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Abstract
Mungbean (Vigna radiata (L.) Wilczek), also known as greengram, is the most widely culti
vated Asian Vigna species. Improved mungbean cultivars have a narrow genetic base that
limits yield potential and they are poorly adapted to varying growth conditions in different
agro-ecological conditions. The genetic potential of landrace germplasm accessions in gene
banks therefore. needs to be better exploited. Germplasm core collections are made of a
reduced set of representative accessions from the entire diversity maintained by genebanks.
This subset of accessions can be used for testing general combining ability with local germ
plasm in the search for yield enhancement. Core collections also help breeders in selecting
parental material that could maximize potential genetic gain from derived hybrid populations.
At the National Bureau of Plant Genetic Resources (NBPGR), India, genetic enhancement/pre
breeding studies in mungbean have been initiated involving diverse parents mainly from the
cultivated gene pool, using the Bureau's core collection as starting material. Germplasm
enhancement aims at widening the genetic base of breeding materials by transferring desired
genes from unimproved germplasm into enhanced varieties. Mild and decentralized selected
material was maintained in target sites across the country. A total of 102 progenies were
advanced to Fs for further selection and use by the breeders in Delhi. The genetic potential
of a few selected enhanced progenies with desired plant types and better yield-related traits
is presented in this paper. The study clearly demonstrates the potential of germplasm acces
sions conserved in genebanks for use in large-scale base-broadening efforts in mungbean.
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Introduction

Mungbean (Vigna radiata (L.) Wilczek), also known as
greengram, is one of the most important pulses in Asia.
It is the most widely distributed grain legume of the six
Asian Vigna species and represents an important source
of dietary protein in South and South-East Asia, where
consumption of animal protein is relatively low. It is
used primarily as dahl (whole, split or husked beans).
Preparations such as weaning foods (porridge, dry

*Corresponding author. E-mail: bishtis@nbpgr.delhi.nic.in

mix), snacks (deep fried, crunchies, cookies, breakfast
bun), sprouts, noodles, biscuits and textured meat are
also made from it. Green pods are cooked as vegetables.
The seed coat and broken decorticated cotyledons are
fed to livestock and poultry. The dried straw, including
the pod shells, is fed to dairy animals. Due to its popular
ization in non-conventional regions, seasons and crop
associations, the area under its cultivation in India has
risen considerably in recent years. Unlike cereals and
other pulses, the mungbean-growing area has doubled
in the last 25 years with an annual rate of 2.50/0 (Kim,
1994). This growth is very likely to continue because its
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short growth duration makes it suitable for various crop
ping systems and is much favoured in Asia.

India accounts for about two-thirds of total global
mungbean production (Verma and Brar, 1994). Most
mungbean cultivars used today in India are largely
photosensitive, indeterminate with low harvest index
and low grain yield (Tickoo et al., 1988, 1994). The
improved varieties developed in earlier phases were
invariably pure line selections from local germplasm.
The proportion of the improved varieties developed
through hybridization or mutation breeding has
increased in recent years. These varieties have, however,
a narrow genetic base caused by several bottlenecks
during domestication, by migration or epistatic and dis
ease effects. Grain legumes have been grown tradition
ally on marginal lands of low fertility. Thus, even
though different species of Vigna and other pulses
were domesticated several thousand years ago, they are
still grown in India in edaphic conditions which are not
very different from those in their native habitats. As a
result, natural selection has continued to play a major
role in the evolution of these crops even after domesti
cation (Jain and Mehra, 1978).

In a recent study (Lakhanpaul et al., 2000), based on
randomly amplified polymorphic DNA (RAPD) analysis,
the extent of polymorphism in modern Indian mungbean
cultivars was found to be moderate to low, and the close
similarity between cultivars could be explained by a high
degree of commonness in their pedigrees. The narrow
genetic base of mungbean cultivars, therefore, empha
sizes the need to exploit a larger number of germplasm
accessions having diverse morpho-agronomic traits in
cultivar improvement programmes. It is widely accepted
that any future sustainable increase in crop productivity
will require, amongst other things, an increased use of
plant genetic resources, through plant breeding. Yet
despite the great amount of diversity assembled in collec
tions and available in situ, a lack of diversity/variation
within the particular pools of genetic resources is
encountered. Base-broadening programmes are therefore
important in maintaining or increasing current levels of
diversity to the benefit of breeders, farmers and other
users.

The National Bureau of Plant Genetic Resources
(NBPGR), New Delhi, maintains over 2500 accessions of
mungbean. Earlier analyses have shown extensive varia
bility for various morphological and yield-related traits
(Kawalkar et al., 1996; Bisht et al., 1998a, b). While offer
ing opportunities for base-broadening efforts, the large
number of accessions involved is itself a disincentive
for exploitation. A core collection strategy offers a more
attractive and affordable approach. This paper explores
the use of such a strategy for genetic base-broadening
of mungbean. We hope that this work will provide the
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basis for a large-scale genetic base-broadening exercise
in mungbean by utilizing the full range of diversity in
the existing gene pool.

Materials and methods

To constitute the core collection, 152 mungbean acces
sions were extracted from 1532 indigenously collected
materials, using a Principal Component scoring strategy
(Bisht et al., 1998b). Of these, 34 unadapted farmers'
landraces were chosen (Table 1) for intercrossing in var
ious combinations. These parental lines represented
locally grown genotypes from different agro-ecological
regions of the country and lacked wider adaptability pri
marily due to photoperiod- and thermo-sensitivity, but
possessed certain desirable traits such as resistance/toler
ance to biotic/abiotic stresses, plant morphology and
quality. Only 15-20% of the diversity of the existing
mungbean landraces in the genebank were used in the
present study.

The selected landraces were used as parents of segre
gating populations. During the 1998 and 1999 cropping
seasons, 132 crosses were made in various combinations
between the core collection materials and some well
adapted location-specific improved cultivars (K-841,
SML-244, ML-515, Ganga-I, Pusa-9531, TAP-7, PS-16,
ML-267, ML-613 and Co-3). A weak and progressively
decentralized selection regime was applied in four
target environments: the University of Agricultural
Sciences, Dharwad, and three NBPGR centres-Cuttack,
Amravati and Delhi, in order to exploit genotype X

environment interaction and develop location-specific
improved germplasm.

At Delhi, the F2 progenies were grown in replicated
trials (two replications) using a randomized block
design. Desired types were selected for further advance
ment in F3. Further selections were made within repli
cated F3 progeny trials. The identity of each of the
selected F2 plant progenies was maintained in the later
generations. During the F3 generation not all the pods
were picked from the selected plants for further progeny
advancement. The remaining pods of the selected plants
were bulk harvested together with the leftover plants.
Since mungbean can be successfully grown both in
spring/summer (March to June) and the rainy season
(July to October), two generations could be advanced
in one year at Delhi. Selected progenies were advanced
to F4 and further selections were made in F4. Selected
F2-derived Fs progeny lines were grown in a replicated
(three replications) randomized block design, adopting
recommended agronomic practices both during spring/
summer and the rainy cropping season of 2002 at Delhi.
The performance of these progenies was compared with
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the check varieties particularly for yield and other desired
agronomic traits. The range of variation in Fe-selected
progeny lines and correlation between various yield
related quantitative traits were also computed using the
MSTATC Statistical Package (developed at the Michigan
State University, USA). The yield performance of selected
Fs progenies with wider adaptability and desirable plant
types was assessed. The F2-derived Fs family means
were compared with F2 bulk progeny means and realized
genetic gains (Falconer, 1989) were computed for yield
related traits.

Data obtained from the Delhi trials are presented in
this paper. At other locations the segregating populations
are being advanced for developing location-specific
enhanced germplasm, maintaining mild selection, on a
longer time-scale of 8-10 years.

Results

From the crossing programme, over 350 individual F2

plants were selected. Further selections were made in
F3, and 103 F3 selections were advanced to F4 and Fs.
The range of variation for the yield-related traits of the
enhanced Fs progeny lines grown at Delhi during the
2001 cropping season (both spring/summer and rainy)
were assessed. The data presented in Table 2 (for rainy
season trials) show good variation for various quantitat
ive yield-related traits for selection by the breeders. The
correlation matrix between various pairs of characters is
presented in Table 3. The number of clusters per plant
is significantly and positively correlated to pod length,
number of pods per plant and seed yield. Pod length is
significantly and positively correlated to number of
seeds per pod, 100-seed weight and seed yield. Days to
flower is negatively correlated to seed yield.

At all locations, desirable types have been advanced for
developing improved adapted germplasm for use by the
breeders. At Delhi, progenies with early maturity and
resistance to biotic stresses and reasonably good yield
were advanced to Fs. Major emphasis has been given to
grain yield which depends on number of pods per plant,
number of seeds per pod and 100-seed weight, number
of branches, number of functional nodes, capacity to
bear flowers and pod-setting rate. A faster vegetative
growth during the pre-flowering stage, indicating high
dry matter accumulation and higher leaf area index, was
monitored by tracking plant height at flowering. Attempts
were also made to select progenies/plant types with deter
minate habit and synchronous maturity. Plants that
retained healthy leaves until grain filling was complete
were also selected. Suitable plant types were selected for
developing ideotypes of different maturity groups ranging
from 60 to about 90 days to allow the development of
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cultivars for different cropping systems/crop combi
nations. Determinate uniformly maturing plant types
were selected to develop ideotypes producing uniform
seed quality for all maturity durations.

The performance of 12 superior Fs lines which per
formed well with respect to yield and other agronomically
desired traits (including low susceptibility to mungbean
yellow mosaic virus) under Delhi conditions in both the
spring/summer and rainy seasons are presented in Table
4. This shows that most of these selections out-performed
the check varieties used in both seasons for seed yield and
other related traits. A substantial realized genetic gain was
achieved for certain yield-related traits (Table 5). In par
ticular, significant progress was made for the number of
clusters per plant (up to 51%), number of pods per
plant (up to 98%) and grain yield (up to 730/0). Marginal
gains for some other traits (number of seeds per pod
and 100-seed weight) were also recorded.

Discussion

In the present study, germplasm enhancement activities
were undertaken utilizing a selected portion of the exist
ing diversity in the cultivated primary gene pool to illus
trate the value of a core collection as an initial starting
material for a large-scale base-broadening programme.
Such large-scale incorporation programmes represent
long-term investments. An understanding of the criteria
and indicators of genetic bottlenecks will give useful
pointers towards the design of a suitable base-broaden
ing approach. Critical assessments of the state of diversity
of the crop, and of the state of use of diversity of the
crop, would help to provide a more objective basis for
determining future needs and priorities (Cooper et al.,
2001; Spillane and Gepts, 2001; Spoor and Simmonds,
2001). Such assessments can include comparative assess
ments of the total genetic diversity in the crop taxa with
that available in the primary gene pool; a comparative
assessment of genetic diversity present in the primary
gene pool with that present in both in situ and ex situ
genebanks and in breeding pools; an examination of
the extent of diversity actually utilized in breeding pro
grammes; and an estimation of the proportion of such
genetic diversity used in breeding programmes actually
available to farmers in the full range of geographical
areas and for the full range of purposes.

Much genetic variation relevant for breeding for higher
productivity may have been lost during the development
of current populations of mungbean (Jain, 1975). This
loss has largely been directed by the force of natural
selection, even after crop domestication, which favours
alleles responsible for tolerance to biotic/abiotic stresses.
However, such useful variation may not have been
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Table 3. Correlation matrix of quantitative yield-related traits for enhanced Fs progenies

I. S. Bisht et al.

No. of
Days to Days to clusters No. of pods Pod No. of seeds 1DO-seed Yield

Characters flowering maturity per plant per plant length per pod weight per m2

Days to flowering 1.00
Days to maturity 0.69** 1.00

(0.52**)
No. of clusters 0.01 0.09 1.00

per plant
(0.02) (0.06)

Pod length (em) -0.19 0.01 0.41 ** 1.00
(-0.17) (0.03) (0.17)

No. of pods -0.03 -0.18 0.26* 0.01 1.00
per plant

(-0.12) (-0.14) (0.18) (0.03)
No. of seeds 0.08 0.05 0.19 -0.04 0.36** 1.00

per pod
(0.06) (0.01) (0.12) (0.07) (0.23*)

1DO-seed weight -0.23 -0.19 -0.29* 0.02 0.50** -0.07 1.00
(-0.13) (-0.13) (-0.13) (0.04) (-0.18) (-0.02)

Yield per m2(g) - 0.34** -0.22 0.36** 0.45** 0.26* 0.07 0.27* 1.00
(0.21) (-0.18) (0.23) (0.23*) (0.12) (0.03) (0.12)

*P < 0.05; **P < 0.01. Correlation coefficients of F2 base populations are shown in parentheses for comparison.

irretrievably lost, as it is probably still present, perhaps at
low frequency, in scattered populations from different
agro-ecological conditions. The core collection is a repre
sentative set of germplasm accessions from different
agro-ecological regions of the country and hence can
be expected to contain a reservoir of alleles, which may
contribute to higher yield levels under improved levels
of agronomic management. But in order to capture
these alleles, an extensive hybridization programme,
using parental lines that are genetically and geographi
cally diverse, is necessary.

Most of the indigenous landraces in mungbean were
collected during the late 1960s and early 1970s. The land
race germplasm has sufficient variability for morphologi
cal characters (Bisht et al., 1998b). In the present study,
landrace germplasm accessions with local adaptation
(but largely unadapted in other environments) have
been used. These accessions, however, do not reflect
the full range of variability available for most of these
traits present in the core collection. There is still plentiful
variability available for future use in large-scale base
broadening programmes.

The data derived from trials at Delhi have been
presented here in order to demonstrate the potential of
genebank-conserved accessions for germplasm enhance
ment. Selection of F2-derived superior progenies was
made in F3 for further advancement to F4 and Fs. The
F3 bulks and selected F4 progenies are now available
for distribution to breeders and other users in the
national mungbean improvement programmes. Multi
location testing of the selected F3 progeny lines and
selected F3 bulks may provide an opportunity to the

breeders for selection of suitable plant types for develop
ing location-specific ideotypes by adopting appropriate
selection strategies.

The range of variation (Table 3) for various quantitative
yield traits shows that there is much variation present in Fs
progenies for further selection by breeders, particularly
for number of pod-bearing clusters per plant, pods per
plant, pod length and 100-seed weight. Correlation
studies (Table 3) of the enhanced Fs progenies reveal
that the number of clusters per plant is positively corre
lated to pod length, number of pods per plant and seed
yield. Pod length is significantly and positively correlated
to number of seeds per pod, 100-seed weight and seed
yield. These correlations can provide useful criteria for
the indirect selection of high-yielding types. Days to flow
ering was highly correlated to maturity and negatively cor
related to seed yield. Flowering time is a direct measure of
the length of the vegetative phase. During this phase, the
plant establishes the size of the source used during the
reproductive phase to determine grain yield. However,
too long a vegetative period can have an adverse effect
on grain productivity (Bisht et al., 1998a).

A number of Fs selections show enhanced adaptability
as they performed well in both the spring/summer and
rainy seasons. Derivatives also performed well in unrepli
cated trials at other locations, suggesting their inheritance
of wide adaptability (materials are available for further
selection, on request). These materials achieved a sub
stantial genetic gain over the base population (F2) , par
ticularly with respect to cluster number, pods per plant,
100-seed weight and grain yield. Direct selection for
yield per se was more efficient than selection on the
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Table 5. Realized genetic gain" (%) in some yield-related traits of selected F2-derived Fs progeny means over F2 bulks for a
few promising crosses

Selected r, progenies No. of clusters No. of pods No. of seeds 100-seed Grain yield
S. No. from promising crosses per plant per plant Pod length per pod weight per m2

1 IC-615-5 X PLM- 891 29.0 98.0 19.0 11.0 3.0 67.2
2 IC-8917 X PLM-891 29.5 47.7 3.6 11.0 8.1 52.8
3 IC-8952-3 X PLM-694 22.0 29.7 5.9 13.0 8.7 53.2
4 PLM-32 X PLM-891 34.3 26.7 9.4 1.5 9.4 41.5
5 PLM-32 X PLM-777 36.3 75.0 2.5 10.0 9.4 52.3
6 PLM-562 X IC-l0184-4 20.2 64.0 2.8 10.0 8.6 48.1
7 PLM-619 X PLM-32 32.0 43.0 11.7 12.1 2.8 58.8
8 PLM-666 X PLM-231 51.0 43.0 20.0 12.4 5.5 40.7
9 PLM-666 X PLM-734 35.3 43.3 5.4 10.1 9.8 46.6
10 PLM-694 X PLM-334 26.0 41.7 10.0 12.5 10.3 73.3
11 PLM-759 X PLM-334 26.0 39.3 3.6 11.1 9.5 55.3
12 PLM-884 X IC-24789 21.3 52.0 1.8 11.1 15.9 36.4

a The data from rainy season trials were used for computing realized gain.

basis of any other individual character alone. The esti
mates of genetic gain and the correlations among charac
ters indicate that in order to realize an effective selection
advance in mungbean, cluster number, pods per plant
and 100-seed weight should be considered together.

The present demonstration has revealed that enhanced
progenies, F3 bulks and selected F4 progeny lines may be
attractive to plant breeders due to their greater potential
for direct use in a breeding programme than the original
unimproved/unadapted sources. The core collections are
useful instruments to assist germplasm enhancement by
providing diverse parents for intercrossing.
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