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Development of Pant Urd 31: a high yielding and Yellow  Mosaic Disease resistant
variety of black gram (Vigna mungo (L.) Hepper)
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1G.B.Pant University of Agriculture and Technology, Pantnagar; 2Indian Council of Agricultural Research,
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ABSTRACT

Yellow mosaic virus transmitted through whitefly has been
a serious production constraint in black gram cultivation in
India. During 1990s, the disease became a threat for urdbean
cultivation in almost all growing areas of the country
including southern peninsula and the central plateau. With
the help of effective screening techniques tremendous
progress has been made in identification of potential sources
of resistance. Inheritance of resistance to this disease has
been studied and the genes for resistance have been
incorporated through hybridization. Sincere efforts to
develop yellow mosaic resistant cultivars were made at G.B.
Pant university of Agriculture  and Technology, Pant Nagar.
As a result Pant Urd 19 and Pant Urd 30 were released in
1981 and Pant U 35 in 1985. Subsequently several varieties
resistant  to MYMV have been released by other Institutions
in India. However, none of the varieties were found suitable
to entire country in different seasons. Pant U 31 due to its
durable resistance to MYMV disease, photo-thermo
insensitivity, short duration, dwarf type with balanced
vegetative growth and higher yielding ability gained
popularity among farmers across the country which is evident
from the breeder seed indent received from different black
gram growing states of India. An outline for developing this
cultivar will be ideal in devising further breeding strategies
to breed widely adapted cultivars with durable MYMV
resistance.

Keywords: Black gram, Pant Urd 31, Yellow Mosaic Virus
resistance

Blackgram (Vigna mungo L. Hepper) or urdbean is
one of the most important food legumes of India.  The crop
was grown on 3.11 m ha in 2012-13, which produced 1.90 m
tonnes with an average productivity of 642 kg/ha.
Blackgram being rich in protein, calcium and iron, has
received prominence in Indian diets especially for culinary
preparation of dal, idli, vada and dosa.  During 1970s,
Yellow Mosaic virus has emerged as a serious problem for
blackgram cultivation in India in northern plains. Therefore,
screening of germplasm for resistance to this disease was
prioritized. As a result, screening techniques were
developed and donors were selected in early 1970s. These
donors were used for incorporation of resistance genes to
this disease in already released cultivars in different states
of India.

This article is aimed at writing a story of blackgram
improvement in India and development of disease resistance

and widely adapted high yielding variety Pant Urd 31. This
variety was developed at Pantnagar and released for
Uttarakhand in 2005 and became a nationally popular
variety. At present, it is being grown in all the blackgram
growing states of India. Amongst the MYMV resistant
cultivars released so far, Pant U 31 gained popularity first
time in 2009 as demonstrated by nation-wide highest seed
indent in 2010. Since then, this is continuously occupying
prominence in national seed chain. At present, this variety
is occupying nearly 30,000 ha in southern peninsular region
of the country.

Historical perspect ives: Sincere efforts for
improvement of urdbean was made in the first quarter of
20th century at Pusa, Bihar. Black gram cultivars were
collected from all important blackgram growing Districts of
India and Burma (Myanmar) in 1925 (Bose 1932). Single
plant selections were made and pure lines were isolated.
As a result 25 types (15 small, green seeded, and 10 large
black seeded) were established. Only two cultivars had a
semi erect plant type and rest were spreading type.

Before 1970 the varieties were developed by the
research scientists working in the state department of
Agriculture and/or in agriculture colleges in different parts
of India, For example, cultivar T 9 was developed at Kanpur.
It was a selection made by Dr. T.R. Mehta from Bareilly
local in early fifties. It was an early maturing (80-90) days
and gave higher yield.  This was being predominantly
grown for several years in areas where yellow mosaic
disease was not a serious problem.  This variety was used
as parent in hybridization programme by several breeders.
It became very popular and  could spread all over country
as it gave good yields as compared to local varieties in
different states and was used as national check in AICRP
trials.

Between 1970 and 1980 hybridization work was taken
up by different research stations in collaboration with
AICRP. It became necessary to diversify the agronomic
bases with incorporating YMV resistance.  Pant U19 and
Pant U 30 were developed from a cross of UPU 1 (a selection
from T 9) and UPU2.  These varieties were released in 1981.
The hybridization followed by selection has played an
important role in the development of resistant varieties in
1980s. National crossing programme was started in 1980 in
order to generate new variability (Singh and Satyanarayana,
1997). The number of crosses has been assigned to different
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centers. The impact of this programme could be judged
from the fact that about 67% varieties were developed by
hybridization during the nineties.

Role of All India Coordinated Research Project
(AICRP) on pulses: Though the crop improvement work
on urdbean has been going on for several years at various
Agricultural Universities and ICAR institutes in India, the
programmes lacked systematic and coordinated efforts. In
the initial phase, the emphasis was laid on varietal testing
at AICPIP centres. During 1966 only 10 entries were tested
in multi location trails. In subsequent year, six more entries
were added for evaluation at 17 locations in single Varietal
Trial (Table 1). Most of the entries were the selections from
land races and were susceptible to MYMV. The average
yield of this trial was 455.36 kg/ha. Subsequently the efforts
were directed towards diversification of genetic base
resulting into high yielding, disease resistance and widely
adapted cultivars. Sincere attempts for developing resistant
cultivars were made in 1980's and since large number of
entries carrying MYMV resistance were tested under
multilocational trials. The number of entries with high yield
and disease resistance for testing increased to 45 in 1992
and average yield could be obtained with 881.60 kg/ha when
tested at 25 test locations across the country. This was the
extraordinary phase for varietal development programme
of urdbean in India. Excellent progress has been made in
identification of potential sources of resistance (Singh, 1982,
Sivaprakasham et al., 1983; Singh et al., 1987; Singh et al.,
1991). Cultivars, Pant U 19, Pant U 30 and Pant U 35 released
in 80's derived their resistance from UPU 2, a selection from
D-6-7 cultivar. During this period 1980-1992, over a dozen
cultivars could be bred carrying MYMV resistance. These
are TAU 1, Uttara, Shekhar 1, Azad Urd 2, Azad Urd 3,

Narendra Urd 1, and WBU 108. With the appearance of
Yellow mosaic disease in central plateau and southern
peninsula in 1990s, it became pertinent to diversify the
genetic base of urdbean cultivars with the use of more
stable sources of YMV resistance.

Systematic breeding efforts for incorporating MYMV
resistance resulted in development of two resistant cultivars
Pant U 31 and IPU 02-43 which were bred in northern Indian
conditions but had shown resistance against MYMV across
the locations and found promising in southern peninsula.
Pant U 31 was released in 2005 and became popular among
farmers in 2009.  It got national status as it received the
nation-wide highest seed indent  in 2010 and 2012.

Development of Pant Urd 31: Pant Urd 31 was
developed through systematic efforts of breeding at G.B.
Pant University of Agriculture and Technology, Pant Nagar.
Its development started with the identification of a unique
elite line UPU 97-10 which had all the components of well
thought ideal plant type of blackgram (Singh, 1997) with
maturity duration (85 to 90 days). It was selected from a
cross of UPU 89-6-7 x 7668/ 4B.  UPU 89-6-7 was developed
from a cross of H76-1and Pant U-19.  UPU 97-10 was tested
in intercropping trials and was released for intercropping
and pure cropping cultivation in Uttarakhand as Pant Urd-
40.  It was crossed with DPU 88-31 which was shorter in
plant height and recommended as donor.  It had dark green
foliage and was free from foliar diseases. It was spotted in
coordinated trials and a cross between UPU 97-10 and DPU
88-31 was made in 1997. Both of these lines; UPU 97-10 and
DPU 88-31 were the  finished products. The progenies of
UPU 97-10 x DPU 88-31 were high yielding and disease
resistant and were very fascinating as they were free from
foliar diseases and were also very distinct to all other

Table 1. Performance of blackgram entries in All India Coordinated Varietal Trials in 1967 vs. 2012

*Successful Locations       **Across the trials

Criterion  1967 1992 2013 
Number of Trials  1 3 5 
Number of entries 16 45 54 
Number of test locations* 17 25 50 
Average yield (kg/ha)** 455.36 881.60 902.40 
Per cent increase   - 93.6 98.1 
Per cent increase /year - 3.74 2.13 
Increase kg/ha/year - 17.0 9.7 

 

Table 2.Blackgram varieties released so far in India and the methods of breeding used

*Value in parenthesis denotes for number of varieties developed through interspecific hybridization

Period  Number of Varieties  Method employed 
  Selection  Hybridization  Mutation  
Before 1970 14 13 1 - 
1970-80 11 10 1 - 
1980-90 19 6 11 2 
1990-2000 23 8 13 2 
2000-2010 10 - 10 - 
After 2010 3 - 3(2) - 
Total 80 37 39(2)* 4 
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released cultivars in its plant architecture. Some of the
progenies which had very dark green foliage with violet
tinge, very sturdy stem and it has reduced maturity duration
(75 to 80 days) and reduced plant height (70 to 75 cm) with
balanced vegetative growth were selected. One of the
progenies, PU 00 - 31 was multiplied and pushed for testing
in multi location trials  and was released  as Pant Urd 31 in
2005 for cultivation in lower hills and plains of Uttarakhand.
It was registered with Plant Varieties and Farmers Right
Authority (Reg. No. 67 in 2009. It was also released in
Himachal Pradesh in 2007 as Himachal Mash- 1. After
thorough testing in multilocational trials across the zones,
it  was recommended for the states of Uttarakhand, Himachal
Pradesh, Uttar Pradesh, Rajasthan, Odisha and Andhra
Pradesh in 2007.    The variety has exhibited yield superiority
over the checks and qualifying variety across the zones
and seasons. The testing and large scale on farm
demonstrations were conducted simultaneously under the
ambit of All India Coordinated Research project on
MULLaRP by different AICRP centers to provide immediate
solution for MYMV disease in southern states as the disease
occurred in epidemic form in Andhra Pradesh in  the year
2007-08. Project coordinating unit has managed to supply
the seed of Pant Urd 31 to AICRP centers at OUA&T,
Berhampore, Odisha and ANGRAU, Lam, Andhra Prdesh
for on farm trials. It was multiplied during 2009 by these
centres and supplied to farmers and it was spread among
farmers and became popular. The farmers are realizing yields
upto 20q/ha under good management.  Its average yield is
about 12 to 15 q/ha. It is resistant to all the major diseases
of blackgram, therefore, provides a stable yield across the
seasons and locations. It is about 10 days earlier than other
varieties, therefore, fits well in different cropping systems.
It is photo- thermo insensitive; hence it is suitable for

Table 3. Important Features of parental lines/ cultivars used in the development of Pant Urd 31
Name of Line/cultivar Year of selection/release  Pedigree  Important features  
Type-9 1948 Selection from Bareilly local It has semi spreading plant type, high yield and wide 

adaptability but susceptible to MYMV. Pods are glabrous. 
D6-7 1961 Local Selection from Dhule Pubescent pods, green leaves, erect plant type 
UPU-1 1972 Selection from type-9  It is similar to type-9 but shows necrotic mottle reaction to 

MYMV.  
UPU-2 1972 Selection from D6-7 It has spreading plant type highly resistant to MYMV. 

Pods are hairy.  
H 76-1 - - It has an elite line with high pod number  
Pant U -19  1981 UPU-1xUPU-2 It has semi spreading plant type, high yield released for 

NFPZ. It is resistant to MYMV. Pods are sparsely 
pubescent  

UPU 89-6-7 1992 H 76-1xPant U-19 It is an elite line of blackgram. It has slow senescence and 
is resistant to major disease of kharif season.  

7668/4B - - It is a germplasm line. 
PLU-131 - - It is a germplasm line resistance to MYMV. 
Pant U-40 (UPU 97-10) 2005 UPU89-6-7x 7668/4B  Podding alongwith entire length of main stem and primary 

branches. It has early vigour, slow senescence with 
resistance to foliar diseases    

DPU 88-31 1997 PLU-131x Type -9 It is an elite line of blackgram. It has multiple resistance to 
foliar diseases  

 

Fig 1. Schematic diagram for development of MYMV
resistant Urdbean cultivar Pant U 31
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different seasons as well. It has average seeds size (3.86 g/
100 seeds) with black colour which is acceptable to the
growers.

The stepwise development of such a plant type has
taken about 35 years and several lines/cultivars have
contributed the genetic architecture of Pant Urd 31 (Fig 1).
The important features of the lines/cultivars which have
contributed to Pant Urd 31 are presented in Table 3.

ACKNOWLEDGEMENTS

The authors acknowledge the lead role of Dr. Y.
Koteshwara Rao, Principal Scientist, ARS, Lam (Guntur) in
popularising PU31 in Andhra Pradesh.

REFERENCES

Singh DP. 1982. Genetics and Breeding of Blackgram and Greengram,
G.B. Pant University of Agric. & Tech. Res Bull., 109: 68pp.

Singh DP. 1997. Tailoring the plant type in pulse crops. Plant
Breeding Abstracts 67: 1213 1220.

Singh DP, Singh BB and Gupta RP. 1991a. Evaluation and
classification of blackgram germplasm. Narendra Deva Journal
Agricultural Research 6: 138-141.

Singh DP, Singh HP and Sharma, BL. 1991b. Evaluation of blackgram
germplasm Narendra Deva Journal Agric. Res. 6: 132-137.

Singh DP and Satyanarayana A. 1997. Creating higher genetic yield
potential in urdbean. In: Recent Advances in Pulses Research
(eds: A.N. Asthana and M. Ali) Indian Society of Pulses Research
and Development, IIPR, Kanpur, India. 157-171.
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ABSTRACT

An investigation was carried out to assess the variability
among 644 germplasm accessions of dolichos bean which
included 540 Indian, 24 Kenyan and 80 accessions of unknown
origin at University of agricultural sc iences (UAS),
Bangalore for 20 quantitative traits and three qualitative
traits. The germplasm accessions along with four check
entries were sown in augmented design in 10 compact blocks
during Kharif 2012 at the experimental plots of UAS,
Bangalore. Substantial variability among the accessions for
quantitative traits and polymorphism for qualitative traits
were documented. The germplasm accessions could be
grouped into six clusters following model-based K-means
clustering approach. The quantitative trait means and
variances differed significantly among the clusters. Some
of the germplasm accessions were superior than the check
HA-4. The accessions contrasting for individual and multiple
traits were identified. These results are discussed in relation
to suitable strategies to be adopted for breeding Dolichos
bean for improved productivity.

Keywords: Determinacy, Heritability, K-means clustering,
Lablab purpureus, Variability

Dolichos bean (Lablab purpureus L. Sweet),
commonly known as field bean, hyacinth bean, Indian bean,
sem, butter bean, Egyptian kidney bean, lubia bean, etc.,
belongs to the family Fabaceae and is one of the most
ancient crops among the cultivated plants. The crop is
documented by archaeo-botanical finds in India from 2000
to 1700 BC at Hallur, the earliest Iron Age site in Karnataka,
to 1200-300 BC at the Veerapuram excavation site in Andhra
Pradesh, (Fuller 2003). In India, Dolichos bean is primarily
cultivated in Karnataka and adjoining districts of Tamil
Nadu, Andhra Pradesh and Maharashtra (Mahadevu and
Byre Gowda 2005) for use as vegetable (immature pods and
immature grains) and forage (NRC 2006). It is cultivated
either as a pure crop or intercropped with finger millet,
groundnut, castor, corn, pearl millet or sorghum. In
Karnataka, Dolichos bean is grown in an area of 85,000
hectares with a production of 30,000 t and contributes
nearly 90 per cent of both area and production in India.
Despite its importance as a multi-purpose crop and ability
to withstand drought better than common bean and cowpea
(Maass et al 2010), and adaptation to acidic (Mugwira and
Haque 1993) and saline soils (Murphy and Colucci 1999),
Dolichos bean truly qualifies as 'underutilized' crop as
evidenced by limited area under the crop.

Augmenting the current low on-farm productivity
(0.5 t ha-1) to potential level (2.0 t ha-1) (Shivashankar and
Kulkarni 1989) requires broadening the genetic base of
Dolichos bean cultivars through enhanced use of diverse
germplasm accessions. Precise information on genetic
variability and diverse sources of germpalsm for traits of
economic importance is a prerequisite for enhanced use of
germplasm for continued genetic improvement and to cater
to the needs of changing consumer preferences. Under
these premises, an investigation was carried out to assess
the variability for morpho-metric traits among germplasm
accessions conserved at University of Agricultural Sciences
(UAS), Bangalore.

MATERIALS AND METHODS

The material for study comprised of 644 germplasm
accessions which included 540 indigenous, 24 exotic
(Kenya) and 80 unknown accessions of dolichos bean
(Lablab purpureus (L.) Sweet) and 4 check entries (HA-4,
HA-10-12, Kadle avare and GL-6-6) procured from All India
Coordinated Research Project (AICRP) on pigeonpea, UAS,
GKVK, Bangalore. While the check HA-4 is a released
variety, other check entries are promising advanced
breeding lines. All germplasm accessions along with four
check entries were sown in Augmented design (Federer,
1956) in 10 compact blocks during Kharif 2012 at the
experimental plots of Zonal Agricultural Research Station
(ZARS), UAS, GKVK, Bangalore which is located at
an altitude of 930 m above mean sea level 120 58' North and
770 35' East latitude and longitude, respectively. Each block
consisted of 65 germplasm accessions, four checks
(replicated twice) and two border entries. Each entry was
sown in a single row of 2.5 meters length with a row spacing
of 0.45 m and 0.2 m between plants within a row. A basal
dose of 25:50:25 Kg NPK ha-1 was applied to the experimental
plot. Recommended management practices were followed
during the crop growth period to raise a healthy crop.

Data were recorded on five randomly tagged plants
on 20 quantitative traits (leaf length, leaf  width, primary
branches plant-1, flower buds raceme-1, racemes plant-1,
raceme length, nodes raceme-1, flower buds node-1, days to
50% flowering, pod length, pod width, pods plant-1, locules
pod-1, seeds pod-1, plant height, green pod yield plant-1,
green seed yield plant-1,100-fresh seed weight, shelling %
and 100-dry seed weight) based on counting/measurement
using appropriate scale depending on the trait in each

Journal of Food Legumes 28(1): 5-10, 2015
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germplasm accession and check entry following the
descriptors developed by research faculty of AICRP on
pigeonpea, UAS, GKVK, Bangalore. Quantitative trait means
of each of the 644 accessions were adjusted for block effect.
Block effect were estimated as differences between trait
mean of check entries included in the ith block and trait
mean of check entries of all the blocks (Federer, 1956). Data
were also recorded on three farmer and consumer/end-user
preferred traits such as growth habit, pod constriction and
pod fragrance based on visual rating/sco ring. The
germplasm accessions were classified as determinate, semi-
determinate and indeterminate based on growth habit; as
no constriction, slightly constricted and constricted based
on pod constriction; and as absent, low, medium and high
based on pod fragrance. The number and per cent
accessions belonging to each class were counted and
computed, respectively.

Statistical analysis: Adjusted mean values of
quantitative traits data recorded on five random plants were
subjected to statistical analysis. Descriptive statistics such
as range and variance and their standardized values-
standardized range (maximum-minimum/mean), coefficient
of variation (standard deviation/mean) x 100 were estimated
(Snedecor and Cochran, 1994) to quantify variability and
compare across traits. The 648 Dolichos bean accessions
were grouped into 6 clusters following model-based 'K
means' clustering (Mac Queen, 1967) approach. The
significance of difference among the clusters for means
and variances of 20 quantitative traits was examined using
't' and Levene's (Levene, 1960) tests, respectively.

RESULTS AND DISCUSSION

Qualitative traits (growth habit and pod traits):
Indeterminate type of accessions dominated the collection
(50.62%) followed by semi-determinate (40.43%) and
determinate (8.95%) types. Highly frequent indeterminate/
semi-determinate types of accessions are expected as
farmers preferred cultivars with indeterminate/semi-
determinate types owing to their staggered pod maturity
over a period of time. Due to twining habit of indeterminate
types, traditionally, Dolichos bean is grown as an intercrop
with sorghum/ finger millet (which support Dolichos bean)
for self consumption and hence indeterminate growth habit
is advantageous to farmers. Predominance of indeterminate/
semi-determinate types of accessions among exotic
(Nasreen et al 2001) and indigenous collection (Savitha
et al 2012) and lower frequency of determinate accessions
(Shivashankar et al 1977) in an Indian collection of 255
Dolichos bean germplasm accessions have been
documented.

However, as Dolichos bean is now being cultivated
extensively for commercial purpose, determinate type
cultivars are gaining popularity among the farmers.
Determinate type cultivars have more compact growth habit,

reduced branching, shorter internodes, reduced above
ground biomass and accelerated and synchronized
flowering and reduced period of pod production leading to
more uniform pod maturity and stable harvest index (Kwak
et al 2012). Further, determinate types do not require support
system (in contrast to indeterminate types which require
support) enabling high density planting to harness complete
productivity potential of cultivars (Shivashankar and
Kulkarni, 1989). Hence, breeding for determinacy is one of
the major objectives of Dolichos bean breeding to optimize
allocation between vegetative and reproductive phases.

The pods borne by majority of the germplasm
accessions had high to medium fragrance (locally known
as Sogadu), a highly preferred trait by farmers and
consumers/end-users. The accessions with high pod
fragrance were abundant (46.14%) than those with moderate
(32.25%), low (18.06%) and absence of fragrance (3.55%).
Pod fragrance has been attributed to oily exudates which
have been reportedly composed of a mixture of fatty acids
of which trans-2-dodecenoic acid and tetra-dodecenoic
acids are predominant (Fernandes and Nagendrappa, 1979).
Constricted pods are also preferred by farmers and
consumers/end-users as they believe that cultivars that
bear constricted pods have higher yielding ability than
those that bear smooth pods. The pods with slight
constriction were present in 51.39% of the accessions, while
those with constriction and absence of constriction were
present in 25.62% and 22 .99% of the accessions,
respectively.

Quantitative traits: Analysis of variance revealed
highly significant mean squares due to germplasm
accessions for all traits except seeds pod-1 (Table 1). Mean
squares due to check varieties were significant for all traits
except leaf length, leaf width and seeds pod-1, while those
due to 'accessions vs check varieties' were significant for
all traits except seeds pod-1 and locules pod-1. These results
suggested significant differences among the accessions
and they differ from the checks.

Components of variability, heritability and genetic
advance: Presence of genetic variability per se is of less
significance in crop breeding programmes. Knowledge on
relative contribution of genetic and non-genetic sources
on the quantitative trait variability is useful in formulating
appropriate selection strategies to breed improved Dolichos
bean cultivars. The estimates of standardized range provide
clues about the occurrence of accessions with extreme
expression which varied wi th the t rait . However,
standardized range per se does not reflect variability in the
expression of all the accessions. The estimates of GCV and
PCV which reflect average inter-accession differences are
more useful statistics to understand variability among the
germplasm accessions.

The accessions were highly variable for racemes
plant-1, raceme length, flower buds raceme-1, plant height,
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primary branches plant-1, pods plant-1, green pod yield
plant-1, green seed yield plant-1 and 100 dry seeds weight
traits as indicated by the estimates of PCV ( >20%)
(Table 2). The accessions were moderately variable (10.1%
< PCV < 19.9%) for days to 50% flowering, leaf width, nodes
raceme-1, flower buds node-1, pod length, pod width, seeds
pod-1, locules pod-1, shelling % and 100 fresh seeds weight.
The accessions were least variable fo r leaf length
(PCV=9.79%). Relatively narrow difference between PCV
and GCV estimates for these traits has amply reflected in
higher broad-sense heritability estimates.

Broad-sense heritability was higher (>60%) for all
the traits except leaf length (59.29%). Days to 50% flowering
(99.38%) followed by 100 dry seeds weight (94.79%) and
plant height (91.32%) were more heritable than the other
traits (Table 2). Dolichos bean is predominantly a self
pollinated crop. Hence the accessions used in the study
are a mixture of pure lines whose expression predominantly
determined by additive genetic effects and additive x
additive type of epistasis. Consequently, broad-sense
heritability is a reflection of narrow-sense heritability. Thus
selection of desired accessions for any of the traits
considered in the present investigation would be effective
as all the traits were highly heritable.

One of the major application of estimating heritability
and the genetic parameters that compose the heritability
estimate is to compare the expected genetic gains from
selection based on alternative selection strategies and
different experimental designs (Falconer and Mackay, 1996).
The information elicited from such comparisons could be
used to design optimal breeding strategies (Milligan et al

1990). In the present study, the estimates of expected GAM
were higher for green pod and seed yield plant-1 (53.79%
and 47.89%, respectively), pods plant-1 (52.68), racemes
plant-1 (52.11%) and flower buds raceme-1 (48.67%), while
they were lower for leaf length (11.95%), leaf width (14.90%),
pod length (17.16%), seeds pod-1 (15.04%) and locules
pod-1 (15.55%) (Table 2). Narrow difference between PCV
and GCV estimates also suggested stable expression of
accessions for these traits and their variability could be
attributed largely due to genetic causes, a pre-requisite for
effectiveness of selection for these traits. Though the
accessions were moderately variable for days to 50%
flowering, fairly higher estimates of expected genetic
advance which takes into account variability and heritability
indicated effectiveness of selection of genotypes with
desired number of days to flowering.

Organization of variability: The efficiency and pace
of Dolichos bean improvement programmes hinges on the
precise information on magnitude of fixable (additive and
additive based epitasis) component of genetic variability,
g × e (both spatial and temporal) interaction, and DNA
marker-assisted chromosomal localization and mode of
action of genes controlling traits of economic importance.
The identification of accessions contrasting for traits of
economic importance is a prerequisite for eliciting such
information. Cluster analysis helps in grouping of
accessions sharing similar characters in different clusters
and to identify genetically diverse and desirable genotypes.

The quantitative traits mean differences between
clusters were significant for all the traits (Table 3). The trait
variances among six clusters were significant for 7 of the 20

Sources of variation d.f. 

Mean sum of squares 

Days to 
50 % 

flowering 

Leaf length 
(cm) 

Leaf 
width 
(cm) 

Racemes 
plant-1 

Raceme 
length 
(cm) 

Nodes 
raceme-1 

Flower 
buds 

raceme-1 

Flower 
buds 

node-1 

Plant height 
(cm) 

Primary 
branches 
plant-1 

Blocks 09 2.06** 2.06 0.29 1.27* 3.18 0.23 2.95 0.07 113.53* 0.27 

Entries  
(Accessions+ Checks) 

647 134.23** 134.23** 0.63** 5.23** 31.59** 3.71** 17.28** 0.23** 699.53** 0.90** 

Accessions 643 103.08** 103.08** 0.62** 4.78** 28.91** 3.46** 16.83** 0.23** 599.69** 0.85** 

Checks 03 2403.46** 2403.46 0.08 37.95** 294.24** 20.88** 74.71** 0.42** 6557.13** 3.56** 
Accessions vs Checks   01 13352.10** 13352.10** 8.04** 193.62** 966.14** 114.09 136.17** 0.50** 47326.14** 24.49** 

Error 27 0.61 0.61 0.23 0.54 3.67 0.56 3.35 0.05** 49.89 0.16 

 

Sources of variation d.f. 

Mean sum of squares 

Pods  
plant-1 

Pod 
length 
(cm) 

Pod 
width 
(cm) 

Seeds  
pod-1 

Locules 
pod-1 

Green pod 
yield plant-1 

(g) 

Green seed 
yield plant-1  

(g) 
Shelling % 100 fresh 

seed wt (g) 

100 dry 
seed wt 

(g) 
Blocks 09 7.66 0.09 0.05 1214.92 0.06 377.69 96.27 23.57 4.86 1.21 
Entries  
(Accessions+ Checks) 647  55.58** 0.36** 0.11** 7.65 0.21** 1208.54** 310.66** 58.06** 83.65** 22.75** 

Accessions 643 53.77** 0.35** 0.11** 0.18 0.21** 1188.34** 302.73** 56.66** 82.63** 22.60** 
Checks 03   360.97** 0.79** 0.15** 1224.82 0.22* 2131.76** 872.35** 195.87** 247.64** 48.71** 
Accessions vs Checks   01 303.50** 0.74** 0.68** 1157.06 0.12 11428.13** 3724.04** 547.49** 251.40** 40.78** 
Error 27  7.47 0.10 0.03 1208.42 0.07 186.24 51.80 20.60 7.48 1.13 
 

Table 1. Analysis of variance of Dolichos bean germplasm accessions for quantitative traits

*Significant at P= 0.05 level
**Significant at P= 0.01 level
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quantitative traits such as days to 50% flowering, raceme
length, nodes raceme-1, plant height, pods plant-1, green
pod yield plant-1 and seed yield plant-1 (Table 4). These
results suggested K-means clustering approach was
efficient to minimise with-in cluster variance and maximise
between-cluster variance as a result of inclusion of diverse
accessions into different clusters. The estimates of the
means of the quantitative traits such as days to 50%
flowering, raceme plant-1, raceme length, nodes raceme-1,
plant height, primary branches plant-1, pods plant-1, green
pod and seed yield plant-1 and 100 dry and fresh seeds
weight were highest among the accessions included in
cluster II and IV and were least among the accessions
included in cluster III. It is desirable to choose germplasm
accessions from among those included in Cluster III and
cluster IV for various applications in Dolichos bean breeding
research such as those already indicated.

Significant variability among the accessions for
quantitative traits was expected as they are landraces which
have evolved over millennia through a combination of
natural and human selection on the variation originated by
mutations and distributed by recombination (Allard, 1999).
These landraces poses different combination of traits and
hence have better adaptability to different production
environment  and/or a combination of  product ion
environments. Through increased use of landraces,
efficiency of breeding Dolichos bean cultivars that are

suitable for diverse production constraints especially that
of terminal drought, a most frequently occurring abiotic
stress in regions where Dolichos bean is extensively grown
could be maximized.

Traits-specific accessions

Exploitation of natural genetic variability help  meet
short-term objectives as very often breeders are forced to
meet immediate requirement of the farmers, consumers and
end-users. Continued crop genetic improvement to meet
medium- and/long-term requirements requires availability
of variability induced through deliberately planned crosses
among the genotypes harbouring desired combination of
traits. Evaluation of germplasm provides information about
the accessions/genotypes with desired combination of
traits.

Some of the germplasm accessions were superior to
the check HA-4 for five selected traits such as days to 50%
flowering, racemes plant-1, pods plant-1, green pod yield
plant -1 and green seed yield plant -1. The accessions
contrasting for these selected five traits were identified.
The accessions such as HA-12-6, GL 675, GL 672, GL 397,
HA-12-9, HA-12-7, GL 674 and GL 285 with fewer days to 50
per cent flowering, GL 270, GL 142, GL 113, GL 642, GL 447
and GL 203 with more racemes plant-1, GL 471, GL 447,
GL 141, GL 143, GL 652 and FPB-35 with more pods plant-1,
GL 369, GL 576, GL 143, FPB-35, GL 657 and GL 141 with

Table 2. Descriptive statistics for 20 quantitative traits in Dolichos bean germplasm accessions

Sl. 
No. 

Traits Mean ± SE Range Standardized 
Range 

Coefficient of variability Broad-sense h² 
(%) 

GAM 
(%) Min Max PCV (%) GCV (%) 

1 Days to 50 % flowering 66.98 ± 0.41 37.51 91.64 0.81 14.78 14.74 99.38 30.26 

2 Leaf length (cm) 19.09 ± 0.08 11.21 27.10 0.83 9.79 7.54 59.29 11.95 

3 Leaf width (cm) 6.74 ± 0.03 4.81 9.17 0.65 11.53 9.13 62.73 14.90 

4 Racemes plant-1 7.45 ± 0.09 1.58 16.45 2.00 28.69 26.94 88.18 52.11 

5 Raceme length (cm) 24.48 ± 0.21 4.11 38.14 1.39 21.49 20.02 86.77 38.42 

6 Nodes raceme-1 9.26 ± 0.07 3.15 14.15 1.19 19.69 17.94 83.03 33.68 

7 Flower buds raceme-1 13.50 ± 0.16 2.49 24.86 1.66 29.79 26.53 79.31 48.67 

8 Flower buds node-1 3.26 ± 0.02 1.90 4.15 0.69 14.30 12.69 78.77 23.21 

9 Plant height (cm) 115.32 ±0.95 39.00 206.73 1.45 20.75 19.83 91.32 39.03 

10 Primary branches plant-1 4.48 ± 0.04 1.80 8.18 1.42 20.19 18.17 80.99 33.68 

11 Pods plant-1 24.02 ± 0.29 5.95 48.95 1.79 29.89 27.65 85.54 52.68 

12 Pod length (cm) 4.93 ± 0.02 3.18 9.18 1.22 11.87 9.94 70.16 17.16 

13 Pod width (cm) 1.79 ± 0.01 0.89 2.64 0.98 18.11 15.16 70.12 26.15 

14 Seeds pod-1 3.86 ± 0.02 3.00 5.00 0.52 11.11 9.05 64.39 15.04 

15 Locules pod-1 3.88 ± 0.02 2.81 6.06 0.84 11.58 9.35 65.23 15.55 

16 Shelling % 47.73 ± 0.29 26.35 83.13 1.19 15.53 12.28 62.55 20.01 

17 Green pod yield plant-1 (g) 108.22 ±1.32 33.32 245.06 1.96 31.20 28.54 83.70 53.79 

18 Green seed yield plant-1 (g) 60.29 ± 0.67 22.90 133.24 1.83 28.28 25.64 82.21 47.89 

19 100 dry seed weight (g) 20.85 ± 0.19 9.81 45.58 1.72 22.31 21.72 94.79 43.56 

20 100 fresh seed weight (g) 47.35 ± 0.36 19.78 81.81 1.31 18.79 17.88 90.55 35.05 
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Table 3. Estimates of quantitative traits means of the Dolichos bean accessions belonging to different clusters

Sl. No 

Mean of clusters   
 

‘F’ Statistic 

 
 

Probability 
C1 C2 C3 C4 C5 C6 

Size of the cluster 174 68 71 65 196 74 
1 Days to 50% flowering 68.35 69.77 52.45 68.42 67.77 71.79 44.14 0.00 
2 Leaf length (cm) 19.16 19.35 18.28 18.83 19.12 19.60 4.14 0.00 
3 Leaf width (cm) 6.76 6.88 6.45 6.61 6.76 6.91 3.15 0.01 
4 Racemes plant-1 7.60 7.47 6.19 8.50 7.34 7.69 8.39 0.00 
5 Raceme length (cm) 25.46 25.66 21.57 25.35 24.65 22.70 7.89 0.00 
6 Nodes raceme-1 9.68 9.70 8.04 9.69 9.25 8.66 10.93 0.00 
7 Flower buds raceme-1 14.14 14.18 11.79 14.82 13.48 11.90 7.33 0.00 
8 Flower buds node-1 3.29 3.38 3.10 3.36 3.27 3.18 3.43 0.00 
9 Plant height (cm) 106.46 138.00 79.97 113.69 114.66 152.38 214.45 0.00 
10 Primary branches plant-1 4.49 4.73 3.82 4.80 4.44 4.65 11.44 0.00 
11 Pods plant-1 26.66 29.59 17.64 34.22 19.60 21.55 123.11 0.00 
12 Pod length (cm) 4.98 5.12 4.83 5.08 4.85 4.81 4.35 0.00 
13 Pod width (cm) 1.80 1.87 1.57 1.92 1.78 1.82 9.27 0.00 
14 Seeds pod-1 3.86 4.00 3.85 3.89 3.81 3.84 2.96 0.02 
15 Locules pod-1 3.91 4.01 3.86 3.92 3.83 3.83 2.37 0.04 
16 Shelling % 48.78 47.49 45.25 48.43 48.27 45.77 3.54 0.00 
17 Green pod yield plant-1(g) 120.86 139.91 69.76 173.15 83.89 93.71 603.93 0.00 

     18 Green seed yield plant-1(g) 67.09 74.78 40.75 91.48 49.08 52.03 407.63 0.00 
19 100 dry seed weight (g) 21.17 21.95 18.16 21.69 20.88 20.82 5.52 0.00 
20 100 fresh seed weight (g) 48.83 52.02 39.83 54.61 45.88 44.28 29.83 0.00 

 
Table 4. Estimates of quantitative traits variances among the Dolichos bean accessions belonging to different clusters

higher green pod and seed yield plant-1 as compared to the
check variety HA-4, are useful in breeding short duration
cultivars with higher productivity. The accessions GL 661
and GL 143 that are contrasting for multiple traits such as
pods plant-1, green pod yield plant-1 and green seed yield
plant-1 are useful for developing populations for mapping
genes controlling these traits simultaneously.
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ABSTRACT

The present study was undertaken to know the combining
ability in pigeonpea [Cajanus cajan (L.) Millsp.] for yield
and its contributing characters.  The hybrids were developed
by adopting line × tester mating design involving six newly
converted cytoplasmic male sterile lines as female parents
and twelve newly developed pollen fertility restorer lines as
male parents in different maturity groups viz., early, medium
and late during kharif 2006. The resultant 72 hybrids were
evaluated along with their parents and the check  GTH1 (a
cytoplasmic genic male sterility based hybrid). Combining
ability analysis revealed presence of both additive and non-
additive gene effects. The specific combining ability (sca)
variance was found to be more important compared to general
combining ability (gca) variance for days to flowering, days
to maturity, plant height, branches per plant, pods per plant
, seeds per pod, pod length, 100-seed weight, seed yield per
plant, protein content, biological yield per plant, harvest
index, vegetative period and reproductive period. The female
lines viz. CMS GT 0301A, CMSGT 306A and CMS GT 0307A
and male lines viz. AGTR 0534, GTR 0525, AGTR 0540 and
AGTR 0536 were good general combiners for seed yield per
plant. These lines were also good or average combiners for
other yield contributing traits.  Concerning sca effects, none
of the hybrids showed significant and high sca effects for all
the traits. Twenty–nine hybrids showed significant positive
sca effects on pooled basis for seed yield per plant The best
five hybrids exhibiting high sca effects were CMS GT 087A
× GTR 0525 (43.06), CMS GT 307 A × AGTR 0538 (41.70),
CMS GT 087A × AGTR 0539 (28.68), CMS GT 087 A × AGTR
0534 (28.46) and CMS GT 0308 A × AGTR 0536 (28.00) for
seed yield per plant. Based on overall results, hybrids CMS
GT 087A × GTR 0525, CMS GT 087A × AGTR 0534, CMS
GT 0301A × AGTR 0534 and CMS GT 0308A × AGTR 0536
could be valuable for large scale testing for their general
adaptability and subsequently, for their commercial
exploitation.

Keywords: Pigeonpea, CMS lines, Pollen fertility restorers,
Hybrid, Combining ability, Yield Components

Pigeonpea is one of the most important pulse crops
of India and ranks second to chickpea in area and
production. The cleistogamous nature of pigeonpea
predominantly favours self pollination. However, depending
upon activities of insect pollinating vectors and other
factors (Saxena et al. 1990, Githiri et al. 1991) natural out
crossing occurs from 0.09 to 94.5 per cent (Bahl 1989).
Genetic male sterility was first discovered by Reddy et al.

(1978) and then by Wallis et al. (1981) and their subsequent
utilization in exploitation of hybrid vigour ( Gupta et al.
(1983) has opened new vistas in commercial exploitation of
hybrid pigeonpea on large scale. However, it could not be
utilized in commercial production of hybrids due to labour
intensiveness in production hybrid seeds and maintenance
of parental lines. For example, it requires 50% tagging of
fertile plants in female parent seed production plot and
50% rouging of fertile plants in female parents in hybrid
seed production plot. To overcome this, efforts have been
made on the development of Cytoplasmic Genetic Male
Sterile (CGMS) line at Gujarat Agricultural University,
Sardarkrushinagar during 1993 using Cajanus
scarabaeoides as the source of CGMS. Other sources of
cytoplasm for sterility were also reported (Wanjari et al.
2001, Mallikarjuna and Saxena 2002, Nalini Mallikarjuna and
Saxena 2005). These efforts resulted in the development of
CGMS line, which could be utilized in a rapid and easy
development of CGMS-based hybrids in pigeonpea (Tikka
et al., 1997, Parmar 1998 and Parmar and Tikka , 2001). For
development of hybrid cultivar, subsequently, efforts were
made on conversion of good agro base in to CGMS lines
(Parmar et al. 2008.) and identification of fertility restorer
mechanism and as a result, number of fertility restoring
lines or restorers (Chauhan et al. 2004) with better
combining ability were developed (Chauhan et al. 2008 ,
Tikka et al. 2008, Acharya et al. 2005). These efforts have
resulted in the successful release of ever first CGMS -based
pigeonpea hybrid GTH 1 in India (Patel et al. 2004, Tikka  et
al. 2005a and Tikka et al. 2005b). At present number of
newly converted CMS lines and pollen fertility restorer lines
having different maturity groups are available. Therefore it
is inevitably required to identify the good general combiner
and the specific combination for development of hybrids.
It helps in the selection of suitable parents for the
identification of superior hybrid combinations for assessing
the magnitude of gene action involved in the expression of
underlying heterosis. The combining ability analysis also
provides information about the nature and magnitude of
gene action effects involved in the manifestation of
quantitative characters and helps in deciding the most
effective breeding procedure for genetic improvement of
such traits. Line x tester analysis is one of methods that
have been used widely in breeding program  to understand
the nature of gene action involved for the inheritance of
grain yield and its component traits in pigeonpea.
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Therefore, in present study this method was used to
estimate gca and sca effects for seed yield and its
component traits.

MATERIALS AND METHODS

In present investigation,  91 genotypes including  six
CGMS lines i.e. CMSGT87A, CMS GT 311A, CMS GT 301A,
CMS GT 307A, CMS GT 306A, CMS GT 308A as female
parents, 12 restorer lines i.e.  AGTR 0532, AGTR 0538, AGTR
0542, AGTR 0543 , AGTR 0535, AGTR 0539 ,AGTR 0540 ,
AGTR 0544, GTR 0524, GTR 0525, AGTR 0534, AGTR 536
as a male parents, 72 hybrids and check Gujarat Tur Hybrid
1 were used. These experimental materials were  obtained
from the Centre of Excellence for Research on Pulses,
Sardarkrushinagar Dantiwada Agricultural University,
Sardarkrushinagar.  andwith one dummy,

The experiment was carried out in a randomized block
design with three replication  during kharif 2007-08 at three
different locations (Table 1). Each genotype was represented
by a single row plot of 4.0 m length. The inter and intra row
distances were 60 cm and 20 cm, respectively which
accommodated 20 plants per plot. All the standard
agronomical practices and plant protection measures were
followed for raising the good crop.

table, females vs. males, in which each figure was a total
over replications. In order to obtain information regarding
influence of genotype × environment interactions on
combining ability estimates, pooled analysis of combining
ability over environments was carried out.

RESULTS AND DISCUSSION

Analysis of variance revealed that the mean squares
due to genotypes exhibited significant differences in all
the environments for all the characters. The analysis of
variance combined over environments showed that the
differences due to genotypes and environments were highly
significant for all the fourteen characters. The mean squares
due to hybrids were highly significant for all the characters.
All the characters were highly significant among the
females. Mean sum square due to hybrids, females and
males were highly significant for all the characters except
protein content in case of males. The comparison of females
vs males indicated significant differences for all the
characters except pods per plant and pod length. Parents
vs hybrids comparison was significant for all the traits. The
genotypes × environments and hybrids × environments
were highly significant for all the characters. The parent ×
environments, males ×environments and female ×
environments were highly significant for all the characters
except seed yield and protein content. It indicates that
performance of genotypes, hybrids, parents, males and
females were not consistent over environments, while
(parents vs hybrids) × environments was highly significant
for all the traits except protein content.

The s2gca / s2sca ratio was less than unity for all the
characters in all the environments, suggesting the greater
role of non-additive genetic variance in the inheritance of
the characters under study. The results of pooled analysis
over environments (Table 2) revealed that the magnitude
of variation for environments were highly significant for all
the characters under study. The mean squares due to males
were significant for biological yield. The interaction
variances due to females ×males were significant for all the
characters. This indicated that the sca variances were
important in the inheritance of characters studied here. The
interaction mean squares due to females × environments
and males x environments were non-significant for all the
characters under study except female × environments which
was significant for plant height. The mean squares due to
females × males × environments were highly significant for
all the characters indicated that the estimates of sca
variances were highly influenced by environments. The
comparison of s2 f and s2 m  indicated that the variance
components due to females were higher than that of males
for days to flowering, days to maturity, plant height,
branches per plant, vegetative period and reproductive
period, which indicated greater contribution of females
towards the s2 gca for these characters, while the males
variances were higher for pods per plant, seeds per pod,

Table 1: Geographic and edaphic details of locations
(environments)

S. No. Details Locations 
Sardarkrushinagar Jagudan Khedbrahma 

1. Sowing date 14/07/2007 14/08/2007 12/07/2007 
2. Latitude 240 12' N 230 52' N 240  03' N 
3. Longitude 720 12' E 720 43' E  730  04’E 
4. Altitude 154.5 m 70.0 m 218.4 m 
5. Soil type Loamy sand Sandy loam Medium black 

 
Observations were recorded on five randomly

selected competitive plants of each genotype in each
replication for various grain yield and its component
characters. The dried weight of selected plants was used
to obtain  biological yield and harvest index was calculated
by  using following formula

Harvest index = seed yield (economical yield)/
biological yield.

 The phenological characters including  days to
initiation of flowering, days to flowering and days to
maturity were recorded on plot basis. Sample of 100 seeds
was taken from bulk seeds harvested from randomly
selected five plants for recording of observation. The protein
content was estimated in percentage using Nuclear
Magnetic Resonance (NMR) Technique (Tiwari et al. 1974).
Mean values were used in all statistical analysis. The data
were subjected to analysis of variance for various
characters, mean performance of parents. The combining
ability analysis was performed for a line × tester mating
design as per the method suggested by Kempthorne (1957).
The gca and sca effects were obtained from the two way
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100-seed weight, seed yield per plant, protein content,
biological yield and harvest index suggesting male variance
components towards  gca variance. The relative sensitivity
of females (s2 fe), males (s2 me) and hybrids (s2fme) over
environments indicated that hybrids interacted more with
environments than that of females and males as s2fme were
greater than s2fe and s2me for all the traits. The value of s2

fe was higher than s2 me for days to flowering, days to
maturity, plant height, branches per plant, seeds per pod,
pod length test weight and vegetative period indicating
less stability of these traits in case of females. While for
pods per plant, seed yield per plant, protein content,
biological yield, harvest index and reproductive period s2me
were higher than s2fe indicated less stability of males than
females over environments. The estimates of general
combining ability effects of parents (Table 3a-f) for all the
fourteen characters in individual environments as well as
pooled over environments were as under.

Days to flowering: The results revealed that among
females, CMS GT 311 A was observed to be better general
combiner for earliness as it showed highly significant
negative gca effects in individual environments and also in
pooled analysis.CMS GT 306 A was found to be poor general
combiner for earliness as evident from the significant and
positive gca effects associated with this parent. Among
males, GTR 524 and AGTR 0539 had significant negative
gca effects in all the environments as well as on pooled
basis. Thus it turned to be good general combiner for
imparting earliness. GTR 0525 and AGTR 0534 exhibited
significant  positive gca effects in three and one
environments respectively and on pooled basis. Therefore
these could be considered poor general combiners in respect
of earliness.

Days to maturity: Females, GT 311 A and GT 87 A
exhibited significant negative gca effects for earliness in all

three environments and on pooled basis followed by CMS
GT 307 A for E1, E2 and on pooled basis. Therefore these
parents considered to be good general combiners for
earliness. Whereas CMS GT 306A observed significant
positive gca effects in E2, E2 and on pooled analysis
indicated poor combiner for earliness. Among males, GTR
0524 was found to be good general combiner for earliness
as it exhibited significant negative gca effect in all three
environments and on pooled basis. AGTR 0534 and AGTR
0540 also recorded significant negative gca effects in E3
and on pooled analysis GTR 0525 (except E3), AGTR 0544
and GTR 524 (except E1), AGTR 0532 (except E2) AGTR
0543 and AGTR 0539 (except E1 andE2) and AGTR 0536
(except E1and E3) had significant positive gca effects in all
the environments and in pooled analysis indicated poor
general combiners for earliness.

Plant height: The consistently significant negative
gca effects were observed in female parent CMS GT 87A,
followed by CMS GT 0301A (except E1) suggesting their
suitability as good  general combiner for dwarfness, where
as CMS GT 0308A was found to be an average general
combiner as gca effects were non-significant in all
environments as well as on pooled basis. Among pollen
parents, significant negative gca effects were found in
AGTR 0535 (except E2 and E3), AGTR 0543 (except E1 and
E2), GTR 0525 (except E1 and E3) and GTR 524 (except E1,
E2 and E3) revealed good general combiners for dwarfness.
Significant positive gca effects were observed in AGTR
0539 (except E2), AGTR 0534 (except E3), AGTR 0544 (except
E1 and E2), GTR 0524 (except E1 and E3) which were poor
general combiners for dwarfness. Non significant gca
effects were found in AGTR 0538 and AGTR 0540 in all
environments and the pooled analysis revealed average
general combiners.

* and ** significant at P= 0.0 5 and P= 0.01  respectively.

Table 2: Analysis of variance (mean squares) for combining ability and estimates of variance components for different
characters pooled over environments

Source of 
Variations 

df Days 
to 

flowering 

Days 
to 

maturity 

Plant 
height 
(cm) 

Branches 
per 

plant 

Pods 
per plant 

Seeds 
per 
pod 

Pod 
length 
(cm) 

Test 
weight 

(g) 

Seed 
yield 
(g) 

Protein 
content 

Biological 
yield 
(g) 

Harvest 
index 

Vegetative 
period 

Reproduc-
tive 

period 
Replica-tions 
in 
environments 

6 1.98 1.15 432.14** 2.32** 228.37 0.19** 0.06 0.02 40.09 1.32 21.85 10.79 0.52 2.93 

Environ-
ments(E) 

2 4086.25** 10470.22**107647.91** 34.24** 44921.53** 1.49** 0.59** 20.42** 64740.08** 6.43* 37531.90**7397.59*
* 

4207.92** 1694.81** 

Females (F) 5 278.49 408.13 2634.87 28.72 14231.49 0.07 0.26 1.15 2547.39 5.52 6100.24 548.18 301.6 112.77 
Males (M) 11 170.20 252.40 672.29 23.25 19103.39 0.18 0.10 5.31 5248.37 6.21 10270.47* 1174.77 162.73 132.93 
F vs. M 55 277.83** 590.37** 1434.41** 17.11** 15146.10** 0.15** 0.22** 2.97** 805.11** 5.95** 5080.07** 870.10** 272.67** 157.89** 
F × E 10 119.71 291.99 1473.22* 29.08 4097.40 0.23 0.20 4.57 283.12 3.24 1433.59 155.65 129.42 110.82 
M × E 22 131.02 298.67 375.76 23.31 7451.87 0.12 0.16 2.44 712.05 3.45 2493.52 301.41 128.17 139.35 
(F vs. M) × E 110 145.44** 322.49** 721.07** 19.29** 5166.56** 0.13** 0.18** 3.49** 671.51** 3.31** 2551.66** 260.86** 141.7** 113.42** 
Pooled Error 426 0.73 0.99 98.61 0.96 488.42 0.03 0.05 0.03 78.09 1.40 21.97 19.04 0.61 1.53 
2  f  0.245 -1.405 4.151 0.017 1.431 -0.002 0.000 -0.027 -8.049 -0.003 19.799 -2.007 0.382 -0.394 
2  m  -1.726 -5.818 -7.719 0.039 30.963 0.001 -0.002 0.063 25.976 0.002 97.195 4.891 -1.785 -0.943 
2  fm  14.709 29.765 79.260 -0.243 1108.838 0.002 0.004 -0.057 348.177 0.293 280.934 67.694 14.552 4.941 
2 fe  -0.715 -0.847 20.893 0.272 -29.699 0.003 0.001 0.030 -10.789 -0.002 -31.058 -2.923 -0.341 -0.072 
2  me  -0.802 -1.323 -19.184 0.223 126.962 0.000 -0.001 -0.059 2.252 0.008 -3.230 2.253 -0.751 1.441 
2  fme  48.239 107.167 207.487 6.111 1559.379 0.033 0.044 1.152 197.807 0.634 843.231 80.606 47.030 37.299 
2  gca  -0.412 -2.876 0.194 0.024 11.275 -0.001 -0.001 0.003 3.293 -0.002 45.598 0.293 -0.341 -0.577 
2 sca  14.709 29.765 79.260 -0.243 1108.838 0.002 0.004 -0.057 348.177 0.293 280.934 67.694 14.552 4.941 
2gca /2sca  -0.03 -0.10 0.00 -0.10 0.01 -0.45 -0.13 -0.05 0.01 -0.01 0.16 0.00 -0.002 -0.12 
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Table 3a : General combining ability effects of parents in individual and pooled over environments for days to flowering and
days to maturity

*, ** significant at 5% and 1% respectively.

* and ** significant at P= 0.0 5 and P= 0.01  respectively.

Table 3b: General combining ability effects of parents in individual and pooled over environments for plant height and
branches per plant

Parents Plant height (cm) Branches per plant 
E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A -16.76 *  -2.39  -5.28 **  -8.15 ** -0.63 ** 1.65 ** 0.77 **  0.60 ** 
CMS GT 311A   -0.93    2.85   9.14 **   3.69 ** -0.31 * -1.45 ** -0.74 ** -0.83 ** 
CMS GT 301A   5.73 ** -7.88 ** -8.10 ** -3.42 ** 0.33 ** 0.27 0.71 ** 0.44 ** 
CMS GT 307A   9.99 **  -0.71   5.84 **   5.04 ** -0.29 * 1.29** -0.60 **   0.13 
CMS GT 306A -0.08   8.11**  -1.72   2.11 *   0.02 -0.54 **   0.28 -0.08 
CMS GT 308A 2.06   0.02   0.13  0.73 0.87** -1.22 ** -0.42 * -0.26 ** 
S.Em 1.79   1.94   1..33  0.96   0.12   0.17   0.18   0.09 
AGTR 0532  -5.81   1.66   3.96 * -0.06 -0.33 -1.53** -0.67 ** -0.85 ** 
AGTR 0538  3.87  -0.67  -2.08 0.38 -0.38 * 2.21 ** 0.66 * 0.83 ** 
AGTR 0542 -7.90   1.12  -1.73 -2.84 * -0.92 ** 0.79 ** 0.45  0.11 
AGTR 0543 2.14  -4.56  -9.63** -4.02 ** -1.00** 0.65 ** -1.15** -0.50 ** 
AGTR 0535 -9.85 **  -3.07  -3.30 -5.41 ** 2.28 ** -1.50 ** -1.99 ** -0.40 ** 
AGTR 0539 6.10 *   3.33   4.36 *  4.60 ** 0.77 ** 1.10 **  -0.27 0.53 ** 
AGTR 0540 -0.46  -2.24   3.15  0.15 -0.70 ** 0.65 ** 0.98 ** 0.31 * 
AGTR 0544 4.69  -1.33 10.63 **  4.66 ** -0.82 **  -0.13  -0.10 -0.35 ** 
GTR 0524  4.50   7.91 **  -2.22  3.40 *   0.08 -2.70 **   0.25 -0.79 ** 
GTR 0525  -0.13 -7.61 **  -0.32 -2.69 * 0.73** 0.54 *   0.13 0.47 ** 
AGTR 0534  8.18 **   5.63 *  -1.57 4.08 ** -0.44 * -0.79 **  -0.28 -0.51 ** 
AGTR 536  -5.33 *  -0.17  -1.25 -2.25 0.73** 0.71 ** 1.99** 1.15 ** 
S.Em 2.53   2.74   1.89 1..35   0.17   0.23   0.26 0.13 

 

Parents Days to flowering Days to maturity 

E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A   0.71 **  -0.84 **   0.69 **  0.19 *  -2.32 **  -1.26 **  -0.45 ** -1.34 ** 

CMS GT 311A -5.37 ** -1.28 ** -2.03 ** -2.89 ** -5.79 ** -1.04 ** -0.59 ** -2.47 ** 

CMS GT 301A -2.29 ** 1.13 ** -0.31 ** -0.49 ** -1.12 ** 0.88 ** 0.13 -0.04 

CMS GT 307A 2.35 ** -1.03 ** -0.36 ** 0.32 ** 1.44 ** -1.01 ** -2.54 ** -0.70 ** 

CMS GT 306A 1.02 ** 2.50 ** 1.14 ** 1.55 ** 0.27 3.38 ** 3.88 ** 2.51 ** 

CMS GT 308A 3.57 ** -0.48 ** 0.86 ** 1.32 ** 7.52 ** -0.95 ** -0.43 ** 2.05 ** 

S.Em 0.14 0.17 0.11 0.08 0.19   0.18 0.16 0.10 

AGTR 0532  1.35 ** 1.19 ** -0.17 0.79 ** 2.10 **  -0.29 1.27 ** 1.03 ** 

AGTR 0538  -1.65 ** 0.86 ** -2.67 ** -1.15 ** -0.07   0.44 -4.40 ** -1.34 ** 

AGTR 0542 -3.93 ** 0.02 2.56 ** -0.45 ** -2.07 **  0.60 * 6.38 ** 1.64 ** 

AGTR 0543 -1.37 ** -0.53 * 0.83 ** -0.36 ** 0.27 -1.23 ** 2.38 ** 0.47 ** 

AGTR 0535 1.74 ** -2.59 ** -0.44 ** -0.43 ** 1.05 ** -2.34 ** 1.88 ** 0.19 

AGTR 0539 -0.82 ** -2.81 ** -1.22 ** -1.62 ** -1.01 ** -2.90 ** 6.55 ** 0.88 ** 

AGTR 0540 3.24 ** 0.69 ** -1.17 ** 0.92 ** 1.66 ** -0.18 -5.29 ** -1.27 ** 

AGTR 0544 -1.93 ** 3.41 ** 1.89 ** 1.13 ** -5.45 ** 6.05 ** 5.88 ** 2.16 ** 

GTR 0524  -1.32 ** -8.92 ** -1.39 ** -3.88 ** -1.34 ** -9.23 ** -5.68 ** -5.42 ** 

GTR 0525  6.74 * 0.97 ** 2.22 ** 3.31 ** 5.16 ** 2.32 ** -0.40  2.36 ** 

AGTR 0534  0.13 2.30 ** 0.06 0.83 ** 1.27 ** 1.66 ** -7.90 ** -1.67 ** 

AGTR 536  -2.20 ** 5.41 ** -0.50 ** 0.90 ** -1.57 ** 5.10 ** -0.68 ** 0.95 ** 

S.Em 0.19 0.24 0.15 0.11 0.26 0.26 0.23 0.14 
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* and ** significant at P= 0.0 5 and P= 0.01  respectively.

Table 3c : General combining ability effects of parents in individual and pooled over environments for pods per plant and
seeds per pod

Parents Pods per plant Seeds per pod 
E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A   10.00**  27.53**   14.84**    17.46**   0.07* -0.02 0.03   0.03 
CMS GT 311A -13.46** -11.83** -15.37** -13.55**   0.01  0.01 0.10**   0.04* 
CMS GT 301A 11.24** -8.13**     1.40     1.51 -0.07* 0.08** -0.08** -0.03 
CMS GT 307A 10.71** -17.09**    9.11*    0.91 -0.07* -0.04  0.07** -0.02 
CMS GT 306A     4.69 11.04**    0.55   5.43* -0.05 0.05 -0.05* -0.02 
CMS GT 308A -23.19** -1.52 -10.53* -11.74**   0.11** -0.08** -0.06* -0.01 
S.Em     3.17 2.73     4.16     2.13   0.03 0.03 0.03  0.02 
AGTR 0532  -46.27** -4.68 -41.16** -30.70** -0.04 -0.10* 0.01 -0.05 
AGTR 0538      3.15 0.63 -0.64     1.05 -0.06 -0.04 0.02 -0.03 
AGTR 0542    -2.83 23.38** -28.05** -2.50  0.18** 0.12** -0.07*  0.08** 
AGTR 0543 -10.78* 7.56 32.40** 9.73**  0.13** 0.00 0.15**  0.09** 
AGTR 0535 35.99** -17.46** -29.17** -3.55 -0.04 0.15** -0.07*  0.01 
AGTR 0539 -40.25**    1.64 -29.27** -22.63**  0.16** -0.04 -0.01  0.04 
AGTR 0540 12.73** 26.95** 18.37** 19.35** -0.11* -0.10* 0.04 -0.06* 
AGTR 0544 -12.24** -31.19**   -0.11 -14.51** 0.05 0.03 0.02 0.03 
GTR 0524  -17.20** -26.74** -13.26* -19.07** -0.02 -0.06 0.03 -0.02 
GTR 0525  21.22** 14.31** 14.78* 16.77** -0.13** -0.02 -0.04 -0.06** 
AGTR 0534  21.79** 16.56** 42.67** 27.00** -0.16** 0.01 -0.10** -0.08** 
AGTR 536  34.69** -10.95** 33.46** 19.06** 0.04 0.05 0.04   0.04 
S.Em 4.48 3.86    5.89 3.01 0.05 0.04 0.04   0.02 

 
Table 3d: General combining ability effects of parents in individual and pooled over environments for pod length and 100-

seed weight

* and ** significant at P= 0.0 5 and P= 0.01  respectively.

Parents Pod length (cm) 100-seed weight (g) 

E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A   0.07* -0.01 -0.03   0.01 -0.19** -0.26**  0.30** -0.05** 

CMS GT 311A -0.06 -0.05 -0.04 -0.05* -0.58** 0.02 0.14** -0.14** 

CMS GT 301A -0.04 0.09* -0.09* -0.01 -0.24**  0.36** -0.15**   -0.01 

CMS GT 307A -0.07* -0.10* 0.09* -0.03 0.51** -0.43** -0.08 0.01 

CMS GT 306A -0.06 0.02 0.01 -0.01 0.34** 0.21** -0.04 0.17** 

CMS GT 308A  0.16** 0.04 0.07 0.09** 0.17** 0.09* -0.17** 0.03 

S.Em 0.03 0.04   0.04 0.02 0.03 0.04   0.03 0.02 

AGTR 0532  -0.03 -0.07 0.08 0.00 0.27** -0.58** 0.08 -0.08** 

AGTR 0538  0.07 0.00 -0.14** -0.03 0.73** -0.02 0.01 0.24** 

AGTR 0542 0.04 0.00 -0.04 0.00 0.38** 0.10 0.22** 0.24** 

AGTR 0543 -0.05 0.14* 0.12* 0.07* -0.13** 0.88** 0.39** 0.38** 

AGTR 0535 0.00 0.03 -0.06 -0.01 -0.53** 0.32** -0.36** -0.19** 

AGTR 0539 -0.04 0.07 0.05 0.03 -0.46** -0.14* 0.17** -0.14** 

AGTR 0540 -0.02 0.05 0.09 0.04 1.09** 0.55** 0.04 0.56** 

AGTR 0544 -0.08 0.12* 0.13* 0.06 -0.56** -0.40** -0.62** -0.52** 

GTR 0524  0.02 -0.15** -0.07 -0.07* 0.08* 0.32** 0.13** 0.18** 

GTR 0525  -0.02 -0.03 0.01 -0.01 -0.18** -0.55** 0.20** -0.18** 

AGTR 0534  -0.07 -0.04 0.03 -0.02 -0.56** -0.27** 0.02 -0.27** 

AGTR 536   0.16** -0.13* -0.20** -0.06 -0.13** -0.22** -0.27** -0.21** 

S.Em   0.05   0.06  0.05 0.03  0.04  0.05  0.05  0.03 
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* and ** significant at P= 0.0 5 and P= 0.01  respectively.

Table 3f: General combining ability effects of parents in individual and pooled over environments for biological yield per
plant (g) and harvest index

Table 3e: General combining ability effects of parents in individual and pooled over environments for seed yield per plant,
and protein content (%)

*and **significant at P= 0.0 5 and P= 0.01 respectively.

Parents Seed yield per plant  (g) Protein content (%)  
E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A   2.13  3.27**  -1.66  1.24  -0.28**  -0.12 -0.55**  -0.32** 
CMS GT 311A -8.95** -9.65** -9.07** -9.22** 0.27** -0.06 -0.01 0.06 
CMS GT 301A 3.96* 4.41** 2.81* 3.72** -0.06* -0.34 -0.08** -0.16 
CMS GT 307A 4.91** 0.27 2.08 2.42** 0.01 -0.19 0.07** -0.04 
CMS GT 306A 4.60* 0.57 4.28** 3.15** -0.26** 0.80** 0.44** 0.33** 
CMS GT 308A -6.65** 1.14 1.56 -1.32 0.33** -0.08 0.13** 0.13 
S.Em 1.83 1.12 1.19 0.85 0.03 0.30 0.02 0.11 
AGTR 0532  -23.57** -10.06**   -34.75** -22.79**  -0.11**  -0.05  -0.09**  -0.09 
AGTR 0538  -3.26 0.09 -6.64** -3.27** 0.36** 1.84** 0.14** 0.78** 
AGTR 0542 0.38 2.36 -0.51 0.74 -0.45** -0.40 0.34** -0.17 
AGTR 0543 -0.92 -2.02 9.30** 2.12 -0.49** -0.54 -0.26** -0.43** 
AGTR 0535 1.35 -7.46** -4.18* -3.43** -0.54** -0.48 -0.07** -0.37** 
AGTR 0539 -5.39* 5.45** -4.13* -1.36 -0.30** -0.19 0.01 -0.16 
AGTR 0540 5.77* 1.60 10.45** 5.94** -0.03 0.36 0.27** 0.20 
AGTR 0544 -3.33 -6.24** -2.14 -3.90** -0.03 -0.65 0.03 -0.21 
GTR 0524  -5.30 -6.21** -9.00** -6.84** 0.07 0.16 0.23** 0.16 
GTR 0525  4.37 12.54** 6.47** 7.80** 0.75** 0.19 -0.25** 0.23 
AGTR 0534  15.54** 14.62** 22.34** 17.50** 0.50** -0.21 0.50** 0.27 
AGTR 536  14.37* -4.66** 12.78** 7.49** 0.26** -0.03 -0.86** -0.21 
S.Em 2.59 1.19 1.68 1.20 0.04 0.43 0.02 0.16 

 

Parents Biological yield per plant  (g) Harvest Index  
E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A      -1.87*     11.36**       1.00       3.50**       1.19      -0.47      -1.09      -0.12 
CMS GT 311A -5.98** -4.86** -3.70** -4.85** -3.59** -3.85** -2.93** -3.45** 
CMS GT 301A -8.67** -0.41 -8.40** -5.83** 3.85** 1.82** 3.65** 3.10** 
CMS GT 307A -2.54** 2.73** -3.22** -1.01* 3.51** -0.42 1.43* 1.50** 
CMS GT 306A 18.64** 3.55** 18.41** 13.53** -1.02 -0.52 -2.13** -1.22** 
CMS GT 308A 0.42 -12.37** -4.10** -5.35** -3.94** 3.44** 1.07 0.19 
S.Em 0.92 0.69 0.73 0.45 0.92 0.64 0.58 0.42 
AGTR 0532  -0.69 -29.17** -24.62** -18.16** -11.01** 1.16 -11.05** -6.97** 
AGTR 0538  -10.06** 9.26** -12.59** -4.47** -0.65 -1.87* 0.02 -0.84 
AGTR 0542 -20.03**     -7.20**    20.79**     -2.15**       4.27**       3.39**     -3.71**       1.32* 
AGTR 0543 2.95* 19.36** 1.71 8.01** -1.44 -5.29** 3.47** -1.09 
AGTR 0535 1.70 10.66** 17.73** 10.03** -0.46 -5.79** -6.82** -4.36** 
AGTR 0539 15.13** 17.88** 33.11** 22.04** -3.10* -1.01 -9.35** -4.49** 
AGTR 0540 26.57** -0.70 2.00 9.29** -2.06 0.50 3.66** 0.70 
AGTR 0544 -26.13** -16.00** -23.40** -21.84** 3.99** -0.96 4.85** 2.63** 
GTR 0524  8.70** 10.96** 7.32** 8.99** -4.48** -4.17** -5.72** -4.79** 
GTR 0525  -8.41** -16.72** -30.35** -18.49** 2.59* 11.60** 10.09** 8.09** 
AGTR 0534  5.91** 13.10** 9.88** 9.63** 6.78** 3.80** 8.51** 6.36** 
AGTR 536  4.34** -11.41** -1.58 -2.88** 5.57** -1.35 6.05** 3.43** 
S.Em 1.30 0.98 1.04 0.64 1.30 0.90 0.81 0.59 
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Table 4: Specific combining ability effects of crosses in individual and pooled  over environments   for maturity period, yield
and it’s associated traits, protein content and havest index

Table 3g: General combining ability effects of parents in individual and pooled over environments for vegetative period and
reproductive period

* and ** significant at P= 0.0 5 and P= 0.01  respectively.

Parents Vegetative period Reproductive period 
E1 E2 E3 Pooled E1 E2 E3 Pooled 

CMS GT 87A 0.61 ** -0.63** 0.59** 0.19** -3.03** -0.42 -1.15** -1.53** 
CMS GT 311A -5.39 ** -1.63** -2.13** -3.05** -0.42 0.25 1.44** 0.42** 
CMS GT 301A -2.17** 1.12** -0.24* -0.43** 1.17** -0.26 0.44* 0.45** 
CMS GT 307A 2.83** -1.27** -0.49** 0.36** -0.92** 0.02 -2.18** -1.02** 
CMS GT 306A 0.36** 2.65** 1.76** 1.59** -0.75** 0.88** 2.74** 0.96** 
CMS GT 308A 3.75** -0.24* 0.51** 1.34** 3.94** -0.48* -1.29** 0.73** 
S.Em 0.11 0.11 0.10 0.06 0.22 0.23 0.19 0.12 
AGTR 0532  1.19** 0.56** -0.52** 0.41** 0.75* -1.48** 1.44** 0.24 
AGTR 0538  -2.19** 0.51** -2.80** -1.49** 1.58** -0.42 -1.73** -0.19 
AGTR 0542 -4.31** 0.62** 2.15** -0.51** 1.86** 0.58 3.82** 2.09** 
AGTR 0543 -0.97** -0.27 0.81** -0.14 1.64** -0.70* 1.55** 0.83** 
AGTR 0535 1.97 ** -1.99** -0.63** -0.22* -0.69* 0.25 2.32** 0.63** 
AGTR 0539 -0.53** -2.60** -1.07** -1.40** -0.19 -0.09 7.77** 2.50** 
AGTR 0540 3.31** 0.34* -1.13** 0.84** -1.58** -0.87** -4.12** -2.19** 
AGTR 0544 -2.19** 3.56** 1.87** 1.08** -3.53** 2.63** 3.99** 1.03** 
GTR 0524  -1.64 ** -8.66** -0.63** -3.64** -0.03 -0.31 -4.29** -1.54** 
GTR 0525  7.08** 1.06** 2.20** 3.45** -1.58** 1.36** -2.62** -0.95** 
AGTR 0534  -0.08 1.73** 0.09 0.58** 1.14** -0.64 -7.95** -2.49** 
AGTR 536  -1.64** 5.12** -0.35* 1.04** 0.64* -0.31 -0.18 0.05 
S.Em 0.16 0.16 0.15 0.09 0.32 0.33 0.27 0.17 

 

Hybrids Days to flowering Days to maturity 
E1 E2 E3 Pooled E1 E2 E3 Pooled 

No. of significant 67 61 68 67 68 68 67 69 
Positive significant 38 31 44 36 38 35 36 37 
Negative significant 29 30 24 31 30 33 31 32 
Range -14.57 to12.18 -17.69 to 

20.59 
-14.47 to 
10.25 

-10.79 to 
9.98 

-21.46 to 
21.15 

-20.60 to 
24.84 

-25.96 to 
21.76 

-15.87 to15.54 

S.Em 0.47 0.60 0.36 0.28 0.64 0.62 0.56 0.33 
Hybrids Plant height (cm) Branches per plant 
No. of significant 20 33 34 35 51 40 44 45 
Positive significant 11 19 15 20 22 19 21 21 
Negative significant 9 14 19 15 29 21 23 24 
Range -51.66 to 

40.26 
-41.64 to 
34.82 

-41.77 to 
29.02 

-26.45 to 
16.65 

-4.78 to 
5.65 

-4.00 to 
3.59 

-5.02 to 
8.46 

-2.60 to  
2.84 

S.Em 6.20 6.71 4.62 3.31 0.43 0.57 0.63 0.33 
Hybrids Pods per plant Seeds per Pod 
No. of significant 44 53 43 43 23 13 28 23 
Positive significant 22 27 19 28 10 7 14 10 
Negative significant 22 26 24 15 13 6 14 13 
Range -108.80  to 

99.50 
-90.89 to 
86.59 

-126.17 to 
129.21 

-103.65 to 
74..27 

-0.62 to 
0.49 

-0.39 to 
0.35 

0.36 to 
0.32 

-0.27 to 
0.23 

S.Em 10.96 9.45 14.42 7.37 0.12 0.10 0.09 0.06 
Hybrids Pod length (cm) 100-seed weight (g) 
No. of significant 19 15 17 21 60 48 61 61 
Positive significant 11 7 9 10 30 24 30 34 
Negative significant 8 8 8 11 30 24 31 27 
Range -0.71 to 

0.53 
-51.0 to 
0.60 

-0.38 to 
0.52 

-0.28 to 
0.35 

-2.30 to 
1.93 

-2.45 to 
1.80 

-2.10 to  
1.57 

-0.99 to 
1.17 

S.Em 0.12 0.14 0.13 0.08 0.09 0.13 0.11 0.06 
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Hybrids Seed yield (g) Protein content (%) 
No. of significant 40 45 57 59 62 4 65 14 
Positive significant 22 21 29 28 29 1 30 6 
Negative significant 18 24 28 31 33 3 35 8 
Range -41.53 to 

46.51 
-33.42 to 
38.60 

-45.59 to 
57.40 

-34.23 to  
43.06 

-2.54 to 
2.16 

-2.46 to 
6.80 

-2.22 to 
1.77 

-1.65 to 
2.53 

S.Em       6.34      3.88       4.11      2.95      0.10      1.10       0.05      0.40 
Hybrids Biological yield (g) Harvest Index 
No. of significant 60 62 59 65 38 44 55 50 
Positive significant 24 29 29 32 18 20 25 25 
Negative significant 36 33 30 33 20 24 30 25 
Range -63.33 to 

106.26 
-75.36 to 
73.55 

-47.61 to 
72.87 

-38.85 to 
67..93 

-21.89 to 
20.47 

-21.25 to 
29.78 

-24.47 to 
37.96 

-16.77 to 
20.38 

S.Em 3.18 2.41 2.54 1.56 3.18 2.20 1.99 1.46 
Hybrids Vegetative period Reproductive period 
No. of significant 68 64 64 68 54 48 67 54 
Positive significant 30 34 37 38 28 24 30 26 
Negative significant 38 30 27 30 26 24 37 28 
Range -15.00 to 

13.56 
-16.87 to 
20.57 

-14.54 to 
9.80 

-10.15 to 
9.57 

-14.14 to 
10.25 

-5.86 to 
7.03 

-16.38 to 
17.18 

-6.40 to 
8.25 

S.Em 0.35 0.37 0.33 0.20 0.78 0.81 0.65 0.41 

 

G= Good general combiner, P= Poor general combiner A= Average general combiner DF= Days to flowering, DM= Days to maturity, PH= Plant
height, BP= Branches per plant, PP= Pods per plant, SP= Seeds per pod, PL= Pod length, TW= Test weight  SY= Seed yield per plant, PC=
Protein content, BY= Biological yield per plant, HI= Harvest Index, RP= Reproductive period, VP= Vegetative period

Table 5: Classification of parents with respect to their general combining ability effects for different characters of pigeonpea
on pooled basis

Parents DF DM PH BP PP SP PL TW SY PC BY HI VP RP 

Female 

CMS GT 087A P G G G G A A P A P P A P P 

CMS GT 0311A G G P P P G P P P A G P G G 

CMS GT 0301A G A G G A A A A G A G G G G 

CMS GT 0307A P G P A A A A A G A G G P P 

CMS GT 0306A P P P A G A A G G G P P P G 

CMS GT 0308A P P A P P A G A A A G A P G 

Male 

AGTR 0532 P P A P P A A P P A G P P A 

AGTR 0538 G G A G A A A G P G G A G A 

AGTR 0542 G P G A A G A G A A G G G G 

AGTR 0543 G P G P G G G G A P P A A G 

AGTR 0535 G A G P A A A P P P P P G G 

AGTR 0539 G P P G P A A P A A P P G G 

AGTR 0540 P G A G G P A G G A P A P P 

AGTR 0544 P P P P P A A P P A G G P G 

GTR 0524 G G P P P A P G P A P P G P 

GTR 0525 P P G G G P A P G A G G P P 

AGTR 0534 P G P P G P A P G A P G P P 

AGTR 0536 P P A G G A A P G A G G P A 
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Table 6: Best parents, general combiners, hybrids and hybrids with sca effects for different characters based on pooled basis

Characters Best performing 
parents 

Good general combiners Best performing hybrids Hybrids with 
highest sca effects 

Days to flowering AGTR 0538 GTR 0524 CMS GT 0311A × GTR 0524 CMSGT0301A × AGTR 0535 
AGTR 0532 CMS GT 0311A CMS GT 0301A × AGTR 0535 CMS GT 087A × AGTR 0544 
CMS GT 087A AGTR 0539 CMS GT 0306A × GTR 0524 CMS GT 0311A × GTR 0524 
AGTR 0542 AGTR 0538 CMS GT 0301A × AGTR 0539 CMS GT 0306A × GTR 0524 
CMS GT 311A CMS GT 0301A CMS GT 087A × AGTR 0544 CMS GT 0301A × AGTR 0539 

Days to 
maturity  

AGTR 0538 GTR 0524 CMS GT 0311A × GTR 0524 CMS GT 0307A × AGTR 0539 
AGTR 0532 CMS GT 0311A CMS GT 0306A × GTR 0524 CMS GT 0306A × GTR 0524 
CMS GT 087A AGTR 0534 CMS GT 0307A × AGTR 0539 CMS GT 0311A ×GTR 0524 
AGTR 0542 AGTR 0538 CMS GT 0301A × AGTR 0535 CMS GT 087A × AGTR 0544 
CMS GT 0311A AGTR 0540 CMS GT 087A × AGTR 0544 CMS GT 0301A × AGTR 0535 

Plant height CMS GT 087A CMS GT 087A CMS GT 0301A × AGTR 0543 CMS GT 0301A × AGTR 0543 
AGTR 0543 AGTR 0535 CMS GT 087A × AGTR 0540 CMS GT 087A × AGTR 0540 
AGTR 0535 AGTR 0543 CMS GT 087A × AGTR 0544 CMS GT 0311A × AGTR 0536 
CMS GT 0306A CMS GT 0301A CMS GT 0311A × AGTR 0536 CMS GT 0306A × AGTR 0539 
GTR 0525 AGTR 0542 CMS GT 087A × AGTR 0532 CMS GT 0308A × AGTR 0540 

Branches 
per plant 

CMS GT 0307A AGTR 0536 CMS GT 0301A × GTR 0525 CMS GT 0311A × AGTR 0538 
AGTR 0542 AGTR 0538 CMS GT 0311A × AGTR 0538 CMS GT 087A × GTR 0524 
AGTR 0539 CMS GT 087A CMS GT 0301A × AGTR 0536 CMS GT 0301A × GTR 0525 
GTR 0525 AGTR 0539 CMS GT 087A × AGTR 0539 CMS GT 0307A × AGTR 0542 
AGTR 0532 GTR 0525 CMS GT 087A × GTR 0524 CMS GT 0307A × AGTR 0544 

Pods per plant CMS GT 0307A AGTR 0534 CMS GT 087A × AGTR 0534 CMS GT 087A × AGTR 0534 
AGTR 0540 AGTR 0540 CMS GT 087A × GTR 0525 CMS GT 087A × GTR 0525 
AGTR 0543 AGTR 0536 CMS GT 0308A × AGTR 0536 CMS GT 0308A × AGTR 0536 
CMS GT 0311A CMS GT 087A CMS GT 0307A × AGTR 0538 CMS GT 0307A × AGTR 0538 
AGTR 0538 GTR 0525 CMS GT 0311A × AGTR 0540 CMS GT 0311A × AGTR 0540 

Seeds per pod CMS GT 087A AGTR 0543 CMS GT 0301A × AGTR 0543 CMS GT 087A × AGTR 0532 
AGTR 0544 AGTR 0542 CMS GT 0308A × AGTR 0542 CMS GT 0301A × AGTR 0543 
CMS GT 0306A CMS GT 0311A CMS GT 0306A × AGTR 0543 CMS GT 0307A × AGTR 0544 
CMS GT 0307A AGTR 0536 & AGTR 0539 CMS GT 087A × AGTR 0542 CMS GT 0308A × AGTR 0542 
AGTR 0543 CMS GT 087A CMS GT 087A × AGTR 0532 CMS GT 0307A × GTR 0524 

Pod length AGTR 0544 CMS GT 0308 A CMS GT 087A × AGTR 0539 CMS GT 087A × AGTR 0539 
CMS GT 0308A AGTR 0543 CMS GT 0308A × AGTR 0534 CMS GT 0306A × AGTR 0535 
AGTR 0542 AGTR 0544 CMS GT 0306A × AGTR 0535 CMS GT 0308A × AGTR 0534 
CMS GT 0307A AGTR 0540 CMS GT 0308A × AGTR 0544 CMS GT 0301A × GTR 0525 
AGTR 0538 AGTR 0539 CMS GT 0307A × AGTR 0544 CMS GT 0301A × AGTR 0538 

100-Seed Weight CMS GT 0308A AGTR 0540 CMS GT 087A × GTR 0524 CMS GT 087A × GTR 0524 
AGTR 0540 AGTR 0543 CMS GT 0301A × AGTR 0540 CMS GT 0311A × AGTR 0539 
CMS GT 0301A AGTR 0542 &  CMS GT 0306A × AGTR 0532 CMS GT 0306A × AGTR 0532 
AGTR 0539 GTR 0524 CMS GT 0301A × AGTR 0543 CMS GT 0307A × AGTR 0534 
AGTR 0544 CMS GT 0306A CMS GT 0307A × AGTR 0540 CMS GT 0308A × GTR 0525 

Seed yield per 
plant 

AGTR 0544 AGTR 0534 CMS GT 087A × GTR 0525 CMS GT 087A × GTR 0525 
AGTR 0543 GTR 0525 CMS GT 087A × AGTR 0534 CMS GT 0307A × AGTR 0538 
AGTR 0542 AGTR 0536 CMS GT 0307A × AGTR 0538 CMS GT 087A × AGTR 0539 
AGTR 0540 AGTR 0540 CMS GT 0301A × AGTR 0534 CMS GT 087A × AGTR 0534 
CMS GT 0307A CMS GT 0301A CMS GT 0308A × AGTR 0536 CMS GT 0308A × AGTR 0536 

Protein content AGTR 0534 AGTR 0538 CMS GT 0306A × AGTR 0538 CMS GT 0306A × AGTR 0538 
AGTR 0542 CMS GT 0306A CMS GT 0308A × AGTR 0534 CMS GT 087A × AGTR 0543 
CMS GT 0306A AGTR 0534 CMS GT 0307A × GTR 0525 CMS GT 087A × AGTR 0539 
AGTR 0532 GTR 0525 CMS GT 0311A × AGTR 0540 CMS GT 087A × AGTR 0536 
AGTR 0538 AGTR 0540 CMS GT 0308A × GTR 0524 CMS GT 0307A × GTR 0525 

Biological yield CMS GT 087A AGTR 0544 CMS GT 0308A × GTR 0525 CMS GT 087A × AGTR 0540 
AGTR 0532 GTR 0525 CMS GT 0301A × AGTR 0532 CMS GT 0306A × AGTR 0536 
AGTR 0538 AGTR 0532 CMS GT 0311A × GTR 0525 CMS GT 0306A × GTR 0524 
CMS GT 0301A CMS GT 0301A CMS GT 0301A × AGTR 0544 CMS GT 0308A × GTR 0525 
AGTR 0539 CMS GT 0308A CMS GT 087A × AGTR 0544 CMS GT 0311A × AGTR 0543 

Harvest Index AGTR 0544 GTR 0525 CMS GT 087A × GTR 0525 CMS GT 0307A × AGTR 0538 
AGTR 0543 AGTR 0534 CMS GT 0307A × AGTR 0538 CMS GT 087A × GTR 0525 
AGTR 0542 AGTR 0536 CMS GT 0301A × AGTR 0534 CMS GT 087A × GTR 0524 
CMS GT 0301A CMS GT 0301A CMS GT 0307A × AGTR 0542 CMS GT 0307A × AGTR 0542 
AGTR 0532 AGTR 0544 CMS GT 087A × AGTR 0534 CMS GT 0311A × AGTR 0540 
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Branches per plant: The estimates of gca effects of
females were found to be significantly positive for CMS
GT 87 A (except E1) and CMS GT 301A (except E2) in all the
analysis, it was classified as good general combiner for
branches per plant. CMS GT 311 A was found poor general
combiner as it exhibited negative significant gca effects for
this trait. Among males, the estimates of gca were recorded
significantly positive in AGTR 0536 followed by AGTR 0538
(except E1) and AGTR 0539 and GTR 0525 (except E3) in all
the environments and on pooled basis revealed good
general combiners for branches per plant. The negative
significant gca effects found in AGTR 0532 and AGTR 0535
(except E1), AGRT 0543 (except E2), AGTR 0534 (except E3)
and AGTR 0544 (except E2 and E3) in all analyses were
poor general combiners for this trait.

Pods per plant: The parents CMS GT 87A, CMS GT
0306A (except E2 and E3), AGTR 0534, AGTR 0540, GTR
0525, AGTR 0536 (except E2) and  AGTR 0543 (except E1
and E2) were noted to be good general combiners as they
exhibited positive significant gca effects in all the
environments and on pooled basis. The negative significant
gca effects were found in CMS GT 311 A, CMS GT 308 A
(except E2), GTR 0524, AGTR 0532 and AGTR 0539 (except
E2) and AGTR 544 (except E3) in all the analyses which in
turn render them poor general combiners for pods per plant.
AGTR 0538 was found to be average general combiner as it
showed non significant gca effects in all the environments
and in pooled analysis.

Seeds per pod: The positive significant gca effects
was found in CMS GT 0311 (except E1 and E2), AGTR 0543
(except E2) and GTR 524 (except E3) indicated good general
combiners for seeds per pod. The negative significant gca
effects were observed in AGTR 0540 (except E3), AGTR
0534 (except E2) and GTR 0525 (except E2 and E3) indicated
poor general combiner for this trait. AGTR 0544, GTR 0524
and AGTR 0538 were found to be average combiner for
seeds per pod.

Pod length: The gca effects of parents CMS GT 0308
A (except E2 and E3), AGTR 0543 (except E1) and AGTR
0544 (except E1) were significant positive and were good
general combiner for this character. The negative significant
gca effects was found in parent GTR 0524 (except E1 and
E3) indicated poor general combner for pod length. Parents
CMS GT 0306 A, GTR 524, AGTR 0532, GTR 0525, AGTR

0536 and AGTR 0539 were spotted out average general
combiners as non-significant gca effects were observed in
all analysis.

100-seed weight: The positive significant estimates
of gca effects in individual as well as pooled analysis over
environments were found in parents CMS GT 0306 A (except
E3), GTR 0524, AGTR 0540 (except E3), AGTR 542 (except
E2) and AGTR 0538 (except E2and E3) revealed good general
combiners for 100-seed weight. Parents CMS GT 87A, CMS
GT 0311 A (except E2), AGTR 0536 and AGTR 0534 (except
E3) exhibited negative significant  gca effects in all
environments and on pooled basis indicated poor general
combiners for this trait.

Seed yield per plant: Female parents CMS GT 0301A,
CMS GT 0306 A (except E2) and CMS GT 0307 A (except E2
and E3) showed positive significant gca effects in all
environments and on pooled basis were good general
combiner for seed yield per plant. Among males, AGTR
0534, GTR 0525 (except E1), AGTR 0540 (except E2) had
exhibited positive significant gca effects over all analysis
indicated good general combiners for this traits. Parents
CMS GT 0311A, AGTR 0532 and  GTR 0524  and AGTR
0535 (except E1) were found poor general combiners as
they exhibited negative gca effects in all environments and
on pooled basis for this trait. Average general combiners
were CMS GT 87A, AGTR 542 , AGTR 543 and AGTR 539 as
they exhibited non significant gca effects in pooled basis.

Protein content: The estimates of gca of parents CMS
GT 0306 A and AGTR 0538 had significant positive in all
environments and on pooled basis revealed good general
combiners for protein content. The negative significant gca
effects were observed in parents CMS GT 087 A and AGTR
0543 and AGTR0535 (except E2) in all analysis indicated
poor general combiners for this trait. Parents CMS GT 0308A,
CMS GT 0311A, CMS GT 0307A, AGTR 0534, AGTR 0539,
GTR 0524 and GTR 0544 exhibited non significant gca
effects on pooled analysis indicated average general
combiner for this trait.

Biological yield per plant: The gca estimates of
parents revealed that CMS GT 0311A, CMS   GT 0301 A
(except E2), CMS GT 0308 A (except E1), AGTR 0544,  GTR
0525,  AGTR 542 and AGTR 0532 (except E1)  possessed
consistently significant negative gca effects and therefore,
were categorized as good general combiners for low

Vegetative Period AGTR 0538 GTR 0524 CMS GT 311A × GTR 0524 CMS GT 0306A × AGTR 0539 
AGTR 0532 CMS GT0311A CMS GT 301A × AGTR 0535 CMS GT 0307A × AGTR 0539 
CMS GT 087A AGTR 0539 CMS GT 306A × AGTR 0524 CMS GT 0307A × AGTR 0536 
AGTR 0542 AGTR 0538 CMS GT 087A × AGTR 0544 CMS GT 0308A × AGTR 0540 
CMS GT0311A CMS GT0301A CMS GT 0301A × AGTR 0539 CMS GT 0308A × AGTR 0532 

Reproductive 
period 

AGTR 0544 AGTR 0539 CMS GT 0301A × AGTR 0544 CMS GT 0306A × AGTR 0540 
CMS GT 0308A AGTR 0542 CMS GT 0308A × AGTR 0542 CMS GT 0301A × AGTR 0544 
GTR 0525 AGTR 0544 CMS GT 0308A × AGTR 0539 CMS GT 087A × AGTR 0543 
GTR 0524 CMS GT 0306A CMS GT 087A × AGTR 0539 CMS GT 0307A × GTR 0524 
AGTR 0543 AGTR 0543 CMS GT 0306A × AGTR 0540 CMS GT 0301A × GTR 0524 
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biological yield per plant. The significant positive gca
effects were observed in parents CMS GT 0306A, AGTR
0539, AGTR 0534, GTR 0524, AGTR 0535 (except E1), AGTR
0543 (except E3) and AGTR 0540 (except E2 and E3) in all
analyses exhibited poor general combiner for maximum
biological product per plant.

Harvest Index: Among females, CMS GT 0301 A and
CMS GT 0307 A (except E2) and male parents, GTR 0525,
AGTR 0534 and AGTR 0536 and AGTR 0544 (except E2)
exhibited consistently significant positive gca effects in all
environments and on pooled basis revealed good general
combiners for harvest index. The significant negative gca
estimates were observed in CMS GT 0311 A, CMS GT 0306
A (except E1 and E2), GTR 0524 and AGTR 0532 and AGTR
0539 (except E2) in all environments and on pooled analysis
indicated poor general combiners for harvest index.
The average combiners were CMS GT 087 A and AGTR
0540 as they exhibited non significant gca effects in pooled
basis.

Vegetative period: Females, GT 311A showed
significant negative gca effects for earliness in all three
environments and on pooled basis. Therefore this parent
considered to be good general combiners for earliness,
where as CMS GT 306A observed significant positive gca
effects in all environments and on pooled analysis indicated
poor combiner for earliness. Among males, GTR 0524 was
found to be good general combiner for earliness as it
exhibited significant negative gca effect in all three
environments and on pooled basis. AGTR 0538 (except E2)
and AGTR 0535 (except E1) also recorded significant
negative gca effects in E3 and on pooled analysis GTR
0525 had significant positive gca effects in all the
environments and on pooled anlysis indicated poor general
combiners for earliness.

Reproductive period: Among females, CMS GT 0301
A (except E2) and CMS GT 0311 A (except E1and E2) showed
significant positive gca effects in all analysis indicated good
general combiners for longer reproductive period, where
as in males, significant positive gca effects were found in
AGTR 542 (except E2) and AGTR 0539 (except E1 and E2) in
all analysis revealed poor general combiners for longer
reproductive period. The significant negative gca effects
were found in parents CMS GT 087 A, CMS GT 0307 A,
AGTR 0540 and GTR 0524 (except E1 and E2) consistently
in all analysis revealed poor general combiners for longer
reproductive period. Non significant gca effects on pooled
basis was observed in parent AGTR 0536 indicated average
general combiner for this trait.

Specific combining ability effects: The sca effects
for each cross were estimated for all the characters studied
in respect of individual environment as well as on pooled
basis. The estimates are presented in Table 4.

Days to flowering : Thirty one hybrids on pooled

analysis had significant negative sca effects indicating
earliness. The best five hybrids with negative sca effects
over environments were CMS GT 0301A ×AGTR 0535 (-
10.79), CMS GT 087 A × AGTR 0544 (-10.02), CMS GT 0311
A × GTR 524 (-8.94), CMS GT 0306 A × GTR 524(-8.27) and
CMS GT 0301 A ×AGTR 0539 (-6.94). Thirty five hybrid
recorded significant positive sca effects in pooled analysis.

Days to maturity: The significant negative sca effects
were found in 32 hybrids on pooled analysis, respectively
for earliness. The best five hybrids with negative sca effects
on pooled basis were CMS GT 0307 A × AGTR 0539 (-15.87),
CMS GT 0306 A × GTR0524 (-14.68), CMS GT 0311 A × GTR
0524 (-14.03), CMS GT 087 A  × AGTR 0544 (-13.62) and
CMS GT 0301 A × AGTR 0535 (-13.52) Thirty four hybrid
recorded significant positive sca effects in pooled analysis.

Plant height: The estimates of sca effects showed
significant negative values in 15 hybrids on pooled analysis,
respectively for dwarfness. basis. The best five specific
cross combinations over environments were CMS GT 0301
A × AGTR 0543 (-26.45), CMS GT 087 A ×AGTR0540 (-
25.60), CMS       GT 0311A ×AGTR 0536 (-24.66), CMS GT
0306 A ×AGTR 0539 (-21.82) and CMS GT 0308 A × AGTR
0540 (-21.76). Twenty hybrid recorded significant positive
sca effects in pooled analysis.

Branches per plant: Out of 72 hybrids, 21 hybrids
expressed significant positive sca effects in on pooled basis,
respectively for branches per plant. The best five hybrids
based on pooled analysis were CMS GT 0311A × AGTR
0538(2.84), CMS GT 087 A × GTR 524 (2.52), CMS GT 0301
A × GTR 0525 (2.40), CMS GT 0307 A × GTR 524 (2.06) and
CMS GT 0307 A × AGTR 0544 (1.84) for branches per plant.
In pooled environments, twenty five hybrids recorded
significant negative sca effects.

Pods per plant: The estimates of sca effects of hybrids
showed significant positive values for 28 hybrids in pooled
analysis for pods per plant. The best five specific cross
combinations for pods per plant were CMS GT 087A ×
AGTR 0534 (74.27), CMS GT 087A × GTR 0525 (72.50), CMS
GT 0308 A × AGTR 0536 (64.07), CMS GT 0307A × AGTR
0538 (61.74) and CMS GT 0311A × AGTR 0540 (56.33).
Significant negative sca effects on pooled analysis were
recorded for twenty eight hybrids.

Seeds per pod: On the basis of pooled analysis, ten
hybrids exhibited significant positive sca effects for this
trait. The best five hybrids for seeds per pod having
significant positive sca effects were CMS GT 087A × AGTR
0532 (0.23), CMS GT 0301A × AGTR 0543 (0.21),   CMS   GT
0307 A x AGTR 0544 (0.17), CMS GT 0308A  × AGTR 542
(0.16),CMS GT 0307 A × GTR 0524(0.15) and CMS GT 087A
× AGTR 0538(0.15). Twelve hybrids recorded significant
negative sca effects on pooled environments.

Pod length: The results for pod length showed
significant sca effects for 10 hybrids on pooled analysis,



22 Journal of  Food Legumes 28(1), 2015

The best five hybrids for seeds per pod based on pooled
analysis were CMS GT 087A × AGTR 0539 (0.35), CMS GT
0306A × AGTR 0535 (0.32), CMS GT 0308 A × AGTR 0534
and CMS GT 0307 A × AGTR 0544 (0.23), CMS GT 0301A x
AGTR 0544 and CMS GT 0301 A ×GTR 0525 (0.20) and
CMS GT 0301A × AGTR 0538(0.18) and CMS GT 0306A
×AGTR 0539. Eleven hybrids showed significant negative
sca effects on pooled basis.

100-seed weight: The positive significant sca effects
were manifested 34 hybrids on pooled analysis, respectively
for 100-seed weight. The best  five specific cross
combinations on pooled analysis were CMS GT 087A ×
GTR 0524 (1.17), CMS GT 0311A × AGTR 0539 (0.95), CMS
GT 0306 A × AGTR 0532 (0.91), CMS GT 0307A × AGTR
0534 (0.89) and CMS GT 0308A × GTR 0525 (0.88) for 100-
seed weight. Thirty four hybrids expressed significant
negative sca effects on pooled basis.

Seed yield per plant: Among 72 hybrids, 28 hybrids
expressed significant posit ive sca effects in over
environments for seed yield per plant. The best five hybrids
based on significant positive sca effects were CMS GT
087A ×GTR 0525 (43.06), CMS GT 307 A × AGTR 0538
(41.70), CMS GT 087A ×AGTR 0539 (28.68), CMS  GT 087 A
× AGTR 0534 (28.46) and CMS GT 0308 A × AGTR 0536
(28.00) on pooled basis for seed yield per plant. The negative
significant sca effects for this trait were recorded in thirty
hybrids over environments.

Protein content: The estimates of sca effects of
hybrids revealed significant positive values for 6 hybrids
on pooled analysis. The best five positive significant
specific cross combinations were CMS GT 0306A × AGTR
0538 (2.53), CMS GT 087A × AGTR 0543 (1.26), CMS GT
087A × AGTR 0539 (1.23), CMS GT 087 A × AGTR 0536
(0.94) and CMS GT 307A × GTR 0525 (0.82) on pooled basis
for protein content. Six hybrids depicted negative significant
sca effects over environments for protein content.

Biological yield per plant: Out of 72 hybrids, 33
hybrids recorded significant negative sca effects in pooed
analysis, for biological yield per plant. The five best hybrids
with negative significant specific effects were CMS GT 087A
× AGTR 0540(-38.85), CMS GT 0306A × AGTR 0536 (-29.28),
CMS GT 0306A × GTR 0524   (-27.88), CMS GT 0308 A ×
GTR 0525 (-26.15) and CMS GT 0311A × AGTR 0543 (-25.58)
over environments for biological yield per plant. Thirty one
hybrids showed positive significant sca effects over
environments for the trait.

Harvest index: Twenty five hybrids in pooled basis
revealed significant positive sca effects for harvest index.
The best five hybrids with significant positive sca effects
for harvest index over pooled analysis were CMS GT 0307A
× AGTR 0538 (20.38), CMS GT 087A × GTR 025 (19.47),
CMS GT 087 A × GTR 0524 (15.66), CMS GT 0307A × AGTR
542 (14.80) and CMS GT 0311A × AGTR 0540 (13.06). Twenty
five hybrids recorded significant negative sca effects on

pooled basis for this trait.
Vegetative period: The significant negative sca

effects were found in 30 hybrids on pooled analysis,
respectively for earliness. The best five hybrids with
negative sca effects on pooled basis were CMS GT 087 A ×
AGTR 0544 (-10.15), CMS GT 0301 A × AGTR 0535 (-10.13),
CMS GT 0311 A  × GTR 524 (-9.19), CMS GT 0306 A × GTR
524 (-7.50) and CMS GT 0306 A × AGTR 0539 (-6.63). Thirty
eight hybrid recorded significant positive sca effects in
pooled analysis.

Reproductive period: The positive significant sca
effects were depicted by 26 hybrids on pooled basis, for
reproductive period. The best f ive specific cross
combinations were CMS GT 306A × AGTR 0540 (8.25), CMS
GT 0301A × AGTR 0544 (7.64),   CMS GT 087 A × AGTR
0543 (6.72), CMS GT 0307A × GTR 0524 (6.36) and CMS GT
0301A × GTR 0524 (6.22) over environments for reproductive
period. Twenty five specific cross combinations showed
significant negative sca effects on pooled basis for
reproductive period.

The greater role of non-additive genetic variation in
the inheritance of all these characters is indicated that s2gca
/s2sca ratio is less than unity. The predominance of non-
additive gene action for seed yield as observed in this study
has been reported earlier by many research workers
(Baskaran and Muthiah 2007, Patel 2004, Dhedhi et al. 2007,
Phad et al. 2007).  Similarly, predominance of  non- additive
gene effects in the inheritance of days to maturity    days to
flowering, branches per plant,  plant height, protein content,
reproductive period, harvest index pods per plant, seeds
per pod, pod length and 100-seed has been observed in
present, which was in accordance with earlier studies
conducted on these traits (Reddy et al. 1979a, b, Phad et
al. -2007,  Sidhu et al. 2006,  Raju and Muthiah 2006, Jaymala
et al. 2001, Phad et al. 2003, Patel 2004,  Savalia 1994,
Baskaran and Muthiah 2007,  Patel 1988, Patel et al. 1993,
Patel 1995, Aghav et al. 1998, Sekhar et al.  2005,  Raju and
Muthiah 2006, Malik et al. 1985, Marekar and Nerkar 1988,
Savalia 1994, Raju and Muthiah 2006,  Baskaran and
Muthiah 2007).

Based on the estimates of general combining ability
effects on pooled basis, the parents were classified as good,
average and poor combiners for fourteen traits (Table 5).
None of the parents was good general combiners for all the
characters. Among females, CMS GT 0301A, CMS GT 306A
and CMS GT 0307A were good general combiners followed
by CMS GT 087A and CMS GT 0308A as an average
combiner for seed yield per plant. These lines were also
good or an average combiners for its contributing traits
viz., branches per plant, pods per plant, seeds per pod, pod
length, 100-seed weight, harvest index and reproductive
period. Hence, these females may be considered as the
best source of favourable genes for increasing seed yield
in hybrid combinations. On other hand, CMS GT 087A was
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observed to possess genes for imparting earliness and
dwarfness along with seed yield, where as CMS GT0311A
exhibited genes for earliness. CMS GT 306A as good and
CMS    GT 0301A as average combiners for increasing
protein content with seed yield. CMS GT 311A, CMS GT
0301A and CMS GT 0307A showed earliness with shorter
vegetative period having good general combiners for
favourable genes and also good general combiners for
biological yield and harvest index. CMS GT 311A, CMS GT
0301A and CMS GT 0308A were good general combiners
for biological yield per plant. Out of these three, CMS GT
0301A was also good general combiner for plant height.
The gca of males indicated that AGTR 0534, GTR 0525,
AGTR 0536 and AGTR 0540 were good general combiners
and AGTR 0543 and AGTR 0542 as an average combiner for
seed yield per plant. These parents were also good general
combiners as at least for one of its contributing traits viz.,
branches per plant, pods per plant, seeds per pod, pod
length and 100-seed weight. So these parents could be
profitably used as good source of favourable genes for
increasing seed yield. AGTR 0534 was good general
combiner for pods per plant, early maturity and harvest
index, GTR 0525 was good general combiner for branches
per plant, pods per plant, plant height, biological yield per
plant and harvest index and average for pod length.   AGTR
0540 was good general combiner for branches per plant,
pods per plant, 100-seed weight and early maturity and
average combiner for pod length, protein content and plant
height. AGTR 0536 was good combiner for branches per
plant, pods per plant, biological yield and harvest index
and average combiner for seeds per pod, pod length, plant
height and reproductive period. AGTR 0538 was good
general combiner for earliness and shorter vegetative
period, test weight, protein content and reproductive
period. GTR 0524 found to be good general combiner for
short vegetative period. AGTR 0543 and AGTR 0542 were
also good general combiners for long reproductive period
along with yield contributing traits.

The superiority or inferiority o f the hybrid’s
performance is derived primarily on the basis of average
performance of the lines involved. Across environments,
significant  and desirable sca effects on pooled basis were
found in 31 hybrids for days to flowering, 32 for days to
maturity, 15 for plant height, 21 for branches per plant, 28
for pods per plant, 10 for seeds per pod, 10 for pod length,
34 for 100-seed weight, 28 for seed yield per plant, 6 for
protein content, 18 for biological yield per plant, 25 for
harvest index, 30 for vegetative period and 26 for
reproductive period per plant (Table 4). It is concluded that
CMS GT 0301A, CMS GT 306A and CMS GT 0307A were
good general combiners followed by CMS GT 087A and
CMS GT 0308A as an average combiner for seed yield per
plant. The best performing parents, parents with good
general combiners, best performing hybrids and hybrids
with highest sca effects (Table 6), the characters under

study revealed that early hybrids involved CMS GT 0311A
and CMS GT 087A, and for earliness along with dwarf
hybrids, CMS GT 087A as female parent had high mean
value desired direction. The trend of different hybrids
remained towards earliness as one of the parents had
earliness for maturity with some exceptions. Thus, hybrid
CMS GT 0311 × GTR 0524 and CMS GT 087A × AGTR 0544
were earlier to flower and maturity. In case of plant height,
three hybrids were dwarf viz. CMS GT 087A × AGTR 0540,
CMS GT 087A × AGTR 0544 and CMS GT 087A ×AGTR
0532, where, female parent CMS GT 087A was dwarf. Highest
number of branches per plant was exhibited by hybrid CMS
GT 0301A × AGTR 0543, CMS GT 0311A × AGTR 0538,
CMS GT 0301A × AGTR 0536, CMS GT 087A × AGTR 0539
and CMS GT 087A × GTR 0524. The highest pods per plant
was recorded by hybrid CMS GT 087A × AGTR 0534, CMS
GT 087A ×  GTR 0525, CMS GT 0308A × AGTR 0536, CMS
GT 0307A × AGTR 0538 and CMS GT 0311A × AGTR 0540.
For seeds per pods, best five hybrids were CMS GT 0301A
× AGTR 0543, CMS GT 0308A × AGTR 0542, CMS GT 0306A
× AGTR 0543, CMS GT 087A ×AGTR 0542 and CMS GT
087A × AGTR 0532.Where as for pod length, hybrid CMS
GT 087A ×AGTR 0539, CMS GT 0308A × GTR 0524, CMS
GT 0306A × AGTR 0535, CMS GT 0308A × AGTR 0544 and
CMS GT 0307A ×AGTR 0544 showed more pod length.
Hybrids, CMS GT 087A ×AGTR 0524, CMS GT 0301A
×AGTR 0540,  CMS GT 0306A × AGTR 0532, CMS GT 0301A
×AGTR 0543 and CMS GT 0307A × AGTR 0540 were bold
seeded. For seed yield per plant, hybrids, CMS GT 087A ×
GTR 0525, CMS GT 087A × AGTR 0534, CMS GT 0307A
×AGTR 0538, CMS GT 0301A × AGTR 0534 and CMS GT
0308A × AGTR 0536 were highest yielder, which had also
higher value to any one or two of their contributing traits
for seed yield per plant i.e. pods per plant, 100-seed weight,
branches per plant, pod length seeds per pod and longer
reproductive period. Out of these hybrid, CMS GT 0307A
×AGTR 0538, CMS GT 0301A × AGTR 0534 and CMS GT
087A× AGTR 0534 recorded highest harvest index also.
Hybrids, CMS GT 0306A × AGTR 0538, CMS GT 0308A ×
AGTR 0534, CMS GT 0307A × GTR 0525, CMS GT 0311A ×
AGTR 0540, and CMS GT 0308A x AGTR 0524 had the
highest protein content. For biological yield per plant best
five hybrids were CMS GT 0308A ×GTR 0525, CMS GT
0301A ×AGTR 0532, CMS GT 0311A ×GTR 0525, CMS GT
0301A ×AGTR 0544 and CMS GT 087A ×  AGTR 0544, out
of these, CMS GT 087A × AGTR 0544 had lower plant
height, early flowering and matu rity also . Longer
reproductive period was observed in hybrids CMS GT
0301A × AGTR 0544, CMS GT 0308A × AGTR 0542, CMS
GT 0308A x× AGTR 0539, CMS GT 087A × AGTR 0539 and
CMS GT 0306A ×AGTR 0540. From foregoing discussion,
it is concluded that females CMS GT 307 A , CMS GT 087A
and CMS GT 0308 A  had good or average general combining
ability with high mean performance for seed yield and other
characters and form male parents AGTR 0534,  GTR 0525
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and AGTR 0536 had good gca effects for seed yield and its
contributing traits. Thus these parents can be used for
developing high yielding hybrids.

In the present investigation, top ranking five hybrids
were CMS GT 087A × GTR 0525, CMS GT 087A × AGTR
0534, CMS GT 0307A × AGTR 0538, CMS GT 0301A × AGTR
0534 and CMS GT 0308A × AGTR 0536 having high mean
performance and desirable sca effects for seed yield per
plant. These hybrids also exhibited higher mean for
component traits like pods per plant, branches per plant
and 100-seed weight and high sca effects for pods per plant,
branches per plant and 100-seed weight. These hybrids
involved either of the parents having good and average
general combining ability. Out of these five hybrids, four
hybrids viz., CMS GT 087A × GTR 0525, CMS GT 087A ×
AGTR 0534, CMS GT 0301A ×AGTR 0534 and CMS GT
0308A × AGTR 0536 were also found stable for seed yield
per plant across the environments. Therefore, hybrids CMS
GT 087A ×GTR 0525, CMS GT 087A × AGTR 0534, CMS GT
0301A × AGTR 0534 and CMS GT 0308A × AGTR 0536
could be valuable for large scale testing for their general
adaptability and subsequently for their commercial
exploitation.
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ABSTRACT

Studies on fertility restoration in newly developed CMS
lines and extent of hybrid vigour in pigeonpea hybrids help
in developing elite pigeonpea hybrids specifically suited for
commercial exploitation. An investigation was taken up
during kharif, 2013 at College Farm of Agricultural College,
Mahanandi with 24 pigeonpea hybrids and 'Asha', a popular
variety. The study identified pigeonpea lines, 'ICPL 20098',
'ICPL 20123', 'ICPL 20137' and 'ICPL 87119' as complete
restorers while 'ICPL 20108' and 'ICPL 20186' as partial
restorers. Present investigation also revealed presence of
significant levels of heterosis in pigeonpea hybrids for yield
and yield component characters. Concerning individual trait,
maximum heterosis over mid parent, better parent and
standard check were observed for seed yield per plant,
followed by number of secondary branches and pods per plant.
High heterosis, more than 100 per cent, over the check,
'Asha'; more than 50 per cent over mid-parent; and more
than 30 per cent over better parent, was noticed in the hybrids,
'ICPH 3762' and 'ICPH 3474'. These promising mid-late
hybrids with improved per se performance, high fertility
restoration and heterosis for seed yield and other major
yield attributing traits are identified here for large scale
commercial cultivation. However, further assessment of
performance need to be made over seasons and locations to
gain information on stability in performance, prior to large
scale adoption.

Keywords: CMS lines, Fertility restoration, Heterosis,
Hybrids, Pigeonpea.

In India, the pigeonpea area has increased
significantly from 2.3 M ha in 1950 to 4.37 M ha in 2011
(Indiastat 2012). But the productivity of the crop has
remained stagnant at around 600-700 kg ha-1. One of the
major constraints underlying the stagnant productivity is
lack of high yielding cultivars. Pigeonpea is unique among
legumes as its floral morphology allows both self as well as
insect-aided natural out crossing that range from 20 to 70%
and vary from one place to another (Saxena et al. 1990).  Its
partial pollinating nature permits exploitation of both
additive as well as dominant genetic variances for
enhancement of yield. The genetic improvement can be
achieved through population improvement and hybrid
breeding. Presence of exploitable hybrid vigour, availability
of cytoplasmic nuclear male sterility and fertility restoration

system coupled with sound seed production techniques
are the pre-requisites for the success of any hybrid breeding
programme (Saxena and Nadarajan, 2010). With the
establishment of cytoplasmic genetic male sterility (CGMS)-
based pigeonpea programme at ICRISAT in collaboration
with ICAR (Indian Council of Agricultural Research), a wide-
range of experimental hybrids was developed using
genetically diverse CMS lines (A-lines) and corresponding
fertility restorers (R-lines) in order to make widely adaptable
hybrids available to different agro-ecological areas and
cropping systems. However, the level of fertility restoration
obtained in the newly developed male sterile lines, is an
important key for exploitation of heterosis from identified
potential crosses (Saxena et al., 2013).

In India, Andhra Pradesh is an important state
growing pigeonpea in an area of 4.93 lakh hectares with a
production of 1.48 lakh tones. However, the productivity
of the state is has been stagnating around 450 kg ha-1 since
last several decades. Hence, a pressing need is there to
enhance productivity of pigeonpea in Andhra Pradesh
through systematic CGMS breeding efforts. Studies on
fertility restoration in newly developed CMS lines and extent
of hybrid vigour help in designing strategies for developing
elite pigeonpea hybrids specifically suited for commercial
exploitation. Keeping in view the above perspective, the
present investigation is undertaken with 24 pigeonpea
hybrids and their corresponding A and R lines.

MATERIALS AND METHODS

The study was conducted during kharif, 2013 at
Research Farm of Agricultural College, Mahanandi (situated
15° 51' N latitude and 78° 61' E longitude, at an altitude of
233.48 m above mean sea level) that comes under the Scarce
Rainfall Agro-Climatic Zone of Andhra Pradesh. The
experimental material comprised of 24 pigeonpea hybrids
and their parental lines obtained from International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru and 'Asha', a popular variety used as a check in
a randomized complete block design with two replications.
The CMS lines (ICPA 2043, ICPA 2047, ICPA 2048, ICPA
2078, ICPA 2092, ICPA 2101, ICPA 2189 and ICPA 2199)
used in the present study were derived from A4 cytoplasm.
Each genotype was planted in a single row of three meter
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length with inter and intra-row spacing of 120 and 30 cm,
respectively. Border rows were planted around the
experimental plots to increase the precision of study and to
reduce border effect. Recommended production technology
was followed to raise a good crop. Observations were
recorded on five randomly selected plants for nine
characters viz., days to 50% flowering, days to maturity,
plant height, number of primary branches per plant, number
of secondary branches per plant, number of pods per plant,
number of seeds per pod, 100-seed weight and seed yield
per plant. The magnitude of heterosis was estimated in
relation to mid parent, better parent and standard check
variety using standard procedures. Fertility restoration in
the hybrids was tested using one per cent aceto-carmine
stain which differentiates between fertile and sterile pollen
grains. Based on pollen fertility, the hybrids were classified
into fertile (>80% pollen fertility), partial fertile (11 - 80%
pollen fertility), and sterile (0 - 10% pollen fertility) (Khin
lay kyu and Saxena, 2011).

RESULTS AND DISCUSSON

The analysis of variance for 24 pigeonpea hybrids,
their parental lines evaluated along with the check, 'Asha'
for seed yield and yield components revealed significant
differences among the genotypes for all the characters
studied, indicating the presence of significant variation
among the genotypes.

The 24 hybrids were classified into fertile (>80%
pollen fertility), partial fertile (11-80% pollen fertility) and
sterile (0-10% pollen fertility) as suggested by Khin lay
Kyu and Saxena, 2011 (Table 1). Pollen fertility per cent for
the hybrids ranged from 42.5 % ('ICPH 4181') to 96.0 %
('ICPH 2671') with an average of 83.1 %. Sixteen hybrids
(listed in Table 1) had recorded pollen fertility per cent more
than 80 per cent and hence, were classified as fertile, while,
seven hybrids with fertility per cent of 10-80 were classified

as partially fertile. In addition to high pollen fertility per
cent hybrids, 'ICPH 3762', 'ICPH 4500' and 'ICPH 3474'
revealed high seed yield and yield attributes. Hence, these
hybrids are identified as promising mid-late hybrids for
recommendation to farmers after large scale testing across
locations and environments.

Based on pollen fertility per cent of the hybrids, R
lines of 24 hybrids studied in the present investigation
were categorized for fertility restoration per cent in their
hybrids and the results are presented in Table 1. A perusal
of these results revealed 'ICPL 20098', 'ICPL 20123', 'ICPL
20137' and 'ICPL 87119' to be good restorers with more than
80 per cent fertility restoration in their hybrids, while 'ICPL
20108' and 'ICPL 20186' were noticed to be partial restorers
with extent of fertility restoration between 10-80 per cent in
their hybrids. Further, 'ICPL 20096', 'ICPL 20116' and 'ICP
20093' were noticed to be non-restorers with extent of fertility
per cent less than ten per cent for the female lines studied
in the present investigation.

Commercial exploitation of heterosis in crop plants is
regarded a major breakthrough in the realm of plant
breeding. Heterosis breeding had led to considerable yield
improvement of several cereal and other crops (Rai, 1979).
Saxena et al. (2006) reported 50 to 100% of standard
heterosis in medium duration pigeonpea hybrids over the
popular variet ies and local checks. The present
investigation also revealed significant levels of heterosis
for yield and yield component characters. The results on
heterosis of 24 pigeonpea hybrids over mid-parent, better
parent, and the check, 'Asha' for seed yield and yield
components are presented in Table 2.

Two hybrids 'ICPH 3474' and 'ICPH 3818' for days to
50 per cent flowering and one hybrid viz., ICPH 3933' for
days to maturity had uniformly recorded significant and
desirable heterosis over mid and better parents, in addition

Table 1. Fertility restoration studies in pigeonpea hybrids

R line Number of 
crosses made 

Pollen fertility 
status of the hybrids 

Extent of fertility 
restoration (%) 

Hybrids produced 

ICPL 20098 1 Fully fertile-1 89.0 ICPH 3492 

ICPL 20108 6 

Fully fertile-4 

42.5-93.0 

ICPH 3762, ICPH 4500, ICPH 4431, ICPH 4182 

Partially fertlie-1 ICPH 3481 

Partially fertile-1 ICPH 4187 

ICPL 20123 3 Fully fertile-3 86.0-94.5 ICPH 4013, ICPH 4539, ICPH 3474. 

ICPL 20137 3 Fully fertile-3 86.0-93 ICPH 4503, ICPH 4485, ICPH 3816 

ICPL 20186 2 

Fully fertile-1 

71.0-93.5 

ICPH 2680 

Partially fertile-1 ICPH 4540 

ICPL 87119 5 Fully fertile -5 89.0-96.0 
ICPH 3933, ICPH 2671, ICPH 2740, ICPH 3461, 

ICPH 2751 

ICPL 20096 1 Partially fertile-1 63.5 ICPH 3491 

ICPL 20116 1 Partially fertile-1 47.5-75.0 ICPH 4490 

ICPL 20093 1 Partially fertile-1 59.0 ICPH 3494 
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Table 2. Mid parent (MPH), better parent (BPH) and standard heterosis (SH) for yield and yield components in pigeonpea
hybrids

  
Hybrid  

Days to 50 per cent 
flowering 

Days to maturity Plant height Number of primary 
branches per plant 

Number of secondary 
branches per plant 

MPH BPH SCH MPH BPH SCH MPH BPH SCH MPH BPH SCH MPH BPH SCH 
ICPH-3933 1.51 0.40 -4.84* -4.67** -5.07** -6.91** 59.81** 19.00** 18.72** 21.13** -12.24 19.44* 48.19** -11.72 16.26 
ICPH-2671 -2.75 3.36 -7.26** 0.87 -2.25 -4.14* 22.07** 17.58** 17.30** 28.57** 10.2 50.00** 48.99** 37.04** 80.49** 
ICPH-2740 4.46* 4.24 -0.81 5.97** 4.79** 3.04 7.67 2.58 13.03* -2.08 -4.08 30.56** 13.43 9.83 54.47** 
ICPH-3481 6.61** 5.93* 0.81 3.60* 0.27 3.31* 14.35** 9.91* 20.85** -2.08 -4.08 30.56** -6.12 -15.98 49.59** 
ICPH-4490 5.29** 5.49 0.40 4.06** 1.64 2.76 7.96 0.65 10.90* -2.17 -4.26 25.00** -9.94 -13.76 32.52* 
ICPH-3762 4.62* 2.88 0.40 3.76** 0.00 3.04 5.59 2.89 9.72 8.51 4.08 41.67** -5.80 -10.96 58.54** 
ICPH-3461 3.77* 2.06 0.00 8.70** 7.32** 5.25** 0.80 -2.44 4.03 0.00 -4.08 30.56** -10.92 -18.46 29.27 
ICPH-2751 5.06** 4.60 0.40 9.97** 8.73** 6.63** 14.38** 10.11* 18.72** -11.34* -12.24 19.44* 7.20 0.54 51.22** 
ICPH-3494 3.75* 3.73 0.40 6.74** 2.11 7.18** 10.51* 8.97 20.85** 1.08 -2.08 30.56** -6.78 -10.81 34.15* 
ICPH-4013 2.90 2.06 0.00 5.62** 3.01 3.87* 0.67 -0.22 7.58 21.43** 6.25 41.67** -22.56* -24.87* 13.01 
ICPH-4503 -1.21 -1.20 -1.21 3.15* -1.31 4.14* 5.97 -3.55 15.64** -6.52 -14.00* 19.44* -31.62** -39.39** -2.44 
ICPH-4500 0.41 -2.81 -2.42 4.16* 0.80 3.87* 7.60 6.09 7.35 14.29* 6.12 44.44** -12.37 -25.57** 32.52* 
ICPH-4431 1.05 -0.83 -3.23 0.98 -3.22 -0.28 56.65** 11.71* 13.03* 21.62** -8.16 25.00** -7.01 -42.47** 2.44 
ICPH-4182 3.36 1.23 -0.81 0.41 -0.80 2.21 5.25 0.64 11.61* -30.61** -30.61** -5.56 -41.49** -44.29** -0.81 
ICPH-4540 2.75 1.24 -2.02 0.00 -3.19* 0.55 45.09** 6.05 12.09 39.13** 2.13 33.33** 64.10** 2.40 4.07 
ICPH-4485 1.46 -1.21 -2.02 1.91 -2.09 3.31* 39.61** -1.78 17.77* -5.56 -32.00** -5.56 -4.80 -44.95** -11.38 
ICPH-4187 2.37 2.15 -4.03 3.45* 0.54 3.59* 52.29** 12.88* 14.22** -15.49 -38.78** -16.67* -23.2 -56.16** -21.95 
ICPH-4395 2.77 2.11 -2.82 5.85** 3.83* 4.97** 41.12** 6.72 1.66* 4.48 -22.22** -2.78 19.09 -30.69** 6.50 
ICPH-4539 2.74 0.41 -1.61 5.44** 3.56* 4.42** 46.71** 7.16 13.51* 51.72** 22.22** 22.22** 73.66** 2.30 44.72** 
ICPH-3474 -3.53 -4.53* -6.45** 2.87* -1.64 -0.83 8.24 1.34 7.35 32.39** 30.55** 30.56** 30.97** 16.66 65.04** 
ICPH-3816 -2.68 -4.45* -4.84* -1.26 -7.59** -2.49 14.29** 1.19 21.33** 22.35** 4.00 44.44** 37.13** 15.66 86.18** 
ICPH-2680 -3.13 -3.73 -6.45** -0.42 -6.12** -2.49 17.94** 10.54* 16.82** 9.76 -4.26 25.00** 60.92** 54.41** 70.73** 
ICPH-3491 2.52 2.09 -1.61 7.71** 4.92** 6.08** 24.94** 13.41** 22.27** -2.13 -4.17 27.78** 12.15 -2.70 46.34** 
ICPH-3492 2.07 1.23 -0.81 6.90** 6.59** 2.76 -0.47 -6.37 0.95 9.47 8.33 44.44** 3.06 0.00 50.41** 
Range 
Minimum 

-3.53 -4.53 -7.26 -4.67 -7.59 -6.91 -0.47 -6.37 0.95 -30.61 -38.78 -16.67 -41.49 -56.16 -21.95 

Maximum 6.61 5.93 0.81 9.97 8.73 7.18 59.81 19.00 22.27 51.72 30.55 50.00 73.66 54.41 86.18 
SE + 2.14 2.48 2.44 2.26 2.61 2.79 9.30 10.74 10.94 1.41 1.63 1.37 8.78 10.14 9.67 

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

Table 2     Contd….

  
Hybrid 

Number of pods per plant Number of seeds per pod 100-seed weight Seed yield per plant 
MPH BPH SCH MPH BPH SCH MPH BPH SCH MPH BPH SCH 

ICPH-3933 53.32** -2.20 7.64 15.11** 3.90 12.68* 4.99 -2.32 16.87** 51.86* 3.38 27.76 
ICPH-2671 0.82 -2.38 14.71 0.00 -1.30 7.04 5.64 3.00 6.08 36.60* 35.98* 69.58** 
ICPH-2740 9.88 2.54 12.85 -6.49 -6.49 1.41 2.59 -2.63 11.65** 9.44 5.23 30.04 
ICPH-3481 12.89 1.89 20.67* 2.01 -1.30 7.04 0.00 -3.64 10.50** 13.28 -3.52 56.46** 
ICPH-4490 19.40 8.84 26.07* -0.64 1.30 9.86 8.24* 3.39 18.56** 31.65 15.82 73.95** 
ICPH-3762 43.30** 16.82 38.36** 11.73* 11.11* 12.68* 16.44** 11.03** 18.06** 55.11** 31.65* 113.50** 
ICPH-3461 0.40 -15.74 -7.26 -8.23 -11.69* -4.23 6.06 2.69 5.76 -6.56 -10.51 10.58 
ICPH-2751 7.40 1.86 12.10 -4.26 -6.49 1.41 12.92** 10.11** 19.33** 18.37 11.54 37.83* 
ICPH-3494 6.67 4.73 7.26 -6.21 -8.97 0.00 6.46* 4.93 17.09** -6.04 -10.41 7.98 
ICPH-4013 22.22 20.00 22.91* -8.97* -10.53* -4.23 -4.33 -4.74 4.14 48.24** 39.69* 72.62** 
ICPH-4503 30.87** 29.46* 35.01** -11.59** -15.70** 2.11 5.44 4.09 19.96** -7.90 -20.13 20.72 
ICPH-4500 28.04** 19.18 41.15** -7.59 -15.12** 2.82 4.61 0.56 15.90** 22.09 17.94 91.25** 
ICPH-4431 57.22** -7.55 9.50 7.04 5.56 7.04 -7.67** -16.19** 9.28* 57.41** -0.35 61.60** 
ICPH-4182 2.83 -5.66 11.73 4.88 -6.52 21.13** -3.49 -6.83* 6.44 8.48 6.82 78.71** 
ICPH-4540 61.59** 5.19 5.77 11.28* 4.23 4.23 1.82 -12.72** 4.42 52.59 7.48 17.49 
ICPH-4485 62.38** 4.82 9.31 11.43* 0.00 9.86 6.08* 2.83 23.02** 56.78* 9.93 22.05 
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to the check, 'Asha'.  Sarode et al. (2009) for days to 50 per
cent flowering in long duration pigeonpea and Shoba and
Balan (2010) in CMS based hybrids reported significant
negative heterosis for days to maturity. For other yield
attributes like plant height, hybrids, 'ICPH 3491', 'ICPH 3816',
'ICPH 3933', 'ICPH 2751', 'ICPH 2680', 'ICPH 3481', 'ICPH
2671', 'ICPH 4431' and 'ICPH 4181' had uniformly recorded
significant and desirable heterosis over mid and better
parents, in addition to the check, 'Asha'. Promising heterotic
hybrids for number of primary branches per plant were 'ICPH
2751', 'ICPH 3474' and 'ICPH 4539' and hybrids 'ICPH 2671'
and 'ICPH 2680 were superior for number of secondary
branches per plant. Shoba and Balan (2010) had also
reported significant heterosis in CMS based pigeonpea
hybrids for plant height, number of primary branches and
number of secondary branches.

For number of pods per plant five hybrids viz., 'ICPH
4500', 'ICPH 3762', 'ICPH 4013', 'ICPH 4503' and 'ICPH 3491'
had uniformly recorded significant and desirable heterosis
over mid and better parents, in addition to the check, 'Asha'.
The findings are in agreement with the reports of Sarode et
al. (2009) and Dheva et al. (2009). Two hybrids viz., ICPH
3491 and 'ICPH 3762' were heterotic for number of seeds
per pod. Shoba and Balan (2010) reported significant levels
of heterosis for this trait.  Among 24 hybrids, 'ICPH 3762',
'ICPH 4431', 'ICPH 2751' and 'ICPH 3491' had recorded

ICPH-4187 54.19** -3.14 14.71 16.42** 8.33 9.86 10.12** 4.00 24.42** 5.88 -32.47* 9.51 
ICPH-4395 39.11* -12.22 1.68 -2.82 -13.75** -2.82 2.34 -4.18 14.64** 41.27 -8.35 37.64* 
ICPH-4539 71.39** 11.09 13.78 11.11* 0.52 8.45 0.39 -3.94 14.93** 92.54** 31.08 61.98** 
ICPH-3474 0.42 -6.02 10.43 -2.37 -3.39 4.23 -5.50 -10.46** -2.12 71.52** 70.73** 112.93** 
ICPH-3816 6.30 0.32 17.88 3.27 1.28 11.27* 7.02* 0.13 12.45** 31.61** 24.39 55.13** 
ICPH-2680 22.97* 14.1 34.08** 3.42 0.67 6.34 7.85* 1.03 -1.15 30.79 22.71 53.04** 
ICPH-3491 38.11** 38.11** 36.31** 13.34** 11.56* 15.49** 10.77** 8.03* 17.09** 42.32 17.57 28.52 
ICPH-3492 24.63* 12.64 11.17 10.44* 9.33 15.49** 0.25 -6.11 16.55** 44.00 25.22 36.88* 
Range 
Minimum 

0.40 -15.74 -7.26 -11.59 -15.70 -4.23 -7.67 -15.19 -2.12 -7.90 -32.47 7.98 

Maximum 71.39 38.11 41.15 16.42 11.56 21.13 16.44 11.03 24.42 92.54 70.73 113.5 
SE + 31.20 36.02 25.78 0.15 0.17 0.18 0.46 0.53 0.51 24.94 28.80 20.02 

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

Table 3. Details of promising hybrids identified in the present investigation

Promising 
Hybrid 

identified 

Mean 
performance 
for seed yield

Heterosis for seed yield per 
plant 

High mean 
performance 
noticed for 

High heterosis noticed for Parents Categorization 
for duration 

Categorization 
for seed yield 
per plant over 

mean 
MPH BPH SCH MPH BPH SCH 

ICPH 3762 280.75g 55.11** 31.65** 113.50** S/P, P/P, HSW D50%, 
DM, P/P, 
S/P, HSW 

P/P, 
S/P, 
HSW 

PB/P, 
SB/P, 
P/P, S/P, 
HSW 

ICPB 2092 
 

Medium High (148.75g) 

ICPL 
20108 

Mid-Late High (213.25g) 

ICPH 3474 280.00g 71.52** 70.75** 112.93** PB/P, SB/P, PH DM, 
PB/P, 
SB/P 

D50%, 
PB/P, 
HSW 

D50%, 
PB/P, 
SB/P 

ICPB 2043 Medium High (164.00g) 
ICPL 
20123 

Mid-Late High (162.50g) 

‘Asha’ 
(Check) 

131.50g - - - - - - - - - - 

 D50% - Days to 50% flowering, DM- Days to maturity, PH-Plant height, PB/P-Primary branches per plant, SB/P-Secondary branches per
plant, P/P - Pods per plant, S/P - Seeds per pod, HSW - 100 Seed weight

significant and desirable heterosis over mid and better
parents, in addition to the check, 'Asha' for 100 seed weight.
Lohithaswa and Dharmaraj (2003) and Yadav and Singh
(2004) reported considerable heterosis for 100 seed weight.

For seed yield per plant, five hybrids 'ICPH 3762',
'ICPH 3474', 'ICPH 4539', 'ICPH 4013' and 'ICPH 2671' had
uniformly recorded significant and desirable heterosis over
mid and better parents, in addition to the check, 'Asha'.
However, high heterosis, more than 100 per cent, over the
check, 'Asha'; more than 50 per cent over mid-parent; and
more than 30 per cent over better parent, was noticed in the
hybrids, 'ICPH 3762' and 'ICPH 3474'. High heterosis for
seed yield per plant in these hybrids was also in general
reflected in high levels of heterosis for other yield attributes
(Table 3). Chauhan et al. (2004) had also reported that
heterosis for yield in pigeonpea was related to increased
number of pods per plant, pod length and seed size.
Chandirakala et al., (2010) also reported that positive and
high magnitude of heterosis for grain yield plant-1 may be
due to heterosis for one or more yield contributing
characters.

The two promising and heterotic hybrids viz., 'ICPH
3762' and 'ICPH 3474' are mid-late in duration with high per
se performance, high fertility restoration apart from heterosis
for majority of yield attributes can be exploited on a
commercial scale. However, performance of the above
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hybrids over seasons and locations needs to be taken up
for information on stability in performance, prior to large
scale adoption.
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ABSTRACT

In the present study, twenty two kabuli chickpea genotypes
were studied for seed storage protein profiling. The studied
genotypes showed a low level of genetic diversity for total
soluble seed storage protein profiles and 22 kabuli chickpea
genotypes were grouped into two major clusters with  60%
homology through cluster analysis . The cluster I had 19
genotypes, while cluster II comprised of 3 genotypes. However
cluster I had three sub clusters and one of the sub cluster of
this major cluster had 17 genotypes with 100 % homology in
the banding pattern of seed storage protein  profiling.  These
genotypes could not be differentiated on the basis of seed
storage protein profiles. However genotypes BG-3026 and
GNG-2112 of cluster I and GNG-1969, CSJK-1 and HK-06-
163 of cluster II were comparatively more divergent to each
other a nd hence the se genotypes  can be util ized in
hybridization programme for improvement in kabuli
chickpea.

Keywords: Seeds storage proteins, diversity, germplasm,
PAGE, clustering, chickpea

The seed storage proteins are non-enzymatic and
have the sole purpose of providing proteins (nitrogen and
sulphur source) required during germination. In legumes,
seed storage proteins are mostly 7-11S globulins, which
are deficient in sulphur containing amino acids (Hameed et
al. 2012). Many plant  proteins exhibit extensive
polymorphism in relation to size and charge and are under
the control of several loci. Variation in seed storage protein
structure has been reported both at the level of native
protein electrophoretic mobility and in the apparent
molecular weight and net  charge o f the denatured
polypeptides Therefore, seed storage protein profiling  has
been analysed extensively for studying the genomic
diversity among the  germplasm and fo r cu ltivar
identification (Ladizinsky and Hymowitz 1979). Thus seed
storage proteins have been used as genetic markers  for
analyses of genetic diversity within and between species,
plant domestication in relation to genetic resources
conservation and breeding, genome relationship and
genetic  improvement in crop plants. In several crop plants,
seed protein patterns have been successfully used to
resolve the taxonomic and evo lutionary problems
(Ladizinsky and Hymowitz 1979,  Khan 1990; Murphy et al.
1990, Das and Mukerjee 1995). Therefore, present study
was undertaken to assess the genetic diversity among the

indigenous kabuli chickpea genotypes based on seed
storage proteins profiling.

MATERIALS AND METHODS

In present study, 22 genotypes of kabuli chickpea
were used  to study the genetic diversity on basis of seed
storage protein profiles. These genotypes were obtained
from Department of Genetics and plant Breeding, AICRP
on chickpea, IGKV, Raipur, (C.G.).

Matured dry seeds were grounded to fine powder
for extraction total protein. In 0.02 g of seed sample, 50 mM
sodium phosphate buffer (pH 7.6) was added and kept
overnight in refrigerator. Centrifuged the sample at 14000
rpm for 10 minutes and supernatant was collected and was
mixed with protein extraction buffer (0.5 M Tris-HCl, SDS
1%, 5 M Urea and 1% 2-Mercaptaethanol) into 1:1 ratio.
After this, it was mixed properly on vortexr and incubated
at 95ÚC for 5 minutes in order to denature the proteins.

Protein profiling using sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE)

Protein profiling of extracted protein samples was
performed using SDS-PAGE as described by Laemmli (1970).
Equal quantities of denatured protein (10 ìl) from each
sample along with ColorPlus Prestain Protein Ladder
(P7711S) were loaded into 5% stacking gels and
electrophoresis was carried out at constant voltage (80
volts) until tracking dye reached to the bottom of gel. After
completion of electrophoresis, gels were removed and fixed
in solution containing 10% acetic acid and 40% methanol
for 10 minutes with constant agitation on rotary shaker
followed by washing with distilled water for 10 minutes.
Gels were then stained with 0.1% Coomassie Brilliant Blue
R-250 dye containing 10% acetic acid and 40% methanol
for 1 hr while destaining was done in the same solution
without dye.

Gel documentation and analysis

Finally gels were scanned with the help of BIO-RAD
gel doc XR+. The presence or absence of each band was
coded as 1 and 0, respectively. Cluster analysis was
performed using software NTSYS-pc (version 2.1).
Clustering was performed using unweighted pair-group
method with arithmetic average (UPGMA) and presented
in a phenogram by using SAHN and t ree modu le
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respectively. The relative mobility(Rf or Rm ) value of each
band was calculated using the following formula:

dye gby trackin  traveledDistance
band by the  traveledDistance Rm 

RESULTS AND DISCUSSION

Protein electrophoresis is a powerful tool for
population genetics (Parker et al. 1998). As storage proteins
are not affected by environmental fluctuations, their
profiling using SDS-PAGE is considered as a reliable tool
for economic characterization of germplasm (Javid et al.
2004; Iqbal et al. 2005). Protein bands have been used as
markers for varietal identification in several crops and
helped in differentiating similarities and differences between
genotypes and hybrids derived (Gangwar et al. 2009).

Seed storage proteins were resolved in 15 detectable
peptides on SDS-PAGE (Fig. 1). The polymorphism was
observed in three variable regions i.e., high, medium and
low molecular weight. Polypeptides in molecular weight
range of 100 kDa to 12 kDa were present in different kabuli
chickpea genotypes. The minimum numbers of bands (7)
were observed in the genotype GNG-1969 followed by
CSJK-1 (10), HK-06-163 (10), GNG-2112 (13) and BG-3026
(14 bands). However rest of genotypes showed same
number of protein bands. The Rm (Relative mobility) values
for different electrophoretic bands ranged from 0.08 to 0.83
(Table 1).

Cluster analysis

Dendrogram based on electrophoretic data clustered
the genotypes into two major clusters with 60% similarity
(Fig. 2). Jaccrad’s similarity coefficient was ranged from
0.60 to 1.00. The major cluster I consisted of 19 genotypes,
in which 17 genotypes viz., HK-08-212, RVSSG-12, HK-08-

*Genotypes 1-22 (GNG-2112, HK-08-212, RVSSG-12, HK-08-2315, Phule G-093116, GNG-21047, JGK-18, BG-30259, RVSSG-1110,
IPCK-07-6211, HK-06-16312, IPCK-06-14313, HK-06-17114, BGD-12815, BDNGK-79816, KAK-217, BG-302618, Phule G-0931619,
BGM-57120, HK-06-15221, CSJK-122 and GNG-1969)

Table 1: Relative mobility values (Rm) and protein banding patterns of 22 kabuli chickpea genotypes
Band 
No. 

Rm 
Value 

Mol. Wt. 
(kDa)      

                                                                                     Genotypes* 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 0.08 100 + + + + + + + + + + + + + + + + + + + + + + 
2 0.15 70 + + + + + + + + + + + + + + + + + + + + + + 
3 0.20 60 - + + + + + + + + + + + + + + + + + + + + - 
4 0.21 55 + + + + + + + + + + - + + + + + + + + + - - 
5 0.24 52 - + + + + + + + + + - + + + + + + + + + - - 
6 0.33 40 + + + + + + + + + + + + + + + + + + + + + + 
7 0.35 35 + + + + + + + + + + + + + + + + + + + + + + 
8 0.36 33 + + + + + + + + + + + + + + + + + + + + + + 
9 0.49 25 + + + + + + + + + + + + + + + + + + + + + + 
10 0.51 24 + + + + + + + + + + + + + + + + + + + + - - 
11 0.58 22 + + + + + + + + + + + + + + + + + + + + + + 
12 0.66 19 + + + + + + + + + + - + + + + + + + + + + - 
13 0.70 17 + + + + + + + + + + - + + + + + - + + + + - 
14 0.78 13 + + + + + + + + + + - + + + + + + + + + - - 
15 0.83 12 + + + + + + + + + + + + + + + + + + + + - - 

 

Fig 2: Dendrogram of 22 kabuli chickpea genotypes based
on SDS-PAGE data using UPGMA

Fig 1. Seed storage protein profile of 22 kabuli chickpea
genotypes [M: Protein Molecular Weight Marker, Lane 1-22
(GNG-2112, HK-08-212, RVSSG-12,  HK-08-2315, Phule G-
093116, GNG-21047, JGK-18, BG-30259, RVSSG-1110,
IPCK-07-6211, HK-06-16312, IPCK-06-14313, HK-06-17114,
BGD-12815, BDNGK-79816, KAK-217, BG-302618, Phule
G-0931619, BGM-57120, HK-06-15221, CSJK-122 and
GNG-1969)]
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231, Phule-G-09311, GNG-2104, JGK-1, BG-3025, RVSSG-11,
IPCK-07-62, IPCK-06-143, HK-06-171, BGD-128, BDNGK-
798, KAK-2, Phule-G-09316, BGM-571 and HK-06-152
showed 100% homology and therefore could not be
separated on the basis of seed storage protein whereas,
BG-3026 (93%) and GNG-2112 (86%)  similarity with these
17 genotypes. The major cluster II included three genotypes
viz., HK-06-163, GNG-1969 and CSJK-1. The genotypes HK-
06-163, GNG-1969 had 70% similarity with each other while,
CSJK-1 showed 69% similarity with HK-06-163 and GNG-
1969. The clustering pattern indicated that the genetic
diversity between kabuli chickpea genotypes is very low
and hence it needs to wide the genetic diversity using  wide
hybridization or mutation for the creation of genetic
variability in kabuli chickpeas. The absence of discriminate
polymorphism between accessions of the different
geographical origin reveals that, the ancestral characters
of both gene pools are the same (Abou-El-enain and Ahmed
2012 ). These findings  support the view of Rouamba et al.
(2001) who suggested  weak geographical differentiation
of population may have resulted from commercial exchange
of materials between countries. Similar findings of low
genetic diversity based on seed storage protein have  also
been obtained by others  in  mungbean(Ghafoor et al. 2003),;
pea (Guleria et al. 2009),pistachios (Ehsanpour et al. 2010)
in and chickpea (Abou-El-enain and Ahmed 2012, Hameed
et al. 2012) in. Similar findings have also been reported by
Singh et al. (1996). These workers have also  observed a
little variation for protein bands in groundnut indicating
that  that most of the accessions were the members of the
same conservative species.

However, in present study  seed storage protein
based markers could differentiate only few genotypes
namely, BG-3026, GNG-2112, GNG-1969, CSJK-1 and HK-
06-163. These genotypes could be utilized in hybridization
programme to give better recombinants in future breeding
program.
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ABSTRACT

Pigeonpea being a Kharif crop most often faces vagaries or
uncertainties of rainfall extremities resulting in poor yield
realization as it is primarily dependent upon plant population
survived until maturity. Maintaining adequate number of
plants in presence of both abiotic and biotic stresses is
therefore, poses challenge towards sustainability in
production. To counteract this, the potential of certain crop
contingencies including transplanting of pigeonpea seedling
in main field so as to maintain adequate plant population
for compensating yield loss during Kharif season is being
explored. In this context, a field experiment was carried out
at Indian Institute of Pulses Research, Kanpur, India for two
years (2011-13) in a sandy loam soil (Typic Ustochrept) with
the objectives of studying the feasibility and refining the
existing technology of transplanting pigeonpea and its
suitability under Eastern Plains of India. The soil was rated
with neutral pH and low fertility status in surface soils with
descending values towards lower depths. The treatments
included the combination of nursery raising technology
(paper bags and polyethylene bags), age of seedling
(transplanting was made at 3, 4 & 5 weeks after sowing) and
land configurations (flat bed and ridge transplanting in main
field). The study revealed that irrespective of age of seedling
(weeks after transplanting) and material for raising seedling
in nursery,  an additional seed yield to the tune of 845 kg/ha
(27.4%) was realized under transplanting on ridges over the
flat bed; and was largely attributed to 9.8% higher pods/
plant. Poly bags raised seedlings transplanted at an early
age of 3 weeks on the ridges out yielded over both 4 and 5
weeks. The study also suggested that replacement of missing
plants in direct seeding by transplanting poly bags raised
seedlings to the extent of 10 % under field condition was
feasible and economical in comparison to sole transplanting
in the entire field at 3 or 4 weeks (of nursery raising). Thus,
the study confirme d the fe asibility of pig eonpea
transplanting and explored the possibility of replacing the
gaps in plant population due to direct seeding with
transplanting of poly bag grown seedlings for realization of
higher yield under field conditions of Eastern Indo-Gangetic
Plains.

Keywords: Crop contingency, Economics, Ridge furrow
planting, Seed yield, Transplanted pigeonpea.

Pigeonpea (Cajanza cajan L. Millsp) is the most
important rainy season (Kharif) pulse crop in India which
is primarily grown as a rainfed crop in various cropping
systems including inter/mixed cropping. It is cultivated in

an area of 3.89 m ha in India with production and
productivity of 3.02 m tonnes and 776 kg/ha, respectively.
The factors largely responsible for its low productivity (<1
t/ha) is mainly attributed to the abiotic stresses related to
moisture content and fertility in soil profile especially during
early crop growth stages. Soil moisture related limitation is
the major constraint to higher productivity of pigeonpea in
Indian subtropics and is complemented/ supplemented with
climatic aberrations experienced by the crop which is not
conducive for its growth and development (Praharaj et al.
2014).

The excess moisture or water logging conditions
during monsoon season creates unfavourable conditions
for its growth by reducing aeration, nutrient uptake,
nodulation, and creates favourable environment for disease
incidence resulting in reduced crop stand and poor yield
(Kantwa et al. 2006).  As a consequence of both abiotic
and biotic stresses and seedling mortality, the plant
population gets considerably reduced (Poornima 2009,
Praharaj  2013). Thus, maintaining adequate plant
population/crop productivity in presence of both abiotic
(excess soil moisture /ponding water, reduced aeration,
severe weed competition and nutrient stress) and biotic
stresses (hampered nodulation and biological N fixation,
seedling blight and wilt) pose a major challenge which needs
to be tackled up strategically. Another constraint is delayed
planting due to late onset of rains. On the contrary, early
sowing of pigeonpea ensures higher yield (Rajpurohit and
Gaur 1986, Dwivedi and Patel 1988, Shankaralingappa and
Hegde 1989) as it ensures in providing opportunity for full
vegetative growth of pigeonpea varieties. However, many
a time during early Kharif season, there is a stray cattle
menace in the field damaging the early sown crop due to
absence of other crop(s) in the field. Hence sowing early is
sometimes not feasible and viable as the benefits of early
sowing in pigeonpea could not be realized. Thus, the need
for timely planting through alternate feasible means such
as transplanting is felt essential. Other possible reason for
the need of such a study is focussed towards assessing
the (yield gaps in) potential of transplanted pigeonpea as a
measure of crop contingency under NE Plain Zone for
compensating yield loss (Sahai 2003) during Kharif season
owing to low plant population.

Therefore, single or a combination of certain
contingency measures is required to maintain optimum
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population/crop productivity under such a situation
especially in relation to climate change (Sankaranarayanan
et al. 2010). Pigeonpea transplanting is such a strategy
towards fulfilling this objective of maintaining a good initial
plant stand during early in the  season for improving its
productivity wherein seedlings are raised in the polythene
bags in nursery and transplanted in the main field after a
certain age. As established seedlings, these picks up growth
quickly under field condition and can be more competitive.
Moreover, raising pigeonpea seedlings well in advance and
transplanting in the field later on receipt of good rains would
help in reaping the benefits of early sowing with higher
yield than direct sown or direct seeded  pigeonpea. The
information on transplanting pigeonpea in the context of
its nursery raising methodology, optimum age of pigeonpea
for transplanting and main field configuration is very limited.
Therefore, to study the feasibility and refine the suitability
of pigeonpea t ransplanting techno logy both from
economics and adoptability considerations, this experiment
was carried out.

MATERIALS AND METHODS

A field experiment was carried out for consecutive
two years (2011-13) at the main farm of ICAR-Indian

Institute of Pulses Research, Kanpur, India located at
26o 27' N latitude and 80o 14'E longitude with 152.4 m above
MSL so as to assess the performance of pigeonpea
transplanting as a contingency measure for sustaining its
productivity in Eastern Gangetic Plains. The soil of the site
was sandy loam (Typic Ustochrept) and neutral pH with
low in N (226 kg/ha), medium in P (19.1 kg/ha), K (167.2 kg/
ha) and S (15.0 kg/ha) at the surface depth (0-15 cm) with
descending values towards lower depths. The climate of
the location is tropical sub-humid, receiving an annual
rainfall of 722 mm with mean annual maximum and minimum

Table 1. Yield response of transplanted pigeonpea as influenced by age of seedling and nursery raising method#

   Planting methods  Seed yield 
(Kg/ha) 

Straw yield 
(kg/ha) 

Pods/ 
Plant 

Seeds/ 
Pod 

100  
seed wt  (g) 

Survival at 
harvest (%) 

HI 
(%) 

Yield/plot 
(kg) 

  Transplanting methods 
  Flat 3088 6262 297 3.4 10.0 88.9 27.9 2.45 
  Ridge  3933 7473 326 3.5 09.9 87.4 30.7 3.12 
  C.D. (0.05) 471 NS 25 NS NS NS 2.7 0.37 
  Age of seedling and nursery raising methods  
  3 WAS   poly 4851 9326 416 3.8 10.2 87.1 31.3 3.84 
  4 WAS   poly 3668 7898 292 3.5 09.8 84.1 27.8 2.91 
  5 WAS   poly 3064 5075 267 3.5 10.4 82.5 30.8 2.43 
  3 WAS   paper 3230 6787 247 3.3 09.4 90.1 28.9 2.56 
  4 WAS  paper 3216 7070 273 3.3 10.0 92.4 26.4 2.55 
  5 WAS  paper 2844 5068 256 3.3 09.6 83.3 29.6 2.25 
  In  situ direct seeded  3699 6850 258 3.3 10.5 92.7 30.0 2.93 
  C.D. (0.05)  881 2589 61 NS NS 8.8 NS 0.70 
 # Symbols described in materials and methods ; Plot size (net) : 7.92 m2

Table 2. Plant biometrics at harvest and economics of different treatments

   Planting methods  Plant height 
(cm) 

Branches 
/plant 

Dry wt./ 
Plant (g) 

Cost of cultivation 
( x’1000 ) 

Gross return 
(x’ 1000 ) 

Net return 
(x ’1000 ) 

BCR 

Transplanting methods      
Flat  150.7 17.0 250 55.3 102.0 46.7 1.85 
Ridge  151.2 16.1 263 56.5 129.6 73.1 2.29 
C.D. (0.05) NS NS NS - 15.5 15.6 0.28 
Age of seedling and nursery raising methods       
3 WAS   poly 164.2 18.8 330 52.7 159.9 107.2 3.03 
4 WAS   poly 157.2 16.5 257 54.4 121.4 67.0 2.23 
5 WAS   poly 131.1 13.8 256 56.6 100.6 44.0 1.78 
3 WAS   paper 161.6 18.2 257 64.2 106.8 42.6 1.66 
4 WAS  paper 146.5 16.6 217 65.9 106.5 40.6 1.61 
5 WAS  paper 135.0 14.5 210 68.1 93.6 25.5 1.37 
In Situ direct seeded* 161.1 17.5 267 29.5 121.8 92.3 4.12 
C.D. (0.05)  17.3 2.2 65.4 - 29.0 29.1 0.52 
 *Higher BCR only is due to low cultivation cost (without transplanting material and raising cost)

Fig 1. A typical meteorological condition at Kanpur during
2011-12 showing continuous rain at early crop stages

CUMULATIVE EVAP./RAIN (mm) RAIN (mm)
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temperatures of 33 and 20ºC, respectively (Fig 1). The site
was a double cropped irrigated upland with rice-chickpea
before the start of the trial followed by long duration
pigeonpea 'Narendra Arhar-1' during 2011-13 (years of
experimentation).

In the first year (2011-12), two transplanting methods
(flat bed versus ridge-furrow) and 7 combinations of  nursery
raising techniques along with age of seedlings (viz., raising
seedling in plastic cups or polythin  bags and transplanting
these at 3, 4 and 5 weeks after seeding; raising seedling in
disposable paper cups  and transplanting these at 3, 4 and
5 weeks after seeding; and a  control involving in situ
seeding in main field simultaneous seeding with that in
plastic cups and polythin bags, Plate 1, 2) were laid out in a
factorial RBD with 3 replications.

During second year, a field experiment on further
refinement of the transplanting technology as a contingency
measure towards possibility of replacing a certain number
of (dried or dead) seedlings (percent basis) in the gaps due
to seedling mortality under normal seeding (in situ direct
seeded field) during Kharif (through transplanting as a
contingency measure) was taken up (Plate 2). The treatments

selected due to its moderately wilt resistance and longer
duration. Seeds were sown in mid July during both the
years after several rainfall events resulting in optimum soil
moisture at sowing. Pigeonpea seeds were treated with
Rhizobium and PSB at the rate of 500g/ha (both the
biofertilizers) before sowing. For raising of seedlings the
following practice was adopted. Pigeonpea seeds were
sown in black polyethylene covers (size 20 x 8 cm with
embedded holes) during July by filling soil and well
decomposed farm yard manure (FYM) at 2: 1 ratio; and
regular watering was done to raise seedlings for 3, 4 and 5
weeks (as per treatment) in the nursery. After germination,
only one seedling per bag was maintained by thinning at
10 days after sowing (DAS). On the day of transplanting,
varying age of pigeonpea seedlings (3, 4 or 5 weeks of
seeding as per treatment) were transplanted at a row spacing
of  90 x 20 cm. Conventional direct seeding at main field was
taken as a control plot. Therefore, the date of sowing for
pigeonpea seeding in poly bags/paper cups was the same
as that of seeding in the main field so as to eliminate an
additional source of variation due to sowing date.

Transplanting of pigeonpea seedlings was done

Plate 1. Transplanting of poly bag (left) and paper cups (right) raised pigeonpea seedling at 3 weeks

(5 in number) included 0, 10, 20% replacement of gaps (gaps
made by drying or dead seedling on number basis) through
transplanting and sole (100%) transplanting at 3 and 4
weeks only after seeding on the ridges. These 5 treatments
were laid out in RBD with 3 replications.

A long duration pigeonpea genotype 'NA-1' was

preferably looking into the onset of rains along with direct
sowing of pigeonpea as per treatment. The long duration
'NA-1' pigeonpea was sown during rainy months i.e., mid
July both during 2011-12 and 2012-13 after several rainfall
events resulting in optimum soil moisture at sowing. For
transplanting either furrow was opened up in a flat bed to a

Plate 2. A transplanted pigeonpea crop at 120 DAS (from left transplanted at 5, 4 & 3 WAS during 2011-12
versus that at 3, 4 WAS during 2012-13)
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depth of 15-20 cm or 15-20 cm ridges were made as per
treatment on separate plots and then pigeonpea seedlings
were transplanted after removing the polythene cover
without disturbing the soil near root zone of the pigeonpea
seedling. The inter- and intra-row spacing followed for
pigeonpea in all the cases was 90 x 20 cm. Well decomposed
FYM @ 5 t/ha was applied two weeks before sowing in the
entire field and incorporated into the soil for better crop
survival, care and management.

Half  of bo th urea-N and MOP-K along with
recommended dose (full) of P and Zn were applied only at
planting. The rest of N and K were applied in two equal
splits coinciding with irrigation at branching and pod
development stages of the crop. Furrow irrigation was
applied at both branching and pod development stages
depending upon deficit of rainfall during these stages.
Normal practice of crop husbandry was followed for a
successful crop raising. The crop was harvested during
mid April in 2012 and 2013. Soil moisture samples from 0-60
cm soil profile were taken for analysis of moisture content.
Data related to biometrics, seed yield, yield attributes,
economics (and others efficiency parameters) recorded
during both the years were subjected for appropriate
statistical analysis and interpretation.

RESULTS AND DISCUSSION

The advantage of three to five weeks old seedlings

number of healthy plants could be maintained through
transplanting of polyethylene/paper cup raised seedlings
as a measure of crop contingency. The plants also performed
differently both in respect to transplanting methods (flat
versus r idge planting) and weeks/schedu les of
transplanting (at 3, 4 and 5 weeks after seeding). Crop
response to seed yield, yield attributes, growth and
development parameters and economics of cultivation also
differ accordingly as per transplanting methods and
schedules of transplanting (Kantwa et al. 2006). The
detailed studies undertaken during the two set  of
experiments and the responses obtained were discussed
herein under the following two broad heads.
Agronomic evaluation of transplanted pigeonpea: The
major agronomic constraint for low productivity in
pigeonpea is low plant population. This is in fact attributed
to delayed planting (due to delayed onset of rain), seedling
mortality due to water logging and incidence of blight
especially in Eastern Indian Plains. Therefore, the strategy
for plant survival is focussed towards the measures
avoiding water logging such as seeding or planting
seedlings on ridges or raised beds rather than flat or
undulated land devoid of adequate drainage (Praharaj 1994).
The current study revealed that an additional seed yield to
the tune of 27.4% (845 kg/ha) was realised under
transplanting on ridges over flat surfaces irrespective of
age of  seedling and nursery raising methods for

Table 3. Yield response of transplanted pigeonpea as influenced by age of seedling and percentage replacement of seedling
through gap filling*

Treatments Yield/ 
plot (kg) 

Seed yield 
(kg/ha) 

Straw yield 
(t/ha) 

Pods/ 
Plant 

Yield/ 
plant (g) 

Seeds/ 
Pod 

100 seed wt 
 (g) 

Survival at harvest 
(%) 

3 WAS 3.09 3223 5.96 231 68.3 3.28 9.78 88.9 
4 WAS 2.18 2266 4.19 187 48.2 3.55 9.81 82.8 
In situ 3.41 3555 6.58 223 62.6 3.49 10.16 90.0 
In situ+10% GF 3.45 3596 6.65 239 56.6 3.35 10.22 87.2 
In situ+20% GF 3.57 3718 6.88 223 64.9 3.76 10.74 83.9 
C.D. (0.05) 0.33 343 0.63 NS 17.1 NS NS NS 
 *GF is the percentage of seedlings Gap-Filled through transplanting ; Plot size : 10.4 m2 (net)

Table 4. Plant biometrics at harvest and economics of different treatments
Treatments  Plant height 

(cm) 
Branches 

/plant 
Dry wt./ 
Plant (g) 

Cost of cultivation 
 (x’1000 ) 

Gross return 
(x’1000 ) 

Net return 
(x’1000 ) 

BCR$ 

 3 WAS  208 21.2 121.7 53.2 130.0 76.8 2.44 
 4 WAS  186 19.7 112.8 54.5 91.4 36.9 1.68 
 In situ  215 21.9 128.1 29.9 143.4 113.5 4.79 
 In situ+10% GF*  206 20.5 126.1 32.3 145.1 112.8 4.50 
 In situ+20% GF*  209 20.6 123.6 34.6 150.0 115.4 4.34 
 C.D. (0.05)  16 NS NS - 13.2 13.2 0.37 
 *GF is the percentage of seedlings gap-filled through transplanting
$Higher BCR only is due to low cultivation cost

raised in polythene bags packed with FYM and soil mixture
(1:2) when transplanted in ridges/flat in the moist field by
mid-August was associated with the vigorous growth of
the crop under simulated wet upland condition as these
escaped from both water stagnation (Poornima 2009,
Praharaj 2013) and seedling blight. Moreover, adequate

transplanting (Table 1 & 2, Plate 1 & 2). This was primarily
attributed to higher number of pods/plant (9.8% higher)
only as seeds/plant and 100 seed weights were similar under
the said treatments (Table 1). As a result, harvest index was
significantly improved under ridge transplanting (Table 1).
However, plant biometrics such as plant height, branch/
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plant and its biomass (dry weight of plant) were not
influenced by such transplanting methods (Table 2). Thus,
the potential of transplanted pigeonpea as a measure for
compensating the yield loss during Kharif due to low plant
population can't be underestimated  even in the presence
of the likely negative effects of water logging viz., reduced
aeration, hampered nodulation, reduced nutrient uptake and
overall unfavourable micro-environment (Kantwa et al.
2006).

Therefore, feasibility and viability of transplanting
methods was dependent upon many intricate issues
including the most important one, the economics. The
current study also confirmed the effect of ridge planting
(Table 2) vis-à-vis flat surfaces as it was evident from
favourable economics. A net return to the tune of INR 26400
was also recorded under ridge planting resulting in
significantly higher BCR (2.29) obtained under the treatment
(Table 2) in spite of higher cost of cultivation under
transplanting. One major reason for cost escalation was
attributed to higher manual labour cost for transplanting
and thus, the resulting total cost was nearly double to that
for direct seeding in situ in case of long duration pigeonpea
(Pavan et al. 2009). However, higher management cost
attributed towards transplanting no doubt compensated
for higher total cost of cultivation incurred through higher
crop performance quantified with enhanced pod bearing
and yield formation (Table 1, 2). Therefore, it is inferred that
although there were hindrances in adopting transplanting
into a regular practice due to its prohibitive cost, yet these
could profitably be managed to yield more so as to
compensate higher cost incurred (from such an improved
agronomic practice). However, drainage is equally
important in pigeonpea as ridge planting (with direct
seeding on ridges) is followed in fields mostly to overcome
stress due to waterlogging (Praharaj 2013).  In South Gujarat,
irrigated pigeonpea is a cash crop grown during Rabi to
overcome the problem of water logging (Gajera and Ahlawat
2006) as it is evident that use of certain agronomic measures
like, supplemental irrigation at critical stages of crop, timely
sowing and efficient planting systems play a significant
role in increasing pulses productivity (Chaudhary and
Thakur 2005).

The effect of age (in weeks) of transplanting (from a
poly bag or paper bag) on performance of pigeonpea was
also evident as the seedling grown in poly bags and
transplanted at 3 weeks after seeding outperformed over
other or similar treatments. Because of vigorous root and
plant growth in black poly bag, poly bags raised seedling
was superior to that raised in paper cups in terms of crop
growth and development. This was followed by the next
best treatments viz., direct seeding in situ and transplanting
at 4 weeks of seeding (Table 1 & 2, Plates 1 & 2). Similar to
ridge transplanting methods, this was primarily attributed
to higher pods/plant (Table 1). Higher straw yield recorded
under the above treatment also confirmed higher pod

bearing and seed yield under it. Poor survival of plants and
consequent ly low seed yield realized under late
transplanting (at 4 or 5 weeks of seeding) was again
corroborated from the above findings.  Study also showed
that 3 weeks seedling when planted in main field had higher
plant height, branches/plant and dry weight/plant over the
respective attributes of plant in corresponding treatment(s).
As a result, favourable economics such as gross and net
return and BCR were obtained under the said treatment
(Table 2).The major cost cutting practice here was the very
low cost of black poly bags (versus paper bags) enabling
the seedling grown in poly bags were easy to handle and
dispose off through cutting along the suture or line.
Nevertheless, the cost of cultivation for transplanted crop
was again on higher side due to manual transplanting as
handling of seedling by machine was still not in practice.

Similarly, Goud and Andhalkar 2012 recorded that sole
transplanting of varying age pigeonpea seedling had
significantly higher pigeonpea equivalent yield (2206 kg/
ha) over direct sown sole crop (1747 kg/ha). However, higher
net return was recorded with direct sown sole pigeonpea
(INR 50737/ha with B:C ratio of 3.92) over sole transplanting
of varying age of pigeonpea seedling (INR 35159/ha with
B:C ratio 1.69). It was also observed that transplanting
varying age of pigeonpea seedling also found more
competitive than soybean as evident from aggressivity and
competitive ratio (Goud and Andhalkar 2012). Therefore,
the regular practice of transplanting as a pure crop may not
be always cost cutting exercise unless and otherwise it is
warranted by certain contingencies as explained earlier
including nursery raising on commercial scale . However,
there is always a possibility of use of nursery grown
seedlings (Sahai 2003) when there is large gaps (vacant
spaces due to seedling mortality) in the main field due to
pests & diseases or water logging, late planting and other
contingencies related to crop or variety specific. In this
current case of pigeonpea, the crop also suffers more when
sowing is delayed (Murali et al. 2014). On the contrary,
early sowing of pigeonpea ensures higher yield (Rajpurohit
and Gaur 1986, Dwivedi and Patel 1988, Shankaralingappa
and Hegde 1989) and is possible through transplanting as
it provides opportunity for full vegetative growth especially
during monsoon months.

It is thus, established from the above study that ridge
transplanted seedlings performed far better over flat
surface. Three weeks old seedlings raised in polythene bags
significantly outperformed over older seedling (4 and 5
weeks). Moreover, polyethylene raised transplanted
pigeonpea has potential to produce significantly higher
yield over direct seeded crop grown in situ under NEPZ.
Agro-technological refinement in transp lanted
pigeonpea: Fo r further  refining the t ransplant ing
technology as a measure towards possibility of replacing a
certain number of seedling (percent basis) on the gaps
(vacant spaces) due to seedling mortality following normal
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seeding (in situ seeded field) during Kharif, another field
invest igat ion on replacement o f seedling through
transplanting (as a contingency measure) was also
undertaken. The study revealed that partial replacement to
the extent of 10 % was feasible, practicable and most
economical. Transplanting at 3 weeks was again superior
to 4 weeks (Table 3, 4 and Plate 2). It was also observed that
three weeks old seedlings raised in polythene bags
performed  significantly better  and the resultant
transplanted pigeonpea crop had potential to produce 42.2%
higher seed yield over 4 weeks (Table 3) and was similar
to the performance of the crop under direct seeding (Pavan
et al. 2009). These higher yields were corroborated from
similar increases recorded under straw yield, yield/plant
and plant biometrics (Table 3 & 4). As a result, the
economics was favoured towards transplanting at 3 weeks
of seeding against 4 weeks.  Other important observation
related to partial lodging of only transplanted seedling (both
3 and 4 weeks) at pod development due to aberrant weather
(high wind velocity along with heavy rainfall) during pod
development was probably related to their relatively weak
root growth and less sturdy plants (due to transplanting)
in comparison to planting in situ (direct seeded crop).

Another important feature of the current study was
that the possibility of replacement of drying or dead
seedlings (causing gaps or vacant) by transplanting
seedling raised in poly bags. Observation on seed yield
showed that there was a yield advantage of around 200 kg
through transplanting in gaps through replacement to the
maximum extent possible (20% seedling by number in this
case). This was feasible due to relatively similar or higher
straw yield and pods/plant in comparison to in situ or 10%
gap filling. As a result, gross return to the tune of INR 6600
was recorded under in situ accompanied with 20% gap
filling (Table 4). Similar observation was recorded in case
of net return. As BCR is a simple division of gross return
(numerator) over cost of cultivation (denominator) and was
primarily dependent upon cost of cultivation, the study
showed that it was similar and maximum under in situ seeding
followed by in situ  + 10% gap filling and in situ + 20% gap
filling (Table 4). Nevertheless, gap filling shows additional
advantages although it incurred an extra cost through
manual transplanting in gaps or vacant spaces. Moreover,
the above study confirmed the advantages of three weeks
old seedlings raised in polythene bags over four weeks
grown seedling. Over and above that, gap filling through
transplanted pigeonpea had some potential to produce
higher yield as it could enable timely sowing/planting and
maintenance of adequate plant population in pigeonpea,
the twin issues related to reatization of higher crop
productivity in pigeonpea.

Thus, i t  was inferred from the above that
polyethylene raised transplanted pigeonpea seedlings
could perform better under ridge planting when transplanted

at 3 weeks after seeding. Partial replacement of missing
hills/gaps through transplanting seedling to the minimum
extent possible could serve as an alternative for realization
of higher productivity and farm income under the existing
situation of Eastern Indo-Gangetic Plains.

REFERENCES

Chaudhary SK and Thakur SK. 2005. Productivity of pigeonpea
(Cajanus cajan)-based intercrops. Indian Journal of Agricultural
Sciences 75: 496-7.

Dwivedi RN  and Patel CN. 1988. Response of redgram to sowing
dates in Nagaland. Indian Journal of Agronomy 33: 7-9.

Gajera MS and Ahlawat RPS. 2006. Optimization of irrigation and
evaluation of consumptive water use efficiency for rabi pigeonpea
(Cajanus cajan (L) millsp). Legume Research 29: 140-142.

Goud VV  and Andhalkar AS. 2012. Feasibility studies in transplanted
pigeonpea + soybean intercropping system. Journal of Food
legumes 25: 128-130.

Kantwa SR, Ahlawat IPS and Gangaya B. 2006. Performance of sole
and intercropped pigeonpea (Cajanus cajan) as influenced by
land configuration, post-monsoon irrigation and phosphorus
fertilization. Indian Journal of Agricultural Sciences 76: 635-7.

Murali K, Sheshadri T and Byregowda M. 2014.  Effect of pigeonpea
transplanting on growth, yield and economics in sole and finger
millet intercropping system under late sown conditions. Journal
of Food legumes 27: 28-31.

Pavan AS, Nagalikar VP, Halepyati AS and Pujari BT. 2009. Effect
of planting on the yield, yield components and economics of
transplanted pigeonpea. Karnataka Journal of Agriculture Science
22: 433-434.

Poornima DH. 2009. Studies on feasibility of transplanting pigeonpea
in sole cropping and finger millet based intercropping system.
M.Sc.(Agronomy) Thesis, UAS Bangalore, Karnataka.

Praharaj CS.  1994. Growth and productivity of soybean (Glycine
max L. Merr.) as affected by interacting influence of
Bradyrhizobium inoculation, nitrogen, potassium and herbicide
use; and their  residual effect on wheat. Ph. D. Dissertation,
PAU, Ludhaina. 190 pp.

Praharaj CS, Ummed Singh and Kalikrishna Hazra 2014.
Technological interventions for strategic management of water
for conserving natural resources. In: 6 th world congress on
Conservation Agriculture - Soil health and Wallet wealth,
Winnipeg, Manitoba, Canada, 22-26 June 2014.

Praharaj CS. 2013. Managing precious water through need based
micro-irrigation in a long duration pigeonpea under Indian Plains.
In International Conference on Policies for Water and Food
Security, Cairo, Egypt, 24-26 June, 2013.

Rajpurohit  SS and Gaur BL. 1986. Response of redgram to dates of
sowing and phosphate fertilization. Indian Journal of Agronomy
31: 421-422.

Sahai S. 2003. High yield of rainfed Cotton through transplanting.
Current Science 84: 974-975.

Sankaranarayanan K, Praharaj CS, Nalayini P,  Bandyopadhyay KK
and Gopalakrishnan N. 2010. Climate change and its impact on
cotton (Gossypium sp.). Indian Journal of Agricultural Science.
80: 561-75.

Shankaralingappa  BC and Hegde  BR. 1989. Effect of date of
sowing and plant population on pigeonpea. Indian Journal of
Agronomy 34: 99-101.



Performance of chickpea under different planting methods, seed rate and
irrigation level in Indo-Gangetic Plains of India
NARENDRA KUMAR, M.K. SINGH1, C.S. PRAHARAJ, UMMED SINGH and S.S. SINGH

ICAR-Indian Institute of Pulses Research, Kanpur - 208 024 (Uttar Pradesh), India; 1ICAR-Indian Agricultural
Research Institute, Pusa, New Delhi-110012, India; E-mail:nkumar.icar@gmail.com
(Received : February 04, 2015 ; Accepted : April 29, 2015)

ABSTRACT

A field study was conducted at ICAR-Indian Institute of Pulses
Research, Kanpur during Rabi 2009-10 and 2010-11 to
elucidate the effect of planting system, seed rate and
irrigation level on growth, yield, water use efficiency and
economics of chickpea (Cicer arietinum L.). The study
revealed that nodules number (69%), nodule fresh weight
(36.6%), nodule dry weight (31.8%), shoot dry weight (16%)
and root dry weight (17.6%) increased significantly following
furrow irrigated raised bed (FIRB) planting. Moreover,
significant increments in growth and yield attributes such
as branches/plant (49%), pods/plant (19.3%) and seed yield
(20.1%) were also recorded under 75 cm raised beds. As a
result, highest net return (INR 24 057/ha) and B: C ratio
(1.98) were recorded in 75 cm raised beds. Raised bed also
improved relative leaf water content and water use efficiency
as saving of irrigation water up to 33.3% was recorded under
raised bed over that in flat. Higher net return (INR 20 597/
ha) and B:C ratio (1.87) were also recorded in 75% seed rate
although nodulation, yield attributes and seed yield recorded
under different seed rates and irrigation levels were similar.
The study revealed that chickpea planted in 75 cm raised
bed with 75% seed rate under NEPZ could perform better so
far as its productivity and profitability were concerned.

Keywords: Chickpea, Economics, Irrigation levels, Raised bed,
Seed rate, Seed yield

Enhancing productivity of pulses has been the major
concern for meeting protein malnutrition in India. The
country's demand for pulses by 2020 is expected to reach
24 million tonnes. Among the potential pulse crops in the
country, chickpea (Cicer arietinum L.) is the leading pulse
crop which is grown in 8.3 million ha with annual production
of 7.7 million tones registering an average productivity of
928 kg/ha (MOA 2013). The crop is grown during winter
season in different parts of country, but its maximum area
and production is mostly confined to Madhya Pradesh,
Rajasthan, Maharashtra, Karnataka, Andhra Pradesh and
Uttar Pradesh. Crop productivity is low in India in
comparison to most developed countries as it is cultivated
following traditional way of cultivation and planting system.
Chickpea is also susceptible to water stagnation due to
flood irrigation or rainfall even for a shorter period during
the crop growth. To overcome the problem of water logging
due to  flooding or  aberrant weather with higher
precipitation, the novel strategy is to sow the crop on beds

under furrow irrigated raised bed (FIRB) (Kumar et al. 2012
and Bhuyan et al. 2012). FIRB system saves 30-40% water
as compared to conventional flood irrigation practice (RWC
2002; Mann and Meisner 2003; Mishra et al. 2012 a, b).
Benefits of FIRB system also include lesser weeds,
facilitates seeding into relatively aerated soils, vigorous
and better crop stands, less seed, reduced crop-lodging
and seed and fertilizer contact, better drainage, improved
rainwater conservation, crop productivity and minimizes
wilt infestation in crops and avoids temporary water logging
problems (Sayre and Moreno Ramos 1997, Connor et al.
2003, Fahong et al. 2004, Hobbs and Gupta 2003 and Kumar
et al. 2012). Additionally, furrows can also be used for
drainage when there is excess moisture or rainfall (Sayre
and Moreno Ramos 1997) and can also be managed to grow
certain leafy vegetables. In a study conducted by Connor
et al. (2003) in a farmers participatory trial in India showed
that field crops such as maize (37.4 %), urdbean (33.6),
mungbean (21.8 %), greenpeas (14.5 %), wheat (6.4 %), rice
(6.2 %), pigeonpea (46.7 %) and chickpea (37.0 %) could be
profitably grown with certain yield advantages as compared
to flat bed planting.

The enhancement in input use efficiency in respect
of critical inputs was also due to lesser requirements for
seed, fertilizers and irrigation water under FIRB (Sayre and
Moreno Ramos 1997 and Ram et al. 2011) in comparison to
planting in flat land. Under normal condition in Indo-
Gangetic plains, the crop needs at the most 2 irrigations
coinciding with pre-flowering and pod development stages.
There was also saving in seeds and fertilizer to the extent
of 25-30% following raised bed system of planting (Kumar
et al. 2012). There was still a gap in optimum combination(s)
of critical requirements for technologies in chickpea
especially in respect of optimum planting method, seed
rate and irrigation level. Hence the present investigation
was undertaken to refine the technological gap in chickpea
concerning planting technique, seed rate and irrigation level
so far as their effects on the crop productivity and
profitability are concerned.

MATERIALS AND METHODS

A field experiment  was  carried out during Rabi of
2009-10 and 2010-11 at Main Research Farm of ICAR-Indian
Institute of Pulses Research, Kanpur, India (26o 27/ N, 80o

14/ E and 152.4 m above MSL). The climate of Kanpur is
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tropical sub-humid receiving an annual rainfall of 722 mm
with a mean annual maximum and minimum temperature of
33.0 and 20.0ºC, respectively. The Typic Usrtochrept soils
of the experimental site is sandy loam in texture with 7.6 pH,
1.41 g/cm3 bulk density, 3.1 g of organic carbon/kg soil
(rated as low), 245 kg/ha of available N (low), 12.2 kg/ha of
available P and 228 kg/ha of available K (both low). 16
treatment combinations were laid out in a split-plot design
comprising of four different planting systems in main plot
(viz., flat bed, ridge planting at a width of 30 cm ridges,
furrow irrigated raised bed of 67.5 cm and 75 cm), two seed
rates in sub-plot (such as 75 and 100% of recommended
seed rate) and 2 irrigation levels (once and twice irrigation)
in sub-sub plot; and was replicated thrice. Chickpea variety
'DCP 92-3' with recommended seed rate of 65 kg/ha was
used for the study. DAP was applied @ 100 kg/ha at the
time of final land preparation. Raised beds were prepared
by using tractor drawn raised bed maker and ridges of 30
cm were prepared manually. Single row of chickpea was
sown on the ridges while two and three rows on 67.5 and 75
cm raised beds, respectively. Other cultural and plant
pro tect ion practices were followed as per the
recommendation.

Observations on nodulation and root/shoot dry
weight at 60 and 90 days after sowing (DAS) were recorded
through destructive plant sampling. Relative leaf water
content (RLWC) and water use efficiency (WUE) were also
calculated following standard procedure. The economics
was computed on the basis of prevailing market price of
inputs and outputs for each treatment. The total cost of
cultivation of crop was calculated on the basis of different
operations performed and materials used for raising the
crop including the cost of fertilizers and seeds. The cost of
labour incurred in carrying out different operations was
also included. Statistical analysis of the data was done as
per the standard analysis of variance technique for the
experimental designs following SPSS software based

programme, and the treatment means were compared at
P<0.05 level of probability using t-test and calculating LSD
values.

RESULTS AND DISCUSSION

Nodulation: Improvement in nodule/plant, nodules
fresh weight and dry weight per plant was recorded under
both ridge and FIRB planting systems over conventional
flat bed of planting. The  increase  in nodules number/plant
at 60 DAS was maximum under 67.5 cm raised bed (69%)
followed by 75 cm raised bed (47%) and ridge planting
(31%) in comparison to flat bed planting (Table 1). However,
at 90 DAS, maximum improvement in nodules/plant was
observed in ridge planting (15.3%) followed by 67.5 cm
raised bed (14.3 cm) and 75 cm raised bed (11.4%) over flat
bed planting in chickpea. Nodule fresh weight /plant were
also higher in ridge planting (11.6%) at 60 DAS and in 67.5
cm raised bed (36.6%) at 90 DAS over that in flat bed.
Although highest nodule dry weight/plant was observed
under ridge planting (0.40 and 0.58 g/plant at 60 and 90
DAS, respectively and was on par with that in raised bed
planting system) yet, it was significantly higher over flat
bed planting. Ridge and raised bed facilitated better
nodulation due to more favourable rhizospeheric conditions
for plant growth. As there was a greater depth of surface
soil with furrows enabling good drainage, rapid re-aeration
of the root-zone occurred following an irrigation or rainfall
event (Pramanik et al. 2009). Relatively lower bulk density
(30%) and higher infiltration rate (5%) from raised bed in
comparison to flat bed could also be attributed to enhanced
nodulation under raised/ridge bed planting (Aggarwal and
Goswami 2003).

Partitioning to shoot & root: Significant variation
in shoot and root dry weight was observed due to planting
methods, however, these parameters did not influenced due
to seed rate and irrigation levels (Table 1). Maximum shoot

Table 1. Nodulation, shoot dry weight and root dry weight of chickpea under different planting, fertilizer and irrigation
management

Treatment Nodules/ 
plant 

Nodules fresh 
weight/plant (g) 

Nodules dry 
weight/plant (g) 

Shoot dry 
weight/plant (g) 

Root dry 
weight/plant (g) 

Root: shoot ratio 

60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 90 DAS 60 DAS 90 DAS 
Planting method             
Ridge 40.6 55.7 2.69 3.76 0.40 0.58 4.05 9.54 0.89 1.13 0.22 0.12 
Raised bed (67.5 cm) 52.3 55.2 2.40 4.44 0.39 0.57 4.32 10.02 0.88 1.34 0.20 0.13 
Raised bed (75 cm) 45.5 53.8 2.16 4.24 0.39 0.52 4.93 10.41 0.94 1.31 0.19 0.13 
Flat bed 30.9 48.3 2.41 3.25 0.31 0.44 4.77 8.97 0.80 1.03 0.17 0.11 
CD (P=0.05) 5.2 4.0 NS 0.80 0.03 0.10 NS 1.31 0.06 0.05 - - 
Seed rate            
75 %  41.0 52.3 2.28 3.85 0.37 0.51 4.32 9.45 0.86 1.19 0.20 0.13 
100% 43.6 53.7 2.55 3.96 0.38 0.55 4.73 10.02 0.90 1.22 0.19 0.12 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS - - 
Irrigation level            
Once  40.9 53.8 2.43 3.95 0.39 0.53 4.51 9.98 0.88 1.23 0.19 0.12 
Twice  43.7 52.5 2.40 3.87 0.36 0.53 4.53 9.49 0.88 1.18 0.19 0.12 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS - - 
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dry weight/plant was recorded in 75 cm raised bed (4.93
and 10.41 cm/plant at 60 and 90 DAS, respectively). The
improvement in shoot weight/plant at 90 DAS was maximum
in 75 cm raised bed (16%) followed by 67.5 cm raised bed
(11.7%) and ridge planting (6.4%) in comparison to
conventional flat bed planting (8.97 g/plant). At 60 DAS,
root dry weight/plant was highest in 75 cm raised bed
planting (0.94 g) followed by ridge  (0.89 g) and 67.5 cm
raised bed (0.88 g) and least under flat bed (0.80 g). Similarly
at 90 DAS, improvement in root dry weight was highest in
67.5 cm raised bed (30.1%) followed by 75 cm raised bed
(27.2%) and ridge planting (9.7%) over flat bed. Similarly,
improvement in root: shoot ratio was also recorded under
raised and ridge planting systems over flat bed during both
years of study. Improvement in root: shoot ratio due to
raised bed system over flat bed was 12-29% at 60 DAS and
9-18% at 90 DAS. The improvement in root and shoot weight
under raised bed and ridge planting over flat bed is mainly
due congenial soil environment and better soil depth. Raised
bed also encourage initial root and shoot growth of plant
(Pramanik et al. 2009). Higher root density and improved
soil condition under raised bed was also reported by
Aggarwal and Goswami (2003).

Similarly, significant improvement in seed yield of
chickpea (Table 2) was recorded under ridge and raised
bed planting system (Mishra et a l. 2012a, b). The
improvement in chickpea seed yield was highest in 75 cm
raised bed planting system (15.6 and 24.6% during 2009-10
and 2010-11, respectively) followed by 67.5 cm raised bed
(7.7 and 23.5% during 2009-10 and 2010-11, respectively)
over that in flat bed (1263 and 1278 kg/ha during 2009-10
and 2010-11, respectively). The average maximum
improvement in seed yield was recorded in 75 cm raised
bed (20.1%). However, seed rate did not influenced chickpea
grain yield although improvement in seed yield to the extent
of 11.6% was observed under 2 irrigations over single
during 2010-11 only. Enhanced nodulation, root and shoot
growth and yield attributing characters also resulted in
higher grain yield of chickpea under improved planting
system of raised bed (Jat et al. 2005, Pramanik et al. 2009,
Rathore et al. 2010, Bhooshan and Singh 2014).

RLWC and WUE:  First irrigation was applied at
around flower initiation (65 DAS) and the relative leaf water
content (RLWC) was recorded before applying irrigation
to study the effect of planting methods which was also
evident from Fig 1. The maximum relative leaf water content

Seed yield and its attributes: Plant height, branches/
plant and pods/plant influenced significantly due to above
planting methods and remained largely unaffected due to
different seed rate and irrigation level (Table 2). As a result,
highest plant height (48.0 cm) was observed in ridge
planting (at par with 45.1 and 45.6 cm plant height attained
under 67.5 and 75 cm raised bed, respectively) which was
significantly higher over that in flat bed (39.0 cm). However,
branches/plant was highest in 67.5 cm raised bed (5.8)
followed by 75 cm raised bed (5.1) and was the least under
flat bed planting (3.9). To the contrary, pods/plant (19.3%)
was significantly higher in 75 cm raised bed (at par with
67.5 cm raised bed with 11.4% and ridge planting with 10.6%)
in comparison to that in flat bed (46.2 pods/plant). The
improvement in above parameters was mainly due to better
plant growth under raised and ridge planting system.

Table 2. Yield attributes, yield and economics of chickpea under different planting, fertilizer and irrigation management

Treatment Plant height 
(cm) 

Branches/ 
plant 

Pods/ 
plant 

Relative leaf 
water content (%)

Seed yield (kg/ha) Gross return 
(Rs/ha) 

Net return 
(Rs/ha) 

B:C ratio
2009-10 2010-11 Mean 

Planting method           
Ridge  48.0 4.6 51.1 91.5 1350 1367 1359 43148 18691 1.76 
Raised bed (67.5 cm)  45.1 5.8 51.5 91.4 1360 1578 1469 46641 22184 1.91 
Raised bed (75 cm)  45.8 5.1 55.1 92.6 1462 1593 1528 48514 24057 1.98 
Flat bed  39.0 3.9 46.2 85.4 1263 1278 1271 40354 16897 1.72 
CD (P=0.05)  3.2 0.8 3.6 3.5 126 108 81    
Seed rate          
75 % seed rate  47.3 5.4 47.7 89.8 1362 1426 1394 44260 20597 1.87 
100% seed rate 46.7 4.9 49.3 91.6 1356 1442 1399 44418 19668 1.79 
CD (P=0.05) NS NS NS NS NS NS NS    
Irrigation levels          
Once  4.7 5.2 47.7 91.3 1344 1355 1350 42863 19156 1.81 
Twice  46.2 5.0 49.3 90.0 1373 1512 1443 45815 21109 1.85 
CD (P=0.05)  NS NS NS NS NS 112 43    

 

Fig 1. Effect of planting methods on relative leaf water
content (RLWC) in chickpea
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at flowering stage during 2nd year of study was observed in
75 cm raised bed (77.7%) followed by 67.5 cm raised bed
(72.6%) and least under flat bed system (57.2%). Similar to
RLWC, water use efficiency (WUE) in different planting
system was highest in 75 cm raised bed (9.05 kg/ha-mm)
followed by 67.5 cm raised bed (8.7 kg/ha-mm) and least
under flat bed planting (7.34 kg/ha-mm). The higher water
use efficiency (Fig 2) under furrow irrigated raised bed
system was mainly because of less application of irrigation
water and higher yield than flat bed planting. The irrigation
water requirement was lower in 75 cm raised bed (33.3%)
followed by 67.5 cm raised bed (26.2%) and ridge planting
(14.2%) over that in flood irrigation applied under flat
bed system. Similar findings were also reported by Connor
et al. (2003), Dhindwal et al. (2006), Pramanik et al. (2009)
and Pandey et al. (2014).

Economics: Highest gross return (INR 48, 514/ha),
net return (INR 24, 057/ha) and B: C ratio (1.98) were
recorded in 75 cm raised bed (Table 2) due to increase in
seed yield (and increase in gross and net return to the tune
of 20.2 and 42.6%, respectively) over flat bed system.
Therefore, 75 cm raised bed showed better performance
over others. In case of seed rate, although gross return
was higher in 100% seed rate (INR 44, 418/ha) over 75%
seed rate (INR 44, 260/ha) yet, net return (INR 20, 591/ha)
and B: C ratio (1.87) were higher under 75% seed rate.
Similarly, better yield and lower cost of cultivation due to
reduced seed rate resulted in higher return under 75% seed
rate and 2 irrigations. Similar findings in chickpea under
raised bed were also reported (Pramanik et al. 2009). Thus,
the overall performance of chickpea was superior in furrow
irrigated raised bed (FIRB) over other planting systems

75% of recommended seed rate. The irrigation may be given
as per requirement of crop based on weather parameters.
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ABSTRACT

The relative field responsiveness of chickpea due to the
synergistic inte raction o f Mesorhizobiu m ci ceri ,
phosphobacteria (PSB-Bacillus megaterium), arbuscular-
mycorrhizal fungi (AMF-Glomus sp.) and phosphorus and
its relative field dependency to the bioinoculats and
phosphorus were studied in slightly alkaline inceptisol
condition. The combined inoculation of Mesorhizobium ciceri,
PSB, AMF exhibits highest nodule number, AMF colonization
and biomass production in chickpea under slightly alkaline
inceptisol condition. The bioinoculants either PSB or AM
fungi enhanced the plant P uptake and AM fungi exhibits
relatively better P responsiveness and recorded maximum
Relative Field Inoculation Dependency (RFID) value (based
on P uptake) of 42.34 percent at 40 Kg P2O5 ha-1 application
under slightly alkaline inceptisol condition. The combined
inoculation of Mesorhizobium ciceri , PSB, AMF and
phosphorus at 40 Kg P2O5 ha-1 exhibits highest Relative Field
Inoculation Responsiveness (RFIR) value of 21.66 per cent
(based on yield response). From the view point of nodulation,
dry matter production, root colonization, Relative Field
Inoculation Dependency (RFID), Relative Field Inoculation
Responsiveness (RFIR) and yield enhancement, inoculating
Mesorhizobium ciceri, phosphobacteria (PSB - Bacillus
megeterium) and AM fungi (AMF - Glomussp) in the presence
of P (40 Kg P2O5 ha -1) to be considered as balanced
combination for sustainable chickpea production in the
slightly alkaline inceptisol conditions.

Keywords: Arbusc ular Myc orrhizal Fungi,  Chickpea,
Mesorhizobium ciceri, Phosphobacteria, Relative
Field Inoculation Responsiveness and dependency

Chickpea (Cicerarietinum L.) holds a unique position
among pulse crops due to its seed protein content and
wide adaptability in ecologically diverse environments. It
plays a significant role in farming systems as a substitute
for fallow in cereal rotations, where it contributes to the
sustainability of production. Leguminous crops form two
types of symbiotic association with microorganisms and in
which rhizobia involved in atmospheric nitrogen fixation
and AM fungi concerned with the uptake of P.Mycorrhizal
infection has particular value for legumes because
nodulation and symbiotic nitrogen fixation by rhizobia
require an adequate phosphorus supply and restricted root
system of the crops leads to poor competition for soil
phosphorus (Carling et al., 1978). A good number of

literatures say that rhizobia inoculation works favourably
in respect to nodulation and biological nitrogen fixation in
chickpea (Solaiman et al., 2006, Zaidi et al., 2003). Many
workers have reported enhancement of phosphate uptake
and growth of leguminous plants by vesicular
arbuscularmycorrhizal fungi (Izagirre 2000, Guriqbal et al.,
2001). Phosphate Solubilizing Microorganisms (PSM)
interacts well with arbuscularmycorrhizal fungi in
phosphorus deficient soils (Poi et al., 1989). Moreover, the
PSM survive longer around mycorrhizal rootscompared
with non-mycorrhizal roots and act synergistically with the
arbuscularmycorrhizal fungus, leading to increased plant
growth (Singh, 1990). Rhizobium and Phosphobacteria
when inoculated together colonized the rhizosphere and
enhanced the growth of chickpea by providing them with
nitrogen and phosphate,respectively (Gull et al., 2004).
Simultaneous dual inoculation of arbuscularmycorrhizal
fungi and PSM has been shown to stimulate plant growth
more than inoculation of either microorganism alone in
certain situations when the soil is phosphorus-deficient
(Piccini and Azcon, 1987). Combined inoculation of
Rhizobium and appl icat ion of PSM and
arbuscularmycorrhizal fungus or phosphorusgave the
greatest yield and hadvariable effects on nodulation in
mungbean (Zaidi et al., 2004), lentil and field pea (Guriqbal
et al., 2001) and chickpea (Poi et al., 1989; Subba Rao et al.,
1986). It is evident from the earlier studies that a positive
interaction exists between root colonization, phosphorus
uptake and growthpromotion, as observed by a few
researchers (Zaidi et al., 2003; Zaidi and Khan, 2005) and
the field response of chickpea to the combined inoculation
effect of the microorganisms and phosphorus under
inceptisol conditions are scanty. Keeping these facts in
mind, the present experiment was carried out to assess the
response of the inoculation in presence and absence of
phosphorus/bioinoculants on growth, productivity and
nutrient uptake in chickpea cv. DCP 92-3

MATERIALS AND METHODS

A field experiment was conducted at Indian Institute
of Pulses Research, New Research Farm, Kanpur, Uttar
Pradesh, India. The soil was sandy loam having the organic
carbon 0.3%, pH - 8.4, CEC - 0.56 dsm-1, available P (Bray) -
11 to 15 kg ha-1 , N - 80 to190 kg ha-1, K-110 to170 kg ha-1, S
-15 to 20 kg ha-1, Zn - 0.11 to 0.31 ppm, Fe - 4 to 6 ppm. The
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field experiment was designed in factorial randomized block
design. Phosphorus applied in three levels viz., 0, 40 and 80
kg P2O5 ha-1. There were five treatment combinationsviz.,
T1-Uninoculated; T2-Mesorhizobium ciceri; T3-
Mesorhizobium ciceri + PSB; T4-Mesorhizobium ciceri +
AM fungi and T5-Mesorhizobium ciceri + PSB + AM fungi.
Vermiculate based maize rootbitsinoculum of AM fungi
(Glomus sp.) was used at the rate of 100g per m2 area.
AMFinoculum mixed with sand and was applied in sowing
furrows.Similarly PSB (Bacillus megeterium) having the cell
load of 2.3 × 109 cfug-1 also applied at the rate of 2kg ha-1by
mixing with sand and applied in the sowing furrows
selectively for the treatments. Mesorhizobiumciceri
inoculants containing 4.5×109 cfu g-1mixed with seeds with
the help of rice gruel and seed treated. After sowing, the
furrows were closed with soil and compacted mechanically.
Plants were allowed to grow. Weeding and irrigation were
done as per crop requirement. With the minimum
disturbance of roots, the plants were carefully uprooted at
50 percent flowering so that no nodules were left in the
soil. The roots were washed with water. Nodules from the
roots separated and the number of nodules and weight
were recorded. The plants and roots were first air dried and
then oven dried at 65°C for 72 hours.The phosphorus
content of the plant samples, on dry weight basis was
determined by ammonium metavanadate method (Jackson,
1973). Functional feeder roots segments were stained for
assessing AMF colonization and the per cent AMF
colonization was estimated (Phillips and Hayman, 1970) and
Relative field inoculation responsiveness (Baon et al., 1993)
and dependency (Plenchette et al., 1983) were also
calculated adopting the formulas as proposed below
Relative Field Inoculation Responsiveness (%) = (Yield  with
Inoculation – Yield without Inoculation) / (Yield  without
Inoculation) × 100
Relative Field Inoculation Dependency (%) = (P uptake

with Inoculation – P uptake without Inoculation) / (P uptake
with Inoculation) × 100

Note: Above equations has been used for yield,
biomass and P uptake vice versa to calculate responsiveness
and dependency at particular level of fertility.

RESULTS AND DISCUSSION

Nodulation, AMF colonization

Significantly greater number of nodules per plant in
chickpea inoculated with Mesorhizobium ciceri as
compared to the control was recorded.In general, there was
a significant increase in root nodulation in the presence of
PSB and AM fungi over the control (Table 1.). The maximum
number of nodules might be attributed to greater availability
of phosphorus, which was crucial for nodulation (Hayman,
1983). Similar evidence on the effect of P in N2 fixation in
the French bean (Saber et al., 2005) was reported earlier.The
number of nodules produced on legume plants isgenerally
used an index for assessing the N2 fixingefficiency of nodule
bacteria. However, this does notreflect the true efficiency
of particular rhizobial strainssince manually counted
nodu les may also include nodulesproduced by the
indigenous populations.

The better nodulation in the case of composite
inoculation at the flowering stage (Table 1)appeared to be
a result of the favourable effects of PSM in making more P
soluble and available to the plants, which consequently
promoted root development. In the present study, a positive
relationshipbetween the plant biomass and nodule numbers
and P contents of chickpea plants further suggested the
involvement of P in the establishment of an effective
Mesorhizobium ciceri - chickpea symbiosis, which
consequently increased the biological N2 fixation, and yield
of chickpea plants.

Table 1. Dependency of combined bioinoculation and phosphorus fertilization on nodulation and AMF colonization,
phosphorus uptake and relative Inoculation Dependency in chickpea cv. DCP 92-3(at 50%flowering stage)

*- Calculated values;Values in the parenthesis are Relative Field Inoculation Responsiveness*(RFIR) (in Percent) based on P uptake

Particulars Nodule number 
(No. plant-1) 

AMF colonization 
(Percentage) 

P uptake per plant 
(mg plant-1) 

Relative Field Inoculation 
Dependency* (RFID)  

( in Percent) based on P uptake 
P levels  
(kg ha-1) 

0 40 80 Mean* 0 40 80 Mean* 0 40 80 Mean* 0 40 80 Mean 

T1 8.7 8.7 8.3 8.6 42.0 46.0 38.0 42.0 5.00 4.48 5.69 5.10 0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

T2 10.6 12.0 8.7 10.4 46.0 48.0 40.0 44.7 6.04 5.29 5.96 5.79 17.22 
(20.80) 

15.31 
(18.08) 

4.53 
(4.75) 

11.92 
(13.53) 

T3 11.0 11.5 9.2 10.6 46.0 48.0 42.0 45.3 6.32 7.60 8.14 7.35 20.89 
(26.40) 

41.05 
(69.64) 

30.10 
(43.06) 

30.61 
(44.12) 

T4 10.6 11.5 10.1 10.7 52.0 58.0 48.0 52.7 6.51 7.77 8.43 7.56 23.20 
(30.20) 

42.34 
(73.44) 

32.50 
(48.15) 

32.54 
(48.24) 

T5 10.6 11.5 11.5 11.2 54.0 62.0 50.0 55.3 6.90 7.45 8.54 7.63 27.54 
(38.00) 

39.87 
(66.29) 

33.37 
(50.09) 

33.16 
(49.61) 

S.Ed(±) 0.18 0.25 0.22 - 0.47 0.94 0.17 - 0.25 0.33 0.29 - - - - - 
C.D. (P=0.05) 0.38 0.54 0.49 - 1.02 2.05 2.50 - 0.55 0.71 0.61 - - - - - 

 



Paulraj et. al.,: Relative field responsiveness and dependency of chickpea to combined inoculation of Mesorhizobium Ciceri 47

Microscopic examination of stained roots showed a
high percentage of mycorrhizal colonization in roots of all
chickpea plants treated with AMF. Root colonization by
AMF also increased significantly in plants inoculated with
PSB and Mesorhizobium cicerialong with P fertilization;
the best combination was T5 - Mesorhizobium ciceri +
PSB + AM fungi and 40 kg  P2O5 per ha (Table 1.). Solaiman
et al. (2012) reported the highest root colonization in AMF
inoculation in combination with Rhizobium along with P
fertilizer in all the studied chickpea varieties.Xie et al. (1995)
suggested that certain flavonoids induced in the signal
exchange cascade during rhizobial symbiosis formation do
have a stimulatory effect on the establishment of the AM
symbiosis. Long (2001) and Oldroyd et al. (2005) declared
that Nod factors or lipo-chito-oligosaccharide signalling
molecules are central to the initial establishment of the
legume rhizobial symbiosis and could effect mycorrhization.

Phosphorus uptake and relat ive inoculat ion
dependency

Our data indicated that P uptake increased in plants
inoculated solely with PSB or AM fungi and at dual
inoculation with both microorganisms (Table 1.).Among
the treatments the inoculation of PSB/AM fungi either
individually or in combinations recorded significantly
higher P uptake. The highest P uptake was observed
in plants subjected to  combined inocu lation
with Mesorhizobium ciceri + PSB + AMF with 80 kg
P2O5ha-1. Among the inoculation treatments,the combined
inoculation of Mesorhizobium ciceri + PSB + AMF
showedthe greatest positive effect on P uptake and received
RFID values of 33.16 % over the control. The bioinoculants
either PSB or AM fungi enhanced the plant P uptake and
AM fungi exhibits relatively better P responsiveness and
dependency (based on P uptake) in all the levels of
phosphorus application (0,40 and 80 Kg P2O5 ha-1) and
recorded maximum RFIDvalue of 42.34 percent at 40 Kg
P2O5 ha-1 applicationunder slightly alkaline inceptisol
condition.

Plant growth correlated positively with the total P
concentration measured in tissues. (Lynch et al., 1991)
Similarly, P absorption ability was reported to be strongly
connected with dry matter production (Lynch et al., 1991).
The fact that plant growth and nutrientuptake increased in
the presence of AM fungi suggested astrong synergistic
relationship between root colonization,P uptake and growth
promotion. In agreement with thesefindings, Zaidi et al.
(2003) observed that in low P soilsplant growth and nutrient
uptake in chickpea weregreater after inoculation with
tripartite culture of Mesorhizobium, PSB and G. fasciculatum
than afterinoculation with each organism alone. Because
the phosphate made available by PSB acting on sparingly
soluble P sources may not reach the root surface due to
limited diffusion, it was proposed that if the solubilised
phosphate were taken up by an AMF mycelium, this

synergistic microbial interaction should improve P supply
to the plant (Barea et al., 2005).

Inoculation of phosphate-solubilizing bacteria (PSB)
enhanced nodulation and N2-fixation (15N) by alfalfa plants,
in parallel with an increase in the P content of plant tissues
(Toro et al., 1998). It is therefore thought that an
improvement in P nutrition of the plant resulting from
thepresence of PSB was responsible for increased
nodulation and N2-fixation, as it is well-known that these
processes are P-dependent (Barea et. al., 2005).

The differences in relative mycorrhizal dependency
between crop species or even cultivars are also related to
other plant factors such as root structure, plant growth
rate and microorganism in the rhizosphere which could
affect the demand for P.AMF are known to be effective in
increasing nutrient uptake, particularly phosphorus, and
biomass accumulation of many crops in soils low in
phosphorus (Turk et al., 2006) or soils that fix phosphorus
due to a high concentration of calcium and high pH values.
Lisette et al. (2003) reported that co-inoculation with
rhizobia and compatible AMF could dramatically enhance
pea growth, plant N and P content.Therefore with right
combination of chemical fertilizer and biological fertilizer
we can achieve to the expected yield, with lower danger for
environment. The result of the present study reveals the
importance of the application of biological fertilizer in low
external input and sustainable agriculture.

Plant biomass, yield and Relative Field Inoculation
Responsiveness

The effect of different treatments on plant biomass
differed signif icantly. The inoculation effects of
Mesorhizobium ciceri, PSB and AMfungieither singly or
in combinationson chickpeawere variable (Table 2.). The
singleinoculation of Mesorhizobium ciceri not differed
significantly toincrease the total biomass accumulation in
chickpea at vegetative and flowering stage of the crop
compared to the control. Among the treatments, co -
inoculation of Mesorhizobium ciceri + AMFsignificantly
enhancedthe biomass accumulation at vegetativestageand
Mesorhizobium ciceri + PSB combinations in flowering
stagecompared to the control.The combined inoculation
of Mesorhizobium ciceri + PSB + AMF and 40 kg P2O5 per
ha augmented the total dry weight of chickpea plants by
37.74 %  and 36.36 % RFIR values at  vegetative and
flowering stage respectively, compared to the control, and
was superior to all the other treatments.These results are in
concurrence with Solaiman et al. (2006) who reported that
dual inoculation of Rhizobiumand AMF in the presence of
P performed best in chickpea. Specific compatibilities
between AM fungi and Rhizobium have been reported in
pea plants (Xavier and Germida, 2003).

The positive effects of the inoculation of AMF on
plant growth are generally attributed to the improved uptake
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of nutrients of low mobility, especially phosphorus (Weber
et al., 1993, Marschner and Dell, 1994).Piccini and Azcon
(1987)reported significant increase in grain yields in alfalfa
plants due to combined inoculation of  phosphate
solubilizing bacteria and vesicular-arbuscularmycorrhizal
fungi on the utilization of rockphosphate.

Above ground biomass at harvest and seed yield in
general increased significantly with all the treatments
withrespectto the control (Table 3.). Increase in Seed yield
due to inoculation of Mesorhizobium ciceri alone received
the Seed yield - RFIR value of 5.08 per cent only. Seed yield
- RFIR increased even further to 15 .32 % when
Mesorhizobium ciceri + PSB + AMF were combinely
inoculated. The Seed yield - RFIR efficiency was more
pronounced when it was applied in combination with 40 kg
P2O5 per ha and recorded the highest RFIR value of 21.66 %
(based on enhanced seed yield). Such successful
establishment of combined inoculants has been reported
by many other workers (Bansal, 2009; Khanna and Sharma,

2011, Suneja et al., 2007) and reported as potential inputs
forimproving crop yields in a number of leguminous crops.

In conclusion, this study revealed that the chickpea
dependence and its field inoculation responsiveness
especially to the inoculation of Mesorhizobium ciceri,
Phosphobacteria (PSB-Bacillus megaterium) ,
ArbuscularMycorrhizal Fungi (AMF-Glomus sp.) and
phosphorus; the findings of the present study clearly define
the synergistic effect of combined inoculation and which
to be a beneficial strategy for improving symbiotic
efficiency, plant growth and yield ofchickpea. Thus, in
nutrient deficient semi aridinceptisol type soils, the
inoculation of chickpea with a combination of PSB and
mycorrhizal fungi may help the plants to obtain P from native
insoluble P sources/applied fixed fertilizer P and would be
beneficial for a sustainable nutrient managementand
reduction on chemical fertilizers especially in developing
countries like India. It can also play a role in making organic
farming sustainable and cost effective. However, their

Table 2. Field Responsiveness of combined bioinoculation and phosphorus fertilization on plant biomass in chickpea cv.
DCP 92-3

*- Calculated values; Values in the parenthesis are Relative Field Inoculation Dependency* (RFID) (in Percent) based on biomass

Stage of 
crop 

Plant biomass (g plant-1) at 
Vegetative Stage 

Relative Field Inoculation 
Responsiveness - RFIR*  

(in Per cent) at Vegetative Stage 

Plant biomass (g plant-1) at 
50%Flowering stage 

Relative Field Inoculation 
Responsiveness - RFIR*  

(in Per cent) at 50%Flowering 
stage 

P levels  
(kg ha-1) 

0 40 80 Mean* 0 40 80 Mean* 0 40 80 Mean* 0 40 80 Mean* 

T1 0.47 0.61 0.53 0.54 0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

3.09 2.86 3.29 3.08 0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

T2 0.50 0.62 0.57 0.56 6.38  
(6.00) 

1.64  
(1.61) 

7.55 
(7.02) 

3.70 
(3.57) 

3.18 3.02 3.41 3.21 2.91 
(2.83) 

5.59 
(5.30) 

3.65 
(3.52) 

4.22 
(4.05) 

T3 0.49 0.68 0.63 0.6 4.26 
(4.08) 

11.48 
(10.29) 

18.87 
(15.87) 

11.11 
(10.00) 

3.27 3.80 4.00 3.69 5.83 
(5.50) 

32.87 
(24.74) 

21.58 
(17.75) 

19.81 
(16.53) 

T4 0.49 0.77 0.7 0.65 4.26 
(4.08) 

26.23 
(20.78) 

32.08 
(24.29) 

20.37 
(16.92) 

3.29 3.68 3.87 3.61 6.47 
(6.08) 

28.67 
(22.28) 

17.63 
(14.99) 

17.21 
(14.68) 

T5 0.55 0.84 0.73 0.73 17.02 
(14.55) 

37.70 
(27.38) 

37.74 
(27.40) 

35.19 
(26.03) 

3.33 3.90 3.88 3.70 7.77 
(7.21) 

36.36 
(26.67) 

17.93 
(15.21) 

20.13 
(16.76) 

S.Ed(±) 0.026 0.030 0.033 - - - - - 0.054 0.059 0.064 - - - - - 
C.D. 
(P=0.05) 

0.055 0.065 0.070 - - - - - 0.117 0.128 0.139 - - - - - 

 

Table 3. Field Responsiveness of combined bioinoculation and phosphorus fertilization on biomass and seed yield in chickpea
cv. DCP 92-3

*- Calculated values; Values in the parenthesis are Relative Field Inoculation Dependency* (RFID) (in Percent) based on Yield

Particulars Biomass (at harvest) 
(tonnes ha-1) 

Seed Yield  
(tonnes ha-1) 

Relative Field Inoculation Responsiveness* 
(RFIR) (in Per cent) based on Yield 

P levels 0 40 80 Mean* 0 40 80 Mean* 0 40 80 Mean* 
T1 1.773 2.387 2.587 2.249 0.971 1.219 1.413 1.201 0.00 

(0.00) 
0.00 

(0.00) 
0.00 

(0.00) 
0.00 

(0.00) 
T2 2.213 2.507 2.600 2.440 1.077 1.221 1.488 1.262 10.92 

(9.84) 
0.16 

(1.77) 
5.31 

(5.04) 
5.08 

(5.33) 
T3 2.427 2.560 2.773 2.587 1.08 1.272 1.571 1.308 11.23 

(10.09) 
4.35 

(4.17) 
11.18 

(10.06) 
8.91 

(8.18) 
T4 2.387 2.773 2.827 2.662 1.091 1.475 1.52 1.362 12.36 

(11.00) 
21.00 

(17.36) 
7.57 

(7.04) 
13.41 

(11.82) 
T5 2.640 2.640 2.907 2.729 1.131 1.483 1.541 1.385 16.48 

(14.15) 
21.66 

(17.80) 
9.06 

(8.31) 
15.32 

(13.29) 
S.Ed(±) 0.059 0.041 0.045 - 0.016 0.024 0.032 - - - - - 
C.D. (P=0.05) 0.127 0.095 0.087 - 0.034 0.052 0.070 - - - - - 

 



Paulraj et. al.,: Relative field responsiveness and dependency of chickpea to combined inoculation of Mesorhizobium Ciceri 49

application needs to be further evaluated under different
agro climatic conditions in the field.
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ABSTRACT

A field experiment was conducted during kharif 2013-14 at
farm of Botany section, College of Agriculture, Nagpur to
study the influence of two foliar sprays of 100, 150, 200, 250
and 300 ppm ethrel at 30 and 45 DAS on quality parameters
and yield of soybean. Data revealed that 200 ppm ethrel
significantly increased leaf chlorophyll, leaf nitrogen, leaf
phosphorus, leaf potassium content, seed protein and oil
content and yield of soybean.

Keywords: Chemicalandbiochemical parameters, ethrel,
soybean and yield

Soybean (Glycine max L.) is a miracle “Golden bean”
of 21th century mainly due to its high protein (38-41%)
content and oil content (19-21%) and is now making
headway in Indian agriculture. In India it is mainly grown
as oilseed crop.Among, oilseeds soybean ranks fifth in the
world. The important soybean growing countries in world
are America, Brazil, Argentina, China and India. The largest
soybean producing state in India are Madhya Pradesh,
Maharashtra and Rajasthan. In India Maharashtra having
Second rank in production.Plant growth regulators are
known to enhance the source-sink relationship and
stimulate the translocation of photo-assimilates thereby
helping in effective flower formation, fruit and seed
development and ultimately enhance productivity of the
crops. Growth regulators can improve the physiological
efficiency including photosynthetic ability and enhance
the effective partitioning of accumulates from source and
sink in the field crops (Solamani et al., 2001).

Ethrel (2-chloroethylphosphonic acid) is a plant
growth regulator reported to improve the productivity of
pulse crop like soybean, cowpea, pigeonpea, mungbean
by increasing the number of pods, seed weight and seed
yield (Chandra 1985, Singh 1984, Yadav et al. 1980, Bora
and Bohra 1989). The aim of present work was to study the
influence of ethrel on quality parameters and yield of
soybean.

A field experiment was conducted at the experimental
farm of Botany section, College of Agriculture, Nagpur to
study the influence of foliar sprays of ethrel on quality
parameters and yield of soybean. The present investigation
was undertaken during the kharif season of 2013-2014. The
field experiment was laid out in Randomized block Design
(RBD) with four replications consisting of six treatments

comprising of different concentrations of ethrel (100, 150,
200, 250 and 300 ppm) at 30 and 45 DAS. Plot size of
individual treatment was gross 2.10 m x 2.20 m and net 1.5 m
x 2.00 m.  Seeds were sown at the rate of 75 kg ha-1 by
dibbling method at a spacing of 30 cm x 10 cm.Observations
were recorded at different stages i.e. at  45, 60 and 75 DAS
on chlorophyll content, leaf nitrogen, leaf phosphorus, leaf
potassium content. Nitrogen content in leaves was
estimated as per methods suggested by Somichi et al.
(1972), phosphorus and potassium content from leaves were
estimated as per method suggested by Jackson (1967).
Chlorophyll from leaves was estimated by Colorimetric
method as suggested by Bruinsma (1982). Nitrogen content
in seed was analysed by Somichi et al. (1972) and the same
was converted to crude protein. Oil content in seed was
determined by Soxhlet’s method as suggested by Sankaran
(1965). Seed yield plant -1, plot-1 was recorded after
harvesting.Data were analysed by statistical method as
suggested by Panse and Sukhatme (1954).

Leaf chlorophyll content Data regarding chlorophyll
content were recorded at 45, 60, and 75 DAS. Significant
variation was noticed at every stage of observation by the
foliar sprays of ethrel. At 45 DAS chlorophyll content was
significantly increased in treatment T4 (200 ppm ethrel)
followed by the treatments T3 (150 ppm ethrel) and T5 (250
ppm ethrel) in a descending manner when compared with
treatment T1 (control) and remaining treatments under study.
Treatments T6 (300 ppm ethrel) and T2 (100 ppm ethrel)
were found at par with treatment T1 (control). At 60 DAS
the treatment T4 (200 ppm ethrel) followed by the treatment
T3 (150 ppm ethrel) noted significantly maximum chlorophyll
content over treatment T1 (control) and rest of the
treatments under study. But treatments T5 (250 ppm ethrel),
T6 (300 ppm ethrel) and T2 (100 ppm ethrel) were found at
par with treatment T1 (control). At 75 DAS the treatment T4
(200 ppm ethrel) followed by the treatment T3 (150 ppm
ethrel) was most effective in increasing chlorophyll content
in leaves when compared with treatment T1 (control) and
rest of the treatments under study. Also, treatments T5 (250
ppm ethrel) and T6 (300 ppm ethrel) and T2 (100 ppm ethrel)
were found at par with treatment T1 (control). Devi et al.
(2011) studied the effect of foliar spray of growth regulators
salicylic acid (50 ppm), ethrel (200 ppm) and cycocel (500
ppm) on soybean. They observed that ethrel at 200 ppm
signif icantly increased chlorophyl l content over
control.Sharma and Sardana (2012) carried out a field
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experiment to study the effect of foliar application of growth
regulating substances i.e IAA, ethrel and mepiqyat chloride
on groundnut and reported that the application of IAA at 5
ppm + ethrel at 25 ppm significantly increased chlorophyll
content in leaves.

Data regarding leaf nitrogen content were recorded
at 45, 60 and 75 DAS and found statistically significant.At
45 DAS nitrogen content was significantly more in
treatment T4 (200 ppm ethrel) followed by the treatment T3
(150 ppm ethrel) when compared with treatment T1 (control)
and other remaining treatments under study. Treatments
T5 (250 ppm ethrel) and T6 (300 ppm ethrel) were also noted
significantly more nitrogen over treatment T1 (control).
While, treatment T2 (100 ppm ethrel) was found at par with
treatment T1 (control). At 60 DAS nitrogen content was
significantly maximum in treatment T4 (200 ppm ethrel)
followed by the treatment T3 (150 ppm ethrel) when
compared with treatment T1 (control) and other treatments.
Treatment T2 (100 ppm ethrel) was found at par with
treatment T1 (control). At 75 DAS nitrogen content was
significantly maximum in treatment T4 (200 ppm ethrel)
followed by the treatments T3 (150 ppm ethrel) and T5 (250
ppm ethrel) when compared with treatment T1 (control) and
rest of the treatments. Next to these treatments, treatment
T6 (300 ppm ethrel) was also found significant over T1
(control). While, treatment T2 (100 ppm ethrel) was found
at par with treatment T1 (control). Khan et al. (2008)
conducted field experiment to study the effect of ethephon
(ethrel) on mustard. They observed that ethrel increased
the nitrogen (N) content in leaves.

Data on Leaf phosphorus content were recorded at
four stages viz.,45, 60 and 75 DAS. Leaf area recorded at
these stages gave significant  results.At 45 DAS
significantly more leaf phosphorus content was recorded
in treatment T4 (200 ppm ethrel) followed by treatment T3
(150 ppm ethrel) when compared with treatment T1 (control)
and other treatments under study. Treatments T5 (250ppm
ethrel) and T6 (300 ppm ethrel) also showed their significance
over treatment T1 (control). While, treatment T2 was found
at par with treatment T1 (control). At 60 DAS significantly

maximum leaf phosphorus content was recorded in
treatment T4 (200 ppm ethrel). Next to these treatment,
treatments T3 (150 ppm ethrel), T5 (250 ppm ethrel) and T6
(300 ppm ethrel) also gave significantly more phosphorus
over treatment T1 (control). Treatment T2 (100 ppm ethrel)
was found at par with treatment T1 (control).At 75 DAS leaf
phosphorus content was significantly maximum in treatment
T4 (200 ppm ethrel) followed by the treatment T3 (150 ppm
ethrel) when compared with treatment T1 (control) and other
rest of the treatments. Treatments T5 (250 ppm ethrel), T6
(300 ppm ethrel) and T2 (100 ppm ethrel) also showed their
significance over treatment T1 (control).

Data on leaf potassium content were recorded at the
three growth stage i.e. 45, 60 and 75 DAS gave significant
variation. At 45 DAS significantly maximum leaf potassium
content was observed in treatments T4 (200 ppm ethrel)
and T3 (150 ppm ethrel) when compared with treatment T1
(control) and rest of the treatments under study. Next to
these treatments, treatments T6 (300 ppm ethrel) and T2
(100 ppm ethrel) also showed their significance over T1
(control).

At 60 DAS significantly maximum leaf potassium
content was observed in treatment T4 (200 ppm ethrel) when
compared with treatment T1 (control) and rest of the
treatments under study. Next to these treatments T3 (150
ppm ethrel) and T5 (250 ppm ethrel) also showed their
significance over T1 (control). While, treatments T6 (300
ppm ethrel) and T2 (100 ppm ethrel) were found at par with
treatment T1 (control). At 75 DAS significantly maximum
leaf potassium content was observed in treatment T4 (200
ppm ethrel) followed by T3 (150 ppm ethrel) when compared
with treatment T1 (control) and rest of the treatments under
study. Next to these treatments, treatment T5 (250 ppm
ethrel) and T6 (300 ppm ethrel) also showed their
significance over T1 (control). While, treatment T2 (100 ppm
ethrel) was found at par with treatment T1 (control). Mir et
al. (2009) conducted a field experiment to study the effect
of basal nitrogen application and foliar spray of ethrel
(ethephon) on mustard. The results showed that foliar spray
of ethrel significantly increased potassium (K) content in

Table 1. Influence of foliar sprays of ethrel  on chemical and biochemical parameters of soybean

Treatments 

Leaf chlorophyll  (mg g-1) Leaf nitrogen (%) Leaf phosphorus (%) Leaf potassium (%) 

45 DAS 60 

DAS 

75 

DAS 

45 DAS 60 

DAS 

75 DAS 45 DAS 60 

DAS 

75 

DAS 

45 DAS 60 DAS 75 DAS 

T1 (Control) 1.54 1.56 1.22 2.28 2.20 1.76 0.35 0.58 0.43 1.12 2.01 1.29 

T2 (100 ppm ethrel) 1.61 1.64 1.24 2.35 2.23 1.80 0.37 0.62 0.49 1.23 2.06 1.38 

T3 (150 ppm ethrel) 1.74 1.77 1.31 2.56 2.37 2.08 0.48 0.75 0.57 1.41 2.25 1.75 

T4 (200 ppm ethrel) 1.81 1.86 1.40 2.64 2.41 2.12 0.51 0.80 0.60 1.47 2.39 1.84 

T5 (250 ppm ethrel) 1.72 1.75 1.29 2.50 2.30 2.00 0.45 0.71 0.55 1.39 2.18 1.69 

T6 (300 ppm ethrel) 1.65 1.69 1.27 2.46 2.28 1.93 0.42 0.67 0.52 1.27 2.10 1.45 

SE(m) ± 0.040 0.048 0.028 0.044 0.046 0.052 0.016 0.010 0.012 0.027 0.038 0.031 

CD at 5% 0.115 0.140 0.080 0.127 0.133 0.149 0.048 0.031 0.034 0.078 0.110 0.089 
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leaves of plants.
Data indicated that protein content was significantly

increased in treatment T4 (200 ppm ethrel) followed by the
treatments T3 (150 ppm ethrel) and T5 (250 ppm ethrel) when
compared with treatment T1 (control). While, treatment T2
(100 ppm ethrel) was found at par with treatment T1
(control).Devi et al. (2011) investigated the effect of foliar
spray of growth regulators salicyclic acid (50 ppm), ethrel
(200 ppm) and cycocel (500 ppm) on soybean. They
observed that ethrel at 200 ppm significantly increased
protein content in soybean.Pahwa (2013) conducted a field
experiment to study the effect of plant growth regulator on
pigeonpea. In present study ethrel at 100 µg ml-1 significantly
increased protein content in seeds of pigeonpea.

Maximum oil content in seed of soybean was recorded
in the treatment T4 (200 ppm ethrel) followed by the
treatments T3 (150 ppm ethrel) and T5 (250 ppm ethrel) when
compared with treatment T1 (control) and remaining
treatments under study. The treatments T6 (300 ppm ethrel)
and T2 (100 ppm ethrel) were found at par with treatment T1
(control).Devi et al. (2011) investigated the effect of foliar
spray of growth regulators salicyclic acid (50 ppm), ethrel
(200 ppm) and cycocel (500 ppm) on soybean. They
observed that ethrel at 200 ppm significantly increased oil
content in soybean.Lone(2001) conducted a field experiment
to study the effect of cycocel and ethrel along with nitrogen
on mustard and found that ethrel with basal dose of N at 80
kg ha-1  significantly increased oil content.

Significantly maximum seed yield plot-1was  recorded
in treatment T4 (200 ppm ethrel) followed by treatments T3
(150 ppm ethrel) and T5 (250 ppm ethrel) when compared
with control and remaining treatments under study. While,
treatments T6 (300 ppm ethrel) and T2 (100 ppm ethrel) were
found at par with T1 (control).

The use of plant hormone may prove its potential as
it has been found to enhance growth and productivity of
the crop plants. It also improve the crop manipulating
source-sink relationship at pod development stage, several
naturally occurring phytohormones ethylene influences
about all aspects of plant growth and development as well
as the induction of some plant defense responses. Ethrel

involved in diverse array of cellular, developmental and
stress released processes in plants. It reduces the problem
of pod shattering by restricting the flower and pod
abortions, Mir et al. (2010).Devi et al. (2011) conducted
experiment to study the effect of salicylic acid, ethrel and
cycocel  (50, 200 and 500 ppm) on soybean and observed
that ethrel at 200 ppm gave highest number of pods
plant-1, 100 seed weight and seed yield ha-1.

Sharma and Sardana (2012) tried ethrel and mepiquat
chloride as foliar spray on groundnut and observed that
IAA at 7.5 ppm + ethrel 25 ppm increased pod yield.
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ABSTRACT

In this study, response surface methodology was applied to
investigate the effects of inlet air temperature, bed depth
and drying time on drying of Black gram in a deep bed dryer.
Here, Black gram of initial moisture content 14, 17 and 20%
w.b. were dried at air velocities (1.5 and 3 m/s). The
independent variables are drying air temperatures (40 to
60°C), bed depth (0to 0.6m) and drying time (1 to 9 h) whereas
the response variable is final moisture content of Black gram
in the drying bin.  Analysis of variance showed that all
independent variables had significant effect on final moisture
content. Effect of bed depth and drying time were more
significant on the final moisture content than the effect of
drying air temperature and drying time. 2FI equationswas
recommended as the significant model to express final
moisture content of Black gram in relationship with drying
air temperature, bed depth and drying time. The drying time
increased with increasing Bed depth and decreased with
increase in air temperatures. It was denoted that increase of
bed depth and air velocity resulted in the decrease in
moisture content of Black gram dried at all temperatures.
Thus, the low drying a ir temperature of 4 0°C is
recommended for energy saving consideration. While high
drying air temperature at 60°C are recommended for time
saving.

Keywords: Blackgram, deep bed dryer, bed depth, air
temperature, drying time moisture content.

India is the largest producer and consumer of black
gram producing 1.89 million tons in 2012-2013 which
contributes around 70% of the world's total Black gram
production (GoI, 2013, Chatterjee et al., 2014).It is harvested
at a time when moisture content is between 15-20 % w.b
(Rajiv and Prasoon, 2007). Drying of pulse grain is an
essential unit operation during milling to obtain splits. A
survey by Nimkar and Mate, (2004) indicated that deep bed
drying of various pulses is mostly required at various stages
of milling/storage. Drying of grains provides long term
storage without deterioration, and harvesting is earlier so
that field losses are minimized, enables better quality of
product (Carl and Hall, 1980).  Quality and quantity losses
cannot be eliminated until improved drying systems based
on mechanical dryers have been adopted (Jayas et al., 2003
and Pabis et al., 1998). Therefore for bulk drying of Black
gram deep bed dryers can be used. Indeep bed drying
process, the drying air moves from bottom to top of the
bed and moisture transfer occurs from grain to air
(Cenkowski et al., 1993). Depending on the position in the

bed and drying time the temperature and moisture content
of the grain varies. As time passes, the bed of grains tends
towards equilibrium, the lower part of the bed attains
equilibrium earlier (Hunter, 1988). According to Chakraverty
(1994) 16-20% moisture content is 'wet zone', 12-16 %
moisture content is 'drying zone' and 12% moisture content
is 'dried zone'. The region between the upper boundary for
dry particles and lower boundary for wet particle is called
'drying zone'; where the actual drying takes place during
deep bed drying (Bengtsson, 2008).

In this study, the interactive effects of air temperature,
bed depth and drying time on final moisture content of
black gram in the deep bed dryeris investigated using
response surface methodology (RSM).  RSM defines the
effect of the independent variables, alone or in combination,
on the processes (Anjum et al., 1997). In addition to
analyzing the effects of the independent variables, this
experimental methodology generates a mathematical model
which describes the process (Myers & Montgomery,
1995).Thus, the objective of this research was to analyze
the effect of drying conditions (drying air temperature, bed
depth and drying time) on the final moisture content of
Black gram dried in a deep bed dryer using response surface
methodology. This study will also provide the needed
scientific data for bulk drying of the pulses at different
drying conditions.

MATERIALS AND METHODS

The Black gram seeds (ADT-5) used in this study
was purchased from the local market with initial moisture
content of 12.0  ±  0.5% w.b.

Deep Bed Dryer

A deep bed dryer designed and fabricated at Indian
Institute of Crop Processing Technology (IICPT), Thanjavur
was used for the study. The main components of the dryer
are blower, heater, plenum chamber and drying chamber. A
2 HP bed mounted type centrifugal blower with manual
control for air flow rate adjustment was used for blowing
the air to the heater. Ten Electrical coils (1 kW each) were
used to heat the drying air. The coils were connected to the
electric mains through a temperature controller mechanism.
The plenum chamber connects the heating section and
drying bin as shown in Figure 1. The height of the expand
duct is 0.35 m and diameter of 0.6 m is equivalent to the
diameter of drying bin. The drying chamber is a cylindrical
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bin of 1.6 m height connected with the outlet end of plenum
chamber. A perforated metal sheet is placed between the
plenum chamber and drying bin. The bottom of the drying
chamber has an outlet for unloading. The entire system is
connected to the control panel which is equipped to switch
on/off the heater for temperature control and blower for air
distribution.

Conditioning of Black gram

Drying experiments

Black gram is filled to a height of 0.6m in the drying
bin after set temperature is attained. Air velocity is adjusted
with the help of the blower the outlet air velocity was
determined using a telescope probe hot wire anemometer
(Model: AM-4204, Lutron Electronics, Taiwan). Samples
for determining the moisture content were drawn every hour
using the sampling points at 3 points (0.05, 0.15 and 0.3m
from the bin wall) in all 4 bed depths (0, 0.2, 0.4 and 0.6m).The
K- Type thermocouples are fixed inside the bin at three
locations in each depth (0, 0.3 and 0.6) from the bottom of
the bin. i) Near the bin wall (about 0.03m), ii) At the center
of bin (0.3 m from bin wall), iii) In between center and wall
bin (0.10 m from the bin wall). The moisture and temperature
measurement points are denoted in Figure 2a & 2b. The
drying bin is divided into 3 layer top, middle and bottom
layers (Sharon et al., 2014). The thermocouple were
connected to a data logger (Data taker DT80, Thermo
Fishers Scientific, Australia) interfaced with a computer for
auto recording of temperature at every 10 min interval during
the drying. Humidity of the air entering and leaving the bin
was measured using a dial type hygrometer (Barigo,
Germany).

Black gram was cleaned and sorted to remove dust,
chaff  and other foreign particles. The grains were
conditioned to the required moisture content for drying by
adding calculated amount of water followed by mixing and
storage at 5°C in polythene bags for 3 days to ensure
uniform moisture distribution (Kumar et al., 2009).The
amount of distilled water added to obtain different moisture
content was calculated using following equation 1.

(1) s
f

if
w W  

)– M (100
)– M (M

  W 

Where, Ww = Amount of distilled water to be added,
(kg); Mi = Initial moisture content of the Black gram,
(% w.b.); Mf = Final moisture content, (% w.b.) and
Ws = Weight of Black gram (kg)

Moisture content

The moisture content (M.C) was determined by drying
10 g of unground grain in a hot air oven (Thermo Electron
Corporation, Marietta, O) at 130°C for 72 h (ASAE, 2003).
The oven dried samples were weighed before keeping in
the oven (Wi) and after 72h (Wf) to calculate the moisture
content in wet basis using equation 2.
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Figure 1. Experimental deep bed dryer.

(b)
Measurement points

Figure 2. Positions of (a) Moisture and
(b) Temperaturemeasurement in the drying bin.

(a)
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Experimental design

The effect of three independent variables inlet drying
air temperature, bed depth and drying time on the response
variable, final moisture content of Black gram during deep
bed drying was evaluated by using response surface
methodology (RSM). The variable levels were selected on
the basis of preliminary drying experiments. Table 1 shows
the levels of variables applied in the study. Experiments
were performed according to Central Composite Design
(CCD) with three levels of each independent variable and 6
central points. Table 1 shows the levels of variables applied
in the study. The behavior of the response surface was
investigated for the response variable (Yi). Experimental
data were fitted to the best suggested model and the
regression coefficients were obtained. The 2FI model is
proposed for predicting the response variable is given in
equation (2).

Yi = 0+ 1A + 2 B + 3 C + 4 AB + 5 AC + 6 BC (3)
Where i = 0-6 are the constant, linear and cross product

regression coefficients. A, B and C are coded independent
variables of air temperature, bed depth and drying time.

Analysis of data

Response surface analysis was carried out using a
commercial statistical package Design Expert, version 7.0.0
(Stat-Ease Inc, Minneapolis, MN). Regression analysis and
analysis of variance (ANOVA) were conducted by fitting
equation (1) to the experimental data to determine the
regression coefficients and statistical significance of model
terms. The significance of the model terms was assessed
by F-ratio at a probability (p) of 0.05. Model adequacies
were determined using model analysis, lack of fit test,
coefficient of determination (R2), predicted error sum of
squares (PRESS) and coefficient of variation (CV).

RESULTS AND DISCUSSIONS

The ANOVA results for different runs of drying
experiment are shown in Table 2 & 3. The values of the R2,
PRESS and CV (less than 10%), indicates that the model is
adequate to represent the response. Analysis of variance
also confirms that the models predicted the moisture
content with significant lack of fit, low PRESS and CV values,
and high R2, and adj-R2. Analysis of variance shows the
models are statistically significant for all responses at 95%
confidence level.

Coefficients with one factor indicate the effect of that
particular factor, while the coefficients with more than one
factor represent effect of the interaction between those
factors. Positive sign of the term indicates positive (additive)
effect, while negative sign indicates negative (antagonistic)
effect of the factor on the response.

Effect of inlet drying air temperature, bed depth and
drying time on moisture profile of Black gram

Drying temperature is a significant factor for all the
responses. The bed depth and drying time affected the
moisture content of Black gram prominently during the
drying process.Table 2 & 3 shows that the final moisture
content is significantly affected by all independent variables
namely drying air temperature (A), bed depth (B) and drying
time (C) at p < 0.05 for Black gram dried at 1.5 and 3 m/s air
velocity. Both drying air temperature and time exhibit a
negative effect whereas bed depth exhibit a positive effect
on moisture content in the drying bin as shown in the Figure
3 to 8. The interaction effect between drying air temperature,
bed depth and drying time influences the moisture content
of Black gram significantly except air temperature and bed
depth (p > 0.05). To visualize the combined effect of the
two factors on the response, the response surface and
contour plots were generated for each of the models in the
function of two independent variables, while keeping the
remaining independent variable at the central value (Figure
3 to 8).

In general, it was observed that the moisture content
of black gram decreases with increase in drying air
temperatures (Raghavan and Sosle, 2007). Also, the lowest
moisture content was observed at the bottom of the bed
and maximum at the top layers of the drying bed. This
shows that the rate of moisture removal was maximum at
the bottom of the bin and decreased with increasing depth.
As the depth increases, because of decreasing drying air
temperature the moisture removal decreases with additional
condensation of moisture which moving upwards from the
bottom layer of black gram (Chakraverty, A. 1975).

Effect of drying air temperatures 40, 50 and 60°C at
1.5 and 3 m/s air velocities on moisture profile of drying
black gram having initial moisture content 14%

The 2FI response surface model (Equation 4 for 1.5
m/s and Equation 5 for 3 m/s) describes the effect of process
variables drying air temperature (T), bed depth (d) and
drying time (t) on final moisture content of Black gram dried
from an initial moisture content of 14%.

M.C = 12.33 - 0.48T + 0.71d - 1.92t + 0.21Td -
0.41Tt + 0.64dt (4)

M.C = 11.82 - 0.36T + 0.72d - 2.24t + 0.02Td -
0.45Tt + 0.50dt (5)

The change in the moisture content of black gram
having initial moisture content 14% were analyzed from
response surface andcontour plots shown in Figure 3&4.
The bottom layers are over dried (M.C <11%) the top layer
is still in the drying zone (M.C > 12%)(Zhang et al., 2012).
At 50 °C the grains at the bottom are dried to a moisture
content of 7.9 %.
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Effect of drying air temperatures 40, 50 and 60°C at
1.5 and 3 m/s air velocities on moisture profile of drying
black gram having initial moisture content 17%

The 2FI response surface model (Equation 6 for 1.5
m/s and Equation 7 for 3 m/s) describes the effect of process
variables on final moisture content of Black gram dried from
an initial moisture content of 17%.

                        (a)                    (b) (c)
Figure 3.Profile of response surfaceand contour plots for final moisture content of 14% initial moisture content black gram dried
at 1.5 m/s air velocityas a function of (a). Bed depth (m) and drying air temperature (°C); (b). Drying time (h) and drying air
temperature (°C) and (c). Drying time (h) and bed depth (m).

                            (a)                              (b)       (c)
Figure 4. Profile of response surfaceand contour plots for final moisture content of 14% initial moisture content black gram dried
at 3 m/s air velocityas a function of (a). Bed depth (m) and drying air temperature (°C); (b). Drying time (h) and drying air
temperature (°C) and (c). Drying time (h) and bed depth (m).

M.C = 13.99 - 0.36T + 0.74d - 2.89t + 0.42Td - 0.43Tt +
0.70dt                                                  (6)

M.C = 13.97- 0.30T + 0.62d - 3.00t + 0.53 Td - 0.51Tt +
0.33dt                                                  (7)

The moisture profile of black gram having initial
moisture content 17% analyzed from response surface and
contour plots shown in Figure 5 & 6. The time taken for
grains to get dried in the decreases with increase in
temperature and increases with an increase in bed depth
(Zare and Chen, 2009).
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Effect of drying air temperatures 40, 50 and 60°C at
1.5 and 3 m/s air velocities on moisture profile of
drying black gram having initial moisture content
20%

The 2FI response surface model (Equation 8 for 1.5
m/s and Equation 9 for 3 m/s) describes the effect of process
variables on final moisture content of Black gram dried from
an initial moisture content of 17%.

M.C = 15.83 - 0.61T + 0.73d - 4.00t + 0.35 Td - 0.47Tt +
0.65dt                                                                  (8)

                             (a)                                   (b)          (c)
Figure 5. Profile of response surfaceand contour plots for final moisture content of 17% initial moisture content black gram dried
at 1.5 m/s air velocityas a function of (a). Bed depth (m) and drying air temperature (°C); (b). Drying time (h) and drying air
temperature (°C) and (c). Drying time (h) and bed depth (m).

                         (a)                               (b)      (c)
Figure 6. Profile of response surfaceand contour plots for final moisture content of 17% initial moisture content black gram dried
at 3 m/s air velocityas a function of (a). Bed depth (m) and drying air temperature (°C); (b). Drying time (h) and drying air
temperature (°C) and (c). Drying time (h) and bed depth (m).

M.C = 15.72 - 0.38T + 1.02d- 4.08t + 0.31 Td - 0.44Tt +
0.76dt                                                  (9)

The response surface and contour plots of final
moisture content of black gram having initial moisture
content 20% dried under different drying conditions are
shown in Figure 7 & 8. The moisture profile of black gram
shows that the drying at 3 m/s air velocity has created a
huge moisture gradient between the bottom and top layers
of grains dried in the bin when compared Black gram dried
at1.5 m/s air velocity. This trend is observed with an increase
in initial moisture content of Black gram (Figure 5 & 6).
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CONCLUSION

Respond surface analysis was effectively used to
determine the effect of drying air temperature, bed depth
and drying time on final moisture content of Black
gramduring deep bed drying. By using 2FI models fitted in
this study, the final moisture content profile of Black gram
dried from initial moisture content of 14, 17 and 20 % w.b
were predicted.The drying zone movement increases with
the air drying temperature thus drying at high temperature
of 60°C will ensure faster drying at the expense of high
energy consumption for the drying process. Using ambient
or low temperatures will reduce the energy utilization during
drying. There is a scope for intermittent drying here as it
will ensure uniform drying in a bulk drying system.

REFERENCES

Anjum, MF, Tasadduq, I, and Al-Sultan, K. 1997. Response surface
methodology: A neural network approach. European Journal of
Operational Research, 101: 65-73.

ASAE, 2003. Moisture measurement - Unground ASAE standards
Grain and Seeds. ASAE S352.2. In ASAE standards, 555. Sr.
Joseph, MI: ASAE.

Carl W and Hall, PE 1980. Drying and storage of agriculture crops.
AVI Publishing Company, INC, Westport, Connecticut, 132-134.

Cenkowski, S, DS Jayas and S Pabis. 1993. Deep-bed grain drying - a
review of particular theories. Drying technology, 11(7): 1553-1581.

Chakraverty, A. 1975. Some aspects of intermittent drying of paddy,
Journal of agriculture engineer. 13(1): 15-18.

                        (a)                               (b)          (c)
Figure 7. Profile of response surfaceand contour plots for final moisture content of 20% initial moisture content black gram dried
at 1.5 m/s air velocityas a function of (a). Bed depth (m) and drying air temperature (°C); (b). Drying time (h) and drying air
temperature (°C) and (c). Drying time (h) and bed depth (m).

                       (a)                              (b)        (c)
Figure 8. Profile of response surfaceand contour plots for final moisture content of 20% initial moisture content black gram dried
at 3 m/s air velocityas a function of (a). Bed depth (m) and drying air temperature (°C); (b). Drying time (h) and drying air
temperature (°C) and (c). Drying time (h) and bed depth (m).



60 Journal of  Food Legumes 28(1), 2015

Chakraverty, A 1994. Post-harvest technology of cereals, pulses
and oilseeds, Third edition, Oxford and IBH Publishing Co. Pvt.
Ltd. New Delhi.

GoI, 2013. Agricultural Statistics at a glance 2013, Directorate of
Economics and Statistics, Department of Agriculture and
Cooperation, Ministry of Agriculture.

Hunter, A 1988. Temperature and moisture front movement in an
aerated seed bulk. Journal of agricultural engineering research,
40(2): 113-127.

Jayas, DS, Noel DG and White 2003. Storage and drying of grain in
Canada: low cost approaches, Food control 14: 255-261.

Kumar, S, Alam, MS, Kumar, M, Singh, J, Bains, TS and Singh, J
2009. Physical and frictional properties of some pulse crops.
Journal of Food Legumes, 22(3): 190-197.

Myers, RH and Montgomery, DC 1995. Response surface
methodology: Process and product optimization using designed
experiments. New York: John Wiley & Sons, Inc.

Nimkar, PM and Mate, VN 2004. Resistance of black gram to airflow.
Journal of food science and technology, 41(3): 308-312.

Pabis, S, Jayas, DS and Cenkowski, S 1998. Grain drying: Theory
and practice. New York, NY: John Wiley, 303.

Raghavan, VGS and Sosle, V 2007. Grain Drying. In A. S. Mujumdar
(Ed.), Handbook of industrial drying Boca Raton, FL, CRC,
Taylor & Francis, 563-573.

Rajiv and Prasoon, V 2007. Post-Harvest Management of Pulses
Technical Bulletin, Institute of Pulses Research Kanpur, India.

Sharon, M, Abirami, CV and Alagusundaram, K  2014. Modeling
Moisture Diffusivity and Activation Energy of High Moisture
Black Gram in An in-bin Deep Bed Dryer. Trends in Biosciences,
7(14): 1755-1762.

Zare, D and Chen,  G 2009. Evaluation of a simulation model in
predicting the drying parameters for deep-bed paddy drying.
Computers and Electronics in Agriculture, 68(1): 78-87.



Journal of Food Legumes 28(1): 61-65, 2015

Bemisia tabaci (Gennadius) elicited leaf chlorophyll loss in blackgram (Vigna
mungo (L.) Hepper)
G.K. TAGGAR, R.S. GILL, A.K. GUPTA and SARVJEET SINGH

Department of Plant Breeding & Genetics, Punjab Agricultural University, Ludhiana-141004, Punjab, India;
E-mail: gauravtaggar@pau.edu
(Received : April 25, 2014 ; Accepted : February 18, 2015)

ABSTRACT

The effect of feeding by whitefly, Bemisia tabaci (Gennadius)
(Homoptera: Aleryrodidae) on chlorophyll loss was
quantified from the leaves of nine blackgram (Vigna mungo
(L.) Hepper) genotypes over a period of two seasons. The
chlorophyll content indices declined significantly in all the
genotypes under whitefly-infested conditions, both at 30 and
50 days after sowing (DAS) particularly in the lower canopy
of the plants. During both seasons, the moderately resistant
genotypes (NDU 5-7 and KU 99-20) recorded lowest per cent
decrease in the chlorophyll content, whereas highly
susceptible genotypes (KU 7-504 and KU 7-505) recorded
highest per cent decrease in the chlorophyll contents under
whitefly-infested conditions.

Keywords: Bemisia tabaci, Blackgram, Chlorophyll content
index, Plant canopy, Whitefly-infested conditions.

Blackgram, Vigna mungo (L.) Hepper, commonly
known as urdbean, belonging to family Leguminosae or
Fabaceae, is an important pulse crop grown during kharif
and summer throughout India. Blackgram has been
distributed mainly in tropical and sub-tropical countries.
Damage caused by insect-pests is attributed as a major
constraint in the successful cultivation of this crop
translating into low yield levels. Under Punjab conditions,
about 35 insects and mites have been reported to attack
blackgram during various stages of crop growth (Chhabra
and Kooner 1998). Whitefly, Bemisia tabaci (Gennadius)
(Homoptera: Aleyrodidae) is a major pest of many pulse
crops including kharif blackgram, besides mungbean and
soybean (Chhabra and Kooner 1998). Being a polyphagous
pest, B. tabaci feeds on a number of host plants, which
ul timately suffer serious damages due to higher
multiplication of the pest population. Feeding injury causes
leaf chlorosis and abnormal plant growth. Furthermore,
honeydew production stimulates the growth of sooty mold
on lower leaves. B. tabaci is a known vector of number of
plant viruses (Duffus 1987), particularly the viruses causing
yellow mosaic disease many pulse crops including
blackgram. Histological studies of feeding by B. tabaci
have shown that the phloem is the primary feeding site and
stylet penetration through the parenchyma is usually
intercellular (Walker 1985). Nevertheless, feeding by B.
tabaci nymphs and adults causes chlorosis in the infested
plants (Hoelmer et al., 1991). The losses due to B. tabaci
and other insect pests in blackgram have been reported to

range from 17.42 to 71 per cent at different locations (Saxena,
1983, Chhabra, 1992 and Mansoor-ul-Hassan et al., 1998).

Chlorophyll catabolism can be differentiated into two
types- chlorophyll catabolism associated with normal
progressive senescence in plants, whereas other being leaf
chlorosis in growing plants elicited by herbivore feeding,
nutritional deficiencies, or pathogen infections (Ni et al.
2002). Although chlorophyll degradation in vitro has been
well documented (Janave 1997, Matile et al. 1999, Takamiya
et al. 2000), the mechanism of chlorosis caused by herbivore
infestation remains unclear. Insect-induced chlorosis
usually impairs host plant photosynthesis.

One of the prerequisites for developing arthropod
resistant cultivars is the identification and categorization
of sources of resistance. An important aspect of B. tabaci
management is host plant resistance, and improving our
understanding of how B. tabaci affects host physiology is
important in identifying new targets for whitefly resistance
in blackgram. Injury by leaf feeding tetranychid and
eriophyid mites that cause chlorosis has been investigated
extensively and found to impair photosynthesis in plants
(Welter 1989). However, the effect of feeding injury by
aleyrodids on photosynthesis in plants, particularly in
blackgram has not been examined. On account of the
agricultural and ecological significance of whitefly and its
legume hosts, our research focused on understanding the
mechanism of whitefly elicited leaf chlorosis in blackgram
genotypes. Thus, the objective of the present research
herein was to examine the effect of feeding by B. tabaci
nymphs and adults on the chlorosis in blackgram genotypes.

MATERIALS AND METHODS

Blackgram genotypes: Nine blackgram genotypes
were used in the multiple-choice test conducted inside a
screen-house. These nine genotypes had shown different
levels of resistance to B. tabaci based on the whitefly
resistance index (WRI) (Taggar and Gill, 2012 and Taggar et
al., 2013). Genotypes KU 99-20 and NDU 5-7 were
moderately resistant, whereas genotypes KU 7-504 and KU
7-505 were highly susceptible to B. tabaci under screen-
house conditions. Other blackgram genotypes evaluated
were susceptible to B. tabaci.

Whitefly colonies: Field collected B. tabaci adults
were released on disease-free blackgram variety Mash 1-1
grown in earthen pots in insecticide-free, natural conditions
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simulated under screen-house. Non-viruliferous whiteflies
were transferred to the insect-transfer cabin for sexing. For
raising the insect culture, paired individuals were aspirated
from the glass pan and released on brinjal plants (Solanum
melongela L.) grown in pots and covered with split-cages.
Whiteflies were collected from these colonies and re-
introduced on blackgram variety Mash 1-1 for conditioning.
The whiteflies were allowed to develop and multiply on
these plants till newly emerged adults appeared on the
plants. Old plants were replaced with young ones, when
needed. The whiteflies from this culture were further used
to conduct the experiments.

Multiple-choice test: All nine genotypes were sown
in plastic pots (10 cm in diameter) with single plant per pot
and arranged in completely randomized design (CRD)
replicated thrice inside the screen-house during July 2009
and July 2010. Five such pots of each genotype represented
one replication. Whitefly adults were aspirated and 100
adults per plant were released on the genotypes at 3rd

trifoliate leaf stage randomly at different places inside the
screen-house for their uniform distribution (Taggar et al.,
2013). For estimating the chlorophyll contents of the plants,
leaf samples representing fully-formed trifoliate leaf from
the upper, middle and lower canopies of 30 and 50 day old
plants were used in each replication. The same nine
genotypes were kept free from whitefly infestation in a
separate screen house which served as a control.

Chlorophyll estimation: The leaf chlorophyll
estimations were carried out from fresh leaves of the nine
test genotypes of blackgram from both whitefly-infested
and non-infested plants. Chlorophyll estimation was
performed using hand-held Opti-Sciences CCM-200

Chlorophyll Content Meter (Opti-Sciences, Tyngsboro,
Massachusetts, USA) from each trifoliate belonging to
upper, middle and lower plant canopy from each genotype
and replication. The CCM-200 uses absorbance to estimate
the chlorophyll content in leaf tissue. Two wavelengths
are used for absorbance determinations. One wavelength
(653 nm) falls within the chlorophyll absorbance range while
the other (931 nm, near-infra red) serves to compensate for
mechanical differences such as tissue thickness. The meter
measures the absorbance of both wavelengths and
calculates a unitless Chlorophyll Content Index (CCI) which
is defined as the ratio of per cent transmission at 931 nm to
653 nm through a leaf sample (Richardson et al., 2002).
Three non-overlapping measurements were taken
replication wise per genotype.

Sta tist ical analysis: The replicated data of
chlorophyll contents of both the years were pooled together
and subjected to analysis of variance and compared across
genotypes. The data were analyzed using CPCS-1.0 software
package developed by Cheema and Singh (2000).

RESULTS AND DISCUSSION

Leaf chlorophyll content

Upper canopy: As is evident from Table 1, the mean
chlorophyll content index at 30 days after sowing (DAS)
varied significantly amongst all the genotypes and a
reduction in the CCI values was observed in whitefly-
infested plants as compared to non-infested plants. The
highest per cent decrease in the chlorophyll content due to
whitefly feeding at 30 DAS was observed in the highly
susceptible genotypes viz. KU 7-504 and KU 7-505 whereas,

*Mean of three replications
#Released @100 adults/plant
DAS = Days after sowing

Table 1. Effect of B. tabaci feeding on the mean chlorophyll content (CCI values) in the upper canopy of blackgram genotypes

Genotype *30 DAS Mean Decrease 
(%) 

*50 DAS Mean  Decrease  
(%) No Whitefly infestation 

(NWI) 
#Whitefly-infested 

(WI) 
No Whitefly infestation

(NWI) 
# Whitefly-infested

(WI) 
KU 7-504 25.17 19.17 22.67 19.8 21.92 13.26 17.59 39.4 
KU 7-505 25.15 19.15 22.65 19.8 21.87 13.27 17.57 39.2 
KU 7-602 25.14 20.58 23.54 12.7 21.88 15.95 18.91 27.0 
KU 7-605 25.12 20.68 23.56 12.4 21.84 15.96 18.87 26.8 
KU 7-618 25.16 20.76 23.59 12.4 21.88 15.94 18.93 27.1 
KU 99-20 25.12 23.12 24.59 4.2 21.84 18.31 20.08 16.1 
IPU 02-043 25.14 20.75 23.58 12.4 21.87 15.94 18.90 27.1 
NDU 5-7 25.12 23.33 24.64 3.8 21.90 18.31 20.11 16.4 
Mash 1-1 25.06 20.61 23.18 14.9 21.82 15.49 18.65 29.0 
Mean 25.13 20.90   21.87 15.82   

CD (p=0.05)  Genotype    0.12            CD (p=0.05)      Genotype 0.08 
                                            NWI /WI    0.05                                                NWI /WI 0.03 
                          Genotype x NWI/WI    0.10                              Genotype x NWI/WI 0.08 
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the moderately resistant genotypes (NDU 5-7 and KU 99-
20) recorded the lower per cent decrease in the chlorophyll
contents after whitefly feeding. However, all the genotypes
at 50 DAS showed a progressive decrease in the chlorophyll
contents due to  whi tefly feeding, with the highly
susceptible genotypes (KU 7-504 and KU 7-505) recording
the highest per cent decrease in the chlorophyll contents.

Middle canopy: There was a significant reduction in
chlorophyll contents on all the blackgram genotypes in the
whitefly-infested conditions at 30 and 50 DAS (Table 2).
Chlorophyll contents declined in the genotypes under

whi tefly-infested condi tions. Moderately resistant
genotypes NDU 5-7 and KU 99-20 recorded comparatively
lower percent decline in chlorophyll content under whitefly-
infested conditions both at 30 and 50 DAS. On the other
hand, the highly susceptible genotypes KU 7-504 and KU
7-505 recorded significantly higher chlorophyll loss upon
whitefly feeding both at 30 and 50 DAS. The remaining
genotypes viz., IPU 02-043, KU 7-618, KU 7-605, KU 7-602
and Mash 1-1 recorded intermediate loss in chlorophyll
contents after whitefly infestation.

Lower canopy: The data on the chlorophyll contents

Table 2. Effect of B. tabaci feeding on the mean chlorophyll content (CCI values) in the middle canopy of blackgram genotypes

*Mean of three replications
#Rel eased @100 adul ts/pl ant
DAS = Days after sowing

Genotype *30 DAS Mean Decrease  
(%) 

*50 DAS Mean  Decrease 
(%) No Whitefly infestation 

(NWI) 
# Whitefly-infested 

(WI) 
No Whitefly 

infestation (NWI) 
# Whitefly-infested 

(WI) 
KU 7-504 20.34 17.34 18.84 14.4 17.87 9.46 13.67 47.1 
KU 7-505 20.47 17.32 18.89 15.0 17.81 9.44 13.62 47.0 
KU 7-602 20.43 18.39 19.41 9.9 17.79 13.40 15.59 24.7 
KU 7-605 20.32 18.46 19.38 9.1 17.83 13.38 15.60 24.9 
KU 7-618 20.51 18.42 19.47 10.1 17.81 13.42 15.62 24.7 
KU 99-20 20.42 19.40 19.91 5.0 17.82 16.51 17.17 7.4 
IPU 02-043 20.34 18.42 19.38 9.3 17.79 13.39 15.59 24.7 
NDU 5-7 20.45 19.37 19.91 5.2 17.87 16.35 17.11 8.5 
Mash 1-1 20.36 17.53 18.94 13.6 17.82 11.75 14.79 33.8 
Mean 20.4 18.29   18.32 13.01   
CD (p=0.05)                                            Genotype 0.09  CD (p=0.05)         Genotype 0.12 

                                               NWI /WI 0.04                                                 NWI /WI 0.05 
                            Genotype x NWI/WI 0.14                               Genotype x NWI/WI 0.18 

 

*Mean of three replications
#Released @100 adults/plant
DAS = Days after sowing

Table 3. Effect of B. tabaci feeding on the mean chlorophyll content (CCI values) in the lower canopy of blackgram genotypes

Genotype *30 DAS Mean Decrease 
(%) 

*50 DAS Mean  Decrease 
(%) No Whitefly infestation 

(NWI) 
# Whitefly-infested 

(WI) 
No Whitefly infestation 

(NWI) 
# Whitefly-infested 

(WI) 
KU 7-504 15.89 10.77 13.33 31.9 13.81 5.39 9.60 60.8 
KU 7-505 15.96 10.80 13.38 32.0 13.83 5.40 9.62 60.8 
KU 7-602 15.93 13.89 14.91 12.9 13.79 10.07 11.92 26.7 
KU 7-605 15.92 13.95 14.93 12.4 13.87 10.09 11.98 27.0 
KU 7-618 15.93 13.94 14.93 12.6 13.75 10.09 11.92 26.3 
KU 99-20 15.94 15.02 15.48 5.9 13.77 12.38 13.07 10.1 
IPU 02-043 15.96 13.94 14.95 12.7 13.84 10.09 11.97 26.9 
NDU 5-7 16.01 14.99 15.50 6.5 13.81 12.45 13.13 9.9 
Mash 1-1 15.95 12.22 14.08 22.5 13.84 8.92 11.38 35.0 
Mean 15.94 13.28   13.81 9.43   
CD (p=0.05)                                       Genotype 0.07  CD (p=0.05)     Genotype 0.08 

                                                   NWI/WI 0.03                                             NWI/WI 0.03 
                                 Genotype x NWI/WI 0.10                           Genotype x NWI/WI 0.11 
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of whitefly-infested and non-infested blackgram genotypes
in the lower canopy at 30 and 50 DAS (Table 3) revealed
significant variation in the chlorophyll content index in all
the genotypes under whitefly-infested conditions at 30
DAS. The chlorophyll content index decreased significantly
under whitefly-infested conditions as compared to non-
infested conditions and the genotypes showed variations
in the CCI under different infestation conditions. The
highest percent decrease in the chlorophyll content due to
whitefly feeding at 30 DAS was observed in the highly
susceptible genotypes viz. KU 7-504 and KU 7-505, whereas,
the moderately resistant genotypes (NDU 5-7 and KU 99-
20) recorded the lower per cent decrease in the chlorophyll
contents after whitefly feeding. Chlorophyll content index
of different genotypes also showed significant variations
under whitefly-infested and non-infested conditions at 50
DAS as well. The interaction among these two factors also
showed significant differences. Genotypes KU 7-504 and
KU 7-505 recorded significantly lowest CCI under whitefly-
infested conditions. Highest decrease in the chlorophyll
content (up to 60.8%) was observed in highly susceptible
genotypes viz. KU 7-504 and KU 7-505 after feeding of B.
tabaci.

Chlorophyll content was significantly influenced by
whitefly infestations. B. tabaci infestation caused a
significant chlorophyll reduction in all the blackgram
genotypes in comparison with the non-infested plants. In
the present studies, the chlorophyll contents decreased
significantly upon the infestation of whitefly, particularly
in the lower canopy of the plants. Since the leaves in the
lower canopy of the plants harbour greater number of
stationary life stages (nymphs and pupae) which
continuously feed over a longer period than the adults,
results in greater loss of chlorophyll. Furthermore,
chlorophyll content was also significantly lower in
susceptible genotypes supporting significantly higher
whitefly population and vice-versa.

The hypothesis for decreased chlorophyll content
in whitefly-infested and susceptible genotypes may be due
to increased probing activity on these susceptible
genotypes as compared to resistant ones. This increased
probing could have caused more destruction of the
photosynthetic system and thus, removal of excessive
chlorophyll in the susceptible genotypes of blackgram. The
decrease in the chlorophyll content may also be due to the
inhibition of pigment biosynthesis which results from the
alteration in mineral nutrition or lack of assimilates and drain
towards the insect or to the effect of reactive oxygen species
on these pigments (Stacey and Keen 1996). Jindal (2004)
also reported a decrease in chlorophyll a and b contents
besides a reduction in the total chlorophyll content due to
B. tabaci feeding on cotton plants. In the present studies,
the genetic background of different blackgram genotypes
also could have contributed to the variation in chlorophyll

contents. Information on the genetics of B. tabaci resistance
in these genotypes and the spectrum of their resistance
against other pests would clarify their potential for use as
resistance sources in legume breeding programs.

To conclude, the chlorophyll content indices declined
significantly in all the genotypes under whitefly-infested
conditions, both at 30 and 50 DAS particularly in the lower
canopy of the plants. During both years, genotypes NDU
5-7 and KU 99-20 recorded the lowest percent decrease in
the chlorophyll content under whitefly-infested conditions,
thus indicating their resistance to B. tabaci.
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ABSTRACT

Field experiment on efficacy of different pyrethroid alone
and in combination with dimethoate against girdle beetle of
soybean was conducted during kharif season of 2011-2012
on field of Department of Agricultural Entomology, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola. The
experiment was planned in Randomized Block Design with
gross plot size 4.5 x 3.0 m2 and net plot size 3.6 x 2.6 m2 with
twelve treatments replicated thrice with the object to study
the effect of synthetic pyrethroid in combination with
dimethoate on the incidence of girdle beetle of soybean. In
evaluation study twelve treatments were tested against girdle
beetle Obereopsis brevis Gahan on soybean. The result
revealed that treatment dimethoate 30 EC @ 0.045%
deltametrin 2.8 EC @ 0.0028% and deltametrin 2.8 EC @
0.0028% + dimethoate 30 EC @ 0.045% were found
significantly effective in minimizing the cumulative mean
per cent infestation of girdle beetle of soybean. All insecticide
treatments were observed to be safer to lady bird beetle and
are non phytotoxic. Hence it is concluded that these
combinations found beneficial for the management of girdle
beetle.

Keywords: Pyrethroids, dimethoate, girdle beetle, ICBR.

Soybean, a legume crop is native of East Asia that is
grown for oil and protein around the world, cultivated
primarily in warm and hot climates. Soybean is known as
the “Golden bean” of the 20th century, though soybean is
emerged as one of the important commercial crop in many
countries. Soybean is major oilseed crop of world. On the
global scale it becomes top on the list of oilseed crop in
India to increase the edible oil resources in the country due
to high yield potential. It contributes 21 per cent vegetable
oil pool in 2003-2004 (Hedge, 2005). Soybean is reported to
be attacked by 273 species of pest with an extensive rise in
area under soybean cultivation. The pest problem has also
been increased severely leads to minimize the yield level.
The extent of yield loss reported due to girdle beetle ranged
from 20-30% (Singh and Singh, 1990). To avoid the losses
suitable insecticides for controlling the insect pests are
very essential.

Now days, everywhere there is a problem of timely
availability of labour in rural area for the application of
plant protection measures. In order to manage stem boring
insect and to save labour, time and economics, there is a
popular practice among farmer for mixing of different

chemicals without knowing the mixing compatibility. Hence
to find out suitable, economical and effective combinations
of insecticides against girdle beetle, present study was
undertaken.

MATERIALS AND METHODS

Field experiment was conducted during kharif season
of 2011-2012 at Department of Agricultural Entomology, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola. The
experiment was planned in Randomized Block Design with
twelve treatments replicated thrice.

The twelve treatment used in present study were
consisting of cypermethrin 25 EC @ 0.01%, deltamethrin
2.8 EC @ 0.0028%, fenvalerate 20 EC @ 0.01%, alpha
cypermethrin 10 EC @ 0.003%, dimethoate 30 EC @ 0.045%,
cypermethrin 25 EC @ 0.01% + dimethoate 30 EC @ 0.045%,
deltamethrin 2.8 EC @ 0.0028% + dimethoate 30 EC @
0.045%, fenvalerate 20 EC @ 0.01% + dimethoate 30 EC @
0.045%, alpha cypermethrin 10 EC @ 0.003% +  dimethoate
30 EC @ 0.045%, triazophos 35% + deltamethrin 1% (36%
ready mix formulation) @ 0.09%, triazophos 40 EC @ 0.06%
+ deltametrin 2.8 EC @ 0.0028% and control (untreated).

Three sprays were undertaken starting from 30 days
after sowing at an interval of 15 days. Seedlings damaged
by girdle beetle were recorded per meter row length (mrl).
The cumulative average infestation of girdle beetle was
worked out based on average of three spraying. Per cent
infestation of girdle beetle was worked out. The data thus
obtained from the above experiment was subjected to
statistical analysis. Lastly economics and ICBR were
calculated for each treatment.

RESULTS AND DISCUSSION

The data presented in table 1 indicates the cumulative
mean per cent infestation of girdle beetle at 3 days after
spraying was found statistically significant. Treatment T7
(deltamethrin 2.8 EC @ 0.0028% + dimethoate 30 EC @
0.045%) was found significantly superior to T5 (dimethoate
30 EC @ 0.045%, T2  Deltametrin 2.8 EC @ 0.0028%), T11
(triazophos 40 EC @ 0.06% + deltametrin 2.8 EC @ 0.0028%),
and T12 (control) in recording minimum per cent infestation
of girdle beetle (1.66%) and it was found statistically at par
with T10 (triazophos 35% + deltamethrin 1% (36% ready mix
formulation) @ 0.09%), T1 (cypermethrin 25 EC @ 0.01%),
T4 (alpha cypermethrin 10 EC @ 0.003%), T6 (cypermethrin
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25 EC @ 0.01% + dimethoate 30 EC @ 0.045%), T3
(fenvalerate 20 EC @ 0.01%), T9 (alpha cypermethrin 10 EC
@ 0.003% +  dimethoate 30 EC @ 0.045%) and T8 (fenvalerate
20 EC @ 0.01% + dimethoate 30 EC @ 0.045%).

Maximum cumulative per cent infestation of girdle
beetle (4.96%) was recorded in T12 control which in turn
was found significantly at par with T11 (triazophos 40 EC @
0.06% + deltametrin 2.8 EC @ 0.0028%), T2 (deltametrin 2.8
EC @ 0.0028%), T5 (dimethoate 30 EC @ 0.045%, T8
fenvalerate 20 EC @ 0.01% + dimethoate 30 EC @ 0.045%),
T9 (alpha cypermethrin 10 EC @ 0.003% +  dimethoate 30
EC @ 0.045%) and T6 (cypermethrin 25 EC @ 0.01% +
dimethoate 30 EC @ 0.045%).

The data presented in table 1 regarding cumulative
mean per cent infestation of girdle beetle at 7 days after
spraying was found statistically non-significant. However,
numerically minimum per cent infestation of girdle beetle

(1.39%) was recorded in T3 (fenvalerate 20 EC @ 0.01%),
while maximum per cent infestation of girdle beetle (2.83%)
was recorded in T5 (dimethoate 30 EC @ 0.045%).

The data presented in table 1 regarding cumulative
mean per cent infestation of girdle beetle at 14 days after
spraying was found statistically non-significant. However,
numerically minimum per cent infestation of girdle beetle
(2.35%) was recorded in T2 (deltametrin 2.8 EC @ 0.0028%),
while maximum per cent infestation of girdle beetle (4.15%)
was recorded in T8 (fenvalerate 20 EC @ 0.01% + dimethoate
30 EC @ 0.045%).

The effectiveness of deltamethrin 2.8 EC @ 0.0028%
+ dimethoate 30 EC @ 0.045% has been also demonstrated
by Shitole et al., (2011) against girdle beetle of soybean.

The data presented in table 2 regarding yield shows
that treatment T5 was found most effective in recording

Table 1: Average cumulative mean per cent infestation of girdle beetle

Figures in the parentheses (* indicates “X values values) and (** indicates “X +0.5 values)

Sr No Treatments 3 DAS* 7 DAS** 14  DAS** 
T1 Cypermethrin 25 EC @ 0.01% 2.33 (1.53) 1.81 (1.52) 3.20 (1.92) 
T2 Deltametrin 2.8 EC @ 0.0028% 3.64 (1.91) 1.42 (1.39) 2.35 (1.69) 
T3 Fenvalerate 20 EC @ 0.01% 3.14 (1.77) 1.39 (1.37) 3.35 (1.96) 
T4 Alpha cypermethrin 10 EC @ 0.003% 2.83 (1.68) 1.91 (1.55) 3.50 (2.00) 
T5 Dimethoate 30 EC @ 0.045% 3.35 (1.83) 2.83 (1.82) 2.48 (1.73) 
T6 Cypermethrin 25 EC @ 0.01% + dimethoate 30 EC @ 0.045% 3.12 (1.77) 1.70 (1.48) 3.46 (1.99) 
T7 Deltamethrin 2.8 EC @ 0.0028% + dimethoate 30 EC @ 0.045% 1.66 (1.29) 2.46 (1.72) 2.40 (1.70) 
T8 Fenvalerate 20 EC @ 0.01% + dimethoate 30 EC @ 0.045% 3.31 (1.82) 2.40 (1.70) 4.15 (2.16) 
T9 Alpha cypermethrin 10 EC @ 0.003% +  dimethoate 30 EC @ 0.045% 3.27 (1.81) 1.74 (1.50) 3.72 (2.05) 
T10 Triazophos 35% + deltamethrin 1% (36% ready mix formulation) @ 0.09% 2.32 (1.52) 1.95 (1.57) 3.60 (2.02) 
T11 Triazophos 40 EC @ 0.06% + deltametrin 2.8 EC @ 0.0028% 3.72 (1.93) 1.95 (1.57) 2.92 (1.85) 
T12 Control (Untreated) 4.96 (2.23) 2.24 (1.66) 3.91 (2.10) 
‘F’ Test Sig NS NS 
SE (m)± 0.18 0.18 0.20 
CD (p=0.05) 0.53 - - 
CV % 17.91 14.99 20.55 

 

Table 2: Yield of Soybean (q/ha)
Sr No Treatments    Average yield kg/plot Average yield q/ha 
1 Cypermethrin 25 EC @ 0.01%    1.870 20.00 
2 Deltametrin 2.8 EC @ 0.0028%    1.820 19.45 
3 Fenvalerate 20 EC @ 0.01%    1.710 18.30 
4 Alpha cypermethrin 10 EC @ 0.003%    1.900 20.30 
5 Dimethoate 30 EC @ 0.045%    2.130 22.81 
6 Cypermethrin 25 EC @ 0.01% + dimethoate 30 EC @ 0.045%    1.760 18.80 
7 Deltamethrin 2.8 EC @ 0.0028% + dimethoate 30 EC @ 0.045%    1.840 19.70 
8 Fenvalerate 20 EC @ 0.01% + dimethoate 30 EC @ 0.045%    1.850 19.80 
9 Alpha cypermethrin 10 EC @ 0.003% +  dimethoate 30 EC @ 

0.045% 
   1.910 20.39 

10 Triazophos 35% + deltamethrin 1% @ 0.09%    1.880 20.10 
11 Triazophos 40 EC @ 0.06% + deltametrin 2.8 EC @ 0.0028%    1.830 19.60 
12 Control (Untreated)    1.450 15.32 
 ‘F’ Test Sig Sig 
 SE (m)± 0.03 0.32 
 CD (p=0.05) 0.09 0.96 
 CV % 7.61 7.61 
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highest (22.81 q/ha) yield. Parmar et al. (2004) reported that
dimethoate 30 EC @ 0.045% increased highest seed yield
of castor against leaf hoppers. Sangle et al. (2004) reported
that diflubenzuron 5% + alpha cypermethrin 2.5% @ 4000
g/ha enhanced highest grain yield (695 kg/ha) against
Helicoverpa armigera in cotton. Vadodaria et al. (1998)
studied bioefficacy on ready mix insecticides against pest
of cotton and found that triazophos 35% + deltamethrin
1% (36% ready mix formulation) @ 0.09% increased  highest
quantity of grain yield (2056 kg/ha).

The data presented in table 3 regarding ICBR of
different treatments. Treatment T5 was found to be the most
economical treatment in recording highest yield (22.81 q/
ha) with ICBR of 1:11.21 and NMR of Rs 21593/ha. Parmar
et al. (2004) reported that dimethoate 30 EC @ 0.045% gave
the highest cost benefit ratio (1:24.5). It was found effective
and economical treatment against leaf hopper of castor.
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ABSTRACT

Nine chickpea genotypes were evaluated  against  Helicoverpa
armigera under field and laboratory  conditions. The number
of eggs  and  larvae of H.armigera on different genotypes
varied from  2.30  to 15.74  and  0.27 to 13.28 per five plants,
respectively. Genotype 5282 recorded significantly lowest
oviposition/egg laying  and  larval population of 5.28 eggs
and  3.56 larvae/five plants, respectively. Lowest pod damage
of 11.02 %  and PRSR score of 3 was observed in genotype
5282. Significantly highest grain yield of 1388 kg/ha was
recorded in genotype GL 25016. Under laboratory conditions,
the genotype GL 25016  recorded  lowest leaf damage score
of  2, whereas genotypes, viz, ICCL 86111,  RSG 963, 5282
and  ICC 10393 observed the leaf damage score of  3(1-9
scale). Lowest larval  survival was found on RSG 963 (53.33%).
The minimum  larval and pupal weight  of 1.01 and 0.156 g
was also observed  in genotype  5282. The genotype 5282,
RSG 963, GL25016, and ICCL 86111 have shown moderate
level of  resistance against H. armigera  and will be used as
valuable insect tolerance source in crop improvement
programme.

Keywords: Pod borer, Helicoverpa armigera, Chickpea
genotypes and Resistance

Chickpea (Cicer arientinum L.)  is a  premier  pulse
crop of India both in terms of area and production. In India,
chickpea was grown on  9.21  m  ha area with a production
and  productivity of 8.88  mt and  995 kg ha-1 respectively
(Anonymous 2013). India is the largest producer of chickpea
in the world sharing  68  and  70 per cent of the total area
(13.20 m ha) and production of  11.62  mt,   respectively
(Anonymous 2012).  In Punjab, it  was grown in an area of
2.0 thousand ha with a production of  2.8 thousand  tonnes
and  average yield of 1413 kg ha-1 during 2012-13
(Anonymous 2014a). Helicoverpa  armigera (Hübner)
(Lepidoptera:Noctuidae) is known to be the key pest of
chickpea (Reed  et al. 1987). It is one of the major limiting
factors in the production of chickpea all over  the world
and causes an estimated loss of $ 927 million in chickpea
and pigeonpea, and possibly over $5 billion  on different
crops worldwide (Sharma 2001). Yield losses due to gram
pod borer in chickpea may range from 70 to 95 per cent. Its
larvae cause serious damage to this crop during the fruiting
stage, initially by appearing on new leaves then shifting to
flowers, young shoots and finally entering the pods
(Prakash et al. 2007). A full grown larva feeds on grains by
making a hole in the pod and thrusts its head inside pod,

while its posterior part of the body remains outside. A single
larva can consume 30-40 pods in its life time (Taggar and
Singh 2012). Host plant resistance (HPR) can play a major
role in controlling H. armigera damage in combination with
other methods of pest control. Several chickpea genotypes
with less susceptibility to H. armigera (the genotypes that
have the capability to recover from pod borer damage) have
been identified in the past (Dua et al. 2005, Sharma et al.
2005). Host plant resistance is one of the cheapest and
most effective management tools for reducing damage by
H. armigera. Development of cultivars with resistance to
this pest could provide an effective approach in integrated
pest management (IPM) to minimize the yield losses (Sharma
et al. 2005).

MATERIALS AND METHODS

In the present study, nine genotypes of chickpea
were evaluated for resistance to H. armigera under field
and laboratory conditions. The experiment was conducted
at the Research Farms and Entomological Laboratory of
Pulses Section, Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana. Chickpea
genotypes  viz., ICCV 10, ICC 10393, GL 26054, GL 25016,
RSG 963, 5282, ICCL 86111(Check),  ICC 3137 (Check) and L
550 (Check)  found tolerant during screening of germplasm
and breeding material under AICRP on Chickpea
(Anonymous 2010) and Helicoverpa resistance screening
nursery ICRISAT,  Hyderabad  were  sown  on 12 t h

November  2013. The experiment was laid out in a
randomized block design with three replications. Each
genotype was sown  in five rows with  3.0 m row length
each under unprotected conditions. Infester  rows  (mixture
of chickpea genotypes, which were highly susceptible to
pod borer)  were sown as a border crop, in order to put
more pest pressure on the test genotypes. The observations
were made on eggs  and  larval population recorded from
five randomly selected  plants per replication at weekly
intervals. After harvest of crop, the per cent pod damage
was recorded by counting the total number of pods and
pods damaged by the Helicoverpa armigera  by examining
200 pods from 10 randomly selected plants per replication
per genotype. The yield of all the test genotypes of chickpea
were  recorded on whole plot basis which was further
converted into kilogram per hectare. The damage caused
by H.armigera was calculated and converted into per cent
damage by using the following equation:
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Genotypes were grouped into Resistant/Susceptible
category on the basis of PRSR (Pest Resistance Susceptible
Rating) rating (1-9 scale with 1- Immune and 9 - Highly
susceptible) (Anonymous 2014b). The percentage of pod
damage at maturity of test entry was compared with that of
the check cultivar. The test entries were then graded using
the following formula :

weeks revealed that, the number of  eggs and  larvae varied
from 5.28 to 9.50  and  3.56 to 6.72 per  five plants,
respectively and differed significantly among genotypes.
Mean number of eggs and larvae pooled over a period of
six weeks revealed that the  genotype 5282 recorded
significantly lowest egg laying  and larval population of
5.28  and 3.56  / five plants respectively and was statistically
on par with genotype ICCL 86111, RSG 963 and GL 25016
with  5.60, 5.61 and 5.75 eggs and  3.91, 3.88 and 3.94 larvae
per  five plants, respectively. The genotype L 550 had
recorded highest oviposition (9.50 eggs; 6.72 larvae  per
five plants) which was statistically on par with genotype
ICC 3137 (9.22 eggs ; 6.59  larvae per  five plants). The per
cent pod damage by  H.armigera on various  genotypes
were ranged from 11.02 to 41.42 % (Table 1). Lowest pod
borer damage was recorded in genotype 5282 (11.02 %)
which was on par with genotype ICCL 86111 (13.62 %) and
RSG 963 (13.84 %). The other genotypes viz.,  ICCV10 ,
ICC10393 , GL26054 and GL25016 recorded significantly
higher pod damage with per cent pod borer damage of  19.93,
16.24, 16.49 and 14.91 per cent, respectively than the
resistant genotype 5282. The highest pod damage was
recorded on genotype L 550 (41.42 %) which was on par
with genotype ICC 3137 (39.66 %).

PRSR rat ing was calculated on different test
genotypes of chickpea and the ratings of all genotypes
varied from 3 to 6. The genotype 5282 recorded lowest
PRSR rating of 3 which was on par with other  genotypes
viz. ICC 10393 GL 26054, GL 25016, RSG 963 and ICCL 86111
and these test genotypes recorded significantly lowest
PRSR value than the test genotypes. ICCV10 recorded PRSR
rating of 4.  The highest PRSR  (6)  was recorded in genotype
L 550 which was at par with ICC 3137.

The yield among various genotypes varied from 606
to 1388 kg/ha (Table 1). Significantly highest grain yield of
1388 kg/ha was recorded in genotype GL 25016. The other
genotypes viz., RSG 963, GL 26054, ICCV 10, ICCL 86111
and ICC 10393 recorded intermediate yield from 896 to 1296
kg/ha. Significantly lowest yield of 606 kg/ha was recorded
in  genotype ICC 3137 and was on par with genotype L 550,
which recorded yield of 640 kg/ha.

The similar results were also observed by Deshmukh
et al (2010) who screened 15 genotypes of chickpea against
H. armigera and found that BG-372, HC-1, SAKI-9516, Vijay
and Avrodhi were comparatively less susceptible as they
harboured lower larval population (1.07 to 1.32 larvae/plant).
These genotypes had lower pod damage (11.41 to14.16%)
and also recorded  higher grain yield (1375 kg/ha to 1187
kg/ha) than remaining cultivars. Our research findings are
also in agreement with the work of Cheema et al. (2010)
who screened a total of 119 genotypes of chickpea against
H. armigera and found that the mean  incidence of pod
borer on the promising genotypes, IC 269317, IC 268855, IC
269218 and IC 269347  ranged from 11.24 to 14.23 per cent

Total number of pods

Number of damaged pods
Per cent pod damage = × 100

Pest Resistance (%) = × 100
P.D. of check-P.D. of test genotype

P.D. check

where P.D. =    Mean of per cent pod damage
The pest resistance percentage is then converted to

PRSR ( 1 to 9) rating as cited below :

The test genotypes were also evaluated under
laboratory conditions for confirming their resistance
towards H. armigera by using detached leaf assay method
(Sharma et al.  2005). Terminal branches (three to four fully
expanded leaves with bud) of all the genotypes  were cut
with scissors and stick in a slanting manner into three per
cent agar- agar medium in bioassay cups. Ten neonate larvae
were released in each of the bioassay cups in three
replications. The observations on leaf feeding damage were
recorded on 1 to 9 scale (1 = <10% leaf area damaged, and
9 = >80% leaf area damaged) after 96 hours of release of
neonates. Per cent larval survival and  mean larval weight
were also recorded. The larvae which survived from the
bioassay experiment were provided with leaves of their
respective genotypes till their pupation and recorded pupal
weight.

RESULTS AND DISCUSSION

Field Screening: The H. armigera  eggs and  larvae
were recorded from different  genotypes of chickpea in
order to correlate them with morphological characteristics
on leaves and pods. Table 1 represents the data collected
during Rabi 2013-14 for studying the oviposition/ egg laying
preference and larval population of H.armigera on chickpea
genotypes in multiple choice test under field conditions.
The observations recorded and pooled over a period of  six

Pest Resistance (%) Pest Resistance Susceptible Rating (PRSR) 
100 1 Immune  
75  to   99 2 Highly resistant 
50  to   75 3 Resistant 
25  to   50 4 Moderately Resistant 
10  to   25 5 Intermediate 
-10  to   10 6 Equal to susceptible check 
-25  to –10 7 Moderately Susceptible 
-50  to –25 8 Susceptible 
-50  or  less 9 Highly susceptible       
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as compared to 21.36, 21.53, 23.94 and 35.4 per cent on the
check varieties PBG 1, L 550, GPF 2, and the Infester,
respectively.The mean Pest Resistance Rating (PRR) was 3
on the promising genotypes whereas it was 4 on check
varieties and 6 on the Infester. Genotype IC 269347 gave
high yield comparable to check varieties. Maurya et al.
(2007) also  evaluated chickpea germplasm for resistance
to  H. armigera  and indicated that genotypes ICC 1964,
ICC 143, ICC 729 and ICC 515 were least susceptible to H.
armigera damage, while others were moderately susceptible
with pod borer damage ranging from 70.2 to 95.6 %. The
cultivar ICC 709 gave significantly higher grain yield.

Detached Leaf Assay Experiment

The leaf damage  score in all the test  genotypes
varied from 2.00 to 7.00  out of 1 to 9 scale (Table 2). The
test entry GL 25016 had the lowest leaf damage score of 2
(highly resistant), whereas genotypes, viz., ICCL 86111,
RSG 963, 5282 and ICC 10393 had leaf damage score of 3
(Resistant). However, chickpea genotypes ICCV 10 and GL
26054 had leaf damage score of 4 which were considered
moderately resistant. Genotype ICC 3137 and local check L
550 having leaf damage score of 6 and 7, respectively came
under susceptible to moderately susceptible category.

Larval  survival  96 hours after release of neonate
larvae on different test genotypes varied from 53.33 to 90
per cent. Lowest larval survival was recorded on RSG 963
(53.33%)  followed by 5282,  ICCL 86111, GL 25016 and ICC
10393  with per cent larval survival of  54.44, 56.66, 57.77
and 61.11 per cent, respectively were on par with RSG 963.
However, genotypes ICCV 10, ICC 3137 and L 550 with
significantly higher larval survival of 81.10, 86.66, and 90
per cent,  respectively  were significantly different from
RSG 963.

Mean larval weights varied from 1.01 to 3.15 g on
various test chickpea genotypes. The minimum larval weight
was recorded in genotype 5282 (1.01 g). However
genotypes, ICCL 86111, RSG 963, GL 25016 and ICC 10393
were on par with each other with mean larval weight of 1.73,
1.88, 1.85 and 1.93 g, respectively but had significantly lower
larval weight than ICCV 10, ICC 3137 and L 550 which had
larval weight of 2.75, 3.08 and 3.15 g, respectively.

Mean pupal weight varied from 0.156 to 0.264g on
various test chickpea genotypes. The minimum mean larval
weight was recorded in genotype 5282 (0.156 g) and
genotypes ICCL 86111, RSG 963 and  GL 25016 were on par
with it having mean pupal weight of 1.62, 1.66 and 1.64  g,
respectively. These genotypes had significantly lower
pupal weight than ICC 10393 and GL 26054 (1.85 and 1.86 g,
respectively). ICCV 10, ICC 3137 and L 550 were recorded
to have highest pupal weight of 0.211, 0.228 and 0.264 g,
respectively.

Our results were in agreement with Sharma et al.
(2006) who evaluated 17 accessions of perennial Cicer for

resistance to H. armigera and found that there was a
signiûcant reduction in both leaf feeding and larval weights,
when the larvae were fed on the leaves o f Cicer
microphyllum accessions viz.,  ICC 17146, ICC 17236, ICC
17240, and ICC 17248. Relative resistance index based on
leaf feeding, larval survival and larval weight indicated that
C. microphyllum accessions  ICC 17146, ICC 17236, ICC
17234, ICC 17240, ICC 17243, and ICC 17248 were highly
resistant to H. armigera. Under natural infestation,
accessions belonging to C. microphyllum, C. canariense
and C. macracanthum suffered a damage rating of < 2.0
compared to 4.0 in C. judaicum accession ICC 7148 (annual
species) and 8.5–9.0 in the cul tivated chickpeas.
Mallikarjuna  et al.  (2007)  carried out  laboratory bioassay
using 3rd  instar larvae  and observed that some of the
progenies resulted in reduced larval weight, delayed
pupation, and at a  same times it was failed to pupate. Even
if pupae were formed, they took a long time to form pupae,
or  mortality before pupation, while those reared on
cultivated chickpea ICCV 10, pupated normally.

The present study concludes that genotypes 5282,
ICCL 86111, GL 25016, RSG 963 and ICC 10393 exhibited
lower  egg laying , larval population,  larval survival,  PRSR
values,  per cent pod damage and higher grain yield. High
and moderate resistance shown by chickpea genotypes in
our study represent a valuable tolerance source against
Helicoverpa  armigera  that could be exploited as  a  variety
or  by  development  of  resistant germplasm by using them
in breeding programmes.

a b

c d
Fig 1. Resistant genotypes of chickpea [(a) ICCL 86111,
(b) GL 25016, (c) 5282 and (d) RSG 963]

Fig 2. Susceptible genotypes of chickpea [(a) ICC 3137
and (b) L 550]

a b
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Table 1. Screening of chickpea genotypes against gram pod borer, H. armigera under field conditions

** Figures in parentheses are the transformed arc sine values
* Figures in parentheses are the transformed  “ n+1 values

S.No. Genotype Days to 50% 
flowering 

*Mean number of eggs of 
H. armigera per 5 plants 

*Mean larval   population of 
H.armigera per 5 plants 

**Pod damage 
(%) 

PRSR Yield 
(kg/ha) 

1 ICCV 10 105 7.76 (2.89) 5.36 (2.43) 19.93(26.45) 4 896 
2 ICC 10393 104 6.30 (2.65) 4.41 (2.23) 16.24(23.74) 3 956 
3 GL 26054 103 7.00 (2.77) 4.88 (2.33) 16.49(23.91) 3 1296 
4 GL 25016 102 5.75 (2.54) 3.94 (2.11) 14.91(22.67) 3 1388 
5 RSG 963 100 5.61 (2.52) 3.88 (2.12) 13.84(21.82) 3 1296 
6 5282 102 5.28 (2.45) 3.56 (2.04) 11.02(19.37) 3 956 
7 ICCL 86111 100 5.60 (2.51) 3.91 (2.12) 13.62(21.63) 3 993 
8 ICC 3137 105 9.22 (3.13) 6.59 (2.65) 39.66(39.00) 6 606 
9 L 550 100 9.50 (3.18) 6.72(2.67) 41.42(40.03) 6 640 
 C.D.(p=0.05)  (0.09) (0.11) (2.64)  60 

 

Figures in parentheses are the transformed arc sine values
** Figures in parentheses are the transformed  “ n+1 values

Table 2. Confirmation of resistance in different genotypes of chickpea using detached leaf assay method

S.No. Genotype Leaf damage score 
 (1-9 scale) 

% Larval survival 
(4 days after release) 

Mean larval weight 
(g)** 

Mean pupal weight(g)** 

1 ICCV 10 4 81.10(64.60) 2.75(1.94) 0.211(1.10)  
2 ICC 10393 3 61.11(51.48) 1.93(1.70) 0.185(1.09) 
3 GL 26054 4 74.44(59.73) 2.67(1.91) 0.186(1.09) 
4 GL 25016 2 57.77(49.47) 1.85(1.69) 0.164(1.08) 
5 RSG 963 3 53.33(46.90) 1.88(1.69) 0.166(1.08) 
6 5282 3 54.44(47.55) 1.01(1.42) 0.156(1.07) 
7 ICCL 86111 3 56.66(48.83) 1.73(1.65) 0.162(1.08) 
8 ICC 3137 6 86.66(72.31) 3.08(2.02) 0.228(1.11) 
9 L 550 7 90.00(74.96) 3.15(2.04) 0.264(1.12) 
 C.D.(p=0.05)  (13.76) (0.11) (0.01) 
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against blister beetle, Mylabris pustulata (Thunberg) in pigeonpea
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ABSTRACT

The present study aimed at initiating the collection of
indigenous Bacillus thuringiensis strains from Punjab,
determining diversity among them and identifying the
potential strains active against blister beetle, Mylabris
pustulata. To accomplish this, B. thuringiensis was investigated
from soils of 12 districts of Punjab, representing diverse
agroclimatic zones and geographical areas of the state. A
total of 71 samples were collected from various districts to
isolate native B. thuringiensis (Bt) strains. Phenotypic
characterization and identification of recovered Bt isolates
was  acc omplishe d on the  bas is o f mo rpho logical
characteristics of colonies and the presence of parasporal
crystal proteins. Bt index was highest in the samples collected
from the districts of Bathinda, Faridkot, Ferozepur and
Jalandhar and lowest in the samples collected from Moga
district. When viewed under Phase-Contrast microscope
under 100X (Oil immersion objective), Bt isolates were found
to exhibit different crystal shapes (bipyramidal, elliptical &
cylindrical) and different spore positions (terminal, sub-
terminal, para-terminal, para-central and central). In-vitro
bioassays against adult beetles indicated that two native Bt
isolates, viz. LDH3-2 and FDK3-3 were found to be promising
in terms of registering the highest beetle mortality, lower
flower consumption and beetle weights. Identification of any
such native isolate(s) effective against M. pustulata will play
a key role in insect pest management in pigeonpea as well
as in diminishing the use of chemical insecticides.

Keywords: Mylabris pustulata , Bacillus thuringiensis,
Pigeonpea, In-vitro bioassay, LC50

Increasing public concern about environmental
hazards and widespread resistance in pest populations is
threatening the continued effectiveness of conventional
insecticides. This threat is especially true for the blister
beetle, Mylabris pustulata (Thunberg (Coleoptera:
Meloidae)), which is one of the most serious pests of
pigeonpea, Cajanus cajan Millsp., in Punjab, India.  M.
pustulata is a polyphagous insect pest of pigeonpea,
widely distributed in the central and sub-mountainous
regions of Punjab. It is an insect pest of high economic
importance because it causes extensive flower damage in
pigeonpea through feeding. The control of this pest is
currently accomplished with chemical insecticides that can
be toxic both to man and environment. Therefore, alternative
control measures should be developed.

One of such alternatives may be provided by the
entomopathogenic bacterium Bacillus thuringiensis (Bt).

During sporulation, this gram-posi tive bacterium
synthesizes crystalline parasporal inclusions composed of
insecticidal proteins, known as -endotoxins (Crickmore et
al. 1998), which are friendly to the environment and the
agroecosystem biodiversity and highly toxic and specific
to certain insect pests. The crystal proteins form a large
family of homologous, but different, proteins with unique
specificities. Each protein is active against only one or a
few insect species (de Maagd et al. 2001; Schnepf et al.
1998). Proteins of the Cry3 (Herrnstadt et al. 1986;
McPherson et al. 1988), Cry7 (Lambert et al. 1992), and
Cry8 (Sato et al. 1994) classes are active against insects of
the order Coleoptera (beetles and weevils). Cry3Aa is the
most active natural protein for the important potato pest,
Colorado potato beetle, Leptinotarsa decemlineata (Say).
However, Cry1Ba and Cry1Ia have been shown activities
against coleopterans, although their toxicity for CPB is
much lower than that of Cry3Aa (Bradley et al. 1995; Tailor
et a l. 1992). The entomopathogenic bacterium,
B. thuringiensis, applied as a bioinsecticide, is one of the
major alternatives to chemical control (Federici, 2005; Praça
et al. 2004). Based on the insecticidal activity of Bt,
commercial biopesticides have been developed for the
control of lepidopteran, dipteran, and coleopteran larvae
of economic importance.

The identification of native B. thuringiensis strains
active against M. pustulata requires an extensive screening
programme and involves the test individuals to be exposed
to a number of different toxic concentrations under
controlled bioassay conditions. Evaluation of gut poisons
must rely on an effective feeding system that ensures the
ingestion of sufficient dose, which is the basis for a reliable
screening program of toxins in bioassays, and also to
determine dose-mortality relationships, directed towards
the estimation of LC50s. So far, no Bt-based bioassay
procedure has been published for M. pustulata, to test in-
vitro toxicity, in contrast to the abundant information
available for coleopteran insects. The objective of the
present study was to isolate, screen and evaluate the
biopoteny of some native Bt isolates isolated from Punjab
soils based on their toxicity profiles against M. pustulata.
In this report, we present a feeding procedure developed
to test in-vitro toxicity of some native Bt isolates against
M. pustulata. This information may provide a basis for a
reliable screening program of B. thuringiensis toxins, or
any other gut poisons against M. pustulata.
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MATERIALS AND METHODS

Collection of soil samples: A total of seventy one
(71) soil samples were collected from 12 different regions
distributed widely between latitudes 29.30°N to 32.32°N
and longitudes 73.55°E to 76.50°E in Punjab. The regions
covered are representative of diverse agroclimatic zones
and geographical areas of the state. Soil samples were
collected using a sterile spatula from surface to a depth of
3-5 cm and kept in sterile plastic bags. The samples were
stored at 4oC temperature until use.

Isolation of Bacillus thuringiensis: The acetate
selection protocol of Travers et al., (1987) was used for Bt
isolation with some modifications. To 100ml Luria broth
buffered with 0.25M sodium acetate (pH- 6.8), 5g soil sample
was added. The mixture was shaken for 4 hr at 250 rpm at
30o C using rotatory shaker incubator. Heat treatment was
given at 80oC for 3 min and 0.2ml of this suspension was
spread on Luria agar and incubated overnight at 30oC. On
the next day, colonies were selected randomly on the basis
of morphological characteristics (white, round and flat with
wavy margin) from the inoculated plate and stored for further
identification. The reference strain (from standard Cry3A
producing strain, B. thuringiensis subsp. morrisoni LM79)
was obtained from Bacillus Genetic Stock Centre, The Ohio
State University, Ohio, USA).

Bt index: The Bt index was calculated for each sample
as the number of isolates of B. thuringiensis divided by
the number of isolates of sporulated bacilli. After
identification as B. thuringiensis, the colonies were
inoculated onto nutrient agar and stored as stock culture
for insecticidal activity test.

Phase contrast microscopy: Cells from Bacillus-like
colonies were examined for the presence of parasporal
inclusion bodies by phase contrast microscope. Bacteria
from these colonies were cultured in 5-mL aliquots of T3
medium (Travers et al. 1987) at 30°C in an orbital shaker at
200 rpm for 72 h. Slides with sporulating broth were
observed under phase contrast microscope using a 100X
oil immersion objective and endospore and crystal protein
were examined.

Insect collection and rearing: For initiating the
culture of insects in the laboratory, the populations
comprising adults of Mylabris pustulata were collected
from pigeonpea fields of Ludhiana during the kharif seasons
of 2012 and 2013. The insects were collected and brought
to the Pulses Entomology Laboratory, Department of Plant
Breeding & Genetics, PAU, Ludhiana in perforated
polythene bags and/or plastic containers covered with
muslin and maintained on natural food in the laboratory.
For providing natural food to the test insects, fresh and
unsprayed pigeonpea flowers of recommended pigeonpea
variety PAU 881 (sown separately in the field) were used.
Populations of M. pustulata were reared on fresh flowers
of pigeonpea in the laboratory at room temperature. The

beetles were placed in plastic battery jars (measuring 10 cm
x 15 cm) and covered with a piece of muslin fastened with
rubber bands around their rim. Flowers were changed daily
in the jars. Uniform sized adult beetles were selected for the
experiments and transferred into separate plastic battery
jars covered with muslin and secured with rubber bands.
The selected adult beetles were pre-starved for 6 hours for
further use in bioassay experiments.

In-vitro bioassay: In order to determine appropriate
length of time necessary to observe optimal mortality,
appropriate Bt Cry protein concentrations necessary to
establish LC50 values, and whether bioassays could be
conducted with an acceptable (<10%) control mortality,
preliminary in-vitro bioassay tests were carried out for the
isolated native Bt isolates along with standard. Freshly
plucked pigeonpea (var. PAU 881) flowers collected from
the field were placed immediately in polythene bags and
brought to the laboratory. Stock solutions of Bt Cry proteins
were diluted using distilled water. This suspension was
obtained by dissolving individual pellets of native Bt
isolates in appropriate quantity of distilled water and CMC
using a magnetic stirrer for 5 min. and the final volume was
made 10 ml. To determine the appropriate concentration
range, preliminary bioassays with three concentrations
(0.20, 0.50 and 0.75%) and a negative control were performed
with Bt suspension (containing spores and crystals) of
native isolates along with standard Bt isolate to assess
their toxicity for M. pustulata. Fifty (50) pigeonpea flowers
were used for each treatment and the treated flowers were
air-dried for 5 minutes before transferring them to the
individual jars (Fig 1). Control consisted of a water-only
treatment for all replicates. Pre-starved adults of blister
beetle were used for preliminary in vitro bioassay
experiments to assess the bio-efficacy spectrum of native
Bt isolates. A set of five adult beetles per treatment were
transferred from the culture with the help of forceps to
each of the plastic battery jars and covered with muslin
cloth using a rubber band for air circulation and to prevent
the escape of the insects. The preliminary bioassays
included three replicates per treatment and each treatment
included five adult beetles. Observations on beetle mortality
were recorded after 72 hrs of treatment (at a point where
mortality stabilized after a period of constant increase) and
statistically analyzed using standard statistical software.

Bioassays to determine 50% lethal concentration
(LC50) were performed only with the isolates that showed
high levels of toxicity (per cent mortality ranging from 0 to
100%) for M. pustulata in the preliminary bioassays.
Mortality (beetles that did not show any reaction when
they were prodded were considered dead) was assessed
after 72 hours after treatment for each treatment. Insect
mortality in control was rare, but wherever necessary, the
per cent mortality was corrected using the Abbott’s formula
(Abbott 1925):



Taggar et. al., : In-vitro toxicity profile of native Bacillus thuringiensis isolates from Punjab soils against blister beetle 75

The log concentration-mortality regression was
estimated by probit analysis using POLO-PC (LeOra
Software, Berkeley, CA, 1987) to determine the
susceptibility to the different isolates based on the
calculations given by Finney (1971). The values of LC50,
LC90, heterogeneity (2), slope of regression line and fiducial
limits were calculated. Toxicity ratios were worked out by
dividing the LC50 value of the least toxic isolate with the
LC50 value of the isolate in question. Flower damage (in
terms of number of flowers eaten) was assessed after 24 h
of insect release. Weight of the surviving beetles (mg) was
also recorded at the end of the bioassay. The data were
statistically analyzed using standard statistical software.

RESULTS AND DISCUSSION

Isolation of Bacillus thuringiensis: The result
revealed that B. thuringiensis was ubiquitously distributed
in the soil of Punjab province. From 71 soil samples,
collected from 12 districts of Punjab, 57 samples were found
to be positive for B. thuringiensis (Table 1). Out of these,
67 Bt isolates were screened out and pellets were collected
for in-vitro bioassays. Results of the isolates reveal that Bt
index was found to be maximum in the districts of Bathinda,
Faridkot, Ferozepur and Jalandhar i.e. 1.00 and minimum in
the Moga district. Bt index reflects the relative abundance
of Bt strains but not their diversity. The bacterium has been
found to colonize many different habitats (Heimpel 1967;
Goldberg and Margalit, 1977; Martin and Travers 1989;
Smith and Couche 1991; Meadows et al. 1992) but its normal
habitat is the soil (Dulmage and Aizawa 1982) and our
sampling was mainly focused on soils. Hossain et al. (1997)
reported that properties of the soil could affect the

abundance and distribution of B. thuringiensis and
demonstrated that the B. thuringiensis population existence
in the soil samples was affected negatively by soil sand
percentage.

Soil was very important source of B. thuringiensis
strain providing a large genetic resource for its use in the
development of bioinsecticide to control insect pests that
have not previously reported to be susceptible to B.
thuringiensis (Quesada-Morage et al. 2004). Different
values were frequently reported in several studies to range
from 0.009 to 0.380 in Krabi province of Thailand (Thaphan
et al. 2008), 0 to 0.2 in United States (DeLucca et al. 1981),
0.2 to 0.5 in New Zealand (Chilcott and Wigley 1993) and
0.75 in Bangladesh (Hossain et al. 1997). Bt index was
calculated to be 0.6 ranging from 0.4 for leaf to 0.67 for soil
from Bangladesh (Shishir et al. 2012). Vilas-Bôas amd
Manoel (2004) suggested the Bt  index may be a
consequence of biot ic environmental  factor, e.g.,
microorganism in the soil, the type of insect commonly

S. No. District No. of soil 
samples collected 

No. of samples found 
positive for Bt 

No. of isolates 
screened out from 
these soil samples 

Isolates screened  
(Found positive) 

Bt Index 

1. Bathinda 5 5 5 BTD1-1, BTD2-1, BTD3-1, BTD4-1, BTD5-1 1.00 
2. Faridkot 3 3 4 FDK1-1, FDK2-3, FDK1-3, FDK3-3 1.00 
3. Ferozepur 1 1 3 FZR1-1, FZR1-2, FZR1-3 1.00 
4. Gurdaspur 10 8 8 GDP1-1, GDP2-1, GDP4-1, GDP5-1, GDP6-1, 

GDP8-1, GDP9-1, GDP10-1 
0.80 

5. Hoshiarpur 4 3 4 HSR1-2, HSR2-2, HSR4-1, HSR4-3 0.75 
6. Jalandhar 4 4 4 JLD1-1, JLD2-1, JLD3-1, JLD4-1 1.00 
7. Kapurthala 9 8 8 KPT1-1, KPT2-1, KPT3-1, KPT5-1, KPT6-1, 

KPT7-1, KPT8-1, KPT9-1 
0.80 

8. Ludhiana 10 9 10 LDH1-1, LDH3-1, LDH3-2, Bt C2, Bt C5, LDH6-
1, LDH7-1, LDH8-1, LDH9-1, LDH10-1 

0.90 

9. Moga 2 0 0 -- 0.00 
10. Nawanshahr  5 4 9 NSR2-2, NSR2-3, NSR3-1, NSR3-2, NSR4-1, 

NSR4-2, NSR4-3, NSR5-1,  NSR5-2 
0.80 

11. Patiala 10 8 8 PTA1-1, PTA3-1, PTA4-1, PTA5-1, PTA6-1, 
PTA7-1, PTA8-1, PTA10-1 

0.80 

12. Ropar 8 4 4 RPR1-1, RPR2-1, RPR4-1, RPR5-1 0.50 
Total: 71 57 67  

 

Table 1: Sampling sites and details of samples collected from Punjab yielding Bacillus thuringiensis (Bt)

  Figure 1. In-vitro bioassays for assessing toxicity of
native Bt isolates against M. pustulata

Mortality in treatment (%) – Mortality in
control (%)Corrected

mortality (%) =

x 100

100- Mortality in control (%)
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found in the area, or the vegetal top besides, abiotic factors
such as the pH, texture, oxygen and nutrient availability,
temperature, and humidity. For this reason they avoided
comparing their result with those of other authors, as they
considered that the procedures of collection of sample,
storage, processing, and identification of the bacteria are
influence by the experience of the working group and this
may influence the result.

Phase contrast microscopy: Crystal morphology of
Bt can provide valuable information on target insect spectra
(Maeda et al. 2000). After preliminary screening with phase-
contrast microscopy, the Bt isolates were found to share
different crystal shapes (round, elliptical & cylindrical) and
different spore positions (terminal, sub-terminal, para-
terminal, para-central and central). Different morphologies
of parasporal crystals observed were spherical, irregular,
bipyramidal, cubic and rhomboidal and also confirmed as
B. thuringiensis on Hi-Chrome Bacillus Agar (HiMedia).
The main criterion for B. thuringiensis differentiation from
other soil spore-forming bacteria was crystal production
by sporulating cultures (Lecadet et al. 1999). Crystal
morphology was classified into four groups i.e. bi-pyramidal
crystal protein in exosporium, bi-pyramidal which varied
greatly in size, polymorphic crystals, composed of a mixture
of cubidal, round, amorphous and bi-pyramidal crystal, small
bi-pyramidal crystal protein. Rod shaped cells with shining
crystals confirmed the presence of B. thuringiensis (Fig. 2).

by isolate LDH3-2. The standard Bt isolate, however,
recorded 26.66% beetle mortality at all the three
concentrations. No beetle mortality was observed in the
untreated control, thus, indicating the trueness of the
bioassay procedure. No mortality observed in the control
treatment also indicates that any increase in mortality above
control is due to the toxic effect of Bt crystal proteins or to
a synergistic effect of spore and crystal proteins. The above
mentioned 11 native isolates, thus proved to be highly toxic
as compared to other isolates evaluated in the preliminary
bioassays and thus, promoted for advance in-vitro
bioassays.

Advance bioassays: The toxicities of the promising
native Bt isolates selected based on the results of the
preliminary bioassays were evaluated further by performing
advance bioassays with different toxin concentrations in
order to determine LC50s and LC90s. The susceptibility of
adult M. pustulata beetles to the 11 promising native Bt
isolates and standard Bt isolate is presented in Table 3.
The LC50 values ranged from 0.504 to 2.525% in among the
native isolates. The LC50 value of the standard Bt isolate
was 3.081%. Lowest LC50 value of 0.504% was recorded in
isolate LDH3-2, indicating that it was the most toxic isolate
amongst the others. It was closely followed by isolate
FDK3-3, which recorded LC50 value of 0.549%. The highest
LC50 value of 2.525% was observed in isolate HSR2-2, thus
indicating it to be least toxic as compared to other isolates,
but more toxic as compared to the standard Bt isolate. The
results obtained in the bioassays denoted differences in
toxic activity presented by the native Bt isolates. The LC90
values of the isolates ranged from 3.413 to 11.587% as
compared to 16.474% in the standard Bt isolate. The toxicity
ratio was estimated by comparing the M. pustulata
responses to different isolates with the response to the
least toxic isolate (standard Bt). The data of toxicity ratios
depict that the isolate LDH3-2 was the most toxic against
M. pustulata and registered the highest toxicity ratio of
6.11, followed by isolate FDK3-3 with a toxicity ratio of
5.61. The result of advance in-vitro bioassay showed that
the tested native Bt isolates were toxic to the coleopteran
pest. Particularly, the isolates LDH3-2 and FDK3-3 showed
the highest insecticidal effects against M. pustulata adults.

The data on per cent flower damage and average
weight of surviving beetles against the promising Bt
isolates have been presented in Table 4. Results revealed
that adult beetles showed least preference for flower feeding
on the PTA6-1 treated flowers as compared to other isolates,
standard and untreated control. The beetles consumed 8.66
flowers treated wi th isolate PTA6-1, which were
significantly lower as compared to all other treatments,
followed by LDH3-2. The flower consumption by the beetles
ranged from 17.32 to 58.66% in the native Bt isolates as
compared to 55.33 and 97.33% in standard Bt isolate and
untreated control, respectively. The isolate PTA6-1
recorded lowest per cent flower consumption (17.32%)

In-vitro insect bioassays

Preliminary bioassays: The results of the preliminary
in-vitro bioassays have been presented in Table 2. Results
revealed that out of the 67 native Bt isolates evaluated
against M. pustulata, 11 isolates proved to be toxic against
the beetle. These included FDK3-3, FZR1-1, FZR1-3, HSR2-
2, HSR4-1, LDH3-2, Bt C-2, Bt C-5, NSR2-3, NSR4-3 and
PTA6-1. The mean per cent mortality among these 11
isolates at all the three concentrations ranged between
20.00-73.33 per cent. At a spore concentration of 0.20%, the
isolate LDH3-2 recorded significantly highest beetle
mortality of 53.33% as compared to other isolates. However,
when evaluated at 0.50% and 0.75% spore concentrations,
the native isolate HSR4-1 recorded significantly highest
beetle mortality of 66.66% and 73.33%, respectively followed

Figure 2. Cultures under phase contrast microscope at
100X (immersion oil) with shining crystals
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Table 2. Efficacy of native Bt isolates against M. pustulata at different spore concentrations in preliminary in-vitro bioassays
S. No. Isolate *Per cent beetle mortality at different Bt concentrations (after 72 h) 

0.20% 0.50% 0.75% 
1. BTD1-1 0.00 (1.00) 13.33 (3.38) 13.33 (3.38) 
2. BTD2-1 6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
3 BTD3-1 0.00 (1.00) 6.66 (2.19) 20.00 (3.38) 
4. BTD4-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
5. BTD5-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
6. FDK1-1  6.66 (2.19) 13.33 (3.38) 13.33 (3.38) 
7. FDK2-3 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
8. FDK1-3 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
9. FDK3-3 46.66 (6.87) 53.33 (7.34) 53.33 (7.34) 
10. FZR1-1 40.00 (6.26) 60.00 (7.73) 60.00 (7.73) 
11. FZR1-2 6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
12. FZR1-3 20.00 (3.99) 26.66 (5.18) 40.00 (6.26) 
13. GDP1-1 0.00 (1.00) 6.66 (2.19) 20.00 (3.99) 
14. GDP2-1 6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
15. GDP4-1 6.66 (2.19) 13.33 (3.38) 13.33 (3.38) 
16. GDP5-1 6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
17. GDP6-1 0.00 (1.00) 6.66 (2.19) 6.66 (2.19) 
18. GDP8-1 0.00 (1.00) 13.33 (3.38) 20.00 (3.99) 
19. GDP9-1 13.33 (3.38) 20.00 (3.99) 20.00 (3.99) 
20. GDP10-1 0.00 (1.00) 13.33 (3.38) 13.33 (3.38) 
21. HSR1-2 6.66 (2.19) 6.66 (2.19) 20.00 (3.99) 
22. HSR2-2 26.66 (5.18) 26.66 (5.18) 46.66 (6.87) 
23. HSR4-1 46.66 (6.87) 66.66 (8.20) 73.33 (8.60) 
24. HSR4-3 0.00 (1.00) 0.00 (1.00) 13.33 (3.38) 
25. JLD1-1 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
26. JLD2-1 6.66 (2.19) 13.33 (3.38) 20.00 (3.99) 
27. JLD3-1 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
28. JLD4-1 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
29. KPT1-1  0.00 (1.00) 13.33 (3.38) 20.00 (3.99) 
30. KPT2-1 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
31. KPT3-1 0.00 (1.00) 6.66 (2.19) 20.00 (3.99) 
32. KPT5-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
33. KPT6-1 6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
34. KPT7-1 0.00 (1.00) 0.00 (1.00) 13.33 (3.38) 
35. KPT8-1 6.66 (2.19) 20.00 (3.99) 13.33 (3.38) 
36. KPT9-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
37. LDH1-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
38. LDH3-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
39. LDH3-2 53.33 (7.34) 60.00 (7.73) 66.66 (8.20) 
40. Bt C2 33.33 (5.79) 46.66 (6.87) 46.66 (6.87) 
41. Bt C5 33.33 (5.79) 46.66 (6.87) 46.66 (6.87) 
42. LDH6-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
43. LDH7-1 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
44. LDH8-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
45. LDH9-1 0.00 (1.00) 13.33 (3.38) 13.33 (3.38) 
46. LDH10-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
47. NSR2-2  13.33 (3.38) 0.00 (1.00) 0.00 (1.00) 
48. NSR2-3 40.00 (6.26) 40.00 (6.26) 46.66 (6.87) 
49. NSR3-1 6.66 (2.19) 6.66 (2.19) 20.00 (3.99) 
50. NSR3-2 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
51. NSR4-1 6.66 (2.19) 6.66 (2.19) 6.66 (2.19) 
52. NSR4-2 6.66 (2.19) 13.33 (3.38) 13.33 (3.38) 
53. NSR4-3 33.33 (5.79) 40.00 (6.26) 53.33 (7.34) 
54. NSR5-1 0.00 (1.00) 6.66 (2.19) 13.33 (3.38) 
55. NSR5-2 0.00 (1.00) 6.66 (2.19) 6.66 (2.19) 
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S. No. Isolate *Per cent beetle mortality at different Bt concentrations (after 72 h) 
0.20% 0.50% 0.75% 

56. PTA1-1  6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
57. PTA3-1 0.00 (1.00) 6.66 (2.19) 20.00 (3.99) 
58. PTA4-1 0.00 (1.00) 6.66 (2.19) 6.66 (2.19) 
59. PTA5-1 6.66 (2.19) 13.33 (3.38) 13.33 (3.38) 
60. PTA6-1 33.33 (5.79) 33.33 (5.79) 40.00 (6.26) 
61. PTA7-1 0.00 (1.00) 6.66 (2.19) 6.66 (2.19) 
62. PTA8-1 0.00 (1.00) 0.00 (1.00) 6.66 (2.19) 
63. PTA10-1 6.66 (2.19) 6.66 (2.19) 20.00 (6.26) 
64. RPR1-1  6.66 (2.19) 6.66 (2.19) 13.33 (3.38) 
65. RPR2-1 0.00 (1.00) 6.66 (2.19) 6.66 (2.19) 
66. RPR4-1 6.66 (2.19) 6.66 (2.19) 20.00 (6.26) 
67. RPR5-1 0.00 (1.00) 6.66 (2.19) 20.00 (6.26) 
68. Standard 26.66 (5.18) 26.66 (5.18) 26.66 (5.18) 
69. Control 0.00 (1.00) 0.00 (1.00) 0.00 (1.00) 

C.D. (5%) (2.07) (2.92) (3.32) 

 

(contd..)

*Figures in parentheses are transformed arc sine values

Table 3. Relative toxicity of selected Bt isolates against M. pustulata in advance in-vitro bioassays

Table 4. Effect of different native Bt isolates on the flower consumption and weight of surviving M. pustulata beetles in
advance in-vitro bioassays

Figures in parentheses are square root transformations

S.No. Isolate Mean number of flowers eaten  
(out of 50 flowers) 

Flower consumption (%) Average weight of surviving 
beetles (mg) 

1 FDK3-3 14.00 (3.86) 28.00 222.33 (14.94) 
2 FZR1-1 18.33 (4.39) 36.66 228.33 (15.14) 
3 FZR1-3 20.66 (4.65) 41.33 229.33 (15.17) 
4 HSR2-2 23.66 (4.96) 47.33 231.33 (15.24) 
5 HSR4-1 14.33 (3.91) 28.66 223.00 (14.96) 
6 LDH3-2 10.00 (3.31) 20.00 214.66 (14.68) 
7 Bt C2 19.00 (4.46) 38.00 223.66 (14.98) 
8 Bt C5 24.33 (5.03) 48.66 234.33 (15.34) 
9 NSR2-3 20.66 (4.65) 41.33 225.33 (15.04) 

10 NSR4-3 29.33 (5.50) 58.66 233.66 (15.31) 
11 PTA6-1 8.66 (3.10) 17.32 196.66 (14.05) 
12 Standard 27.66 (5.35) 55.33 233.00 (15.29) 
13 Control  48.66 (7.04) 97.33 237.00 (15.42) 

 C.D. (5%) (0.25) - (0.28) 

 

S.No. Isolate LC50 (%) Fiducial limits at 95% CL LC90 (%) Slope Heterogeneity (χ2) Toxicity ratio 

1. FDK3-3 0.549 0.348-1.122 3.413 1.134±0.272 0.54 5.61 

2. FZR1-1 0.736 0.512-1.308 4.877 1.560±0.317 0.43 4.18 

3. FZR1-3 2.120 1.292-4.118 7.753 2.275±0.737 0.20 1.45 

4. HSR2-2 2.525 1.734-3.892 11.587 1.937±0.641 0.19 1.22 

5. HSR4-1 0.667 0.486-1.045 4.457 1.793±0.334 0.38 4.61 

6. LDH3-2 0.504 0.352-0.802 3.656 1.489±0.294 0.48 6.11 

7. Bt C2 1.570 1.043-4.250 6.337 2.114±0.538 0.23 1.96 

8. Bt C5 1.865 1.151-7.160 8.486 1.948±0.532 0.18 1.65 

9. NSR2-3 1.535 1.034-3.960 5.967 2.173±0.549 0.22 2.00 

10. NSR4-3 1.865 1.151-7.160 8.486 1.948±0.532 0.18 1.65 

11. PTA6-1 1.719 1.080-5.675 8.104 1.903±0.495 0.34 1.79 

12. Standard 3.081 1.504-102.31 16.474 1.760±0.620 0.22 - 
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followed by LDH3-2 (20.00%). There were significant
differences in the weight of the surviving beetles after flower
consumption. The lower flower consumption in isolate
PTA6-1 further lead to a decline in the weight of the
surviving beetles as indicated by the lowest beetle weight
of  beetles (196.66 mg), followed by isolate LDH3-2, which
recorded 214.66 mg average weight of the surviving beetles.
Isolate FDK3-3 also recorded lower flower consumption
(28%) as well as lower beetle weight of  222.33 mg.

Certain native Bt isolates have also been reported to
be effective against many coleopteran insect pests.
Bioassay performed with native Bt isolates Bt-01i, Bt-25f
and reference strain, Bt kurstaki var. HD-73 against pulse
beetles Callosobrochus chinensis resulted LC50 values of
0.30, 0.72 and 0.22 mg/ml crude proteins respectively which
demonstrated their competency in biopesticide production
and application (Shishir et al. 2012). Bioassays of 30 locally
isolated Bt strains against coleopteran weevil, Myllocerus
undecimpustulatus revealed that 15 isolates showed cent
per cent weevil mortality as compared with Bt subsp.
morrisoni. pathovar tenebrionis (Geetha et al. 2013).
However, out of 406 Bt isolates isolated from the soils of
North Eastern hill region of Sikkim and Tripura, none of the
isolates was effective against red flour beetle, Tribolium
castenium (Yadav 2007).

To conclude, on the basis of preliminary and advance
in-vitro bioassays conducted, two native Bt isolates, viz.
LDH3-2 and FDK3-3 were found to be promising in terms
of registering the highest beetle mortality, lower flower
consumption and beetle weights. This is the first report of
its kind elucidating the biopotency of native Bt isolates to
be effective against M. pustulata. However, further field
studies are required to confirm their bioefficacy against the
beetle. The prospects offer new isolation of Bt strains with
improved efficacy and specificity which may be beneficial
in developing alternative control strategies against blister
beetle. In this context, the present B. thuringiensis isolates
can also be evaluated for their potential bioactivity against
other insects. Because these isolates may represent new
genetic resources that can be used to develop new
technologies, the outcomes of such studies may result in
the development of new microbial biopesticides against
pest species in integrated pest management system.
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ABSTRACT

Based on D2 statistic, the forty genotypes of cowpea from
different geographical origin were grouped into six clusters
indicating wider genetic diversity. The clustering pattern
indicated the absence of relationship between genetic
diversity and geographical origin of genotypes. Based on
genetic divergence, cluster means and per se performance,
TC-2010-82, V-8981, JLCP-3, EC-343002, CP-105, Dhule
Local, DLCP-1, PCP-23-2, Phule-CP-05040, KBC-1-M, RC-
101 and TPTC-1 have been found to be genetically diverse.
Intercrossing among them would lead to upgrade genetic
base in the base population and opportunities to obtain high
heterotic effects. It will helpful to recover desirable
transgressive segregants and wide spectrum of variability in
subsequent generations.

Keywords: Cowpea, D2statistic, genetic diversity

Cowpea (Vigna unguiculata (L.) Walp) is one of the
most important leguminous crop native to Central Africa. It
is a versatile crop because of drought tolerant characters,
soil restoring properties and multipurpose uses. Cowpea is
called as “poor man’s food” or “vegetable meal” or “poor
man’s meat” because of its high amount of protein content
in grain with better biological value on dry weight basis.

Collection and evaluation of genotypes is a pre-
requisite for any breeding programme which provides better
scope for exploiting genetic diversity. A quantitative
assessment of the genetic divergence among the collection
of germplasm and their relative contribution of different
traits towards the genetic divergence provide essential and
effective information to breeder in hybridization programme.
Genetically diverse parents if included in the hybridization
programme are likely to produce high heterotic effects. The
present study was therefore undertaken to estimate the
nature and extent of genetic diversity using D2 statistic.

The experimental material for the present
investigation consisted of 40 indigenous genotypes of
cowpea (Vigna unguiculata (L.) Walp). The experiment was
conducted at experimental farm of Agriculture Botany
section, College of Agriculture, Dhule during kharif 2012-
13. All the genotypes were planted in Randomized Block
Design with two replications. Each genotype was planted
in a single row of 4.5 meter length with a spacing of 15 cm
between plants and row to row distance was 30 cm.
Observations were recorded on five randomly selected
plants of each genotype in each replication for characters

viz. days to first flower, days to 50 % flowering, days to
maturity, plant height at maturity (cm), number of branches
per plant, number of pods per plant, pod length (cm), number
of seeds per pod, 100 seed weight (g), seed yield per plant
(g), harvest index (%) and crude protein content (%). The
genetic diversity among all the genotypes was computed
by means of Mahalanobis D2 technique and genotypes
were grouped into clusters by following Tocher’s method
described by Rao (1952).

The analysis of variance revealed that, mean squares
due to genotypes were highly significant indicating that
genotypes differed significantly for all the characters
studied. Wilk’s criterion showed significant differences
between the genotypes for  pooled effect of eleven
characters studied.  Based on D2 values forty genotypes
were grouped into six clusters presented in Table 1
indicating the presence of appreciable amount of diversity.
Cluster I had maximum genotypes (19), followed by cluster
II (15 genotypes), cluster III (3 genotypes) and remaining
all other clusters viz., IV, V, VI were unique since they had
only single genotype. The genotypes included in the
solitary clusters can be a good source for broadening the
genetic base of the existing germplasm. Adewale et al. (2011)
also reported same type of clustering pattern. The
distribution pattern of genotypes in different clusters
showed that genetic divergence is not related to geographic
differentiation. It suggests that selection of genotypes for
hybridization should be based on genetic diversity rather
than geographic diversity. Dalsaniya et al. (2009) also
reported that the clustering pattern of the varieties usually
did not confirm to the geographical distribution.

The average intra and inter cluster D2 values are
presented in Table 2. Maximum intra cluster distance was
observed in cluster II (16.29) followed by cluster I (15.30),
cluster II (2.62) and cluster III (10.41) suggesting that the
genotypes in cluster II are relatively more diverse than the
genotypes in other clusters. The maximum inter cluster
distance was observed between cluster I and VI (73.80),
followed by cluster V and VI (71.07), cluster IV and VI (66.47),
cluster I and III (51.47), cluster II and VI (51.06), cluster III
and V (49.00) and cluster III and IV (47.22). This showed
that the genotypes belonging to these clusters were more
diverse and may be utilized in future hybridization
programme to produce wide variability and transgressive
segregants with high heterotic effects. Minimum inter cluster
distance was found between Cluster I and IV (20.05),
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followed by cluster I and V (22.05), cluster IV and V (23.81),
cluster II and IV (24.15), cluster II and V (27.08) cluster III
and VI (27.82), and cluster I and II (28.22), cluster II and III
(30.05) which indicate the close genetic relationship among
the genotypes.

Cluster means for eleven characters revealed
considerable variation was observed in all the characters
studied. Considering the mean values cluster V required
minimum days (33 days) for 50 % flowering. The cluster IV
was earliest to mature (63.00 days), which suggest
differential response of genotypes to environmental
changes for 50 % flowering and maturity. Cluster means for
plant height ranged from 66.62 cm (I) to 112.40 cm (VI).
Maximum numbers of branches per plant (4.50) and highest
crude protein content (33.66 %) was recorded by the cluster
IV. The cluster V showed highest mean value for number of
pods per plant (17.40) and seed yield per plant (17.49 g).
The highest cluster means for pod length (22.20 cm), number
of seeds per plant (14.95) and 100 seed weight (10.75 g)
were recorded by cluster VI. The cluster I showed highest
mean value for harvest index (8.88 %).

Relative contribution of various characters towards
divergence indicated that the most important character
contributing the divergence was days to maturity (34.23%)
followed by days to 50% flowering (23.97%), crude protein
content (16.92%), 100 seed weight (10.64%) and plant height
at maturity (7.82%). However the characters viz., harvest
index (3.46%), seed yield per plant (2.56%), number of pods
per plant (0.26%) and pod length (0.13%) were the least
contributor towards the diversity. The characters number
of branches per plant and number of seeds per plant had
shown no contribution in the diversity. Higher contribution
to total divergence was also reported by Thiyagarajan and
Natarajan (1989) for number of pods per plant, number of
seeds per pod and seed yield per plant. Venkatesan et
al.(2003) reported higher contribution to total genetic
divergence for number of pods per plant and seed yield per
plant; Kumawat and Raje (2005) for seed yield per plant,
number of seeds per pod, days to 50% flowering, plant

height; Nagalakshmi et al.(2010) for grain yield per plant,
100 seed weight and days to 50% flowering.

The above resu lts suggests that in order to
incorporate diversity among the existing genotypes, the
genotypes which are more diverse in respect of the
characters like days to maturity , days to 50% flowering ,
crude protein content , 100 seed weight , plant height at
maturity  may be invariably utilized for future breeding
programme. Considering the cluster means, intra cluster
and inter cluster distances and per se performances  the
genotypes viz. TC-2010-82, V-8981, JLCP-3, EC-343002, CP-
105, Dhule Local, DLCP-1, PCP-23-2, Phule-CP-05040, KBC-
1-M , RC-101 and TPTC-1  may be utilized in future breeding
programme for creating maximum variability for yield and
yield contributing characters which will help to develop
superior genotypes with respect to more than one
characters.
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Table 1. Grouping of forty Cowpea genotypes into different clusters

Sr. No. Cluster No. of  genotypes Name of genotypes 
1 I 19 CP-101, TC-701, CPD-83, PCP-0206-3,  DLCP-7,  TPTC-1,  PGCP-4,  PCP-1101,  Phule CP-05040, 

Nath-2,  CP-109,  VCM-8,  JLCP-7, CPD-91,  CPD-103,  CP-104, HC-08-02, CP-105, RC-101 
2 II 15 PCP-0404-6-01,  Phule Pandhari,   GC-8926,  V-70, PCP-97261,  V-240,  PCP-97262-01,  V-8981, 

DLCP-1, PCP-0303-16, Pusa Dophasli,  HC-03-1,  GC-3,  VPC-04-003,  PCP-97198 
3 III 3 PCP-23-2, EC-343002, KBC-1-M. 
4 IV 1 JLCP-3 
5 V 1 TC-2010-82 
6 VI 1 Dhule Local 

 Table 2. Average intra cluster (underlined figures) and inter cluster distance for eleven characters in Cowpea
 Cluster I Cluster II Cluster III Cluster IV Cluster V Cluster VI 

Cluster I 15.30 28.22 51.47 20.05 22.05 73.80 
Cluster II  16.29 30.05 24.15 27.08 51.06 
Cluster III   10.41 47.22 49.00 27.82 
Cluster IV    0.00 23.81 66.47 
Cluster V     0.00 71.07 
Cluster VI      0.00 
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ABSTRACT

A field experiment was conducted for two years at Uttar
Banga Krishi Viswavidayalaya, Kalimpong, W.B. (India) for
enhancing the production of blackgram with sustainable
nutrient management practices. The study revealed that
although maximum seed yield (1.43 t/ha) and stover yield
(4.47 t/ha) was obtained with 100 % RDF + vermicompost at
2.5 t/ha yet it was statistically at par with 100 % RDF +  PSB
+ Bradyrhizobium. The latter treatment was economically
efficient in terms of BCR although relatively higher net
return was obtained with the former. Under the present
condition of mid-hill situation in North Eastern Himalaya,
100 % RDF + PSB + Bradyrhizobium could be viable and
feasible for enhancing blackgram production.

Keywords: Biofertilizers, Blackgram, Nutrient management,
Seed yield

Blackgram, Vigna mungo (L.) Hepper - a member of
the Asian Vigna crop group- is an annual pulse native to
central Asia and is the third important pulse crop in India. It
is a staple crop in central and South East Asia. It is also
extensively consumed in India and is now spreading to
North Eastern Himalaya. Being a  Kharif pulse with shorter
duration (90-120 days) and high nutritive value, it is
becoming popular amongst the farmers in Darjeeling- Sikkim
Himalaya (Mukherjee 2010). Blackgram is also used for
diverse purposes including  human food (vegetable diets),
green manure, a cover crop, forage, silage, hay and chicken
pasture in Eastern Himalaya. As a good source of plant
protein, blackgram responds to nitrogen added through
vermicompost and biofertilizers (Imrie 2005; Kulsum et al.
2007). However, to reduce the production cost further
enhanced as a result of mineral fertilization, pulses are being
grown with low cost techs such as seed inoculation with
Bradyrhizobium and PSB biofertilizers for symbiotic
nitrogen fixation and P solubilisation resulting in gigher
crop growth and seed yield. In addition, application of
vermicompost and farm yard manure (FYM) on the other
side, have proven benefits in terms of improvement in
favourable nutrient supply environment including better
soil properties. Inorganic fertilizers being in verge of short
supply with cost escalation over the time, newer cost
effective approaches such as biofertlizers are integrated
with them for better output and efficiency of applied input.

Since  information on this integrated approach is lacking,
hence the current experiment was carried out to enhance
blackgram production  in mid-hill situation in North Eastern
Himalaya.

The present study was carried out during kharif
season of 2011 and 2012 at UBKV, Kalimpong, West Bengal,
India (located at 26059–2702’N & 88026–88029’E with 1249
m above mean sea level). The climate is sub temperate and
characterized by mild summer. The acidic soil (pH 5.4) was
sandy loam, high in organic carbon (0.91%) with 290 kg
available N, 23 kg P2O5 and 192 kg K2O. During crop growth
period, the total rainfall recorded were 1050 and 985 mm,
minimum temperatures of 10.1-15.3 and 12.9-15.7 and
maximum temperature of 26.2-32.2 and 24.7-0.10C during 2011
and 2012, respectively. Twelve treatment combinations
involving diverse integrated nutrient management practices
(Table 1) are laid out in a randomised block design with
three replications. Recommended dose of fertilizers (RDF)
were applied (with 20:17.4:33.2 kg N, P & K/ha, respectively
through urea, single superphosphate and muriate of potash)
at sowing (except for N with half of N top dressed at pre-
flowering) while organic sources of nutrients viz., FYM
and verimcompost were applied two weeks before sowing
of blackgram. Blackgram ‘Sarada’ was shown mid June in
both the years. Mean N,P & K content in both FYM  (0.71,
0.26, 0.92%) and  vermicompost (1.97, 1.80, 1.11 % ) were
analysed on dry weight  basis before their application. The
crop was grown following recommended packages of
practices.

 Five randomly selected plants from each plot were
uprooted and later cleaned for recording observations like,
plant height and leaf area at 60 days after sowing (DAS).
Seed yield and other yield attributes were also recorded at
harvest to assess the contribution of treatments to yield.
Plant and soil sample were analyzed for uptake of N, P & K
as per standard laboratory procedures (Jackson 1973).  The
experimental data were subjected to statistical analysis.
Benefit: cost ratio (B: C) was obtained by dividing the gross
income with cost of cultivation. The effect of treatments
was evaluated on pooled analysis basis on growth, yield
attributes and yields.

On Growth characters, integrated nu trient
management practices significantly influenced plant height
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as maximum taller plants were observed with 100 % RDF +
vermicompost at 2.5 t/ha). The above treatment was also at
par with 100% RDF + FYM at 5 t/ha), 100 % RDF +  PSB  +
Bradyrhizobium and 75 % RDF + vermicompost at 2.5 t/
ha). Similarly, Leaves/plant, leaf area index, canopy diameter
and dry matter accumulation were maximum with 100 %
RDF + vermicompost at 2.5 t/ha and was superior to most
of the treatments (Table 1). Yet these attributes under the
above treatment were statistically similar to 100 % RDF +
PSB + Bradyrhizobium(Britto and Girija 2006).

Contrary to the above, biological N fixing attributes
such as nodules and its dry weight was maximum under
100 % RDF +  PSB  + Bradyrhizobium, and was similar
under  100 % RDF + vermicompost at 2.5 t/ha (Kumar and
Chandra 2008). Similarly, fruiting (pod) branches were
maximum with 100 % RDF +  PSB  + Bradyrhizobium which
was similar to most of the treatments except the lower levels
consisting of  INM combinations with 50, 75 % RDF and
control (Table 2). However, maximum pod length and pods/
plant were recorded under 100 % RDF + vermicompost at
2.5 t/ha; and was closely followed by 100 % RDF + PSB +
Bradyrhizobium. Similar was the case for seeds/pod and
test weight. The present findings are in conformity with
that of Kumar and Elamathi (2007).

Similarly, significantly higher seed yield (1.43 t/ha)
was obtained with 100 % RDF + vermicompost at 2.5 t/ha,
and was statistically at par similar treatments involving
100% RDF including 100 % RDF +  PSB  + Bradyrhizobium
(Table 2). The improvement in seed yield as a result of
vermicompost and biofertilizer application were attributed
to favourable  increments in growth and yield attributes
(Sarkar and Banik 1991). Although 100 % RDF +
vermicompost at 2.5 t/ha could yielded 134% higher seed
yield compared to the control, yet the former was statistically
similar to the treatment involving 100 % RDF +  PSB  +
Bradyrhizobium (1.33 t/ha) in terms of seed yield (along
with other treatments viz., 100 % RDF + FYM at 5 t/ha and
100 % RDF). Similar response was also obtained in case of
stover yield (Sarkar and Banik 1991) and harvest index
(Bhalu et al. 1995).

As that of growth and yield attributes, N uptake by
seed was higher with 100 % RDF +vermicompost at 2.5 t/ha
and was only similar to 75 % RDF +  vermicompost at 2.5 t/
ha (Table 2) Further data revealed that straw uptake was
recorded more with 100 % RDF + vermicompost at 2.5 t/ha);
and was significantly superior to rest of the treatments.
Similarly, uptake of P and K were also influenced as that of

Table 1. Effect of various nutrient management treatment on growth and yield attributing parameter of blackgram  (pooled
data of two years)

*NS = Non significant

Treatments Plant height at 
60 DAS (cm) 

LAI at 60 
DAS 
(cm2) 

Leaves/ 
plant 

Canopy 
Diameter 

(cm) 

Dry matter 
accumulation 

(g) 

Nodules/ 
plant 

Nodule 
Weight 

(mg) 

Branches/
plant 

Pod 
length 
(cm) 

Pods/ 
plant 

 

seeds/ 
Pod 

 

1000 seed 
weight (g)

Control 40.24 286.23 4.19 21.23 6.8 21.02 68.35 3.12 3.33 41.02 3.98 43.07 
50 % RDF 53.98 313.75 5.01 23.08 8.95 35.60 117.17 3.96 4.75 43.69 4.51 43.35 
50 % RDF + vermi-
compost  at 5 t/ha 

60.91 349.65 5.21 24.63 10.25 50.23 149.63 3.95 4.80 45.98 5.16 43.89 

50 % RDF + FYM  
at 10 t/ha 

56.4 333.98 4.98 24.05 7.98 44.96 169.32 3.58 4.03 42.06 5.36 43.36 

50 % RDF + PSB + 
Bradyrhizobium 

59.01 389.25 5.01 25.03 9.23 55.28 178.02 4.01 4.88 45.03 5.65 43.88 

75 % RDF 56.11 398.79 5.23 25.96 9.98 58.96 135.69 4.83 4.78 51.50 5.52 43.04 
75 % RDF + vermi-
compost at 2.5 t/ha 

61.13 423.65 5.98 26.32 10.65 53.97 159.65 5.36 5.12 54.91 7.03 43.96 

75 % RDF + FYM  
at 5 t/ha) 

58.16 426.25 5.21 25.12 8.02 40.91 136.91 5.31 4.89 51.38 5.15 43.18 

75 % RDF +  PSB + 
Bradyrhizobium 

62.04 411.23 5.85 26.39 12.69 59.91 181.25 5.26 5.11 51.23 6.03 44.21 

100 % RDF 58.89 433.89 6.13 26.13 11.58 58.56 180.25 5.11 5.18 52.36 5.43 44.01 
100 % RDF + vermi 
compost at 2.5 t/ha) 

62.36 478.36 6.69 27.95 14.65 71.99 198.32 5.23 5.33 59.33 7.38 44.92 

100  % RDF + FYM 
at 5 t/ha) 

61.93 423.05 6.01 26.55 12.35 62.25 187.36 5.03 5.11 53.33 6.33 44.33 

100 % RDF +  PSB  
+ Bradyrhizobium 

61.38 443.69 6.30 27.02 14.05 75.25 202.36 5.33 5.26 56.11 6.82 44.99 

SEm(±) 0.63 14.52 0.23 0.81 0.89 2.65 6.08 0.11 0.31 0.71 0.6 0.9 
CD (P=0.05) 2.41 39.86 0.61 2.09 2.43 8.43 17.65 0.35 0.96 2.25 1.92 NS 
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N (Singh et al. 2008). However, more nutrient uptake was
recorded with integrated application of organic sources
along with chemical fertiliser.

Although application of 100 % RDF + vermicompost
at 2.5 t/ha gave maximum gross return   (INR 44390/ ha) and
net return (INR 21610), yet the economics was in favour of
100 % RDF + PSB + Bradyrhizobium with similar gross
return and net returns. In addition, BCR was in favour of
the later treatment (1.98 versus 1.94).

It was inferred from the above that under the mid-hill
situation in North Eastern Himalaya, 100 % RDF + PSB +
Bradyrhizobium could be viable and feasible for enhancing
blackgram production.
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Table 2. Effect of various nutrient management treatment on seed yield, economic  and nutrient uptake in  blackgram
(pooled data of two years)

*NS = Non significant; Economics (103 x /ha); BCR: Benefit:cost ratio; For economics, prevailing market prices for blackgram seeds (  63.50/
kg), urea (  9.55/kg), SSP (  13.90/kg), MOP (  8.75/kg) and cost of labour (  123.50/day) were taken.

Treatments Seed  
yield 
 (t/ha) 

Stover yield 
(t/ha) 

Harvest 
Index 

Gross 
Return 
( /̀ha) 

Net 
return 
 (`/ha) 

BCR Seed N
(kg/ha)

Straw 
N 

(kg/ha) 

Seed  
P 

(kg/ha) 

Straw 
P 

(kg/ha)

Seed  
K 

(kg/ha) 

Straw 
K  

(kg/ha) 

Total 
N+P+K 
(kg/ha) 

Control 0.61 1.32 3.31 15.86 2.23 1.16 16.02 14.31 2.95 3.11 5.32 19.56 61.27 
50 % RDF 0.82 2.02 3.60 23.85 5.19 1.27 22.71 16.02 3.57 3.89 7.06 26.06 79.31 
50 % RDF + vermi-
compost  at 5 t/ha 

0.99 3.07 4.30 28.98 8.51 1.43 31.85 21.29 4.05 4.15 8.02 31.89 101.25 

50 % RDF + FYM  
at 10 t/ha 

0.83 2.91 4.11 26.11 7.71 1.37 27.91 18.01 3.81 4.08 7.36 28.25 89.42 

50 % RDF + PSB + 
Bradyrhizobium 

0.93 2.89 4.38 27.0 8.20 1.43 29.27 20.98 3.96 4.72 7.96 30.98 97.87 

75 % RDF 1.12 3.46 3.98 32.97 11.17 1.51 32.12 23.69 4.11 4.59 8.35 34.32 107.18 
75 % RDF + vermi-
compost at 2.5 t/ha 

1.34 4.05 4.42 34.28 16.88 1.97 51.96 36.65 6.98 9.28 17.3 58.23 180.41 

75 % RDF + FYM  
at 5 t/ha) 

1.19 3.57 4.26 31.09 10.86 1.53 34.68 25.01 4.96 5.69 9.01 36.39 115.74 

75 % RDF +  PSB + 
Bradyrhizobium 

1.24 3.70 4.20 33.00 15.66 1.90 41.11 30.05 5.02 7.02 9.36 40.89 133.45 

100 % RDF 1.23 3.81 4.33 39.87 16.14 1.68 38.61 27.59 5.09 6.39 8.61 40.79 127.08 
100 % RDF + vermi 
compost at 2.5 t/ha) 

1.43 4.47 4.33 44.39 21.61 1.94 61.51 48.93 8.02 9.89 19.98 65.69 214.02 

100  % RDF + FYM  
at 5 t/ha) 

1.32 4.15 4.36 41.95 18.25 1.77 43.31 31.32 5.38 8.01 10.09 46.36 144.47 

100 % RDF +  PSB  + 
Bradyrhizobium 

1.33 3.82 4.42 42.25 20.98 1.98 46.21 29.92 6.12 8.86 11.98 50.98 154.07 

SEm(±) 0.09 0.28 0.06 - - - 3.02 1.63 0.69 0.71 0.96 3.01 6.98 
CD (P=0.05) 0.26 0.79 0.19 - - - 9.93 3.84 1.96 2.06 2.89 8.52 19.23 
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ABSTRACT

Field experiments were conducted at Pantnagar during 2011-
12 to evaluate the co-inoculation effect of different plant
growth promoting rhizobactera (PGPR) strains with rhizobia
in urdbean and chickpea on symbiosis, productivity and soil
health. Experimental soil was sandy loam of neutral in
reaction and medium in organic C, low in available N and
medium in available P and K. Inoculation of Rhizobium sp.
in urdbean and Mesorhizobium sp. in chickpea alone showed
marginal increase in nodulation, plant dry matter, grain
and straw yields, N uptake, organic C and available N and P
in soil. However, co-inoculation of Rhizobium sp. with
different PGPRs in urdbean recorded significant increases
of 12.1 to 50.3 per cent in nodule number, 26.1 per cent in
nodule dry weight and numerical increases of 8.2 to 28.9 per
cent in grain yield over uninoculated control and 5.6 to 41.7,
4.5 to 26.1 and 2.3 to 21.8 per cent over Rhizobium sp. alone,
respectively. Different PGPR with Mesorhizobium sp. in
chickpea produced significantly more nodule number (8.3
to 32.5%), nodule dry weight (7.3 to 30.1 %), grain yield (3.4
to 20.7 %) and straw yield (5.9 to 11.7 %) over Mesorhizobium
sp. alone. It also resulted in significant increases in soil
organic C of 3.9 to 10.6 % and soil available P content of 15.1
to 37.6 % over uninoculated control and 2.0 to 8.5 % and 13.2
to 35.4 % over Mesorhizobium sp. alone, respectively.
Application of Rhizobium sp. with PUK-171 in urdbean and
Mesorhizobium sp. + LK-786 in chickpea were found superior
to other treatments by registering highest nodulation, yields,
N uptake and soil organic C and available N and P.

Keywords: Urdbean, Chickpea, PGPR, Symbiosis, Yields, Soil
fertility

Plant growth promoting rhizobacteria (PGPR)
colonizes the plant root system and promotes the plant
growth and development either directly or indirectly by
several mechanism such as nitrogen fixation, phosphate
solubilization and mobilization, or increasing the uptake of
nutrients such as N, P, Zn, Fe, Mn etc either by changing
physiology of plant or by converting nutrients into available
form (Shabaev et al., 1999), production of plant growth
regulators, siderophores, array of antibiotics, reduction in
the level of ethylene by ACC deaminase and plant diseases
suppression (Lugtenberg and Kamilova, 2009). Several
reports indicated the positive effects of co-inoculation of
PGPR with rhizobia on nodulation, nitrogen fixation and

plant growth in grain legumes (Tilak et al., 2006; Khanna et
al., 2011). However, their beneficial effects are highly
dependent on the PGPR strains, crop and genotype (Gupta
et al., 2003; Tilak et al., 2006). Combined inoculation of
Rhizobium wi th PGPR in pulse crops has been
recommended for maximizing the yield. However, selection
of efficient PGPR strains and their compatibility with
rhizobia needs to be evaluated because of the possibility
of the antagonistic interactions among them (Abd-Alla and
Omar, 2001).

Urdbean (Vigna mungo L.) and chickpea (Cicer
areetinum L.) are important pulse crops grown throughout
the country in kharif and Rabi seasons, respectively.
Urdbean and Chickpea both give moderate to poor response
to rhizobia inoculation possibly due to presence of sufficient
rhizobia population nodulating these crops in tarai soils
because of their cultivation from time immemorial in the
country (Pareek and Chandra, 2003). Co-inoculation of PGPR
with rhizobia seems to be a cost effective technology in
improving the efficiency of rhizobia inoculants and yield of
pulse crops in the region. Therefore, the present study was
undertaken with the aim of improving the efficiency of
rhizobia inoculants through co-inoculation of different
PGPR strains in urdbean and chickpea under field
conditions.

Effective Rhizobium sp. (AUBR 10) of urdbean and
Mesorhizobium sp. ciceri (CH-1233) of chickpea were
obtained from Department of Microbiology, P.D.K.V. Akola
and CCSHAU, Hisar, respectively.  The PGPR inoculants
used for urdbean CRB-1 (Pseudomonas fluorescens), CRB-
2 (Pseudomonas sp.), CRB-4 (Bacillus subtilis) were
obtained from TNAU, Co imbatore, PUK-46B6
(Pseudomonas diminuta), PUK-171 (Klebsiella sp.) and
KB-133 (Pseudomonas sp.)  from GBPUAT, Pantnagar and
RB-1 and RB-2 (P. fluorescens) from BHU, Varanasi. The
PGPR inoculants used in chickpea LK-791 (Pseudomonas
sp.), LK-786 (Kurthia sp.) and LK 884 (Pseudomonas
diminuta) were obtained from Department of Soil Science,
GBPUAT, Pantnagar, BSY-101 (Bacillus sp.), PSM-15
(Pseudomonas sp.) from CCSHAU, Hisar and PGPR-3
(Pseudomonas sp.) from PAU, Ludhiana. Field experiments
on urdbean during kharif 2011 and on chickpea in Rabi
2011-12 were conducted at G. B. Pant University of
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Agriculture and Technology, Pantnagar, India (29.8 N, 73.9
E, 243.8 m above mean sea level). Treatments consisting an
uninoculated control, inoculation with rhizobia alone and
with different PGPRs were laid out in Randomized Block
Design having 2.4 m × 3.0 m plot size in 3 replications.
Urdbean (cv. Pant U 31) and chickpea (cv. Pant G 186) seeds
were treated with the required inoculant (s) of rhizobia and
PGPR @ 20 g carrier based inoculant /kg seed as per
treatments at the time of sowing. Urdbean was sown on 9th

August 2011 and chickpea on 8th December 2011. Crops
were raised as per the recommended agronomic practices.

Five plants from each plot were randomly uprooted
along with a soil core at 45 days after sowing (DAS) of
urdbean and at 66 DAS of chickpea,  roots were washed
with water jet to remove the adhering soil, root nodules
were removed and counted.  Dry weights of nodules and
plants were determined after drying at 70 o C to constant
weight. Crops were harvested at maturity and grain and
straw yields were recorded. N content in grain and straw
samples was determined following the method of Page
(1982), and N uptake by crop was computed. Soil samples
of 0-15 cm depth were collected from individual plot after
crop harvesting,  air-dried, processed to pass through 2
mm sieve and analyzed for organic C, available N (0.32%
alkaline KMnO4 oxidizable) and available P (0.5 M NaHCO3
extractable) following Page (1982).

Inoculation of Rhizobium alone recorded numerical
increase of 6.0 % in nodule number, 16.4 % in nodule dry
weight and 14.8 % in plant dry weight at 45 DAS, 5.8 in
grain yield and 6.4 % in straw yield over the uninoculated
control (Table 1).

nodulating urdbean. Different PGPRs varied in their
efficiency and their co-inoculation recorded significant
increases of 12.1 to 50.3 % in nodule number and 26.6 to
46.7% in nodule dry weight. Although, dual inoculation of
PGPRs PUK46B6, PUK-171, KB-133 and RB-1 with
Rhizobium produced significantly more nodule number
than Rhizobium sp. alone inoculation, however, only PUK-
171 in combination with Rhizobium sp. recorded
significantly more nodule dry weight of 26.1 % over
Rhizobium sp. alone inoculation. Benefits of PGPRs on
nodulation have also been reported by Sindhu et al. (2002)
and may be attributed to either by favouring survival of
Rhizobium in rhizosphere or by synthesis of plant growth
promotory substances resul ting in more root hair
development leading to more infection (Yahlom et al., 1988).
The significant increase in urdbean plant dry weight over
Rhizobium alone inoculation was noticed only with PGPRs
PUK-171, KB-133 and RB-2, highest being 36.2 % with PUK-
171. The variation in the efficiency of rhizobacteria could
be explained in the difference in their genetic make up and
have also been reported by Gupta et al. (2003).

The different co-inoculation treatments did not differ
significantly among themselves in grain yield, nevertheless,
combined inoculation of PGPRs with Rhizobium sp.
recorded 8.2 to 28.9 % more grain yield over the uninoculated
control and 2.3 to 21.8 % over Rhizobium sp. alone (Table
2). The Increases in straw yields due to the co-inoculation
treatments ranged from 6.7 to 23.5 % over Rhizobium sp.
alone registering significant increases with PUK-171, KB-
133 and CRB-2. Similarly, co-nodulation treatments of
different PGPRs, except RB-2, significantly increased N
uptake by grain of 4.8 to 48.9 % and, except CRB-1 and RB-
2, significantly increased straw N uptake by 26.9 to 73.1 %
over Rhizobium sp. alone inoculation. The significant
improvement in straw yields and N uptake in co-inoculation
treatments may be due to establishment of effective
symbiosis as well as acquisition of more nutrients form soil
due to better root hair development (Prasad et al., 2002).
The highest grain and straw yields and N uptake by grain
and straw were obtained with PUK-171.

Organic C and available N and P in soil recorded after
crop harvesting differed significantly due to different
treatments. Rhizobium sp. alone inoculation was statistically
at par with uninoculated control (Table 2).  Combined
inoculation of different PGPRs with Rhizobium sp. gave
increases ranging from 2.7 to 8.9 % in organic C, 0.2 to 7.9
% in available N and 5.8 to35.6 % in available P in soil over
Rhizobium sp. alone. However, the increases were
significant only with PUK-46B6, PUK-171 and KB-133 in
organic C and with PUK-171 in available P in soil. Increase
in soil organic C through inoculated legumes has also been
reported by Singh et al. (1996). The variable effects of
different PGPRs on organic C could be ascribed to variation
in plant growth and addition of biomass to soil through

Table 1. Co-inoculation effect of different PGPR with
Rhizobium sp. on nodulation and plant dry weight
at 45 DAS and biological yield of urdbean at
harvest

Treatment Nodule 
No. / 
plant 

Nodule 
dry 

weight 
(mg/plant) 

Plant dry 
weight 

(g/plant) 

Grain 
yield  

(kg/ha) 

Straw 
yield  

(kg/ha) 

Uninoculated  14.9 17.1 5.20 1402 1530 
Rhizobium (AUBR-10)  15.8 19.9 5.97 1483 1628 
Rhizobium + CRB-1  16.7 20.8 6.83 1529 1722 
Rhizobium + CRB-2  18.4 22.3 7.13 1622 1960 
Rhizobium + CRB-4  17.1 21.6 6.47 1564 1835 
Rhizobium + PUK -
46B6  

19.6 23.0 7.13 1784 1978 

Rhizobium + PUK-171  22.4 25.1 8.13 1807 2010 
Rhizobium + KB-133  21.0 22.8 7.60 1726 1945 
Rhizobium + RB-1  20.4 21.1 6.70 1575 1770 
Rhizobium + RB-2  19.9 22.2 7.50 1517 1740 
C.D. at 5%  3.0 3.4 1.3 NS 321 

 
Such non-significant effect of Rhizobium sp.

inoculation in urdbean in the region has also been reported
earlier (Chandra and Pareek 2002) and could be attributed
to presence of sufficient rhizobia population in soil
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rhizodeposition, leaf falls etc. Combined inoculation of
Rhizobium sp. + PUK-171 recorded the highest organic C
and available N and P in soil. Although all the treatments
showed lower content of available N in soil after harvesting
ranging from 24.5 to 36.9 kg/ha than at initiation of study,
however, the reductions minimized under co-inoculation
treatments  suggesting contribution of N addition by
legumes through effective symbiosis.

Combined inoculation of Mesorhizobium sp. with all
PGPRs, except PSM-15, significantly improved grain N
uptake ranging from 8.6 to 27.5 % over Mesorhizobium sp.
alone (Table 4), while only LK-786, PGPR-3 and LK 884 with
Mesorhizobium sp. gave significant increases in straw N
uptake over Mesohizobium sp. alone. The results are in
agreement with the findings of Gupta (2006), who also
reported positive response of dual inoculation on N uptake
due to better nodulation and N2 fixation. The highest N
uptake by grain and st raw was recorded with
Mesorhizobium sp. + LK-786.

Organic C and available N and P in soil recorded after
crop harvesting differed significantly due to different
treatments (Table 4). Mesorhizobium sp. alone inoculation
was statistically at par with uninoculated control. Different
PGPRs with Mesorhizobium sp. gave significant increases
in organic C ranging from 3.9 to 10.6 % over the uninoculated
control and 2.0 to 8.5 % over Mesorhizobium sp. alone.
The different inoculation treatments were statistically
comparable in available N in soil while all PGPRs, except
PSM-15, in combination with Mesorhizobium sp. gave
significant  increases in available P in soi l over

Similar to earlier report of Bhatt and Chandra (2009),
Mesorhizobium sp. alone recorded numerical increases of
18.8, 4.38 and 15.3 % in nodule number, nodule dry weight
and plant dry weight at 66 DAS, respectively, and marginal
increases in grain and straw yields over the uninoculated
control (Table 3). The inoculated PGPR strains differ in their
efficiency in improving the symbiosis, plant growth and
yields. The inocu lated PGPRs in association with
Mesorhizobium sp. increased the nodule number from 28.7
to 57.4 % and nodule dry weight from 12.0 to 35.8 % over
uninoculated control. The respective increases over
Mesorhizobium sp. alone were 8.3 to 32.5 and 7.3 to 30.1 %,
respectively. It may be because of variable favourable effect
of inoculated PGPRs on survival and root colonization by
inoculated Mesorhizobium sp. because of synergistic
interaction (Sivaramaiah et al., 2007). Combined inoculation
of Mesorhizobium sp. with different PGPRs significantly
improved the plant dry weight over the uninoculated
control; however, none of the co-inoculation treatment was
better than Mesorhizobium sp. alone. Different PGPRs with
Mesorhizobium sp. increased the grain yield from 5.2 to
22.8 % over uninoculated control and 3.4 to 20.7 % over
Mesorhizobium sp. alone (Table 4).  The increases in straw
yields were 6.3 to 13.9 over uninoculated control and 5.9 to
11.7 % over Mesorhizobium alone treatment. Combined
use of LK-786 with Mesorhizobium sp. was found to be
most promising. The results are in agreement with Gupta
(2005) who similarly reported improvement in chickpea
nodulation, N2 fixation and yields.

Table 2. Co-inoculation effect of different PGPR with
Rhizobium sp. on N uptake by urdbean and soil
properties

Treatment  N Uptake 
(kg/ha) 

Organic 
C (%) 

Available 
N 

(Kg/ha) 

Available 
P (Kg/ha)

Grain Straw 
Uninoculated  30.52 8.52 0.761 146.3 16.4 
Rhizobium (AUBR-10) 32.36 10.02 0.766 155.8 17.1 
Rhizobium + CRB-1  38.31 12.12 0.791 161.2 18.4 
Rhizobium + CRB-2  41.67 13.78 0.812 163.2 18.5 
Rhizobium + CRB-4  42.12 13.56 0.796 162.6 19.5 
Rhizobium + PUK-
46B6  

46.32 14.32 0.834 164.3 20.6 

Rhizobium + PUK-171 48.21 17.34 0.821 168.2 23.2 
Rhizobium + KB-133  51.30 18.12 0.836 164.8 18.2 
Rhizobium + RB-1  37.13 12.72 0.782 159.1 18.1 
Rhizobium + RB-2  36.20 11.56 0.745 156.2 16.2 
C.D. at 5%  4.61 2.43 0.014 15.6 4.5 

 

Table 3. Combined inoculation effect of different PGPR
with Mesorhizobium sp. on   nodulation and plant
dry weight at 66 DAS and biological yield of
chickpea at harvest

Treatment 

Nod
ule 

No. / 
plant 

Nodule 
dry 

weight 
(mg/ 

plant) 

Plant dry 
weight 

(g/plant) 

Grain 
yield 

(kg/ha) 

Straw 
yield 

(kg/ha) 

Uninoculated  10.1 73.1 0.85 1501 1768 
Mesorhizobium 
(CH-1233) 12.0 76.3 0.98 1527 1802 

Mesorhizobium + LK-791  15.9 99.3 1.11 1778 1964 
Mesorhizobium + LK-786 14.6 98.7 1.15 1843 2014 
Mesorhizobium + BSY-101 14.3 86.7 0.86 1673 1728 
Mesorhizobium + PSM-15 13.0 81.9 1.02 1580 1880 
Mesorhizobium + PGPR-3 14.5 85.1 1.00 1607 1874 
Mesorhizobium + LK - 884  15.3 94.8 1.09 1725 1935 
C.D. at 5% 1.7 14.2 0.23 240 NS 

 

Table 4. Co-inoculation effect of different PGPR with
Mesorhizobium sp. on N uptake by chickpea and
soil properties

Treatment N Uptake 
(kg/ha) 

Organic 
C (%) 

Avail-
able N 
(Kg/ha 

Avail-
able P 
(Kg/ha Grain Straw 

Uninoculated  55.35 14.32 0.732 156.3 17.8 
Mesorhizobium (CH-1233) 58.25 15.17 0.746 166.5 18.1 
Mesorhizobium + LK-791  66.72 17.41 0.796 172.2 22.6 
Mesorhizobium + LK-786 74.32 21.35 0.810 183.5 24.5 
Mesorhizobium + BSY-101 66.71 17.34 0.774 172.6 22.6 
Mesorhizobium + PSM-15 63.26 16.78 0.761 162.1 20.5 

Mesorhizobium + PGPR-3 66.68 18.65 0.762 173.2 22.6 

Mesorhizobium + LK - 884  68.32 20.28 0.782 176.4 23.8 
C.D. at 5% 5.61 3.42 0.012 NS 3.4 
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Mesorhizobium sp. alone. The benefits of PGPRs co-
inoculation on soil organic C and available P contents could
be ascribed to addition of more biomass to soil through
rhizodeposition, leaf falls etc or P solubilization in soil (Wani
et. al., 2007). Combined inoculation of Mesorhizobium sp.
+ LK-786 recorded the highest Organic C and  available N
and P in soil registering increases of 10.6, 17.4 and 37.6 %
over the uninoculated control and 8.5, 10.2 and 35.3 % over
Mesorhizobium sp. alone inoculation, respectively.

It could be concluded from the above results that
PGPRs used in the study improved the symbiotic efficiency
and yields of urdbean and chickpea to varying extent. They
also improved the residual soil fertility. All the PGPRs were
by and large compatible with rhizobial strains; however,
PUK -171 showed better synergy with urdbean Rhizobium
and LK-786 with chickpea Rhizobium.
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ABSTRACT

An attempt has been made to characterize the Rhizobia
isolated from non traditional arid legume crops viz., cowpea,
moth and guar from various regions of Madhya Pradesh. All
the isolates were cha racterized pheno typically and
biochemically. Growth of pure Rhizobial isolates on yeast
extract mannitol (YEM) medium having variable range of
pH (4.0 to 10.0), different concentrations of PEG (30%, 45%
and 60%) and NaCl (0.1 to 1M) have been studied to screen
out stress tolerant isolates. Among the eight isolates, cowpea
isolate R1 are able to produce auxin 42.37 µg/ml and EPS
689.97 µg/ml and R2 isolate of cowpea are also able to
solubilize 230.26 µg/ml phosphates. Moth isolate R5 are able
to tolerate 1000mM concentration of NaCl and guar isolate
R7 are able to survive up to 60% drought. The stress tolerant
traits of these Rhizobia are of potential value from the point
of view of biofertilization of legume seedlings in arid and
semi-arid tropics of Madhya Pradesh.

Keywords: Rhizobium, root nodulation, abiotic stressandplant
growth regulators.

Rhizobium is a Gram-negative, motile, non-spore
fo rming,genetically diverse and physiological ly
heterogeneous group of symbiotic nitrogen fixing bacteria
that forms nodules on the roots (Sprent 2001). Biological
nitrogen fixation is a component of sustainable agriculture
and each major legume group is nodulated by different
species of Rhizobium (Ulrich and Zaspel 2000; Chandra
and Pareek 2002). Under ideal growth conditions pulse
crops can fix 60-80% of their total nitrogen requirement
(Sawada et al. 2003). The amount of nitrogen fixed varies
with the type of crop, environmental conditions and already
available nitrogen in the soil. A fully functional symbiosis
is required for successful survival of bacteria under adverse
environmental conditions (Zahran 2009).

Some regions of the Madhya Pradesh state cover
the area of arid and semi-arid regions of the Indian desert
(DST 1994). Rhizobia frequently encounter various stresses
within the soil that affect growth and the nitrogen fixation
capability of the arid legumes. Rhizobial populations vary
in their tolerance to major environmental factors. Selection
of effective, efficient and compatible stress tolerant
Rhizobial strains could help in improving the growth of
associated plants (Rao et al. 1998). Research in this field

has focused on legumes crop which are underutilized but
are of agricultural significance. In contrast, few studies have
reported Rhizobial associations among  arid legumecrops,
which may be ecologically important in the natural
landscape (Gaur 1993). So, much attention is required to
discover new leguminous species with high production
capabilities and high symbiotic performance for the arid
and semiarid areas of M.P. The objective of present study
was to isolate native Rhizobial strains from the root nodules
of arid legumes collected from different places of Madhya
Pradesh.

Collection of rhizospheric soil and plant samples:
Rhizospheric soil and various arid legumes, viz., cowpea,
moth and guar were collected from nine different locations
of M.P.

Root nodule sampling and Rhizobial isolation:
Fresh, healthy root nodules and soil sample were collected
from fields of three species ofarid legumes (cowpea, guar
and moth) and thoroughly washed with sterile distilled
water and then surface sterilized using 70% alcohol. The
nodules were then crushed in a drop of sterile distilled
water on a sterile glass slide using scapel. The suspension
obtained and streaked on YEMA plates according to
Mensah et al. (2006) with some modification.

Cultural and morphological characteristics: Fresh
cultures of all isolates were Gram stained and shape, size
was determined by bright field microscopy. Colony size
and morphological features were determined for cultures
grown on YEMA at 25oC for up to 10 days.

High Temperature Tolerance: All Rhizobial strains
were grown at different temperature (30oC, 40oC and 50oC)
and cultured in 50 ml Erlenmeyer flasks containing 10 ml of
liquid YEM medium and incubated at 28°C in incubator
shaker at 180 rpm. Growth was monitored by recording
optical density (OD) at 600  nm after 48 hrs incubation.

pH and drought tolerance: All Rhizobial strains were
grown at pH (3, 7 and 11) and different concentrations of
poly ethylene glycol (30%, 45% and 60%) and cultured in
50 ml Erlenmeyer flasks containing 10 ml of liquid YEM
medium and incubated at 28°C in incubator shaker at 180
rpm. Growth was monitored by recording optical density
(OD) at 600 nm after 48 hrs incubation.
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Salt tolerance: All Rhizobial strains were grown in
50 ml Erlenmeyer flasks containing 10 ml of liquid YEM
medium with different concentrations of NaCl (100mM,
250mM, 500mM and 1000mM) and incubated at 28°C in
incubator shaker at 180 rpm. Growth was monitored by
recording optical density (OD) at 600 nm after 48 hrs
incubation.

Biochemical characterization

Biochemical tests: All the collected samples were
processed through different biochemical tests viz, catalase,
gelatinase, protease amylase, lipase, cellulase, pectinase
andchitinase activityas described by Cappuccino and
Sherman (2007).

Determination of auxin: Rhizobial isolates were
grown in test tubes containing 3 ml of Luria Bertani (LB)
culture medium supplemented with 1 g L”1 L-tryptophan and
incubated at 28°C in incubator shaker at 180 rpm. 1.5 ml
culture of rhizobia in microtubes were centrifuged at
9500 × g for 2 min, and 100 µL of the supernatant were added
to microplate wells with the addition of 100 µL of  Salkowski’s
reagent, The reading was performed 30 min after addition
of Salkowski’s reagent at 530 nm, using a microplate reader.
To obtain the standard curve equation, we used commercial
IAA. The development of a reddish-pink color in the
samples indicates the production of auxindescribed by Bric
et al. (1991) with some modification.

A number of Rhizobial isolates were obtained from
root nodules of cowpea (four isolates R1, R2, R3 and R4),
moth (two isolates R5 and R6) and guar (two isolates R7
and R8) from Gwalior, Shivpuri, Guna, Ujjan, Jhabua,
Alirajpur and Dhar districts of M.P. These isolates were
primarily characterized fo r their morphological
characteristics and grouped on the basis of their common
phenotypic and growth parameters. All isolates were
characteristically Gram negative, aerobic non-spore forming
rods. The colonies were circular, small to medium in size,
creamy and shiny. The margin of all the isolates was smooth
and elevated.

A favorable rhizosphere environment is highly
important for the interaction between root hairs and
Rhizobium as it does not only encourage the growth and
multiplication of Rhizobia but also ensure the healthy
development of root hairs. The results of temperatures
tolerance showed that all Rhizobium strains survive at 30ºC
at 10 days of the incubation. At 40ºC and 50ºC only R4
strain could survive for 10 days incubation (Table 1). In
such condition R4 strain exhibited luxuriant growth at the
temperature 40º-500C and can survive high temperature in
the arid and semi-arid regions of M.P. with good
productivity.

Results of pH tolerance showed that cells were able
to grow at pH 7 and11 but no growth was observed at pH 3.
Rhizobia appear to be varying in their symbiotic efficiency

under acidic and alkaline conditions. Numerous studies
have shown a fall in pH by production of organic acid
affect the growth of Rhizobia (Rodrigues et al. 2006). Salt
tolerance levels of rhizobia were examined under different
NaCl concentrations (100mM, 250mM, 500mM and
1000mM). All isolates of Rhizobium survive at 250mM and
500mM NaCl concentration except (R1) slightly grew at
500mM salinity. All isolates indicated moderate and slight
growth in the presence of 1M NaCl from 1st to 3rd days
except one isolate (R5) which showed good growth.R5
isolate may be the candidate for applications in the saline
soil. The ability of legume hosts to grow and survive in
saline conditions is improved when they are inoculated
with salt tolerant strains of Rhizobia (Vmanchanda and Garg
2008).

Under drought (30%, 45% and 60% PEG
concentration) all isolates grew at 30% PEG concentration
but on increasing the concentration and incubation period
most of the isolates indicated reduced growth except some
isolates. In contrast to other isolates R7 and R8 isolateswere
able to survive at 60% PEG concentration. Drought stress
is one of the major environmental factor affecting most
pulse crops and its yield (Rehmanand Nautiyal 2002).
Results of phosphate solubilizing ability indicated that
allisolates show moderate and luxurious growth. R2 isolate
was able to solubilize 230.26 µg/ml phosphates while R1
and R4 could not solubilize phosphate.The soil phosphate
solubilizing strains can increase the availability of
phosphorus to plants by mineralizing organic phosphorus
and by converting into more available forms (Prasad et al.
2002; Rodriguez and Fraga 1999). All isolates showed
positive test for catalase. Some isolates indicated positive
test for gelatinase, protease, amylase and cellulasewhile
other isolates (R1 to R8) showed negative test for pectinase,
chitinase and lipase (Table 2). Rhizobium cells can be used
at industrial scale for amylase and cellulase production.
Our results showed that all isolates produce auxin in
different concentration which promotes plant growth and
root nodulation. R1 strain out of eight isolates of Rhizobia
indicated highest production of auxin. Several studies also
suggested that increase in auxin levels in the host plant
arenecessary for nodule formation (Mathesius et al. 1998).

The results indicated that all isolates produced EPS.
Their production is responsible for the viscosity of the
bacterial colonies when cultivated on medium. R8 isolates
showed maximum EPS production followed by R4 and R2.
Presence of fast growing Rhizobial strain in the local soil
with thick capsular polysachharide layer can be attributed
to the existing harsh environmental conditions like, extreme
temperature, soil salinity and desiccation (Ashraf et al. 1999).
A highly effective bacterial strain for a particular host is an
important objective in microbial inoculant research.

Biological N2 fixation represents the major source of
nitrogen input in agricultural soils including those in arid
and semiarid regions. Some isolated strains of Rhizobia
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form effective (N2-fixing) symbiosis with their host legumes
under salt, heat, and desiccation stresses. Reclamation and
improvement of the fertility of arid lands by application of
organic (manure and sewage sludge) and inorganic
(synthetic) fertilizers are expensive and can be a source of
pollution (Zahran2010). Our findings suggest that cowpea
isolates (R1, R2, R3 and R4) are able to produce auxin, EPS,
temperature tolerance and are alsoable to solubilize
phosphate. Moth isolate R5 are able to tolerate higher
concentration of NaCl and Guar isolate R7 strain are able to
survive up to 60% drought.All these isolates can be used
as inoculants for particular stress condition o r in
combination in M.P. region. Considering these properties
Rhizobia could be considered to be used in multi strain
inocula for biofertilizer production. The Rhizobium-
legumesymbiosis isan ideal solution to the improvement of
soil fertility and the rehabilitation of arid and semiaridlands.
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ABSTRACT

The guar genotypes from different locations were evaluated
for gum content and viscosity profile of aqueous guar gum
solution. The gum content varied from 26.12 to 31.46 per
cent. Genotype RGr-12-1 showed maximum mean gum
content of 30.86 percent  followed by genotype HGS-563(C)
(30.09 %).  Location wise, Durgapura  ranked 1st in gum
content (30.07 %)  followed by Jodhpur (29.77 %). Viscosity
varied from 2104 to 6240 mpa.s. Genotype Shakti var-X-6
showed maximum mean viscosity of 5164 mpa.s followed by
RGr-12-4 (5068 mpa.s). Location wise, Jodhpur ranked 1st in
viscosity of 4868 mpa.s followed Parbhani by (4781 mpa.s).

Keywords: Genotypes, guar gum, viscosity, location, legume
and galactomannan

Guar bean is commercially grown for its seed, which
contains guar gum (galactomannan). Guar is a deep-rooted
drought-tolerant summer annual legume and this makes it a
good crop for intercropping with crops like maize with
shallow fibrous roots since it draws water and nutrients
from deep down the soil reducing competition between the
crops. The crop has various uses among which are
vegetables for human consumption, fodder crop, soil fertility
improvement through biological nitrogen fixation. In the
food industry the gum is used as a: viscosifying agent in
sauces and dressings; stiffener to improve the consistency
of ice creams and yogurt; stabilizer in fruit beverages and
juices, cheeses and alcoholic beverages; preservative in
frozen foods and baked foods such as bread and biscuits;
gelling agent in jams, jellies, fruit spreads and jelly sweets
and binding agent in salad dressings, instant noodles and
processed meats. Guar gum is also used in industries, which
include; mining, textile, paper manufacturing,
pharmaceutical, cosmetic, explosives, fire fighting, paints,
mosquito repellant coils and oil well industries.

Gums are polymeric substances which, in an
appropriate solvent or swelling agent, forms highly viscous
dispersions or gels at low, dry substance content. All gums
are polysaccharides composed of sugars other than
glucose. Guar gum is a hydrocolloid obtained from the
endosperm of the Cyanmopsis tetragonolobus belonging
to the family Leguminosae. The structure of guar gum
consists of a linear backbone of â(1,4)-linked D-mannose
units with various amounts of á (1,6)-linked D-galactose

side chains. The ratio of mannose to galactose is 2:1. Guar
gum is an economical thickener and stabilizer. It easily
hydrates in cold water to give highly viscous solution. The
very high viscosity attained at low concentrations makes
guar gum an excellent thickener in the food industry, such
as in soups, desserts, pie fillings. The molecular weight of
guar gum is between 220,000 and 300,000. However
molecular weight as high as 0.1-2.8 million have also been
reported (Wang et al., 2003). Guar gum and its derivatives
are major ingredients in drilling muds and fingering fluids
in oil industry and in the textile industry guar solutions
help to improve the printing quality (Wang et al., 2006)

Guar has now assumed a larger role among the
domesticated plants due to its unique functional and
rheological properties. Its ability to suspend solids, bind
water by hydrogen bonding, control the viscosity of
aqueous solutions and form strong tough films, have
accounted for its rapid growth and use in various industries.
Industrial grade guar gum is used in paper, textile
processing, explosives, detergents, drilling fluids, ceramics,
paints and many other industries. The purified grade is
used in the pharmaceuticals, dielectric, cosmetic and food
Industries.

Guar gum is able to develop high viscosity at lower
concentrations without heating. The gum finds applications
in thickening agent in industries such as food, textiles,
pharmaceuticals, paper, pulp, cosmetics, oil exploration,
explosives and mining etc.  because of availability and ease
of manufacture, guar gum is most cost effective natural
thickener Wang et al. (2006). The present study was
undertaken to evaluate the gum content and viscosity profile
of different genotypes of guar from different locations to
get acquainted with the variety yielding highest gum
content and viscosity.

Seed samples of guar genotypes were obtained from
All India Coordinated Research Project on Arid Legumes
from different centers viz; Durgapura, Jodhpur, S K Nagar
and Parbhani for the quality analysis. These samples were
evaluated for gum content and viscosity profile of aqueous
guar gum solution of different genotypes.

The guar gum was isolated by wet process as per the
method developed by Rodge et al. (2006). The mature seeds
were cleaned and boiled in 2 % alkali for 5-10 min to remove
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husk or hull portion. Then seeds were washed under running
water and neutralized with acid and again washed in water.
Husk is removed and dried for over-night.  The seeds were
pulverized to get gum splits. The splits were converted to
powder form, known as crude gum.  The crude gum was
suspended in aqueous solution of iso-propanol and
resultant precipitated was centrifuged. The purified gum
was vacuum dried and pulverized to 200 meshes.

The viscosity profile of 1 per cent gum solution was
carried out at 37±01C by using Hake’s Rotoviscometer (RV-
20) Rodge et al (2012).

The analysis of variance of the data obtained was
done by using Completely Randomized Design (CRD) for
different treatments as per the methods given by Panse
and Sukhatme (1967). The analysis of variance revealed at
significance of P < 0.05 level, Standard Error and Coefficient
of Deviation at 5 % level is mentioned wherever required.

The data on gum content of guar genotypes depicted

in Table 1. It reveals that the gum content varied from 26.12
to 31.46 per cent.  Genotype RGr-12-1 showed maximum
mean gum content of 30.86 percent followed by genotype
HGS-563(C) (30.09 %).  Locationwise, Durgapura ranked 1st

in gum content (30.07 %)  followed by Jodhpur (29.77 %).
The result on viscosity profile of aqueous 1% guar

gum solution of various guar genotypes is depicted in table
2 which reveals that the viscosity varied from 2104 to 6240
mpa.s. Genotype Shakti var-X-6 showed maximum mean
viscosity of 5164 mpa.s followed by RGr-12-4 (5068 mpa.s).
Location wise, Jodhpur ranked 1st in viscosity of 4868 mpa.s
followed Parbhani by (4781 mpa.s).

It was concluded that the on the basis of mean value
‘RGr-12-1  ‘showed highest gum content i.e. 30.86 percent
and ‘CAZG-12-2’ showed lowest gum content i.e. 26.99 per
cent. Location wise, maximum viscosity was found in
Jodhpur (4868 mpa.s) followed by Parbhani (4781 mpa.s).

Table 1. Per cent gum content of different genotypes of guar grown at different locations

Table 2. Viscosity profile (mpa s) of 1% gum solution of different guar genotypes of different locations

Sr. No. Genotypes  Durgapura Jodhpur Parbhani SK Nagar MEAN RANK 
1 RGr- 12-2 29.46 27.80 26.73 27.96 27.99 14 
2 GAUG-815 31.46 29.81 28.32 28.72 29.58 6 
3 CAZG-12-1 29.94 30.91 28.28 28.71 29.46 8 
4 Shakti-424 30.42 29.77 27.97 30.18 29.59 5 
5 HGS-16 29.49 30.13 27.32 29.89 29.21 10 
6 GAUG-817 28.94 29.52 30.72 29.71 29.72 3 
7 RGr-12-1 31.07 30.93 30.90 30.52 30.86 1 
8 RGr-12-5 30.16 30.40 28.08 30.15 29.70 4 
9 CAZG-12-2 29.63 27.66 20.05 30.62 26.99 15 

10 HGS-563(C) 30.64 30.93 28.59 30.21 30.09 2 
11 RGr-12-3 28.87 27.17 29.78 28.97 28.70 12 
12 HGS-2-20 (C) 30.20 30.36 26.77 30.93 29.57 7 
13 RGr-12-4 29.93 30.26 26.49 26.12 28.20 13 
14 Shakti var-X-6 30.35 30.00 26.17 28.88 28.85 11 
15 GAUG-819 30.44 30.84 28.15 27.69 29.28 9 

 Mean 30.07 29.77 27.62 29.28   
 SE ± 0.0157 0.0107 0.0149 0.0092   
 CD at 5%  0.0456 0.0310 0.0431 0.0267   

 
Sr. No. Genotypes  Durgapura  Jodhpur  Parbhani S K Nagar MEAN RANK 
1 RGr- 12-2 2145 5650 5840 5920 4889 4 
2 GAUG-815 4520 5880 5133 4460 4998 3 
3 CAZG-12-1 2190 5510 4520 3260 3870 10 
4 Shakti-424 2388 4340 4490 3510 3682 13 
5 HGS-16 2104 3670 4120 3120 3254 15 
6 GAUG-817 3546 4510 4665 2620 3835 12 
7 RGr-12-1 5600 5879 6240 2220 4658 5 
8 RGr-12-5 2120 3760 5340 2565 3446 14 
9 CAZG-12-2 5480 4460 3560 3820 4330 7 
10 HGS-563(C) 4300 4500 4421 2230 3863 11 
11 RGr-12-3 2360 5840 5520 3248 4242 9 
12 HGS-2-20 (C) 2920 4330 5730 4220 4300 8 
13 RGr-12-4 5940 4130 5360 4840 5068 2 
14 Shakti var-X-6 5230 6140 3560 5724 5164 1 
15 GAUG-819 4123 4420 4520 4560 4406 6 

 Mean  3664 4868 4781 3754   
 SE ±  29.8157 10.9971 12.0298 12.7528   
 CD at 5%  86.4398 31.8821 34.8760 36.9720   
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