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ABSTRACT

Rhizoctonia root rot caused by Rhizoctonia solani [Kühn
teleomorph Thanatephorus cucumeris (Frank) Donk] is one of
the most destructive diseases of soybean in India. Very little is
known about the diversity among resistant sources in this crop.
The aim of present study is to assess the genetic diversity and
use allele mining approach to characterize and utilize the
naturally occurring resistance diversity in soybean. Five
moderately resistant cultivars along with four gamma induced
moderately resistant mutants and five high yielding susceptible
cultivars were evaluated by 49 simple sequence repeats (SSR)
and 20 inter simple sequence repeats (ISSR) markers. A total
of 126 (117 polymorphic) and 164 (113 polymorphic) bands were
detected by SSR and ISSR markers respectively. Several SSR
makers e.g., Sat_076, Sat_246, Satt119 and Satt 433
discriminated the susceptible and resistant cultivars. SSR
marker Satt 177, which is reported to be associated with
resistance to rhizoctonia root rot also amplified specific alleles
in susceptible and resistant cultivars. SSR and ISSR marker
data sets showed positive correlation (Mantel test r = 0.69) in
the UPGMA cluster analysis, grouping the susceptible cultivars
along with resistant cultivars. The partition of the variation
among and within susceptible and resistant cultivars showed
great variation among individual rather than between the
groups.

Key words: Genetic diversity, ISSR, Rhizoctonia root rot,
Soybean, SSR

The present cultivars of soybean in India are
introduction lines or the local landraces collected from the
traditional soybean growing regions in the Northern
Himalayan Hills (Karmakar and Bhatnagar 1996, Tiwari et al.
1999). On the basis of morphological traits, the genetic base
of soybean cultivars growing in India has been reported to be
narrow. In the recent past, the area and production has
increased but the national productivity is stagnated. The yield
per hectare is hovering around 1.0 t/ha and fluctuates due to
the incidence and intensity of biotic and abiotic stresses. Only
a few elite lines has been used in development of new varieties.
The domination of two or a few cultivars provides the optimum
environment for the newly emerging diseases and insect pest
and poses a threat to soybean cultivation.

Among the biotic stresses, rhizoctonia root rot (RRR)
[Rhizoctonia solani; teleomorph: Thanatephorus cucumeris
(Frank) Donk] is a major disease of soybean and may cause
losses up to 80%. Rhizoctonia solani, which is a predominantly
soilborne fungus has a very wide host range (Aderson 1982)
that makes chemical, biological and cultural control difficult.
To control root rot, the use of resistant cultivars is an efficient,
economical and environmentally safe way.  Only a few breeding
lines/accession are found moderately resistant/tolerant.

Resistance to the pathogen Rhizoctonia solani is a
quantitative trait and controlled by both major and minor genes
(Bradley et al. 2005, Zhao et al. 2005). Transgressive
segregants with enhanced level of resistance can be developed
by crossing the divergent moderately resistant cultivars. The
induced mutations for both qualitative and quantitative traits
were found useful in soybean (Bhatnagar et al. 1992, Atak et
al. 2004). Molecular markers are useful tools to estimate the
genetic diversity among resistant cultivars. The objective of
this study was to analyze the genetic variation among RRR
tolerant and susceptible lines of soybean using SSR and ISSR
markers.

MATERIALS AND METHODS

Five resistant, five high yielding susceptible, four
resistant mutants and one wild soybean (Glycine soja)
genotypes were selected for genetic diversity analysis. The
disease reaction was tested in rhizoctonia root rot sick plot at
JNKVV, Jabalpur, India since the last five years (2006-2010).
The crop was raised with standard agronomical practices.
Disease observations were recorded from seedling stage to
maturity at 10 days interval and the varieties were scored on a
1-8 scale (Zhao et al. 2005). Genomic DNA of the selected
lines was isolated from young leaves using CTAB method as
described by Porebski et al. (1997).
ISSR analysis: A total of 100 ISSR primers (UBC primer set 9,
John Hobbs, NAPS Unit, University of British Columbia,
Vancouver, V6T 1Z3 Canada) were tested for DNA
amplification; 20 of these which produced sharp and clear
banding profile were used for genotyping of 15 soybean
genotypes (Table 2). The PCR reaction was carried out using
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a single primer at a time, in 20 µl reaction mixture containing
50 ng of template DNA, 1× buffer, 200 µM of each of the four
dNTPs, 1 unit Taq DNA polymerase, 2.5 mM MgCl2 and
10 pM of primer. PCR amplifications were performed on a
Thermo hybrids PCR machine with initial denaturation at 95ºC
for 5 min, followed by 40 amplification cycles of denaturing at
94ºC for 1 min, annealing at 50ºC for 1 min, extension at 72ºC
for 2 min and final extension at 72ºC for 5 min. The PCR
products were resolved by electrophoresis on 1.5% (w/v)
agarose gels stained with ethidium bromide, photographed
under UV light. Molecular weight of bands was estimated
using a wide range 1kb ladder.
SSR analysis: Forty nine SSR (microsatellite) primer pairs well
distributed on different linkage group were chosen on the
basis of the published soybean microsatellite framework
(Cregan et al. 1999) (Table 4). The original sources and repeat
motifs for these markers can be found in soybean database
(http://soybase.org/resources/ssr.php). Microsatellite primer
pairs were synthesized from the Sigma Aldrich Chemicals Pvt.
Ltd. The PCR reaction was conducted in a reaction volume of
20 µl containing 1× PCR buffer, 100 µM dNTPs, 0.4 µM of
each primer, 1.2 mM MgCl2, 0.5 unit Taq DNA polymerase and
50 ng template DNA. PCR amplification was performed with
initial denaturation at 94ºC for 5 min followed by 35 cycles of
94ºC for 30 s, 50 -55ºC for 30 s, 72ºC for 45 s and final extension
at 72ºC for 3 min before cooling at 4ºC. Amplification products
of 22 SSR makers were resolved on 4% denatured
polyacrylamide gel and rest 27 SSR marker products were
resolved on 3.5% agarose gels.
Scoring and data analysis: The PCR products from ISSR and
SSR analyses were scored qualitatively for presence or
absence (Ghosh et al. 1997). Only clear and apparently
unambiguous bands were scored for ISSR. Genetic similarities
between the cultivars were measured by Jaccard similarity
coefficient based on the proportion of shared alleles using
‘simqual’ sub program of software NTSYS PC version 1.8
(Exeter Software, Setauket, NY, U.S.A.) software package
(Rohlf 1997). The resultant distance matrix data was used to
construct dendrograms by using the un-weighted pair group
method with an arithmetic average (UPGMA) subprogram of
NTSYS PC (Rohlf 1997). The polymorphism information
content (PIC) of ISSR and SSR markers was also calculated
according to Anderson et al. (1993) using the following
equation:

      n 

PICi = 1-∑ p2
ij 

                     j=1 

Where, Pi j is the frequency of the jth allele for ith
marker and summation extends over n alleles. Partitioning of
variation within and among the groups by each marker system
was achieved by analysis of molecular variance (AMOVA)
using the Arlequin ver 2000 software as described by Excoffier
et al. (1992). The Mantel test of significance (Mantel 1967)

was also used to compare each pair of similarity matrices
produced above. Student’s t test was performed in order to
determine the level of significance of differences obtained.

RESULT AND DISCUSSION

Field screening: Jabalpur (India) is one of the hot spots for
rhizoctonia root rot disease. The genotypes used in the
present study were grown and screened in sick plots. On an
average, data of disease incidence of five years were used to
differentiate resistant and susceptible cultivars. Five resistant
genotypes namely ‘JS 97-52’, ‘SL 96’, ‘RKS 24’, ‘JS 99-78’ and
‘JS 93-05’, five high yielding susceptible genotypes ‘JS 335’,
‘JS 72-280’, ‘JS 80-21’, ‘VLS 64’, ‘NRC 37’ and four mutants of
two genotypes were showing the invariable disease reaction.
Glycine soja, a wild species was used as the control. During
data analysis, G. soja was not used except for generating
dendrogram.
ISSR marker diversity analysis: Twenty ISSR containing di,
tri and penta repeat nucleotides were used for allelic
discrimination of 10 soybean cultivars and four mutants
differing in resistance to rhizoctonia root rot disease (Table
2). Out of 20 ISSR primers, 18 had di nucleotide, one tri and
one penta nucleotides repeats. The 20 primers amplified 164
amplicons that range from 200bp to 4kb; of these 68.9% were
polymorphic. The ISSR DNA bands varied between 3 (UBC
primer 845) to 14 (UBC primer 813 and 836), with an average  of
8±0.69 bands per primer. Two primers 844 and 866 were found
to be monomorphic. The maximum number of polymorphic
bands (12 bands) were obtained using primer 836. The average
number of polymorphic bands were 8.20±1.83. A significant
correlation (0.83; P<0.01) was observed between total number
of band and number of polymorphic bands. The PIC value of
ISSR markers ranged from 0 (primer 844 and 866) to 0.68 (822
and 876). There was no correlation between total number of
polymorphic bands per primer and PIC value of the primer

Table 1. List of genotypes used in the study and their response
to rhizoctonia root rot

Genotype Parentage Response to 
rhizoctonia 

root rot 

Disease 
reaction 

JS 335 JS 78 77 × JS 71 05 Susceptible 05 
JS 72-280 Breg × EC 14437 Susceptible 07 
JS 80-21 JS 75 1 × PK 73 94 Susceptible 07 
VLS 64 JS 80-21 × Shilageet Susceptible 07 
NRC 37 Pb 1 × Gaurav Susceptible  09 
MB (RR) 250 Mutant of NRC 37 Resistant 03 
MB (RR) 245 Mutant of NRC 37 Resistant 02 
JS  97-52 PK 327 × LI 129 Resistant 01 
SL 96 Botato × JS 3 Resistant 01 
RKS 24 PK 472  × PS 1024 Resistant 01 
JS 99-78 MACS 330  × PK 327 Resistant 03 
JS 93-05 Secondry Selection From PS 73 22 Resistant 03 
MB (RR) 200 Mutant of JS 93-05 Resistant 02 
MB (RR) 139 Mutant of JS 93-05 Resistant 02 
Glycine soja Wild species   00 
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Twenty two SSR markers were separated on PAGE generated
72 allelic fragments among 14 genotypes with an average  of
3.27±0.31. Number of alleles ranged from one to six. Three
SSR markers were found to be monomorphic. The markers
were found to be highly polymorphic for soybean varieties
under study. Several SSR markers also separated on 3.5%
agarose gels. The method separating DNA fragments on
agarose gels is less expensive and processing is very easy
than PAGE. There are several reports of successfully separated
SSR fragments on agarose gels in food legumes like soybean
(Burnham et al. 2002, Bommi and Ferguson 2005), Vigna (Wang
et al. 2008). The twenty seven SSR markers run on agarose
gels amplified 52 alleles of which 88% were polymorphic. Out
of 27, five markers were found monomorphic. Markers
electrophoresis on agarose gels amplified less number of
alleles as compared to marker separated on denaturing PAGE.
Markers Satt177, Sat_246 and Satt227 amplified maximum
number of alleles i.e., six. The distinguishing power of these
SSR markers varied greatly. The mean PIC value was 0.36±0.05
(ranging from 0 to 0.80). The SSR marker separated on agarose
gel (0.33±0.053) showed less polymorphism as compared to
PAGE (0.45±0.056).
Cluster analysis: Both the marker systems were able to
uniquely discriminate between 10 soybean genotypes. All the
genotypes were separated into two major groups. But both
the marker systems fail to differentiate the resistant and
susceptible cultivars. The dendrograms obtained using SSR
and ISSR data (Figures 1 and 2) were quite similar and both
markers system clustered the soybean genotypes into two
major groups. The values of the Mantel test correlation showed
a positive correlation between the two marker types. The
correlation coefficient (r) was 0.69 between SSRs and ISSRs
(significant at P > 0.01), because these markers are known to
target the same genomic fractions involving repeat and/or
unique sequences. The genetic similarity was quite low to
high among the ten genotypes ranged from 0.61 – 0.83 for
SSR and 0.58 – 0.85 for ISSR. Although, Singh and Hymowitz
(1999) mentioned the narrow genetic base of Indian cultivars
on morphological basis, but Satyavathi et al. (2006) and
Dayaman et al. (2009) observed a high degree of genetic
diversity on morphological and molecular basis. Most of the
Indian cultivars are either selection from the introduction lines
or the local landraces collected from the traditional soybean
growing regions in the Northern Himalaya Hills or single
crosses (Tiwari et al. 1999), so diversity is expected to be
high. On the basis of ISSR and SSR markers, the soybean
genotypes were grouped into two major clusters at 65%

Table 2. Data on the number of alleles, size range and unique
alleles and polymorphism information content (PIC)
obtained using 49 SSR markers in 14 soybean
genotypes

Table 3. Partitioning of variance within and between the
resistant and susceptible genotypes of soybean
derived from the analysis of molecular variance from
SSR and ISSR markers data

Percent variance SSR ISSR 
Among groups 17.76 15.0 
Within groups 82.24 85.0 

 

Marker No of 
alleles 

Allele size 
(bp) 

No. of unique 
alleles 

PIC value 

SSR markers separated on PAGE 
Satt 305 2 206-216 1 0.26 
Sat_076 3 178-201 0 0.52 
Sat_246 6 166-230 1 0.76 
Sat_332 2 275-273 0 0.49 
Sat_353 3 237-240 1 0.43 
Satt 001 1 110 0 0.00 
Satt 062 3 242-244 1 0.35 
Satt 077 3 148-195 1 0.52 
Satt 119 4 124-133 1 0.70 
satt 143 1 240-279 0 0 
Satt 177. 6 109-148 1 0.79 
Satt 189 3 244-252 1 0.35 
Satt 227 6 185-204 1 0.80 
Satt 285 2 204-236 1 0.13 
Satt 314 3 237-239 0 0.45 
Satt 322 1 205 0 0.00 
Satt 336 4 185-198 1 0.76 
Satt 371 4 217-330 2 0.45 
Satt 433 5 201-238 1 0.72 
Satt 525 5 285-307 2 0.62 
Satt190 4 182-232 2 0.25 
Satt 153 3 204-216 0 0.64 
SSR markers separated on Agarose 
Sat_136 3 300-320 1 0.35 
Satg 002 1 250 0 0.0 
Satt 020 2 100-125 0 0.5 
Satt 135 2 160-200 0 0.24 
Satt 153 2 190-200 0 0.40 
Satt 175 2 150-200 0 0.40 
Satt 192 2 280-290 0 0.33 
Satt 197 2 150-190 0 0.0 
Satt 307 2 200-250 0 0.0 
Satt 389 2 200-250 0 0.48 
Satt 473 2 190-200 0 0.48 
Satt 513 2 280-300 1 0.13 
Satt 545 3 180-190 1 0.54 
Satt 548 1 200 0 0.0 
Satt 550 2 260-270 0 0.33 
Satt 552 2 150-170 0 0.13 
Satt 562 1 200 0 0.0 
Satt 575 1 240 0 0.0 
Satt 581 2 240-250 0 0.40 
Satt 600 3 150-210 0 0.64 
Satt 201 1 290 0 0.0 
Satt 598 2 170-185 0 0.48 
Sct_067 2 150-180 0 0.40 
Sct_062 3 150-160 1 0.50 
Sat_128 2 200-250 0 0.48 
Sat_089 1 160 0 0.0 
Sct_189 2 190-200 0 0.48 

 (0.52 P<0.01). Among di nucleotides AG and CT repeats were
found to be more abundant than GT and CA repeats.
SSR analysis: A total of 49 SSR markers were used for diversity
analysis. Out of 49, 22 SSR markers were run on denaturing
polyacrylamide gels (PAGE) and 27 on 3.5% agarose gels.



270 Journal of  Food Legumes 24(4), 2011

similarity coefficient. Invariably, genotypes ‘RKS 24’, ‘NRC
37’, ‘JS 93-05’ fell into one cluster, while ‘JS 72-280’, ‘JS 80-21’,
‘VLS 64’, ‘JS 97-52’ and ‘SL 96’ were in another cluster in both
the marker systems. Genotypes ‘JS 335’ and ‘JS 99-78’ were
the only genotypes grouped differently by different marker
systems.  Glycine soja (wild genotype) was quite far from
both the group and having equidistance. Only 21% alleles
were shared between the G. max and G. soja. The result of the
AMOVA of ISSR and SSR markers showed that there was
little difference (17.76% SSR and 15.0% ISSR; P > 0.01) between
the susceptible and resistant cluster, but the difference among
the individual within the population was large (82.24% SSR
and 85.0% ISSR; P > 0.02) (Table 3). Chen et al. (2006) in a
study comprising over 100 soybean cyst nematode resistant

Fig 2. Dendrogram of the 15 soybean genotypes based on the
genetic similarity coefficient data obtained by 20 ISSR
primers.

Coefficient
0.53 0.65 0.77 0.88 1.00

 JS-335 

 JS-72-280 

 JS-80-21 

 VLS64 

 JS-97-52 

 SL-96 

 RKS-24 

 NRC-37 

 JM-250 

 JM-245 

 JS93-05 

 JM-200 

 JM-139 

 JS-99-78 

 G.soja 

Fig 3. Two dimensional scaling of 15 soybean genotypes by
principal component analysis (PCA) using pooled
genetic distance matrix data The solid dark circles are
the susceptible cultivars and hollow circles are
resistant cultivars.

Coefficient
0.55 0.66 0.78 0.89 1.00

 JS-335 

 RKS-24 

 NRC-37 

 MB-250 

 MB-245 

 MB-139 

 JS93-05 

 MB-200 

 JS-72-280 

 JS-80-21 

 VLS64 

 JS-97-52 

 SL-96 

 JS-99-78 

 G.SOJA 

Fig 1. Dendrogram of the 15 soybean genotypes based on the
genetic similarity coefficient data obtained by 49 SSR
primers.

Table 4. ISSR primers, their sequence, DNA profile and polymorphism generated in 14 soybean genotypes using 20 ISSR
markers

UBC primer Primer sequence No. of bands amplified Polymorphic band PIC value 
808 AGA GAG AGA GAG AGA GC 7 4 0.37 
810 GAG AGA GAG AGA GAG AT 10 7 0.50 
813 CTC TCT CTC TCT CTC TT 14 11 0.54 
814 CTC TCT CTC TCT CTC TA 5 4 0.55 
815 CTC TCT CTC TCT CTC TG 8 5 0.38 
822 TCT CTC TCT CTC TCT CA 9 9 0.69 
823 TCT CTC TCT CTC TCT CC 10 8 0.56 
824 TCT CTC TCT CTC TCT CG 8 7 0.45 
834 AGA GAG AGA GAG AGA GYT 6 3 0.30 
836 AGA GAG AGA GAG AGA GYA 14 12 0.61 
840 GAG AGA GAG AGA GAG AYT 7 6 0.58 
842 GAG AGA GAG AGA GAG AYG 10 9 0.49 
843 CTC TCT CTC TCT CTC TRA 8 5 0.31 
844 CTC TCT CTC TCT CTC TRC 6 6 0.00 
845 CTC TCT CTC TCT CTC TRG 3 1 0.28 
848 CAC ACA CAC ACA CAC ARG 5 2 0.13 
853 TCT CTC TCT CTC TCT CRT 13 10 0.38 
866 CTC CTC CTC CTC CTC CTC 4 0 0.00 
876 GAT AGA TAG ACA GAC A 9 0 0.69 
881 GGG TGG GGT GGG GTG 8 4 0.34 
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sources originated from northeast and central China, Korea,
Japan and far eastern Russia, reported greater variation
(91.7%) among individuals of different clusters and only 13%
of total variance was contributed by individuals within the
clusters. ‘UPSM 82’ is a resistant source for many diseases in
soybean; it was used in the development of cultivar ‘JS 97-52’
and ‘JS 99-78’ which could be the source for RRR in these
cultivars. Interestingly, these two cultivars clustered in SSR
and pooled dendrogram with the susceptible cultivars. The
resistant genotypes were more dispersed as compared to the
susceptible cultivars.

A good amount of polymorphism was observed
between mutants and also between the parents and mutants.
The mutants of genotypes ‘NRC 37’ were more diverse as
compared to ‘JS 93-05’ mutants. The derived mutants also
showed greater variability for morphological and yield traits
(data not shown). Mutants of susceptible varieties ‘NRC 37’
showed the resistant reaction against the RRR. Induced
mutation has been reported to induce the resistance to
diseases in plants (Sala et al. 2008).  Soybean is found sensitive
to both physical and chemical mutagens (Patil et al. 2007,
Atak et al. 2004). The analysis of a core set of unigene-based
23 SNPs showed that gamma radiation increases the genetic
diversity by 150% in soybean (Lee et al. 2008).  Through
induced mutation, new genes/genotypes were developed
against many diseases in many crops, e.g., against bacterial
leaf blight in rice (Nakai et al. 1990), yellow vein mosaic virus
in okra  and Mungbean (Phadvibulya et al. 2009, Boonsirichai
et al. 2009, Reddy 2009), late blight in  potato (Al-Safadi and
Arabi 2003).

Many SSR markers amplified unique alleles (Table 2).
These markers can be used in DUS. The resistant genotypes
‘RKS 24’, and ‘JS 93-05’ were clustered as a group. SSR markers
(Satt 177, Sat_076, Sat_246, Satt119 and Satt 433) were able to
discriminate the resistant and susceptible cultivars. Marker
Satt 177 amplified two alleles of 109bp and 124bp in susceptible
and one alleles, i.e., 115bp in resistant cultivars.  Zhao et al.
(2005) also found that Satt 177 marker was associated to
resistance in four mapping populations. Although single alleles
were not found that would discriminate all the resistant and
susceptible cultivars. Rhizoctonia root rot resistance is a
quantitative trait involving both major and minor genes with
additive effects (Zhao et al. 2005); so these genotypes may
be differing in genes or alleles of resistance against root rot.

In the present study, several SSR alleles have been
observed differentiating the resistant cultivars from
susceptible cultivars. The genomic regions which SSR markers
are associated with may be contributing resistance to the
rhizoctonia root rot. Some of them may be distinct and new
alleles of resistance in these resistance sources.
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ABSTRACT

Fertility restoration system in five CMS-based pigeonpea
[(Cajanus cajan (L.) Millspaugh] hybrids was studied during
kharif 2010 at International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh.
Two hybrids ‘ICPH 2671’ and ‘ICPH 2740’ which had the same
male parent but different females segregated in F2 in the ratio
of 12 fertile (F) : 3 partial fertile (PF) :1 sterile (S), and in
BC1F1 generation  as 2 fertile : 1 partial fertile : 1 sterile,
suggesting that fertility restoration in these hybrids was
controlled by digenic dominant epistatic interaction. The
progenies derived from hybrid ‘ICPH 3359’ fitted well to an F2
ratio of 9 F : 6 PF : 1 S, and 1 F : 2 PF : 1 S in BC1F1 generation,
indicating the involvement of two major genes with incomplete
dominant epistasis. Progenies of the other two hybrids ‘ICPH
4012’ and ‘ICPH 4344’ segregated in F2 in the ratio of 9 F : 3 PF
: 4 S, and 1 F : 1 PF : 2 S in BC1F1 generations, suggesting that
pollen fertility was controlled by digenic recessive epistatic
gene action. Results of the present investigation revealed that
fertility restoration of A4 CMS system in pigeonpea was
governed by two major genes but with different types of epistatic
interactions in different crosses.

Key words: Dominant gene, Epistasis, Fertility restoration,
Hybrid, Pigeonpea

Pigeonpea [Cajanus cajan (L.) Millspaugh] is a short-
lived perennial member of family Fabaceae and is invariably
cultivated as annual crop. It is an often cross-pollinated (20-
70%) crop with 2n = 2x = 22 chromosomes. Globally, pigeonpea
is grown on 4.5 million hectares land in more than 20 countries
with an annual production of 3.48 million tons (FAO 2011).
Since 1976, pigeonpea has globally recorded a 56% increase
in its area and production but the productivity has remained
low at 700 kg/ha (http://faostat.fao.org/site/339/default.aspx).
Progress through genetic improvement of yield potential has
been limited, and the improved cultivars developed through
breeding could not enhance the productivity of the crop in
the last five decades (Singh et al. 2005). Also, the genetic
male sterility (GMS) based pigeonpea hybrids could not be
commercialized because of high seed cost and difficulties in
maintaining the genetic purity (Saxena et al. 2006, Saxena and
Nadarajan 2010). Hence, the development of cytoplasmic
nuclear male sterility (CMS) became imperative.

Cytoplasmic nuclear male sterility (CMS) is a maternally
inherited trait and does not follow Mendelian laws of

segregation; and this can originate from alternations in either
nuclear or cytoplasmic genes. CMS has been reported in about
140 plant species belonging to 47 genera and 20 families (Kaul
1988). In this system the genetic determinants of male sterility
generally inherit through the mitochondrial genome. However,
the nuclear genomes also play an important role in the
expression of CMS phenotype (Newton 1988). CMS has been
conveniently used in hybrid breeding programme in a number
of crop species since it eliminates the expensive hand
emasculation procedures. In pigeonpea, seven CMS systems
were developed by integrating the cytoplasm of wild species
with the genome of cultivars through interspecific
hybridization followed by selection and backcrossing (Saxena
et al. 2010a). Of these, A4 CMS system derived from a cross
involving a wild relative of pigeonpea (C. cajanifolius) and
cultivated type (C. cajan) has shown great promise (Saxena
et al. 2005) because of its stable expression under various
agro-climatic conditions, availability of reliable maintainers
(B-lines), and stable fertility restoration. The presence of greater
genetic diversity among fertility restorers enhances the
probability of breeding widely adapted high yielding hybrids.
The information about the number of genes controlling fertility
restoration (Rf or Fr genes) and their eventual mapping in the
pigeonpea genome will facilitate the development of new
hybrids and also provide guidance in the introgression of
fertility restoring genes in new genetic backgrounds.
Therefore, the present study was undertaken to study the
genetics of fertility restoration system in pigeonpea using F1,
F2, and BC1F1 generations in five medium maturing pigeonpea
hybrid combinations carrying A4 cytoplasm.

MATERIALS AND METHODS

The genetics of fertility restoration was studied in five
single cross hybrids (‘ICPH 2671’, ‘ICPH 2740’, ‘ICPH 3359’,
‘ICPH 4012’, and ‘ICPH 4344’) and their corresponding F2 and
test cross (BC1F1) progenies. During 2009 kharif season, the
parental lines were planted at ICRISAT, Patancheru to
undertake a crossing programme. The crosses involved four
male sterile (‘ICPA 2043’, ‘ICPA 2047’, ‘ICPA 2092’, and ‘ICPA
2052’) and four known fertility restorer (‘ICPL 87119’, ‘ICPL
20107’, ‘ICP 10928’, and ‘MAL-9’) lines. To develop test cross
progenies, the F1 hybrids were crossed with their respective
CMS lines (Table 1). Simultaneously, the hybrid plants were
selfed using muslin cloth bags to produce F2 seeds. The
genetic materials involving F1s, F2s, BC1F1s, and parents were
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planted at ICRISAT, Patancheru, Andhra Pradesh during kharif
2010.  For each female and male parent, standard check and F1
hybrids 18 rows were sown; while 54 rows were planted for
each F2 population. Four meter long rows were spaced at 75
cm with plant to plant spacing of 30 cm. A  population of 600
- 650 plants was maintained for each F2 and 200 - 300 for each
F1 hybrid and test cross except that of hybrid ‘ICPH 4344’
where 131 plants in F1, 330 in F2 and 164 in test cross were
grown.

Data on pollen fertility/sterility were recorded on each
plant of each entry at 50% flowering stage. For this purpose,
10 well developed but closed flower buds were collected
randomly from different parts of each plant at anthesis (9 - 10
A.M.). Anthers were extracted from each bud and crushed
with a drop of 2% aceto-carmine stain on a micro slide and
examined under a light microscope using 100X magnification.
Two such microscopic fields were examined for each sample.
The round and well stained pollen grains were considered
fertile while shrivelled hyaline pollen grains were counted as
sterile. Mean of the two microscopic fields was calculated
and the proportion of fertile pollens was expressed in
percentage. Based on this data, the plants were classified into
fertile (>80% pollen fertility), partial fertile (11 - 80% pollen
fertility), and sterile (0 - 10% pollen fertility). The goodness of
fit to the expected ratios in F2 and test cross generations was
tested using chi-square test.

RESULTS AND DISCUSSIONS

In CMS system, the male sterility trait is never lost or
diluted in the succeeding generations of reproduction and
their male fertility can be restored by incorporating dominant
restorer gene(s). The fertility restoring genes in the nucleus
suppress the male sterile phenotype and allow the production
of fertile hybrids. These genes are useful when they are
dominant since they make the Fl hybrid plant fertile. Nadarajan
et al. (2008) reported the extent of incorporation of fertility
restoring genes into different cytoplasmic sources viz., A1, A2

and A4.  They observed that only 11.3% of hybrids restored
fertility across the three cytoplasmic sources. Therefore,
incorporating the fertility restoring gene(s) into diverse lines
and understanding of their inheritance is essential for a
dynamic hybrid pigeonpea breeding programme.

Among the five crosses under study, hybrid ‘ICPH 2671’
and its test cross had high seed setting with an average of
50% success in hand crossing; whereas in the other cross
combinations 30 – 38% seed setting (Table 1) was recorded. A
total of 1473 F1 seeds was obtained from 3900 hand pollinations
and 1301 BC1F1 seeds from 3700 pollinations. All the male
parents had >90% pollen fertility. In each hybrid, all the plants
were fully fertile indicating that in each case the restorer parent
transferred dominant fertility restoring genes to the hybrid. In
F2 generation of ‘ICPH 2671’, 527 out of 685 plants were fertile,
113 partial fertile and 45 male sterile. This segregation fit well
to the expected ratio of 12 F : 3 PF : 1S sterile (2  = 2.31 ; P  =  0.2
- 0.5). In BC1F1 generation, 150 out of 289 plants were fertile,
73 plants had partial fertility and 66 plants were male sterile.
This fit well to the expected ratio of 2 F : 1 PF : 1 S ratio
(2  = 0.76 ; P  =  0.5 – 0.8) suggesting the presence of two
fertility restoration loci in the restorer parent; which interact
epistatically with masking gene action. The presence of a single
dominant allele of the first fertility restoring gene was enough
to restore male fertility. The presence of dominant allele at the
second loci provided partial fertility restoration but when
present together with the other dominant allele in a genotype
it resulted in fertility restoration. Similar results were recorded
in hybrid ‘ICPH 2740’ (Table 2),  where out of 641 F2 plants
evaluated, 471 were fertile, while 132 plants expressed partial
fertility and the rest 38 plants were sterile. This segregation fit
well to the expected ratio of 12 F : 3 PF : 1 S ratio (2  = 1.36 ; P
= 0.5).  In BC1F1 generation, where 241 plants were grown: 110
were male fertile, 69 partial fertile and 62 male sterile. This
segregation fit well to the expected ratio of 2 F:   1 PF : 1 S (2

= 2.24 ; P  =  0.2 – 0.5). The segregation for fertility restoration
in F2 and BC1F1 of ‘ICPH 2671’ and ‘ICPH 2740’ was similar.

Table 1. Descriptions of parental lines used in hybridization for studying genetics of fertility restoration and crossed seeds
harvested

Cross Hybrid Pedigree of male parent Pollination % Success Seeds harvested 
F1 hybrids      
ICPA 2043 x ICPL 87119   ICPH 2671 C11 x ICP 1-6W3B 600 50 300 
ICPA 2047 x ICPL 87119   ICPH 2740 C11 x ICP 1-6W3B 900 35 315 
ICPA 2047 x ICPL 20107   ICPH 3359 IPH 487 inbred -2 900 37 333 
ICPA 2092 x ICP 10928   ICPH 4012 T-5 (1-4)  900 33 297 
ICPA 2052 x MAL-9          ICPH 4344 MAL-9 variety 600 38 228 
Total/mean   3900 38.6 1473 
Test crosses      
ICPA 2043 x ICPH 2671  - - 600 48 288 
ICPA 2047 x ICPH 2740  - - 900 34 306 
ICPA 2047 x ICPH 3359  - - 900 33 297 
ICPA 2092 x ICPH 4012  - - 900 30 270 
ICPA 2052 x ICPH 4344 - - 400 35 140 
Total/mean   3700 36.0 1301 
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This was expected since the restorer line used in the
development of both the hybrids was the same. Thus, fertility
restoration in these two hybrids was due to digenic dominant
epistatic interaction.

In F2 of hybrid ‘ICPH 3359’, 390 plants were fertile, 226
partial fertile, and 55 male sterile. This segregation fit well to
the expected ratio of 9 F : 6 PF : 1 S (2  = 7.10 ; P  =  0.2 – 0.05).
In BC1F1 generation out of a total of 231 plants, 54 were male
fertile, 116 partial fertile and 61 male sterile. This followed a
ratio of 1 F : 2 PF : 1 S (2  = 0.43 ; P  =  0.8). This segregation
showed that the restorer line ‘ICPL 20107’ had two loci
responsible for the fertility restoration. It was governed by
dominant genes with semi-dominance epistatic interaction
(Table 2). It was necessary to have dominant alleles at both
loci to provide fertility restoration; one dominant allele alone
in homozygous or heterozygous condition only provided
partial fertility (incomplete dominance). In hybrid ‘ICPH 4012’
among 626 F2 plants grown 359 were fertile, 111 partial fertile
and 156 sterile. This segregation fit well to the expected ratio
of 9 F : 3 PF : 4 S (2  = 0.48 ; P  =  0.5 – 0.8). In BC1F1 generation,
the population of 212 plants segregated into 55 fertile, 40 partial
fertile and 117 sterile and it fit well to the expected ratio of 1 F
: 1 PF : 2 S (2  = 4.41 ; P  =  0.8). The presence of homozygous
recessive alleles at one locus results in partial fertility, whereas
the presence of fertility restoring alleles at the other locus
results in male sterility. This segregation confirmed the
recessive epistasis gene interaction of pollen fertility in hybrid
‘ICPH 4012’ (Table 2). The similar segregation pattern was
observed in hybrid ‘ICPH 4344’ where the F2 populations
segregated in to 182 fertile, 64 partial fertile, and 84 sterile
plants and it fit well in a ratio of  9 F : 3 PF : 4 S indicating
recessive epistatic gene action (2  = 0.17 ; P  =  0.80 – 0.95). In
BC1F1 generation, the population segregated in to 36 fertile,
56 partial fertile, and 72 sterile and it followed the expected
ratio of 1 F : 1 PF : 2 S (2  =  7.32 ; P  = 0.01). Hybrids ‘ICPH
4012’ and ‘ICPH 4344’ had different male and female parents
but their segregation patterns for fertility restoration in their

F2s and BC1F1s were comparable. This may be attributed to
similar genetic constitution of the parents as far as fertility
restoration is concerned.

The success in developing hybrids largely depends on
the availability of effective fertility restorers and basic
understanding of their inheritance. The segregation patterns
recorded in this study suggested that the fertility restoration
in pigeonpea was governed by two dominant genes with
epistatic or incomplete dominant interaction. Hybrids ‘ICPH
2671’ and ‘ICPH 2740’ had the same restorer genes and the
two male sterile lines segregated in a ratio of 12 F : 3 PF : 1 S in
F2 and 2 F : 1 PF : 1 S in BC1F1 generations, confirming their
digenic dominance epistatic interaction. Hybrid ‘ICPH 3359’
showed a segregation ratio of   9 F : 6 PF : 1 S in F2 and 1 F : 2
PF : 1 S in BC1F1 generations indicated the involvement of two
epistasis genes with incomplete dominance while ‘ICPH 4012’
and ‘ICPH 4344’ segregated in the ratio of 9 F : 3 PF : 4 S and
1 F : 1 PF : 2 S in F2 and BC1F1 generations, respectively. It is to
be noted that the male parents of ‘ICPH 4012’ and ‘ICPH 4344’
are very diverse in origin but have similar genes for fertility
restoration. Hybrid ‘ICPH 4012’ has the restorer from a line
that originated in Australia; while the pollen parent of ‘ICPH
4344’ comes from Uttar Pradesh in India. Dalvi et al. (2008)
reported that the fertility restoration in A4 cytoplasm was
governed by the monogenic gene action (3 F : 1 S in F2; 1 F : 1
S in BC1F1), digenic dominance duplicated gene action (15 F :
1 S in F2; 3 F : 1 S in BC1F1), and complementary (9 F : 7 S in F2;
1 F : 3 S in BC1F1) gene action, respectively. The presence of
two dominant genes with one basic and one inhibitory gene
action in ‘ICPL 87119’ was reported by Saxena et al. (2010b).
Saxena et al. (2011) also reported the present of both
monogenic and digenic inheritance of fertility restoration in
extra early maturing hybrids and two duplicate dominance
genes in late maturing hybrid with A4 cytoplasm.
Sawargaonkar (2011) also reported the monogenic as well as
digenic control of fertility restoration and it was influenced
by nuclear background of parental lines. In the present

Table 2. Segregation for fertility restoration in F1, F2, BC1F1 generations of five crosses
No. of plants Cross Generation 

Total Fertile Partial fertile Sterile 
Expected ratio Probability 

ICPA 2043 x ICPL 87119 F1 201 201 0 0 1:0 - 
 F2 685 527 113 45 12:3:1 0.2 - 0.5 
 BC1F1 289 150 73 66 2:1:1 0.5 - 0.8 
ICPA 2047 x ICPL 87119 F1 233 233 0 0 1:0 - 
 F2 641 471 132 38 12:3:1 0.5 
 BC1F1 241 110 69 62 2:1:1 0.2 - 0.5 
ICPA 2047 x ICPL 20107 F1 160 160 0 0 1:0 - 
 F2 671 390 226 55 9:6:1 0.2 - 0.05 
 BC1F1 231 54 116 61 1:2:1 0.8 
ICPA 2092 x ICP 10928 F1 195 195 0 0 1:0 - 

 F2 626 359 111 156 9:3:4 0.5 - 0.8 
 BC1F1 212 55 40 117 1:1:2 0.05 

ICPA 2052 x MAL-9 F1 131 131 0 0 1:0 - 
 F2 330 182 64 84 9:3:4 0.8 - 0.95 
 BC1F1 164 36 56 72 1:1:2 0.01 
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findings, since all of female parental lines were based on A4
cytoplasm the differences observed in the inheritance of
fertility restoration were attributed to the interaction of genes
present in the restorer line and/or a probable variation in the
expression of the weaker genes in different genetic
backgrounds.
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ABSTRACT

The present investigation aimed to assess morphological and
molecular diversity of seventy eight mungbean germplasm of
Indian sub-continent. The estimated genetic distances based
on combined binary data of molecular markers and qualitative
characters along with standardized data of quantitative
characters were substantially supported by the linearity
evaluation with morphological features, localization of gene
pool and the nature and parentage. ‘Kopergaon’, a variety from
Maharastra, which was the highest yielder with highest number
of pods/plant was found most diverse from ‘TRCM-5-1’, a
breeding line of Tripura possessing highest seed weight based
on both D2 and combined analysis using morphological and
molecular data. This method of the comprehensive estimation
of genetic distances could possibly pave the path for the required
modification in the process of diversity analysis and varietal
description of mungbean.

Key Words: D2 statistic, Descriptors, Diversity, Genetic distances,
Molecular markers, Mungbean

Mungbean (Vigna radiata L. Wilczek) is one of the
most important pulse crops in India. Though India is the
highest producer (1.1 million tonne) in the world, the
productivity is still very low (400 kg/ha) as compared to
countries like China (1 154 kg/ha) (AVRDC 2004). One of the
bottlenecks in its improvement has been the lack of
morphological variability among the working collection of
mungbean. Moreover, it has been observed that a set of
mungbean genotypes evaluated under different environmental
situations in India, generated different types of clustering
patterns, owing to changes in D2 estimates (Naidu and
Satyanarayana 1991, Raje and Rao 2001). On the other hand,
moderate to low molecular diversity among Indian cultivars
has been detected by various workers (Lakhanpaul et al 2000,
Bhat et al. 2005, Chattopadhyay et al. 2005) employing PCR
based markers. Limited polymorphism was probably due to
the utilization of few selected mungbean genotypes in cultivar
development programmes and underutilization of the gene
pool of the Indian Subcontinent (Gupta et al. 2004), which is
the centre of diversity of mungbean and some other Vigna
species. Analysis of genetic distances in various crop plants
has been done by numerous methods using various distance
coefficients (Mohammadi and Prasanna 2003). In this research
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communication, we have attempted to analyze the different
possibilities of using continuous, categorical and binary data
in isolation as well as in various combinations while analyzing
diversity within mungbean germplasm.

MATERIALS AND METHODS

Plant material: Seventy eight mungbean accessions from
Indian subcontinent were sown in randomized complete block
design at D-Block farm, situated at Kalyani, West Bengal,
India under Bidhan Chandra Krishi Viswavidyalaya during
February 2006. On the basis of seven important quantitative
traits, those genotypes were divided among some clusters by
employing D2 analysis (Mahalanobis 1936). 2 test has been
done to test the variability among genotypes. Further analysis
of genetic distances was carried out by using selected entries,
representing all the clusters.
Extraction of DNA, PCR-based molecular markers and PCR
reaction: Genomic DNA was extracted from a mixture of 500
mg of tender leaves of germinated seedlings of each entry at
the age of four to five days according to the procedure
described earlier (Bhattacharyya and Mandal 1999). 60 PCR
based RAPD, ISSR and SSR primers were tested for genetically
differentiating mungbean genotypes in inter- and intra specific
level (Chattopadhyay et al. 2008). Polymorphic Information
Content (PIC) calculated by using the following formula-

PIC= 1/n  2F (1-F)
Where F = proportion of bands per assay unit and n=

number of loci detected.
Six RAPD (RA3: GTCGCCGTCA, RA4: GTGTGCCCCA,

RA11: TGGTCGCTGA, RA13: TGCCGCATCG, RA22:
TGGTCGCGGA, RA6: GTGATCGCAG) and four ISSR primers
[IS-61: (GA)8T, IS-62: (GATA)5, IS-63: (AG)8C, IS-65: (AG)8T]
were selected on the basis of capability to produce
reproducible bands in all the genotypes in repeating the
reaction twice and having higher PIC (polymorphic
information content) values, and therefore employed for
diversity analysis of selected entries. PCR products were
analyzed on a 1.5% agarose gel (SRL) and high resolution
agarose (Sigma, catalogue no. A-4718) in 1X TBE buffer at
60V. Bands were visualized by ethydium bromide staining (0.5
µg/ml) and photographed on UV-trans-illuminator.
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Types of morphological data and their conversion: Ten
important qualitative characters, from descriptor list (IBPGR
2006) were employed. Stem colour (mostly green), primary
leaf shape (all ovate-lanceolate), mature pod colour (mostly
black) and nature of hilum (all non-concave) did not revealed
computable variability among the selected genotypes. Rest
was either in binary mode or in categorical fashion. Genotypes
were scored in 0 and 1 for the characters like, luster on seed
surface (either dull or shiny) and growth pattern (either
indeterminate or determinate). Characters in categorical
fashion, like, seed shape, seed coat colour, growth habit or
flowering period were converted to binary mode by
considering each category as a separate loci or trait. Seven
quantitative characters such as plant height, number of
branches per plant, number of pods per plant, number of seeds
per pod, pod length, 1000 seed weight and seed yield per
plant were measured and data were standardized are as follows.
Standardized quantitative data using minimum value and
range: The minimum value and range of the variable was used
for standardization, Xs = (Xi – Xmin) / (Xmax – Xmin), where as,

Xs was standardized value of i th data of X variable
while Xmin and Xmax were minimum and maximum values,
respectively, of that variable. The standardized values were
found in between 0 to 1.
Data analysis: After standardization, various data sets could
be generated using molecular, morphological and their
combination for analyzing the genetic diversity among
genotypes using Rogers distance with little modification by
Wright (1978).  The distance was calculated using following
formula.

Dij =    [1/ 2 nloci k (Xki – Xkj )
2 ]1/2

Dij is the modified Rogers distance (a form of Euclidean
distance) between ith and jth individuals for k variable having
normalization constant ½, which guaranteed the distant
coefficient to be within a range of 0 to 1.

Mentel test was used to calculate the correlation (r)
between two matrix in MXCOMP sub-program and
dendrograms generated by Unweighted Pair-Group Method
of Arithmetic mean (UPGMA) algorithm, using SHAN sub-
program of NTSYS-pc Version 2.1 software (Rohlf 2000). On
the other hand, Principal Component Analysis (PCA) was done
using same sets to verify results obtained by UPGMA method.
First PC is most informative followed by second and third PC,
in explaining the total variability (Jolliffe 1986). The first three
most informative Principal Components were plotted to identify
the position of genotypes in 3-dimensional scatter plot.

RESULTS AND DISCUSSION

Seventy eight accessions were divided among seven
different clusters through D2 analysis. Analysis of variances
for dispersion and 2 test using Wilk’s criteria signified the
variability among genotypes. 15 genotypes were chosen
covering all those clusters (Table 1) based on phenotypic
diversity. That subset was used to assess the morphological
and molecular diversity.

A total of 779 alleles were detected in the selected 15
accessions that were distributed over 84 loci using selected
ten primers. PIC was calculated in 0-.5 scale. Among the RAPD
primers, RA3 gave the highest PIC value of 2.9; among the
ISSR primers, IS62 gave highest PIC of 2.84. Modified Rogers
(Wright) distance coefficient matrices were generated from
different data sets using same set of materials (Table 1). The
genetic distance among 15 genotypes using basic data sets
(eg, RAPD, ISSR, quantitative characters) were found to be
moderate or low.

Dendrograms were generated by using different data
sets based on UPGMA method. The position of the genotypes
was almost identical in the dendrogram generated by
quantitative data standardized by minimum values and ranges
with their relative position in dendrogram constructed by D2

values (data not presented). A breeding line from Tripura,

Table 1. Descripton of mungbean germplasm along with the cluster
S.N. Accession number/name Nature of germplasm Origin/Place of collection Cluster 

1. I.C. 39483 Landrace Kachchh, Gujarat I 
2. I.C. 39484 Landrace Kachchh, Gujarat I 
3. I.C. 39540 Landrace Kachchh, Gujarat I 
4. I.C. 39568 Landrace Patan, Gujarat I 
5. I.C. 103177 Landrace Bhilwara, Rajasthan II 
6. I.C. 103179 Landrace Bhilwara, Rajasthan II 
7. I.C. 103238 Landrace Banswara, Rajasthan II 
8. E.C. 33351 Exotic collection MYANMAR IV 
9. Sub –2 Wild V. radiata var sublobata Rajasthan III 
10. B-27 Variety West Bengal I 
11. S1 (BL x 444D1 Selection line West Bengal VI 
12. Dantan sonamung Landrace West Bengal I 
13. Kopergaon Variety Maharastra VII 
14. Sel1 (Mush x mung) Selection line West Bengal VII 
15. TRCM-5-1 Selection line Lembucherra, Tripura V 
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‘TRCM-5-1’ (15) was found to be the most distant from rest of
the genotypes. Exactly similar observation was noted in three-
dimensional plot generated by Principal Component Analysis
(PCA), suggesting that entry number 3, 8 and 10 were distantly
located from the rest of the entries. On the other hand, there
were broadly five clusters in the UPGMA dendrogram
generated by molecular markers alone. Most of genotypes
from Gujarat and Rajasthan were found to be closely related
with few exceptions in both presentations. ‘IC 39483’, ‘IC 39484’
and ‘Sel1’ were located most distantly from ‘Dantan
sonamung’, ‘Kopergaon’ and ‘Sub-2’ in the 3-D plot obtained
by PCA. The UPGMA dendrogram (Fig. 1a) based on combined
molecular and morphological data was fully in agreement with
the results of Principal Component Analysis (Fig.1b).
Moreover, it revealed high similarity (r= 0.95) with dendrogram
generated by using molecular data alone.

We observed in our investigation that molecular markers
alone could differentiate all the cultivars. But present day
molecular markers could not substitute morphological
descriptors in defining the varietal identity. Very low or no
correlation was observed (Table 2) between molecular data
and morphological data sets (0.14 - 0.23). Roldan-Ruiz et al.
(2001) in ryegrass genotypes and Liu et al. (2007) in analysing
wheat gene pool found no correlation among them. The
linearity that was observed to a little extent in our estimates
might be a reflection of the higher degree of relatedness of the
landraces from Gujarat and Rajasthan in India. Hamza et al.
(2004) reported a relatively high correlation between
morphological traits and SSR markers in Tunisian winter barley.
Therefore, correlation between molecular markers and
morphological traits should be further studied.

*, **: Significant at P = 0.01 and 0.05, respectively

Genetic Distance matrices S.N. 
                         A                                                                                 Vs.                  B 

Correlation values  
(r) 

1. ISSR (0.36) RAPD (0.37) 0.02 
2. Combining ISSR and RAPD (0.37) ISSR (0.36) 0.49* 
3. Combining ISSR and RAPD (0.37) RAPD (0.37) 0.88** 
4. Quantitative data standardized using minimum values (0.21) Molecular marker data (0.37) 0.29 
5. Combining qualitative data (0/1) and quantitative data standardized by 

minimum values (0.36) 
Molecular marker data (0.37) 0.23 

6. Combining molecular data, qualitative data (0/1) and quantitative data 
standardized by minimum values (0.37) 

Molecular marker data (0.37) 0.94** 

7. Combining molecular data, qualitative data (0/1) and quantitative data 
standardized by minimum values (0.37) 

Combining qualitative data (0/1) and 
quantitative data standardized by minimum 
values (0.36) 

0.52* 

8. Combining molecular data, qualitative data (0/1) and quantitative data 
standardized by minimum values (0.37) 

Quantitative data standardized using minimum 
values (0.21) 

0.38 

 

Table 2. Correlation among possible types of genetic distance matrices (with genetic distance coefficients) among mungbean
genotypes

Fig 1. a. UPGMA Dendrogram generated by using Rogers coefficient (Wright), b. three dimensional plots generated from Principal
Component Analysis using 15 selected genotypes combining molecular and morphological data
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The genetic distance tree based on combined
morphological and molecular data was found most informative
and could explain inter-varietal and intra-species relationships
among tested genotypes in respect to morphology, geography
and origin. In this dendrogram, ‘Sub-2’, a wild ancestor of
mungbean was found to be most diverse and positioned far
away from other mungbean genotypes. Entry number 13 (Sel1:
Mush x Mung) was positioned in proximity to landraces from
Gujarat (1: IC 39483 and 2: IC 39484). As we know, North-
Western part of India was a treasurer of primitive landraces of
Vigna and the genotypes from Gujarat and Rajasthan might
have been sharing partially common gene pool of Vigna.
Geographic isolation of mungbean gene pool of western India
was well visualized from the dendrogram. All the genotypes
from Gujarat and Rajasthan were placed in the same or in an
adjacent cluster of the dendrogram. Therefore, those
genotypes were genetically dissimilar from the high yielding
varieties, wild accession and breeding lines and might be
incorporated in breeding programme for making new allelic
combinations. ‘Kopergaon’ and ‘TRCM-5-1’ were found to
be most diverse in both D2 analysis and analysis of combined
data. ‘Kopergaon’ was the highest yielder with highest number
of pods per plant while ‘TRCM-5-1’ presented highest seed
weight (seed size). Identification of markers linked with QTLs
of those important yield related traits could facilitate the
process of genetic distance analysis. The observed co-linearity
of quantitative characters and molecular markers among the
here studied closely related genotypes could establish the
usefulness and acceptability of molecular markers in
differentiating genotypes also justifying the use of D2 analysis
while selecting entries for molecular assay.

Taba et al. (1999) and Franco et al. (2001) showed that
when marker information was used in conjunction with
morpho-agronomic data, then it classified genotypes better
rather that can be done with classifications based on individual
data sets. For identification of a new pineapple clone, ISSR
marker system was found suitable in conjugation with
information on fruit morphology (Jay Prakash et al. 2009). In
rice, combined diversity estimates based on RAPD and
morphological information allowed the identification of 11
different genetic pools and permitted a more effective
separation of the progenitor set than those obtained solely
by phenotypic and genealogical information (Fuentes et al.
2005). While studying plant variety protection system in
soybean, Giancola et al. (2002) also found that combination
of both the data provided different and complementary
information. This method of the comprehensive estimation of
genetic distances could possibly pave the path for the required
modification in the process of varietal identification of
mungbean. Potential use of molecular markers could be
identified as the supplementary to the morphological
descriptors in varietal identification of mungbean through
detection of more comprehensive genetic distances.

ACKNOWLEDGEMENT

Mungbean germplasm received from National Bureau
of Plant Genetic Resources (NBPGR), Jodhpur Centre, India is
gratefully acknowledged. Authors also acknowledge Vice
Chancellor, Bidhan Chandra Krishi Viswavidyalaya for
providing facilities of research work under University Ph.D.
programme.

REFERENCES

AVRDC. 2004. Progress Report for 2003. Asian Vegetable Research
and Development Centre, Shanhua, Taiwan.

Bhat KV, Lakhanpaul S, Chadha S. 2005. Amplified fragment length
polymorphism (AFLP) analysis of genetic diversity in Indian
mungbean [Vigna radiata L. Wilczek] cultivars. Indian Journal of
Biotechnology 4: 56-64.

Bhattacharyya S and Mandal RK. 1999. Identification of molecular
marker for septumless bold pod in Brassica campestris. Indian Journal
of Plant Biochemistry and Biotechnology 8: 93-99.

Chattopadhyay K, Ali Md N, Sarkar HK, Mandal N and Bhattacharyya
S. 2005. Diversity analysis by RAPD and ISSR markers among the
selected mungbean germplasm. Indian Journal of Genetics and Plant
Breeding 65: 173-175.

Chattopadhyay K, Bhattacharyya S, Mandal N and Sarkar HK. 2008.
PCR-Based Characterization of Mung Bean (Vigna radiate)
Genotypes from Indian Subcontinent in Intra- and Inter-Specific
Level. Indian Journal of Plant Biochemistry and Biotechnology
17: 141-148.

Franco J, Crossa J, Ribaut JM, Betran J, Warburton ML and Khairallah
M. 2001. A method for combining molecular markers and phenotypic
attributes for classifying plant genotypes. Theoretical and Applied
Genetics 103: 944–952.

Fuentes JL, Cornide MT, Alvarez A, Suarez E and Borges E. 2005.
Genetic diversity analysis of rice varieties (Oryza sativa L.) based
on morphological, pedigree and DNA polymorphism data. Plant
Genetic Resources: Characterization and Utilization 3: 353-359.

Giancola S, Marcucci PS, Lacaze P and Hopp HE. 2002. Feasibility of
integration of molecular markers and morphological descriptors in
a real case study of a plant variety protection system for soybean.
Euphytica 127: 95-113.

Gupta Sanjeev, Kumar S and Singh BB. 2004. Relative genetic
contributions of ancestral lines to Indian mungbean cultivars based
on coefficient of parentage analysis. Indian Journal of Genetics and
Plant Breeding 64: 299-302.

IBPGR. 2006. Descriptor list of mungbean and urdbean. Report of its
September, 1981, meeting: AGPG: IBPGR/81/82. www.ipgri.cgiar.org
/publications/HTMLPublications /299/ch1.htm Cited on 10 August
2006.

Jai Prakash, Bhattacharyya S, Chattopadhyay K, Roy S, Das SP and
Singh NP. 2009. PQM-1: A newly developed superior clone of
pineapple for northestern India as evident through phenotype,
fruit quality and DNA polymorphism. Scientia Horticulturae 120:
288-291.

Jolliffe IT. 1986. Principal Component Analysis. Springer-Verlag, Berlin.

Lakhanpaul S, Chadha S and Bhat KV. 2000. Random amplified
polymorphic DNA (RAPD) analysis in Indian mungbean (Vigna
radiata (L.) Wilczek) cultivars. Genetica 109: 227-234.



Chattopadhyay et al.: Estimation of genetic distances based on agro-morphological and molecular parameters in mungbean 281

Liu J, Liu L, Hou N, Zhang Aand Liu C. 2007. Genetic diversity of
wheat gene pool of recurrent selection assessed by microsatellite
markers and morphological traits. Euphytica 155: 249-258.

Mahalanobis PC. 1936. On the generalized distance in statistics.
Proceedings of National Institute of Science (India) 2: 49-55.

Maric´ S, Bolaric´ S, Martinc¡ic´ J, Pejic´ I and Kozumplik V. 2004.
Genetic diversity of hexaploid wheat cultivars estimated by RAPD
markers, morphological traits and coefficients of parentage. Plant
Breeding 123: 366-369.

Mohammadi SA and Prasanna BM. 2003. Analysis of Genetic Diversity
in Crop Plants-Salient Statistical Tools and Considerations. Crop
Science 43: 1235-1248.

Naidu NV and Satyanarayana A. 1991. Studies on genetic divergence
over environments in mungbean (Vigna radiata  (L.) Wilczek).
Indian Journal of Genetics and Plant Breeding 51: 454-460.

Raje RS and Rao SK. 2001. Genetic diversity in a germplasm collection
of mungbean  (Vigna radiata  (L.) Wilczek). Indian Journal of
Genetics and Plant Breeding 61: 50-52.

Rohlf FJ. 2000. NTSYS-pc Numerical Taxonomy and Multivariate
Analysis System version 2.1.  Applied Biostatistics, New York.

Roldan-Ruiz I, Eeuwijk F A Van, Gilliland T J, Dubreuil P, Dillmann C,
Lallemand J, Loose M De and Baril CP. 2001. A comparative study
of molecular and morphological methods of describing relationships
between perennial ryegrass (Lolium perenne  L.) varieties.
Theoretical and Applied Genetics 103: 1138-1150.

Taba S, Diaz J, Franco J, Crossa J and Eberhart S A. 1999. A core subset
of LAMP, from the Latin American Maize Project. CD-ROM,
CIMMYT, Mexico, DF, Mexico.

Wang X W, Kaga A, Tomooka N and Vaughan D A. 2004. The
development of SSR markers by a new method in plants and their
application to gene flow studies in azuki bean [Vigna angularis
(Willd.) Ohwi and Ohashi]. Theoretical and Applied Genetics 109:
352–360.

Wright S. 1978. Evolution and the genetics of populations. vol 4
Variability within and among natural populations. U Chicago Press,
Chicago.



Journal of Food Legumes 24(4): 282-287, 2011

ABSTRACT

Fifty six F1 hybrids obtained by crossing four lines and fourteen
exotic testers in a line × tester mating design were used to
generate information on gene action, combining ability and
heterosis in greengram. These parents and crosses were grown
in a randomized complete block design with two replications.
Except for seed fertility, the magnitude of SCA variance was
greater than GCA variance for all the characters indicating
preponderance of non-additive gene action. The parents ‘Co
6’, ‘Barimung 7’ and ‘Binamung 7’ were identified as good
general combines for yield and yield contributing characters.
The crosses ‘VBN(Gg) 3’ × ‘SML 1023’ and ‘VBN(Gg) 3’ ×‘EC
396117’ were found to have superior mean, sca effects and
standard heterosis for  number of seeds per pod and 100 seed
weight and number of clusters per plant and single plant yield,
respectively. Hence, these crosses could be advanced to obtain
high yielding segregants with determinate growth habit,
synchronised maturity, long pod, bold and shiny seeds in
greengram.

Key words: Combining ability, Exotic genotypes, Greengram,
Heterosis, Per se performance

Mungbean or greengram [Vigna radiata (L.) Wilczek]
is a well known grain legume in Asian countries. It is the third
important pulse crop of India in terms of area cultivated and
production after chickpea and pigeonpea. The area under
greengram in India is around 3.8 million hectares with a
production of 1.5 million tonnes. In Tamil Nadu, it is cultivated
in an area of 1, 71, 000 ha with an annual production of 55, 900
tonnes. The productivity of the crop in the state is 327 kg/ha
(AICRP on MULLaRP 2010). The major constraints in
achieving higher yield are lack of exploitable genetic variability,
absence of suitable ideotype for different cropping system,
poor harvest index, susceptibility to biotic and abiotic stresses,
non-availability of quality seeds of improved varieties and
narrow genetic base due to repeated usage of few parents
with high degree of relatedness in crossing programme (Kumar
et al. 2004). Genetic information, especially about the nature
of gene action, combining ability and heterosis are required
for selecting suitable parents and designing appropriate
breeding programmes. Exotic genotypes of greengram do have
some important traits viz., determinate growth habit,
synchronised maturity, long pod, shiny and bold seeds which
are not observed in present day varieties. The present work
was, therefore, undertaken to generate information on
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heterosis and combining ability involving exotic lines of
greengram.

MATERIAL AND METHODS

Four lines viz., ‘Co 6’, ‘Co(Gg) 7’, ‘VBN(Gg) 2’ and
‘VBN(Gg) 3’ were crossed with  14 exotic testers viz., ‘Barimung
5’, ‘Barimung 7’, ‘Binamung 7’, ‘NM 54’, ‘VC 1997 A’, ‘VC
6040A’, ‘VC 6157-70 P’, ‘VC 6197 A’, ‘VC 7890 A’, ‘VC 7960-
88’, ‘Annur 1’, ‘SML 668’, ‘SML 1023’ and ‘EC 396117’(Table
1)  in line × tester mating design to generate fifty six hybrids.
These fifty six hybrids were evaluated in a randomized
complete block design with two replications. The study was
conducted during kharif 2010 at the experimental farm of
Department of Pulses, Tamil Nadu Agricultural University,
Coimbatore. The data were recorded on five randomly selected
competitive plants from each parents and hybrids on days to
50% flowering, plant height (cm), number of branches per
plant, number of clusters per plant, number of pods per cluster,
number of pods per plant, number of seeds per pod, seed
fertility (%), pod length (cm), 100 seed weight (g) and single
plant yield (g). The combining ability analysis was carried out
as per Kempthorne (1957). The magnitude of heterosis in
hybrids was expressed as percentage of increase or decrease
over mid parent (di), better parent (dii) and standard hybrid
(diii) and was estimated based on the formula given by Fonseca
and Patterson (1968). The significance of magnitude of the

Table 1. Parents used in study
S. No. Parents Origin Specific seed traits 
1 Co 6 Coimbatore Shiny and medium size seed  
2 Co(Gg) 7 Coimbatore Shiny and medium size seed 
3 VBN(Gg) 2 Vamban Shiny and medium size seed 
4 VBN(Gg) 3 Vamban Dull and small seed 
5 Barimung 5 Bangladesh Bold seed  
6 Barimung 7 Bangladesh Shiny and medium bold seed 
7 Binamung 7 Bangladesh Dull and small seed 
8 NM 54 Pakistan Bold seed  
9 VC1997 A Taiwan Shiny and small seed  
10 VC 6040 A Taiwan Bold seed 
11 VC 6157-70 P Taiwan Shiny and bold seed  
12 VC 6197 A Taiwan Bold seed  
13 VC 7890 A Taiwan Dull and bold seed  
14 VC 7960-88 A Taiwan Bold seed  
15 Annur 1 Annur Dull and bold seed  
16 SML 668 Punjab Bold seed  
17 SML 1023 Punjab Bold seed  
18 EC 396117 Taiwan Bold seed  
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relative heterosis, heterobeltiosis and standard heterosis was
tested at error degrees of freedom by the formula suggested
by Turner (1953).

i. ‘t’ for relative heterosis = 
3/2 r  / 

MP–  F
2
e

1



ii. ‘t’ for heterobeltiosis = 
2 r  / 

BP–  F
2
e

1



iii. ‘t’ for standard heterosis = 
2 r  / 

SV–  F
2
e

1



where,

2
e = error variance and

r = number of replications.

These calculated ‘t’ values for relative heterosis,
heterobeltiosis and standard heterosis were compared with
table ‘t’ value at error degrees of freedom at both 5% and 1%
levels of probability.

RESULTS AND DISCUSSION

Analysis of variance showed highly significant
differences among parents for all the characters except number

of branches per plant. All the hybrids showed significant
differences for all the characters except number of branches
per plant and 100 seed weight. Parents vs. crosses mean
squares were significant for all the characters except days to
50% flowering, number of branches per plant, number of seeds
per pod and 100 seed weight. The variance due to lines was
highly significant for all the characters except number of
branches per plant. The variance due to testers and hybrids
showed significant differences for all characters except number
of branches per plant and 100 seed weight.

The magnitude of specific combining ability (SCA)
variance was greater than general combining ability (GCA)
variance for all the characters except seed fertility, indicating
the preponderance of non-additive gene action for plant
height, number of branches per plant, number of clusters per
plant, number of pods per cluster, number of pods per cluster,
number of pods per plant, number of seeds per pod, pod length
and 100 seed weight.  Similar results were reported by Chand
and Rao (2002), Singh and Dikshit (2003), Anbumalarmathi et
al. (2004) and Ajmal et al. (2007).  In the present study SCA
variance was higher in magnitude for most of the traits
indicating to employ heterosis breeding for the improvement
those traits. However, in a self pollinated crop like mungbeans,
it is possible to exploit heterosis only with availability of male
sterility system (Khattak et al. 2002) and natural out crossing
mechanism.

The success of any breeding programme largely
depends on the choice of the parent used in the hybridization.
In addition to it, high mean was also considered as the main

Table 2. General combining ability of parents for different traits in greengram

*, ** : Significant at P= 0.05 and 0.01, respectively

Parents Days to 
50%  

flowering 

Plant 
height 
(cm) 

Branches/ 
plant 
(no.) 

Clusters 
/plant 
(no.) 

Pods 
/cluster 

(no.) 

Pods/ 
plant 
(no.) 

 Seeds / pod 
(no.) 

Seed 
fertility 

(%) 

Pod length 
(cm) 

100 seed 
weight 

(g) 

Single 
plant yield 

(g) 
Lines  
Co 6 -0.98 6.57** 0.20 1.45** 0.41 3.88** 0.88** -0.39 0.58** -0.20 1.32** 
Co(Gg) 7 -0.52 -2.14 -0.34 -1.27 0.23 -3.20* 0.55 0.36 0.81** 0.79** -0.29 
VBN(Gg) 2 0.20 2.58* 0.16 0.77 0.02 2.05 0.38 -0.39 0.07 -0.13 0.11 
VBN(Gg) 3 1.30* 1.30* -0.02 -0.95 -0.66 -2.73* -1.80** 0.43 -1.44** -0.46** -1.15* 
Testers  
Barimung 5 -4.07** 4.22 0.00 0.11 0.82 4.98 1.43** 2.02 0.36 0.02 0.60 
Barimung 7 -0.82 7.33** 0.38 1.61* 1.07* 8.86 0.93 1.14 0.28 -0.75 1.74* 
Binamung 7 -0.57 10.07** 0.25 2.61** 1.07* 6.23 1.05 -0.61 0.22 -0.61 0.45 
NM 54 0.18 -0.22 -0.25 -1.14 -0.55 -5.14 0.05 -2.23 0.59 0.18 -1.16 
VC 1997A 1.43 -7.94** -0.50 -1.89* -1.30** -5.52 -2.32** -3.86* -1.11** -0.20 -1.70* 
VC 6040A 1.93* 1.42 0.00 0.11 0.45 2.36 0.55 0.02 0.47 0.02 0.74 
VC 6157-70 P -0.82 -1.90 0.13 -0.27 -0.18 -3.39 -0.45 -0.73 -0.15 -0.06 -0.36 
VC 6197 A -0.82 4.62 0.25 0.86 -0.05 3.11 0.93 0.52 0.76 0.40 1.18 
VC 7890A -0.20 -4.77* 0.00 0.23 -0.68 -0.14 -1.57** 0.02 -1.30 -0.33 1.03 
VC 7960-88 -0.45 -4.39 -0.13 -1.77* -0.68 -6.39 -0.45 -0.73 -0.18 0.40 -1.72* 
Annur 1 2.93** -5.18* -0.25 -0.89 -0.80 -4.77 -1.20* 1.27 -0.91 0.48 -1.51 
SML 668 0.43 -3.82 -0.25 -0.77 -0.18 -2.02 -0.82 0.89 -0.46 -0.20 -0.49 
SML 1023 0.05 1.77 0.13 1.48* 0.45 1.86 0.80 0.02 0.49 0.43 1.20 
EC 396117 0.80 -1.24 0.25 -0.27 0.57 -0.02 1.05 2.27 0.94* 0.22 0.01 
SE(gt) 1.92 4.77 0.38 1.46 0.90 5.01 1.06 3.11 0.77 0.39 1.67 
SE(gi) 3.60 8.92 0.71 2.74 1.69 9.38 2.00 5.82 1.44 0.73 3.13 
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Table 3. Specific combining ability of hybrids for different traits in greengram

*, **: Significant at P= 0.05 and 0.01, respectively

Parents Days to 
50%  

flowering 

Plant 
height 
(cm) 

Branches/ 
plant 
(no.) 

Clusters 
/plant 
(no.) 

Pods 
/cluster 

(no.) 

Pods/ 
plant 
(no.) 

 Seeds / 
pod 
(no.) 

Seed 
fertility 

(%) 

Pod 
length 
(cm) 

100 seed 
weight 

(g) 

Single plant 
yield 
(g) 

Co 6 × Barimung 5 0.36 -2.80 -0.32 -1.82 -0.04 -1.63 -0.25 0.52 -0.08 0.95 -0.27 
Co 6 × Barimung7 -2.89 1.09 0.30 -1.32 -1.29 -1.00 -0.75 1.39 -0.30 0.06 1.04 
Co 6 × Binamung 7 0.86 -2.40 -0.07 -1.32 -0.79 -0.88 -0.88 -4.86 -0.30 -0.12 0.48 
Co 6 × NM 54 -1.39 5.44 -0.07 0.43 -0.66 2.50 -0.88 0.27 0.19 0.19 0.69 
Co 6 ×VC 1997 A 1.36 -5.08 -0.32 -0.82 0.09 -0.63 -1.00 3.89 -1.21 0.21 -1.37 
Co 6 × VC 6040 A 0.86 -3.05 -0.32 -0.32 -0.16 -3.00 -0.37 0.02 -0.25 -0.25 -0.81 
Co 6 × VC 6157-70 p -0.89 6.18 0.55 1.55 1.96* 4.25 0.63 -0.73 0.48 0.33 3.09 
Co 6 × VC6197  A -2.89 2.00 0.43 1.43 -0.16 1.25 -0.75 0.02 0.02 -0.69 0.50 
Co 6 × VC 7890 A 3.48 2.84 0.18 0.55 0.96 3.50 2.75* 0.02 1.43 0.00 -0.25 
Co 6 × VC7960-88 A 0.23 0.42 -0.20 1.05 0.46 3.25 0.63 0.77 -0.05 -0.04 1.55 
Co 6 × Annur 1 0.36 2.15 0.43 2.18 0.59 4.13 0.87 1.27 0.09 -0.71 -0.31 
Co 6 × SML 668 -1.14 1.29 0.43 0.55 -0.04 -1.13 1.00 -0.86 0.34 -0.14 -0.78 
Co 6 × SML 1023 2.23 -2.10 -0.45 -0.70 -0.66 -3.50 -0.63 -1.48 -0.41 -0.41 -1.17 
Co 6 × EC 396117 -0.52 -5.98 0.07 -1.45 -0.29 -7.13 -0.38 -0.23 0.04 0.60 -2.38 
Co(Gg) 7 × Barimung 5 -0.11 -0.08 -0.29 -0.61 0.14 -4.05 -0.43 2.27 -0.51 -0.49 -0.76 
Co(Gg) 7 × Barimung 7 2.14 -0.60 0.34 2.39 0.89 7.07 0.07 0.64 -0.23 -0.48 3.35* 
Co(Gg) 7 × Binamung 7 0.39 -6.33 -0.04 -0.11 -0.11 -0.30 -1.05 1.89 -0.72 -0.52 -0.71 
Co(Gg) 7 × NM  54 2.64 -2.35 -0.04 -0.36 0.02 -1.93 -0.05 4.02 -0.79 -0.06 -0.25 
Co(Gg) 7  × VC 1997 A -1.61 -0.62 0.21 -0.61 -0.73 -2.05 -0.68 1.14 -1.04 -0.13 -1.31 
Co(Gg) 7  × VC 6040 A -2.61 -2.88 0.21 -0.61 -1.48 -3.43 -1.05 -1.73 0.07 0.51 -1.30 
Co(Gg) 7  × VC 6157-70 P -0.36 2.74 0.09 1.77 0.14 6.82 -0.05 -1.48 0.00 0.23 1.35 
Co(Gg) 7  × VC 6197 A -0.36 -5.28 -0.54 -1.86 -0.48 -6.18 -0.43 -0.73 -0.46 0.57 -1.29 
Co(Gg) 7  × VC 7890 A -0.98 7.40 0.21 -0.23 0.64 2.07 1.07 -1.23 1.55* 0.46 0.71 
Co(Gg) 7  × VC 7960 -88 1.77 2.78 0.34 0.77 0.14 1.32 -0.05 -1.48 0.22 -0.03 0.31 
Co(Gg) 7  × Annur 1 -1.11 5.92 -0.04 1.39 1.27 4.70 1.70 -3.48 1.66* 0.39 2.70 
Co(Gg) 7  × SML 668 0.89 4.85 -0.04 0.77 0.14 2.95 1.82 1.89 1.01 -0.03 0.83 
Co(Gg) 7  × SML 1023 -1.73 -4.63 -0.41 -1.48 -0.48 -2.93 -1.30 -2.23 -0.69 -0.46 -2.01 
Co(Gg) 7 × EC 396117 1.02 -0.92 -0.04 -1.23 -0.11 -4.05 0.45 0.52 -0.09 0.06 -1.62 
VBN(Gg) 2 × Barimung 5 2.18 -7.90 -0.29 -1.14 -0.64 -6.80 -0.75 -1.48 0.08 0.08 -1.36 
VBN(Gg) 2 × Barimung 7 -0.07 -1.96 -0.16 -0.64 -0.89 -6.68 -0.75 -4.61 0.26 -0.01 -2.40 
VBN(Gg) 2 × Binamung 7 0.68 7.50 -0.04 -0.14 -0.39 0.95 0.12 1.14 0.21 -0.14 0.34 
VBN(Gg) 2 × NM  54 -0.07 -0.71 0.46 0.61 0.73 1.82 0.63 0.27 0.40 0.52 0.85 
VBN(Gg) 2 × VC 1997 A 2.18 -2.74 0.21 1.86 0.48 5.70 0.00 2.39 0.20 -0.06 1.49 
VBN(Gg) 2 × VC 6040 A 1.18 -4.75 -0.29 -0.64 0.23 -1.18 -1.38 -0.98 -1.24 -0.07 0.45 
VBN(Gg) 2 × VC 6157-70 P -0.57 -3.63 0.09 -0.77 -0.14 -0.43 1.13 0.27 0.54 0.41 -0.40 
VBN(Gg) 2 × VC6197 A 2.43 3.90 -0.04 -0.39 0.23 0.07 -0.25 1.52 -0.32 0.14 0.76 
VBN(Gg) 2 × VC 7890 A -0.07 3.09 0.21 2.23 -0.14 7.82 0.25 1.02 -0.26 -0.42 1.06 
VBN(Gg) 2 × VC 7960 -88 -2.45 -2.49 -0.16 -0.27 -0.14 0.07 0.12 3.27 -0.59 -0.51 -1.04 
VBN(Gg) 2 × Annur 1 -2.82 7.00 -0.04 0.36 0.48 1.95 2.38* 2.27 1.10 -0.08 -0.05 
VBN(Gg) 2 × SML 668 -3.32 4.84 -0.04 1.23 1.86* 6.20 1.00 -3.36 1.05 0.24 2.68 
VBN(Gg) 2 × SML 1023 0.05 -0.10 0.09 -0.52 -0.27 -1.68 -1.13 -0.48 -0.60 0.17 -0.01 
VBN(Gg) 2 × EC 396117 1.30 -2.04 -0.04 -1.77 -1.39 -7.80 -1.38 -1.23 -0.85 -0.27 -2.37 
VBN(Gg) 3 × Barimung 5 -2.43 10.78* -0.29 3.57* 0.54 12.48 1.43 -1.30 0.52 -0.54 2.40 
VBN(Gg) 3 × Barimung 7 0.82 1.47 -0.16 -0.43 1.29 0.61 1.43 2.57 0.26 0.43 -1.99 
VBN(Gg) 3 × Binamung 7 -1.93 1.23 -0.04 1.57 1.29 0.23 1.80 1.82 0.81 0.79 -0.10 
VBN(Gg) 3 × NM  54 -1.18 -2.38 0.46 -0.68 -0.09 -2.39 0.30 -4.55 0.19 -0.65 -1.29 
VBN(Gg) 3 × VC 1997 A -1.93 8.44 0.21 -0.43 0.16 -3.02 1.68 -7.43 2.04** -0.02 1.20 
VBN(Gg) 3 × VC 6040 A 0.57 10.68* -0.29 1.57 1.41 7.61 2.80* 2.70 1.41 -0.19 1.66 
VBN(Gg) 3 × VC 6157-70 P 1.82 -5.29 0.09 -2.55 -1.96* -10.64 -1.70 1.95 -1.02 -0.96 -4.04* 
VBN(Gg) 3 × VC 6197 A 0.82 -0.62 -0.04 0.82 0.41 4.86 1.43 -0.80 0.77 -0.03 0.02 
VBN(Gg) 3 × VC 7890 A -1.80 -13.33** 0.21 -2.55 -1.46 -13.39 -4.07** 0.20 -2.72** -0.04 -1.53 
VBN(Gg) 3 × VC 7960 -88 0.45 -0.71 -0.16 -1.55 -0.46 -4.64 -0.70 -2.55 0.41 0.57 -0.83 
VBN(Gg) 3 × Annur 1 3.57 -15.07** -0.04 -3.93** -2.34* -10.77 -4.95** -0.05 -2.86** 0.40 -2.34 
VBN(Gg) 3 × SML 668 3.57 -10.98* -0.04 -2.55 -1.96* -8.02 -3.82** 2.32 -2.41** -0.08 -2.72 
VBN(Gg) 3 × SML 1023 -0.55 6.83 0.09 2.70 1.41 8.11 3.05** 4.20 1.69* 0.70 3.20 
VBN(Gg) 3 × EC 396117 -1.80 8.94 -0.04 4.45** 1.79 18.98 1.30 0.95 0.89 -0.39 6.38* 
                       SE(sij) 7.20 17.85 1.43 5.49 3.38 18.77 4.00 11.64 2.88 1.46 6.26 
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Table 4. Heterosis (%) for hybrids involving exotic lines in greengram

*, **: Significant at P= 0.05 and 0.01, respectively

Parents Days to 
50%  

flowering 

Plant 
height 
(cm) 

Branches/ 
plant 
(no.) 

Clusters 
/plant 
(no.) 

Pods 
/cluster 

(no.) 

Pods/ 
plant 
(no.) 

 Seeds / 
pod 
(no.) 

Seed 
fertility 

(%) 

Pod 
length 
(cm) 

100 seed 
weight 

(g) 

Single 
plant yield 

(g) 
Co 6 × Barimung 5 -10.81 -37.84** -40.00* -44.44** 8.33 -20.00 -4.00 -3.50 1.96 50.75** -24.11 
Co 6 × Barimung7 -10.81 -27.09** 0.00 -29.63* -8.33 -8.00 -12.00 -3.50 -1.96 1.49 -2.23 
Co 6 × Binamung 7 0.00 -28.24** -20.00 -22.22 0.00 -14.67 -12.00 -11.50* -2.61 0.00 -18.75 
Co 6  × NM 54 -4.05 -32.00** -40.00* -37.04* -25.00 -36.00* -20.00 -8.00 8.50 32.84* -31.25 
Co 6 × VC 1997 A 6.76 -60.02** -60.00** -51.85* -25.00 -45.33* -40.00** -6.00 -32.03* 22.39 -54.46** 
Co 6 × VC 6040 A 6.76 -42.52** -40.00* -33.33* 0.00 -30.67 -12.00 -6.00 1.31 14.93 -27.68 
Co 6 × VC 6157-70 p -5.41 -33.46** 0.00 -22.22 25.00 -26.67 -12.00 -7.50 2.61 29.85 -2.68 
Co 6 × VC6197  A -10.81 -29.85** 0.00 -14.81 -8.33 -17.33 -12.00 -5.50 8.50 13.43 -12.05 
Co 6 × VC 7890 A 8.11 -42.98** -20.00 -25.93 0.00 -20.00 40.00** -6.00 0.00 11.94 -20.09 
Co 6 × VC7960-88 A -1.35 -46.12** -40.00* -37.04* -8.33 -37.33 -12.00 -6.00 -4.58 32.84* -28.57 
Co 6  × Annur 1 8.11 -44.67** -20.00 -22.22 -8.33 -30.67 -16.00 -3.50 -12.42 14.93 -43.30* 
Co 6  × SML 668 -2.70 -43.9** -20.00 -33.33* -8.33 -37.33* -12.00 -6.00 -3.27 11.94 -38.39 
Co 6  × SML 1023 5.41 -40.52** -40.00* -25.93 -8.33 -33.33 -12.00 -7.50 -0.65 22.39 -26.79 
Co 6  × EC 396117 0.00 -51.11** -40.00* -44.44** 0.00 -48.00** -8.00 -4.00 11.11 46.27** -48.21* 
Co(Gg) 7 × Barimung 5 10.81 -47.05** -60.00** -55.56** 8.33 -45.33* -8.00 -1.00 -0.65 37.31* -42.86* 
Co(Gg) 7 × Barimung 7 4.05 -43.05** -20.00 -22.22 25.00 -5.33 -8.00 -3.50 1.96 14.93 4.02 
Co(Gg) 7 × Binamung 7 0.00 -47.66** -40.00* -33.33* 8.33 -32.00 -16.00 -4.00 -5.23 17.91 -43.75* 
Co(Gg) 7 × NM  54 8.11 -57.33** -60.00** -62.96** -16.67 -66.67** -16.00 -3.50 -1.31 55.22** -54.02** 
Co(Gg) 7 × VC 1997 A 0.00 -66.54** -60.00** -70.37** -41.67* -68.00** -40.00** -8.00 -26.80 41.79* -68.30** 
Co(Gg) 7 × VC 6040 A -1.35 -55.64** -40.00* -55.56** -25.00 -50.67** -20.00 -7.00 8.50 67.16** -46.43* 
Co(Gg) 7 × VC 6157-70 P -2.70 -52.11** -40.00* -40.74** -8.33 -38.67* -20.00 -7.50 -0.65 56.72** -32.59 
Co(Gg) 7 × VC 6197 A -2.70 -54.41** -60.00** -59.26** -16.67 -56.00** -12.00 -5.50 5.23 80.60** -42.41* 
Co(Gg) 7 × VC 7890 A -2.70 -49.35** -40.00* -51.85** -8.33 -42.67* -20.00 -6.50 4.58 55.22** -25.89 
Co(Gg) 7 × VC 7960 -88 4.05 -55.87** -40.00* -59.26** -16.67 -61.33** -20.00 -7.50 1.96 62.69** -54.02** 
Co(Gg) 7 × Annur 1 5.41 -52.26** -60.00** -48.15** 0.00 -48.00** -12.00 -7.50 11.11 77.61** -30.80 
Co(Gg) 7 × SML 668 4.05 -51.8** -60.00** -51.85** -8.33 -45.33* -8.00 -2.50 8.50 44.78** -38.39 
Co(Gg) 7 × SML 1023 -4.05 -57.79** -60.00** -51.85** -8.33 -50.67** -20.00 -7.50 -1.31 50.75** -48.66* 
Co(Gg) 7 × EC 396117 5.41 -56.72** -40.00* -62.96** 0.00 -58.67** -4.00 -2.50 12.42 59.70** -55.80** 
VBN(Gg) 2 × Barimung 5 -2.70 -51.8** -40.00* -44.44** -8.33 -38.67* -12.00 -5.50 -2.61 26.87 -44.64* 
VBN(Gg) 2 × Barimung 7 0.00 -37.91** -20.00 -29.63* -8.33 -28.00 -16.00 -9.50* -1.31 1.49 -43.75* 
VBN(Gg) 2 × Binamung 7 2.70 -19.19 -20.00 -18.52 0.00 -14.67 -8.00 -5.50 -2.61 1.49 -30.80 
VBN(Gg) 2 × NM  54 2.70 -47.58** -20.00 -40.74** -8.33 -42.67* -12.00 -8.00 4.58 44.78** -40.62* 
VBN(Gg) 2 × VC 1997 A 12.61 -62.55** -40.00* -37.04* -25.00 -33.33 -36.00** -7.50 -20.26 16.42 -39.73* 
VBN(Gg) 2 × VC 6040 A 10.81 -51.27** -40.00* -40.74** 0.00 -30.67 -24.00* -7.00 -18.30 22.39 -27.23 
VBN(Gg) 2 × VC 6157-70 P -1.35 -54.64** -20.00 -44.44** -16.67 -44.00* -12.00 -6.50 -3.27 34.33* -44.64* 
VBN(Gg) 2 × VC6197 A 6.76 -33.08** -20.00 -33.33* -8.33 -25.33 -12.00 -4.00 -2.61 40.30* -20.54 
VBN(Gg) 2  × VC 7890 A 0.00 -48.73** -20.00 -18.52 -25.00 -13.33 -28.00* -5.00 -28.76* 1.49 -19.20 
VBN(Gg) 2 × VC 7960 -88 -5.41 -56.72** -40.00* -51.85** -25.00 -50.67** -20.00 -3.50 -18.30 20.90 -62.50** 
VBN(Gg) 2 × Annur 1 2.70 -43.36** -40.00* -40.74** -16.67 -41.33* -8.00 -2.50 -5.88 35.82* -51.79** 
VBN(Gg) 2 × SML 668 -5.41 -44.59** -40.00* -33.33* 16.67 -22.67 -16.00 -8.50 -0.65 25.37 -18.30 
VBN(Gg) 2 × SML 1023 2.70 -43.59** -20.00 -29.63* -8.33 -33.33 -20.00 -6.50 -9.80 41.79* -27.23 
VBN(Gg) 2 × EC 396117 8.11 -51.19** -20.00 -51.85** -25.00 -54.67** -20.00 -5.00 -7.19 22.39 -58.93** 
VBN(Gg) 3 × Barimung 5 -12.61 -37.84** 0.00 -22.22 0.00 0.00 -12.00 -4.50 -16.99 -1.49 -22.32 
VBN(Gg) 3  × Barimung 7 5.41 -47.35** -40.00* -40.74** 16.67 -21.33 -16.00 -1.50 -21.57 4.48 -51.34** 
VBN(Gg) 3 × Binamung 7 -1.35 -43.51** -20.00 -18.52 16.67 -29.33 -12.00 -4.00 -15.03 19.40 -45.98* 
VBN(Gg) 3 × NM  54 2.70 -64.85** -60.00** -62.96** -33.33 -66.67** -32.00** -12.00* -18.30 0.00 -70.98** 
VBN(Gg) 3 × VC 1997 A 4.05 -60.09** -60.00** -66.67** -41.67* -69.33** -40.00** -16.50** -16.34 7.46 -53.57** 
VBN(Gg) 3 × VC 6040 A 12.16 -42.29** -20.00 -37.04* 8.33 -20.00 -8.00 -2.50 -3.92 8.96 -27.68 
VBN(Gg) 3 × VC 6157-70 P 8.11 -71.91** -60.00** -70.37** -58.33 -84.00** -52.00** -4.00 -43.79 -16.42 -88.39** 
VBN(Gg) 3 ×  VC 6197 A 5.41 -54.72** -20.00 -37.04* -16.67 -25.33 -16.00 -5.50 -8.50 25.37 -38.39 
VBN(Gg) 3 ×  VC 7890 A 0.00 -88.64** -60.00** -66.67** -58.33** -82.67** -80.00** -5.00 -81.05** 2.99 -53.57** 
VBN(Gg) 3 × VC 7960 -88 5.41 -68.69** -40.00* -74.07** -41.67* -76.00** -44.00** 8.50 -25.49 43.28** -71.87** 
VBN(Gg) 3 × Annur 1 22.97** -91.94** -60.00** -85.19** -75.00** -88.00** -84.00** -4.00 -77.78** 40.30* -83.48** 
VBN(Gg) 3  × SML 668 16.22* -83.58** -60.00** -74.07** -58.33** -73.33** -72.00** -2.00 -66.01** 5.97 -77.68** 
VBN(Gg) 3 × SML 1023 4.05 -47.66** 0.00 -18.52 8.33 -20.00 32.00** -1.00 0.00 47.76** -9.82 
VBN(Gg) 3 × EC 396117 2.70 -49.04** 0.00 18.52** 16.67 4.00 -16.00 -2.00 -4.58 8.96 8.04 
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criterion for the selection of superior parents for breeding
programme. Further, the parents having high general
combining ability (gca) effects could be useful as, the gca
effect is due to additive gene action and is fixable. In the
present study the genotypes ‘Co 6’ recorded high mean value
for number of seeds/pod followed by ‘Barimung 7’ for number
of pods/cluster and number of pods/plant, ‘EC 396117’ for
pod length and single plant yield and ‘VC 7890 A’ for 100 seed
weight. The estimates of general combining ability effects for
parental line revealed that no parents had significant gca
effects for all the traits together (Table 2).  However, few
parents had significant gca effect for one or a few trait(s). For
example, the line ‘Co 6’ was the best general combiner for five
traits, namely number of clusters per pod, pod length and
single plant yield. Among testers, ‘Barimung 7’ had significant
gca  effect for three traits namely, number of clusters per plant,
number of pods per cluster and plant height. Similar findings
were reported by Dana and Gupta (2001) and Singh et al.
(2007).  The parents ‘Co 6’, ‘Barimung 7’ and ‘EC 396117’ were
adjudged as superior based on per se and gca effects.

The specific combining ability is the deviation from the
performance predicted on the basis of general combining
ability.  The  specific combining ability (sca) effect alone may
not be the appropriate choice for exploitation of heterosis
because the hybrid with low mean value may also possess
high sca effect. The hybrid, ‘Co 6’ × ‘VC 7890A’ recorded high
per se performance for two traits, namely number of clusters
per plant and number of seeds per pod (Table 3). ‘VBN(Gg) 3’
× ‘EC 396117’ was the next best hybrid for two different traits,
namely number of clusters per plant and single plant yield
followed by ‘Co 6 × NM 54’, ‘Co 6’ × ‘EC 396117’, ‘Co(Gg) 7’ ×
‘EC 396117’, ‘Co(Gg) 7’ × ‘Annur 1’, ‘Co(Gg) 7’ × ‘SML 668’
for pod length and 100 seed weight,  ‘VBN(Gg) 3’ × ‘Barimung
5’ for  number of branches per plant and number of clusters
per plant, ‘VBN(Gg) 3’ × ‘EC 396117’ for number of clusters
per plant and single plant yield and ‘VBN(Gg) 3’ × ‘SML 1023’
for number of seeds per pod and 100 seed weight.

Besides, per se performance and sca effects, knowledge
on the magnitude and direction of heterosis is important to
exploit the phenomenon of hybrid vigour, though there are
three types of heterosis, the standard heterosis used for
identifying desirable combinations for commercial exploitation
of heterosis. The presence of heterosis in food legume has
been demonstrated by Singh et al. (1975) and Shinde and
Deshmukh (1989). Among hybrids, ‘VBN(Gg) 3’ × ‘EC 396117’

recorded significant standard heterosis for three traits namely
plant height, number of clusters per plant and single plant
yield (Table 4). Whereas, the hybrid ‘VBN(Gg) 3’ × ‘SML 1023’
for plant height, number of seeds per pod and 100 seed weight.
The hybrids  ‘Co 6’ × ‘Barimung 5’, ‘Co 6’ ×
‘NM 54’, ‘Co 6’ × ‘VC 7960-88’, ‘Co 6’ × ‘EC 396117’, ‘Co(Gg)
7’ × ‘Barimung 5, ‘Co(Gg) 7’ × ‘NM 54’, ‘Co(Gg) 7’ × ‘VC 1997
A’, ‘Co(Gg) 7’ × ‘VC 6040 A’, ‘Co(Gg) 7’ × ‘Annur 1’, ‘Co(Gg)
7’ × ‘SML 668’, ‘Co(Gg) 7’ × ‘SML1023’, ‘Co(Gg) 7’ × ‘EC
396117’, ‘VBN(Gg) 2’ × ‘VC 6157-70P’, ‘VBN(Gg) 2’ × ‘NM 54’,
‘VBN(Gg) 2’ × ‘VC 6197 A’, ‘VBN(Gg) 2’ × ‘Annur 1’, ‘VBN(Gg)
3’ × ‘SML 1023’ recorded desirable standard heterosis for two
traits namely plant height and 100 seed weight. The above
hybrids showed heterotic vigour for yield and yield attributing
traits. Similar results were also reported by Loganathan et al.
(2001) for number of seeds per pod while, using Indian
greengram genotypes.

Based on per se performance, significant sca effect and
desirable standard heterosis, the best hybrid was ‘VBN(Gg)
3’ × ‘SML 1023’ for number of seeds per pod and 100 seed
weight followed by ‘VBN(Gg) 3’ × ‘EC 396117’ for number of
clusters per plant and single plant yield.  The other superior
combinations were ‘Co 6’ × ‘Barimung 5’, ‘VBN (Gg) 3’ × ‘VC
7960-88’ for 100 seed weight,  ‘Co 6’ × ‘VC 7890 A’ for number
of seeds per pod, ‘Co(Gg) 7’ × ‘Barimung 7’ for single plant
yield, ‘Co(Gg) 7’ × ‘Annur 1’ for pod length.

Thus in the present investigation, among the fifty six
hybrids analyzed, following hybrids were found to be superior
based on mean, sca effect and heterosis viz., ‘VBN(Gg) 3’ ×
‘SML 1023’ for pod length,100 seed weight and single plant
yield,  ‘VBN(Gg) 3’ × ‘EC 396117’  and ‘Co(Gg) 7’ × ‘Barimung
7’ for single plant yield, ‘Co 6’ × ‘Barimung 5’ for 100 seed
weight and ‘Co(Gg) 7’ × ‘Annur 1’ for pod length and 100 seed
weight (Table 5). These hybrids will be exploited commercially
to improve the productivity of the crop. However, greengram
being the self pollinated crop and non-availability of workable
male sterility system; it is difficult to exploit hybrid vigour in
near future. Hence, these hybrids could be effectively utilized
to develop high yielding varieties along with desirable traits
in greengram.
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ABSTRACT

The cytoplasmic-genetic male sterility (CMS) system is
considered to be feasible approach to develop hybrids in
pigeonpea. Identification of CMS lines and their putative
restorers using molecular markers in the early stage of growth
is important and economical in pigeonpea. The RAPD analyses
of genomic DNA were carried out using 80 RAPD primers in
ten different genotypes each of A and R lines of pigeonpea.  76
of the 80 RAPD primers produced clear and unambiguous
banding pattern among A and R lines. Out of these, 72 were
polymorphic and 4 were monomorphic. A total of 702 bands
were amplified, out of which 544 were polymorphic. This evinced
on an average 7.55 polymorphic bands/primer; though the
average number of amplified bands per primer were 8.77. The
number of amplified loci varied from two each in OPC2, OPC12,
OPB1, OPB5, OPB6 and OPB9 to twenty two in OPA 1 and
OPA19. The size of amplified bands ranged from 100 bp to 2850
bp. The polymorphic 1.1kb fragment amplified by OPC1 was
specific only to fertile (R) lines. The other specific fragment,
confined only to sterile (A) lines, was of 1.5 kb size and was
amplified by OPA11. However, this requires confirmation
through linkage studies. The said RAPD primers are dominant
in nature and would be more useful if they are converted in
sequence based primers like SCAR.

Key words: C. cajan, C. scarabaeoides, CGMS system,
Molecular marker, Pigeonpea, RAPD

Pigeonpea [Cajanus cajan (L.) Millsp.] is a highly
nutritious and very important grain legume of the tropical and
sub-tropical regions of the world. The production and
productivity of this crop has remained static over the years
and the research efforts for enhancing the productivity
through pure line breeding have not been very successful
(Saxena et al. 2005). Unlike other legumes, pigeonpea is an
often cross pollinated crop exhibiting 25-70% natural out
crossing across locations (Saxena et al. 1990), thus paving
the way for heterosis breeding by exploiting genetic male
sterility (Reddy et al. 1978). However, the system could not
be exploited due to inherent problems like labour
intensiveness, huge rouging and genetic purity associated
with genetic male sterility system. These problems were
overcome with the development of cytoplasmic genetic male
sterility system using cytoplasm of wild species
(Ariyanayagam et al. 1995 and Tikka et al. 1997), thereby

leading to the develop ment of cytoplasmic–nuclear sterility
(CGMS) based commercial hybrids in pigeonpea (Saxena and
Kumar 2003 and Acharya et al. 2005). The cytoplasmic genetic
male sterility base hybrid programme involves three lines viz.,
male sterile (A), maintainer (B) and restorer (R) lines. The
genetic purity of these lines for success of hybrid programme
cannot be over emphasized. Molecular markers can be very
useful in a long duration crop like pigeonpea for precise
characterization of parental lines as they can be detected at
juvenile stage independent of environmental effects. The
present study deals with RAPD based characterization of
variation in genomic DNA among sterile (A) lines and restorer
(R) lines of pigeonpea.

MATERIALS AND METHODS

The male sterility of 98 A lines and restorability of 83 R
lines was ascertained under insect proof net house conditions.
Out of these, 10 sterile (A) and 10 fertile (R) lines were selected
for molecular characterization (Table 1).
DNA Extraction : All the selected 10 A and 10 R lines were
grown in pots in the Centre of Excellence for Research on
Pulses, Sardarkrushinagar Dantiwada Agricultural University,
Sardarkrushinagar, Gujarat, India during the year 2010.
Genomic DNA was isolated from juvenile leaves of each A
and R lines following CTAB (Cetyl Trimethyl Ammonium
Bromide) extraction method given by Murray and Thompson
(1980) and later modified by Saghai-Maroof et al. (1984). 500
milligram leaf tissues were chopped into small pieces and were
ground in liquid nitrogen to make a fine powder. The powder
was immediately transferred to a 20 ml Oakridge tube and 10
ml of pre-warmed DNA extraction buffer (1.0 M Tris HCl pH
8.0, 0.5 M EDTA pH 8.0, 5 M NaCl, 2 %CTAB Powder, 2% PVP
Powder, -Mercaptoethanol) was added to it. The solution
was mixed well by inverting the tubes several times and the
homogenate was incubated at 65ºC for 60 min in water bath
with intermittent shaking.  Tubes were cooled down to room
temperature and equal volume of Chloroform: Isomyl-alcohol
(24: 1) was added and mixed gently for 1.5 min. The tubes were
centrifuged at 15000 rpm for 10 min at 4ºC. This was followed
by adding 2 µl of DNase free RNase A (Bangalore GeNei Pvt.
Ltd.) to the supernatant and kept for one hour at room
temperature. The supernatant was re-extracted once again with
equal volume of Chloroform: Isomyl-alcohol (24: 1) solution.
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Isopropanol 0.6 v/v and 3M Sodium Acetate was added to the
supernatant and mixed gently for 2 min. Thick, bright white
pellets of DNA were visible. Tubes were kept at -20ºC for
20 min for better precipitation of DNA. DNA so pelleted was
centrifuged at 12000 rpm for 10 min at 4ºC. Supernatant was
discarded and the pellet was washed thrice by 70% ethanol.
Pellets were air dried and dissolved in 100 µl of Tris-EDTA
(TE) buffer. Purity and quantification of DNA was carried out
on Nanodrop and 0.8% agarose gel electrophoresis.
PCR and RAPD analysis : Out of the 80 random decamer
primers (OPA, OPB, OPC and OPH series from Operon
Technologies, Alameda, CA, USA) that were screened initially,
76 were selected for further study on account of their
producing unambiguous and repeatable DNA profile. The
amplification reaction was carried out in 25 ìl volume containing
10X Taq Buffer B followed by 25mM MgCl2, 2.5mM each
dNTPs (Bangalore GeNei Pvt. Ltd), 1U Taq DNA
polymerase(Bangalore GeNei Pvt. Ltd), Millipore sterilized
water and 50 ng template DNA. Amplification condition were
maintained at 94°C for 3 min, 44 cycles at 94°C for 1 min
(denaturation), 37°C for 1 min (annealing), 72°C for 2 min
(elongation) followed by final extension at 72°C for 7 min. The
PCR  products were separated by electrophoresis in a 1.5 %
agarose gel containing ethidium bromide (0.5 µg/ml) using 1X

TBE (Tris base, Boric acid, EDTA) buffer (pH 8.0) and
visualized under UV light. The size of amplification products
was determined in comparison to O’ Genei Ruler 50 bp DNA
ladder.

RESULTS AND DISCUSSION

The RAPD analyses of genomic DNA were carried out
using 80 RAPD primers in ten different genotypes each of A
and R lines of pigeonpea.  76 of the 80 RAPD primers produced
clear and unambiguous banding pattern among A and R lines.
Out of these, 72 were polymorphic and 4 were monomorphic.
A total of 702 bands were amplified, out of which 544 were
polymorphic. This evinced on an average 7.55 polymorphic
bands/primer; though the average number of amplified bands
per primer were 8.77. The number of amplified loci varied from
two each in OPC 2, OPC 12, OPB 1, OPB 5, OPB 6 and OPB 9 to
twenty two in OPA 1 and OPA 19. The size of amplified bands
ranged from 100 bp to 2850 bp. The polymorphic 1.1kb
fragments amplified by OPC 1 were specific only to fertile (R)
lines (Table 2). The other specific fragment that was specific
only to sterile (A) lines was of 1.5 kb size and amplified by
OPA11. Thus, the result indicated that the OPC11100 might be
associated with the fertile allele, whereas OPA111500 could be
related with sterile alleles. However, this requires confirmation

Table 1. Salient features of different male sterile (A) and fertility restorer (R)   lines of pigeonpea

DF = Days to flower, DM = Days to maturity, PH = Plant height, BP = Branches/plant, PP = Pods/plant, SP = Seeds/pod, PL = Pod length (cm),
PT = Plant type, FC = Flower colour, SC = Seed colour, NDT = Non determinate type, SDT = Semi determinate type, DT = Determinate type,
Y = Yellow, R = Red, CW = Crimson white

Characters Genotypes Source 
DF DM PH BP PP SP PL PT FC SC 

Sterile(A) lines 
GT 310A BDN 31 96 143 89 14 148 3.6 4.6 NDT Y CW 
GT 308A ICPL 87051 101 148 132 10 187 3.8 4.2 NDT R CW 
GT 301A BDN 2 122 175 125 7.1 160 3.6 4.2 NDT Y CW 
GT 290A SKNP 290 83 142 96 4.5 127 3.7 4.7 DT Y R 
GT 501A ICPL 7622 108 160 152 6.4 129 3.3 3.5 NDT Y CW 
GT 87A ICPL 87 93 132 76 5.7 96 3.9 4.1 SDT Y R 
GT 311A PUSA 33-1 78 136 132 6.3 115 3.8 4.1 NDT Y CW 
GT 288A MS 288F 96 140 136 5.5 136 3.7 4.1 NDT Y CW 
GT 100A GT 100 88 137 107 5.6 135 3.9 4.4 DT Y CW 
GT 289A SKNP 289 95 141 75 4.7 87 4.0 4.7 DT R R 
Restorer (R) lines 
GTR 34 ICP-132 93 136 144 5 62 3.7 4.1 NDT Y CW 

GTR 35 SKNPCH   
10-1-2-1-2 F5 

98 142 84 5 95 4 5.2 DT Y R 

GTR 51 SKNPCH 
2-4-2-2-1 F4 

96 142 120 8 97 4 4.3 NDT Y CW 

GTR 53 SKNPCH 
4-2-3-1 F4 

87 137 127 5 211 4 4.4 NDT Y CW 

GTR 55 SKNPCH 
9-2-2-1 F4 

98 142 118 7 132 4 4.2 NDT Y R 

GTR 45 SKNPCH 
2-11-3-2 F5 

98 142 167 6 138 4 4.0 NDT Y R 

GTR 23 ICP-95 94 136 128 12.0 142 3 3.8 NDT Y R 
GTR 29 P-195 2K 100 144 105 8 110 4 4.5 NDT Y R 
GTR 14 ICP-10650 89 146 125 5.3 123 3.3 4.3 NDT Y R 
GTR 11 GT-100 95 14 90 4.2 130 3.9 4.1 DT Y CW 
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through linkage studies in segregating populations. The
amplification pattern of A and R lines with primer OPC1 and
OPA11 are shown in Fig. 1 and Fig. 2.

In Consonance to the present findings,
Sivaramakrishnan et al. (1997) could also distinguish male

markers for distinguishing each component of the CGMS
system. Ray Choudhary et al. (2008a) reported a set of primers
to distinguish between the CMS system derived from C.
scarabaeoides (‘GT 288A/B’) and C. sericus (‘67A/B’). In
consonance to the present findings, Metkar et al. (2010) also
reported molecular makers that can be used for early
identification of CMS lines derived from C. scarabaeoides
and their maintainer at DNA level in pigeonpea. RAPD markers
unique to male sterile and maintainers lines have also been
reported in rice (Hashemi et al. 2010), sorghum (Jaiswal et al.
1998, Nateson et al. 2002), pepper (Kumar et al. 2004) and
cotton (Zhang et al.  2004). Two RAPD primer
(OPAZ011900&2100 and OPBA13900&1000) linked exclusively to
sterile line and six RAPD primers (OPBA19280, OPAZ043000,
OPAZ042000, OPA10500, OPA2500, OPH191200, OPAQ43000) linked
to restorer lines have also been reported by Ray Choudhary
et al. (2008a & b) in pigeonpea. Thus, RAPD primers seemed
promising to reveal polymorphism up to 80 per cent. Two
primers viz., OPC1 and OPA 11 produced specific bands of the
size 1.1 kb and 1.5 kb that were peculiar in sterile (A) and
fertility restoration (R) lines, respectively. The primers
identified in the present investigation would be useful in the
identification of CMS lines and restorers lines at DNA level
right in juvenile stage of growth though the primer required
confirmation in segregating population. The said RAPD
primers are dominant in nature and would be more useful if
they are converted in sequence based primers like SCAR.  It
would be important to ascertain as to how close the amplified
bands are associated with the fertility restoration and male
sterility genes before using them in MAS (Akagi et al. 1996).
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Fig 1. RAPD profile produced by primer OPC
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ABSTRACT

A field experiment was carried out during four consecutive
seasons i.e. kharif 2004, rabi 2004-05, kharif 2005 and rabi 2005-
06 in randomized complete block design with three replications
to investigate the genetics of biochemical and physiological
parameters traits using 20 powdery mildew disease resistant
genotypes along with two highly susceptible genotypes for the
study of powdery mildew (Erysiphae polygoni DC) disease
resistance in mungbean (Vigna radiata L. Wilczek).  Estimation
of genetic parameters for biochemical and physiological traits
in powdery mildew resistant genotypes showed significant
difference for all the biochemical and physiological parameters.
Wide range of variation for almost all the characters was
observed. Similarly, genotypic coefficient of variation was found
high for total phenols, stomatal conductance and rate of
transpiration. For other traits also appreciable amount of
genotypic coefficient of variation was observed which might be
used for any breeding programme. High heritability coupled
with high genetic advance observed for total phenols, total sugar,
total potassium and rate of transpiration indicating major role
of additive genetic variance.

Key words: Biochemical analysis, Mungbean, Powdery mildew,
Disease resistance

Mungbean (Vigna radiata L. Wilczek) is an important
pulse crop in Asia particularly in the Indian subcontinent
(Rahman et al. 2003) ranked third after pigeonpea and chickpea
in India.  It is grown in an area of about 3.24 million hectare
with the production of 1.12 million tonnes (Kumar and Singh
2010). In Chhattisgarh, during 2009-10 mungbean occupies
approximately an area of 54.11 thousand hectares, with total
production of 18.13 thousand tonnes and productivity of 335
kg/ha (Statistical report 2010).  The crop is very much prone to
various diseases. Among them powdery mildew (Erysiphe
polygoni DC) is an important disease causing large economic
loss (Khosla et al. 1988, Abhaiah 1989, Reddy et al.1994,
Peerejade et al. 2004). In Chhattisgarh which is considered to
be the hot spot of powdery mildew disease in Vigna crops
(Khare and Lakpale 1997), the yield losses range from 20-40
per cent (Khare et al. 1998). Powdery mildew generally appears
from early flowering to the pod maturity stage and its
development depends upon the cultivars used (Thakur et al.
2004). The information on growing period and environmental
conditions of powdery mildew on mungbean during the cool
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and dry season is available, but precise information on
powdery mildew occurrence during winter season is lacking.

MATERIALS AND METHODS

A set of 22 genotypes was sown by a single row of 4.0
m length with spreader rows of susceptible genotypes viz.,
‘Malviya Jyoti’ and ‘Pusa Vishal’. Single rows of spreader
genotypes were sown repeatedly after every two rows of test
entries. Recommended agronomical practices for mungbean
were adopted. However, no plant protection measures were
adopted. The genotypes were screened for powdery mildew
disease in kharif 2004, rabi 2004-05, kharif 2005 and rabi
2005-06 as shown in Table 1. Observations were recorded on
powdery mildew disease scores and the biochemical and
physiological components responsible for the disease.
Biochemical parameters were recorded for the plants harvested
from the field. Leaves from the top, middle and bottom portions
of the selected plants were collected, oven dried at 60o C,
finally grined, and used for the estimation of protein content.
Total phenol, total sugar and total potassium of twenty
genotypes were measured during kharif 2006 which were
identified as resistant to powdery mildew based on four
seasons screening along with two susceptible checks. The
rate of photosynthesis (m mol CO2 /m

2/s), transpiration rate
(m mol/m2/s) and stomatal conductance (m mol/m2/s) in leaf
were measured on fully developed cleaned and infected leaf
at flowering stage using portable photosynthesis system (Infra
red gas analyzer (IRGA) model CIRAS-2, U.K.)

RESULTS AND DISCUSSION

Results of analysis of variance for biochemical and
physiological parameters indicated that all the characters
exhibited significant differences among genotypes (Table 2).
Genetic parameters of variation for biochemical and
physiological traits were analyzed and presented in Tables 3
and 4.
Mean and Range: Protein content in leaves ranged from 13.19
to 18.16 mg/g (Table 4) with the mean performance of 15.30
mg/g whereas, protein content in seed ranged from 19.93 to
25.50 mg/g with the 22.47 mg/g mean value. Total phenol in
leaves ranged from 7.35 to 16.38 mg/g with mean value of
12.80 mg/g whereas, in seed it ranged from 3.51 to 9.48 mg/g
with mean value of 7.21 mg/g. Total sugar in leaves ranged
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Table 1. Powdery mildew scores of Mungbean genotypes
during four seasons

Scores  Genotypes 
kharif 2004 rabi 2004-05 kharif 2005 rabi 2005-06 Mean 

TARM-1 1 1 2 1 1.25 
BPMR 37 1 2 1 2 1.50 
BPMR 206 1 2 1 3 1.75 
UPM 02-17 2 2 2 2 2.00 
BPMR 4 2 2 2 2 2.00 
BPMR 197 2 2 2 3 2.25 
BPMR 145 2 2 2 2 2.00 
Vamban 1 2 2 2 2 2.00 
ML 131 2 2 2 0 1.50 
TM 99-2 2 0 2 0 1.00 
TM 2000-2 2 0 2 0 1.00 
MGG 351 2 0 2 2 1.50 
TARM 18 2 0 2 0 1.00 
MH 98-1 3 2 2 2 2.25 
ML 1286 2 2 2 2 2.00 
MH 2-15 2 2 2 2 2.00 
Pusa 9072 2 2 3 2 2.25 
TM 2000-1 2 1 2 1 1.50 
Pragya 2 2 2 2 2.00 
ML 1194  2 2 2 2 2.00 
Malviya Jyoti 5 5 5 5 5.00 
Pusa Vishal 5 5 5 5 5.00 

 

Table 2. Analysis of variance for biochemical and physiological parameters of mungbean
Protein 
content 
 (mg/ g) 

Total Phenol 
(mg/ g) 

Total Sugar 
 (mg/ g) 

  

Total potassium 
 (mg/ g) 

  

Rate of 
photosynthesis  

 ( mol CO2 /m2 /s) 

Stomatal 
conductance 

 (m.mol/ m2 /s) 

Rate of 
transpiration  

 (m.mol/ m2 /s) 

Source of 
variation 

df 

Leaf     Seed Leaf     Seed Leaf     Seed Leaf     Seed Cleaned Infected Cleaned Infected Cleaned Infected 
Replication 2 0.41 1.10 1.73 0.84 0.88 0.41 1.81 0.71 2.71 0.86 0.01 0.017 0.18 0.055 
Treatment 21 5.10** 5.26** 18.18** 6.07** 3.07** 1.64** 81.81** 14.61** 15.79** 7.60** 0.042** 0.020** 1.36** 0.270** 
Error 42 0.59 1.07 0.53 0.43 0.20 0.42 3.28 1.29 1.00 0.77 0.003 0.004 0.091 0.030 
Total 65               

 

from 6.07 to 9.93 mg/g with mean value of 8.48 mg/g, whereas
in seeds it ranged from 1.48 to 4.47 mg/g with 3.52 mg/g mean
value (Table 4). Total potassium in leaves ranged from 21.29
to 41.11 mg/g with mean value of 36.20 mg/g while in seeds it
ranged from 5.73 to 14.06 mg/g with mean value of 10.48 mg/g.

The range of photosynthesis rate was recorded from
14.22 to 24.09 with mean value of 20.01 whereas, in powdery
mildew infected leaves the photosynthesis rate ranged from
9.24 to 16.32 with mean value 13.87 (m mol CO2/m

2/s). Stomatal
conductance ranged from 0.126 to 0.704 m mol/m2/s with mean
value of 0.313 in cleaned leaves whereas; stomatal conductance
in infected leaves ranged from 0.072 to 0.203 with mean value
0.119 m mol/m2/s (Table 4). In fully cleaned leaves, rate of
transpiration ranged from 1.05 to 3.93 with the mean value of
2.80, whereas, in infected leaves transpiration rate ranged from
0.64 to 1.85 with mean value 1.33 m mol/m2/s.

Genotypic and phenotypic coefficients of variation were
estimated separately for leaves and seeds. The high genotypic
coefficient of variation was recorded for total phenol 18.94
and 19.00 per cent in leaves and seeds, respectively followed
by potash content 16.13 and 16.11 per cent and total sugar11.53
and 13.11 per cent, in leaves and seeds respectively. Among
physiological parameters maximum genotypic coefficient of
variation was observed for rate of transpiration 23.25 and 21.30

per cent followed by stomatal conductance 24.42 and 19.32
per cent and rate of photosynthesis 11.10 and 10.87 per cent
in cleaned and infected leaves, respectively. (Table 4).
Maximum phenotypic coefficient of variation were observed
for potash content 21.83 and 16.99 per cent followed by total
phenol 19.58 and 21.00 per cent and total sugar 16.73 and
16.83 per cent for leaves and seeds. The minimum phenotypic
coefficient of variation was observed for protein content 9.47
and 7.00 per cent. Among physiological parameters, highest
phenotypic coefficient of variance was recorded for stomatal
conductance 30.31 and 24.59 followed by rate of transpiration
25.65 and 25.45 and photosynthesis 12.17 and 12.58 in cleaned
and infected leaves respectively.

Among biochemical parameters, highest heritability was
recorded for total phenol (91.60 and 81.00 per cent) followed
by total potassium (88.80 and 77.40 per cent), total sugar (82.00
and 59.00 per cent) and protein content (71.60 and 66.40 per
cent) in leaves and seed, respectively (Table 4), while,
moderate genetic advance was observed for total potassium
in leaves. Rest of the characters showed low level of genetic
advance. For physiological parameters, high genetic advance
was found for photosynthesis in cleaned leaves (14.70). Rest
of the parameters showed low level of expected genetic
advance.

Among biochemical parameter high level of genetic
advance as percentage of mean was observed for total phenol
32.18 and 49.10 per cent in leaf and seed respectively followed
by total potassium 27.43 and 36.45 per cent, total potash 21.46
and 26.14 per cent and protein content 13.99 and 8.14 per cent
as depicted in Table 4. High level of genetic advance as
percentage of mean was observed for stomatal conductance
84.61 and 26.31 followed by rate of photosynthesis 73.41 and
19.25 and rate of transpiration 43.57 and 36.84 per cent in
cleaned and infected leaves, respectively. Estimation of genetic
parameters for biochemical and physiological traits in powdery
mildew resistance genotypes showed significance of values
for all the characters studied. It revealed that there is significant
difference among the genotypes for the traits under study.
Wide range of variation for almost all the characters was
observed. Similarly, genotypic coefficient of variation was
found high for total phenols, stomatal conductance and rate
of transpiration. An appreciable amount of genotypic
coefficient of variation for other traits was also observed which
might be used for any breeding programme. High heritability
coupled with high genetic advance observed for total phenols,
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total sugar, total potassium and rate of transpiration indicating
major role of additive genetic variance. Similar results related
to sugar and potash were reported by Rosaiah et al. (1995)
and Gawande and Patil (2003).

Heritability for protein content in leaves was high. Similar
variation for these parameters for stomatal conductance, rate
of photosynthesis and sugar content clearly showed synthesis
of these compounds in leaves and seed as influenced by

powdery mildew disease. Estimates of genetic parameters gave
an indication for prevalence of genetic variation among the
genotypes in context to biochemical compounds and
physiological parameters. Infestation of powdery mildew
particularly on leaves very much influence the synthesis of
bio chemical and regulation of physiological activities.
Phenolic content is reported to be generally associated with
resistance to powdery mildew disease in mungbean Bainade
(2005).

Table 3. Biochemical and physiological studies of powdery mildew disease resistant and susceptible genotypes

Note: The values are mean over replication

Protein 
content 
(mg/g) 

Total Phenol 
content 
(mg/g) 

Total Sugar 
content 
(mg/g) 

Total Potassium 
content 
(mg/g) 

Rate of 
photosynthesis 

( mol CO2 /m2/s) 

Stomatal 
Conductance 
(m.mol/m2/s) 

Rate of 
transpiration 
(m.mol/m2/s) 

S. 
N. 

Genotypes 

Leaf Seed Leaf Seed Leaf Seed Leaf Seed Cleaned Infected Cleaned Infected Cleaned Infected 
1 TM 2001 16.68 22.37 12.72 7.57 7.77 4.35 41.05 12.03 20.60 16.37 0.701 0.142 2.84 1.53 
2 ML 1286 17.35 21.50 14.39 6.69 9.08 3.68 37.93 9.88 20.70 14.59 0.529 0.085 3.04 1.39 
3 MH 2-15 17.25 21.90 14.79 6.75 8.69 4.50 37.34 9.26 19.54 14.08 0.357 0.149 2.69 1.58 
4 TM 99-2 14.23 24.33 16.38 9.73 7.60 4.54 40.31 9.37 17.96 15.28 0.211 0.108 3.91 1.58 
5 TM 2000-2 16.92 22.43 13.04 7.97 9.90 3.52 42.02 11.81 17.45 13.67 0.466 0.152 2.88 1.58 
6 TARM 1 15.23 24.87 14.75 8.27 10.50 3.23 40.33 12.88 21.45 15.34 0.160 0.158 2.94 1.52 
7 Pragya 14.62 24.20 13.56 7.33 8.58 2.70 38.58 11.74 22.65 15.05 0.240 0.203 3.06 1.31 
8 TARM 18 18.69 24.86 17.06 7.37 8.17 4.44 41.54 13.42 18.60 13.87 0.144 0.187 2.50 1.45 
9 BPMR 4 14.23 23.33 11.05 6.82 7.30 2.62 35.97 9.95 19.89 14.92 0.259 0.149 3.93 1.48 

10 UPM 02-17 15.73 21.47 15.22 8.20 9.28 3.29 36.92 11.64 19.03 14.19 0.333 0.186 3.32 1.59 
11 BPMR 145 15.36 21.13 10.52 5.79 8.89 4.26 38.33 9.90 23.00 15.77 0.556 0.129 2.84 0.95 
12 BPMR 206 13.64 22.53 11.97 9.16 9.67 4.34 34.13 9.47 18.00 14.74 0.444 0.168 3.26 0.60 
13 BPMR 197 13.88 20.07 11.58 7.67 7.98 3.52 35.69 8.78 20.36 14.55 0.416 0.129 2.76 1.35 
14 MGG 351 16.58 22.60 13.84 6.31 9.01 3.27 36.58 8.42 20.42 13.91 0.312 0.158 2.85 1.33 
15 MH 98-1 16.63 22.44 13.60 6.20 7.63 3.90 32.51 10.21 20.47 12.74 0.287 0.185 3.22 1.85 
16 Vamban-1 13.95 20.59 10.90 5.89 7.98 3.02 36.28 9.01 21.82 13.57 0.333 0.169 3.82 1.41 
17 BPMR 37 13.75 21.85 12.53 9.49 8.66 4.40 40.10 14.33 20.55 13.82 0.428 0.183 2.63 1.22 
18 ML 1194 15.43 24.62 13.35 6.54 8.46 3.91 38.12 13.62 20.75 14.12 0.545 0.187 2.52 1.64 
19 PUSA 9072 16.75 22.52 13.35 7.34 9.88 3.68 36.43 12.67 22.28 13.62 0.766 0.167 2.92 1.32 
20 ML-131 17.28 23.53 13.55 7.68 8.99 3.74 35.85 12.25 22.16 14.73 0.663 0.152 2.58 1.65 
21 Pusa vishal (s) 12.73 21.63 7.04 3.67 9.67 1.33 20.61 5.07 14.35 9.19 0.127 0.086 1.13 0.64 
22 Malviya jyoti (s) 13.24 22.44 7.47 3.70 9.52 2.06 23.54 3.93 15.20 10.46 0.126 0.072 1.05 0.75 

 

Table 4. Genetic parameters of variation for biochemical and physiological traits of resistant and susceptible genotypes of
mungbean

Protein 
content 
(mg/g)  

Total Phenol 
(mg/g) 

Total Sugar 
(mg/g)  

Total 
potassium 

(mg/g)  

Rate of 
photosynthesis  

 ( mol CO2 /m2/s) 

Stomatal 
conductance 
 (m mol/m2/s) 

Rate of 
transpiration  
 (m.mol/m2/s) 

 Parameter 
 

Leaf     Seed Leaf     Seed Leaf     Seed Leaf     Seed Cleaned Infected Cleaned Infected Cleaned Infected 
Mean 15.30 22.47 12.80 7.21 8.48 3.52 36.20 10.48 20.01 13.87 0.313 0.119 2.80 1.33 
Range (Min- Max) 13.19-

18.16 
19.93-
25.50 

7.35-
16.38 

3.51-
9.48 

6.07-
9.93 

1.48-
4.47 

21.29-
41.11 

5.73-
14.06 

14.22-
24.09 

9.24-
16.32 

0.126-
0.701 

0.072-
0.203 

1.05-
3.93 

0.64-
1.65 

Genotypic coefficient 
of variation (GCV) 8.01 6.26 18.94 19.00 11.53 13.11 16.13 16.11 11.10 10.87 24.42 19.32 23.25 21.30 

Phenotypic coefficient 
of variation (PCV) 9.47 7.00 19.58 21.00 16.73 16.83 21.83 16.99 12.17 12.58 30.31 24.59 25.65 25.45 

Heritability h2 (bs) 71.60 66.40 91.60 81.00 82.00 59.00 88.80 77.40 83.10 64.17 80.70 61.70 82.20 70.10 
Genetic advance (GA) 2.14 1.83 4.12 3.54 1.82 0.92 9.93 3.82 14.70 2.69 0.11 0.05 1.22 0.49 
Genetic advance as per 
cent of mean  13.99 8.14 32.18 49.10 21.46 26.14 27.43 36.45 73.41 19.25 84.61 26.31 43.57 36.84 

Coefficients of 
variation (CV) 5.77 4.61 5.71 7.1 5.40 7.52 5.00 9.85 4.99 5.87 16.83 15.21 10.81 13.91 

Critical difference 
(CD) 0.95 0.86 0.76 0.51 0.56 0.30 1.55 1.14 5.58 0.93 0.055 0.087 4.79 0.227 

Standard error SE(m) 0.38 0.484 0.352 0.261 0.287 0.154 0.792 0.582 4.44 0.475 0.028 0.040 10.60 0.11 
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Biochemical and physiological basis of powdery mildew
resistance in mungbean: Powdery mildew normally becomes
severe after flowering and hence bio-chemical composition of
mungbean was investigated in leaves after flowering and seeds
after harvest. This indicated that plants because of less
content of total phenols and more amount of protein probably
become prone to attack of fungus. Increased protein content
and decreased total phenols in leaves probably becomes
favourable pre-disposing nutritional condition for infection
by powdery mildew pathogen in mungbean.  Protein content
was increased in seeds and decreased in leaves due to the
total nitrogen increase in infected leaves than healthy leaves,
but in seed increased powdery mildew infection decreases
protein content. Scientists had found that concentration of
total nitrogen in the leaves of field pea had a negative effect
on powdery mildew severity.

In present investigation of powdery mildew infected
plants showed decreased amount of total phenols in leaves
and seeds of mungbean. Lower content of total phenols in
leaves of powdery mildew infected plants of pea have been
reported by Sindhan and Parashar (1986), Munshi et al. (1987),
Kalia and Sharma (1988) and Phenolic content is reported to
be generally associated with resistance to powdery mildew
disease in pea (Sharma et al. 1996) and Bainade (2005) in
mungbean.

It is evident from the present study that quantified
estimates of total sugar were low in resistant genotypes as
compared to those of susceptible genotypes (Table 4), as has
also been reported by Singh and Saksena (1983), Abusaleha
and Pal (1990), Bhagat and Yadav (1997) and Gawande and
Patil (2003) in other host parasitic interactions. Pathogen
colonizing a susceptible genotype consumes more sugar for
their growth (Sharma et al. 1982, Kaur and Dhillon 1989). The
pronounced decrease found in susceptible genotypes may
also be attributed to increased respiration and decreased
photosynthesis in the host plant as a result of large coverage
of the leaf area by the pathogen as compared to the resistant
host. These results support the findings of Garg and
Mandahar (1976) in okra and Gawande and Patil (2003) in
mungbean.
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ABSTRACT

Genetic divergence analysis is a powerful tool in quantifying
the degree of divergence between biological populations and to
assess the relative contribution of different components to the
total divergence. The present investigation aimed at
ascertaining the nature and magnitude of genetic diversity
among a set of chickpea genotypes. Forty-five genotypes of
chickpea (Cicer arietinum L.) were grown in twelve environments
and subsequently analyzed in order to select potential parents
for hybridisation. Based on D2 values, 45 genotypes were
grouped into eight clusters. Cluster V consisted of 8 genotypes
followed by cluster VIII and VI, which had 7 and 6 genotypes,
respectively. Maximum intra-cluster distance (2.89) was
observed in cluster VIII, followed by cluster VI (2.58), cluster IV
(2.34) and cluster I (2.33). Maximum inter-cluster distance was
noticed between cluster IV and VIII (6.38). Crossing between
genotypes from the cluster IV and VIII may lead to maximum
diversity in the segregating populations and development of
high yielding varieties.

Key words: Chickpea, D2 statistic, Genetic divergence, Intra and
inter-cluster distance

The genus Cicer consists of 44 species including the
domesticated chickpea, Cicer arientinum L. (van der Maesen
et al. 2007). Chickpea is one of the earliest cultivated grain
legumes (Athar and Bokhari 2006, Redden and Berger 2007).
According to Food and Agriculture Organization statistics,
the cultivated chickpea produces 8.3 million tonnes annually
from 10.4 million hectares with an average seed yield of 790 kg
per hectare and is listed in the first rank among the cool season
food legumes based on harvested areas (FAO 2008). Chickpea
with 17-24% proteins, 41-50.8% carbohydrates and high
percentage of other mineral nutrients and unsaturated fatty
acids is one of the most important crops for human
consumption (Kerem et al. 2007). Chickpea has high variation
for different quality and quantitative traits including ideal plant
type (tall type), shape and color of grain, flower color, podding,
color of seed coat, earliness, resistance to diseases and pests.
In order to make this crop competitive with those grown during
winter season, breeding of high yielding and input responsive
varieties is the only solution. However, development of new
varieties largely depends on the amount of genetic variability
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in the germplasm. The genetically diverse genotypes are likely
to produce superior segregants used in hybridization
programme. The importance of genetic diversity has been
emphasized by several workers (Kumar and Arora 1992). The
multivariate analysis by means of D2 statistic (Mahalanobis
1936) is a powerful tool in quantifying the degree of divergence
at genotypic level in respect of several traits considered
together. Therefore, the present investigation aimed to assess
the nature and magnitude of genetic diversity among 45
chickpea genotypes.

MATERIALS AND METHODS

The experimental material consisting of 45 genotypes
of chickpea were obtained from Sardar Vallabh Bhai Patel
University of Agriculture and Technology, Meerut. These were
evaluated in a randomized complete block design with three
replications in artificially created twelve environments (two
year x three planting dates x two locations) of Research Farm
of  Janta Vedic College, Baraut, Baghpat (Uttar Pradesh) and
Sardar Vallabh Bhai Patel University of Agriculture and
Technology, Meerut (Uttar Pradesh) during rabi season of
2004-05 and 2005-06. The genotypes were sown in 4 rows of 4
m length, each with a spacing of 30 x 10 cm2. The recommended
package of practices was followed to obtain proper plant stand
in the experiments.

Observations were recorded on five competitive plants
in each genotype per replication and mean value plant basis
were obtained. Pooled data were used to carry out divergence
analysis using Mahalanobis D2 statistic (1936) and the
genotypes were grouped into different clusters according to
Tocher’s method as described by Rao (1952).

RESULTS AND DISCUSSION

The analysis showed significant differences among the
genotypes for all the thirteen characters under study. Based
on D2 values all the genotypes were grouped into eight clusters
(Table 1). There appeared sufficient variability for selecting
genotypes for future breeding programme. Maximum number
of genotypes (8) was included in cluster V, followed by cluster
VIII (7 genotypes), cluster I, III and VI (6 genotypes each),
cluster IV and VII (5 genotypes) and cluster II (2 genotypes),

*Present address: Project Directorate for Farming Systems Research, Modipuram, Meerut – 250 110, Uttar Pradesh
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respectively. The intra-cluster distance value based on D2

values (Table 2) was maximum in cluster VIII (2.89), indicating
that 7 genotypes in cluster VIII were most divergent. Maximum
inter-cluster distance was noticed between cluster IV and VIII
(6.38) followed by cluster VI and VIII (5.65), suggesting the
maximum diversity between them (IV, VI and VIII).

The average cluster mean (Table 3) of thirteen characters
revealed that cluster VIII comprising 7 genotypes recorded
highest seed yield/plant (9.81 g), seed/plant (51.05), pods/
plant (34.76), seeds/pod (1.47) and days to maturity (173.24).
However, cluster II with only two genotypes exhibited the
highest secondary branches/plant (5.00). Similarly, average
value of the genotypes for plant height (68.29 cm) and harvest
index (33.51%) in cluster VI, number of primary branches/plant
(2.63)  and height of first pod (51.91 cm)  in cluster III and 100-
seed weight (27.21 g) and biological yield (31.07 g) in cluster
VII was observed to be the highest.

The pattern of distribution of 45 genotypes in various
clusters revealed that there was considerable genetic diversity
in the material. Five genotypes belonging to cluster IV (‘CSJ
336’, ‘HK 00-290’, ‘SCS 16’, ‘BG 2027’ and ‘IPCK 306’) could

be utilized as parents in further breeding programme with the
desirable genotypes belonging to cluster VIII. These results
are in general agreement with the findings of (Raval and
Dobaria (2004), Srivastava et al. (2005), Prakash (2006), Patel
et al. (2006), Singh et al. (2010), Wadikar et al. (2010) and Patel
and Acharya (2011).

The genotypes included in the same cluster with
minimum intra-cluster distances may not necessarily closely
relate. Similarly, the cluster with maximum intra-cluster
distances also. Although, the genotypes included in a cluster
with minimum intra-cluster distance would mean comparatively
more morphological similarity. During the present study it was
noticed that reliable information about diversity will be
available in a rich and productive environment for fullest
expression of genotypes for most of the characters viz., grain
yield, biological yield, harvest index and plant height. It has
also been suggested by several workers (Patel et al. 2006,
Singh et al. 2010) that reliable information about diversity will
be available in a rich and productive environment.

An examination of the estimate within and between
clusters, genetic diversity revealed that the genotypes of the
same cluster had little divergence from each other with respect
to the aggregate effect of the character studied. The
hybridization between the genotypes of the same cluster thus,
may not provide good segregants. The crosses may be
attempted between the genotypes of the cluster separated by
large inter-cluster distance. This can give desirable
transgressive segregants.

Table 1. Distribution of chickpea genotypes on the basis of
D2-statistic

Cluster No. of 
genotypes 

Genotypes  

I 6 BG 2030, GNG 469, L 550, H 00-212, BG 1003, 
Sadbhavana 

II 2 PFGK 1218, GNG 1577 
III 6 PBG 233, HK 98-155, WCG 3, Surya, PFGK 

1221, BGN 548 
IV 5 CSJ 336, HK 00-290, SCS 16, BG 2027, IPCK 

306 
V 8 GJG 0106, WCG 2000-2, BGD 1017, GLK 

21159, BG 1053, GNG 1477, WCG 10, WCG 97-
15 

VI 6 IPC 2001-1, CSJ 340, GNG 1573, BGD 1020, 
IPCK 305, BG 2031 

VII 5 HK 00-299, H 00-191, CSJK 9, CSJK 11, GJG 
0106 

VIII 7 GNG 1519, WCG 4-1, BG 256, WCG 97-28, GJG 
0104, IPC 2001-12, BG 2023 

 

Table 2. Average inter- and- intra cluster distances for 45
genotypes of chickpea

Cluster I II III IV V VI VII VIII 
I 2.33        
II 4.09 1.97       
III 2.83 3.13 2.22      
IV 3.20 4.39 3.92 2.34     
V 2.63 3.99 2.75 4.81 2.20    
VI 3.35 3.65 3.52 3.22 4.26 2.58   
VII 4.04 3.57 3.27 4.38 2.78 3.61 1.98  
VIII 5.10 5.20 4.69 6.38 3.59 5.65 4.12 2.89 

 
Table 3. Cluster means for various characters in 45 genotypes of chickpea

Cluster Character 
I II III IV V VI VII VIII 

Plant height (cm) 65.64 67.77 66.37 66.10 66.63 68.29 67.84 66.98 
Days to 50% flowering (no.) 117.89 121.50 121.56 121.07 117.67 120.61 120.00 121.29 
Days to maturity (no.) 168.39 168.67 169.06 168.33 169.04 170.33 169.53 173.24 
Primary branches/plant (no.) 2.53 2.38 2.63 2.46 2.54 2.44 2.49 2.42 
Secondary branches/plant  (no.) 3.89 5.00 3.92 2.89 3.90 3.37 3.39 4.54 
Height of first pod (cm) 44.55 50.28 51.91 35.67 48.29 39.99 37.73 46.40 
Pods/Plant  (no.) 27.94 25.00 27.50 26.67 29.42 27.11 28.73 34.76 
Seeds/pod  (no.) 1.35 1.32 1.33 1.24 1.43 1.24 1.37 1.47 
Seeds/plant  (no.) 37.63 32.85 36.58 32.99 41.99 33.60 39.34 51.05 
100-seed weight (g) 22.22 26.88 25.10 23.53 23.41 25.54 27.21 22.87 
Biological yield/plant (g) 24.65 28.37 27.57 24.46 29.57 23.78 31.07 30.81 
Harvest index (%) 31.97 30.91 31.78 29.59 32.11 33.51 31.61 31.88 
Grain yield/plant (g) 7.87 8.75 8.76 7.22 9.50 7.93 9.81 9.81 
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ABSTRACT

The nature and magnitude of gene effects for yield and its
component traits were studied in field pea using generation
mean analysis of the four crosses namely ‘DDR 23’ × “IPFD 1-
10’, ‘DDR 23’ × ‘Ambika’, ‘KPMR 400’ × ‘IPFD 1-10’ and ‘IPFD
99-13’ × ‘Ambika’. The P1, P2, F1, F2, BC1 and BC2 generations
were studied for eight quantitative traits. Generation mean
analysis indicated that dominance and epistatic gene
interactions had played major role in the inheritance of all
traits. An epistatic digenic model was assumed for all the crosses
except in ‘IPFD 99-13’ × ‘Ambika’ cross for seed yield/plant.
Additive × additive (i) and dominance × dominance (l) digenic
interactions were important as compared to additive ×
dominance (j) for seed yield and its component traits. Duplicate-
type epistasis played a greater role than complementary
epistasis. The study revealed the importance of non-additive
types of gene action for most of the traits, thereby suggesting
that selection at later segregating generations could provide
better results.

Key words: Field pea, Gene effects, Quantitative trait, Recurrent
selection, Scaling tests

Pea (Pisum sativum L.) provides protein-rich food for
humans. It also aids to soil health and provides quality forage
for animals (Dhulgande et al. 2011). It belongs to family
Papilionaceae and is grown all over India and Indian sub-
continent. It is consumed as green vegetable, chat (spicy
dish), chhola (whole grain), dhal (pulses) and flour and thus
contributing significantly to market economy (Choudhury et
al. 2007). Dry pea seed is valued primarily for the nutritional
quality. Pea protein (19-27 %) is low in sulphur-containing
amino acids, cysteine and methionine, but rich in lysine and
other essential amino acids (Ceyhan and Avci 2005).

Most of the traits of economic importance in pea are
quantitative in nature. Understanding of the genetics
underlying these traits is imperative for efficient management
of available genetic variability and formulation of systematic
breeding programmes. Few genetic studies have been
conducted to understand the genetic control of grain yield
and its component traits in field pea (Singh et al. 2006, Kumar
et al. 2006). These studies have shown that both additive and
non-additive genes control the grain yield in field pea.

Singh et al. (1986, 1987) reported genetic components
of variation in field pea for most of the traits assuming absence
of epistasis, which might have been biased due to lack of
information on epistasis. The detection and estimation of
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epistasis would also enable the breeders to understand the
genetic cause of heterosis with greater reliability. The presence
or absence of epistasis can be detected by the analysis of
generation means using the scaling test, which measures
epistasis accurately whether it is complementary (additive ×
additive) or duplicate (additive × dominance) and (dominance
× dominance) at the digenic level (Sharmila et al. 2007). The
present research paper aimed to generate information on the
nature of gene action in field pea to decide selection methods
for the improvement of the field pea.

MATERIALS AND METHODS

The experimental material comprised five field pea
varieties, namely ‘DDR 23’, ‘IPFD 1-10’, ‘Ambika’, ‘KPMR
400’ and  ‘IPFD 99-13’. These were obtained from Indian
Institute of Pulses Research, Kanpur, India. The experiments
involved six basic generations: P1 and P2 (parents), F1 and F2
(first and second filial generations) and BC1 and BC2 (first and
second back cross generations) derived from four
combinations of the parental cultivars (‘DDR 23’ × ‘IPFD 1-
10’, ‘DDR 23’ × ‘Ambika’, ‘KPMR 400’ × ‘IPFD 1-10’ and ‘IPFD
99-13’ × ‘Ambika’). The segregating and non-segregating
parental populations (P1, P2 and F1) were grown in a randomized
complete block design with three replications at the
Agricultural Research Station, Kota, Rajasthan, India during
the rabi season of 2009-10. The row-length was four metres.
While  non-segregating P1, P2 and F1 were grown in single
row, BC1 and BC2 in two rows and F2 generation in four rows.
Plant to plant and row to row distances were 10 and 30 cm,
respectively. Non-experimental lines were also planted at the
start and end of each replication to eliminate edge effects.
Observations were taken on days to flowering, days to
maturity, plant height (cm), branches/plant, pods/plant, seeds/
pod, 100-seeds weight (g) and seed yield/plant (g). The data
were recorded on 10 competitive plants for each trait at maturity
except days to flowering for which observations were recorded
on per plot basis.

The mean values, standard errors and variances of the
different generations were subjected to weighed least-squares
analysis using the scaling test (Mather 1949) and the joint
scaling test to estimate gene effects. The genetic effects were
estimated using the models suggested by Mather and Jinks
(1971) and Jinks and Jones (1958). The significance of the
scales and gene effects were tested by using the t-test (Singh
and Chaudhary 1985). The A, B and C scaling tests were
carried out for eight traits.
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RESULTS AND DISCUSSION

Table 1 presents the mean and standard error of the six
generations with four crosses for eight traits, while the mean
values for the scaling tests and their interaction effects is
presented in Table 2. Results showed that among the parents
‘DDR 23’ recorded least time to flower and mature. Among the
hybrids, ‘DDR 23’ × ‘Ambika’ was the earliest to mature. The
earliness in flowering and maturity along with dwarf stature
have been considered as desirable traits in field pea as it is
mainly grown as a rainfed crop (Singh et al. 2011). Crosses
found superior to their respective parents (P1 and P2)  were
‘KPMR 400’ × ‘IPFD 1-10’ for plant height, ‘DDR 23’ × ‘IPFD
1-10’, ‘KPMR 400’ × ‘IPFD 1-10’ and ‘IPFD 99-13’ × ‘Ambika’
for branches per plant, ‘DDR 23’ × ‘IPFD 1-10’ and ‘IPFD 99-
13’ × ‘Ambika’ for pods per plant, ‘DDR 23’ × ‘Ambika’ in
regard to seeds per pod and ‘KPMR 400’ × ‘IPFD 1-10’ for 100-
seed weight and yield per plant.

A simple additive-dominance model was inadequate as
inferred from the significance of at least one or more than one
scale for all traits except seed yield/plant in the ‘IPFD 99-13’ ×
‘Ambika’ cross, indicating that an epistatic digenic interaction
was properly fitting. The additive, dominance and epistatic
types of gene interaction in each cross for different traits
were found to be different from each other (Table 2).
Comparison of estimates of gene effects with respect to
magnitude as well as significance revealed that additive (d)
was of greater importance than to the dominance (h) gene
effects for seeds/pod in the ‘IPFD 99-13’ × ‘Ambika’ cross.
Thus, selection for seeds/pod will be effective in early
segregation generations. Additive (d) and dominance (h) both
were pronounced in the crosses ‘KPMR 400’ × ‘IPFD 1-10’ for
days to flowering, ‘IPFD 99-13’× ‘Ambika’ for days to maturity
and ‘DDR 23’ × ‘IPFD 1-10’ for branches/plant.

The dominance (h) effect was more important than
additive gene effects (d) in the inheritance of all the characters
in the  ‘KPMR 400’ × ‘IPFD 1-10’ cross except for seeds/pod
and in ‘DDR 23’ × ‘IPFD 1-10’ cross except for seeds/pod  and
100-seed weight. Similar results were obtained for days to
flowering and maturity in the ‘IPFD 99-13’× ‘Ambika’ cross.
The genetic effects for these characters suggested that
selection for these characters will not be effective in
segregating generations. Higher magnitude of dominance (h)
component than the additive (d) component suggested that
the parents involved in the crosses were in dispersion phase
and dominance component was more important for these
characters. Kumar et al. (2006) also reported predominance of
non-additive gene action for yield and yield components in
line × tester analysis in field pea.

Estimates of additive × additive (i), additive × dominance
(j) and dominance × dominance (l) interactions indicated that
the additive × additive (i)  was more important in the inheritance
of  all the characters studied in ‘KPMR 400’ × ‘IPFD 1-10’

cross except for seeds/pod and in ‘DDR 23’ × ‘IPFD 1-10’cross
except for seeds/pod and 100-seed weight. Similar results were
also obtained for days to flowering and days to maturity in
the ‘IPFD 99-13’ × ‘Ambika’ cross. Thus, selection for these
characters in ‘KPMR 400’ × ‘IPFD 1-10’, ‘DDR 23’ × ‘IPFD 1-
10’ and ‘IPFD 99-13’× ‘Ambika’ crosses will be effective in
early segregating generations. However, additive × additive
(i) epistatic effect was also more important and higher than
the dominance × dominance (l) epistatic effect in the
inheritance of seeds/pod in ‘KPMR 400’ × ‘IPFD 1-10’ but was
having negative sign. Additive × additive (i) epistatic effect
was also negative for plant height and 100-seed weight in
‘DDR 23’ × ‘Ambika’   and ‘IPFD 99-13’× ‘Ambika’ crosses
and for days to maturity, pods/plant seeds/pod and seed yield/
plant in ‘DDR 23’ × ‘Ambika’ cross. These negative signs of
additive × additive (i) component made it obvious that
selection should be deferred to latter generations for aforesaid
characters when desirable recombinants become available.

Dominance × dominance (l) epistatic gene interaction
was significant and greater in magnitude than all the gene
effects (d, h, i and j) in the inheritance of days to maturity,
plant height, seeds/pod, 100-seed weight and seed yield/plant
in ‘DDR 23’ × ‘Ambika’ cross. Similar results were obtained
for plant height, branches/plant, pods/plant and 100-seed
weight in ‘IPFD 99-13’× ‘Ambika’ cross and also in the
inheritance of seeds/pod and 100- seed weight in the  cross
‘DDR 23’ × ‘IPFD 1-10’. Thus, these characters were mainly
under the control of dominance × dominance (l) type of
epistasis. Therefore, selection for these characters would be
fruitful if the selection is delayed till dominance and epistatic
effects are reduceed to minimum.

The dominance (h) and dominance × dominance (l)
effects were in the opposite direction, indicating predominantly
dispersed alleles at the interacting loci (Jinks and Jones 1958)
and suggesting that duplicate-type epistasis occurred in most
cases. In crosses ‘IPFD 99-13’ × ‘Ambika’ for pods/plant and
in ‘KPMR 400’ × ‘IPFD 1-10’ for plant height were observed
complementary epistasis. This suggested the possibility of
considerable amount of heterosis in these two crosses for
pods/plant and plant height. For seed yield/plant, additive
and dominance effects along with all the interactions were
non-significant and showed complementary epistasis for the
cross ‘IPFD 99-13’ × ‘Ambika’. This indicated more complex
mechanism of inheritance for seed yield/plant because none
of the models explained variation between generations. Such
situation is the least favorable from a breeder’s point of view,
suggesting that a revised selection strategy is needed for the
early generations due to complexity of the gene effects
occurring in these generations. These results are in
accordance with reports published by workers others in wheat
(Kathiria and Sharma 1996, Novoselovic et al. 2004).

On the basis of present study, it could be concluded
that seed yield/plant and the component characters like plant
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Table 1. Mean and standard error of six generations with four crosses for eight traits
Generation/Trait DDR 23 × IPFD 1-10 DDR 23 × Ambika KPMR 400 × IPFD 1-10 IPFD 99-13 × Ambika 
Days to flowering     

P1 45.33±0.88 45.00±0.58 77.00±0.58 68.00±.0.58 
P2 69.67±0.88 70.33±0.33 71.67±0.33 70.33±0.33 
F1 69.33±0.88 65.67±0.33 72.33±0.33 69.00±0.58 
F2 56.33±0.88 65.67±0.33 65.58±0.58 64.33±0.33 

BC1 66.67±0.33 61.67±0.88 75.00±0.58 68.67±0.33 
BC2 70.67±0.33 67.33±0.67 71.33±0.33 70.33±0.33 

Days to maturity     
P1 94.00 ± 0.58 96.67 ± 0.33 123.67± 0.33 118.33 ± 0.33 
P2 117.67 ± 0.33 112.00 ± 0.33 119.33 ± 0.33 120.33 ± 0.33 
F1 115.67 ± 0.33 113.67± 0.33 120.3 ± 0.33 116.33 ± 0.33 
F2 104.33 ± 0.33 114.33± 0.33 118.33 ± 0.33 114.67 ± 0.33 

BC1 114.00 ± 0.00 95.33± 0.33 121.00 ±0.88 118.67 ± 0.33 
BC2 118.67 ± 0.33 108.00± 0.33 120.00 ± 0.58 117.33 ± 0.33 

Plant height (cm)     
P1 41.25 ± 0.89 42.87 ± 1.78 35.83 ± 0.92 66.85 ± 1.34 
P2 71.50 ± 0.68 110.80 ± 0.90 53.23 ± 3.03 114.73 ± 1.28 
F1 63.10 ± 2.44 94.85 ± 2.25 91.07 ± 5.00 102.00 ± 1.81 
F2 51.31 ± 1.73 109.40 ± 0.83 32.93 ± 1.29 107.43 ± 2.06 

BC1 70.73 ± 2.07 74.60 ± 1.17 40.40 ± 0.69 33.40 ± 1.22 
BC2 74.53 ± 2.02 85.60 ± 2.44 59.33 ± 3.54 97.16 ± 3.84 

Branches per plant     
P1 3.67 ± 0.07 3.53 ± 0.07 3.33 ± 0.07 3.67 ± 0.07 
P2 4.00 ± 0.12 4.40 ± 0.10 3.67 ± 0.07 4.20 ± 0.12 
F1 5.34 ± 0.64 4.20 ± 0.12 4.40 ± 0.12 4.73 ± 0.13 
F2 3.47 ± 0.07 4.47 ± 0.07 3.00 ± 0.12 4.27 ± 0.18 

BC1 7.27 ± 0.44 4.17 ± 0.30 4.07 ± 0.07 3.73 ± 0.07 
BC2 4.47 ± 0.24 4.00 ± 0.12 4.80 ± 0.23 4.23 ± 0.15 

Pods per plant     
P1 19.25 ± 1.63 19.93 ± 1.09 16.47 ± 0.71 36.53 ± 2.25 
P2 28.60 ± 1.51 55.40 ± 2.84 23.73 ± 1.45 53.47 ± 3.00 
F1 44.64 ± 5.09 38.66 ± 2.04 56.13 ± 6.24 52.13 ± 2.40 
F2 27.93 ± 2.32 40.97 ± 1.40 17.67 ± 1.83 37.07 ± 2.38 

BC1 56.71 ± 3.30 36.27 ± 1.10 39.47 ± 5.70 29.87 ± 2.17 
BC2 67.08 ± 2.38 37.50 ± 1.05 61.70 ± 7.75 41.06 ± 4.24s 

Seeds per pod     
P1 3.63 ± 0.07 3.06 ± 0.05 2.61 ± 0.22 2.91 ± 0.08 
P2 3.62 ± 0.23 3.22 ± 0.07 3.53 ± 0.23 3.53 ± 0.21 
F1 3.07 ± 0.07 3.45 ± 0.19 2.91 ± 0.12 3.20 ± 0.08 
F2 3.44 ± 0.05 2.96 ± 0.05 4.10 ± 0.10 2.84 ± 0.10 

BC1 2.53 ± 0.09 2.64 ± 0.05 3.18 ± 0.29 3.63 ± 0.13 
BC2 3.75 ± 0.04 2.47 ± 0.21 3.36 ± 0.10 2.60 ± 0.10 

100-seed weight (g)     
P1 9.86 ± 0.18 9.94 ± 0.27 13.30 ±  0.42 13.32 ±  0.08 
P2 16.92 ± 0.16 17.89 ± 0.15 13.93 ±  0.05 17.01 ±  0.10 
F1 12.57 ± 0.32 14.18 ±  0.12 18.38 ±  0.22 13.92 ±  0.05 
F2 13.44 ± 0.40 15.46 ±  0.22 13.26 ±  0.15 17.62 ±  0.35 

BC1 12.33 ± 0.17 9.88 ±  0.12 16.78 ±  0.22 12.90 ±  0.13 
BC2 13.00 ± 0.07 12.95 ±  0.06 13.14 ±  0.27 14.42 ±  0.18 

Yield per plant (g)     
P1 7.32 ± 0.58 6.18 ±  0.32 8.96 ±  0.44 13.74 ±  0.76 
P2 13.54 ± 0.68 14.60 ±  0.53 11.71 ±  0.85 14.94 ±  1.26 
F1 12.00 ± 1.25 10.22 ±  0.53 16.24 ±  0.98 14.91 ±  1.33 
F2 9.94 ± 0.80 16.42 ±  0.55 8.21 ±  0.84 12.46 ±  0.51 

BC1 10.36 ± 0.57 7.25 ±  0.25 17.55 ±  0.83 14.33 ±  1.73 
BC2 18.30 ± 0.58 8.96 ±  0.81 20.43 ±  1.21 11.07 ±  1.11 

 height, number of branches per plant, pods per plant, seed
per pod, 100- seed weight were mainly under the control of
non-additive gene action viz., dominance (h) gene action and
dominance × dominance (l) gene interaction which indicated

their poor amenability to simple selection procedure. Under
such a situation, maximum gain could be achieved by
maintaining considerable heterozygosity through inter-mating
of selected plants in early segregating generations or by
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following some form of recurrent selection (Parlevliet and Van
Ommeren 1988). This will increase the possibility of various
recombinants which may result in accumulation of favourable
genes in the ultimate homozygous lines with higher seed yield.
Therefore, few cycles of recurrent selection followed by
pedigree breeding will be effective in the improvement of seed
yield/plant in field pea.
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Table 2. Means ± standard error, scaling test and genetic effects for different field pea traits

C1 = DDR 23 × IPFD 1-10; C2 = DDR 23 × Ambika; C3 = KPMR × 400 IPFD 1-10; C4 = IPFD 99-13 × Ambika; m = midpoint; [d] = additive; [h] = dominanace; [i] = additive x additive;
[j] = additive x dominance; [l] = dominance x dominance. An asterisk (*) indicates that the value was significantly by the t-test at the 5 % probablity level.

Cross A B C m [d] [h] [i] [j] [l] Types of 
epistasis 

Days to flowering        
C1 * * * 56.33* ± 0.88 -4.00* ± 0.47 61.17* ± 3.81 49.33* ± 3.65 -16.17* ± 0.78 -70.33* ± 4.55 D 
C2 * * * 65.67* ± 0.33 -5.67* ± 1.11 3.33 ± 2.62 -4.67 ± 2.58 -18.33* ± 1.15 -6.67 ± 4.71 D 
C3 - - * 65.00* ± 0.58 3.67* ± 0.67 30.67* ± 2.71 32.67* ± 2.67 1.00 ± 0.75 -32.00* ± 3.65 D 
C4 - * * 64.33* ± 0.33 -1.67* ± 0.47 20.50* ± 1.76 20.67* ± 1.63 -2.83* ± 0.58 -22.33* ± 2.67 D 

Days to maturity        
C1 * * * 104.33* ± 0.33 -4.67* ± 0.33 57.83* ± 1.56 48.00* ± 1.49 -16.50* ± 0.47 -70.33* ± 2.11 D 
C2 * * * 114.33* ± 0.33 -13.00* ± 0.47 -39.50* ± 1.68 -50.00* ± 1.63 -22.50* ± 0.53 76.33* ± 2.45 D 
C3 - - * 118.33* ± 0.33 1.67 ± 1.05 8.83* ± 2.53 10.00* ± 2.49 -0.50 ± 1.08 -9.67 ± 4.50 D 
C4 - - * 114.67* ± 0.33 1.33* ± 0.47 10.33* ± 1.68 13.33* ± 1.63 0.33 ± 0.53 -14.00* ± 2.45 D 

Plant height (cm)        
C1 - * * 51.31* ± 1.73 -3.80 ± 2.89 92.00* ± 9.36 85.28* ± 9.02 -18.93* ± 2.95 -136.86* ± 14.38 D 
C2 * * * 109.40* ± 0.83 -11.00* ± 2.71 -99.19* ± 6.82 -117.20* ± 6.36 -44.87 ± 2.89 140.16* ± 12.36 D 
C3 * - * 32.93* ± 1.29 -18.93* ± 3.61 114.27* ± 10.30 67.73* ± 8.87 -27.63* ± 3.94 4.00 ± 18.57 C 
C4 * * * 107.43* ± 2.06 -63.76* ± 4.03 -157.40* ± 11.70 -168.61* ± 11.52 -87.71* ± 4.13 293.06* ± 18.55 D 

Branches per plant        
C1 * - * 3.74* ± 0.07 2.80* ± 0.50 11.11* ± 1.22 9.60* ± 1.03 2.63* ± 0.50 -14.71* ± 2.39 D 
C2 - - * 4.47* ± 0.07 0.17 ± 0.32 -1.30 ± 0.70 -1.53 ± 0.69 -0.27 ± 0.32 1.53 ± 1.33 D 
C3 - * * 3.00* ± 0.12 -0.73* ± 0.24 6.63* ± 0.68 5.73* ± 0.67 -0.90* ± 0.24 -7.67* ± 1.10 D 
C4 * - - 4.27* ± 0.18 -0.50* ± 0.16 -0.33 ± 0.79 -1.13 ± 0.77 -0.77* ± 0.17 2.53* ± 1.00 D 

Pods per plant        
C1 * * - 27.93* ± 2.32 -10.37 ± 4.07 156.57* ± 13.40 135.85* ± 12.35 -15.05* ± 4.22 -246.29* ± 21.43 D 
C2 * * - 40.97* ± 1.40 -1.23 ± 1.52 -15.34 ± 6.85 -16.33* ± 6.36 -18.97* ± 2.15 21.45 ± 9.70 D 
C3 - * * 17.67* ± 1.83 -22.23 ± 9.63 167.70* ± 21.53 131.67* ± 20.59 -25.87* ± 9.66 -181.53* ± 41.16 D 
C4 * - * 37.07* ± 2.38 -11.19 ± 4.77 0.71 ± 13.81 -6.42 ± 13.47 -19.66* ± 5.12 58.84* ± 22.16 C 

Seeds per pod        
C1 * * - 3.44* ± 0.05 -1.22* ± 0.32 -1.75* ± 0.32 -1.19* ± 0.29 -1.23* ±0.16 2.01* ± 0.52 D 
C2 * * * 2.96* ± 0.05 0.17 ± 0.52 -1.31* ± 0.52 -1.63* ± 0.48 0.09 ± 0.22 4.58* ± 0.96 D 
C3 - * * 4.10* ± 0.10 -0.18 ± 0.76 -3.48* ± 0.76 -3.32* ± 0.73 -0.64 ± 0.35 2.21 ± 1.36 D 
C4 - * * 2.84* ± 0.10 1.03* ± 0.55 1.11 ± 0.55 1.12 ± 0.53 0.72* ± 0.20 -0.76 ± 0.82 D 

100-seed weight (g)        
C1 * * - 13.44* ± 0.40 -0.67* ± 1.67 -3.90* ± 1.67 -3.09 ± 1.64 -4.20* ± 0.22 4.33* ± 1.88 D 
C2 * * * 15.46* ± 0.22 -3.06* ± 0.95 -15.91* ± 0.95 -16.18* ± 0.93 -7.04* ± 0.21 26.72* ± 1.11 D 
C3 * * * 13.26* ± 0.15 3.64 ± 0.98 11.57* ± 0.98 6.81* ± 0.93 3.33* ± 0.41 -2.66 ± 1.64 D 
C4 * * * 17.62* ± 0.35 -1.52* ± 1.46 -17.07* ± 1.46 -15.83* ± 1.46 -3.37* ± 0.23 19.35* ± 1.66 D 
Seed Yield per plant (g)        

C1 * * - 9.94* ± 0.80 -7.94* ± 3.84 19.12* ± 3.84 17.55* ± 3.60 -11.05* ± 0.93 -30.02* ± 5.29 D 
C2 * - * 16.42 ± 0.55 -1.71 ± 2.84 -33.77* ± 2.84 -33.28* ± 2.77 -5.60* ± 0.90 42.72* ± 4.22 D 
C3 * * * 8.21* ± 0.84 -2.88 ± 4.60 49.04* ± 4.60 43.14* ± 4.47 -4.25* ± 1.54 -65.96* ± 7.10 D 
C4 - - - 12.46* ± 0.51 3.26 ± 4.84 1.52 ± 4.84 0.94 ± 4.60 2.66 ± 2.18 6.77 ± 9.00 C 
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ABSTRACT

A field experiment was carried out during kharif season for the
two consecutive years 2007 and 2008 using the same layout on
fixed site at Crop Research Centre of G.B. Pant University of
Agriculture and Technology, Pantnagar to study the effect of
integrated nutrient management in pigeonpea based
intercropping system under tarai condition. Number of leaves/
plant, nodules number and weight/plant, yield attributes,
protein content and protein yield of pigeonpea and intercrop
(urdbean) were higher in pigeonpea + urdbean cropping system
with PSB + FYM.  Pigeonpea + urdbean intercropping system
recorded the highest system productivity. Similarly, significant
improvement in grain yield of pigeonpea, urdbean and maize,
and PEY were recorded with application of PSB and FYM (5.0 t/
ha). The highest net return and B: C ratio was obtained under
pigeonpea + urdbean cropping system and with the application
of PSB + FYM/ha.

Key words : Economics, FYM, Intercropping system, PSB, Yield
attributes, Yield

Intercropping system increases the total productivity
in addition to stability in production under rainfed conditions.
Pigeonpea has slow initial growth and is planted at wider
spacing. Therefore, a lot of space between rows remains
unutilized during the initial crop growth period. This space
can be utilized for growing of short-duration intercrops like
urdbean and maize. Nutrient management is a key issue in
obtaining potential yield of both crops in any intercropping
system. Phosphorus is a major essential nutrient required by
pulses. Phosphorus solubilizing bacteria (PSB) have been
found to improve the availability of phosphorus in soil for
utilization by the plants (Ali and Kumar 2007). Farmyard
manure (FYM), although not useful as a sole source of
nutr ients, is however a good complementary and
supplementary source with mineral fertilizers (Chaudhary et
al. 2004). It not only provides balanced nutrition to plants but
same time improves soil health as well as soil microbial
activities. Under present scenario where food and nutritional
security, are under threat it has become imperative to
ameliorate the soil-plant-atmosphere as a whole rather than
feeding the crop alone. With this background, the present
investigation was undertaken to achieve maximum productivity

Effect of integrated nutrient management in pigeonpea based intercropping system
DINESH TIWARI*, B.B. SHARMA and V.K. SINGH

Department of Agronomy, College of Agriculture, G.B. Pant University of Agriculture and Technology, Pantnagar,
Udham Singh Nagar – 263 145, Uttarakhand, India; E-mail:dinesh.agronomy@gmail.com

(Received: August 1, 2011; Accepted: November 17, 2011)

and economic returns in Mollisol of tarai region of
Uttarakhand.

MATERIALS AND METHODS

A field experiment was conducted in C2 block of Crop
Research Centre, G.B. Pant University of Agriculture and
Technology, Pantnagar (Uttarakhand), during kharif season
of 2007 and 2008. The soil of the experimental plot was sandy
loam in texture having high in organic carbon (0.82 %), low in
available nitrogen (199.8 kg/ha) and medium in available
phosphorus (17.2 kg/ha) and potassium (182.4 kg/ha) with
neutral in soil reaction (pH = 7.2). The experiment was carried
out at the same site with same layout during both the years.
The treatments were consisted of three intercropping systems
(pigeonpea sole, pigeonpea + urdbean and pigeonpea + maize),
two seed inoculation levels (PSB inoculation @ 20 g culture
per kg seed and no PSB) and three FYM levels (0, 2.5 and 5.0
t/ha). The experiment was laid down in the factorial randomized
block design with 3 replications. Pigeonpea was planted at 60
cm row spacing and one row of intercrop (urdbean and maize)
was sown in between two rows of pigeonpea. Recommended
dose of fertilizer (RDF) for both pigeonpea and urdbean was
20:40:30 kg NPK/ha, which were applied as basal dose at the
time of sowing. However, in maize half dose of the nitrogen
(60 kg N/ha) and full dose of P (60 kg/ha) and K (40 kg/ha) was
applied as basal. Remaining half of N (60 kg N/ha) was top
dressed in two equal splits, one at knee high stage and another
at tasseling stage of the crop. Fertilizers in intercropping
treatments were given as per row arrangements. Phosphate
solubilizing bacterial (PSB- Bacillus polymyxa) culture was
applied, as per treatment, through seed treatment @ 20 g/kg
of seed. Farm yard manure (FYM) was also applied as per
treatment on dry weight basis just before sowing. The crops
(pigeonpea ‘UPAS 120’, urdbean ‘PU 40’ and maize ‘Surya’)
were sown on July 2 and July 16 in 2007 and 2008, respectively.
Rainfall during monsoon season of 2007 and 2008 was 1426.0
and 2295.2 mm, respectively. Pigeonpea-equivalent yield was
calculated by converting the grain yield of urdbean and maize
into pigeonpea yield on the basis of existing market price of
the crops. Net monetary returns and benefit: cost ratio was
computed by using the prevailing rates of produce and
agro-inputs.

*Present Address: Krishi Vigyan Kendra, Gwaldam, Chamoli - 246 441, Uttarakhand, India
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RESULTS AND DISCUSSION

Plant growth: The growth of pigeonpea measured in terms of
number of trifoliate leaves/plant (Table 1) was in good order
under pigeonpea + urdbean intercropping system as compared
to pigeonpea sole and pigeonpea + maize. Here, it may be
pointed out that the competition between pigeonpea and maize
for space, sunlight, nutrients and water was more than urdbean
which resulted poor growth and development of pigeonpea
under pigeonpea + maize intercropping system. Further,
urdbean crop also improved the fertility status (Table 5) and
physical condition of soil which augmented growth of
pigeonpea under pigeonpea + urdbean intercropping system.

Seed inoculation with PSB recorded the higher number
of trifoliate leaves/plant of pigeonpea as well as intercrops
(urdbean and maize) over control. Here it may be pointed out
that PSB inoculation solubilizes native phosphorus, bringing
more phosphorus to soil solution, ultimately increases P
uptake which enhanced root and shoot growth. These results
are in close conformity with those of Singh and Yadav (2008)
in pigeonpea. Similar results were also reported by Dubey
(1996) in rainfed soybean and Singh and Pareek (2003) in
mungbean. The establishment and growth of crop plants much
depend on a sound root system and it is also true to postulate
that plants with better developed root system are able to
absorb nutrients from deeper layer of the soil profile and hence,
they gain in weight and vigour. In the present study, soil
fertility improved due to PSB inoculation, which reflected in
terms of higher number of nodules along with their dry weight
(Table 2), higher uptake of major plant nutrients like N, P and
K and finally resulted in better plant growth in terms of leaves.
It may be argued that there was superior nodulation due to

PSB inoculation and hence, plants could be of superior vigour
and growth. Further, the improvement in number of leaves/
plant may also be due to involvement of compounds that are
synthesized by the PSB or facilitate the uptake of certain
nutrients from the environment. In addition, PSB is known to
produce hormones i.e., IAA, auxins, gibberellins and vitamins
leading to better nodulation and growth (Shabayer et al. 1996).

The crop of pigeonpea and other pulse crops respond
well to the application of FYM along with RDF, as FYM is a
good source of different primary, secondary and
micronutrients. When FYM is applied with inorganic and
biofertilizers, it acts as a slow release source of nutrient. It
forms different complexes with the metal cations present in
the soil and restricts their losses from the system. In view of
these considerations, in the present study application of FYM
@ 5.0 t/ha improved the plant growth of pigeonpea and
pigeonpea based intercrops (urdbean and maize) in terms of
number of leaves (Table 1), nodules number, fresh and dry
weight of nodules per plant (Table 2). Beneficial effects of
FYM on growth parameters of urdbean have also been reported
by Rao et al. (1993). Similar beneficial effects of FYM on all
the growth parameters of urdbean viz., plant spread, number
of trifoliates and dry matter accumulation in different plant
parts, nodule number and dry weight have also been reported
by Singh et al. (2008). Further, FYM application also helps in
conversion of unavailable nutrients to available form through
increased microbial activity and enabled the crop to absorb
nutrients resulting in more dry matter accumulation. Besides,
FYM improves the physical, chemical and biological
properties of the soil, which provided better conditions to the
base crop (pigeonpea) as well as intercrops (urdbean and

Table 1. Effect of treatments on number of  leaves/plant and yield components of pigeonpea and intercrops (maize and urdbean)
Pegionpea Urdbean Maize 

No. of trifoliate 
leaves / plant (90 

DAS) 

Pods/plant 
(no.) 

Grains/pod 
(no.) 

1000 grain 
weight 

(g) 

No. of 
trifoliate 

leaves per 
plant  

(60 DAS) 

Pod/plant 
(no.) 

Grain/pod 
(no.) 

1000 grain 
wt. 
(g) 

No. of 
leaves per 

plant  
(60 DAS) 

Cobs / 
plant 
(no.) 

Grains 
row/cob 

(no.) 

1000 grain 
wt. 
(g) 

Treatments 

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 
Intercropping system                
Pegionpea 
sole 209.90 203.97 158.8 120.3 3.78 3.26 86.24 84.41 - - - - - - - - - - - - - - - - 

Pegionpea 
sole + Urd 233.60 227.93 173.1 135.1 3.86 3.39 87.05 86.78 - - - - - - - - - - - - - - - - 

Pegionpea 
sole + Maize 152.13 146.57 112.0 82.6 3.60 2.98 84.92 73.09 - - - - - - - - - - - - - - - - 

SEm (±) 2.93 3.34 2.97 1.94 0.07 0.06 1.56 1.65 - - - - - - - - - - - - - - - - 
CD (P=0.05) 6.95 7.92 7.05 4.60 NS 0.15 NS NS - - - - - - - - - - - - - - - - 
PSB inoculation                     
PSB 207.13 200.81 152.2 116.4 3.77 3.23 86.64 83.98 32.1 29.2 23.87 18.97 5.83 5.63 40.20 37.82 11.4 10.5 1.5 1.2 14.1 13.6 210.8 198.2 
No PSB 189.96 184.83 143.7 108.9 3.72 3.19 85.50 82.88 27.7 25.1 21.73 17.37 5.47 5.25 39.91 37.50 11.0 10.3 1.3 1.2 13.2 12.9 209.7 196.9 
SEm (±) 2.39 2.73 2.4 1.6 0.06 0.05 1.27 1.35 0.6 0.6 0.52 0.40 0.08 0.08 0.84 0.78 0.2 0.2 0.04 0.03 0.4 0.4 4.6 4.3 
CD (P=0.05) 5.68 6.47 5.8 3.8 NS NS NS NS 1.8 1.9 1.64 NS 0.26 0.25 NS NS NS NS 0.1 NS 1.2 NS NS NS 
FYM (t/ha)                         
0 174.60 168.48 133.2 97.4 3.66 3.13 83.83 81.26 22.9 20.6 18.75 14.45 5.05 4.80 38.52 36.02 11.1 10.2 1.2 1.0 12.5 12.0 207.8 194.3 
2.5 197.07 191.35 145.4 111.2 3.74 3.21 86.13 83.49 28.1 25.4 21.90 17.40 5.50 5.30 40.43 37.86 11.3 10.4 1.4 1.2 13.3 13.0 209.7 196.4 
5.0 223.97 218.63 165.3 129.3 3.84 3.29 88.26 85.53 38.7 35.5 27.75 22.65 6.40 6.21 41.22 39.10 11.6 10.7 1.6 1.4 15.2 14.8 213.3 201.9 
SEm (±) 2.93 3.34 2.9 1.9 0.07 0.06 1.56 1.65 0.7 0.8 0.64 0.48 0.10 0.09 1.02 0.95 0.3 0.2 0.04 0.03 0.4 0.5 5.6 5.2 
CD (P=0.05) 6.95 7.92 7.05 4.6 NS NS NS NS 2.1 2.4 2.01 1.52 0.32 0.31 NS NS NS NS 0.01 0.1 1.3 0.7 17.6 NS 
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maize). Similar findings have also been reported by Datt et al.
(2003) while working on fieldpea.
Nodulation behaviour: Number of nodules/plant, fresh weight
and dry weight were influenced significantly due to cropping
system during both the years. Cropping system pigeonpea +
urdbean recorded significantly higher number of nodules/
plant, fresh weight and dry weight than that of pigeonpea
sole and pigeonpea + maize. Drastic reduction was observed
under pigeonpea + maize intercropping system. It may be due
to maize competed more for available resources than urdbean
(Table 2). Similar results were also reported by Singh et al.
(1998). Inoculation with PSB could bring about significant
improvement in number of nodules per plant, fresh weight
and dry weight over the control. It may be due to PSB
inoculation solubilizes native phosphorus, bringing more
phosphorus to soil solution, ultimately increases phosphorus
uptake which enhanced root growth. These results are in close
conformity with those of Singh and Yadav (2008) in pigeonpea.
Soil fertility improved due to PSB inoculation, which reflected
in terms higher number of nodules along with their dry weight.
Here it may be argued that, due to PSB inoculation there was
superior nodulation and hence, plants could be of superior
vigour and growth. Number of nodules for plant also increased
significantly with every increase in FYM level during both
the years. The highest number of nodules/plant, fresh weight
and dry weight were recorded significantly with 5.0 t FYM/ha
over 2.5 t FYM/ha and control during both the years. It may
be due to direct and indirect contribution of FYM towards the
plant nutrition. Beneficial effects of FYM on number of
nodules and dry weight of urdbean have also been reported
by Rao et al. (1993) and Singh et al. (2008).
Protein content and yield: Intercropping of pigeonpea with

urdbean markedly improved the protein content and protein
yield over other intercropping system (Table 3). Here, again
the superiority and beneficial effect of pigeonpea + urdbean
intercropping system are well elucidated which too are directly
associated with higher N content and uptake through grains
in pigeonpea + urdbean cropping system. Here, it may argued
that, being a main constituent of protein, nitrogen is known to
influenced the quality of the grains and hence in the present
study, as expected the protein content in grains and total
protein yield on hectare basis was improved. The study made
by Shindhe et al. (1990) was also in close conformity with
these results. PSB inoculation had a definite gain in protein
content in the grains which, in terms might have improved the
size and weight. With the increase in grain size, the increase in
content of protoplasm is also possible (Black 1957). The results
also revealed that higher protein content and protein yield
per hectare was obtained with FYM at 5.0 t/ha over control.
Here it may be pointed out that nitrogen is a basic constituent
of protein and application of FYM increased the nitrogen
availability and nitrogen use efficiency thereby increasing
protein synthesis. Similar were the findings of Singh et al.
(2003). Higher amount of protein yield (kg/ha) under 5.0 t FYM/
ha might be due to significant increase in grain yield (Table 4)
and also the nitrogen content in grains. Singh et al. (2008)
also reported the similar results.
Yield attributes and yield: The grain yield being chief
economic characteristic, need special consideration, while
evaluating the treatment effects. The highest two years average
yield of pigeonpea grains (1659 kg/ha) was recorded in
association with urdbean which was significantly superior to
rest other systems. On the other hand, drastic reduction in
pigeonpea yield took place due to intercropping with maize
(Table 4). It may be pointed out here that the beneficial effect

Table 2. Number of nodules/plant, fresh weight and dry weight of pigeonpea and intercrop (urdbean) as influenced by different
treatments

Pigeonpea Urdbean  
No. of Nodules/plant Fresh weight (mg) Dry weight (mg) No. of Nodules/plant Fresh weight (mg) Dry weight (mg) 

Treatments 

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 
Intercropping System           
Pigeonpea Sole  9.3 8.78 110.00 101.83 14.06 12.33 - - - - - - 
Pigeonpea +Urdbean 11.68 11.02 169.00 154.67 17.85 15.66 - - - - - - 
Pigeonpea +Maize 3.99 3.80 39.33 37.00 6.34 5.56 - - - - - - 
SEm (±) 0.16 0.13 2.33 1.99 0.21 0.13 - - - - - - 
CD (P=0.05) 0.38 0.32 5.52 4.74 0.50 0.31 - - - - - - 
PSB inoculation             
PSB 9.08 8.57 119.56 111.22 13.92 12.21 58.24 48.00 252.78 222.33 66.40 59.26 
No PSB 7.58 7.17 92.67 84.44 11.58 10.16 49.80 40.13 217.78 186.78 57.47 49.97 
SEm (±) 0.13 0.11 1.90 1.63 0.18 0.11 1.09 0.81 4.42 3.83 1.45 0.97 
CD (P=0.05) 0.31 0.26 4.51 3.84 0.42 0.25 3.43 2.54 14.09 12.06 4.57 3.04 
FYM (t/ha)             
0 6.36 6.00 62.33 58.33 9.69 8.50 43.67 34.05 185.00 152.67 49.25 41.60 
2.5 8.09 7.63 105.17 95.33 12.31 10.79 52.50 42.45 219.50 197.33 57.75 53.00 
5.0 10.55 9.97 150.83 139.83 16.26 14.26 65.90 55.70 301.33 263.67 78.80 69.25 
SEm (±) 0.16 0.13 2.33 1.99 0.21 0.13 1.33 0.99 5.48 4.69 1.73 1.18 
CD (P=0.05) 0.38 0.32 5.52 4.74 0.51 0.31 4.20 3.11 17.25 14.76 5.59 3.72 
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of urdbean reflected on pigeonpea yield was probably due to
addition of N in soil by decay of urdbean nodules and also
due to non-significant crop competition persuaded by
urdbean. Similar findings have also been reported by Yadav
et al. (1997).  Further, the reduction in yield due to maize was
mainly because of more competition between maize and
pigeonpea for nutrients, soil moisture and solar energy.
Reduction in yield of pigeonpea with such intercrops has
also been reported by Dubey et al. (1991).  Similarly, PSB
inoculation increased the grain yield of pigeonpea, urdbean

and maize significantly. Undoubtly, such results quite clearly
indicate the superiority of the PSB inoculation over control.
Kulhare et al. (1996) were also of the opinion that PSB
inoculation of pulses results in much higher production.
Application of FYM at 5.0 t/ha were increased the grain yield
of pigeonpea, urdbean and maize significantly. This might be
mainly due to improvement in growth which resulted marked
improvement in yield attributes of pigeonpea, urdbean and
maize. The positive response of pigeonpea to FYM application
has also been reported by Dubey and Gupta (1996).
System productivity: Intercropping systems showed
measurable improvement in system productivity in terms of
pigeonpea equivalent yield (PEY) over pigeonpea sole during
both the years (Table 4). Pigeonpea intercropped with urdbean
recorded the maximum PEY (2 476 and 2 096 kg/ha) which was
followed by pigeonpea + maize. Here it may be pointed that
the higher PEY of intercropping systems was mainly due to
an additional yield of intercrops as a bonus in intercropping
system. These results are also in close conformity with those
of Dubey et al. (1991) and Kumar and Rana (2007).  PEY also
increased significantly due to PSB inoculation over control
during both the years. Increase in PEY due to PSB inoculation
was 12.1 and 12.7 per cent over control during 2007 and 2008,
respectively. This result is also in close conformity with Kumar
and Rana (2007). Significant increase in PEY due to FYM levels
was also recorded during both the years of study. Increase in
PEY with 2.5 and 5.0 t FYM/ha over control was 18.2 and 39.3
per cent during 2007 and 20.5 and 45.8 per cent during 2008,
respectively. This result is also in close conformity with Kumar
and Rana (2007) with the application of soil mulch + farmyard
manure @ 5 t/ha + kaolin at 6%.

Table 3. Protein content (%) and protein yield (kg/ha) of pigeonpea and intercrops (urdbean and maize) as influenced by
different treatments

Pigeonpea Urdbean Maize 
Protein content  

(%) 
Protein yield  

(kg/ha) 
Protein content  

(%) 
Protein yield  

(kg/ha) 
Protein content  

(%) 
Protein yield  

(kg/ha) 

Treatments 

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 
Intercropping System           
Pigeonpea sole  21.48 20.85 353 271 - - - - - - - - 
Pigeonpea + urdbean 22.38 21.58 413 321 - - - - - - - - 
Pigeonpea + maize 20.33 19.32 216 159 - - - - - - - - 
SEm (±) 0.12 0.17 13 8 - - - - - - - - 
CD (P=0.05) 0.30 0.40 32 19 - - - - - - - - 
PSB inoculation            
PSB 21.67 20.80 347 265 21.67 22.30 140 119 8.85 9.07 245 202 
No PSB 21.12 20.37 307 235 21.53 22.22 119 99 8.81 8.95 208 169 
SEm (±) 0.10 0.14 11 7 0.098 0.21 5 3 0.085 0.053 10 8 
CD (P=0.05) 0.24 0.33 26 16 NS NS 16 11 NS NS 33 25 
FYM (t/ha)             
0 20.64 20.00 269 202 21.04 21.70 97 78 8.75 8.81 180 147 
2.5 21.43 20.46 323 246 21.25 22.00 119 100 8.81 9.04 233 185 
5.0 22.11 21.29 388 323 22.51 23.06 174 148 8.94 9.91 267 223 
SEm (±) 0.12 0.17 13 8 0.12 0.26 6 4 0.105 0.065 13 9 
CD (P=0.05) 0.30 0.40 32 19 0.38 0.82 19 13 NS 0.205 40 13 

 

Table 4. Yield of crops and pigeonpea equivalent yield as
influenced by different treatments

*Sale price (Rs./100kg): Pigeonpea (2007: Rs.1410/-, 2008:  Rs. 2000/-), Urdbean
(2007: Rs.1520/-, 2008: Rs.2520/-), Maize (2007: Rs.540/-, 2008: Rs.840/-)

Yield (kg/ha) 
Pigeonpea Urdbean Maize 

Pigeonpea 
equivalent 

yield (kg/ha) 

Treatment 

2007 2008 2007 2008 2007 2008 2007 2008 
Intercropping system          
Pigeonpea sole  1631 1294 – – – – 1631 1294 
Pigeonpea + urdbean  1833 1484 597 487 – – 2476 2096 
Pigeonpea + maize  1057 820 – – 2559 2047 2036 1679 
SEm (±) 53 43 – – – – 63 51 
CD (P=0.05) 127 101 – – – – 180 148 
PSB inoculation          
PSB 1581 1260 641 527 2764 2217 2164 1791 
No PSB 1432 1139 553 446 2353 1876 1931 1589 
SEm (±) 44 35 21 17 108 85 51 42 
CD (P=0.05) 103 103 67 54 339 267 147 121 
FYM (t/ha)         
0.0 1290 999 463 362 2054 1666 1718 1384 
2.5 1492 1189 558 457 2645 2049 2030 1668 
5.0 1738 1410 771 640 2972 2424 2394 2018 
SEm (±) 53 43 26 21 132 104 63 51 
CD (P=0.05) 127 101 82 66 416 327 180 148 

 



308 Journal of  Food Legumes 24(4), 2011

Soil fertility: Pigeonpea and urdbean, being legumes crops,
are likely to make liberal use of atmospheric nitrogen by
symbiotic process and thus, may add in the fertility status of
soil resulting improvement in the physical condition of soil.
Intercropping of pigeonpea + urdbean improved the level of
available N, P and K and organic carbon in the soil, however,
it remained on par with pigeonpea sole (Table 5). When maize
was grown as intercrop with pigeonpea, significant reduction
took place in the fertility status of above nutrients. Maize is a
heavy feeder crop which removed higher amounts of N, P and
K, and resulted poor fertility status of soil, even lower than
original status of available N, P, K and organic carbon.
Available N, P and K in soil were also improved with PSB
inoculation. However, the significant improvement was made
only in phosphorus status. Increased nitrogen availability
may be due to increase in symbiotic activities and higher
nodules number, as root nodules also release some part of
fixed nitrogen to soil. Similar results were reported by Pal (1997).
Higher phosphorus availability with PSB inoculation may be
due to phosphorus solubilizing ability of PSB. Increased
potassium (K) availability in soil may be due to the action of

organic acids produced by PSB. These results are in close
conformity with those of Gaind and Gaur (1990). Available N,
P, K and organic carbon in soil at harvest were increased with
increase in FYM levels. Increase in the availability of N, P and
K (from initial levels) in the soil with FYM may be attributed to
addition of nutrients. Besides, FYM reacts with native
nutrients present in the soil and thereby improved the soluble
and available forms of nutrients. Bhardwas and Omanvar
(1994) also opined similar views.
Economics: Reference to Table 6 indicates that pigeonpea +
urdbean proved superior intercropping system as this system
fetched higher net return (Rs. 27 911/ha) as well as benefit:
cost ratio (1.58) than sole pigeonpea (Rs. 15 303/ha) and
pigeonpea + maize (Rs. 14293/ha) cropping system. This might
be due to a sizable increase in pigeonpea yield and additional
yield of urdbean, which resulted in higher PEY and net return
in pigeonpea + urdbean cropping system than in sole
pigeonpea. On the other hand, maize crop adversely affected
the yield of pigeonpea (Table 1). However, the PEY was more
than pigeonpea sole because of good yield of maize but it
could not compensate the losses occurred due to reduced
pigeonpea yield and higher cost of cultivation (Rs. 20444/ha)
and resulted the lowest net profit (Rs. 14293/ha) and B: C ratio
(0.70). Dubey et al. (1991) and Kumar and Rana (2007) reported
the similar results. Very low increment in cost of production
and higher yield levels due to PSB inoculation resulted higher
mean gross return (Rs. 38668/ha), net return (Rs. 21011/ha)
and benefit: cost ratio (1.19) than without PSB inoculation.
Use of FYM (2.5 and 5.0 t/ha) fetched more gross return, net
return and benefit: cost ratio than that of control treatment
during both the years. Averaged over two years data the
maximum gross return (Rs. 43 001/ha), net return (Rs. 24 049/
ha) and benefit: cost ratio (1.27) were obtained from 5.0 t FYM/
ha followed by 2.5 t FYM/ha.

In the light of results summarized above, pigeonpea +
urdbean seems to be the most appropriate and profitable
intercropping system. However, the maximum benefit of above
intercropping systems can be achieved through application
of FYM @ 5.0 t/ha along with recommended dose of fertilizer
and PSB.

Table 6. Economics of pigeonpea based intercropping system as influenced by different treatments
Cost of cultivation (Rs/ha) Gross return (Rs/ha) Net returns (Rs/ha) Benefit : cost ratio  Treatments  
2007 2008 Mean  2007 2008 Mean  2007 2008 Mean  2007 2008 Mean  

Intercropping System            
Pigeonpea sole  14 268 14 268 14 268 28 786 30 356 29 571 14 518 16 088 15 303 1.02 1.13 1.08 
PP + urdbean 17 676 17 676 17 676 41 440 49 734 45 587 23 764 32 058 27 911 1.34 1.81 1.58 
PP + maize 20 444 20 444 20 444 31 646 37 827 34 737 11 202 17 383 14 293 0.55 0.85 0.70 
PSB inoculation              
PSB 17 657 17 657 17 657 35 775 41 560 38 668 18 118 23 903 21 011 1.03 1.35 1.19 
No PSB 17 468 17 468 17 468 32 139 37 052 34 596 14 671 19 584 17 128 0.83 1.12 0.98 
FYM (t/ha)             
0 16 243 16 243 16 243 28 627 32 663 30 645 12 384 16 420 14 402 0.76 1.01 0.89 
2.5 17 493 17 493 17 493 33 235 39 260 36 248 15 742 21 767 18 755 0.89 1.24 1.07 
5.0 18 952 18 952 18 952 40 009 45 993 43 001 21 057 27 041 24 049 1.11 1.43 1.27 

 

Table 5. Status of available nitrogen, phosphorus, potassium
and organic carbon in soil at harvest as influenced
by cropping system, PSB inoculation and FYM levels

Nitrogen  
(N kg/ha) 

Phosphorus 
(P kg/ha) 

Potassium  
(K kg/ha) 

Organic 
carbon 

(%) Treatments  

2007 2008 2007 2008 2007 2008 2007 2008 
Intercropping System         
Pigeonpea sole  205.23 210.56 16.85 18.03 204.08 206.96 0.82 0.85 
Pigeonpea + urdbean 212.45 216.41 18.23 19.40 209.37 214.33 0.85 0.89 
Pigeonpea + maize 189.00 198.61 15.24 15.40 193.33 190.76 0.76 0.81 
SEm (±) 3.21 3.54 0.38 0.31 3.77 4.14 0.012 0.015 
CD (P=0.05) 9.23 10.19 1.11 0.91 10.86 11.90 0.034 0.045 
PSB inoculation          
PSB 203.99 209.91 17.32 18.16 202.48 206.41 0.82 0.86 
No PSB 200.46 207.15 16.23 17.06 202.04 201.62 0.80 0.84 
SEm (±) 2.62 2.89 0.31 0.25 3.08 3.38 0.009 0.037 
CD (P=0.05) NS NS 0.90 0.74 NS NS NS NS 
FYM (t/ha)         
0 192.33 203.31 15.36 16.45 199.43 196.83 0.79 0.82 
2.5 203.51 208.25 16.63 17.35 201.99 205.60 0.81 0.85 
5.0 210.83 214.03 18.33 19.03 205.36 209.61 0.84 0.88 
SEm (±) 3.21 3.54 0.38 0.31 3.77 4.14 0.012 0.015 
CD (P=0.05) 9.23 NS 1.11 0.91 NS NS 0.034 0.045 
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ABSTRACT

Ascochyta blight (AB) caused by Ascochyta rabiei occurs in most
of the chickpea (Cicer arietinum L.) growing areas of the world.
Out of the 930 diverse chickpea germplasm entries evaluated
under different years of testing from 1982 to 2010 in the
Ascochyta Blight Nursery at Punjab Agricultural University
(PAU), Ludhiana, identified 131 entries promising with
consistent disease resistance to AB. Of the 20 entries originated
from India, one entry, ‘ICC 1467’ was highly resistant and
9 showed resistant reaction to AB. Of the 76 entries from Iran,
eight entries ‘ICC 2342’, ‘ICC 3599’, ‘ICC 3601’, ‘ICC 4066’,
‘ICC 4074’, ‘ICC 4075’, ‘ICC 4092’ and ‘ICC 4200’ showed
highly resistant reaction. Of the five entries from USSR, one
entry ‘ICC 5033’ was highly resistant while two entries ‘ICC
1069’ and ‘ICC6304’ were resistant. Of the selection material
from breeding trials, 9 entries were resistant and 8 entries
were moderately resistant. ‘ICC 76’ showed stable resistance
for 8 years, ‘ICC 1069’ and ‘ICC 6304’ for ten years and these
have been extensively employed in chickpea resistance breeding
for AB. Nine selection lines viz., ‘EC 5167007’, ‘EC 517011’,
‘EC 517023’, ‘EC 517025’, ‘EC 517039’, ‘EC 516796’,
‘EC 516850’, ‘EC 516934’ and ‘EC 516936’ exhibited consistent
AB resistance for 3-4 years. ‘ICCV 98818’ also showed resistance
for four years. The lines identified resistant to AB for a number
of years can serve as durable sources of resistance for their use
in the breeding programme.

Key words: Ascochyta rabiei, Chickpea, Resistance, Stable
resistance

Ascochyta blight (AB) caused by Ascochyta rabiei
occurs in almost all the chickpea (Cicer arietinum L) growing
areas of the world (Kaiser et al. 2000). It is a disastrous biotic
constraint and is encountered in 26 chickpea growing countries
of the world with cool moist climate (Nene 1982). With more
counties going for chickpea cultivation the disease has spread
to Canada (Chongo and Gossen 2001), Latin America (Kaiser
et al. 2000), Australia (Khan et al. 1999, Knight and Siddique
2002) and West Asia (Akem et al. 2000) causing substantial
yield losses.

Virtually, there is no country that is not influenced by
this disease. In India the disease is most prevalent and
threatening in the North Western Plain Zone and other regions.
The disease affects the yield as well as the quality of grain
and spreads rapidly under high and prolonged rainfall and
temperature around 20-220 C (Gurha et al. 2003). Growing
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resistant cultivars is the most economical way to manage the
disease and to achieve higher grain yields (Pande et al. 2005).
Thus there is a need to explore germplasm with durable
resistance to AB so as the stable AB resistant cultivars of
chickpea could be developed. This paper elucidates on diverse
sources in chickpea germplasm with stable resistance to AB.

MATERIALS AND METHODS

Nine hundred and thirty chickpea germplasm entries,
obtained from diverse sources by ICRISAT and single plant
Ascochyta blight (AB) resistant selections made from
breeding material at ICRISAT were evaluated during 1982 to
2010 for AB resistance at the Research Farm of Punjab
Agricultural University (PAU), Ludhiana for quick and reliable
screening against AB.  About 30 entries composed in
‘International Ascochyta blight Nursery’ trial were received
from ICRISAT every year for screening under controlled
conditions. The entries found promising were promoted for
testing in the following years to identify for stable resistance.
Sowings were done in the first fortnight of November every
year.  Each test entry was sown in one row of 2 m long with 10
cm intra- and 40 cm inter- row spacing and replicated twice in
all the years of testing. Susceptible check ‘ICC 4991’ was sown
after every four-test rows to serve as infector-cum-indicator
row. To establish uniform disease, all plants of the test entries
were spray inoculated with conidial suspension of A. rabiei
containing 4 x 104 conidia/ml in the evening around 1700 h in
the first week of February each year when the crop was in
flowering and pod initiation stage i.e. 85-90 days old. Inoculum
of A. rabiei was multiplied on potato (500 g) dextrose (20 g)
broth (water 1lit). Water sprinkling was provided through
perfo-spray system operated by 7 H power engine from the
following day after inoculation for 15 min after every 2 h from
1000 to 1600 h to maintain > 90 % RH for 21 days.

Disease severity was recorded on 1-9 point scale, where
1 = no lesions on any plant (highly resistant); 3 = lesions
visible on < 10% of the plants, no stem girdling (resistant); 5
= lesions visible on up to 25% of the plants, stem girdling on
< 10% of the plants, but little damage (moderately resistant);
7 = lesions on most of the plants, stem girdling on < 50% of
the plants resulting in death of few plants (susceptible); 9 =
lesions profuse on all the plants, stem girdling on > 50% of
the plants and death of the most of the plants (highly
susceptible).  The genotypes were categorized based on the
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Table 1. Reaction of chickpea germplsm entries to Ascochyta blight (1982 to 2010)

*Mean disease rating

Entry Pedigree Origin Years of 
testing 

AB rating 
(1-9 scale) 

ICC 12 P-7 India 4 3.2 
ICC 72 P-58 India 2 2.5 
ICC 76 P-60-1 India 8 4.0 
ICC 124 P-100-2 India 3 3.0 
ICC 369 P-273-1 India 2 4.0 
ICC 529 P-412 India 3 3.3 
ICC 601 P-474-2 India 4 3.5 
ICC 607 P-479 India 7 3.8 
ICC 641 P-502-1 India 2 3.5 
ICC 1069 P-919 USSR 10 2.9 
ICC 1093 P-960 Iran 4 3.5 
ICC 1400 P-1245-1 India 3 3.3 
ICC 1467 P-1279-1 India 5 1.2 
ICC 1468 P-1279-2 India 6 2.9 
ICC 1472 P-1281-1 India 3 3.0 
ICC 1532 P-1314 India 6 3.6 
ICC 1903 P-1528-1 Morocco 4 3.1 
ICC 1905 P-1529 India 4 3.0 
ICC 2160 P-1741-1 Mexico 4 2.6 
ICC 2165 P-1747-1 Mexico 4 1.8 
ICC 2256 P-1848-1 Iran 2 3.0 
ICC 2270 P-1872 Iran 2 2.5 
ICC 2290 P-1932 Iran 2 3.3 
ICC 2342 P-2031-1 Iran 3 2.0 
ICC 2364 P-2104 Iran 3 2.6 
ICC 3141 P-3661-1 Iran 2 3.0 
ICC 3221 P-3777 Iran 4 3.5 
ICC 3377 P-4062-1 Cyprus 4 2.5 
ICC 3404 P-4089 Pakistan 4 3.0 
ICC 3422 P-4099-1 Israel 4 2.8 
ICC 3481 P-4170 Iran 3 3.0 
ICC 3597 P-4267 Iran 5 2.8 
ICC 3599 P-4268-1 Iran 2 2.0 
ICC 3601 P-4270 Iran 3 2.0 
ICC 3606 P-4274 Iran 3 2.3 
ICC 3623 P-4282 Iran 4 3.0 
ICC 3626 P-4283 Iran 4 3.2 
ICC 3627 P-4284 Iran 4 3.0 
ICC 3634 P-4289 Iran 4 2.5 
ICC 3642 P-4294-2 Iran 2 3.3 
ICC 3912 P-4593 Iran 4 3.0 
ICC 3916 P-4603 Iran 4 3.3 
ICC 3918 P-4605 Iran 4 3.0 
ICC 3919 P-4607 Iran 3 3.6 
ICC 3921 P-4610 Iran 2 3.0 
ICC 3932 P-4630 Iran 4 3.3 
ICC 3986 P-4686 Iran 4 3.5 
ICC  3996 P-4698-1 Iran 3 2.6 
ICC 4000 P-4703 Iran 4 3.0 
ICC 4006 P-4707 Iran 4 3.0 
ICC 4014 P-4718 Iran 4 3.5 
ICC 4018 P-4722 Iran 2 2.7 
ICC 4020 P-4724-2 Iran 4 2.9 
ICC 4030 P-4739 Iran 4 3.6 
ICC 4033 P-4742 Iran 4 3.3 
ICC 4038 P-4744-2 Iran 4 3.5 
ICC 4045 P-4758 Iran 3 2.9 
ICC 4055 P-4766 Iran 2 3.0 
ICC 4061 P-4772-2 Iran 2 2.5 
ICC 4063 P-4775-1 Iran 2 3.0 
ICC 4065 P-4778 Iran 2 5.0 
ICC 4066 P-4779 Iran 2 2.0 
ICC 4074 P-4797-2 Iran 2 2.0 
ICC 4075 P-4798 Iran 3 2.0 
ICC 4087 P-4839 Iran 3 3.6 
ICC 4092 P-4846 Iran 2 2.0 
ICC 4093 P-4848 Iran 3 3.3 
 

Entry Pedigree Origin Years of 
testing 

AB rating 
(1-9 scale) 

ICC 4107 P-4890 Iran 3 2.3 
ICC 4111 P-4893 Iran 3 3.0 
ICC 4112 P-4894 Iran 3 3.6 
ICC 4116 P-4900 Iran 3 3.0 
ICC4181 P-5009 Iran 3 3 
ICC 4187 P-5016 Iran 4 3.5 
ICC 4192 P-5023 Iran 4 3.5 
ICC4200 P-5044-1 Iran 2 2 
ICC 4208 P-5059 Iran 3 3.0 
ICC 4222 P-5092 Iran 3 3.0 
ICC 4223 P-5093 Iran 3 3.0 
ICC 4241 P-5127 Iran 3 3.6 
ICC 4294 P-5243-2 Iran 3 3.0 
ICC 4315 P-5268 Iran 3 3.0 
ICC 4319 P-5279 Iran 3 3.0 
ICC 4324 P-5292-1 Iran 4 3.0 
ICC 4351 P-5327 Iran 3 3.0 
ICC 4361 P-5338 Iran 3 3.0 
ICC 4362 P-5338-1 Iran 3 3.0 
ICC 4363 P-5342 Iran 3 3.0 
ICC 4431 P-5414 Iran 3 3.0 
ICC 4472 P-5491 Iran 2 3.7 
ICC 4475 P-5496 Iran 4 3.1 
ICC 4616 P-6207 India 4 3.0 
ICC 4819 P-6574-1 Iran 3 3.0 
ICC 4828 P-6596 Iran 3 2.6 
ICC 4936 E-100 Greece 5 3.0 
ICC 5033 Brown Roseha USSR 3 1.6 
ICC 5124 EC-26446 Israel 4 4.6 
ICC 5566 V-136 Mexico 4 3.0 
ICC 5766 Early Gulab-1 India 4 3.0 
ICC 6103 JG-87 India 4 3.9 
ICC 6250 NEC-123 Morocco 4 3.0 
ICC 6304 NEC-206 USSR 10 2.2 
ICC 6336 NEC-252 India 5 3.0 
ICC 6373 NEC-325 Iran 7 2.9 
ICC 6813 NEC-983 Iran 2 3.0 
ICC 6981 NEC-1236 Iran 3 3.0 
ICC 7000 NEC-1255 Iran 7 2.8 
ICC 7002 NEC-1257 Iran 5 3.3 
ICC 7520 12-071-10054 Iran 2 2.5 
ICC 12952 E 100 Y Mutant India 2 2.5 
ICC 14911 ILC 195 Vysokoroshyj USSR 2 5.4 
ICC 14917 ILC 3856/PCH 128 USSR 3 4.2 
ICC 15978 ILC 3870 Bulgaria 2 2.3 
EC 5167003 99315-1009 ICRISAT 3 2.6 
EC 516709 98180-1030 ICRISAT 4 4.1 
EC 517011 97039-1012 ICRISAT 4 2.6 
EC 517023 97037-14565 ICRISAT 4 2.6 
EC 517025 97039-1644 ICRISAT 4 2.8 
EC 517039 97-139A*34-99V4001 ICRISAT 4 2.5 
EC 516771 97039-1226 ICRISAT 3 4.2 
EC 516792 99067-1013 ICRISAT 4 3.5 
EC 516793 97020-1319 ICRISAT 4 3.5 
EC 516796 98314-1007 ICRISAT 4 2.7 
EC 516824 98047-1069 ICRISAT 2 3.2 
EC 516850 97020-1506 ICRISAT 2 2.2 
EC 516878 97-132B-189-99V4002 ICRISAT 3 3.1 
EC 516934 98176-1044 ICRISAT 4 2.3 
EC 516936 98047-1069 ICRISAT 3 3 
EC 516957 97020-1083-1001 ICRISAT 3 5 
EC 516974 97-139A*28-99V4001 ICRISAT 3 3.6 
ICCV 98815 (C235XNEC138-2)X 

(FLIP87-4XILC4421) 
ICRISAT 4 3.3 

ICCV 98818 (C235XNEC138-2)X 
(FLIP87-4XILC4421) 

ICRISAT 4 2.3 
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scoring as 1-2 highly resistant, 2.1 to 3 resistant, 3.1 to 5.0
moderately resistant, 5.1 to 7.0 susceptible and 7.1 to 9.0 highly
susceptible.

RESULTS AND DISCUSSION

Susceptible cultivar ‘ICC 4991’ had a rating of 9 on 1-9
rating scale in all the years of testing indicating good epidemic
development of disease for reliable evaluation. Of the 930
entries evaluated, 131 entries were identified with consistence
resistance over number of years. Of these 131 entries, 11 entries
rated < 2.0 and characterized as  highly resistant where as 63
showed 2.1-3 rating, while 44 showed 3.1 to 5 rating on 1-9
scale on mean basis of total years of testing and thus were
resistant to moderately resistant. Only one entry had
susceptible (5.1 to 7 rating) reaction to AB (Table 1).

Of the 20 entries originated from India, only one entry,
‘ICC 1467’ was found highly resistant (1.2 rating on 1-9 scale),
9 had resistant reaction (2.1 to 3 rating) and 10 were moderately
resistant (3.1 to 5 rating) to AB. Of the 76 entries from Iran,
eight entries ‘ICC 2342’, ‘ICC 3599’, ‘ICC 3601’, ‘ICC 4066’,
‘ICC 4074’, ‘ICC 4075’, ‘ICC 4092’ and ‘ICC 4200’ showed
highly resistant reaction (< 2 rating), 45 entries had resistant
reaction (2.1 to 3 rating) and 23 were found moderately resistant
(3.1 to 5 rating) to AB.  Of the five entries from USSR, one
entry ‘ICC 5033’ was highly resistant (1.6 rating), two entries
‘ICC 1069’, ‘ICC 6304’ had resistant reaction and one entry
‘ICC 14917’ had moderately resistant reaction. The remaining
one entry ‘ICC 14911’ from USSR was found susceptible to
AB. Of the two entries from Israel, one entry ‘ICC 3422’ was
resistant and the other ‘ICC 5124’ was moderately resistant to
AB. Finally one entry collected from each of Bulgaria, Cyprus,
Greece and Pakistan was found resistant to AB (Table 1). Of
the selection materials from breading trials and labeled as
EC numbers, 9 entries were resistant and 8 entries moderately
resistant to AB (Table 1).

Stable sources of resistance/moderate resistance were
consecutively found in several entries. Two entries ‘ICC 1069’
and ‘ICC 6304’ showed durable resistance for ten years of
testing. ‘ICC 76’, ‘ICC 607’, ‘ICC 1532’ showed durable
moderately resistant reaction to AB for 8, 7 and 6, years
respectively. Some more entries as ‘ICC 1468’, ‘ICC 3597’,
‘ICC 6336’, ‘ICC 6373’, ‘ICC 7000’ showed durable resistance
for 5-7 years (Table 1). Three genotypes ‘ICC 1467’, ‘ICC 2165’,
‘ICC 5033’ had a disease severity of < 2 rating (1.2 to 1.8
rating) and never exceeded 2 rating during 3 to 5 years of
testing. Additionally, ‘ICC 1069’ was also found resistant to

botrytis grey mold (BGM) and can serve as good source of
resistance for both AB and BGM. Similarly, ‘ICC 1468’ showed
<3 rating for six years. ‘ICC 1069’, ‘ICC 4936’, ‘ICC 6304’ have
been used in crossing programme at PAU, Ludhiana. Nine
selection lines viz., ‘EC 5167007’, ‘EC 517011’, ‘EC 517023’,
‘EC 517025’, ‘EC 517039’, ‘EC 516796’, ‘EC 516850’, ‘EC 516934’
and ‘EC 516936’ exhibited consistent AB resistance for 3-4
years. ‘ICCV 98818’ also showed resistance for four years.
Since the use of resistant cultivars is the most practical way
to control Ascochyta blight, identification of resistant
genotypes and their use in breeding for genetic resistance is
a major objective of chickpea improvement programs world-
wide (Verma et al. 1987). Thus, the lines identified resistant to
AB for number of years can serve as durable sources of
resistance for use in the breeding for resistance to AB.
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ABSTRACT

Genetic diversity of Helicoverpa armigera (Hübner) populations
collected from different agro-climatic zones of India was
determined by RAPD markers. The DNA extracted from larvae
were subjected to polymerase chain reaction using 25 RAPD
primers. The highest number of 30 amplicon levels was
produced by the primer OPA 16, 29 levels by OPA 01, 22 levels
by OPA 05 and 21 levels by OPD 07. The lowest of 8 amplicon
level was noticed with OPD 13. On an average there were 14.84
amplicon levels per primer, of which 14.76 were polymorphic,
indicating high variability among H. armigera populations.
Molecular data analysis clustered the H. armigera populations
in to two groups. The first group (X) comprised 8 populations
which is furthe subdivided into X1 and X2 at a similarity
coefficient of 0.13 while the distinct second group (Y) consisted
of only Dharwad population. Genetic similarities among
geographical populations from the data were within the
similarity co- efficient ranging from 0.15 to 0.40. Using the un-
weighted pair group method analysis, H. armigera collected
and reared in Varanasi stood out as unique in one cluster while
the insects collected and reared in other states grouped
separately.

Key words: Agro-climatic zones, Genetic diversity, Helicoverpa
armigera, RAPD markers

Helicoverpa armigera (Hübner) is a key pest of cotton
and other crops in India and elsewhere, inflicting huge crop
losses each year. Looking at its versatility in rapidly evolving
resistance to almost all classes of insecticides and its ability
to thrive on several hosts, there must be a strong genetic
basis governing the behaviour of H. armigera in making it a
serious pest on several crops. Thus, the understanding of
genetic variation within and between geographical
populations of H. armigera will help in managing this insect,
which is known to have more than 180 host plants (Manjunath
et al. 1989). Even the resistance is also reported in H. armigera
population from those places of tribal region where insecticides
are hardly used (Armes et al. 1996). The wide host range, high
degree of migration, indiscriminate pesticide application by
farmers and innate ability of the insect to quickly develop
resistance to applied insecticides have been considered as
factors responsible for this pest to attain the status of key
pest (Tripathy and Singh 2000, Vishwa Dhar et al. 2008). On
the other hand, sensitivity of various groups of insecticides
also greatly varied among the agroclimatic zones (Silva et al.
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2000), arising the doubt of existence of sub-species. For
example, on pigeonpea H. armigera is susceptible to acephate
at Varanasi (North-East plain zone), to endosulfan and
dichlorovos at Pantnagar (North-West plain zone), to
chloropyriphos and spinosad at Khargone and S.K. Nagar
(Central zone) and to indoxacarb, methomyl and spinosad at
Coimbatore and Gulbarga (South zone) (Riley et al. 1992).
However, the possibility of differential susceptibility status
in H. armigera due to widespread mixing of population through
migration, a common feature in this insect (Tang et al. 2006),
cannot be over ruled. Molecular markers are ideal choices for
studying genetic differences among individuals occurring on
different crops. The allelic differences identified from randomly
amplified polymorphic DNA (RAPD) can be used to estimate
the extent of genetic differences, gene flow pattern within and
between populations (Silva el al. 2000). RAPD method relies
on the use of short, random DNA primers to amplify genomic
DNA between adjacent sites complimentary to the primer(s)
and thus providing a sample of widely distributed sites on the
genome for marking studies (Tay et al. 2008). RAPD analysis
based on PCR is useful in population genetic studies of many
insect species including H. armigera (Zhou et al. 2000).
Though PCR-RAPD analysis is protocol-sensitive, it is simple
to practice and reliable for repeatable banding pattern once
identified (Belaj et al. 2003). In this paper, the genetic
relatedness among H. armigera occurring on different host
plants from different agro-climatic zones of India has been
reported.

MATERIALS AND METHODS

Crop strains: Experiments for the genetic diversity in
Helicoverpa armigera (Hübner) from different agro-climatic
zones of India were conducted in Bio-control laboratory,
Department of Entomology, Banaras Hindu University,
Varanasi. H. armigera larvae were collected from various agro-
climatic zones of India, namely North-East plain zone, North-
West plain zone, Central zone and South zone during the month
of September and October of 2009 on five different hosts
including pigeonpea, chickpea, pea, tomato and cotton. About
50 larvae were collected for each host crop. The larval samples
were collected at the rate of one larva per individual plant
from 10 different plants selected at random within a field. Five
different farmer’s fields were selected for the collection of the
larvae. The larvae collected in the field were reared on the
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same host for three generations in the laboratory maintaining
100 individuals per generation.
Extraction of genomic DNA:  The field population brought
to laboratory were segregated according to morphological
characters viz., larval colour, length of larvae, length of pupa,
length of the wing, width of the wing, to correlate phenotypic
variation with that of genetic variation. Genomic DNA was
isolated from 20 larvae per host plant. As soon as the field
populations were brought to the laboratory, healthy 3rd instar
larvae were selected from each host plant for the purpose.
This was repeated for all the host plants as and when
population was available.

The genomic DNA was extracted following the
procedure of CTAB (Cetyl Trimethyl Ammonium Bromide)
method, described by Saghai-Maroof et al. (1984).
Composition of buffer:

 100 mM tris-HCL (pH 8.0)

 1.4 M sodium chloride

 20 mM EDTA

 0.1 per cent of 2–mercaptoethanol and suspended in
the same buffer.

The suspension was incubated at 65°C for 2 hour and
then equal volume of Chloroform: isoamylalcohol (24: 1) was
added. The suspension was centrifuged at 800 g for 15 minutes
at 4°C. The upper aqueous layer was transferred to a fresh
micro centrifuge tube. DNA was precipitated by adding equal
volume of ice-cold isopropanol. The precipitated DNA was
spun at 8000 g and the resultant DNA pellet was washed with
70 per cent ethanol and dissolved in 100 µl TE (Tris EDTA,
100 mM). Extracted DNA was further purified (free of RNA
contaminants) by addition of 10 µl / 100 µl of RNase. The
intact genomic DNA was visualized using 0.8 per cent agarose
gel and quantified using a gel electrophoresis following
standard procedures. Depending upon the concentration, the
DNA samples were diluted with sterile water to get a working
solution of 20-25 ng/µl.
PCR-RAPD: A set of 25 random decamer primers randomly
selected from OPA, OPD and OPO kits obtained from Operon
Technologies Inc., USA was tested across all the 09 DNA
samples (pigeonpea_Varanasi, chickpea_Varanasi,
pea_Varanasi, tomato_Varanasi, pigeonpea_Pantnagar,
cotton_Dharwad, cotton_Guntur, cotton_Coimbatore and
cotton_Rahuri). PCR was carried out for each primer in 25ml
standard reaction mixture consisting of 40 ng of template DNA,
0.2 mM primer, 3.5 mM magnesium chloride, 1x Bangalore Genie
buffer, 0.6 unit Taq polymerase (Bangalore Genie Pvt Ltd) and
200 mM each dATP, dTTP, dGTP and dCTP (Bangalore Genie
Pvt Ltd). PCR amplification was carried out on an Eppendorf
Master gradient cycler (Eppendorf AG, Germany) in 0.5 ml
micro-centrifuge tubes. PCR started with a 2 min initial

denaturation at 94°C followed by 40 cycles of 1 min at 94°C for
denaturation, 1 min at 36°C for annealing, 2 min at 72°C for
extension and ended with a final 10 min extension at 72°C.
These reaction products were kept overnight at 4°C or for
several days at –70°C prior to electrophoresis on 1.3% agarose
gels at 5 V/cm for 3 h, which resolved DNA fragments ranging
from 100 bp to 3 Kb.
DNA analysis: The individual DNA bands were scored as
present or absent (1/0) in the amplification profile of each
sample. Only clear bands with good resolution were scored.
The scored marker data matrix was analyzed using the standard
procedure in NTsys Pc-2.0 package (Rohlf 1998). The genetic
distance or similarity was determined using the Dice coefficient
(Dice 1945).  The percentage of polymorphism was calculated
as the proportion of the polymorphic markers to the total
number of markers. The polymorphism information content
value was also determined (Smith et al. 1997). A dendrogram
was constructed after cluster analysis of the similarity
coefficients by the un-weighted pair-group method analysis,
UPGMA (Sneath and Sokal 1973) using NTsys Pc-2.0.

RESULTS AND DISCUSSION

Sample gel resulting from OPA 16 random primer across
individually pooled genomic DNA of all the 9 geographical
populations are presented in Figure 1. A total of 371 amplicon
levels resulting from 25 primers were available for analysis.
The highest number of 30 amplicon levels was produced by
the primer OPA 16, followed by 29 levels by OPA 01, 22 levels
by OPA 05 and 21 levels by OPD 07.  The lowest of 8 marker

Fig 1. DNA profiles of the H. armigera  larvae from primer
OPA 16

Lane-1 : Pigeonpea_Varanasi Lane-6 : Pigeonpea_Pantnagar
Lane-2 : Chickpea_Varanasi Lane-7 : Cotton_Coimbatore
Lane-3 : Cotton_Rahuri Lane-8 : Cotton_Guntur
Lane-4 : Pea_Varanasi Lane-9 : Tomato_Varanasi
Lane-5 : Cotton_Dharwad
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level was noticed with OPD 13 primer. On an average there
were 14.84 amplicon levels per primer, of which 14.76 were
polymorphic, indicating high variability among H. armigera
populations (Table 1). With respect to percent polymorphism,
100 percent polymorphism was obtained in almost all the
primers except in the primers OPA 04 and OPD 02 where the
per cent polymorphism was 93.33 and 92.31 respectively
(Table 1).

cotton_Coimbatore (X2.2) have high level of similarities. In
sub cluster X2.1, populations from pigeonpea_Pantnagar and
cotton_Rahuri shared the next highest similarity (Fig 2). Overall,
within a similarity coefficient range of 0.15 to 0.40, sub
clustering is by and large in agreement with the geographic
proximity, except Dharwad population, which is distinct.
Dharwad is isolated from the rest by a vast stretch of dry land
having low cropping intensity. One of the important
observations of the study is that none of the agro-climatic
host populations of H. armigera studied in the Indian
ecosystem shared a similarity more than 34 per cent indicating
high level of genetic differences between populations.

Fig 2. Dendrogram showing diversity of H.  armigera from
different agro-climatic zones of India using RAPD
markers

Jacob Coefficient

Construction of dendrogram for H. armigera populations
using RAPD markers: The first group (X) comprised 08
populations while the distinct second group (Y) consisted of
only Dharwad population. The X group is subdivided into X1
and X2 at a similarity coefficient of 0.13, where X1 comprised
four host populations including two distinct groups (at a
similarity coefficient of 0.20), X1.1 and X1.2; X1.1 group
consisting of pigeonpea_Varanasi, chickpea_Varanasi and
pea_Varanasi shared the highest similarity of about 25% and
X1.2 group consisting of only one host population from
tomato_Varanasi. Interestingly, all these populations except
pigeonpea_Pantnagar are from the North-East plain zone of
India. It is clear that within sub-clusters, geographically
proximate populations, viz. pigeonpea_Pantnagar &
cotton_Rahuri (X2.1), and cotton_Guntur &

However, RAPD analysis of Turkish and Israeli
populations of H. armigera revealed low level of genetic
distance suggesting high level of genetic flow (Grant et al.
1994), which is contrary to the present in four different agro-
climatic zones of India. H. armigera being panmictic and
mobile, intermating of geographic groups within the range of
migration followed by isolation can result in high genetic
variability within a population. The high genetic variability
will help species to evolve and adapt faster to different
environments. However, rapid evolution of resistance to
insecticides is a case in point.
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ABSTRACT

Production and price risks are major constraints in cultivation
of pulse crops in India. Temporal fluctuations in yields and
unstable prices or combination of these two make pulses
cultivation less attractive. Naturally, these are closely inter-
related and constitute the income risk. The present study is
based on time series data pertaining to area, production, yield
and minimum support prices of paddy, sorghum, wheat,
pigeonpea, chickpea, cotton and soybean in different districts
of Eastern Vidarbha Zone during 1980-2005 with the objective
to quantify risk associated with yield and price. The risk
associated with production and gross return was measured with
the help of  coefficient of variation after elimination of
underlying trends in the data and probability of shortfall in
yields and gross returns through appropriate probability
distribution. Using mean deviation and probability of shortfall,
expected negative deviations were estimated to derive Risk
Equivalent Prices and protection coefficient or security index.
The study concludes that the farmers of Eastern Vidarbha Zone
need to be paid Rs. 36, 53, 37, 37, 71, 269 and 82 per 100 kg for
paddy, sorghum, wheat, pigeonpea, chickpea, cotton and
soybean, respectively over and above prevailing minimum
support prices to safeguard them against yield and price risks.

Key words: Price risk, Probability, Risk equivalent prices, Security
coefficient, Yield risk

Agriculture under rainfed conditions is characterized
by uncertainty and risk. Farmers are always uncertain about
the conditions of the ensuing crop season and cannot make
any assessment of the crop output owing to uncertainties on
account of a large number of factors beyond their control.
Among food crops, pulses are exposed to high risk due to
large area under rainfed cultivation, frequent crop damage
due to biotic and abitic stresses and also due to high
fluctuations in prices during harvest season (Gandhi Prasad
and Tingre 2006, Reddy 2009). Traditional crop productions
technologies mostly rely upon home supplied inputs, while
improved technologies are cost oriented and demand optimum
utilization of available resources. The risk in crop failure and
uncertainty of the desired output at the end of crop season
discourages farmers to adopt recommended practices of
fertilizer, seed and other inputs in optimum quantities. Price
risk and production risk independently and in combination
reduce preference for high risk crops. Naturally, these are
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closely inter-related and constitute the income risk. The
production risk of crops especially pulses is earlier assessed
by Devraj (2007) and Reddy (2009). There has been
considerable interest in understanding the nature and
magnitude of risk in agriculture, causes underlying them and
likely measures to reduce it. The factors contributing the
variability are numerous. After the green revolution, dry land
agriculture has been conscious of increasing production and
productivity by exposing the farmers to new dry land farming
techniques. But drought feature of the dry land is the major
cause in limiting production and productivity through
adoption of improved technology. Hence, there is a need to
measure the extent of risk in area, production, yield and gross
return (Mruthyunjaya 1976).

The present study is an attempt in this direction to
quantify the risk in realizing the desired yields and incomes in
respect of some important crops including major pulse crops
of the Eastern Vidarbha Zone. The study has specific
objectives : (a) to examine the nature and magnitude of risk in
yield and gross return (b) to assess the probabilities of yields
and gross returns below the trend levels and (c) to compute
Risk Equivalent Prices for selected crops to cover security.

MATERIALS AND METHODS

The scope of the present study is limited to measurement
of risk in the production of paddy, sorghum, wheat, pigeonpea,
chickpea, cotton and soybean grown in Eastern Vidarbha
Zone. A time series data on area, production, yield and price
pertaining to period 1980-2005 of different districts of Eastern
Vidarbha Zone (EVZ) were used. The data were collected from
the “Epitome of Agriculture”, Department of Agriculture,
Maharashtra State. The time series data on minimum support
prices (MSP) were obtained from the Ministry of Agriculture
publications. The yield and gross returns trends were taken
for the measurement of risk. The crop yield was multiplied
with corresponding prices to get gross returns per hectare at
prices as it was assumed that year to year changes in gross
returns represent the variability or risk as prices of inputs
used are known with certainty. The magnitude of risk in yield
and gross returns per hectare for major crops of Eastern
Vidarbha Zone was measured by coefficient of variation (CV).
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Where,
Xt = actual value in tth year

tX  = trend value in tth year

X  = mean of X

N = no. of years
Year to year fluctuation of a character from its trend

represent variability or risk. Coefficient of variation is
commonly used tool to quantify the risk. Different types of
trend curves were attempted and the one giving highest R2

was finally chosen for obtaining data adjusted for trend and
for computation of risk.

Besides coefficient of variation, the risk in terms of
probability of obtaining yields or gross returns below 95% of
the trend was computed with the help of probability
distributions. Any deviation from trend constitutes the risk. It
is the negative deviation which is a deep concern to the
farmers. Therefore, any policy option for the protection of the
interest of the farming community should take negative
deviations into the consideration. The expected negative
deviation worked out on the basis of probability of shortfall
(by 95% of the trend value) and average absolute deviations
(from trend) are used to derive “Risk Equivalent Prices” (REP).
It was worked out as :
Expected annual negative deviation (for yield risk) = average
absolute deviation in yield × probability of shortfall in yield

Expected negative deviation indicates an estimated
annual loss either due to yield risk or income risk (yield and
price risks). The share of expected negative deviation over
average yields/gross returns of last three years indicate the
extent of support or help to be extended to the farmers through
some welfare strategies in order to protect the farmers against
yield and price risks which are beyond the control of farmers.
This index hereafter is termed as social security index (SI) or
protection coefficient (PC) and both the words are used as
synonyms in this study. It was calculated as :
PC (SI) = (expected annual negative deviation/average
                     yield) × 100

If it is planned to render assistance to the farmers over
and above MSP, the proposed security index can be used to
work out additional price, hereafter called as Risk Equivalent
Price (REP) defined in the above sense and was computed as:
REP = {SI x average price (based on the last three years)} / 100

RESULTS AND DISCUSSION

Coefficient of variation computed after adjusting the
trend reflect the extent of instability prevailing in respect of
performance of the crops in a zone. Crop wise estimates of
coefficient of variation in respect of area, production, yield
and gross return have been computed for major crops in
Eastern Vidarbha Zone is presented in Table 1. The area of
wheat crop (54.65%) has the highest CV than production,
yield and gross return; it means variability in area was the
major cause of unstable production. The paddy crop had
lowest coefficient of variation for area (5.48%). The production
CV was found to be highest in soybean (37.89%) followed by
pigeonpea (32.40%) and wheat (29.19%). Large fluctuations
were observed in yield CV which ranged from 19.61 to 42.59
for soybean and sorghum, respectively. Sorghum had highest
variation in gross return, whereas soybean had the lowest
23.35%.

Table 1. Magnitude of risk in production of major crops of
Eastern Vidarbha Zone

Coefficient of variation (%) Crop 
Area Production Yield Gross return 

Sorghum 13.57 28.09 42.59 56.60 
Pigeonpea 40.58 32.40 34.19 50.51 
Cotton 8.56 27.09 39.69 47.46 
Chickpea 13.12 25.71 20.75 32.33 
Paddy 5.48 23.70 23.90 31.49 
Wheat 54.65 29.19 19.86 25.70 
Soybean 18.48 37.89 19.61 23.35 

 The risk in gross returns is higher than yield and
production; a risk which indicates that there is a major role of
the price risk in Eastern Vidarbha Zone. Thus it can be inferred
that year to year changes in crop yields and product prices
were substantially large. As these were interrelated, income
from the crops was highly unstable in nature. But this nature
of risk differs with crops. It was observed that the nature of
risk due to gross return was more than yield.

Average yields, probabilities of shortfall in yields and
gross return and expected negative deviation Eastern Vidarbha
Zone are presented in Table 2. The incidence of probability of
shortfalls in yield found to be the highest in cotton (0.69) with

Table 2. Average yield, probabilities of shortfall in yields and
gross return and expected negative deviation in
respect of Eastern Vidarbha Zone

Yield Gross return/ha  Crop Average 
yield 
(kg/ha) Probability 

of shortfall 

Expected 
negative 
deviation 

(kg) 

Probability 
of shortfall 

Expected 
negative 
deviation 
(Rs/ha) 

Sorghum 1727.96 0.02 9.16 0.62 1068.91 
Pigeonpea 2018.64 0.01 3.63 0.21 979.88 
Cotton 224.68 0.69 46.91 0.61 546.92 
Chickpea 1264.68 0.46 80.59 0.27 449.70 
Paddy 3796.56 0.39 274.31 0.18 437.54 
Wheat 2096.08 0.47 152.19 0.46 613.72 
Soybean 3197.33 0.01 18.51 0.72 3692.08 
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46.91 kg/ha expected negative deviation, while maximum
negative deviations in yields (274.31 kg) were found to be in
paddy with 0.39 probability of shortfall. The probability of
shortfall for gross return was found highest in sorghum (0.62)
with the loss of Rs.1068.91/ha whereas highest expected
negative deviation was Rs.3692.08/ha with 0.72 probability of
shortfall in soybean.

Protection coefficients and risk equivalent prices
described in methodology provide useful information to the
policy makers for protecting farmers against yield and income
risks. Protection coefficients (security index) for covering the
risks in gross return reflecting yield and price (income) risks
on all studied years was computed. Crop wise estimates of SI
and REP on the basis of prevailing MSP were derived for the
selected crops grown in Eastern Vidarbha Zone and are
presented in Table 3.

extent of 10.62, 2.70 and 8.72 per cent, respectively to protect
the farmer against income risks. Considering Rs. 502, Rs. 1357
and Rs. 938 per 100 kg as prevailing MSP for sorghum,
pigeonpea and soybean, respectively, an additional price
support of Rs. 53, Rs. 37 and Rs. 82 per 100 kg has to be paid
to the farmers. Thus it can be inferred that year to year changes
in crop yields and product prices do not have mutually
offsetting behaviour and hence, income from crops is highly
unstable in nature. It is suggested that consideration of risk
in product prices would bring risk in parity among crops. This
would stimulate the growth in production of risky crops which
is essential for balanced crop production. Hence, long term
solution is that the minimum support prices (MSP) of the
above crops should be in accordance with the risk equivalent
prices and correction is needed to minimize the risk.

The social security to the extent of 6.74, 10.62, 5.87,
2.87, 5.26, 14.06, and 38.72 per cent for paddy, sorghum, wheat,
pigeonpea, chickpea, cotton and soybean, respectively are
required for the farmers of Eastern Vidarbha Zone to safeguard
them against the yield and price risks over and above MSP.
The farmers of Eastern Vidarbha Zone need to be paid Rs. 353,
55, 36, 150, 844, 175 and 373 per 100 kg for paddy, sorghum,
wheat, pigeonpea, chickpea, cotton and soybean, respectively
over the MSP.
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The Eastern Vidarbha Zone needs protection from yield
risk for paddy, wheat, chickpea and cotton to the extent of
6.74, 5.87, 5.26 and 14.06 per cent, respectively in order to
provide maximum possible security to the farmers against yield
risk. Considering average price of these crops Rs. 36, Rs. 37,
Rs.71 and Rs. 269, respectively need to be paid to safeguard
the interest against yield risk. The farmers growing sorghum,
pigeonpea and soybean in this region need a security to the

Table 3. Crop wise estimates of security index (SI) and risk
equivalent prices (REP) for Eastern Vidarbha Zone
for yield, yield and price (gross return) risks

Yield Gross Return 
Crop 

Average 
price 

(Rs./ha) 
SI 

(%) 
REP 
(Rs.) 

SI 
(%) 

REP 
(Rs./kg) 

Sorghum 502 0.45 2 10.62 53 
Pigeonpea 1357 0.13 2 2.70 37 
Cotton 1920 14.06 269 8.52 164 
Chickpea 1348 5.26 71 2.18 30 
Paddy 547 6.74 36 1.96 11 
Wheat 630 5.87 37 3.75 24 
Soybean 938 0.40 4 8.72 82 
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Chickpea (Cicer arietinum L.) has a diploid set of
chromosomes (2n=2x=16) with an estimated genome size of
740 Mb (Arumuganathan and Earle 1991). It can be considered
as a model legume crop having a smaller genome than other
legume crops. Its substantial nutritive value makes it a valuable
source for both food and feed (Williams and Singh 1987, Gil et
al. 1996). Chickpea is most widely grown in South Asia and
the Mediterranean region (Saxena 1990, Singh and Ocampo
1997, FAO 2003) and has first rank for area (7.11 mha) and
production (5.65 mt) in India (Dalvi et al. 2011). Chickpea also
plays a major role in biological nitrogen fixation thereby
contributing to sustaining soil productivity. However,
productivity of chickpea is low compared to Australia and
other countries. Several factors viz., diseases, pests and
environmental factors are responsible for such a low yield
(Kooner and Cheema 2008).

Conventional breeding approaches have not greatly
improved yield. Chickpea breeders throughout the world are
focusing on increasing yield by pyramiding genes for
resistance/tolerance into elite germplasm. Molecular markers
have been shown to play a crucial role in crop improvement
programmes. Such markers serve as efficient and powerful
tools for marker-assisted selection of agronomically important
traits. An insight into genetic base of chickpea varieties would
provide valuable guidance to the breeders in planning future
crossing programmes and directing the goal oriented efforts
towards increasing the genetic base of chickpea varieties.
The challenge now is to use molecular marker technologies
for improving the efficiency of breeding. Selection is not
paractised directly for the trait of interest but on the molecular
marker tightly linked to the trait, thereby facilitating selection,
especially when the characters are difficult to score. However,
cultivated chickpea has low level of genetic polymorphism.
Now the availability of large number of microsatellite markers
is offering immense scope in assessing the diversity and
utilizing the diverse lines in map construction. They also
provide new insights into genome analysis, help in germplasm
characterization, phylogenetic analysis and genetic
diagnostics. It is important to characterize the genetic diversity
in plant species since they serve as a resource base for as yet
unidentified genetic information. Germplasm collections need
to be analyzed for estimating the genetic variability.
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Determination of genetic diversity and relationship
among individuals and population are important consideration
for conservation and utilization of plant genetic resources.
The nature and magnitude of genetic divergence plays an
important role in the formulation of successful breeding
programmes. The genetically diverse genotypes are likely to
produce heterotic effect and superior segregants when
incorporated in hybridization programmes. Considering these
facts, the present study was conducted to check the efficiency
of SSR markers in diversity analysis of chickpea.

The plant material consisted of 30 chickpea (27 desi + 3
kabuli) promising lines (Table 1). These were evaluated in the

Table 1. Description of chickpea genotypes used in the
experiment

S.N. Genotype Type Parentage  
1 GG2 Desi JG 1258 × BDN 9-3 

2 ICC3325 Desi P 3971 

3 ICC4958 Desi JGC 1 

4 ICC8474 Desi JM 502 

5 ICC9942 Desi RPSP 33 

6 ICC16181 Desi - 
7 ICCL16216 Kabuli P 481 × (P 1630 x JG 62) 

8 ICC81248 Desi - 
9 ICCV06301 Kabuli ICCV 92311 × ICCV 95423 
10 ICCV06302 Kabuli ICCV 92325 × ICCV 95423 
11 ICCV07102 Desi ICCV 10 × ICCL 87322  
12 ICCV07105 Desi ICCV 10 × ICCL 87322 
13 ICCV07109 Desi ICC 4958 × Annigeri 
14 ICCV07110 Desi ICC 4958 × Annigeri 
15 ICCV07117 Desi [ICCV 10 × (P 1679-2 × K 4) × NARC 9005 
16 ICCV07118 Desi ICCV 2 × PDG 84-16 
17 JG 16 Desi ICCC 42 × ICCV 10 

18 JG 130 Desi (PG 5 × Narsingpur bold) × JG-74 

19 VISHAL Desi K 850 × ICCL 80074 
20 JG1-14 Desi [(JM-1 × ICC4929) × IPC 92-39]-14  
21 JG 2003-14-16 Desi [(JM 1 × ICC 4929) × ICC 4958] – 2-14-16 
22 JG1307 Desi JG 130 × JG 7 
23 MP JG 2003-115 Desi [(JGM-1 × ICC 4929) × ICC 4958] - 115 
24 JG 14-11 Desi IPC 92-39 × JG 74 
25 MP JG 99-115 Desi (JGM-1 × ICC 4929) × IPC 92-39 
26 JG 17 Desi BDNG 9-3 × Narshinghpur Bold 

27 JG 18 Desi JG 74 × ICC 96029 

28 JG 19 Desi IPC 9239 × JG 74 

29 JG 21 Desi (JG 7 × IPC 4958)– 2-9-2 
30 JG 22 Desi ICCC 37 × K 1189 
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experimental field of seed breeding farm, College of Agriculture,
Jabalpur (Madhya Pradesh) under All India Coordinated
Research Project on Chickpea during 2010-11.

DNA from 100 mg of fresh young leaf tissue was
collected in the winter season of 2010-2011 and was
immediately frozen in liquid nitrogen and stored at -80ºC.
Isolation of DNA was carried out using modified CTAB
method. Thirty SSR primers were screened, of which only 18
were polymorphic (Table 2). The SSR primers were synthesized
from IDT. Thermo Hybaid Thermal Cycler, USA was used to
carry out amplifications in 10 µl volumes which had 20-25 ng
plant genomic DNA, 10 X ~Tris buffer (15 mM MgCl2 and
Gelatine), 10 mM dNTP mix, 1.0 µl primer and 0.3 µl of 3U/µl
Taq. PCR analysis was taken up by having preparation of 4
min at 90ºC followed by 35 cycles of denaturation at 94ºC for
30 s, annealing for 30 s at 50ºC  and 45 s elongation at 72ºC and
finally extension at 72ºC for 5 min were performed.

Band patterns for each of the microsatellites markers
were recorded for each genotype by assigning a letter to each
band. Alleles were numbered as A, B, C, D, etc sequentially
from the smallest to the largest sized band. Only clear and
detectable bands were scored for data analysis. The PCR
products from SSR analyses were scored quantitatively are
presence or absence of aplicons. DNA bands were scored ‘1’
for its presence and ‘0’ for its absence. The scores were
analyzed for estimating the polymorphism per cent and also
to identify the relative efficiency of different repeats in
revealing polymorphism. The data was analyzed in NTSYS-
PC software (version 2.21b).  For Clustering, UPGMA was
used based on the similarity matrix generated on combined
data. Polymorphic information content for each SSR primer
pair was calculated.

Thirty SSR primer pairs could amplify 1–4 loci/primer
pair. Out of these 18 SSR primer pairs were polymorphic
(Table 2) while 12 were monomorphic. They could generate

155 amplicons giving on an average 8.61 amplicons/primer
pair. A high degree of molecular polymorphism was exhibited
by all the markers studied. The polymorphic information
content ranged from 0.51 to 0.87 and genetic similarity between
cultivars ranged from 0.69 to 0.97. The mean value of
polymorphic information content (Table 3) was 0.662. TA 146
showed highest polymorphic information content (0.891) as
well as highest gene diversity (0.898). Further 155 out of 167
amplicons were polymorphic (92.81%) indicating considerable
variability in the material under study.

This study revealed that all the 30 promising lines
grouped into 2 major clusters (Fig. 2). Bhardwaj et al. (2010)
also grouped different chickpea lines into two clusters in their
study using molecular markers. First major group consisted
nine lines which were divided in two sub group viz. seven
lines  ‘GG 2’, ‘ICC 4958’, ‘ICC 8474’, ‘ICCV 07110’, ‘ICCV 07109’,
‘CCV 06302’, ‘ICCV 06301’ in sub group ‘A’ and two lines ‘ICC
9942’ and ‘JG 1-14’ in sub group ‘B’. Second major group were
divided two sub groups ‘C’ and ‘D’. First sub group ‘C’ further
divided into two another subgroups C1 and C2. Sub group C1
consisted of five lines namely, ‘ICC 3325’, ‘ICC 10181’, ‘ICCL
16216’, ‘ICC 81248’ and ‘JG 130’ whereas, subgroup C2
contained 12 lines namely, ‘ICCV 07102’, ‘ICCV 07105’, ‘ICCV
07118’, ‘JG 14-11’, ‘MPJG 99-115’, ‘JG 17’, ‘JG 18’, ‘JG 19’, ‘JG
21’, ‘MPJG-03-11’, ‘JG 2003-14-1’ and ‘JG 16’. Subgroup ‘D’
contained only four lines viz., ‘ICCV 07117’, ‘Vishal’, ‘JG 1307’
and ‘JG 22’. Molecular study grouped all ‘JG’ lines (except ‘JG
1-14’ and ‘JG 130’) in same cluster and most of the ICC lines
grouped in other clusters which were obtained from ICRISAT,
Hyderabad. ‘JG 19’ (‘IPC 9239’ x ‘JG 74’) showed highest gene
similarities (96.77%) with ‘JG 21’ (‘JG 7’ x ‘IPC 4958– 2-9-2’)
and similarly ‘MP-JG 99-115’ showed 96.77% resemblance with
‘JG 17’ and ‘JG14-11’ and they are in same cluster. Many
genotypes which were derived even from diverse parents were
clustered together because of selections during the
advancement of generations. ‘ICCV 07110’ and ‘ICC 16216’

Table 2. SSR primer sequence linkage group and PIC value
S.N. Primer Forward sequence Reverse sequence Reference 
1. GA -16 CACCTCGTACCATGGTTTCTG TAAATTTCATCCTCTCCGGC Collard et al. 2003 
2. GA -20 TATGCACCACACCTCGTACC TGACGGAATTCGTGATGTGT Udupa and Baum 2003 
3. TA-110 ACACTATAGGTATAGGCATTTAGGCAA TTCTTTATAAATATCAGACCGGAAAGA Tekeoglu et al. 2002 
4. TA-37 ACTTACATGAATTATCTTTCTTGGTCC CGTATTCAAATAATCTTTCATCAGTCA Udupa and Baum 2003 
5. TA-59 ATCTAAAGAGAAATCAAAATTGTCGAA GCAAATGTGAAGCATGTATAGATAAAG Iruela et al. 2006 
6. TA-96 TGTTTTGGAGAAGAGTGATTC TGTGCATGCAAATTCTTACT Iruela et al. 2006 
7. TR-58 CTCTATATTTGTTTGTTTTTCGTTTTG TAAAATGTGTAGGGTGCAGAATAAATA Winter et al. 2002 
8. TS-82 TCAAGATTGATATTGATTAGATAAAAGC CTTTATTTACCACTTGCACAACACTAA Winter et al. 2002 
9. TR-19 TCAGTATCACGTGTAATTCGT CATGAACATCAAGTTCTCCA Tekeoglu et al. 2002 
10. TR20 ACCTGCTTGTTTAGCACAAT CCGCATAGCAATTTATCTTC Tekeoglu et al. 2002 
11. TA72 GAAAGATTTAAAAGATTTTCCACGTTA TTAGAACGATATTGTTGGGATAAGAGT Udupa and Baum 2003 
12. TS54 TACAAGTTAAAAATGAATAAATATTAATA GAAATCCCACGAGAAATCAA Winter et al. 2000 
13. TA146 CTAAGTTTAATATGTTAGTCCTTAAATTAT ACGAACGCAACATTAATTTTATATT Winter et al. 2000 
14. TA2 AAATGGAAGAAGAATAAAAACGAAA TTCCATTCTTTATTATCCATATCACTACA Winter et al. 2000 
15. ICCM0249 TTTCTTCGCATGGGCTTAAC GGAGATTTGTTGGGTAGGCTC Winter et al. 2000 
16 ICCM0293 AGTGATGCCACGAGAATTGC CTGGTTCGGAATTGTCATCC Winter et al. 2000 
17. ICCM0127 TGTTGAACGAATTTACTCATCG GGTGGGCTCCTATTGTTTGA Winter et al. 2000 
18. ICCM0065a CATTCCCGCAAAGCTTGTAT GGTGCCTTGGAGAAAATCAA Winter et al. 2000 
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showed lowest gene similarity (69.35%) with ‘MP-JG 03-115’
and ‘JG 1-14’, respectively. In this study, Kabuli and desi
lines did not grouped into two broad categories. This indicates
that the Kabuli and Desi lines have not evolved in wide
isolation and only few genes are involved in their
differentiation. This study is similar to the observations made
earlier by Irula et al. (2002). In this study GG2 make a different
sub cluster, indicating it is quite different to rest of the lines.

Gene diversity showed a mean value of 0.688. The
highest gene diversity was found in TA 146 (0.898), followed
by primer TR 19 (0.884) and ICCM 0249 (0.877).  While carrying
out SSR profiling, due consideration was given to stratified
sampling of polymorphic SSR loci covering bin location on
various chromosomes which has been indicated by the linkage
group location in Table 2 as per the linkage groups reported
by Winter et al. (2000), Tekeoglu et al. (2002), Collard et al.
(2003) and Udupa and Baum (2003). The SSR polymorphism
were assayed using a DNA pooling strategy, although it is
not supposed to do as all the genotypes under study are pure
lines. The power and potential of SSR markers for a wide range
of applications in genetic and breeding of chickpea has been
well demonstrated by Flandez-Galvez et al. (2003), but still
substantial numbers of chickpea microsatellites are not
available in public domain. Microsatellite genotypic data from
a number of loci have potential to provide unique allelic profiles
or DNA fingerprints for establishing genotypes identity as
well as in development of molecular linkage map of chickpea.
Microsatellite or SSR is a group of repetitive DNA sequences
that represents significant portion of eukaryotic genomes.
The uniqueness and value of SSR arises from their multiallelic
nature, co-dominant transmission, relative abundance and
extensive genome coverage. Molecular markers being easily
reproducible they have become favorite tools with breeders

and biotechnologists to discern the traits as well as to study
diversity among cultivars (Tara Satyavathi et al. 2005). In this
study thirty cultivars could easily be studied for their diversity
using the 18 informative STMS primers. The 18 primers
generated 3–18 alleles with 8.61 alleles/primer pair. Positive
correlation was found between PIC values and allele numbers
in this study. Marker TA 146 had both the highest PIC value
(0.89) and the highest number of alleles (18) followed by marker
ICCM0249 with a PIC value of 0.86 (Table 3).

There was reasonably high rate of polymorphism for 7
out of 18 SSR markers loci in the present study. Among them
TA 146, TR 19 and TA 2 exhibited higher polymorphism pointing
towards the scope for further utilization of these markers for
chickpea germplasm characterization. The occurrence of
unique alleles or rare SSR alleles provides an immense
opportunity for generation of comprehensive fingerprint
database. Furthermore, it was observed that creation of a
dynamic data management system will facilitate a more directed
use of genetic diversity in chickpea breeding starting from
the selection of suited parental lines for transgressive
breeding and combining favourable alleles using DNA marker
technology.
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India grows nearly 23 million ha of pulses with the annual
production of 14.18 million tonnes and an average productivity
of 617 kg/ha (GOI 2009).  Mungbean [Vigna radiata (L.)
Wilczek] is an excellent source of high quality protein (25%).
It is primarily a rainy season crop but with the development of
early maturing varieties, it has also proved to be an ideal crop
for spring and summer seasons. Nutrient application is
essentially required to improve growth and yield of mungbean.
Mungbean is a high fertility crop and it is highly responsive
to nutrients. Hence, the logical alternative is to increase the
use of organic manures and bio-fertilizers. Nutrient
requirement of mungbean can be met by supplying nutrients
through chemical fertilizers, organic manures such as FYM,
poultry manures and vermicompost or through usages of bio-
fertilizers such as Rhizobium and PSB. However, the
information on integrated use of organic manures, chemical
fertilizers and bio-fertilizers on productivity of mungbean are
meagre. The present research paper reports the effect of
manures and such fertilizsers on the productivity of
mungbean.

A field experiment was conducted during kharif season
of 2009 at Agronomy Farm, S.K.N. College of Agriculture,
Jobner (Rajasthan) in a factorial randomized block design with
three replications. The soil was loamy sand in texture (Typic
Ustipssaments), alkaline in reaction (pH 8.4), low in organic
carbon (0.31%), available nitrogen (124.4 kg/ha), available
phosphorus (15.7 kg P2O5/ha) and medium in potassium (152.3
kg K2O/ha) content. The treatments comprising 7 fertility levels
viz., 100% recommended dose of fertilizer, FYM @ 4 t/ha, FYM
@ 2 t/ha + 50% RDF, poultry manure @ 1.7 t/ha, poultry manure
@ 0.85 t/ha + 50% RDF, vermicompost @ 1.4 t/ha and
vermicompost @ 0.7 t/ha + 50% RDF, 2 bio-fertilizers
(Rhizobium viz., no-PSB and PSB seed inoculation) and an
absolute control, thereby making 15 treatment combinations.
Recommended dose of fertilizer was 20 kg N and 40 kg P2O5/
ha. Fertilizers were applied as per treatment through di-
ammonium phosphate (DAP) and urea at the time of sowing
as basal dose. FYM, Poultry manure and vermicompost alone
or with fertilizers were applied as basal dose just before sowing.
The mungbean cv. ‘RMG-268’ was sown on July 20 using
seed rate of 20 kg/ha with a row spacing of 30 cm. Data on
number and dry weight of nodules per plant were recorded at
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40 DAS by digging five plants from each plot. Number of
nodules per plant were counted and then dried to get nodule
dry weight per plant. Dry weight of shoots and nodules were
recorded by drying samples in an oven at 600C for 72 h. The
total chlorophyll content of leaves was estimated by
homogenizing the leaf samples in 80% acetone and
centrifuging for 10 min. The resultant absorbance of clear
supernatant was measured by spectronic-20 (Arnon 1949).
The crop was harvested on October 6, 2009.

Results revealed that fertility levels significantly
affected the dry matter accumulation in mungbean (Table 1).
Application of vermicompost @ 0.7 t/ha + 50% RDF being at
par with poultry manure @ 0.85 t/ha + 50% RDF enhanced the
dry matter production significantly over the rest of the
treatments. The number of branches also behaved similarly
for different fertility levels. Application of vermicompost @
0.7 t/ha + 50% RDF produced the highest number of branches/
plant (7.1) and remained at par with poultry the manure @ 0.85
t/ha + 50% RDF (Table 1). Poultry manure @ 0.85 t/ha + 50%
RDF recorded the maximum plant height which was at par
with vermicompost @ 0.7 t/ha + 50% RDF and was significantly
superior to the remaining treatments. The reason for better
growth and development in the above treatments might be
due to increased availability of nitrogen and phosphorus to
the plant initially through fertilizers and then through manures
in the cropping season. These results are in close conformity
with the findings of Pillai et al. (1985). Application of
vermicompost @ 0.7 t/ha + 50% RDF also recorded
significantly highest total chlorophyll content (3.94 mg/g)
(Table 1). Above growth parameters were also significantly
influenced by seed inoculation of Rhizobium and PSB in
comparison to absolute control. The effect of Rhizobium and
PSB on dry matter production, number of branches/plant, plant
height and total chlorophyll content remained statistically
similar to each other.

The results showed that all the treatments significantly
enhanced the number and dry weight of nodules as compared
to absolute control (Table 1). All the treatments (organic
manures, chemical fertilizers and combination of both)
significantly increased the nodule number and nodule dry
weight, wherein application of vermicompost @ 0.7 t/ha +
50% RDF recorded maximum values. The treatments having
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Yield attributes Yield (kg/ha) Treatment 
Pods/plant 

(no.) 
Seeds/pod 

(no.) 
Test weight 

(g) 
Grain Stover  Biological 

Harvest index 
(%) 

Control v/s rest        
Absolute control  15.3 6.2 29.9 784 1852 2636 29.74 
Rest 19.1 9.2 32.7 1167 2441 3608 32.31 
CD (P=0.05) 1.64 1.14 NS 179 214 408 NS 
Fertility levels         
100% RDF 19.3 9.4 32.6 1184 2479 3663 32.31 
 FYM @ 4 t/ha 16.3 7.8 31.6 1007 2278 3285 30.67 
FYM @ 2 t/ha + 50% RDF 19.2 9.2 32.5 1169 2467 3636 32.13 
Poultry manure @ 1.7 t/ha 18.5 8.8 32.3 1097 2296 3393 32.33 
Poultry manure @ 0.85 t/ha + 50% RDF 20.0 10.3 34.4 1226 2486 3712 33.05 
Vermicompost @ 1.4 t/ha 19.1 9.1 32.5 1139 2450 3588 31.73 
Vermicompost @ 0.7 t/ha + 50% RDF 21.6 9.5 33.3 1351 2633 3984 33.91 
SEm (±) 0.6 0.3 1.0 44 52 100 1.27 
CD. (P=0.05) 1.8 0.8 NS 126 151 288 NS 
Bio-fertilizers         
B1 - Rhizobium  19.3 9.3 33.0 1170 2465 3635 32.15 
B2 – PSB 18.9 9.0 32.5 1165 2418 3582 32.46 
SEm (±) 0.3 0.2 0.5 23 28 53 0.68 
CD. (P=0.05) NS NS NS NS NS NS NS 

 Rhizobium and PSB inoculation also significantly increased
the number of nodules (total and effective) and weight (fresh
and dry) of nodules over absolute control. PSB is known to
solublise the native phosphorus (El-Sayed 1999) and enhance
its availability to the plants. This increased availability might
have helped in better nodulation. The organic manures are
known to decrease P adsorption/fixation and enhanced P
availability, thus resulting in better growth and consequently
exploitation of greater soil volume for nodulation. More
pronounced effect of Rhizobium and PSB in the presence of
added fertilizers have been reported (El-Sayed 1999).

Pods/plant and seeds/pod were significantly improved
by the application of various nutrients through different
sources either single or in combination over absolute control
(Table 2). The maximum values of pods/plant and seeds/pod
were observed under combination of organic manures and
recommended dose of fertilizers. Singh et al. (2010) reported
similar results in lentil. Bio-fertilizers significantly increased
the yield attributes in mungbean. Inoculation of mungbean
seeds with Rhizobium and PSB significantly increased the
number of pods/plant and number of seeds/pod over absolute
control. However, both inoculants remained at par with each
other. Test weight remained unaffected by bio-fertilizers

Table 1. Effect of fertility levels and bio-fertilizers on growth parameters of mungbean
Nodules / plant Treatment Dry matter 

accumulation 
(g)  

Branches/ 
plant 
(no.) 

Plant 
height 
(cm) 

 

Total 
chlorophyll 

content 
(mg/g) 

Total 
nodules 

(no.) 

Effective 
nodules 

(no.) 

Fresh weight 
(mg) 

Dry weight 
(mg) 

Control v/s rest         
Absolute control  82.6 4.5 39.1 2.39 21.1 10.2 211.0 35.2 
Rest 100.7 6.2 46.5 3.50 26.3 15.9 329.2 55.1 
CD (P=0.05)  14.9 0.8 4.3 0.5 3.46 3.47 58.8 5.5 
 Fertility levels          
 100% RDF  99.8 6.3 47.1 3.59 26.4 17.2 349.6 56.6 
 FYM @ 4 t/ha  94.7 5.4 42.9 3.23 24.7 12.0 254.1 49.7 
  FYM @ 2 t/ha + 50% RDF  98.8 6.2 46.3 3.44 25.7 16.2 328.5 53.3 
 Poultry manure @ 1.7 t/ha  96.3 6.0 45.7 3.36 24.9 12.6 248.7 51.3 
 Poultry manure @ 0.85 t/ha+ 50% RDF  107.1 6.6 50.2 3.69 27.6 18.6 389.1 60.8 
 Vermicompost @ 1.4 t/ha  97.7 6.1 46.2 3.41 25.0 14.3 322.1 52.9 
 Vermicompost @ 0.7 t/ha + 50% RDF  110.6 7.1 47.4 3.94 29.8 20.2 412.6 61.2 
SEm (±) 3.7 0.2 1.0 0.12 0.9 0.9 14.4 1.3 
CD (P=0.05) 10.6 0.6 3.0 0.36 2.5 2.5 41.6 3.9 
Bio-fertilizers          
Rhizobium  103.0 6.3 47.3 3.59 27.0 16.5 339.3 55.8 
PSB 98.4 6.1 45.8 3.42 25.7 15.2 319.1 54.4 
SEm (±) 2.0 0.1 0.6 0.07 0.5 0.5 7.7 0.7 
CD (P=0.05) NS NS NS NS NS NS NS NS 

 
Table 2. Effect of fertility levels and bio-fertilizers on yield attributes, yield and harvest index of mungbean
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(Table 2). Application of various nutrients through different
sources either single or in combination significantly increased
the grain, stover and biological yield of mungbean (Table 2).
The application of vermicompost @ 0.7 t/ha + 50% RDF
recorded significantly higher grain yield (1351 kg/ha), stover
yield (2633 kg/ha) and biological yield (3984 kg/ha) indicating
an increase of 72.2, 42.2 and 51.1 per cent over absolute control.
The sole application of FYM, poultry manure and
vermicompost were found less effective as compared to
combination of these with recommended dose of fertilizers
which might be due to combined and synergistic effect.
Moreover, manures contain high amount of organic matter
which increase the moisture retention of the soil and improves
dissolutions of nutrients particularly phosphorus. However,
harvest index remained unaffected statistically under different
treatment combinations. Inoculation of Rhizobium and PSB
significantly increased the grain, stover and biological yield
over absolute control. However, the response of Rhizobium
and PSB was found to be at par with each other. These results
are in close conformity with that of Singh and Pareek (2003).
Thus, it can be concluded that application of vermicompost

@ 0.75 t/ha + 50% RDF or poultry manure @ 0.85 t/ha + 50%
RDF and seed inoculation with Rhizobium or PSB is expected
to be the most promising treatment.
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Mungbean [Vigna radiata (L.) Wilczek] is an important
pulse crop having high nutritive value. It not only plays an
important role in human diet but also in improving the soil
fertility by fixing the atmospheric nitrogen. Its seed is more
palatable, nutritive, easily digestible and non-flatulent than
other pulses. Besides this, summer mungbean has special
importance in intensive crop production due to its short
growing period as it can be grown as a catch crop in rice–
wheat cropping season in Punjab. Nutrient management is
one of the important factors that greatly affect the growth,
development and yield of mungbean. Nitrogen and
phosphorus are both integral components of virtually all the
biochemical compounds that make plant life possible. Nitrogen
is an important major nutrient element for plants. For legumes,
it is more useful because it is the main component of amino
acids as well as protein. Adequate supply of nitrogen
(Mozumder et al. 2003) and nitrogen as well as phosphorus
(Singh et al. 2008) is essential for normal growth and yield of
mungbean. Although pulses fix nitrogen from the atmosphere,
application of nitrogenous fertilizers helps increase yield of
mungbean. Phosphorus is considered as the most important
nutrient for increasing yield of mungbean. Phosphorus
application to mungbean increases plant growth, yield
attributes and grain yield.

Summer mungbean variety ‘SML 668’, which is grown
in Punjab and some other states of India, is bold seeded, of
short-duration and high yielding (Singh et al. 2007, Lathwal
et al. 2010). It can be successfully grown after wheat harvest
during summer season in rice-wheat cropping system (Lathwal
2009). Information regarding the effect of fertilizer on growth
and yield of summer mungbean sown after wheat are scanty.
Hence, the present study was undertaken to maximize the
grain yield of summer mungbean with optimum dose of
nitrogen and phosphorus.

Five multi-locational field experiments were conducted
at the experimental area of Punjab Agricultural University,
Ludhiana, University Seed Farm, Naraingarh as well as at KVK,
Ferozepur, Samrala and Fatehgarh Sahib during summer 2007
to find out optimum dose of fertilizer for summer mungbean

sown after harvest of wheat crop. Six fertilizer treatments viz.,
control (no application of fertilizer), 12.5 kg N/ha, 40 kg P2O5/
ha, 60 kg P2O5/ha, 12.5 kg/ha + 40 kg P2O5/ha and 12.5 kg N +
60 kg P2O5/ha were studied in a randomized complete block
design. There were four replications at all the locations. The
crop at Ludhiana, Samrala, Langroya, Fatehgarh Sahib and
Naraingarh was sown on April 20, April 21, April 22, April 1`
and May 10, respectively. The entire fertilizer dose was applied
at the time of sowing. Nitrogen and phosphorus were applied
in the form of urea and single super phosphate, respectively.
The soil is loamy sand at all the locations. The recommended
dose (125 kg N/ha) was applied to the previous wheat crop.
Soil available nutrient status at different locations is given in
Table 1, which shows that soils were low in available nitrogen
and medium in available phosphorus at all the locations while
soils were low in available potash at Ludhiana, Samrala and
Naraingarh, medium at Fatehgarh Sahib and high at Langroya.
The variety ‘SML 668’ was sown using a seed rate of 37.5 kg/
ha in rows 22.5 cm apart at all the locations. This is a short
stature and early maturing variety. All cultural practices were
followed as per the recommendations. At PAU, Ludhiana, data
on nodulation, dry weight of nodules, plant height, pods/
plant, grains/pod, 100-grain weight and grain yield were
recorded at harvest whereas at other locations data on only
grain yield was recorded. Economics of the crop was worked
out by taking the sale price of mungbean grains @ Rs. 2800/
quintal.

Data recorded at Punjab Agricultural University,
Ludhiana regarding the effect of nitrogen and phosphorus
fertilization on number of nodules and dry weight of nodules
(Table 2) showed that application of 12.5 kg N + 60 kg P2O5/ha
resulted in highest number of nodules/plant and maximum
dry weight of nodules/plant which were statistically on par
with 12.5 kg N + 40 kg P2O5/ha. In general, nodulation was
improved due to fertilizer application and resulted in 23-70%
higher number of nodules and 29.2-84.2% higher dry weight
of nodules/plant over unfertilized control. Bachchhav et al.
(1994) also observed that nodule weight/plant in mungbean
was highest with 30 kg N/ha. Further, all the fertilizer treatments
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resulted in significantly higher plant height over control
whereas number of branches/plant was not influenced by the
different fertilizer treatments. Application of 12.5 kg N + 40 kg
P2O5/ha resulted in highest number of pods/plant which was
significantly higher than 12.5 kg N/ha and unfertilized control
but was on par with other fertilizer treatments. Application of
nitrogen (Ayub et al. 1999) and phosphorus (Khan et al.
1999) has  been  reported  to  increase  the  number  of  pods/
plant in mungbean. They further reported that the positive
effect of phosphorus application on number of pods/plant
might be due to better enzymatic activities which controlled
flowering and pod formation. The differences with respect to
number of grains/pod and 100-grain weight were found to be
non-significant in different nutrient combinations, though
these were comparatively higher with the application of 12.5
kg N + 60 kg P2O5/ha.

Application of fertilizer had significant influence on the
grain yield of summer mungbean at all the locations except at
Langroya (Table 3).  At all the locations, though application
of 12.5 kg N + 60 kg P2O5/ha resulted in highest grain yield yet
it was on par with 12.5 kg N + 40 kg P2O5/ha at all the locations
except Samrala. On the mean basis, the application of 12.5 kg
N + 60 kg P2O5/ha resulted in highest grain yield of summer

mungbean (1082 kg/ha) which was on par with that obtained
with 12.5 kg N + 40 kg P2O5/ha  but significantly higher than all
other fertilizer treatments. The increase in grain yield with
nitrogen and phosphorus application might be due to higher
number of pods/plant, grains/pod and 100-grain weight, as
grain yield is known to have positive association with these
characters (Lavanya and Toms 2009). Application of 12.5 kg N
+ 40 kg P2O5/ha (Singh et al. 2008), 30 kg N and 60 kg P2O5/
ha (Nadeem et al. 2004) and 90 kg N and 120 kg P2O5/ha
(Sadeghipour et al. 2010) has been reported to increase grain
yield of mungbean due to more number of pods/plant, number
of grains/pod and 1000-grain weight. Application of either
nitrogen or phosphorus alone could not produce comparable
yields to that obtained in case of their combined use at all the
five locations which indicate the importance of combined
application of nitrogen and phosphorus in summer mungbean
nutrition. When calculated the yield response of summer
mungbean to applied nutrients, the application of 12.5 kg N,
40 kg P2O5/ha, 60 kg P2O5/ha, 12.5 kg N + 40 kg P2O5/ha and
12.5 kg N + 60 kg P2O5/ha resulted in 10.5, 22.1, 28.7, 40.1 and
47.0% increase in the grain yield respectively over unfertilized
control.

Data regarding the details of economic analysis revealed
that all fertilizer treatments gave higher gross returns as
compared to control. Amongst various treatments, application
of 12.5 kg N + 60 kg P2O5/ha gave the maximum returns
(Rs. 28779/ha) over the cost of the treatment followed by the
application of 12.5 kg N + 40 kg P2O5/ha (Rs. 27813/ha). B: C
ratio was comparable in case of 12.5 kg N + 40 kg P2O5/ha and
12.5 kg N + 60 kg P2O5/ha. Application of either nitrogen or
phosphorus alone could not produce similar economic returns

Table  1.Available N, P and K of the soil of experimental fields
at different locations

Locations Available 
nutrient  
(kg/ha) 

Ludhiana Samrala Langroya Fatehgarh 
Sahib 

Naraingarh 

N 125 125 188 157 141 
P 16.7 14.5 15.7 22.5 22.5 
K 90 90 339 232 120 

 
Table 2. Effect of N and P fertilizer on nodulation, plant growth and yield attributes of summer mungbean sown after wheat at

PAU, Ludhiana
Treatment Nodules/plant 

(no.) 
Dry weight of 

nodules/plant (mg) 
Plant 

height (cm) 
Branches/plant 

(no.) 
Pods/plant 

(no.) 
Grains/pod 

(no.) 
100-grain weight 

(g) 
Control  10.0 12.0 47.6 4.15 11.0 9.10 5.03 
12.5 kg N/ha 14.6 17.5 50.3 4.15 12.0 9.60 5.20 
40 kg P2O5/ha 12.3 15.5 51.4 4.90 14.2 9.45 5.13 
60 kg P2O5/ha 15.3 19.4 50.2 5.00 15.2 9.50 5.18 
12.5 kg N + 40 kg P2O5/ha 16.7 21.3 51.6 4.30 16.1 9.75 5.23 
12.5 kg N + 60 kg P2O5/ha  17.0 22.1 52.6 4.20 16.0 9.80 5.20 
CD (P=0.05) 2.8 2.2 2.5 NS 3.2 NS NS 

 Table 3. Effect of N and P fertilizer on the grain yield and economics of summer mungbean sown after wheat at different
locations

Grain yield (kg/ha) Economics (based on pooled data) Treatment 
Ludhiana Samrala Langroya Fatehgarh  

Sahib 
Naraingarh Mean Cost of  

treatment 
(Rs/ha) 

Gross 
returns 
(Rs/ha) 

Returns 
over cost of 
treatment 

(Rs/ha) 

B:C 
ratio 

Control (no fertilizer) 1011 517 683 730 738 736 - 20608 20608 2.06 
12.5 kg N/ha 1075 642 717 800 833 813 130 22764 22634 2.24 
40 kg P2O5/ha 1275 702 758 825 933 899 925 25172 24247 2.30 
60 kg P2O5/ha 1276 850 767 890 954 947 1387 26516 25129 2.32 
12.5 kg N + 40 kg P2O5/ha 1308 1018 783 1050 994 1031 1055 28868 27813 2.61 
12.5 kg N + 60 kg P2O5/ha 1328 1087 807 1175 1011 1082 1517 30296 28779 2.63 
CD (P=0.05) 175 60 NS 126 131 102     
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as obtained in case of their combined application, indicating
the importance of both the nutrients for summer mungbean
for obtaining higher yield and economic return.

It can be concluded that application of 12.5 kg N + 40 kg
P2O5/ha not only improves the productivity of summer
mungbean sown after the harvest of wheat crop but also
provides higher monetary benefit.
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Mungbean [Vigna radiata (L.) Wilczek] is the most
important pulse crop of India mainly grown in rainfed areas
where the probability of crop failure is higher due to frequent
occurrence of aberrant weather situations. In such conditions,
intercropping can be more stable and dependable than sole
cropping (Rao and willey 1980).  Pulse based intercropping
favours both production and relative economic efficiency
(Sankaranarayan et al. 2011). Plant population and spatial
arrangement in intercropping have important effects on the
balance of competition between crops and their productivity.
The nutrient mainly sulphur contributes significantly in
enhancing the yield of leguminous and oilseed crops. Thus,
proper application of sulphur may increase the production of
both mungbean and sesame crops. Keeping in view, the present
study was undertaken to find out the compatibility of
mungbean with sesame under sulphur fertilization.

A field experiment was conducted during kharif season
of 2009 at Agronomy Farm of S.K.N. College of Agriculture,
Jobner (Jaipur) comprising 20 treatment combinations of five
intercropping systems viz., sole mungbean (var. ‘RMG-268’),
sole sesame (var. ‘RT-127’), mungbean + sesame (2:1),
mungbean + sesame (3:1) and mungbean + sesame (4:1) row
proportions and four sulphur levels (0, 15, 30 and 45 kg S/ha)
were tested in a randomized complete block design with three
replications. The intercropping of mungbean and sesame was
taken in replacement series. The soil of experimental field was
loamy sand in texture containing 0.16% OC, 132.5 kg/ha
available N, 16.0 kg/ha available P2O5, 150.6 kg/ha available
K2O and 8.16 ppm available SO4

-2 sulphur with 8.2 pH. The
crops were sown on July 22 in rows 30 cm apart, keeping intra
row spacing of 10 cm for sole crops as well as in intercropping
systems. A common recommended dose of nitrogen and
phosphorus (20 kg N and 40 kg P2O5/ha) was applied to all the
plots through urea and di-ammonium phosphate, respectively,
as basal at the time of sowing and sulphur through gypsum
(CaSO4.2H2O) was incorporated in the soil before sowing as
per treatments. The mungbean equivalent yield was calculated
by converting the grain yield of sesame into mungbean yield
on the basis of existing market price. The yield of sesame was
further used for computation of land equivalent ratio (LER) as
suggested by Willey (1979). Data was statically analyzed by
the procedure as described by Panse and Sukhatme (1978).

Growth, production potential and economics of mungbean as influenced by
intercropping systems and sulphur levels
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Results showed that all the growth and yield attributing
parameters of mungbean were influenced significantly by
different intercropping systems (Table 1). Sole mungbean
recorded significantly lower plant height at both the stages
(i.e., 40 days after sowing and at harvest) as compared to
intercropping. Sole mungbean gave significantly higher values
of dry matter accumulation at both the crop stages, number of
pods/plant, number of seeds/pod, seed yield (1207 kg/ha) and
straw yield (2 457 kg/ha) as compared to sole cropping. Among
the intercropping systems, the mungbean + sesame grown in
4:1 row proportion recorded significantly maximum seed yield
(971 kg/ha) and straw yield (1940 kg/ha) of mungbean. The
reduction in the growth, yield attributes and yields of
mungbean might be due to competition between the
component crops for nutrients, light and water. Similar results
have also been reported by Kumar and Thakur (2006).

Intercropping systems brought about significant
differences in the mungbean equivalent yield, land equivalent
ratio and net returns (Table 1). The sole cropping of mungbean
remained at par with intercropping of 4:1 row ratio and recorded
significantly highest mungbean equivalent yield (1207 kg/ha)
than rest of the intercropping systems. This might be due to
higher prevailing market price of mungbean and higher
production from unit area as compared to sesame. However,
mungbean + sesame grown in 4:1 row ratio gave significantly
highest land equivalent ratio (1.07) over all other systems.

Application of increasing levels of sulphur upto 30 kg/
ha resulted in the significant improvement in growth and yield
attributing parameters as well as grain and straw yields of
mungbean (Table 1). Application of sulphurs up to 45 kg/ha
significantly increased the plant height, dry matter
accumulation, number of pods/plant, number of seeds/pod,
grain and straw yield over control and 15 kg S/ha but remained
statistically at par with 30 kg S/ha. These results are in
conformity with the findings of Tripathi et al. (2011) who
reported significantly maximum growth and yield attributes
as well as yield of urdbean with the application of 25 kg S/ha.
Mungbean equivalent yield (1158 kg/ha) and land equivalent
ratio (1.11) were also recorded significantly higher with 45 kg
S/ha over lower doses. Increase in growth and yield parameters
under sulphur fertilization might be due to improved
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availability of S, which in turn enhanced the plant metabolism
and photosynthetic activity resulting into better growth,
development and yield (Yadav 2004).

Thus, it could be concluded that sole cropping of
mungbean fertilized with 45 kg S/ha independently fetched
significantly maximum mungbean equivalent yield (1 207 and
1 158 kg/ha) and net returns (Rs. 50 833/ha and Rs. 48 366/ha)
which were at par with mungbean + sesame grown in 4:1 row
ratio.
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Table 1. Growth, yield attributes, grain yield, mungbean equivalent yield (MEY), land equivalent ratio (LER) and net returns of
mungbean as influenced by different intercropping systems and sulphur levels

*M: mungbean, S: sesame, DAS: days after sowing

Plant height  
(cm) 

Dry matter/m      
row length (g) 

Yield (kg/ha) Treatments 

40 DAS at harvest 40 DAS  at harvest 

Pods/ 
plant 
(no.) 

Seeds/ 
pod 
(no.) 

Test 
weight 

(g) Grain        Straw 

MEY 
(kg/ha) 

LER Net returns 
(Rs/ha) 

Intercropping systems        
M  sole 24.9              49.4 37.24        115.3 16.5 11.1 32.14 1207             2457 1207 1.00 50833 
M+S (2:1) 27.1             53.4 33.35        104.4 14.3 8.4 31.29 708               1497 1013 1.02 40571 
M+S(3:1) 25.4             52.2 34.72        107.9 15.9 10.4 31.53 842               1721 1073 1.02 43751 
M+S (4:1) 25.1             51.2 35.08        110.8 16.3 10.9 31.72 971              1940 1157 1.07 48144 
SEm + 0.6                0.9 0.86          1.89 0.4 0.3 0.69 22                   49 21 0.02 1084 
CD (P=0.05) 1.7                2.6 2.47          5.47 1.2 1.0 NS 64                  142 60 0.05 3131 
Sulphur (kg /ha)          
0 22.1             46.6 30.0          99.0 13.0 7.9 31.16 799               1707 873 0.95 33630 
15 24.7            50.5 34.17       107.4 15.3 10.0 31.58 898               1852 992 1.02 39822 
30 27.1            53.5 37.12       113.7 16.8 11.3 31.87 986               1979 1093 1.07 45001 
45 28.7            55.6 39.00        118.3 17.9 11.6 32.08 1046              2078 1158 1.11 48366 
SEm (+) 0.6              0.9 0.86           1.89 0.4 0.3 0.69 22                     49 19 0.01 970 
CD (P=0.05) 1.7              2.6 2.47           5.47 1.2 1.0 NS 64                   142 54 0.04 2800 
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Pulses are an important source of protein and economic
success of these legumes depends upon symbiotic nitrogen
fixation with rhizobia on their root nodules. Seed inoculation
with appropriate strains of Rhizobium is important to improve
symbiotic nitrogen fixation. However, establishment of
successful symbiosis depends on the viable number of
rhizobia available for root infection after seed germination.
Lag between seed inoculation and sowing time exerts
desiccation and affects viability of Rhizobia. This adverse
effect can be overcome by using adhesives/sticker (Brockwell
1962). Survival of rhizobia is improved with adhesive agents
such as methylcellulose, sucrose and glutamate (Salema et al.
1982), which maintain sufficient bound water content in the
cell envelope. These adhesives not only protect the inoculants
from desiccation but also bind the Rhizobium to the seed
without affecting their viability. Many adhesives currently
used in agricultural practice include gum arabic, methyl-
cellulose, poly vinyl pyrollidone, etc. Gum arabic is a complex
carbohydrate extracted from Acacia plants, which protects
the inoculants against desiccation and results in better
survival on seed (Vincent et al. 1962). Carboxymethyl cellulose
(CMC), non-ionic water soluble cellulose is most widely used
low cost adhesive (Scott 1989). In addition to these, readily
available adhesives such as jaggery and molasses are widely
used for seed inoculation by the Indian farmers. However, the
influence of these adhesives on efficiency of rhizobial binding
and nodulation is not known. The present paper deals with
the effect of these adhesives (CMC, gum arabic and jaggery)
on Rhizobium survival and nodulation in urdbean under
in vitro and in situ conditions.

Preliminary comparison of various adhesive agents on
survival of Rhizobium on urdbean seeds was conducted under
in-vitro conditions. Urdbean Rhizobium sp (10B) used in this
study was obtained from the division of Microbiology, Indian
Agricultural Research Institute (IARI), India. Population of
the Rhizobium was 108 CFU/g (colony forming unit). Urdbean
seeds (var. ‘Uttara’) were surface sterilized by immersing in
70% ethanol for 3 min, followed by 0.1 % mercuric chloride
and then rinsing several times with sterile distilled water. These
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growth of urdbean under field conditions
K. SWARNALAKSHMI1, MOHAN SINGH2 and R.G. CHAUDHARY3

1Division of Microbiology, Indian Agricultural Research Institute, New Delhi – 110 012, India;  2Division of Crop
Physiology, Biochemistry and Microbiology, Indian Institute of Pulses Research, Kanpur – 208 024, Uttar Pradesh,
India; 3Division of Crop Protection, Indian Institute of Pulses Research, Kanpur-208 024, U.P., India; E-mail:
swarna_bga@yahoo.com
(Received: July 8, 2011; Accepted: October 20, 2011)

seeds were air dried under laminar flow. The adhesives used
in this experiment were CMC (4%), gum arabic (40%) and
jaggery (10%). One ml of each adhesive agent was mixed with
50 surface sterilized seeds. 5g peat based inoculants was
sprinkled on the seed and mixed to obtain a uniformly black
coating. Inoculated seeds were incubated at ambient
temperature (28 ± 1ºC) and enumeration of Rhizobia per seed
was determined after 0, 5 and 10 h of storage.  During sampling,
30 seeds were randomly picked from each treatment and
divided into 3 subset consisting of 10 seeds each. For each
subset, seeds were transferred into 10 ml sterile water and
mechanically shaken for 30 s to dislodge the inoculum followed
by serial dilution and population of rhizobia was enumerated
on yeast extract mannitol agar (YEMA) medium. Subsequently,
a field experiment was laid out to compare the effect of various
adhesive agents with two different storage periods on
nodulation, growth, N uptake and the yield of urdbean crop at
Indian Institute of Pulses Research, Kanpur during kharif
2007. Six treatments involving two different storage periods
with 3 adhesive agents (Table 1) were tested in a factorial
randomized block design in triplicate with the plot size of 8 m2.
The physico-chemical properties of soil were analysed at the
beginning of the experiment (pH: 8.53, EC: 1.25 dS/m, organic
carbon: 0.43% and nitrate content: 12 ppm). Rhizobium
inoculated seeds with three different adhesives were sown
under field conditions after 5-6 and 10-12 h after inoculation.
Fertilizers were applied in the form of DAP @ 100 kg/ha and S
@ 20 kg/ha and agronomic practices were followed as per
recommendation. Observation on nodulation parameters
(nodule number/plant and nodule weight/plant), plant dry
weight and N uptake were recorded at different crop growth
stages (45 DAS, 60 DAS and before harvest).

The influence of different adhesives on survival rate of
Rhizobium on urdbean seed was carried out under in-vitro
conditions to compare the performance of commercial adhesive
agents over jaggery. The glue-like quality of CMC and gum
arabic allowed maximum adhesion of the inoculants. Jaggery
initially resulted in good coating however, become brittle pellet
after evaporation and absorption into the seed.  On mean
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basis, the survival of rhizobia with carboxy methyl cellulose
and gum arabic was 6.75 log CFU, where as less inoculant (5.9
log CFU) was observed with jaggery. CMC and gum arabic
were more tenacious and provides good adhesion under
in vitro conditions and able to hold almost equal number of
Rhizobium compared to jaggery, which is in agreement with
Date (1970). These adhesives are polymeric in nature and able
to maintain the viability of Rhizobia on the legume seed (Scott
1989), and protect them from desiccation. Sufficient number
of inoculants was initially bound to seeds (107 CFU/seed at
0 h) to comply with the inoculation standards (Roughley et
al. 1993).  All the tested adhesives resulted in greater than 105

viable rhizobia/seed at 5 h after storage which is sufficient to
guarantee adequate nodulation as per the recommendation of
fertilizer act. However, the retention of Rhizobium population
on seeds dropped rapidly in all adhesives (103 CFU/seed) at
10 h of storage after seed inoculation (Fig. 1). Moisture loss
was a major cause of rapid dying of rhizobia on seeds.  The
death rate slowed down by the addition of gum arabic or
maltose (Vincent et al. 1962).

Evaluating the performance of adhesives for nodulation,
growth and yield of plant under in situ conditions is the
ultimate test. Adhesives and storage period became significant
sources of variation. Among the various adhesive agents
tested, nodulation, growth and nutrient uptake varied
significantly. At different crop growth stages (45 and 60 DAS),
maximum nodulation potential (nodule number and nodule
weight) were recorded with CMC treated seeds sown at 5-6
hrs of storage period (Table 1). Nodule weight ranged from
29.98 to 52.83 mg/plant during 45 DAS. Highest nodule weight
was observed with T1A1 (CMC treated seeds sown at 5-6
hrs) which also recorded highest N uptake (353.73 mg/plant).
Similar trend was observed at 45 DAS. This observed effect
was reflected in enhanced plant growth (7.29 g/plant) and
seed yield (2.33 g/plant) at harvest stage. This is in agreement
with Elegba and Rennie (1984). Using adhesive agents in seed
inoculation greatly enhanced the number of rhizobia adhering
to the seed (Green et al. 1984). High numbers of rhizobia are
important for successful nodulation especially in soils when
competitive native strains are present (Weaver and Frederick
1972). Increase in nodulation and yield due to Rhizobium
inoculation was well documented in pea (Singh and Srivastava
2009). Treatment with jaggery significantly reduced
nodulation, growth and nutrient uptake at different crop
growth stages. Sugar has good moisture retention but lacks
tenacity (Brockwell 1977) and increases the chances of
attracting microbial attack of the seed (Verma and Rao 1973).
Therefore, CMC is more effective adhesive agent for seed
inoculation and enhanced nodulation effect could be due to
its protective role against desiccation. Similar trend was
observed in plant biomass and seed yield/plant at harvest
stage with CMC.

There was a significant interaction between adhesives
and storage time at 45 DAS. Highest nodulation, shoot weight
and N uptake under field conditions were obtained with at 5-
6 hrs after storage period during different crop growth periods

Table 1. Interaction of adhesives with storage period on nodulation, growth, N uptake and yield of urdbean

T1: 5-6 h storage period after inoculation, T2: 10-12 h storage period after inoculation, A1:CMC, A2: Gum Arabic, A3: Jaggery

Nodulation and growth attributes 
               45 DAS                                            60 DAS 

Treatment 
 

Nodule / 
plant 
(no.) 

Nodule 
weight/  
plant  
(mg) 

Shoot biomass/ 
plant  

(g) 

N 
uptake 

(mg/ 
plant) 

Nodule / 
plant 
(no.) 

Nodule 
weight/  

plant (mg) 

Shoot biomass/ 
plant  

(g) 

N 
uptake 
(mg/ 

plant) 

Shoot 
biomass/ 

plant  
(g) 

Seed yield/ 
plant 

(g) 

Seed 
yield/ plot 

(g) 

T1A1 40.50 52.83 9.50 353.73 32.00 33.25 18.97 599.33 7.92 2.33 745 
T1A2 36.25 46.20 9.27 345.38 27.25 31.68 18.55 584.15 7.50 2.28 728 
T1A3 33.00 39.93 8.78 314.88 25 .00 28.15 17.6 553.58 7.29 2.24 715 
T2A1 30.50 35.68 7.14 246.59 14.75 19.18 14.85 471.87 7.92 2.27 725 
T2A2 28.50 30.28 6.94 237.94 13.50 17.43 14.25 454.45 7.29 2.23 713 
T2A3 27.00 29.98 6.79 232.35 9.50 13.33 13.62 431.67 7.29 2.19 700 
CD (P = 0.05)           
A 1.6 1.62 0.21 7.39 2.21 2.61 0.88 27.74 0.52 0.04 11.01 
T 1.3 1.32 0.17 6.04 1.8 2.13 0.72 22.65 NS 0.03 9.33 
T x A 2.27 2.29 0.3 10.45 NS NS NS NS NS NS NS 

 

Fig 1. Effect of adhesives on survival of Rhizobium sp on
urdbean seeds
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(45 & 60 DAS) whereas decreased trend was observed with
seeds sown after 10-12 h after seed inoculation (Table 1).
Significant differences in nodulation, growth, N uptake and
seed yield with different adhesives at 5 h after storage suggest
that viable cell number on seed (greater than 105 viable
rhizobia/seed) possibly enhanced nodulation potential and
plant growth.  Decrease in nodulation, growth and yield was
observed with seeds sown 10-12 h after inoculation at midcrop
stages could be due to the mortality rate of Rhizobium
attributed by desiccation occurred during lag between seed
inoculation and sowing. Plant biomass and seed yield per
plant also significantly decreased at harvest stage.

In conclusion, CMC provides excellent adhesion,
enhances early nodulation and plant growth promotion. CMC
have most of the expected qualities of a good adhesive for
seed inoculation. It is reasonably sticky, non-toxic to seed
and microbe and protects the rhizobia from desiccation. Our
results also suggest that seeds should be sown within 5 h
after seed inoculation to achieve the maximum inoculation
benefit.
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Botrytis grey mould (BGM) caused by Botrytis cinerea
is an economically important disease of chickpea (Cicer
arietinum L.). It caused heavy production losses in Indo
Gangetic plains during 1979-82 and in Hisar along with parts
of Punjab during 1981 (Grewal et al. 1992). Yield loss of up to
90% ocurred in Gajipur area of Bangladesh in 1992 (Bakr and
Ahmed 1992). The disease incidence ranging from 30-40%
was observed in 2005 in susceptible chickpea varieties at PAU
Research Stations and Farmers’ field in Punjab (Kaur et al.
2007). The fungus attacks all the aerial parts of the plant viz.,
leaves, flowers, pods, branches and stem, while typical
symptoms are produced on flowers and growing tips. The
occurrence of epiphytotics in various parts of the world implies
that there is a definite and efficient mechanism of survival of
the pathogen. The role of infected seed, diseased plant debris
in soil, dormant / active resting structures, and other hosts
cannot be over emphasized. The diseased plant debris left in
the field and the juvenile propagules of the pathogen as
mycelium or sclerotia seem to have a definite role in outbreak
of epidemics. However, disease epidemics do not occur so
often probably due to the fact that the disease can exist in
latent phase in soil for varying period (Williamson 1994) until
finding suitable conditions. The study was conducted to
understand the mechanism of disease transmission from
infected seed and soil.

The role of infected seed in disease transmission was
studied at three growth periods and soil wetness regimes.
The seeds of the susceptible chickpea variety ‘G543’ were
manually inoculated by smearing with the most virulent fresh
culture of B. cinerea  pathotype 3 @ 1g/100g seeds. The
smeared seeds were allowed to dry under shade for 24 h at
room temperature. Ten seeds were sown in polythene pots of
15 × 10 cm containing sterilized sandy loam soil in a glass
house, at three different dates so that 10, 20 and 30 days old
seedlings could be tested simultaneously. All these three age
group seedling were evaluated for disease transmission at
three soil wetness levels: (1) soil constantly wet (daily
watering), (2) often wet (alternate day watering), and (3) random
wet  (seventh day of watering). Three pots were maintained as
one replication and five replications were kept for each
treatment following randomized block design. The different
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age group seedlings were then placed in growth chamber for
disease development. Growth chamber were maintained at
25°C, RH 90% and light period of 16 h and 8 h dark period
(Gurha et al. 2003). The observations were recorded   based
on number of plants diseased and converted into percentage
diseased plants.

Role of infested soil in disease transmission was studied
by using seeds of susceptible chickpea cultivar ‘G543’. Seeds
were surface sterilized with 0.1% mercuric chloride to exclude
external infestation by B. cinerea. Sandy loam soil used in the
experiment was sterilized in autoclave at 121°C for 2 h. This
sterilized soil was infested by adding the most virulent culture
of B. cinerea pathotype 3 @ 1g/kg soil, 5g/kg soil and 10g/kg
soil to have different inoculum loads in the soil. The infested
soil was filled in 15 × 10 cm polythene pots, ten seeds of
‘G543’ were sown in each pot. Five replications were kept for
each treatment in randomized block design. Three dates of
sowing were maintained in such a manner that seedling of
three age groups 10, 20 and 30 days could be simultaneously
tested at three wetness regimes of the soil as mentioned above
for each inoculum load of the soil. The disease was allowed to
develop in growth chamber as mentioned above and
observations on diseased plants were recorded as above.

After the plants were exposed to suitable disease
producing conditions in growth chamber, it was observed
that the fungal growth was concentrated at the base of stem
in the 10 day old seedlings; whereas fungal growth was
noticed on stem and part of foliage at 20 days old plant, while
stem and foliage both were affected on 30 days old plants.

Irrespective of age, maximum killing of the plants was
observed in treatment daily watering (91.2 %) followed by
alternate day (80.7 %) and seventh day of watering (73.0 %).
This depicted that the soil moisture has significant effect in
disease development. The age of seedling is negatively related
to the disease, as maximum killing was observed in 10 days
old plants (84.7%), than in 20 days old (81.4 %) and 30 days
old plants (78.7%), irrespective of soil wetness (Table 1). B.
cinerea survives on chickpea seed for 5 years internally or
externally (Grewal and Laha 1983) though Burgess et al (1997)
reported it to be largely external. The level of seed infection
from diseased crop can be as high as 95% at the time of harvest

Short Communication



336 Journal of  Food Legumes 24(4), 2011

age of seedling increased to 30 days. The seed borne inoculum
is affected by storage temperature being greatest at 5-10°C
(Pande et al. 2002). In Indian conditions the seed inoculum
does not appear to have major role in primary infection,
because the chickpea harvest is followed by summer where
the temperature in month of May–June reach beyond 40°C
and the seed is generally stored in storage room at ambient
temperature. It has also been reported that heating moist seed
at 50°C for 5 min reduce the viable infection (Burgess et al.
1997).

mycelium and sclerotia in soil (Meeta et al. 1986, Singh and
Tripathi 1993). Soil infection is considered as source of primary
inoculum in India (Mahmood and Sinha 1990). As the host
resistance in chickpea to the pathogen is rare, the best strategy
to combat the disease is through management of seed borne
and soil borne infection. There was more disease in 30 days
old plants as compared to 10 and 20 day old plants in all the
soil inoculum levels showing that sufficient time available for
the pathogen to move from soil and infect the host (Table 2a).
The results indicated that the seed inoculum has prominent
role in disease transmission at seedling stage and as the plant
grows the effect of seed inoculum gets reduced. However, the
soil inoculum has persistent impact as the seedling age
increases their contact with the soil inoculum increases and
there is ample time for movement of pathogen from soil to
host. The soil inoculum has major role in disease epidemic as
it persists in soil and on getting suitable conditions; disease
development can occur at any growth stage of chickpea plants.
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Table 1. Disease transmission from infected seed to plants
at different soil wetness and plant age

Per cent diseased plants  Soil wetness 
(watering) 10 days 20 days 30 days 

Mean 

Daily  95.7 90.7 87.2 91.2 
Alternate day 84.6 80.5 77.0 80.7 
Seventh day 74.0 73.0 72.0 73.0 
Mean 84.7 81.4 78.7  
CD (P = 0.05) 3.33 

 

Table 2b. Interaction of soil inoculum level (A), soil wetness
(B) and plant age (C) for disease transmission

S. N. Treatments % diseased plants 
1 1 %   soil inoculum 81.5 
2 5 %   soil inoculum 88.1 
3 10 %  soil inoculum 95.0 
4 CD (P=0.05) 1.07 
5 Daily watering 90.36 
6 Alternate watering 88.51 
7 Seventh day watering 85.7 
8 CD (P=0.05) 1.07 
9 10 days old plants 81.06 
10 20 days old plants 88.16 
11 30 days old plants 95.0 
12 CD (P=0.05) 1.07 
13 AxB  CD (P=0.05)  NS 
14 BxC  CD (P=0.05)  1.85 
15 AxC  CD (P=0.05)  1.85 
16 AxBxC CD (P=0.05)  3.21 

 

which was reduced to 2% after 12 month storage at 20°C. The
seed borne inoculum also serve as source for primary infection
which can be visualized as seedling rot (Burgess et al. 1997).
The seed rotting was observed in present study which was
more in treatments where plants were irrigated daily. But this
seed rotting was clubbed with percent plants killed as a result
of disease epidemic created in ‘growth chambers’. There was
more rotting in 10 day old seedlings which decreased as the

The disease increased with the increase in fungal
inoculum in soil showing a positive relation of soil inoculum
level and disease transmission. The mean percent disease
infection was higher in case of 10% soil inoculum level (95.0%)
than in 5% soil inoculum level (88.1%) and 1% soil inoculum
level (81.5%), irrespective of age of the plants and soil wetness.
Maximum percent disease infection was observed in 30 days
old seedlings (95.33%) as compared to 20 days (88.16) and 10
days old plants (81.06%) (Table 2 a).This showed that seedling
age had a positive impact on disease transmission as the
pathogen is in contact with host for longer time and hence
more disease. The soil wetness showed positive relation as it
can be observed that the disease progressed more in higher
soil wetness level (i.e., daily watering) than watering at seven
day interval, though statistically this difference is negligible
(Table 2 b). The pathogen can survive on plant debris or as

Table 2a. Per cent disease transmission from infested soil to plants at different soil wetness and plant age

DW: daily watering, AW: alternate day watering, 7 th day: watering at 7 th day

1 % inoculum 5 % inoculum 10 % inoculum 
Soil wetness Soil wetness Soil wetness 

Age of 
plant 
(Days) DW AW 7th day 

Sub 
mean 

DW AW 7th day 

Sub 
mean 

DW AW 7th day 

Sub 
mean 

Mean 

10 76.1 75.5 74.5 75.4 81.5 80.3 76.1 79.3 89.0 88.5 88.0 88.5 81.1 
20 86.1 79.1 77.6 80.9 90.8 87.2 83.1 87.0 100.0 100.0 89.8 96.6 88.2 
30 89.8 88.0 86.7 88.2 100.0 98.0 95.5 97.8 100.0 100.0 100.0 100.0 95.3 
Mean 84.0 80.9 79.6 81.5 90.8 88.5 84.9 88.1 96.3 96.2 92.6 95.0 88.2 
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Pulses have nutritional and worldwide commercial
importance because these are rich source of protein and fibres.
However, presence of certain anti-nutritional factors such as
proteinase inhibitors (PIs), saponins, lectins, phytate, tannins,
L-DOPA, some phenolic compounds and hydrogen cyanide
limits their nutritional value (Shim et al. 2003, Pugalenthi et al.
2005, Bansal et al. 2011). In most of the animals, proteolysis is
essentially required to degrade the proteins and utilize their
amino acids. Proteinase inhibitors (PIs) of plants are small
molecular weight proteins generally found in seeds or often
induced in certain tissues by herbivores or wounding this
also act as natural defense mechanism of plant against pest
and pathogen attacks (Ryan 1990). Most storage organs such
as seeds (Fabaceae and Graminae) and tubers (Solanaceae)
are reported to contain about 1 to 10% of their total protein as
PIs, which inhibit different types of enzymes. The majority of
reports discuss trypsin (TI) and chymotrypsin (CI) inhibitors.
Limited information is available about the proteinase inhibitors
in different germplasm accessions of food and other
underutilized legumes in India. Therefore, this study was
undertaken to determine the presence of PIs in different
accessions of food legumes for their further use in bioassay
studies on important pest species.

Crude extract was obtained according to Hajela et al.
(1999) with some modifications. The defatted flour was
extracted with 0.01 M Na-phosphate buffer (1:10 w/v) pH 7.0
containing 0.15 M NaCl. It was homogenized for 10-15 min
and then stirred for 2 hr at room temperature. The obtained
homogenate was centrifuged at 8,000 to 10,000 rpm for 30 min.
Different volumes of crude extract were added to 20 µg of
trypsin in 200 µl of 0.01 M Tris-HCl (pH 8.0) containing 0.02 M
CaCl2  and incubated at 370C in a water bath for 5-10 min.
Residual trypsin and chymotrypsin activity was measured
(Erlanger et al. 1961). Inhibitor activity was calculated by the
quantity of inhibitor which inhibits 50% of trypsin/
chymotrypsin activity. The specific activity was calculated as
trypsin/chymotrypsin inhibitor units per mg protein. Protein
content in all extracts was determined according to the method
of Lowry et al. (1951). Data were subjected to both equal and
unequal analysis of variance (ANOVA). Data were statistically
analyzed using statistical package (INDOSTAT, Hyderabad).

The specific activity (TIU/mg protein and CIU/mg
protein) was determined for each of the cultivar/accession of
soybean, chickpea, frenchbean, rice bean, catjang bean, lentil,
hyacinth bean, fieldpea, velvet bean, azuki bean and
mungbean. All the test cultivars/accessions of different
legume species were found to contain trypsin inhibitor activity
(TI) in different capabilities. Phaseolus spp. had significantly
higher TIU content as compared to Vigna spp., while there
was not much difference in CIU content between Vigna spp.
and Phaseolus spp. (Table 1). Among the Vigna species,
inhibitor content ranged from 8.03+0.27 in rice bean to
46.81+2.25 TIU/mg in catjang bean. The results obtained in
the present investigation can be compared with the results of
Srinivasan and Durairaj (2007) who reported that trypsin
inhibitors in rice bean was in the range of 682 to 3120 TIU/g.
The range of trypsin inhibitor of mungbean in present study,
varied from 12.96 to 51.75 TIU/mg. Similar results were reported
by Chattopadhyay et al. (2009) in different genotypes of
mungbean.

In azuki bean, the mean value of 83.9+4.07 TIU/mg was
observed which was at par with chickpea (80.87+7.89) and
soybean (76.52+5.96) and significantly higher than those
found for the other legumes. The lowest mean value of
5.50+6.44 TIU/mg as compared to other legumes was observed
in lentil (Table 1 and 2). The lowest TIU per mg was observed
in accessions of lentil and pea. Similarly, Bansal et al. (2011)
reported trypsin inhibitor activity in the range of 0.565 to 2.155
in different pea genotypes. In the present study, the different
accessions of underutilized legumes, velvet bean had lower
TIU/mg protein. The range of 10.14+1.06 to 18.39+0.93 was
observed in velvet bean (Table 2). However, the earlier reports
showed that high level of trypsin inhibitory activity in velvet
bean (Gurumoorthi et al. 2003, Vadivel and Janardhanan 2005).
The trypsin inhibitor activity from 13.48 to 65.43 TIU/mg protein
was observed in different legume species (Vadivel and
Janardhanan 2005).  In chickpea, the range was from 346.3 to
583.5 units/g in desi and 179.4 to 538.2 units/g in kabuli (Oberoi
et al. 2010).

In all the test legumes except rice bean, the mean content
of CIU was found less as compared to TIU content. The
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significantly highest mean chymotrypsin inhibitory activity
(CI) was recorded in azuki bean (27.81+0.80 CIU/mg), hyacinth
bean (26.62+1.38) followed by rice bean (18.64+0.51 CIU/mg).
In the present study, mungbean did not show any
chymotrypsin inhibitory activity. Similarly, Sumathi and
Pattabiraman (1976) reported devoid of anti-chymotryptic
activity in mungbean.

Azuki bean accessions possessed significantly highest
CIU/mg protein (44.41+0.71). The low content of CIU/mg was
found in different accessions of soybean (5.91 to 11.37 CIU/
mg), chickpea (4.29 to 5.80 CIU/mg), pea (1.10 to 11.93 CIU/
mg), velvet bean (3.44 to 7.00 CIU/mg) and lentil (2.12 to 5.77).
Whereas the range of  9.42 to 32.74 CIU/mg, 11.18 to 29.10
CIU/mg, 12.67 to 18.76 CIU/mg and 24.36 to 31.22 CIU/mg in
French bean, rice bean, catjang bean, hyacinth bean,

respectively. Significant difference was observed in different
accessions of different legume species studied except in
hyacinth bean. The values for CIU content are more or less in
agreement with those reported earlier by several workers in
other legumes species (Gurumoorthi et al. 2003, Pugalenthi et
al. 2005). But, Mulimani and Paramjyothi (1995) reported higher
CIU content of 83 units and the range of 25.67 to 65.90 CI
units/mg protein in cowpea (Theertha Prasad et al. 1996). The
chymotrypsin inhibitor activity of Mucuna bean appears to
be 9.76–10.9 CIU/mg (Siddhuraju and Becker 2001) and the
range in rice bean accessions varied from 314 to 883 CIU/mg
(Srinivasan and Durairaj 2007). The wide variation in trypsin
and chymotrypsin inhibitory activity indicated that it is
possible to search for genes from the different legume species
which is gaining momentum. It will make it possible to

Table 1. Trypsin and chymotrypsin inhibitor activity in different Vigna and Phaseolus species

Significance tested by LSD (P<0.05); values represent mean of three replications + SE

Table 2. Trypsin and chymotrypsin inhibitor activity in different food and underutilized legumes species

Significance tested by LSD (P<0.05); values represent mean of three replications + SE; **NS

TIU/mg 
(mean + SE) 

S. N. Legume Species 

Low Medium High 

CIU/mg 
(mean + SE) 

1. French bean  
(Phaseolus vulgaris L.) 

18.34+3.78 - 48.52+2.10 
(5 accessions) 

50.08+3.24 - 79.17+12.78 
(7 accessions) 

113.02+11.40 - 229.85+18.76 
(3 accessions) 

9.42+2.42 - 32.74+0.09 
(15 accessions) 

 Mean 64.17+7.70 15.94+0.83 
2. Azuki bean (Phaseolus 

angularis L.) 
- 72.96+2.95 - 98.20+5.63 

(8 accessions) 
104.63+2.71 - 149.11+22.77 

(7 accessions) 
12.20+0.58 – 44.41+0.71 

(15 accessions) 
 Mean 83.92+4.98 27.81+1.47 
3. Rice bean (Vigna umbellata 

(T.) Ohwi and Ohashi) 
8.03+0.27 - 30.30+6.63 

(31 accessions) 
- - 11.18+0.13 - 29.10+0.95 

(31 accessions) 
 Mean 17.31+0.53 18.64+0.51 
4. Catjang bean (Vigna 

unguiculata sub sp. 
cylindrica) 

27.41+1.91 - 46.81+2.25 

(3 accessions) 
- - 12.67+0.33 - 18.76+0.53 

(3 accessions) 

 Mean 33.92+3.40 15.70+0.90 
5. Mung bean (Vigna radiata 

(L.) 
12.96+0.37 - 37.87+0.88 

( 7 accessions) 
51.75+0.52 

(1 accession) 
- 

 Mean 27.88+2.47 

 
Chymotrypsin inhibitor 

activity absent 

 

TIU/mg 
(mean + SE) 

S. N. Legume Species 

Low Medium High 

CIU/mg 
(mean + SE) 

1. Soybean (Glycine max (L.) Merrill) 33.95+0.42 - 44.45+1.76 
(2 genotypes) 

58.93+2.95 - 82.45+2.41 
(4 genotypes) 

179.74+10.63 

(1 genotype) 
5.91+0.19 - 11.37+0.24 

 Mean 76.52+10.57 8.75+0.47 
2. Chickpea (Cicer arietinum L.) - 53.49+3.24 - 91.37+6.58 

( 3 genotypes) 
112.03+6.55 
(3 genotypes) 

4.29+0.39 - 5.80+0.36 

 Mean 80.87+7.15 5.02+0.23 
3. Lentil (Lens culinaris (L.) 4.32+0.06 - 7.32+0.28 

(6 accessions) 
- - 2.12+0.09 - 5.77+0.15 

(6 accessions) 
 Mean 5.50+0.25 3.64+0.37 
4. Hyacinth bean (Dolichos lablab L.) 36.00+2.81- 41.67+0.87** 

( 5 accessions) 
51.94+4.30 - 52.06+1.17** 

( 2 accessions) 
- 24.36+1.74 - 

31.22+0.98** 
 Mean 45.72+2.36 26.62+0.92 
5. Pea (Pisum elatus L.) 2.17+0.03 - 37.31+1.74 

(7 accessions) 
- - 1.10+0.02 - 11.93+0.17 

(7 accessions) 
 Mean 9.76+2.60 5.20+0.81 
6. Velvet bean (Mucuna pruriens) 10.14+1.06 -  18.39+0.93 

(12 accessions) 
- - 3.44+0.07 - 7.00+0.26 

(12 accessions) 
 Mean 15.27+0.37 5.46+0.18 
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incorporate such genes into cultivated varieties to introduce
resistance to insect pests, and also to breed different
genotypes with low antinutritional factors.
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Urdbean [Vigna mungo (L.) Hepper] is an important
legume crop grown in India. It is native to the North-Eastern
India-Myanmar region of Asia (Ranade and Gopalakrishna
2009). It is an important constituent of many popular Indian
food preparations such as idli, dosa and papadam. New
varieties of urdbean with several desirable characters such as
increase in yield, disease resistance, wider adaptability and
stress tolerance are being developed. Being of short duration,
this crop fits well in different cropping systems and is grown
under mono, mixed and multiple cropping systems during rainy,
spring and summer seasons under wider range of agro-climatic
condition, among the four major urdbean growing states viz,
Uttar Pradesh, Maharashtra, Madhya Pradesh and Karnataka
(Tomar et al. 2009).  In Madhya Pradesh, its cultivation is
mainly confined to Chhatarpur, Jhabua, Tikamgarh, Jabalpur
and Ashoknagar districts. In general, average productivity of
urdbean continues to be lower (336-386 kg/ha) mainly due to
its cultivation on marginal lands under poor management and
without inputs except seed. The major constraints responsible
for lower yield are inappropriate production technology viz.,
broadcast method of sowing, mungbean yellow vein mosaic
virus (MYMV) susceptible varieties such as ‘TAU-1’, ‘T-9’,
no use of fertilizer and untimely weed management. Shrivastava
et al. (1995) and Das et al. (1998) reported that the yield of
urdbean could be increased by 95-188% with adoption of
improved technologies such as improved varieties,
recommended dose of fertilizer, weed management and plant
protection. Keeping this in view, frontline demonstrations on
urdbean were conducted to demonstrate the production
potential and economic benefits of latest improved
technologies on farmers’ field.

Frontline demonstrations were conducted on 40 farmers’
fields of four adopted villages viz., Barath, Sukwa, Madarka
and Doriya of Chhatarpur district in Bundelkhand region of
Madhya Pradesh during kharif season of 2007-08 to 2009-10
under rainfed condition, on light to medium soil with low to
medium fertility status under urdbean - gram or urdbean -
wheat production system. Each demonstration was conducted
on an area of 1.0 acre (0.40 ha) and same area adjacent to the
demonstration plot was kept as farmer’s practice. The package
of improved technologies included MYMV resistant varieties,
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line sowing, integrated nutrient management and timely weed
control.  The varieties of urdbean ‘PU-19’ in 2007-08, ‘IPU-94-
1’ in 2008-09 and ‘JU-86’ in 2009-10 were included in
demonstrations. The spacing was at 30 x 10 cm sown between
July 10-18 in 2007-08, July 18-25 in 2008-09 and July 08-10 in
2009-10 with a seed rate of 20 kg/ha. Entire dose of N and P
through diammonium phosphate, SSP, urea and K through
murate of potash @ 20:60:20 kg/ha respectively, was applied
as basal before sowing. The seed were treated with fungicide
@ 2.5 g/kg seed then inoculated with Rhizobium and
phosphate solubilizing bacteria (PSB) each @ 20 g/kg of seed.
Hand weeding was done once at 20-25 days after sowing. The
crop was harvested during the last week of September to the
second week of October every year as per maturity of varities.

A total rainfall of 348, 779 and 623 mm was recorded in
32, 40, and 47 rainy days during the crop season of 2007-08,
2008-09 and 2009-10, respectively. However, heavy rainfall
(277.6 mm) was received in the first week of July (2008-09).
This caused an unusual delay in sowing during 2008-09 and
have lower productivity of urdbean. Chaudhary et al (1988)
also reported marked reduction in grain yield of urdbean due
to delay in sowing beyond 20thJuly. The late planted crop
finds relatively less time for plant growth and development.
The urdbean crop received 213.8 mm rains in 2008-09 at
maturity stage during first week of October. This caused seed
sprouting in the pod itself in standing crop condition which
lowered the productivity.

The productivity of urdbean in Chhatarpur district of
Madhya Pradesh in India under improved production
technology ranged between 450 and 930 kg/ha with mean
yield of 821 kg/ha. The productivity under improved
technology varied from 695 to 853, 450 to 681 and 756 to 930
kg/ha with a mean yield of 746, 556 and 802 kg/ha during 2007-
08, 2008-09 and 2009-10, respectively (Table 1) as against a
yield range between 395 and 495 kg/ha with a mean of 435
kg/ha under farmer’s practices (local check). The additional
yield under improved technologies over farmers practice
ranged from 161 to 387 kg/ha with a mean of 266 kg/ha. In
comparison to farmer’s practice, there was an increase of 33.6%,
28.0%  and 30.2% in productivity of urdbean under improved
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technologies in 2007-08, 2008-09 and 2009-10. The increased
grain yield with improved technologies was mainly because
of line sowing, use of MYMV resistant variety, integrated
nutrient management and timely weed management. Nazrul
Islam et al. (2004) reported that adoption of improved variety
increased productivity by 35% than local variety of urdbean.
Singh et al. (1999) obtained increased (9%) yield of urdbean
due to line sowing (30 x 10 cm) over broadcasting method of
sowing. Tomar (1998) reported that the application of balanced
fertilizer (20:60:20 NPK kg/ha) along with PSB increased yield
of urdbean by 97% over no fertilizer application. Hand weeding
once at 25 days after sowing produced 57% more yield over
no weeding (Yadav et al. 1998). Tomar et al (2009) reported
that average grain yield of 893 kg/ha which was 117% higher
than that obtained with farmer’s practice when improved
technology of urdbean was used.

The economic viability of improved technologies over
traditional farmers practices was calculated depending on
prevailing prices of inputs and output costs (Table 2). It was
found that cost of production of urdbean under improved
technologies varied from Rs. 7605 to 8510/ha with an average
of Rs. 7908/ha as against Rs. 5440 to 6635/ha with an average
of Rs. 5925/ha under farmers practice (local check). The
improved production technologies registered an additional
cost of production ranging from Rs. 1875 to 2170/ha with an
average of Rs. 1983/ha over local check. The additional cost
increased in the improved technologies was mainly due to
more cost involved in balanced fertilizer, improved seed and
weed management practices. Cultivation of urdbean under
improved technologies gave higher net return which ranged
from Rs. 9415 to 11045/ha, with a mean of Rs. 10399/ha as
compared to under farmers practices which recorded Rs. 4435
to 6783/ha with a mean of Rs. 5964/ha. There was an additional
net return of Rs. 4370 in 2007-08, 4980 in 2008-09 and 3995 in
2009-10 under demonstration plots. The improved
technologies also gave higher benefit cost ratio of 2.45, 2.24

and 2.26 compared to 2.17, 1.82 and 2.02 under local check in
the corresponding season. The results from the current study
clearly brought out the potential of improved production
technologies in rainfed condition of Madhya Pradesh in India.
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Table 1. Seed yield of urdbean as affected by improved and local practices in farmers’ fields
Yield (kg) 

Improved technology 
Year Area 

(ha) 
Demonstration  

(No.) 
Maximum Minimum Average 

Local check Additional yield  
(kg/ha)  

over local check 

% age increased  
in yield over  
local check 

2007-08 5.0 14 853 695 746 495 251 33.6 
2008-09 5.0 13 681 450 556 395 161 28.95 
2009-10 5.0 13 930 756 802 415 387 30.20 
Average 15 40 821 634 701 435 266 30.92 

 
Table 2. Economics of urdbean under different management practices

*Market price of urdbean during 2007-08, 2008-09 and 2009-10 were computed as Rs.2500, 3062 and 2400 per 100 kg, respectively

Total cost  of cultivation 
(Rs/ha) 

Net return  
(Rs/ha) 

B:C ratio Year 

Improved 
technology 

Local 
check 

Improved 
technology 

Local 
check 

Improved 
technology 

Local 
check 

Additional cost of 
cultivation  

(Rs/ha) 

Additional 
net  

return 
(Rs/ha) 

2007-08 7605 5700 11045 6675 2.45 2.17 1905 4370 
2008-09 7610 5440 9415 4435 2.24 1.82 2170 4980 
2009-10 8510 6635 10738 6783 2.26 2.02 1875 3955 
Average 7908 5925 10399 5964 2.32 2.00 1983 4435 

 



Journal of Food Legumes 24(4): 343-344, 2011

The industrial growth of guar or cluster  bean
(Cyamopsis tetragonoloba) is providing large amount of
protein which may be used as a potential source of vegetable
protein for human foods. However, guar has low utilization
and this has been partially attributed to inherent presence of
beany flavours, prolonged preparation and cooking required
prior to consumption, presence of several heat-stable and
heat labile anti-nutritional and/or toxic factors including
enzyme inhibitors like trypsins and saponins (Couch et al.
1966). Picking up guar pods at optimum stage of maturity
especially for vegetable purposes can take care of some of
these problems (Singh and Khetrapaul 2011). Guar can play
an important role in bridging the protein gap and meet the
demand for protein in developing countries with high
temperatures as this crop performs well in such environments
(Kumar 2005).

The present investigation was carried out to assess the
nutritional composition of four varieties of guar of two grain
type varieties: ‘HG 563’ and ‘FS 277’ and two vegetable type
varieties: ‘M 83’ and ‘PNB’ at 45 and 60 days of maturity. The
objective of this study was to use pods of these four varieties
of guar to develop value added products (potato-based and
black gram-based papad) from guar powder. The experiment
was conducted during the year 2005-06 at CCS Haryana
Agricultural University, Hisar. All four varieties of guar were
procured in a single lot at 45 and 60 days of maturity from
Forage Section of the University. After harvesting, guar pods
were washed thoroughly under running water and dried in
hot air oven at 650C till constant weight. Thereafter, dried
materials were ground to powder, sieved and packed in air

Preparation of blackgram and potato-based papad using dried guar pods powder
KANCHAN SINGH and NEELAM KHETRAPAUL

Department of Foods and Nutrition, College of Home Science, CCS Haryana Agricultural University,
Hisar - 125 004, Haryana, India; E-mail: dr.dhanpalsingh@gmail.com

(Received: February 11, 2010; Accepted: November 11, 2011)

tight plastic containers for further processing into value added
products from guar powder.

Dried guar pods powder was added separately in both
potato-based and black gram-based papad and two kinds of
papad were developed. Plain potato and plain black gram
papad were used as control for both types of papad. The
levels of guar pods powder incorporation used were as follows:

 30 per cent of guar pods powder at 45 days stage of
maturity + 70 per cent of potato.

 30 per cent of dried guar pods powder at 60 days stage
of maturity + 70 per cent of potato.

 30 per cent of dried guar pods powder at 45 days stage
of maturity + 70 per cent of black-gram.

 30 per cent of dried guar powder at 60 days stage of
maturity + 70 per cent of black-gram.

Various types of potato-based papad were prepared
from different varieties of guar pods. Plain blackgram and potato
papad were used as control for organoleptic evaluation. Both
the potato-based and blackgram based  papad prepared by
using guar powder were evaluated for the sensory quality
characteristics on a scale (1 to 9) ranging from “dislike
extremely” to “like extremely”. Four samples prepared from
different varieties of guar, picked up at two stages along with
control (without guar pods powder) were served to the
panelists at one session. They were asked to rate the
acceptability of the product on a scale (1 to 9). The evaluation
was done by a semi-trained panel of 10 judges from the
Department of Foods and Nutrition, CCSHAU, Hisar.

Table 1. Sensory evaluation scores on nine point hedonic scale
Black gram-based papad/varieties/stage of maturity Potato-based papad/varieties/stage of maturity 

HG 563 FS 277 M 83 PNB HG 563 FS 277 M 83 PNB 
Sensory 
quality 
characteristics 

Control 
45 

days 
60 

days 
45 

days 
60 

days 
45 

days 
60 

days 
45 

days 
60 

days 

Control 
45 

days 
60 

days 
45 

days 
60 

days 
45 

days 
60 

days 
45 

days 
60 

days 
Appearance 7.30 ± 

0.41 
6.60 ± 
0.16 

6.30 ± 
0.15 

6.40 ± 
0.16 

6.50 ± 
0.16 

7.30 ± 
0.30 

0.50 ± 
0.16 

6.80 ± 
0.13 

6.90 ± 
0.10 

7.30 ± 
0.30 

6.90 ± 
0.17 

6.00 ± 
0.21 

6.70 ± 
0.15 

5.90 ± 
0.17 

6.90 ± 
0.10 

6.40 ± 
0.16 

7.00 ± 
0.06 

6.70 ± 
0.15 

Flavour 7.02 ± 
0.27 

7.30 ± 
0.15 

6.50 ± 
0.16 

7.00 ± 
0.04 

6.50 ± 
0.16 

7.02 ± 
0.27 

6.70 ± 
0.15 

7.00 ± 
0.14 

6.90 ± 
0.10 

7.02 ± 
0.27 

6.90 ± 
0.17 

6.20 ± 
0.13 

6.90 ± 
0.10 

5.90 ± 
0.27 

7.10 ± 
0.16 

6.40 ± 
0.16 

7.20 
±0.13 

6.80 ± 
0.13 

Texture 7.26 ±0.28 7.40 ± 
0.16 

6.60 ± 
0.16 

7.30 ± 
0.15 

6.40 ± 
0.16 

7.26 ± 
0.28 

6.50 ± 
0.16 

6.50 
±0.16 

6.90 ± 
0.12 

7.26 
±0.28 

7.20 ± 
0.13 

6.20 ± 
0.13 

7.10 ± 
0.17 

6.00 
±0.10 

7.30 ± 
0.15 

6.40 ± 
0.16 

7.00 
±0.09 

6.40 ± 
0.13 

Overall 
acceptability 

7.21 ± 
0.19 

7.20 ± 
0.07 

6.42 ± 
0.08 

6.94 ± 
0.06 

6.42 ± 
0.10 

7.21 ± 
0.19 

6.54 ± 
0.06 

6.96 ± 
0.04 

6.86 ± 
0.04 

7.21 ± 
0.19 

6.94 ± 
0.06 

6.20 ± 
0.08 

6.90 ± 
0.04 

6.02 ± 
0.08 

7.02 ± 
0.05 

6.44 
±0.08 

7.10 ± 
0.05 

6.78 ± 
0.06 
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The most acceptable products were selected for analysis
in terms of proximate composition which was done by using
AOAC (1995) methods and total minerals were also analysed.

The overall acceptability of all types of blackgram-based
papads were ‘slightly desirable’ except for ‘HG 563’ (45 days)
which was in the category of ‘moderately desirable’. In terms
of flavour and texture, potato papads prepared with guar
powder at optimum stage (60 days) were significantly (P <
0.05) different from that of control (Table 1). The general
acceptability decreases from ‘moderately desirable’ to ‘slightly
desirable’ as the stages of maturity increases. Nutrient
composition of blackgram-based and potato types of papad
is given in Table 2. It was found that with increase in maturity
the fibre content also increased. Moisture content of different
types of blackgram-based papad incorporating guar powder
varied from 8.16 to 8.6 per cent and the moisture content of
different types of potato-based papad ranged from 13.07 to
14.18 per cent. Among the various guar varieties, grain type
‘HG 563’ (60 days) contributed the highest protein content
(18.68 %). In both the grain and vegetable guar cultivars, the
papad prepared by adding guar pods powder of 60 days
maturity had higher contents of fat, ash and crude fibre than
plain potato and plain black gram papads. Crude protein (%)
was higher in grain and vegetable type potato papads and
the per cent protein increased with maturity. The calcium
content of potato-based papad increased as the guar pods of
higher maturity were incorporated in the products. Black gram-
based and potato-based papad prepared by supplementing
guar powder at 30 per cent level enhanced the Ca content in
comparison to the control papad. Higher Fe content was
present in grain and vegetable type cultivars compared to
blackgram papad.

Mudgil et al. (2011) have previously reported on the
usefulness of guar gum on several food products, for example
chapatti, bread, yogurt, cake, ice cream, baked goods and
tomato ketchup. Role of guar on papad improvement is

another food application of guar. Our results showed an
increase in fibre content with amount of gum. This may provide
health benefits in consumption of such papad through
significant reductions in total and LDL-cholesterol, control of
diabetes, and obesity (Butt et al. 2007). Guar gum ingestion
has also been reported to increase calcium absorption (Hara
et al. 1999), besides this, guar gum contains higher iron content
than other beans and peas (Bhardwai and Eitenmiller 1991)
suggesting further health benefits of guar in papad.

It can be concluded from our study that these papads
have ranged from ‘slightly desirable’ to ‘moderately desirable’
in sensory evaluation scores, provide good amount of protein,
crude fibre and minerals such as calcium and iron.
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Table 2. Effect of varietal differences and stage of maturity on proximate composition and total calcium and iron of Black gram-
based and potato-based papad containing guar powder (% on dry matter basis)

Products Moisture  
(%) 

Crude protein 
(%) 

Fat  
(%) 

Ash  
(%) 

Crude fibre 
(%) 

Calcium  
(mg/100 g) 

Iron  
(mg/100 g) 

Black gram-based papad        
Control (without guar powder) 8.42 ± 0.08 19.21 ± 0.09 13.18 ± 0.04 2.07 ± 0.04 1.30 ± 0.03 104.0 ± 0.08 1.25 ± 0.10 
Grain type        
HG 563 (45 days) 8.36 ± 0.04 18.39 ± 0.03 13.27 ± 0.03 2.93 ± 0.03 2.09 ± 0.06 110.02 ± 1.00 1.70 ± 0.15 
HG 563 (60 days) 8.16 ± 0.01 18.68 ± 0.02 13.71 ± 0.03 3.23 ± 0.07 2.65 ± 0.05 112.38 ± 1.01 2.40 ± 0.05 
Vegetable        
PNB (45 days) 8.60 ± 0.03 18.18 ± 0.04 13.37 ± 0.07 2.56 ± 0.14 1.79 ± 0.03 103.50 ± 0.50 1.45 ± 0.15 
PNB (60 days) 8.23 ± 0.05 18.49 ± 0.04 13.56 ± 0.04 3.07 ± 0.04 2.28 ± 0.08 111.00 ± 1.00 1.70 ± 0.10 
Potato-based papad        
Control (without guar powder) 14.08 ± 0.08 2.13 ± 0.04 5.85 ± 0.12 1.33 ± 0.03 1.06 ± 0.04 40.05 ± 0.65 0.98 ± 0.03 
Grain type        
HG 563 (45 days) 14.16 ± 0.01 4.04 ± 0.02 6.38 ± 0.03 2.59 ± 0.02 3.07 ± 0.01 67.22 ± 1.11 1.00 ± 0.08 
HG 563 (60 days) 13.07 ± 0.17 6.84 ± 0.01 6.79 ± 0.06 2.93 ± 0.03 3.31 ± 0.09 72.32 ± 1.38 1.03 ± 0.02 
Vegetable type        
PNB (45 days) 14.18 ± 0.08 3.81 ± 0.06 6.02 ± 0.01 2.27 ± 0.03 2.37 ± 0.01 66.21 ± 2.28 0.63 ± 0.01 
PNB (60 days) 13.68 ± 0.05 6.49 ± 0.02 6.20 ± 0.03 2.79 ± 0.04 3.14 ± 0.12 71.62 ± 0.58 0.82 ± 0.02 
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Journal of Food Legumes (formerly Indian Journal of Pulses
Research) publishes original papers, short communications
and review articles by renowned scientists, covering all areas
of food legumes research. The paper should not have been
published or communicated elsewhere. Authors will be solely
responsible for the factual accuracy of their contribution.
Language of publication is English (British).
Please send your manuscript to following address:
Secretary
ISPRD
Indian Institute of Pulses Research
Kalyanpur, Kanpur 208 024, India
Email: secretary.isprd@gmail.com
Manuscript must be submitted through e-mail. You should
also submit a hard copy of your manuscript for our official
record. Besides author(s) is required to submit a certificate
that the paper is exclusive for Journal of Food Legumes.
Manuscripts must conform to the Journal style (see the latest
issue). Correct language is the responsibility of the author.
After having received your contribution (date of submission),
there will be a review process before the editorial board takes
decision regarding acceptance for publication. One copy of
the revision together with the original manuscript must be
returned to the subject editor or Secretary. The submitted
paper must be one complete word document file comprising a
title page, abstract, text, references, tables, figure legends and
figures. When preparing your text file, please use only Times
New Roman for text (12 point, double spacing) and Symbol
font for Greek letters to avoid inadvertent character
substitutions.
Format
Every original paper should be divided into the following five
sections: ABSTRACT, Key words, INTRODUCTION,
MATERIALS AND METHODS, RESULTS AND
DISCUSSION, and REFERENCES. The manuscript should be
typed on one side of the paper only, double spaced, and with
4-cm margins with page and line numbers. The main title must
be capital bold. Subheading must be bold italic and Sub-sub
heading normal italic.
At the head of the manuscript, the following information
should be given: the title of the paper, the name(s) of the
author(s), the institute where the research was carried out,
the present addresses of the authors (foot note) and of the
corresponding author (if different from above Institute).
Authors are required to provide running title of the paper.
You must supply an E-mail address for the corresponding
author.
The abstract should contain at least one sentence on each of
the following: objective of investigation (hypothesis, purpose,
aim), experimental material, method of investigation, data
collection, result and conclusions. Maximum length of abstract
is 175 words. Up to 10 key words should be added at the end
of the abstract and separated by comma. Key words must be
arranged alphabatically (e.g., EMS, Gamma ray, Mungbean,
Mutations, Path coefficient, ......).
Each figure, table, and bibliographic entry must have a
reference in the text. Any correction requested by the reviewer
should also be integrated into the file.
Manuscript file including tables must be in MS Word and
Windows-compatible and must not contain any files other
than those for the current manuscript. Please do not import
the figures into the text file. The text should be prepared using
standard software (Microsoft Word); do not use automated
or manual hyphenation.

Length

Manuscripts should not exceed a final length of 15 printed
pages, i.e., 5,000 words, including spaces required for figures,
tables and list of references. Manuscripts for short
communications should not exceed 3000 words (3 printed
pages, with not more than a total of 2 figures or tables).

Units,  abbreviations and nomenclature

For physical units, unit names and symbols, the SI-system
should be employed. Biological names should be given
according to the latest international nomenclature. Botanical
and zoological names, gene designations and gene symbols
are italicised. Yield data should be reported in kg/ha. The name
of varieties or genotypes must start and end with single
inverted comma (e.g., ‘Priya’,  ‘IPA 204’, ......).

Tables and Figures

Tables and figures should be limited to the necessary minimum.
Please submit reproducible artwork. For printing of coloured
photograph, authors will be charged Rs. 4000/- per
photograph. It is essential that figures are submitted as high-
resolution scans.

References

The list of references should only include publications cited
in the text. They should be cited in alphabetical order under
the first author’s name, listing all authors, the year of
publication and the complete title, according to the following
examples:
Becker HC, Lin SC and Leon J. 1988. Stability analysis in plant
breeding. Plant Breeding 101: 1-23.
Sokal RR and Rholf  FJ. 1981. Biometry, 2nd Ed. Freeman, San
Francisco.
Tandon HLS. 1993. Methods of Analysis of Soils, Plants, Water
and Fertilizers (ed). Fertilizer Development and Consultation
Organization, New Delhi, India. 143 pp.
Singh DP. 1989. Mutation breeding in blackgram. In: SA Farook
and IA Khan (Eds), Breeding Food Legumes. Premier
Publishing House, Hyderabad, India. Pp 103-109.
Takkar PN and Randhawa NS. 1980. Zinc deficiency in Indian
soils and plants. In: Proceedings of Seminar on Zinc Wastes
and their Utilization, 15-16 October 1980, Indian Lead-Zinc
Information Centre, Fertilizer Association of India, New Delhi,
India. Pp 13-15.
Satyanarayan Y. 1953. Photosociological studies on calcarious
plants of Bombay. Ph.D. Thesis, Bombay University, Mumbai,
India.
In the text, the bibliographical reference is made by giving the
name of the author(s) with the year of publication. If there are
two references, then it should be separated by placing ‘comma’
(e.g., Becker et al. 1988, Tandon 1993). If references are of the
same year, arrange them in alphabatic order, otherwise arrange
them in ascending order of  the years.
While preparing manuscripts, authors are requested to go
through the latest issue of the journal.

Instructions to Authors
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