.7 6.8 12.3 52.1 35.6 c 15.6 0.65 Entisols 

Range value 5.6-7.5 4.5-9.5 10-48.4 20-68 13.2-49  6.5-32 0.60-0.97  

Mean 6.5 6.5 25 43 32  15.81 0.79  

   cl= clay loam, l=Loam, sil=silt loam, siclL=silty clay loam, sic=silty clay, c=clay, sc=sandy clay 
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Table 2. Effect of Zn application on dry-matter yield, Zn concentration in leaf 
and shoots and Zn uptake by rice.  

 
 

Shoot weight (g pot -1 ) 

Application of Zn (mg kg-1
 soil) 

Sl No 

0 1.25 2.50 5 

Percent dry 
matter yield 
at optimum 

Zn level 

Total Zn in the 
3rd leaves of 
rice plants at 

no Zn pots (mg 
kg-1) 

Total Zn in 
rice shoots 
at no Zn 
pots (mg 

kg-1) 

Zn uptake by 
rice shoots (µg 
pot-1) in no Zn 

pots 

1 6.1 8.2 9.5 10.6 57.6 15.8 22.0 134.2 

2 6.9 8.9 10.5 11.8 57.8 17.5 26.0 179.4 

3 5.8 8.0 9.7 11.0 53.2 16.3 24.0 139.2 

4 6.5 8.4 9.7 11.3 58.2 16.0 24.0 156 

5 12.4 13.5 13.0 12.2 91.8 33.0 40.0 496 

6 8.9 11.5 12.7 12.4 70.2 21.0 29.0 258 

7 7.2 9.0 10.9 11.7 61.4 16.5 26.0 187.2 

8 7.5 10.1 11.7 12.4 60.5 20.0 28.0 210 

9 7.9 9.5 11.5 12.0 66.2 20.5 26.0 205.4 

10 14.7 14.5 13.8 13.0 102 39.0 45.0 661.5 

11 12.4 13.2 14.5 13.4 85.5 28.5 37.0 458.8 

12 13.5 12.8 12.7 12.2 104.9 37.0 43.0 580.5 

13 11.9 12.7 12.6 12.3 94 37.0 43.0 511.7 

14 8.2 10.5 12.2 12.4 65.4 19.5 27.5 225.5 

15 13.8 13.6 13.4 12.4 101.9 38.0 45.0 621 

16 11.5 13.1 14.2 13.1 81.6 25.6 35.0 402.5 

17 12.6 13.7 13.5 13.0 92 35.0 42.0 529.2 

18 10.5 12.4 13.0 12.2 80.6 23.0 33.0 346.5 

19 5.4 7.1 8.8 9.2 58.8 15.5 20.0 108 

20 9.5 11.7 13.2 12.3 72.5 22.0 32.0 304 

21 10.9 13.0 14.2 12.0 76.5 23.5 33.0 359.7 

22 6.4 8.5 10.1 11.4 55.5 18.0 26.0 166.4 

Range value  5.4-14.7 7.1-14.5 8.8-14.5 9.2-13.4 53.2-104.9 15.1-39 20-45 108-661.5 

Mean  9.5 11.1 12.1 12.0 74.9 24.5 32.1 329.2 
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Table 3. Response of rice crop to Zn application. 

Average dry matter yield (g pot-1) Average response in 
dry matter  yield (%) 
at optimum level of 

applied Zn 

Level of applied Zn (mg kg-1) 

DTPA-extractable 
Zn (mg kg-1) 

 

 

No. of 
soils 

Percentage 
of 

responding 
soils 

0 1.25 2.5 5.0 

Range Mean 

<0.82(Deficient) 9 100 8.4 9.96 11.1 11.76 51.2-89.6 68.5 

>0.82(Adequate) 13 53.8 11.38 12.52 13.04 12.28 (-)5.2-70.3 19.9 

A soil was classified as responsive to Zn where the per cent response was more than 10.  

 
Table 4. Correlation coefficient (r-values) between DTPA-extractable Zn and 

soil properties 

Sl. no. Variables  r- value 

1 Soil pH vs  DTPA-extractable Zn -0.11 

2 Organic carbon vs DTPA-extractable Zn 0.63** 

3 Clay vs DTPA-extractable Zn 0.62** 

4 Silt vs DTPA-extractable Zn -0.47* 

5 Sand vs DTPA-extractable Zn -0.04 

6 CEC vs DTPA-extractable Zn 0.71** 

7 Bray’s percentage yield vs  DTPA-extractable Zn 0.77** 

8 Zn concentration in 3rd leaves vs  DTPA-extractable Zn 0.69** 

9 Bray’s percent yield and Zn concentration in plant tissues of 3rd 
leaves 

0.97** 

10 Bray’s percent yield and  total Zn concentration in plant tissues  0.97** 

** ←1% level of significant,   * ←5% level of significant 
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Figure 1. Scatter diagram of DTPA-extractable Zn Vs. percent dry matter yield of rice 
grown in soils of  alluvial zone of West Bengal. 

 

Figure 2. Scatter diagram of third leaf Zn Vs. percent dry matter yield of rice grown 
in soils of  alluvial  zone of West Bengal. 

Critical limit (0.75 mgkg-1) 

Critical limit (28 mgkg-1) 
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ABSTRACT 

In this study 32 jute (Corchorus spp.) varieties comprised of 18 
olitorius and 14 capsularis were evaluated and characterized for five 
quantitative and 12 qualitative characters as per revised official DUS 
Test Guidelines of Jute. The experimental materials were grown in a 
RBD with three replications at Baarrackpore, India during 2009-10. 
Significant differences among genotypes noted almost for almost all 
the quantitative traits.  PCV and GCV were highest for 1000 seed 
weight (33.78 and 33.29%) followed by fibre fineness (27.11 and 
26.70%). Low variability was recorded in case of plant height. All the 
five characters exhibited more or less high heritability coupled with 
high genetic advance as per cent over mean. Out of 12 qualitative 
characters studied, in C. capsularis 8 traits were monomorphic, 4 
traits were dimorphic. However, in C. olitorius no trait was 
monomorphic, 6 traits were dimorphic and 6 traits were polymorphic 
among varieties indicating their potential for varietal characterization. 
Key words: Characterization, distinctiveness, heritability, jute, 
variability 

INTRODUCTION 
Cultivated species of jute, (Corchorus olitorius L. and C.capsularis L.) are 

distinct in their growth, branching habit and characteristics relating to leaf, flower, 
fruit, seed, bastfiber and photosensitivity (Ghosh, 1983). Genetic evaluation and 
characterization in both the cultivated species of jute have been reported by several 
workers but they studied the two area separately (Kumar et al., 2005 and Nayak and 
Baisakh, 2009). Success of plant breeding depends upon the nature and magnitude of 
variability present in the germplasm. Furthermore, the assessment of heritable and 
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non-heritable components of total variability will have immense value in the choice 
of suitable breeding procedure.  

The “Protection of Plant Varieties and Farmers’ Rights Act, 2001” (PPV&FR 
Act, 2001) of India provides the opportunities for registration of new/extant varieties 
of agricultural crops including jute (Corchorus olitorius L. and C. capsularis L.) if it 
conforms to the criteria of DUS. Plant morphological characters have been 
recognized to constitute universally undisputed descriptors for DUS testing and 
varietal characterization of crop species. Use of morphological descriptors in 
sequential fashion is useful and convenient to distinguish different varieties. 
Qualitative characters being more stable over generations and environments are 
reliable for characterization of germplasm. Characterization of genotypes is useful to 
identify suitable lines and also to avoid duplication. Characterization of genotypes is 
also required for their protection under Plant Variety Protection (PVP) legislation, 
because varietal testing for Distinctiveness, Uniformity and Stability (DUS) is the 
basis for grant of protection of new plant varieties under the Protection of Plant 
Varieties and Farmers’ Rights Act, 2001. 

Since jute has been domesticated only around 200 years ago and many mutants 
have not yet been accumulated in jute population due to lack of human selection 
pressure for longer time (Mukherjee and Kumar, 2002), qualitative morphological 
characters of jute are mostly monomorphic and few are dimorphic and polymorphic. 
In India, while certain diagnostic features for released or notified jute varieties are 
known and used in seed certification (Kumar et al., 2005) the descriptors by and 
large are incomplete. The jute varieties have not so far been extensively described for 
various heritable morphological traits to enable the identification of these varieties 
and for unambiguous ascertainment of distinctness. 

Hence, the present study was planned to genetically evaluate 32 varieties of 
jute for quantitative characters as per revised official DUS Test Guidelines of Jute 
(PPV&FR Authority, 2008). Characterizations of genotypes of both the species were 
also carried out on the basis of qualitative morphological characters.   

MATERIALS AND METHODS 
The material for the present study comprised of 18 C.olitorius and 14 

C.capsularis jute varieties. The experimental materials were grown in a randomized 
block design with three replications at the Central Research Institute for Jute & 
Allied Fibres (22°45'N and 88°26'E), Baarrackpore, India during 2009-10 in plots of 
size 6.0 x 1.60 m2with 4 lines in each plot. Row to row and plant to plant distances 
were 40 cm and 7 cm, respectively. Standard package of practices were followed to 
raise the crop (Kumar et al., 2008). Net plots were harvested at 120 days after 
sowing. The revised official DUS Test Guidelines of Jute (PPV&FR Authority, 2008) 
suggested 17 simply observable and stable morphological characters to distinguish 
jute varieties. Among these five characters were quantitative and 12 characters were 
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qualitative in nature. Data were recorded for five quantitative characters viz. plant 
height, time of 50 % flowering, fibre strength, fibre fineness and 1000 seed weight. 
Plant height was recorded as height of the main stem measured from ground level to 
the point of forking at pre bud stage (before development of first flower). The 
character 'time of 50% flowering' was noted when 50% of the plants had at least one 
open flower.  Two fibre quality characters (fibre fineness and fibre strength) were 
observed after harvesting, retting and drying of fibre. Fibre fineness was measured by 
Airflow Fibre Fineness Tester (NIRJAFT, Kolkata) from three replicate samples by 
air flow method (Singh and Bandyopadhyay, 1968). Average fibre strength was 
determined by fibre bundle strength tester (NIRJAFT, Kolkata). 

The genotypes were characterized for 12 distinguishing qualitative characters 
viz. premature flowering resistance, leaf lamina colour, leaf vein colour, leaf petiole 
colour, stipule colour, stem colour, leaf shape, pigmentation of calyx, basal stem root 
primordia, pod pigmentation, pod dehiscence and seed colour. The detail procedure 
for observation of these characters have been discussed in the revised official DUS 
Test Guidelines of Jute (PPV&FR Authority, 2008). Observations were recorded on 
10 randomly selected plants in each of three replications at specified stages of crop 
growth period when the characters under study had full expression. Genetic analysis 
was carried out using Genetic Model of INDOSTAT software (Indostat Statistical 
Software Package developed by Indostat Pvt. Ltd., Hyderabad, India). 

RESULTS AND DISCUSSION 
Analyses of variance revealed highly significant differences amongst 

genotypes for almost all the traits except fibre fineness and 1000 seed weight (Table 
1). From the mean performance (Table 2) it was observed that highest plant height 
(444.33 cm) was observed in case of olitorius (var. JRO 66) followed var. JRO 878 
(443.33 cm). Plant height of C. capsularis varieties is generally shorter than that of 
olitorius. Time of 50 % flowering envisages the resistance to premature flowering. If 
a jute variety sown before middle of April does not flower prematurely in seedling 
stage and flowers at least after 100 days, the variety is known as premature flowering 
resistant variety (Ghosh, 1983). All the C. olitorius varieties except Chinsurah Green 
(97 days) were premature flowering resistant. Contrary to it, in C. capsularis all the 
varieties were resistant to premature flowering. In jute, fibre quality is judged by two 
parameters viz. fibre strength and fibre fineness. Among C. olitorius varieties fibre of 
JRO 36 E (30.11 g tex-1) followed by Chinsurah Green (27.82 g tex-1) were strongest 
and fibre of Bidhan Rupali exhibited lowest value (16.08 g tex-1). Among C. 
capsularis varieties, JRC 698 had strongest fibre (25.73 g tex-1). In case of fibre 
fineness lower is the value means finer is the fibre. C. capsularis variety JRC 80 
(1.38 tex) followed by Bidhan Pat 1 (1.53 tex) were the finest variety and in case of 
C. olitorius variety, JRO 620 (2.57 tex) followed by JRO 128 (2.59 tex) possessed 
the finest position. Regarding 1000 seed weight C. capsularis varieties are generally 
larger than C. olitorius ones.  
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From the table 3 it was found that phenotypic variance was higher than 
genotypic variance in all the characters. But the difference between PCV and GCV 
was very close which resemble the finding of Islam et al., 2002. The PCV and GCV 
was found to be highest for 1000 seed weight (g) (33.78 % and 33.29 %) followed by 
fibre fineness (tex) (27.11 % and 26.70 %). This indicated presence of more 
variability which gives scope for improvement of these traits by selection. Low 
variability was recorded in case of plant height (14.58% and 14.16%) thereby 
emphasizing the need for generating more variability for this character. The variety 
having different plant height group could be effectively utilized in developing 
genotypes with better plant height because in case of jute it is the most important 
yield contributing character. GCV values only are not enough to determine the 
genetic variability, this could be done with the help of heritability and genetic 
advance estimates to assess the heritable portion of total variation and extent of 
expected portion of genetic gain under selection. High heritability was recorded for 
time of 50% flowering (99%) followed by fibre fineness and seed weight (97%). This 
result corroborated with the finding of Ghosh Dastidar et al., 1993. Time of 50% 
flowering exhibited low genetic advance (46.83) as compared with 1000 seed weight 
(86.61) and fibre fineness (69.40). Similar results have been reported by Islam et al., 
2002.High heritability coupled with high genetic advance in almost all the characters 
indicated the presence of additive gene effect, so their improvement can be done 
through mass selection. 

The characterization of genotypes (Table 4) revealed wide variation for all the 
qualitative characters among the genotypes. Earlier reports by Kumar et al., 2005 
have also shown the presence of variation for these qualitative traits in jute 
genotypes. Out of 12 morphological characteristics studied, in C. capsularis 8 traits 
(premature flowering resistance, leaf lamina colour, leaf vein colour, stipule colour, 
leaf shape, basal stem root primordia, pod dehiscence and seed colour) were found to 
be monomorphic, 4 traits (leaf petiole colour, stem colour, pigmentation of calyx and 
pod pigmentation) were dimorphic. In C. olitorius no trait was monomorphic, 6 traits 
(premature flowering resistance, leaf lamina colour, leaf shape, pigmentation of 
calyx, basal stem root primordial and pod dehiscence) were dimorphic and 6 traits 
(leaf vein colour, leaf petiole colour, stipule colour, stem colour, pod pigmentation 
and seed colour) were polymorphic among varieties indicating their potential for 
varietal characterization.Similar attempts for characterization as per DUS guidelines 
were made in oat (Kumar et al., 2002), pearl millet (Kumar et al., 2004), rice (Joshi 
et al., 2007), jute (Kumar and Begum, 2008) and maize (Yadav and Singh, 2010).  

The study revealed sufficient genetic variability both for qualitative and 
quantitative morphological characters among the varieties, which can be exploited for 
varietal improvement. Therefore, a gene pool can be generated by crossing the 
variety of interest which could be further used as a source material to develop 
promising varieties. The characterization of genotypes as per DUS descriptors could 
be used effectively for identification and grouping of the jute varieties and varieties 
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satisfying the DUS criteria for these descriptors could be registered under the 
PPV&FR Act for obtaining Plant Breeders and Farmers’ Rights. 

REFERENCES 
Ghosh, Dastidar., K.K., Agarwalla, K.K. and Roychowdhury, P. 1993. Genetic variability and 

association of component characters for seed yield in C. olitorus jute. Indian J  Genet., 
53: 157-160. 

Ghosh, T. 1983. Handbook on Jute, FAO Plant Production and Protection, paper no. 51, 
Rome, Italy, pp. 29-31. 

Islam, M.R., Islam, M.M., Akter, N. and Ghosh, R.K. 2002. Genetic variability and 
performance of tossa jute. Pakistan J. Biol. Sci., 5: 744-745. 

Joshi, M.A., Sarao, N.K., Sharma, R.C., Singh, P. and Bharaj, T.S. 2007. Varietal 
characterization of rice (Oryza sativa L.) bases morphological descriptors. Seed Res., 
35: 188-193. 

Kumar, D., Agrawal, R.C. and Begum, T. 2008. Analysis for identification of distinct and 
uniform extant jute (Corchorus olitorius L. and C. capsularis L.) varieties. Seed Res., 
36: 121-134. 

Kumar, M.B.A., Sherry, R.J., Dadlani, M., Varier, A. and Sharma, S.P. 2004. 
Characterization of pearl millet hybrids and parental lines using morphological 
characters. Seed Res., 32: 15-19. 

Kumar, Y., Ram, H., Gulia, S.K. 2002. Varietal identification in oat based on field 
parameters. Forage Res., 28: 73-76. 

Kumar, D., Das, A., Mahato, P., Lakshman, S.S. and Mandi, S. 2005. Identification key for 
notified varieties and varieties of common knowledge of jute (Corchorus olitorius L. 
and C. capsularis L.). Indian J. Genet., 65: 236-238.  

Mukherjee, S. and Kumar, D. 2002. Screening of tossa jute (Corchorus olitorius L.) 
germplasm for male sterility. Indian J Genet., 62: 361-362. 

Nayak, B. K. and Baisakh, B. 2009. Genetic analysis for fiber yield and its components in 
tossa jute (Corchorus olitorius L.). Envir and Ecol., 27: 86-88  

PPV & FR ACT, 2001. Protection of Plant Varieties and Farmers’ Rights Act (No. 53 of 
2001). Dept. of Agriculture and Cooperation, Ministry of Agriculture, Govt. of India, 
Krishi Bhavan, New Delhi. 

PPV & FR Authority, 2008. Guidelines for the conduct of test for Distinctiveness, Uniformity 
and Stability on jute (Corchorus olitorius L. and C. capsularis L.). Plant Variety J. 
India., 2: 1-29. 

Singh, N.G. and Bandyopadhyay, S.P. 1968. An airflow method for the determination of the 
fibre fineness of jute and mesta. J. Textile Instt., 59: 148-156. 

Yadav, V.K. and Singh, I.S. 2010. Comparative evaluation of maize inbred lines (Zea mays 
L.) according to DUS testing using morphological, physiological and molecular 
markers. Agric Sci., 1: 131-142 

 



152 A. Das and D. Kumar 

 
152

Table 1: Analysis of variance for five quantitative characters in 32 varieties of 
jute 

Mean Squares Sources of 
Variation 

d.f. 

Plant height 
(cm) 

Time of 50 
% flowering 

(days) 

Fibre 
strength 
(g tex-1) 

Fibre fineness 
(tex) 

1000 Seed 
weight (g) 

Replication 2 141.27** 5.01 5.01 0.02 0.01 
Treatment 31 7650.99** 1474.47** 46.95** 1.17 2.19 
Error 62 151.02** 2.33 0.57 0.01 0.02 

** Significant at 1% level 
 

Table 2: Mean performance and variability components of 32 jute varieties for 
five quantitative characters 

Varieties Plant height (cm) Time of 50 % 
flowering (days) 

Fibre strength 
(g tex-1) 

Fibre fineness 
(tex) 

1000 Seed weight (g) 

C. olitorius varieties 
JRO 632 405.33 108.33 25.70 2.99 2.17 
JRO 3690 413.66 122.00 20.55 2.67 1.77 
KOM 62 313.33 130.00 20.09 2.82 1.83 
TJ 40 430.66 129.33 18.25 3.09 1.70 
JRO 66 444.33 134.67 27.13 3.03 1.83 
JRO 524 397.00 157.00 26.87 3.37 1.83 
JRO 7835 411.66 157.67 26.85 3.45 1.77 
JRO 878 443.33 141.00 26.18 2.62 1.70 
JRO 8432 364.00 148.67 27.55 2.82 2.13 
JRO 128 364.00 158.00 27.76 2.59 1.80 
S-19 402.66 144.33 26.96 2.63 1.50 
BidhanRupali 392.00 109.67 16.08 2.70 1.93 
JRO 620 410.00 129.67 26.55 2.57 1.73 
Chinsurah Green 314.00 97.45 18.82 2.86 2.17 
Sudan Green 306.00 109.00 25.08 2.96 2.17 
Tanganyika 1 301.00 108.33 24.93 2.92 1.77 
JRO 36E 406.00 156.00 30.11 2.99 1.77 
JRO 2345  376.67 140.67 24.63 2.59 1.70 
C. capsularis varieties 
JRC 212 326.66 93.67 23.62 1.84 3.37 
JRC 7447 335.00 114.00 23.50 1.90 3.20 
JRC 321 303.00 88.33 22.52 1.53 3.90 
Padma 321.33 104.67 24.50 2.53 3.43 
JRC 4444 356.67 127.67 22.37 1.97 3.13 
UPC 94 323.67 98.00 22.92 1.70 3.83 
JRC 698 342.00 114.67 25.74 1.83 3.17 
Bidhan Pat 1 340.00 101.00 18.47 1.53 3.30 
Bidhan Pat 2 326.00 94.00 20.30 2.03 3.26 
Bidhan Pat 3 334.67 109.67 19.69 1.77 3.47 
JRC 80 285.67 163.67 20.14 1.38 3.77 
KC 1 277.33 147.33 22.06 2.57 4.17 
KTC 1 275.33 136.00 22.66 2.43 3.33 
D 154 283.00 109.67 22.54 2.50 3.30 
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Table 3. Mean, range and components of variability for five quantitative traits 
in 32 genotypes of jute 

Character Mean ± SE Range PCV (%) GCV 
(%) 

h 
(%) 

GA as % 
over 

Mean 
Plant height (cm) 353.23 ± 6.98 444.33-275.33 14.58 14.16 94 36.29 
Days to flowering 
(days) 

124.59 ± 0.87 163.67-93.67 17.82 17.78 99 46.83 

Fibre strength (g/tex) 21.74 ± 0.43 27.76-15.66 18.42 18.08 96 46.89 
Fibre fineness(tex) 2.33 ± 0.06 1.38-3.45 27.11 26.70 97 69.40 
Seed weight (g) 2.56 ± 0.08 4.16-1.50 33.78 33.29 97 86.61 

 

Table 4. Distinguishing qualitative characters of the genotypes as per Jute DUS 
Test Guidelines       

Variety PFR LLC  LVC  LPC  SC StC LS PC BSRP  PP PD SdC 
C. olitorius varieties: 
JRO-632  Absent Green Green Green Green Green Ovatelanceolate Green Absent Green Present Steel grey 
JRO-3690  Absent Green Green Green Green Green Ovatelanceolate Green Absent Green Present Steel grey 
KOM-62 Absent Green Green Red Red Purple Ovatelanceolate Green Absent Red Present Steel grey 
TJ-40  Absent Green Green Green Green Green Ovatelanceolate Green Absent Green Present Green 
JRO-66  Absent Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Steel grey 
JRO-524  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Black 
JRO-7835  Present Green Green Green Green Green Ovatelanceolate Green Present Green Absent Black 
JRO-878 Present Green Red Red Red Purple Ovatelanceolate Green Absent Red Absent Black 
JRO-8432  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Black 
JRO-128  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Black 
S-19  Present Green Red Red Red Red Ovatelanceolate Green Absent Red Absent Steel grey 

BidhanRupali Absent Pale Green Pale Green Pale Green Pale Green Pale Green Ovatelanceolate Pale Green Absent Pale Green Present Steel grey 
JRO-620  Absent Green Red Red Red Purple Lanceolate Green Absent Red Present Steel grey 
Chinsurah Green Absent Green Green Green Green Green Ovatelanceolate Green Absent Green Present Green 
Sudan Green Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Green 
Tanganyika-1 Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Green 
JRO-36E Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Steel grey 
JRO-2345  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent Green 
C. capsularis varieties 

JRC-212  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

JRC-7447  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

JRC-321  Present Green Green Red Green 
Coppery 

red Ovatelanceolate Red Absent Red Absent 
Chocolate 

brown 

Padma Present Green Green Red Green 
Coppery 

red Ovatelanceolate Red Absent Red Absent 
Chocolate 

brown 

JRC-4444  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

UPC-94  Present Green Green Red Green 
Coppery 

red Ovatelanceolate Red Absent Red Absent 
Chocolate 

brown 

JRC-698  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

Bidhan Pat-1 Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

Bidhan Pat-2 Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

Bidhan Pat-3 Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

JRC-80 Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

KC-1  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

KTC-1  Present Green Green Green Green Green Ovatelanceolate Green Absent Green Absent 
Chocolate 

brown 

D-154 Present Green Green Red Green Green Ovatelanceolate Red Absent Red Absent 
Chocolate 

brown 

PFR: premature flowering resistance. LLC: leaf lamina colour. LVC: leaf vein colour. LPC: leaf petiole colour. SC: 
stipule colour. StC: stem colour. LS: leaf shape.  

PC: pigmentation of calyx, BSRP: basal stem root primordia. PP: pod pigmentation. PD: pod dehiscence. SdC: seed 
colour. 
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Training is a planned and systematically organized effort to increase and 
update knowledge, improve skills, inculcate attitude, and strengthen capabilities and 
capacities of individuals so that they would be more productive, effective and 
meaningful in their pursuits. Training is a plan, procedure or mechanism for meeting 
the goals of individuals as well as organizational mandate. It is a systematic 
development of attitude and behaviour pattern required from an individual in order to 
perform a given task or job adequately and effectively. Training management is the 
process to carry out different activities under three different phases, namely planning 
phase, implementation phase and evaluation phase. These activities involve training 
needs assessment, training plan development, design, implementation, monitoring 
and evaluation, and follow up of training programmes by the trainers to bring 
desirable changes in the behaviour of trainees in the stipulated time frame. 

In spite of its crucial importance in agricultural development, training has not 
been systematically studied to understand its various management facets and their 
contribution to training effectiveness. With this background, the present investigation 
was carried out with the following specific objectives: i) To study the profile 
characteristics of the trainers and their training management abilities and ii) To study 
different dimensions of training management in agricultural training organizations.   

The study was conducted using ex-post facto research design. Survey 
questionnaire was used for data collection. Hyderabad, the capital of Andhra Pradesh 
state in India is known as ‘training capital’ of India’ as it is home to national and 
international training institutions across sectors including agriculture. Five national 
agricultural training organizations, namely National Academy of Agricultural 
Research Management (NAARM), National Institute of Agricultural Extension 
Management (MANAGE), National Institute of Rural development (NIRD), National 
Plant Protection Training Institute2 (NPPTI) and Extension Education Institute (EEI) 
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located in Hyderabad were purposively selected to explore training management and 
trainers’ profile. These institutions impart training in almost all key areas of 
agriculture to a broad spectrum of trainees. All the trainers working in the five 
training organizations formed the sample for the study. Trainers’ profile 
characteristics and training management abilities were assessed using a questionnaire 
developed for the purpose. The questionnaire was pre-tested and validated with 
expert’s judgement. The trainers’ profile characteristics studied were age, gender, 
educational qualification, discipline, designation, training experience and training 
undergone.  

Questionnaires were personally distributed among 110 trainers of the five 
selected training organizations, out of which 54 responded with filled-in 
questionnaires within the stipulated time. However, considering the completeness of 
the data provided, responses from 50 trainers were considered as sample for detailed 
analysis. Simple tabular analysis with frequencies and percentages was followed for 
summarizing the data and findings.   

Training management was operationalized  and assessed in terms  of 14 
training dimensions (with 160 items) such as training needs assessment, training plan 
development, design of training programme, objectives for training, curriculum 
development, training methods, training aids, supporting training material, published 
literature, physical facilities, training programme implementation, monitoring and 
evaluation, follow up of training and team work. The responses to these items were 
obtained on a three-point continuum namely, frequently, occasionally and rarely with 
corresponding scores of 3, 2 and 1, respectively. The responses, which were 
dichotomous in nature, were scored as 2 and 1. The respective items were summed 
up to obtain final score of training management. The overall training management 
score, thus, ranged from a minimum of 160 to maximum of 469.  

Using the actual and highest possible scores, training management index were 
calculated by using the following formula:  
               Actual training management score 
Training Management Index (TMI) = ------------------------------------------------X 100 
           Maximum possible training management score  

Finally, using mean and standard deviation, trainers were categorized in to low, 
medium, high categories of training management ability based on the calculated 
overall training management index. ANOVA was employed to know the differences 
in training management in agricultural training organizations.  

The data on profile characteristics of trainers (demographic variables) are 
presented in table 1. The trainers were distributed in three categories viz., below 35 
years, 35 to 50 years and above 50 years (Table 1). More than half (54%) of the 
respondents fell in old age group (>50 years) followed by middle age group (46%) 
and none of them were found in young group of below 35 years. The middle age 
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group refers to the productive age and the older age group refers to the experience 
and expertise, which are essentially required for higher level of training management. 
Similar findings were reported by Barth et al., (1993), Herman and Gioia (2005), 
Ssesanga and Garrett (2005), Yadav and Mishra (2006) and Immanuel and 
Kanagasabapathi (2007) in their studies. 

The distribution of trainers based on gender is highly skewed in favour of male 
trainers (88%) as there were only 12 per cent females. Hence, higher representation 
of female trainers in agricultural training institutions requires gender-sensitivity or 
special considerations. These findings were in support of Ssesanga and Garrett 
(2005) and Sontakki et al., (2006). Crowder et al., (1998) quoted that educators need 
to become more responsive to gender related issues by taking into account the 
women’s role and contributions in the total agricultural industry.  

It is interesting to note (Table 1) that all the trainers had Ph. D degree (100%). 
Hence, it can be inferred that training management requires advanced qualifications, 
expertise and skills to perform the role of trainer more effectively and doctorate 
degree might be an important requirement for higher level of training management. 
These findings are similar to those of Sharma (2004), Raju (2005) and Yadav and 
Mishra (2006) with regard to the requirement of highest degree (Ph. D).   

Agriculture is an interdisciplinary science requiring subject-domain science-
based knowledge, skills, and expertise in biological, geo-physical, engineering, basic 
sciences and humanities and social sciences. There are more than 60 specializations 
in which one can pursue and obtain higher degrees like PhD in agriculture and allied 
sciences. Keeping in view the diversity of subject matter discipline profile of the 
sampled trainers, it was considered to group them based on the major areas for 
reasons of convenience in summarizing the data. Accordingly, as seen from Table 1, 
majority of the trainers belonged to social sciences discipline (62%) followed by crop 
sciences (16%) and engineering (10%). This might be due to the fact that most of the 
selected training institutes cater to the training needs in the areas of agricultural 
extension management, rural development and agricultural research management. 
Obviously these training areas require specialization in social sciences like 
agricultural extension, agricultural economics, statistics, agri-business management, 
etc. The least represented disciplines of the trainers were home science, basic 
sciences and animal sciences (4% each). These findings were partly similar to those 
reported by Sontakki et al., (2006) and contradictory to the findings of Yadav and 
Mishra (2006). A total of eight major disciplines were formed to represent large 
number of subjects observed among the respondents.   

The profile of the trainers (Table 1) indicated that majority of them were in the 
senior cadre of organizational hierarchy of scientific / faculty positions represented 
by their designation such as Professor/Principal Scientist/Director (40%) followed by 
middle management cadre represented by Associate Professor/Senior 
Scientist/Deputy Director (36%) and junior level trainers constituted only 24 percent 
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represented by the designations such as Assistant Professor/Assistant 
Director/Scientist (Senior Scale). Raju (2005), Yadav and Mishra (2006) and 
Sontakki et al., (2006) reported similar findings in their studies with regard to middle 
level positions and higher-level positions. The results of Ssesanga and Garret (2005) 
were contradictory with the observation of present investigation, which might be due 
to the lack of availability of experienced manpower in Uganda.    

Effective instructional and facilitation abilities are very crucial on the part of 
trainers for the success of training endeavour. These abilities are developed over a 
period of time mostly on the job as there are hardly any specialized higher education 
programmes in these areas. Hence, it is obvious to observe most of the trainers in 
senior cadres. Further, the senior cadre has delegated authority for taking 
administrative and management decisions for effective training management and also 
to formulate training policies at state, regional and national levels.  

The training experience of the trainers (Table 1) indicated that majority (52%) 
had over 15 years of experience followed by 32 per cent training experience of 10-15 
years. Only 16   percent of the trainers had less than 10 years of experience. These 
observations support the finding on trainers’ designation where majority are observed 
under senior cadre.  

The involvement of senior and middle management level trainers (76%) with 
long training experience of more than 10 years (84%) will facilitate better training 
management decisions for training effectiveness. It was evident from Table 1 that 
over half of the sampled trainers (52%) had undergone 5-10 training programmes 
followed by 44 per cent who had attended up to 5 training programmes. Similar 
findings were reported by Raju (2005) and Yadav and Mishra (2006). It can be 
inferred that the trainers themselves had sufficient exposure to the trainings. The 
trainers, who had less exposure, should be motivated by the top management of the 
training institutes to undergo the management related trainings. It would help them 
develop their training management skills so that they can perform their role as a 
trainer in a better way.  

More than half of the respondents (56%) opined that winter was the ideal 
season for conducting training programme (Table 1). This might be due to the fact 
that the winter season is very pleasant in Hyderabad. The combination of winter and 
summer was considered by 12   percent of the respondents as ideal to conduct 
training programmes. Ten percent of the trainers preferred either summer or 
combination of monsoon and winter as best seasons for conducting training 
programmes. The finding of winter as most favourable season for conducting 
trainings is similar to that of Kartikeyan and Kakoti (2005).  

The surveyed trainers were assessed for their training management ability by 
computing training management index and were grouped in to three categories of 
training management abilities. It could be seen from Table 2 that majority of the 
trainers had medium level of training management abilities (70%) followed by high 
(16%) and low (14%) levels. These findings are in line with the findings reported by 
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Goel (2007). The results imply that there is immense scope to improve training 
management ability of trainers in the studied training organizations. On personal 
inquiry, majority of the trainers informed that they are not able to adequately attend 
to post training follow-up due to continuous training activities round the year. This is 
one area on which the trainers would want to focus in the future by reworking their 
training priorities.  

The training management consists of different training dimensions. Depending 
on the training culture built over the years, different training organizations might 
follow the various training dimensions to varying degrees. In other words, training 
organizations differ in the way they approach and manage training. Hence, it is 
important to know if there is differential management of the various training 
dimensions by the selected training organizations. ANOVA (Post Hoc Test) was 
employed to verify the above Preposition. The following null and empirical 
hypotheses were formulated and the results are presented in table 3 

There is no significant difference in training management mean score and 
different components of training management mean scores in training organizations. 
There is a significant difference in training management mean score and different 
components of training management mean scores in training organizations. It was 
observed from Table 3 that there was no significant difference in overall training 
management among various training organizations. Hence, Based on the findings the 
null hypothesis could not be rejected. 

At the same time, in-depth analysis revealed that there was a significant 
difference in the training management dimensions such as design of training 
programme, objectives of training, published literature, physical facilities, training 
programme implementation and training monitoring and evaluation and their 
computed ‘f’ values were significant. Hence, empirical hypothesis is accepted by 
rejecting null hypothesis. These findings are similar to those of Raju (2005), who 
studied the training organizations in banking sector.  

Therefore, it is essential to consider the significant dimensions of training 
management as important factors by the top management or trainers in agricultural 
training organizations for enhancing the quality of training. Utmost importance 
should be given to design of a training programme by including suitable 
methodology. Objectives should be formulated according to the needs of the clientele 
group. Relevant literature should be distributed among the participants and 
infrastructure should be created for smooth conduct of training programmes. 
Trainings should be implemented properly and appropriate strategy should be 
developed for monitoring and evaluation of training. Regular follow up of training is 
an important measure for improving the training effectiveness. 

All the surveyed trainers in the selected agricultural training organizations 
located in Hyderabad, India had doctorate degree. Majority of them were male (88%) 
and were in old age group (54%). Social sciences was the most represented 
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discipline. Majority belonged to higher cadres like Professor/Principal 
Scientists/Director (40%) and more than half of them (52%) had over 15 years of 
training experience and had undergone 5-10 training programmes. Winter was the 
most preferred training season (56%). Majority (70%) of the trainers perceived that 
they had medium level of training management abilities. It is, therefore, suggested 
that the trainers should be motivated and permitted to attend the different 
management related trainings to update their training related skills so that they can 
gain the expertise in the field of training management. It is also the responsibility of 
the training organizations to formulate the suitable strategies to train their trainers 
according to the institutional mandate to achieve the organizational goals. The 
selected agricultural training organizations managed training uniformly as revealed 
by non-significant result in terms of overall training management. But, there is a 
significant difference in some of the training dimensions such as design of training 
programme, objectives of the training programme, published literature, physical 
facilities, training programme implementation and training monitoring and 
evaluation. Hence efforts should be made by appropriate organizational interventions 
through advanced training of trainers on prioritization of training programmes based 
on identified needs, clear statement of training objectives, designing programmes 
based on needs and objectives, literature and material support, systematic 
implementation, monitoring and evaluation and follow up to improve the quality in 
these dimensions. Further, provision of incentives and strengthening of training 
facilities and infrastructure are also suggested in this regard based on personal follow 
up with surveyed trainers. 
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Table 1: Distribution of the trainers based on profile characteristics (N=50) 

# Profile Categories Frequency Percentage 
< 35 years (young age) - - 
35-50 years (middle age)  23 46.00 

1 Age 

> 50 years (old age)  27  54.00 
Male 44 88.00 2 Gender 
Female  6 12.00 
Post Doctorate Fellow - - 
Doctorate 50 100.00 

3 Qualification 

Post Graduate  - - 
Social sciences 31 62.00 
Animal sciences  2 4.00 
Crop Sciences 8 16.00 
Engineering  5 10.00 
Home sciences 2 4.00 
Basic sciences  1 2.00 

4 Discipline 

Others  1 2.00 
Assistant professor/ Assistant 
Director/Scientist (SS) 

12 24.00 

Associate Professor/Senior 
Scientist/Deputy Director 

18 36.00 

5 Designation 

Professor/Principal 
Scientist/Director 

20 40.00 

Up to 5 years 3 6.00 
5-10 years 5 10.00 
10 –15 years 16 32.00 

6 Training Experience 

More than 15 years 26 52.00 
Up to 5 Programmes  22 44.00 

5-10 Programmes  26 52.00 
7 Training undergone  

More than 10 Programmes  2 4.00 

Summer  5 10.00 

Winter  28 56.00 

Winter & summer 6 12.00 

Monsoon & winter 5 10.00 

8 Season to conduct 
training  

Any season 4 8.00 
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Table 2: Distribution of the trainers based on their training management ability 
index (N=50) 

Training management ability categories* Frequency Percentage 
Low (<83.42) 7  14.00 

Medium (83.43-88.43) 35  70.00 

High (> 88.43) 8  16.00 

  Mean: 83.47           SD ±  4.96 

*Figures in parentheses indicate scores 
Table 3: Analysis of variance of Training Management Dimensions 
S. No. Group of Organizations Training Dimensions 

(Variables) 
df SS MS ‘F’ 

1 Between groups 
Within groups 

Training need assessment  4 
45 

65.172 
742.208 

16.293 
16.494 

0.988 

2 Between groups 
Within groups 

Training plan development 4 
45 

4.351 
104.469 

1.088 
2.322 

0.468 

3 Between groups 
Within groups 

Design of training programme 4 
45 

119.756 
426.724 

29.939 
9.483 

3.157* 

4 Between groups 
Within groups 

Objectives of training 4 
45 

24.276 
48.704 

6.069 
1.082 

5.608** 

5 Between groups 
Within groups 

Curriculum development 4 
45 

37.493 
204.587 

9.373 
4.546 

2.062 

6 Between groups 
Within groups 

Training methods 4 
45 

28.873 
662.347 

7.218 
14.719 

0.490 

7 Between groups 
Within groups 

Training aids 4 
45 

49.639 
1911.581 

12.410 
42.480 

0.292 

8 Between groups 
Within groups 

Supporting training material 4 
45 

43.708 
328.292 

10.927 
7.295 

1.498 

9 Between groups 
Within groups 

Published literature 4 
45 

14.796 
63.704 

3.699 
1.416 

2.613* 

10 Between groups 
Within groups 

Physical facilities 4 
45 

127.200 
347.33 

31.800 
7.718 

4.120** 

11 Between groups 
Within groups 

Training programme 
implementation 

4 
45 

116.105 
525.895 

29.026 
11.687 

2.484* 

12 Between groups 
Within groups 

Training monitoring and 
evaluation 

4 
45 

383.953 
1574.867 

95.988 
34.997 

2.743* 

13 Between groups 
Within groups 

Follow up of training 4 
45 

94.168 
559.612 

23.542 
12.436 

1.893 

14 Between groups 
Within groups 

Over all training management 
index 

4 
45 

108.293 
1096.488 

27.073 
24.366 

1.111 

*Significant at 0.05 % level  **Significant at 0.01 % level 
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requirement, selection of suitable genotypes for growing under different agro climatic 
conditions and better storage quality is required. Sprouting, physiological loss of 
weight (PLW) and rotting are the main causes of loss during storage. These losses 
depend on the varieties, type of storage and weather conditions. Therefore it is 
essential to increase the storage ability of garlic without deterioration of their quality.  

The present experiment was carried out at National Horticultural Research and 
Development Foundation, Regional Research Station, Salaru, Karnal, Haryana during 
2007-08 and 2008-09. Nineteen advanced lines including four checks Yamuna Safed 
(G-1), Agrifound White (G-41), Yamuna Safed-2 (G-50) and Yamuna Safed-3 (G-
282) selected from more than three hundred germplasm were evaluated at the centre. 
Planting of cloves of selected lines were done every year in first fortnight of October 
in bed size of 3.0 m X 1.5 m. Recommended package of practices were followed to 
ensure a healthy crop growth and development. The climate of Karnal is subtropical, 
minimum and maximum temperature ranging between 20C to 450C respectively. Both 
field as well as storage studies were arranged in randomized complete block design 
with three replications. Observations were recorded as shown in table 1 and 2. After 
proper field curing and neck cutting well cured and representative bulbs of same 
advance lines were kept in storage to identify superior clones for storage under 
ambient conditions in perforated plastic crates and observations recorded losses due 
to sprouting, physiological loss of weight (PLW), rotting and total loss monthly for 
four months. Total soluble solids were measured with hand refractometer. The pooled 
data for both years of field as well as storage were analyzed to identify the high 
yielding, processing as well as good keeping quality genotypes. The pooled data of 
field crop presented in table-1, showed that, the highest gross (16.99 t ha-1) and 
marketable yield (15.84 t ha-1) were noted for check G-41 and were at par with G-189 
(15.64 t ha-1) (14.12 t ha-1) and G-324 (15.98 t ha-1) (14.29 t ha-1). These ranges 
showed lines which have high gross as well as marketable yield can be utilized in 
crop improvement for higher yield production. The highest and significant average 
bulb weight  ranged from 33-37.50 g and highest average bulb weight (37.50 g) was 
noted for G-324 and at par with G-302 (36.50 g), G-366 (36.0 g), G-305 (36.50 g), 
G-192 (36.00 g), G-264 (35.50 g), G-189 (36.0 g), G-41 (36.0 g) and G-282 (36.50 
g). Check G-41 also showed higher and significant bulb size index (16.72 cm2) 
among all genotypes. Traits clove diameter, clove size index and weight of 50 cloves 
ranges from 0.96–1.62 cm, 2.49-4.17 cm2 and 46-95 g respectively. Highest clove 
diameter 1.62 cm, clove size index 4.17 cm2 and average cloves weight 1.90 g were 
noted for G-282 and significantly different from other genotypes. Significant lowest 
cloves per bulb (17.54) were noted for check G-282 and highest number of cloves per 
bulb was noted for G-4 (40.40). It is noted that increase in bulb weight was 
associated with increase in plant height, leaves per plant, bulb diameter, bulb size 
index, number of cloves per bulbs and cloves weight. This is in consonance with the 
findings of Singh, et al., 2012; Singh, et al., 2012; Dubey and Singh, (2010), Singh et 
al., (2011), Islam et al., (2004) and Singh and Chand (2003). Total soluble solids and 
dry matter content ranged from 36.70–39.25% and 38.77–41.14%. Higher total 
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soluble solids and dry matter content 39.25% and 41.14% was noted for G-200 and 
G-305 respectively, which was at par with G-189 (38.87%) (40.82%), G-222 
(38.35%) (40.21%), G-255 (39.15%) (40.99%) G-304 (38.99%) (40.95%) and G-324 
(39.00%) (41.06%). Genotypes which have higher total soluble solids and dry matter 
content can be utilized for processing purpose (Singh et al., 2011). The minimum 
bolter (8.12%) was indicated by G-366 and maximum (31.49%) in G-324. Plant 
height, leaves per plant and neck thickness ranged 86.35–100.23 cm, (7.33–8.73) and 
1.43–1.56 cm. Higher plant height (100.23 cm), leaves per plant (8.73) and minimum 
neck thickness (1.43 cm) were observed for G-324 and G-50 respectively. Lowest 
stemphylium blight incidence (53.74%) was noted for G-324. The intensity of 
stemphylium blight ranges from 9.53%-14.40%. Minimum intensity was recorded for 
G-324. Thrips incidence and nymphs per plant ranged from 91.67–100% and 5.95–
7.95%. Lowest thrips incidence (91.67%) and nymphs per plant (5.95) was noted for 
G-41 and G-366 and it showed non-significant differences regarding thrips incidence. 

Pooled data on storage of same year are presented in table-2 and revealed that 
after one month of storage nil sprouting and decay loss was noted for all genotypes. 
Lowest physiological loss of weight (1.00%) and total loss also (1.00%) was noted 
for G-192. After two months of the storage no sprouting was noted and only three 
genotypes G-302, G-368 and G-282 showed decay loss (1.67%), (0.67%) and 
(0.84%). Lowest physiological loss of weight 2.50% was recorded in G-4, G-176 and 
G-192. Lowest total loss 2.50% and maximum 6.34% was recorded in G-4, G-176, 
G-192 and G-302. After three months of storage only four genotypes viz. G-192 
(0.34%), G-222 (0.34%) G-302 (0.67) and G-304 (0.50%) showed sprouting. Highest 
decay loss (1.67%) was noted for G-302. Physiological loss of weight and total loss 
ranges from 3.67–10.17%. Lowest total loss (3.67%) was noted for genotypes G-200 
but maximum losses (10.177%) were indicted by G-369. After four months of 
storage, sprouting loss did not vary significantly. Only four genotypes showed decay 
loss viz. - G-302 (1.67 %), G-368 (0.67 %), G-369 (1.50 %) and G-282 (0.84 %). 
Physiological loss of weight was minimum (4.50%) recorded for G-200 and highest 
loss (13.75%) was noted for G-369. Total loss ranges from 4.50%–15.25%. Lowest 
total loss (4.50%) was noted for G-200 and was at par with G-4, G-264, G-189, G-
176, G-324, G-305, G-366, G-255 and G-50. The highest total loss 15.25% was 
observed for genotype G-369. 

 

On the basis of both years results considering yield potentiality, quality 
parameters and other desirable traits, the genotypes G-189 and G-324 were identified 
as promising germplasm and would be selected for higher yield and quality. For good 
keeping quality advanced line G-200 performed better and it could be utilized for 
storage. 
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Table-1:  Performance evaluation of Garlic (Allium sativum L) advanced lines during 2007-09 (Pooled) 
Gross 
yield 

Marketa
ble yield

Thrips 
 

Stemphylium 
Blight Plant 

height 
Neck 

thickness 
Leaves/P

lant 
Bulb 

diameter Bulb size Av. wt. 
of bulb 

Clove 
diameter Clove size Av. wt. 

of cloves
cloves/bul

bs Bolters 
TSS 

 
DM 

 
  Ince. Nym./pl Inc. Int. 

Advanced line 

Cm cm  cm cm2 g cm cm2 g  % % % t/ha t/ha %  % % 

G-4 88.38 1.45 7.80 4.45 13.92 35.50 1.09 2.89 1.02 40.40 19.00 36.92 39.01 14.77 13.75 100 6.24 60.71 11.32 

G-176 89.89 1.45 8.07 4.61 14.07 35.00 1.09 2.80 1.05 32.12 19.60 36.87 38.84 14.71 13.73 100 7.62 60.69 11.65 

G-189 92.07 1.51 7.95 4.62 15.50 36.00 0.96 2.56 1.07 35.82 18.33 38.87 40.82 15.64 14.12 100 6.20 60.39 12.85 

G-192 91.25 1.51 8.22 4.65 14.32 36.00 1.06 2.67 0.96 40.09 21.87 37.02 39.04 14.37 13.68 100 6.32 60.29 12.99 

G-200 94.23 1.49 7.53 4.41 12.98 33.00 1.19 3.11 1.11 30.12 25.95 39.25 41.10 13.01 12.06 100 6.40 56.75 12.07 

G-222 92.88 1.43 7.64 4.53 13.38 34.00 1.21 2.85 1.11 32.95 15.05 38.35 40.21 13.79 11.61 100 6.85 57.92 12.60 

G-255 94.91 1.51 7.72 4.52 13.52 34.50 1.14 2.72 0.98 40.07 30.82 39.15 40.99 13.25 12.17 100 7.45 63.41 12.32 

G-264 94.16 1.49 8.67 4.41 13.84 35.50 1.07 2.49 0.92 36.92 29.07 38.08 40.16 14.46 13.60 100 7.95 62.10 12.27 

G-302 90.98 1.54 7.69 4.61 14.58 36.50 1.25 3.40 1.44 25.17 10.54 37.72 39.83 11.47 9.51 100 6.45 60.96 13.29 

G-304 94.58 1.49 7.87 4.54 14.06 36.00 1.18 2.77 1.01 39.52 29.50 38.99 40.95 14.66 13.28 100 7.15 57.90 11.37 

G-305 86.35 1.50 8.27 4.51 14.70 36.50 1.36 2.89 1.18 28.92 9.83 39.19 41.14 13.95 12.92 98.34 6.87 57.90 10.89 

G-324 100.23 1.54 8.73 4.84 15.55 37.50 1.18 3.09 1.18 36.60 31.49 39.00 41.06 15.98 14.29 100 5.97 53.74 9.53 

G-366 94.44 1.43 7.33 4.35 14.06 36.00 1.32 3.39 1.35 26.30 8.12 38.29 40.38 13.69 11.75 100 5.95 57.29 11.52 

G-368 99.29 1.56 8.65 4.23 13.47 34.00 1.22 2.99 1.09 33.55 19.95 36.70 38.77 10.79 9.69 100 7.92 59.90 10.92 

G-369 88.76 1.49 7.77 4.20 11.88 31.50 1.21 3.20 1.23 29.55 12.70 37.17 39.14 9.97 8.65 95 7.75 58.20 11.29 

G-1 (C) 93.92 1.47 8.15 4.64 14.63 33.00 0.99 2.51 1.00 40.37 15.59 38.58 40.12 14.37 12.72 100 7.39 60.09 11.80 

G-41 (C) 88.93 1.48 8.38 4.76 16.95 36.00 1.14 3.20 1.16 35.09 15.53 38.45 40.38 16.99 15.84 91.67 7.69 63.84 14.40 

G-50 (C) 90.38 1.43 7.97 4.39 13.26 32.50 1.08 2.85 0.98 40.29 12.49 38.47 40.44 13.69 12.52 100 7.39 58.17 13.42 

G-282 (C) 94.00 1.52 8.37 4.66 15.01 36.50 1.62 4.17 1.90 17.54 13.67 37.33 39.49 14.17 11.84 100 7.34 62.59 14.24 

Min. 86.35 1.43 7.33 4.20 11.88 33.00 0.96 2.49 0.92 17.54 8.12 36.70 38.77 9.97 8.65 91.67 5.95 53.74 9.53 

Max. 100.23 1.56 8.73 4.84 16.95 37.50 1.62 4.17 1.90 40.40 31.49 39.25 41.14 16.99 15.84 100 7.95 63.84 14.40 

S. Em+- 1.94 0.04 0.16 0.13 0.38 1.00 0.05 0.10 0.05 1.75 1.47 0.55 0.51 .873 1.00 3.50 0.82 2.72 0.98 

CD at 5% 3.93 0.07 0.32 0.25 0.76 2.00 0.10 0.19 0.11 3.54 2.71 1.11 1.03 1.77 2.03 NS 2.21 4.72 1.98 



Table-2: Storage performance of 19 advanced garlic lines during 2007-2009 (Pooled) 
After one month of storage After two months of storage After three months of storage After four months of storage 

Sprouti
ng 

Decay 
loss PLW Total loss Sprouti

ng 
Decay 

loss PLW Total loss Sprouti
ng 

Decay 
loss PLW Total loss Sprouti

ng 
Decay 

loss PLW Total loss 
Advanced lines 

 

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

G-4 0.00 0.00 1.33 1.33 0.00 0.00 2.50 2.50 0.00 0.00 4.17 4.17 0.00 0.00 5.84 5.84 

G-176 0.00 0.00 1.67 1.67 0.00 0.00 2.50 2.50 0.00 0.00 3.84 3.84 0.00 0.00 6.00 6.00 

G-189 0.00 0.00 1.50 1.50 0.00 0.00 3.00 3.00 0.00 0.00 4.00 4.00 0.00 0.00 6.33 6.33 

G-192 0.00 0.00 1.00 1.00 0.00 0.00 2.50 2.50 0.34 0.00 5.34 5.67 0.34 0.00 7.17 7.50 

G-200 0.00 0.00 2.17 2.17 0.00 0.00 3.33 3.33 0.00 0.00 3.67 3.67 0.00 0.00 4.50 4.50 

G-222 0.00 0.00 2.17 2.17 0.00 0.00 3.17 3.17 0.34 0.00 5.84 6.17 0.34 0.00 7.50 7.84 

G-255 0.00 0.00 1.84 1.84 0.00 0.00 3.00 3.00 0.00 0.00 4.34 4.34 0.00 0.00 5.83 5.83 

G-264 0.00 0.00 1.50 1.50 0.00 0.00 3.00 3.00 0.00 0.00 4.42 4.42 0.00 0.00 6.33 6.33 

G-302 0.00 0.00 3.17 3.17 0.00 1.67 4.67 6.34 0.67 1.67 7.34 9.67 0.67 1.67 9.67 12.00 

G-304 0.00 0.00 1.83 1.83 0.00 0.00 3.34 3.34 0.50 0.00 5.84 6.34 0.50 0.00 8.17 8.67 

G-305 0.00 0.00 1.50 1.50 0.00 0.00 3.00 3.00 0.00 0.00 4.84 4.84 0.00 0.00 7.17 7.17 

G-324 0.00 0.00 1.83 1.83 0.00 0.00 2.84 2.84 0.00 0.00 5.50 5.50 0.00 0.00 7.34 7.34 

G-366 0.00 0.00 2.34 2.34 0.00 0.00 3.17 3.17 0.00 0.00 6.00 6.00 0.00 0.00 6.84 6.84 

G-368 0.00 0.00 2.67 2.67 0.00 0.67 3.83 4.50 0.00 0.67 5.67 6.33 0.00 0.67 8.00 8.67 

G-369 0.00 0.00 2.84 2.84 0.00 0.00 6.00 6.00 0.00 0.00 10.17 10.17 0.00 1.50 13.75 15.25 

G-1 (C) 0.00 0.00 2.00 2.00 0.00 0.00 4.00 4.00 0.00 0.00 6.33 6.33 0.00 0.00 8.17 8.17 

G-41 (C) 0.00 0.00 2.50 2.50 0.00 0.00 5.67 5.67 0.00 0.00 7.67 7.67 0.00 0.00 12.17 12.17 

G-50 (C) 0.00 0.00 2.17 2.17 0.00 0.00 3.33 3.33 0.00 0.00 5.50 5.50 0.00 0.00 6.50 6.50 

G-282 (C) 0.00 0.00 2.50 2.50 0.00 0.84 4.84 5.67 0.00 0.84 8.84 9.67 0.00 0.84 11.59 12.42 

Min. 0.00 0.00 1.00 1.00 0.00 0.00 2.50 2.50 0.00 0.00 3.67 3.67 0.00 0.00 4.50 4.50 

Max. 0.00 0.00 3.17 3.17 0.00 1.67 6.00 6.34 0.67 1.67 10.17 10.17 0.67 1.67 13.75 15.25 

 S. Em+- 0.00 0.00 0.81 0.81 0.00 1.04 1.20 1.50 0.62 1.04 1.30 1.67 0.62 0.64 1.35 1.68 

 C.D at 5% --- --- 0.89 0.89 --- NS 2.44 1.56 NS NS 2.64 3.38 NS 0.49 2.74 3.40 
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