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Mungbean and Urdbean Breeding
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Mungbean (Vigna radiata) and urdbean (Vigna mungo) are important pulse crops widely
cultivated in India and other Asian countries due to their high protein content, short growth
duration, adaptability, and suitability for diverse cropping systems. Besides contributing to food
and nutritional security, they improve soil fertility through biological nitrogen fixation and are
extensively used in intercropping and rice-fallow systems. Both crops originated in the Indian
subcontinent and belong to the family Fabaceae. They are self-pollinated diploid species (2n =
22) with seeds containing 22-28% protein along with essential carbohydrates, minerals,
vitamins, and bioactive compounds. Conserved germplasm and wild relatives provide valuable
genetic resources for improving resistance to diseases, insect pests, and abiotic stresses.
Breeding efforts focus on developing high-yielding, early-maturing, climate-resilient cultivars
with improved nutritional quality, desirable plant architecture, lodging and pod shattering
resistance, and suitability for mechanized harvesting. Major breeding targets include resistance
to yellow mosaic disease, powdery mildew, Cercospora leaf spot, anthracnose, bruchids, stem
fly, and tolerance to drought, heat, salinity, cold, and waterlogging. Recent advances in
genomics, molecular breeding, marker-assisted selection, genome-wide association studies,
genomic selection, CRISPR/Cas genome editing, and high-throughput phenotyping have
accelerated crop improvement. Integrating these approaches with conventional breeding will
facilitate the development of high-yielding, nutritionally superior, and climate-smart cultivars
to ensure sustainable pulse production and food security.
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Introduction
Economic importance of mungbean and urdbean

Mungbean (Vigna radiata (L.) Wilczek) and urdbean (Vigna mungo (L.) Hepper), commonly known as green
gram and black gram, respectively are among the most significant pulse crops cultivated in India and several
Asian countries. Both crops play an important role in ensuring food and nutritional security, supporting rural
livelihoods, and promoting sustainable agriculture due to their rich nutritional composition, short crop
duration, adaptability, and suitability for diverse cropping systems (Nair et al., 2019). Mungbean has
considerable commercial importance owing to its utilization as dry grains, sprouts, noodles, and processed
food products; while urdbean is highly valued in traditional fermented foods and for its superior protein
quality and lysine-rich amino acid composition, which effectively supplements cereal-based diets. Both crops
are also agronomically important due to their ability to fix atmospheric nitrogen through symbiotic
relationship with Rhizobium, which enhances soil fertility and reduces the need for chemical fertilizers.
Additionally, their short duration and drought tolerance make them suitable for intercropping, rice-fallow
cultivation, and multiple cropping systems. Mungbean and urdbean are used as green manure, fodder, and
catch crops, contributing to enhanced soil health, cropping intensity, and farm profitability (ICAR-IIPR,
2023).

Origin and domestication

Mungbean and urdbean are closely related pulse crops that are considered to have originated from the Indian
subcontinent. Archaeobotanical evidence supports their indigenous origin, as charred grains of both crops
have been recovered from the Chalcolithic site of Navdatoli (1500-1000 BC), while carbonized remains of
their wild forms were reported from Daimabad, Maharashtra (2200-1000 BC) (Kajale, 1974). The India-
Myanmar region is recognized as a major centre of diversity for the genus Vigna, and classical studies by de
Candolle (1884) and Vavilov (1926) identified India as the primary centre of origin. India continues to
harbour an extensive diversity of both cultivated and wild forms of genus Vigna (Chandel et al., 1984; Singh
etal., 1974).

Evidence suggests that both crops were domesticated from their corresponding wild forms, V. radiata var.
sublobata Verdc. and V. mungo var. silvestris (Lukoki et al., 1980). Although earlier considered variants of
a single species, they were later recognized as distinct species based on morphological and biochemical
differences (Singh, 1982). Domestication involved selection for desirable traits such as erect growth habit,
photoperiod insensitivity, increased pod number, and higher seed yield, while undesirable wild traits,
including pod shattering, hard seed coat, and asynchronous maturity, were progressively eliminated. Urdbean
is estimated to have been domesticated about 4,500 years ago in India, particularly in Gujarat and the northern
peninsular region, followed by its spread to Myanmar and Thailand (Chandel et al., 1984; Verma et al., 2022).
Mungbean domestication is associated with the India—Myanmar region, where extensive polymorphism in
wild forms facilitated diversification and evolution of cultivated types (Singh, 2014).

Taxonomy and Classification

Mungbean and urdbean are important grain legumes belonging to the family Fabaceae (Leguminosae),
subfamily Faboideae and tribe Phaseoleae. Both are self-pollinated diploid species with a chromosome
number 2n = 22 (Jansen, 2006; Heuzé et al., 2015; Heuzé et al., 2016). Taxonomically, both crops belong to
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the subgenus Ceratotropis, which also includes moth bean (Vigna aconitifolia), adzuki bean (Vigna
angularis), and rice bean (Vigna umbellata) (Kaewwongwal et al., 2015). Earlier, these pulse crops were
classified under the genus Phaseolus because of their close morphological resemblance. However,
morphological, cytogenetic, and chemotaxonomic studies confirmed them as distinct species with separate
evolutionary lineages (Chandel et al., 1984). Consequently, several Asiatic pulse crops were transferred from
Phaseolus to Vigna following the classification reported by Maréchal et al. (1978). The phylogenetic
relationships among important species of the genus Vigna are presented in Figure 1. The accepted botanical
names are therefore Vigna radiata (L.) Wilczek for mungbean and Vigna mungo (L.) Hepper for urdbean.
The taxonomic classification hierarchy of mungbean and urdbean from kingdom to intraspecific varieties is
presented in Figure 2.
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Figurel. Phylogenetic classification of species belonging to the genus Vigna
(adapted from Takahashi & Tomooka, 2020)

Vigna radiata

Several intraspecific forms and botanical varieties of Vigna radiata have been described in the literature,
including var. radiata, var. aurea, var. grandis, var. brunnea, and var. glabra (Heuzé et al., 2015; Swamy,
2023). The wild progenitor of cultivated mungbean is recognized to be Vigna radiata var. sublobata (Roxb.)
Verdc., which occurs naturally in India, Southeast Asia, East Africa, Madagascar, and northern Australia
(Siemonsma & Lampang, 2016). Historically, mungbean was referred to as Phaseolus aureus Roxb. and
Phaseolus radiatus L. (Heuzé et al., 2015).
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Vigna mungo

Urdbean is taxonomically recognized as Vigna mungo (L.) Hepper. The cultivated form is classified as Vigna
mungo var. mungo, whereas the wild ancestral form is Vigna mungo var. silvestris Lukoki, Maréchal and
Otoul (Lukoki et al., 1980). Some researchers have also recognized var. viridis, which includes green-seeded
forms (Kanade, 2006). Urdbean differs from mungbean in possessing bright yellow flowers, shorter erect
pods, and black seeds (Jansen, 2006). Important synonyms associated with urdbean include Phaseolus mungo
L. and Azukia mungo (L.) Masam. (Heuzé et al., 2016).

KINGDOM: Plantae
L— PHYLUM: Tracheophyta

L CLADE: Angiosperms
L CLADE: Eudicots
L CLADE: Fabids (Rosid clade)
L ORDER: Fabales
L— FAMILY: Fabaceae (Leguminosae)
L SUBFAMILY: Faboideae
L— TRIBE: Phaseoleae

L— GENUS: Vigna (subgenus Ceratotropis)

— SPECIES: Vigna radiata (L.) Wilczek
—V. radiata var. radiata (cultivated mungbean)
—V. radiata var. aurea
V. radiata var. grandis
—V. radiata var. brunnea
—V. radiata var. glabra
—— V. radiata var. sublobata (wild progenitor)

L— SPECIES: Vigna mungo (L.) Hepper
——V. mungo var. mungo (cultivated urdbean)
——V. mungo var. viridis (green-seeded form)
V. mungo var. silvestris (wild progenitor)

Figure 2. Taxonomic classification hierarchy of mungbean and urdbean
from kingdom to intraspecific varieties

Distribution and production

Owing to their adaptability and nutritional significance, both crops are widely grown across diverse
agroecological regions. Mungbean and urdbean are extensively cultivated in India, Pakistan, Thailand,
Bangladesh, Myanmar, Sri Lanka and other Asian countries (Vavilov, 1926; Smartt, 1990; Jansen, 2006).
Their cultivation has also expanded to Africa, Australia, and the United States because of their short duration,
adaptability, and tolerance to drought stress (Nair et al., 2019; Tomooka et al., 1991). Recent estimates
suggest that mungbean is grown worldwide on approximately 7.3 million hectares, producing about 5.3
million tonnes with an average yield of 721 kg ha*. In comparison, urdbean is cultivated on approximately
4.0-4.5 million hectares, with a production of 2.5-2.8 million tonnes and an average productivity of around
600 kg ha (Nair et al., 2019; Directorate of Economics and Statistics, 2021). Among all countries, India
holds the leading position in both the production and consumption of these crops (Keatinge et al., 2011). In
India, mungbean is cultivated over an area of about 3.19 million hectares, yielding nearly 1.51 million tonnes
and contributing around 10% of the country’s total pulse acreage. Urdbean, on the other hand, covers
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approximately 4.63 million hectares with a production of 2.78 million tonnes and an average yield of 600 kg
hal (ICAR-IIPR, 2024; Agricultural Statistics Division, DES, MoAF&W, 2022). Rajasthan is the leading
mungbean-producing state, whereas Madhya Pradesh and Uttar Pradesh are major urdbean-growing states.
Besides India, Myanmar is an important producer and exporter of both crops, while Australia, Tanzania, and
Mozambique also contribute to international trade (Fujita & Okamoto, 2006). Both crops are mainly
cultivated in rice- and cereal-based cropping systems and contribute significantly to sustainable agriculture
through biological nitrogen fixation and soil fertility improvement.

Nutritional significance

The grains of green gram and black gram are traditionally consumed in South and Southeast Asia as whole
seeds, split dhal, sprouts, soups, curries, fermented foods, snacks and flour-based products because of their
high nutritional value, taste and health-promoting properties. Urdbean is extensively used in traditional
fermented foods such as idli, dosa, vada, and papad, whereas mungbean sprouts are valued for their
digestibility and nutritional richness. Both crops are excellent sources of vitamins, dietary fibre, proteins,
carbohydrates, and minerals. Mungbean seeds contain about 22-28% protein and 55-65% carbohydrates,
while urdbean contains approximately 23-26% protein and 58-61% carbohydrates on a dry matter basis
(Heuzé et al., 2015; Heuzé et al., 2016; Mehandi et al., 2019). Their proteins possess considerable essential
amino acids such as isoleucine, lysine, valine, and leucine, making them major supplements to cereal-based
diets. Both pulses are also important sources of calcium, iron, magnesium, phosphorus, potassium, folate,
and B-complex vitamins. These crops also contain bioactive compounds, including antioxidants, flavonoids,
and phenolic acids, which exhibit anti-inflammatory, antidiabetic, and cardioprotective attributes (Cao et al.,
2011). Traditional processing methods improve nutrient availability and digestibility (Hou et al., 2019).

Floral Biology

Mungbean and urdbean, two important grain legumes of the family Fabaceae, possess typical papilionaceous
flowers and largely follow a self-pollinated mode of reproduction. The unique floral structure, consisting of
specialized petals such as the standard, wings and keel, encloses the reproductive organs and promotes self-
pollination (Figure 3). In many cases, pollination occurs even before the flower fully opens (a condition
known as cleistogamy), which helps in retaining a high level of genetic purity (Chen et al., 2016).
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Figure 3. Structure of Legume flower
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Floral biology of mungbean and urdbean

Mungbean and urdbean are closely related pulse crops belonging to the family Fabaceae and share many
common floral characteristics. In both species, flowers are borne on axillary inflorescences and are bisexual,
zygomorphic and hypogynous in nature. The flowers possess a typical papilionaceous arrangement consisting
of two wing petals, one standard petal, and two fused keel petals that enclose the reproductive parts. The
androecium contains ten stamens arranged in a diadelphous manner (9+1) while the gynoecium is
monocarpellary with a superior ovary and hairy stigma, which assists in pollen reception (Chhabra, 2006;
Fakir et al., 2011; Gupta et al., 2022).

Although both crops exhibit similar floral organization, certain features clearly differentiate them. In
mungbean, flowers are produced in elongated axillary racemes containing around 10-30 flowers; urdbean
bears flowers in compact clustered inflorescences on short peduncles. Mungbean flowers are generally
smaller with a comparatively simple keel structure, while urdbean flowers are more prominently yellow and
possess spirally twisted keel petals with a horn-like tip. The style and ovary in urdbean are comparatively
more hairy and twisted than those of mungbean. Differences are also observed in pod and seed characteristics
after fertilization. Urdbean produces shorter, thicker and densely hairy pods with relatively larger seeds;
mungbean pods are comparatively slender and less hairy (Bhattacharjee et al., 2024).

Both crops are predominantly self-pollinated; however, their flowering behaviour differs slightly. In
mungbean, pollination usually takes place before flower opening due to cleistogamy, with anther dehiscence
occurring during late night or early morning hours. As a result, fertilization is generally completed before the
flowers open, ensuring high self-fertility and genetic purity. In urdbean, flowers open shortly after sunrise
and remain receptive for a brief period during the morning hours (Gupta & Das, 2021). These floral and
reproductive traits serve as important distinguishing features between the two closely related Vigna species.

Plant Genetic Resources

Plant genetic resources comprise the genetic material of plants that possess actual or potential value for food
production, agriculture and crop improvement. In mungbean and urdbean, these resources include a diverse
array of genetic materials, such as landraces, traditional and obsolete cultivars, advanced breeding lines, wild
relatives and related species within the genus Vigna. The collection, conservation and effective utilization of
these genetic resources are essential for crop improvement.

In mungbean and urdbean, genetic diversity has evolved through adaptation to diverse agro-climatic
conditions and continuous selection by farmers and breeders for desirable traits such as nutritional quality,
yield, and stress tolerance. India is considered an important center of diversity for various legumes, which
include mungbean and urdbean (Zeven & Zhukovsky, 1975; Hawkes, 1983). Systematic efforts for
germplasm conservation and collection began with the foundation of the ICAR-National Bureau of Plant
Genetic Resources in 1976, which has since played a crucial role in conserving huge collections of pulse
germplasm under ex situ conditions and facilitating their utilization in breeding programmes (Rana et al.,
2016).
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Germplasm collection and conservation
Mungbean

Mungbean genetic resources are extensively conserved across national and international gene banks,
reflecting the broad spectrum of germplasm. One of the oldest and most significant collections is sustained
at the N. I. Vavilov Research Institute of Plant Industry, Russia, which houses several early-collected
mungbean accessions (Gayacharan et al., 2019). Worldwide, more than 43,000 greengram germplasm
accessions are conserved under ex situ conditions, indicating the broad genetic base and importance of this
crop in diverse agro-ecological regions (Gayacharan et al., 2019; Irfan et al., 2025).

Within India, the greengram germplasm collection began as early as 1925; however, systematic and
organized efforts were initiated after the setup of the ICAR-National Bureau of Plant Genetic Resources
(NBPGR) in 1976. The National Gene Bank at NBPGR, New Delhi, serves as the central repository for
germplasm collection, introduction and conservation. It currently conserves more than 11,000 mungbean
accessions, which include both exotic and indigenous collections, which are sustained under prolonged
storage conditions at —20°C (Bisht et al., 2004; Gayacharan et al., 2019). Besides these large collections, the
ICAR-Indian Institute of Pulses Research (IIPR), Kanpur, keeps an active working collection of 1,060
mungbean accessions, which are primarily utilized in breeding and crop improvement programmes.

At the international level, the World Vegetable Center conserve one of the wide-ranging collections of green
gram genetic resources, with approximately 6,700 accessions (Schafleitner et al., 2015). Other important
repositories include the USDA National Plant Germplasm System as well as national gene banks in countries
such as Thailand, Japan, Austria, Australia and China, all of which contribute significantly to global
conservation efforts. Furthermore, a substantial number of mungbean accessions are preserved as safety
duplicates in the Svalbard Global Seed Vault, ensuring long-term security against genetic erosion (Bisht et
al., 2004; Gayacharan et al., 2019). Collectively, these national and international efforts play an important
role in safeguarding mungbean genetic diversity and provide a significant resource base for crop
improvement programmes intended to develop nutritionally improved, stress-resilient and high-yielding
cultivars.

Urdbean

Urdbean germplasm is preserved and maintained in several national and international gene banks, with India
recognized as the primary center of diversity for this crop (Verma et al., 2022). The ICAR-NBPGR, New
Delhi, serves as the principal repository for urdbean germplasm in India. Earlier reports indicated the
conservation of approximately 3,153 urdbean accessions (Kaewwongwal et al., 2015; Verma et al., 2022).
However, recent estimates suggest that the collection has increased to around 3,200-3,300 accessions by
2025-2026 due to continuous exploration, collection and conservation efforts (Verma et al., 2022; Swamy,
2023). Complementing this, the ICAR-IIPR, Kanpur, maintains an active working collection of about 310
urdbean accessions, which are extensively used in breeding programmes and varietal development.

At the global level, urdbean germplasm is relatively limited compared to mungbean, comprising
approximately 6,500-7,000 accessions (Schafleitner et al., 2015). These are distributed across major
repositories in countries such as Thailand (1,200 accessions), Pakistan (950 accessions), Taiwan (900
accessions), the World Vegetable Center, Japan (450 accessions) and the United States (300 accessions)

97
Www.cornousbooks.com



Handbook of Plant Breeding

(Verma et al., 2022; Swamy, 2023). These collections represent a valuable pool of genetic diversity that is
important for breeding programmes aimed at developing improved cultivars with valuable traits, which
includes disease resistance, determinate growth habit, early maturity, and adaptability to diverse agro-
climatic conditions (Verma et al., 2022). The availability and effective utilization of this germplasm
collection have significantly contributed to varietal improvement and continue to support ongoing genetic
enhancement efforts in urdbean.

Wild relatives

Crop wild relatives are a rich source of genetic variations and provide valuable traits that can be exploited in
breeding programmes. In mungbean and urdbean, a number of wild Vigna species have been identified as
important genetic resources for the development of improved cultivars with enhanced productivity and
adaptability.

Wild relatives of mungbean & urdbean

Two important legumes of the subgenus Ceratotropis of the genus Vigna, mungbean and urdbean, possess
several wild relatives that serve as rich sources of genetic diversity for breeding programmes. The cultivated
mungbean is believed to have originated from Vigna radiata var. sublobata, while Vigna mungo var. silvestris
is considered the immediate wild progenitor of black gram (Lukoki et al., 1980). These wild forms generally
exhibit primitive characteristics such as seed shattering, indeterminate growth habit and small seeds, but they
are highly important because they possess valuable genes for disease resistance, tolerance to abiotic stresses
and insect pest resistance (Tomooka et al., 1992; Nair et al., 2024; Chandel et al., 1984).

In addition to their direct progenitors, some Vigna species, such as Vigna trilobata, Vigna vexillata and the
cultivated species Vigna umbellata (rice bean), have been identified as important genetic resources for both
mungbean and urdbean improvement programmes. These species contribute desirable traits including
resistance to mungbean yellow mosaic disease (MYMD), bruchid resistance, drought and salinity tolerance
and wider adaptability to diverse agro-climatic conditions (Kaewwongwal et al., 2015; Bisht et al., 2004).
Among these, Vigna umbellata has been particularly useful in urdbean improvement through interspecific
hybridization for transferring disease resistance and yield-related traits (Dana, 1998; Singh & Bains, 2006;
Singh et al., 2013).

Although mungbean and urdbean share several common wild relatives, some differences exist in their
utilization. In mungbean, wild species are mainly exploited for improving the capacity to endure biotic and
abiotic stresses and broadening the genetic base, whereas in urdbean, emphasis has also been placed on
improving seed traits and yield components. However, the use of wild forms in both crops is often constrained
by cross-compatibility barriers and reduced hybrid fertility. Despite these limitations, wild Vigna species
continue to play a major role in enhancing genetic variation and developing improved cultivars with better
stress tolerance and adaptability (Gupta & Kumar, 2006).

Gene Pool

The gene pools of mungbean and urdbean are classified into primary, secondary and tertiary groups according
to the concept of genetic relationships and cross ability suggested by Harlan and de Wet (1971). In both
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crops, the primary gene pool (GP1) comprises the cultivated species along with their immediate wild
progenitors. In mungbean, GP1 includes cultivated Vigna radiata and Vigna radiata var. sublobata (Singh
etal., 2022), in urdbean, it comprises Vigha mungo var. mungo and its wild form Vigna mungo var. silvestris.
These species are easily crossable and generally produce fertile progenies, making them highly useful in
breeding programmes (Singh & Bains, 2006; Kaewwongwal et al., 2015).

The secondary gene pool (GP2) includes closely related Vigna species such as Vigna mungo, Vigna radiata,
Vigna trilobata and Vigna umbellata (rice bean). Hybridization among these species is possible; however, it
is often associated with partial sterility, reduced fertility and other crossability barriers due to genetic or cyto-
genetic incompatibility (Dana & Karmarkar, 1990; Sharma et al., 2022).

The tertiary gene pool (GP3) of both crops includes distantly related species such as Vigna vexillata, where
gene transfer becomes difficult because of strong reproductive barriers (Evans et al., 1976; Smart, 1981;
Chandel & Laster, 1991). Introgression of useful genes from these species generally requires advanced
breeding programmes such as embryo rescue and other biotechnological techniques (Singh & Bains, 2006).
Overall, the gene pool classification of mungbean and urdbean provides an important framework for
identifying suitable genetic resources and broadening the genetic base for crop improvement programmes.

Breeding Objectives
Yield improvement

The major aim of breeding programmes for mungbean and urdbean is to develop climate-smart, high-yielding
cultivars, as these crops are typically grown in low-input, stress-prone environments. Yield is a complex
quantitative trait governed by numerous genes and strongly influenced by environmental conditions.
Consequently, selection in mungbean breeding is often based on traits that contribute directly to yield
improvement (Du et al., 2025). Key traits under selection include seed weight, the number of pods / plants,
and the number of seeds/pod, in addition to improved branching, higher flowering nodes, better pod setting,
and reduced flower drop. In both crops, the main obstacles to higher yields are the limited genetic variability,
the lack of favourable crop ideotypes for diverse cropping patterns, low harvest index, and vulnerability to
different stresses. Additionally, the accessibility of quality seeds of better-quality varieties remains a
challenge. Notwithstanding persistent challenges, the last decade has witnessed substantial advancements,
with breeding efforts increasingly targeted toward enhancing biotic stress resistance and maximizing yield
potential (Nair et al., 2020). Modern approaches, including interspecific hybridization assisted with MAS,
are being deployed to overcome traditional bottlenecks and accelerate genetic gains.

Early maturity

Early maturity in pulse crops is an important breeding and agronomic trait that allows crops to complete their
life cycle within the available growing window. Early-maturing mungbean varieties are highly suitable for
intensive cropping systems like rice-wheat and rice—rice rotations, where only a short window is available
between major crops. Early types in urdbean are particularly important in rainfed and rice-fallow ecosystems
where soil moisture becomes limited after the monsoon. Their short duration allows farmers to fit an
additional crop into the cycle without delaying the main seasonal crops. It helps the crop in evading terminal
drought, high temperature stress and late-season pest & disease attacks. It also enables timely sowing of the
next crop, improving cropping intensity and resource use efficiency. Moreover, fitting of a short-duration
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legume crop like mungbean or urdbean also adds nitrogen through the symbiotic inherent ability of the soil
for the next cereal crop.

Early-maturing mungbean varieties generally take about 55-65 days to mature. Several widely adopted early-
maturing varieties have been developed by leading research institutions. These include SML 668 from Punjab
Agricultural University (Ludhiana), IPM 02-3, Virat and Samrat from the ICAR- IIPR (Kanpur), Pant Mung
5 from GB Pant University (Pantnagar), HUM 12 from Banaras Hindu University (Varanasi) and TMB 37
from BARC (Mumbai). These varieties are popular because of their adaptability, consistent performance and
suitability across diverse agro-climatic zones. Over time, many such short-duration varieties have been
released for different regions, giving farmers flexibility to choose cultivars that match their local climate, soil
type, and cropping system (Mishra et al., 2025).

Early-maturing urdbean varieties mature in about 60—70 days compared to 80—90 days in medium and late
types. Popular early maturing varieties include Mash 1137, Mash 1008, T-9, PU-31, Pant U-19, PU-35, LBG
752, PDU-1 and UG 218. Many potential donors like STY 2848, PLU 710, IPU 31-5, L 25-7 and IPU 96-3,
have also been identified for early maturity for use in breeding programmes of urdbean (Gupta et al., 2001).
In urdbean, early maturing types are generally dwarf with short internodes, often maturing after the first flush
of flowers, and require good early vigour for better performance. Based on several agro-morphological
attributes, 46 urdbean cultivars were grouped (Katiyar et al., 2010). Among these, T-9 was found to be
particularly appropriate for spring. Moreover, lower plant height is also a crucial trait for early maturing
varieties and about 20 varieties, in addition to T-9, were placed in this category (Katiyar et al., 2010).
However, newer genotypes like IPU 19-27 show even earlier maturity (60-65 days) and improved
performance in certain regions (Gupta et al., 2020).

In addition to early maturity, mungbean breeding programmes focus on incorporating resistance to lodging
and pod shattering, together with an erect and uniform plant architecture, to enhance suitability for
mechanical harvesting. These traits contribute to improved harvest efficiency by reducing pre- and post-
harvest seed losses, ensuring greater harvestability, and facilitating a once-over harvest. The development of
such ideotypes helps reduce labour requirements and production costs while improving harvest index,
operational efficiency, and overall economic returns.

Resistance breeding
Biotic stresses

At present, the productivity of both legume crops is significantly impacted by several biotic stresses that
include viral, fungal, and bacterial diseases, as well as insect pests. Major constraints include YMD, powdery
mildew, anthracnose, cercospora leaf spot, dry root rot, bacterial leaf spot and bruchid infestation. Although
chemical control measures are available, they are often costly and environmentally hazardous. Therefore,
HPR (host plant resistance) remains the most cost-effective, eco-friendly and sustainable strategy against
these stresses.

Yellow Mosaic Disease

Yellow Mosaic Disease (YMD), caused by Mungbean Yellow Mosaic Virus (MYMV) and Mungbean
Yellow Mosaic India Virus (MYMIV), is the most devastating viral disease of both crops, causing severe
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yield losses. Since chemical control of the whitefly vector is often ineffective and environmentally
undesirable, host plant resistance remains the most sustainable management strategy. Extensive screening
has identified several resistant sources in mungbean, viz., Pusa 0672, HUM16, IPM-02-03, IPM-02-14, ML-
5, PM-2, PDM 139 (Subedi et al., 2016; Paul et al., 2013; Bhanu et al., 2017; Datta et al., 2012; Nair et al.,
2020; Asthana,1998; Mohan et al., 2014). The mungbean donors registered with NBPGR for YMD resistance
are IPM526-11 (1C641993) and LGG 607 (1C639816). For urdbean, the most consistently reported and
repeatedly validated donors for resistance to YMD are PU 31, PU 35, LBG 20, Uttara, NDU12-1, NIRB002,
NIRB003, NIRB004, IPU96-6, IPU99-220, IPU13-7, NP21, IPU13-3 and PLU99-10. The urdbean donors
registered with NBPGR for YMD resistance are PU06-14 (IC570262), PU06-23 (IC570264), PU6-24
(IC570265), PUO06-19 (IC570267), PU06-20 (IC570268), IC572, 1C11613, 1C485638, IPU19-27
(1C636672), LBG 884 (1C639815). Wild species such as Vigna radiata var. sublobata, V. trilobata, and V.
mungo var. silvestris have also been recognized as rich sources of resistance genes (Pandiyan et al., 2017).
The inheritance of YMD resistance is highly variable, with reports of monogenic dominant, monogenic
recessive, digenic dominant, digenic recessive, complementary recessive, and polygenic inheritance,
depending on the genotype and virus strain (Dhole & Reddy, 2012; Nair et al., 2020). The use of interspecific
hybridization for integrating novel resistance genes from wild Vigna species remains a key strategy for
developing durable YMD-resistant mungbean and urdbean varieties.

Powdery mildew

Powdery mildew, caused primarily by Erysiphe polygoni DC. and occasionally by Oidium spp., is a
significant fungal disease of mungbean and urdbean that can cause substantial economic losses under
favourable environmental conditions. Among the various management practices, the production and
cultivation of improved elite varieties remain the most effective and environmentally sustainable
management strategy. In mungbean, several resistant sources have been identified, including PMR-1,
VC1560D, VC6144A, ML 1720, ML 818, and IPM series genotypes, while the wild relative V. radiata var.
sublobata has provided valuable novel resistance genes for breeding programmes (Reddy et al., 1994;
Chankaew et al., 2013). Similarly, in urdbean, genotypes such as LBG-20, PU-31, LBG-17, Pant U-30, IPU
02-43, Pant U-19 and VBN (Bg) 4 have demonstrated stable resistance across environments (Basandrai et
al., 2011; Singh et al., 2015; Gupta et al., 2020). Genetic studies have shown that powdery mildew resistance
is predominantly governed by a single dominant gene in many resistant sources, although oligogenic or
polygenic inheritance with the influence of minor modifier genes depending on the genetic background and
pathogen variability has also been reported (Reddy et al., 1994; Basandrai et al., 2011). The availability of
diverse resistant donors, coupled with a deeper understanding of the inheritance of powdery mildew
resistance, has greatly facilitated the transfer of resistance into elite genetic backgrounds. Through the
application of conventional breeding, marker-assisted selection, and gene pyramiding approaches, substantial
progress has been made in developing durable powdery mildew-resistant cultivars of both legumes.

Cercospora leaf spot (CLS)

Cercospora leaf spot (CLS), caused mainly by Cercospora canescens and C. cruenta/Pseudocercospora
cruenta, is a major foliar disease of both legumes, causing significant yield losses through reduced
photosynthetic area, premature defoliation, and poor pod filling. HPR is the most economical and sustainable
management approach. In mungbean, resistance is predominantly quantitative in nature, involving polygenic
or oligogenic inheritance with additive and epistatic gene effects. Resistant sources such as VC3960A,

101
Www.cornousbooks.com



Handbook of Plant Breeding

ML1037, HUM12, and several recently identified germplasm accessions have been utilized in breeding
programmes (Asadullah et al., 2024). In urdbean, resistant and moderately resistant genotypes including
HPBU 51, P 38, TEU 95-1, BLG 0069-1, BLG 0068-2, and other advanced breeding lines have been
identified as suitable donors for resistance breeding (Saha et al., 2017; Shrestha et al., 2024). Recent progress
in black gram genomics, including genome sequencing, SNP discovery, and molecular marker development,
is expected to accelerate the identification of resistance loci and the development of durable CLS-resistant
cultivars through MAS (Nair et al., 2024).

Anthracnose

Anthracnose, caused primarily by Colletotrichum truncatum, is an important fungal disease of mungbean and
urdbean that affects leaves, stems, petioles, and pods, which leads to economic and quality losses under
congenial conditions. In munghbean, resistance is generally quantitative in nature, involving multiple genes,
although monogenic resistance has been reported in some sources. Resistant genotypes such as VC1973A,
VC2750A, and other AVRDC-derived lines have been recognized and utilized in crop improvement
programmes. Wild relatives, particularly Vigna radiata var. sublobata, also serve as valuable sources of novel
resistance genes. In urdbean, anthracnose resistance has been suggested to be governed predominantly by
major dominant genes. Studies involving resistant donors KUG-216 and IPU-05-13 demonstrated dominant
inheritance of resistance based on segregation patterns observed in F1, F2, and backcross generations (Bindra,
2016). Several resistant genotypes, including HPBU 71, HPBU 125, KUG-216, and IPU-05-13, have been
identified as useful donors in breeding programmes. However, the existence of pathogenic variability and
multiple races of C. truncatum necessitates the deployment of broad-spectrum resistance sources (Katoch et
al., 2016). Recent advances in molecular breeding, including the use of SSR and SNP markers, QTL mapping,
and MAS, are facilitating the rapid development of durable anthracnose-resistant cultivars in both mungbean
and urdbean.

Insect resistance

The key insect-pests affecting mungbean can broadly be categorized into field pests and storage pests. Field
pests include whitefly, aphids, stem fly, thrips, jassids, and pod borers. Whitefly is particularly important
because it acts as the vector of MYMV. Stem fly infestation causes tunnelling within stems, resulting in poor
plant vigour and reduced yield. Thrips and aphids damage flowers and foliage by sap sucking, thereby
reducing pod formation. Bruchids are the most destructive storage pests of mungbean. Infestation may begin
in-vivo and continue during storage, where larvae feed internally on seeds, causing substantial deterioration
in seed quality, weight, germination, and market value. Because chemical control during storage raises
concerns related to residues, resistance breeding has received significant attention. Extensive germplasm
screening programmes conducted at the World Vegetable Center and other research institutions identified
several resistant sources against major insect pests. The wild accession TC1966 (Vigna radiata var.
sublobata) from Madagascar was the first highly resistant donor reported against Callosobruchus spp.
showing complete resistance to both C. chinensis and C. maculatus. Subsequently, resistant cultivated lines
such as V2802, V2817, V1128 and V2709 were identified and utilized in breeding programmes. Talekar and
Lin (1992) extensively screened mungbean germplasm and reported that resistant genotypes significantly
reduced oviposition, larval development, and adult emergence of bruchids. However, incorporation of
resistance from wild species often resulted in linkage drag, particularly pod shattering and poor agronomic
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traits. Resistance sources against the stem fly were identified by AVRDC and CIAT. Genotypes such as
V2396, V3495, V4281, G05253, G05776, and Co 3 showed resistant reactions under field conditions.

Early genetic studies demonstrated that resistance derived from TC1966 was governed by a single dominant
gene designated as Br. Fujii and Miyazaki (1987), Kitamura et al. (1988), and Fujii et al. (1989) independently
confirmed monogenic dominant inheritance for resistance to Callosobruchus spp. Further investigations
revealed that resistance may involve different genes depending on the donor source. Somta et al. (2007, 2008)
reported multiple quantitative trait loci (QTLs) associated with bruchid resistance in cultivated and wild
mungbean accessions. Some resistant lines exhibited complementary gene interactions, while others showed
polygenic inheritance. Young et al. (1992) conducted one of the earliest molecular mapping studies in
mungbean and mapped the major bruchid resistance gene using RFLP markers on linkage group VIII. The
resistance locus was located about 3.6 cM from the closest marker, facilitating marker-assisted breeding.
Subsequent studies identified tightly linked SSR and SNP markers associated with resistance loci,
significantly improving selection efficiency in breeding programmes. Marker-assisted introgression has
enabled the transfer of resistance genes into elite backgrounds while minimizing linkage drag.

Compared with bruchid resistance, relatively limited information is available regarding the inheritance of
stem fly resistance. Most studies indicate quantitative inheritance involving additive gene effects. Resistance
is generally associated with stem toughness, trichome density, and biochemical constituents that reduce larval
penetration and development. Some reports suggested that additive gene action predominates, thereby
making recurrent selection and pedigree breeding effective for improving resistance. Environmental
influence on stem fly incidence often complicates inheritance studies.

Whitefly resistance is generally considered quantitatively inherited and influenced by multiple genes.
Morphological characters such as leaf pubescence, leaf thickness, and biochemical compounds contribute to
antixenosis and antibiosis mechanisms. Studies involving segregating populations demonstrated partial
dominance and additive gene effects for whitefly resistance. Because whitefly also transmits MYMV,
breeding programmes often target combined resistance to both vector and virus.

Abiotic Stresses

Abiotic stresses are among the major factors limiting crop productivity across the world. In pulses like
mungbean and urdbean, their impact is even more pronounced because these crops are often cultivated under
rainfed on marginal lands. Key stresses such as drought, high temperature, salinity and waterlogging
collectively cause substantial yield losses well below their potential (Chauhan & Williams, 2018). In recent
years, due to changes in climatic conditions and increasing environmental fluctuations, these stresses have
further intensified by making growing conditions more uncertain and challenging. These stresses interfere
with the plant’s ability to efficiently use essential resources like water, nutrients and light, thereby affecting
growth and development at various levels (Haeften et al., 2023). Plants respond to such stresses through a
range of molecular, biochemical, physiological and morphological adjustments which ultimately determine
their productivity. Therefore, a clear understanding of these responses is crucial for developing effective
breeding strategies focused on enlightening abiotic stress tolerance in both legumes (Chauhan & Williams,
2018; Nair et al., 2019). In this context, the foremost abiotic stresses distressing mungbean and urdbean,
namely heat, water scarcity, cold, waterlogging and salinity, are discussed in the following sections.
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Heat Stress

Mungbean and urdbean are adapted to warm climates, but exposure to high temperatures above 35-40°C,
especially during flowering and pod formation, can sharply reduce yield. Heat stress mainly affects the
reproductive stage by lowering pollen viability, disturbing fertilization and increasing flower and pod drop,
which together lead to major yield losses (Chauhan et al., 2010; Hanif & Wahid, 2018; Chaudhary et al.,
2022). High temperature also disrupts the key functional processes, namely photosynthesis, chlorophyll
content and stomatal function, resulting in reduced biomass and early leaf senescence (Sharma et al., 2016;
Priya et al., 2019; Chaudhary et al., 2022). In addition, high temperatures accelerate crop development,
shortening the flowering and grain filling period and limiting assimilate supply for seed formation (Basu et
al., 2019). To improve heat tolerance, breeding efforts focus on traits like early maturity, stable seed set and
efficient root systems, while management practices such as adjusting sowing time can help crops escape
terminal heat stress (Igbal et al., 2021; Yadav et al., 2022). Overall, heat stress remains a major constraint in
both crops, particularly during reproductive growth stages (Haeften et al., 2023).

Drought Stress

Drought is another critical abiotic stress affecting mungbean and urdbean as these legume crops are primarily
cultivated under rainfed conditions. Water deficit, particularly during flowering and pod development, can
cause severe yield losses often greater than those observed at the vegetative stage (Uprety & Bhatia, 1989;
Sadeghipour, 2009). Drought stress reduces leaf water status, leading to stomatal closure, decreased
photosynthesis and chlorophyll degradation, ultimately limiting plant growth and productivity (Baroowa et
al., 2016). It also restricts canopy development by reducing leaf area and plant height, which lowers radiation
interception and biomass accumulation. However, maintaining leaf area and efficient water use are important
adaptive traits under stress conditions. Plants cope with drought through mechanisms such as better stomatal
regulation, higher leaf water potential and improved root systems that enhance water uptake from deeper soil
layers (Aski et al., 2021; Singh & Bell, 2021). Early maturing genotypes with rapid root and shoot growth
may perform better by escaping terminal drought. Despite these insights, research in mungbean and urdbean
is still limited, particularly in integrating above and below-ground traits and further evaluation of diverse
germplasm using advanced phenotyping tools is needed to support effective breeding for drought tolerance
(Haeften et al., 2023; Tardieu et al., 2018).

Cold Stress

Mungbean and urdbean are also sensitive to low temperatures, especially when grown outside their optimal
season or region. Exposure to cold conditions (around 15°C) during flowering can reduce growth and yield
by affecting chlorophyll content, photosynthesis and key yield components (Hu et al., 2022). Prolonged cold
stress can further disrupt physiological processes, including gene expression related to chlorophyll synthesis,
leading to poor plant performance. In some regions, late sowing may expose crops to frost during
reproductive stages, which can damage flowers and immature pods, reducing grain quality and yield (Gentry,
2010). Since these crops are usually grown in warm seasons, early flowering genotypes can help escape cold
or frost stress. In many parts of India, these crops are grown as a spring crop where sowing coincides with
low temperatures that reduce or delay germination and plant growth is stunted after germination. However,
research progress on cold stress tolerance in mungbean and urdbean is still limited, particularly under field
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conditions. Hence, this is the need of the hour to characterize varied germplasm to identify useful traits and
donors for cold-tolerant varieties (Hu et al., 2022; Christy et al., 2022; Haeften et al., 2023).

Waterlogging Stress

Waterlogging is caused by excess rainfall or poor drainage, which results in a scarcity of oxygen in the root
zone and poses a serious constraint to mungbean and urdbean cultivation, particularly during the reproductive
stage. Excess soil moisture generates hypoxic or anoxic circumstances in the root zone, which severely
restrict root respiration and metabolic activity. This lack of oxygen adversely affects root growth and
nodulation, thereby impairing biological nitrogen fixation, which is a critical process for these legumes. As
a result, plants exhibit poor germination and establishment, reduced vigour, and diminished growth (Pratap
etal., 2013).

However, these crops can tolerate short-term flooding, but prolonged waterlogging significantly reduces
yield by affecting root growth, nutrient uptake and overall plant vigour (Islam et al., 2008; Pan et al., 2021).
Waterlogging stress during the flowering stage and pod filling often results in pod abortion, poor seed set
and reduced grain size and quality. This also decreases root length and biomass due to root damage, which
limits the supply of nutrients and assimilates required for pod development (Garrity & Pernito, 1996). Some
tolerant genotypes exhibit adaptive attributes like the adventitious roots formation and the ability to recover
photosynthetic activity after stress, which helps in maintaining biomass under flooded conditions (Ahmed et
al., 2002). For climate change and events like increasing occurrence of drastic rainfall, improving screening
methods and developing waterlogging-tolerant varieties will be crucial for sustaining mungbean and urdbean
production and productivity (Setter et al., 2009; Haeften et al., 2023).

Salinity Stress

Salinity is an increasing constraint in mungbean and urdbean production, particularly in arid and semi-arid
areas where soil degradation is a common problem. High salt levels reduce plant growth by limiting water
intake due to osmotic stress and causing ion toxicity from excessive salt accumulation in plant tissues (Munns
& Tester, 2008; HanumanthaRao et al., 2016). In legumes, salinity also interferes with biological nitrogen
fixation, which affects productivity. Most studies have focused on early growth stages, where salinity delays
germination and reduces root and shoot development (Misra et al., 1996; Saha et al., 2010).

However, salt tolerance at early stages does not necessarily ensure tolerance during reproductive
development. Limited research indicates that salinity at later stages can lead to leaf chlorosis, reduced
chlorophyll content and decreased biomass, ultimately lowering the yield (Wabhid et al., 2004; Haeften et al.,
2023). Hence, more research on diverse genotypes and across growth stages is needed to better understand
and improve tolerance to salinity in mungbean and urdbean (Ahmed et al., 2009).

Breeding Strategies and Molecular Approaches for Abiotic Stress Tolerance

Breeding for abiotic stress tolerance in mungbean and urdbean is complex due to the quantitative nature of
stress-responsive attributes and their interaction with the environment. Conventional approaches have
focused on selecting tolerant germplasm and developing early maturing varieties to escape terminal stresses
such as drought and heat.
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In addition, key physiological traits like efficient water use, membrane stability and strong root systems are
increasingly targeted to enhance resilience. The incorporation of molecular tools, including MAS, has further
enhanced the effectiveness and precision of breeding programmes. The stress-tolerant genotypes identified
through these approaches serve as valuable donor parents for future crop improvement programmes (Sehgal
et al., 2018). The major sources of abiotic stress tolerance in mungbean and urdbean are summarized in
Table 1.

Table 1. Major sources of abiotic stress tolerance in mungbean and urdbean

95016

Abiotic stress Source of Tolerance in Source of References
Mungbean Tolerance in
Urdbean
Drought ML 2082, K-851, IC-325770 PU 19, PU 31, LBG | Solanki et al. (2011), Dutta
and VC-6173-C 623, VBN(Bg)4, et al. (2016), Prakash et al.
CBG-09-13, (2017), Pandiyan et al.
Vamban 2 and (2017), Dutta & Bera
VBN(Bg)6 (2008)
High Harsha, ML1299, EC693369, IPU 94-2, Pant Urd | Sharma et al. (2016),
temperature EC693358 and EC693357 31, BGP 247, Bindumadhava et al.
stress NO-5731, IPU (2018), Gupta et al. (2021),
98/36, UPU 85-86 Nair et al. (2024)
and PGRU 95016
Low Perennial accessions of V. IPU 94-1, BGP 247, | Gupta et al. (2021),
temperature radiata var. sublobata and VBG-06-010, UPU | Manasa et al. (2023)
stress PAU911 85-86 and PGRU

Waterlogging

V 3372,V 3092, V 2984,
and V 1968

Mash 114, Uttara,
EC319031-33, TC-
100190, TC-100193
and TC-100353

AVRDC (1979), Negi &
Muneem (1998), Rana et
al. (2016)

Salinity

BB92R, TCR86, PLM380,

VBN (Bg) 4, CO 5

Sehrawat et al. (2014),

WGG37, K-851 , 1C615, and ADT 3
1C2056, 1C10492, PLM32,

PLM891 and PLM562

Gayacharan et al. (2023)

With the advancement of modern approaches, breeding strategies are increasingly integrating molecular and
genomic methods to accelerate the development of stress-resilient cultivars. MAS, along with genomics,
proteomics and metabolomics strategies, has facilitated the recognition of stress-responsive genes and QTLs
associated with tolerance mechanisms.

Furthermore, the adoption of high-throughput phenotyping platforms, including imaging and automation-
based systems, has improved the precision and efficiency of trait evaluation under stress conditions. Despite
these advancements, breeding success remains constrained by factors such as the interaction of multiple
stresses, difficulty in accurate phenotyping of complex attributes and the relatively narrow genetic base of
cultivated germplasm (Nair et al., 2019).
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Quality Improvement

Both mungbean and urdbean are major parts of the daily diets of vegetarians in several countries, including
India. Based on their uses for various culinary purposes, different quality parameters are important for
nutritional security. For quality improvement, the major aims focus on enhancing nutritional value while
lowering anti-nutritional compounds through breeding and genetic techniques. Besides protein, a major
quality trait, the other important traits include increasing grain iron (Fe) and zinc (Zn) levels to help reduce
micronutrient deficiencies, and decreasing phytic acid and tannin content, which interfere with nutrient
absorption. In urdbean, other compounds such as trypsin inhibitors reduce protein digestibility by inhibiting
digestive enzymes, while oligosaccharides like raffinose and stachyose can cause flatulence. Recent advances
in molecular technologies such as GBS, SNP identification, and association mapping have made it easier to
locate particular genomic regions and genes responsible for these traits, supporting the development of elite
varieties of both legume crops with better nutritional benefits.

The study analyzed genetic diversity for iron, zinc, phytic acid, and tannin components in mungbean using
127 genotypes and identified 14,447 SNPs through GBS. Two genotypes, IPM 02-19 and PUSA 1333,
showed high nutrients and low anti-nutrients. Association mapping revealed significant SNPs and 185
candidate genes linked to these traits, providing useful markers for improving nutritional quality in mungbean
breeding (Sinha et al., 2023). The germplasm useful for enhancing nutritional quality in urdbean has been
identified by many workers (Nair et al., 2024). Many genotypes like LBG17, K1, Malabiri local, Boudha
local, G. Udayagiri local, IPU 11-02, HIM Mash, UG-218 and UG-218 with high protein content have been
reported in different studies (Kole et al., 2002; Rana et al., 2016). There is a wide scope for biofortification
in urdbean, and a large number of accessions have been reported, out of which, iron- and zinc-rich accessions
have been identified that can be utilized to develop biofortified cultivars aimed at improving nutritional
quality and reducing mineral deficiencies (Singh et al., 2017).

Genetics of Important Traits

Precise knowledge of genetics, along with the availability of sufficient variability, is fundamental to directed
crop improvement programmes. Understanding the inheritance of economically important traits is essential
because information on the same assists breeders in formulating efficient breeding and selection strategies
for the development of elite cultivars. Knowledge of the mode of inheritance also helps in determining
whether a trait is governed by simple or complex genetic mechanisms, thereby facilitating the choice of
appropriate breeding approaches for trait improvement. Overall, numerous investigations on the genetic
analysis of both oligogenic and polygenic traits in mungbean have provided valuable insights into their
inheritance patterns and gene actions, thereby contributing significantly to the formulation of effective crop
improvement strategies (Tables 2a, b).

Table 2a. Genetic control of economically important quantitative and qualitative traits in mungbean

Trait Donor Genetic Control References
Growth habit and T44 x NP36; spreading x | Twining growth habit - Single | Pathak & Singh
Plant type erect derivatives dominant/ recessive gene; (1963); Sen &

semi-spreading is dominant Ghosh (1959)
over erect habit
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Lobbed Leaf

Lobed leaf mutant
selection from indigenous
mungbean germplasm

Single dominant gene;
Dominant: Large leaflet,
lobbed

Recessive: Small leaflet, entire

type

Singh (1980),
Talukdar &
Talukdar (2003)

Incised leaflet and
Ovate leaflet

Incised leaflet mutant
lines

Dominant gene and its alleles

Pokle (1972)

Unifoliate and Multifoliate mutant Recessive genes Santos (1969)

multifoliate derivatives

Leaflets

Trilobite leaf Trilobite mutant Dominant gene over normal Sareen (1985)

accession monolobate

Pubescence NP36 x T44 Single dominant gene Sen & Ghosh
(1959), Murty &
Patel (1973),

Seed Coat NP36 x Type 1; green x Two complementary genes Murty & Patel

black seeded lines

(1973), Sen &
Ghosh (1959),
Bose (1939)

Blue sap colour

Blue sap pigmented
mutant

Single dominant gene

Buff sap colour

Buff sap mutant line

Single recessive gene

Sen & Ghosh
(1959)

Green and spotted Spotted seeded Dominant genes van Rheenen
seed colour accessions from African (1965)
germplasm
Black spot Black spotted mutant line | Single dominant gene Singh & Singh
(1970)

Seed coat colour

VC1973A and related

Oligogenic; Mottling: single

Lambrides et al.

AVRDC lines gene (2004), Chen &
Liu (2001),
Khattak et al.
(1999)
Flower colour Bryta yellow and Allelic series of three genes Murty & Patel
naphthalene yellow (1973)
mutants
Pod colour Green pod x pigmented Single dominant gene Murty & Patel

pod crosses

Purple pigmentation
in the vertical suture
of unripe pods

Purple sutured pod
mutant

Single dominant gene

Light popcorn and
almond biscuit color

Seed colour mutants from
AVRDC germplasm

Two independent recessive
genes

Black pod
Color

Black pod mutant line

Two dominant alleles

(1973), Sen &
Ghosh (1959),
Bose (1939)
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Brown pubescence Brown pubescent Recessive gene Sen & Ghosh
accession (1959)

Colour less Colour less pubescent Two dominant alleles

pubescence mutant

Anthocyanin in T1 x NP36 Single dominant/recessive Mukherjee &

hypocotyl gene, Two supplementary Pradhan (2002),

genes Mishra et al.

(1970), Pathak
& Singh (1963)

Red color of Red pigmented mutant Single dominant gene van Rheenen

cotyledon, hypocotyl
and top of the leaf
stalk

lines

Multiple allelic series

(1965), Sen &
Ghosh (1959)

Purple hypocotyl Purple hypocotyl mutant | Single dominant gene Swindell &
Poehlman
(1978)

Anthocyanin Pigmented local Single recessive gene AppaRao &

pigmentation in the accession Jana (1973)

hypocotyl, stem,

petiole and

Peduncle

Cotyledon Colour Green cotyledon mutant | Single recessive: green colour | Thakare et al.
(1988)

Inflorescence Compound x simple Simple types: two dominant Singh & Singh

Type

inflorescence types

genes
Compound types: double
recessive homozygous;
number of clusters: single
gene

(1970), Sen &
Ghosh (1959)

Stem fasciation Fasciated mutant from Single recessive gene Dwiwedi &
Pusa lines Singh (1990)
Hard-seededness TC1966; wild Vigna Oligogenic Humphry et al.
radiata var. sublobata (2005), Singh
accessions (1983),
Lambrides
(1996)
Pod shattering Wild x cultivated Single dominant gene Verma & Krishi
derivatives (1969)
Seed weight Small seeded x bold Dominant: Small Humphry et al.
seeded crosses (2005), Fatokun
etal. (1992),

Sen and Murty
(1960)
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Pre-harvest sprouting

Contrasting germplasm
lines

Gene action: Additive and
non-additive; High G x E
interaction

Durga & Kumar
(1997)

Nodulation High nodulating x low Gene action: Additive and Singh et al.
nodulating lines non-additive (1985)
Crop duration Early maturing x late Gene action: Additive, non- Khattak et al.
maturing lines additive, epistatic (2001)
Protein content High protein x low Gene action: Additive and Chandra &
protein lines non-additive Tickoo (1998)
Yield components Pusa Baisakhi x ML 5 Gene action: Additive and Khattak et al.
and related crosses non-additive (2002),
Dasgupta et al.
(1998), Yohe &
Poehlman

(1975), Singh &
Singh (1972)

YMD resistance

ML 818 x susceptible Monogenic dominant Sandhu et al.

lines; NM 92; HUM 8 (1985); Gupta et
al. (2005)

VRM (Gg) 1 xCO5 Digenic dominant Mahalingam et
al. (2018)

Kopergaon x susceptible | Digenic recessive Bhanu et al.

cultivars

(2018), Singh et
al. (2013) ole &
Reddy (2012)

PIMS 1 x susceptible
parent

Complementary recessive
genes

Shukla &
Pandya (1985),
Thamodhran et
al. (1988),

Resistant local donor
derivatives

Three recessive genes

Mishra &
Asthana (1996)

Cercospora leaf spot
(CLYS) resistance

ML 172; V4718;
AVRDC resistant lines

Single dominant gene

AVRDC
(19814, b),
Thakur et al.
(1977a, b, c),
Singh & Patel
(1977), Lee
(1980),

Resistant indigenous
accessions

Single recessive gene

Singh et al.
(2008), Mishra
etal. (1988),
Thakur et al.
(1980)

AVRDC breeding
populations

Polygenic genes

Chankaew et al.
(2011)
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Bacterial leaf spot
(BLS) resistance

Local resistant
germplasm selections

Single recessive gene

Yadav et al.
(1981)

Powdery mildew

VC2750A; AVRDC

Single dominant gene

AVRDC (1979)

resistance resistant lines
Resistant x susceptible Genes with additive effects Young et al.
Crosses (1993), Yohe &
Poehlman,
(1975),
Sorajjapinun et
al. (2005)
AVRDC resistant Recessive polygenes AVRDC
derivatives (19814, b)
CN72 and related Thai Non-allelic dominant gene Khajudparn et
accessions al. (2007)
Bruchids TC1966 Monogenic dominant Fujii &
(Callosobruchus spp.) Miyazaki
resistance (1987),
Kitamura et al.
(1988)

Single dominant gene

Kitamura et al.
(1988), Ishimoto
& Kitamura
(1993), Lei et al.
(2008), Sarkar
& Bhattacharya
(2014)

V2709, V2802

Quantitative/major gene

Somta et al.
(2008)

Table 2b. Genetic control of economically important quantitative and qualitative traits in urdbean

Trait Donor/Source Genetic Control Reference
Growth habit T9, local Single dominant gene for twining | Pathak & Singh (1963),
(twining) landraces growth Sen & Ghosh (1959),
Plant height Various Quantitative; predominantly Singh & Singh (1979),

germplasm lines

additive gene action

Panigrahi et al. (2014)

Days to flowering

PU-19, T9, Pant
U-30

Polygenic inheritance with
additive and dominance effects

Ghafoor et al. (2000)

Days to maturity Pant U-19, TU Quantitative inheritance; additive | Khajudparn et al. (2012)
94-2 gene action important
Pod length VMU-4, PU-31 Polygenic inheritance with Ghafoor et al. (2000)
additive effects
Pods per plant T9, Pant U-35 Quantitative trait Panigrahi et al. (2014),

Gene action: additive and non-
additive gene effects

Makeen et al. (2007)
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Seeds per pod

PU-31, LBG-623

Polygenic inheritance; additive
effects predominant

Singh & Singh (1979)

100-seed weight

Mash-114, PU-31

Mainly additive gene action;
moderate heritability

Ghafoor et al. (2000),
Panigrahi et al. (2014)

Seed yield per plant | Various elite A complex quantitative trait Singh & Singh (1979),
cultivars controlled by multiple genes with | Makeen et al. (2007)
additive and dominance effects
Protein content I1C-145202, Polygenic inheritance with Gupta et al. (2008)
IC-436519 additive gene effects
Seed coat colour T9, Mash Single dominant gene for black Pathak & Singh (1963),
(black) cultivars seed coat Khattak et al. (1999)
Seed coat colour Green-seeded Recessive inheritance Khattak et al. (1999)
(green) mutants
Leaf shape (lobed Lobed leaf Single dominant gene Gupta & Singh (1984)
leaf) mutants
Leaf size Large-leaf Large leaflet is dominant over Gupta & Singh (1984)
genotypes small leaflet
Yellow Mosaic PU-31, VMU-4, | Single recessive gene, duplicate Singh (1980), Basak et
Disease (YMD) Mash-114 recessive genes, and oligogenic al. (2004)
resistance inheritance reported depending
on source
Powdery mildew IC-76381, IC- Single dominant gene in several Singh & Singh (1988),
resistance 39822, PU-31 resistant sources Souframanien &
Gopalakrishna (2006)
Cercospora leaf spot | 1C-145202, PU- Quantitative inheritance with Singh et al. (2015)
resistance 31 additive effects
Anthracnose KUG-216, IPU- Single dominant gene Bindra (2016)
resistance 05-13

Urdbean Leaf
Crinkle Disease
(ULCD) resistance

TU-94-2, Pant U-
31

Monogenic recessive and
oligogenic inheritance reported

Bashir et al. (2005)

Bruchid resistance

Wild Vigna
mungo accessions

Quantitative inheritance;
resistance associated with seed
biochemical factors

Somta et al. (2007),
Talekar & Lin (1992)

Drought tolerance

Wild relatives
and landraces

Polygenic inheritance with
additive effects

Singh et al. (2011)

Breeding Methods
Conventional Method

The structured varietal improvement programmes were initiated following the setup of the All India
Coordinated Pulses Improvement Project (AICPIP) in 1967. In the early phase, the main focus was on the
genetic improvement of locally adapted yet heterogeneous populations through pure line and mass selection,
primarily targeting adaptive and agronomic traits rather than yield attributing traits. This approach led to the
development and release of numerous pure line cultivars, and a few of them remain in cultivation in specific
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agro-ecological zones. Subsequently, breeding strategies shifted towards hybridization followed by selection,
and in recent decades, these efforts have expanded to include distant hybridization aimed at broadening the
genetic base and facilitating the introgression of beneficial traits.

Intensive breeding efforts in mungbean in India initially relied on direct selection from indigenous landraces
and introduced germplasm, beginning with the release of ‘Mung Type 1’ in 1936 from Muzaffarpur, Bihar,
which later served as a key parent in developing many other varieties. Hybridization efforts also led to
varieties like Mohini (S 8) and KM-1, the latter derived using Iranian germplasm and becoming widely
popular in southern India. The AVRDC has played a key role globally by providing diverse germplasm (plant
genetic resources), especially for mungbean, which is instrumental for the development of high-yielding
short-duration cultivars such as SML 668, Pusa Vishal and Pant Moong 5.

Indigenous landraces played a pivotal role in early urdbean breeding in India, with half of all varieties
released between 1949 and 2000 originating from local genetic selections. The heavy reliance on these
adapted local resources highlights their foundational importance in breeding efforts during this period. A
prime example is the T9 variety, developed from a landrace in Bareilly (Uttar Pradesh), which became a
widely used parent in numerous breeding programmes, notes a 2010 report (Goyal and Khan, 2010; Katiyar
et al., 2017). Then by using pure line selection from local germplasm, varieties such as ADT 3, ADT 1, CO
5, CO 2, CO1, CO 3 were developed (Gupta and Kumar, 2006; Tickoo et al., 2006), and these varieties were
widely cultivated and extensively used in hybridization to develop second-generation improved lines (Gupta
et al., 2001). For instance, derivatives of T9 like UPU 1 and UPU 2 contributed to the development of short-
duration and MYMV-resistant varieties, Pant Urd 30 and Pant Urd 19. Subsequently, breeding strategies
shifted toward hybridization-based approaches to generate genetic variability and facilitate the pyramiding
of desirable traits within single genotypes, thereby enhancing adaptability across diverse agro-ecological
conditions (Gupta et al., 2020). In this context, KM 1 represents the first black gram cultivar in India
developed through hybridization in 1977.

Regardless of persistent efforts in conventional breeding, genetic advancement in both pulses has remained
constrained. This limitation is primarily attributed to the complex, polygenic architecture of important
agronomic traits and the substantial influence of genotype x environment (GxE) interactions, which
collectively hinder selection efficiency and predictability. These challenges necessitate a strategic transition
toward integrative breeding frameworks that integrate traditional methodologies with advanced genomic
technologies to improve selection precision and expedite crop improvement.

Molecular Breeding Approaches

Initial studies by Young et al. (1992), Menancio-Hautea et al. (1993) and Fatokun et al. (1992) established
the foundation for genetic mapping in mungbean. These early linkage maps facilitated the identification of
new genomic regions linked with seed size, insect resistance, and disease resistance. Comparative mapping
studies further revealed extensive synteny between mungbean and other crops like soybean, cowpea and
common bean. During the period from 1993 to 2010, only a limited number of linkage maps were developed
because of the scarcity of polymorphic molecular markers. Most maps were based on RFLP and SSR markers
derived from related legume species and were primarily used for mapping resistance to bruchids, bean bug,
powdery mildew, seed dormancy, and seed size traits.
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The development of SSR markers and next-generation sequencing technologies after 2010 significantly
accelerated mungbean genomics research. Several SSR-based linkage maps with improved genome coverage
were developed and utilized for QTL mapping of agronomic attributes, domestication-related characteristics,
seed quality parameters, and resistance to different stresses. A major milestone was achieved when linkage
maps developed by Kajonphol et al. (2012) and Isemura et al. (2012) successfully resolved all eleven
mungbean chromosomes. Subsequently, the release of the first draft reference genome of variety VC1973A
by Kang et al. (2014) provided a comprehensive genomic framework for gene discovery, comparative
genomics, and marker-assisted breeding. The assembled genome comprised approximately 431 Mb,
organized into eleven pseudochromosomes and contained more than 22,000 predicted protein-coding genes.
WGS of wild and cultivated accessions further facilitated large-scale SNP discovery and accelerated
molecular breeding efforts.

Recent developments have transformed mungbean genomics from linkage mapping to genome-enabled
breeding. High-quality chromosome-scale genome assemblies generated using PacBio SMRT and Oxford
Nanopore sequencing technologies have substantially improved genome completeness and assembly
accuracy. Improved genome assemblies of VC1973A and other cultivated accessions have revealed extensive
structural variation, gene copy number variation, and domestication-related genomic regions (Ha et al.,
2025). The development of mungbean pan-genomes has provided insights into core and dispensable genes
controlling adaptation, stress tolerance, and yield-related traits. Pan-genomic analyses have identified
numerous presence—absence variations and structural variants that are not represented in a single reference
genome, thereby expanding the available genetic diversity for crop improvement (Nair et al., 2020).

GWAS using diverse germplasm panels and high-density SNP markers have increasingly complemented
traditional bi-parental QTL mapping. GWAS has facilitated the identification of loci associated with
flowering time, seed size, yield components, drought tolerance, heat tolerance, mineral nutrition, and disease
resistance. High-throughput genotyping platforms, including GBS and whole-genome resequencing, have
enabled the development of dense SNP-based linkage maps and genomic prediction models.

More recently, genomic selection, haplotype-based breeding, and machine-learning-assisted genomic
prediction have emerged as promising approaches for accelerating genetic gain in mungbean. Incorporation
of genomics with metabolomics, transcriptomics and high-throughput phenotyping is increasingly being used
to identify candidate genes and regulatory networks governing complex traits. In addition, CRISPR/Cas
genome-editing technologies are being explored for targeted improvement of disease resistance, stress
tolerance, flowering behaviour, and nutritional quality traits, although practical deployment in mungbean
breeding remains at an early stage.

Molecular breeding in urdbean has evolved considerably over the last three decades and has become a crucial
aspect of plant breeding aimed at enhancing disease resistance, yield, seed quality traits and stress tolerance.
Early breeding efforts relied largely on conventional selection methods, but progress was often constrained
by narrow genetic diversity, low levels of polymorphism within cultivated germplasm, complex inheritance
of quantitative traits, and strong genotype x environment interactions.

The introduction of molecular markers during the 1990s and early 2000s provided new opportunities for
genetic analysis and marker-assisted breeding. Initially, marker systems such as RAPD, AFLP, RFLP, and
ISSR were employed to assess genetic diversity, characterize germplasm collections, and identify resistant
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genotypes. Subsequently, SSR markers became the preferred marker system because of their high
reproducibility, co-dominant inheritance, and genome-wide distribution. Since genomic resources in urdbean
were limited, many SSR markers developed from related Vigna species, particularly mungbean and adzuki
bean, were successfully used for diversity analysis, linkage mapping, and MAS.

Primary targets of molecular breeding in urdbean have been resistance to MYMD, caused by begomoviruses
such as MYMIV and MYMV. Numerous studies identified RAPD-, ISSR-, SCAR-, and SSR-based markers
linked to resistance loci, facilitating the screening of resistant germplasm and the development of segregating
populations for resistance breeding. Marker-assisted selection became increasingly important for the rapid
introgression of resistance genes into elite cultivars. Similar efforts were undertaken for resistance to powdery
mildew, Cercospora leaf spot, leaf crinkle disease, and other economically important diseases.

During the same period, linkage mapping studies began to identify QTLs linked with yield traits, flowering
time, maturity duration, plant architecture, and stress tolerance. The availability of transcriptome sequencing
further accelerated marker development through the discovery of large numbers of SSRs and SNPs, while
comparative genomics with mungbean revealed extensive synteny and enabled the transfer of genomic
information across species. These developments laid the foundation for genomics-assisted breeding in
urdbean (Gupta et al., 2008; Gupta et al., 2013; Souframanien & Gopalakrishna, 2004).

During the past few years, urdbean genomics has entered a new phase with the development of genome-scale
resources and high-throughput sequencing technologies. Draft genome assemblies and large-scale
transcriptome datasets have substantially expanded the available genomic information, enabling genome-
wide discovery of SNPs, insertion—deletion polymorphisms, repetitive elements, and candidate genes
associated with agronomically important traits. Advances in NGS, GBS, and whole-genome resequencing
have facilitated the construction of high-density linkage maps and improved the resolution of QTL mapping
studies.

These resources have enabled the identification of genomic regions controlling resistance to MYMD,
powdery mildew, drought stress, and yield-related traits with greater precision than was previously possible.
GWAS are increasingly being employed in diverse urdbean germplasm collections to identify marker—trait
associations for complex quantitative traits. Compared with traditional bi-parental mapping, GWAS provides
higher mapping resolution and facilitates the identification of candidate genes underlying economically
important characteristics. Concurrently, transcriptomic analyses under different stress conditions have
identified numerous differentially expressed genes involved in pathogen defence, hormone signalling,
oxidative stress regulation, and stress adaptation.

Numerous transcription factor families, including AP2/ERF, MYB, NAC, bZIP, and WRKY, have been
implicated in regulating defence responses and environmental stress tolerance. Recent research has also
focused on integrating genomics with transcriptomics, proteomics, metabolomics, and high-throughput
phenotyping to better understand the molecular mechanisms underlying complex traits. Comparative
genomics and pan-genomic studies across Vigna species have revealed extensive structural variation and
gene-content diversity that can be exploited for crop improvement. Furthermore, genomic selection and
haplotype-based breeding approaches are beginning to emerge as promising strategies for accelerating
genetic gain in urdbean breeding programmes (Singh et al., 2013). The utilization of genome editing
approaches like CRISPR/Cas, although still in its infancy in urdbean, offers significant potential for targeted
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modification of genes controlling disease resistance, flowering time, stress tolerance, and seed nutritional
quality. Collectively, these advances are transforming urdbean improvement from marker-assisted breeding
towards precision breeding based on genome-wide information, thereby enhancing the prospects for
developing high-yielding, climate-resilient, and nutritionally superior cultivars. The timeline for mapping
genes or QTLs for important traits of mungbean and urdbean is given in Figure 4.

COMPREHENSIVE TIMELINE OF GENE/QTL MAPPING STUDIES
IN MUNGBEAN (Vigna radiata) AND URDBEAN (Vigna mungo)
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Figure 4. Timeline for mapping genes/QTLs for crucial traits in mungbean and urdbean
Biotechnological Approaches

Biotechnological approaches in mungbean and urdbean breeding have become increasingly important to
complement conventional breeding methods and to overcome limitations such as narrow genetic variability,
poor crossability with wild relatives, long breeding cycles, and vulnerability to different major stresses. These
crops are particularly affected by diseases such as YMD, powdery mildew, and various insect pests, along
with stresses such as drought and heat, which significantly reduce productivity. Biotechnology provides
advanced tools to accelerate genetic improvement, enhance precision in selection, and introduce novel
attributes that are problematic to achieve through traditional breeding alone. The major biotechnological
interventions in these crops include plant tissue culture, somatic hybridization, molecular MAS, genetic
transformation, and modern genome editing techniques. Together, these tools are helping to reshape
mungbean and urdbean improvement programmes by increasing efficiency and expanding the genetic base.
Mungbean and urdbean were earlier considered as orphan crops because very limited genomic information
was available compared to other important legume crops. Due to this, the use of modern breeding techniques
remained restricted, and the progress in their genetic improvement was relatively slow. A major advancement
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occurred when the first draft genome sequences of mungbean and urdbean were published, respectively in
2014 and 2021 (Kang et al., 2014; Souframanien et al., 2021). This achievement provided detailed insight
into the genetic structure of the crops and opened up new opportunities for scientific research and crop
improvement. Recent advancements in mungbean genetics have focused on crucial traits, including drought
resistance, yield, pod shattering, domestication, and nutritional composition. The GWAS have proven
effective for trait mapping, even in the absence of complete genome data. Moreover, various linkage maps
have been established using molecular markers like RAPD, RFLP, SSR (Fatokun et al., 1993;
Shanmugasundaram et al., 2010; Chen et al., 2015). The recent availability of WGS has further accelerated
the identification and mapping of key agronomic traits (Pratap et al., 2016; Pratap et al., 2017).

The application of MAS to introgress YMV resistance into elite mungbean varieties marks a significant
milestone in Indian agricultural research, facilitating the development of resistant, high-yielding lines. By
utilizing specific molecular markers such as Resistance Gene Analogues (RGAS) like CYR-1 and VMR-1 or
SSR markers- breeders can efficiently identify resistant genotypes, accelerating the breeding process and
overcoming the limitations of conventional screening, particularly in key production areas where YMV
causes substantial yield losses (Maiti et al., 2011; Nandini et al., 2025). MAS has played a key role in
transferring resistant genes from Vigna radiata var. sublobata into cultivated mungbean, resulting in cultivars
such as VBN 4 with stable performance (Tamilzharasi et al., 2019). Moreover, molecular studies have
identified QTLs and molecular markers associated with key traits like bruchid resistance, seed size and
drought tolerance. CRISPR/Cas9 technology has emerged as a transformative tool for the genetic
improvement of mungbean, primarily focusing on introducing resistance to devastating viral diseases such
as MYMV (Talakayala et al., 2022). Recent developments in CRISPR/Cas9 technology have demonstrated
significant potential in improving agricultural productivity, with trials targeting specific pod number genes
resulting in yield increases of 10-15% (Kumar et al., 2023). Molecular markers, such as the SSR
marker CEDG180, are powerful tools in modern plant breeding, providing a precise, DNA-based method to
identify and select desirable traits without waiting for phenotypic expression. However, their widespread
adoption is hindered by significant financial and infrastructure bottlenecks (Nair et al., 2024). The sequencing
of the mungbean genome has provided valuable genomic resources, significantly advancing gene
identification and comparative genomic research. While molecular breeding in mungbean remains at a
relatively early stage compared with cereal crops, its incorporation into conventional and mutation breeding
programmes is contributing to more precise and efficient genetic improvement. Consequently, substantial
progress is being made towards the development of high-yielding, climate-resilient and nutritionally enriched
cultivars.

Legume breeding has been revolutionized by high-quality genome assemblies and germplasm variation
studies, enabling novel tools like MAS, MABC, and GS. While urdbean formerly lacked the dense molecular
markers needed for comprehensive gene and QTL mapping, the creation of genetic linkage maps now acts
as a foundation for identifying key traits. In the case of urdbean, the initial genetic map, spanning 783 cM
and organizing 148 markers into 11 linkage groups, was developed by Chaitieng et al. (2006) using a BC1F1
population of 180 individuals derived from a cross between a large-seeded accession (JP219132) and V.
mungo var. silvestris (JP107873). Subsequently, Gupta et al. (2008) constructed a map from 104 RILs derived
from an inter-subspecific cross between a susceptible cultivar, TU94-2, and a resistant wild genotype, V.
mungo var. silvestris. Somta et al. (2019) reported a high-density linkage map comprising 3,675 SNP
markers, generated via specific-locus amplified fragment sequencing. These maps used a population derived
from a cultivated and wild urdbean cross, with most gene and QTL mapping studies focusing on resistance
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to bruchid (C. maculatus) and MYMD. Transgenic urdbean was produced using a protocol
involving Agrobacterium tumefaciens (strain EHA105) and the pKSB binary vector to transform shoot
apices, building on the earlier in vitro regeneration methods established by Saini et al. (2003) and Saini &
Jaiwal (2005). The rapid development of CRISPR/Cas9 has provided a powerful toolkit for functional
genomics, enabling everything from simple knockouts to complex multiplexing (Arora & Narula, 2017).
Despite rising adoption in global agriculture (Chen & Gao, 2014), applying this to legumes presents unique,
though increasingly overcome challenges. Key successes have already been achieved in crops like soybean,
chickpea, cowpea, and Medicago truncatula. Looking forward, these genome-editing tools offer vital
pathways to enhance legume productivity and stress resilience, particularly for crops like urdbean (Mahto et
al., 2022; Singh et al., 2023). Recently, genomic selection (GS) and genome editing technologies have
emerged as promising tools for urdbean improvement. Genomic selection utilizes genome-wide marker
information to predict breeding values for complex traits controlled by multiple minor-effect loci. This
approach has the potential to accelerate breeding cycles and improve selection accuracy. Similarly,
CRISPR/Cas-mediated genome editing offers opportunities for precise modification of genes associated with
disease susceptibility, stress tolerance, and yield traits. Although genome editing in urdbean is still in its early
stages due to limitations in transformation efficiency and regeneration protocols, ongoing research is
expected to enhance its applicability in future breeding programmes. Despite substantial progress, several
challenges continue to limit molecular breeding in urdbean. The narrow genetic base of cultivated
germplasm, limited availability of high-quality reference genomes, insufficient high-throughput phenotyping
infrastructure, and low transformation efficiency remain major bottlenecks. In addition, many identified
QTLs and candidate genes require functional validation before large-scale deployment in breeding
programmes. Future research will likely focus on pan-genomics, multi-omics integration, genomic prediction
models, speed breeding, and Al-assisted breeding approaches to accelerate genetic gain in urdbean. The
timeline of major genomics and biotechnology milestones in mungbean and urdbean is given in Figure 5.

Varietal development in Mungbean and Urdbean

In India, the crop improvement work initiated on mungbean through selection as early as first quarter of 20t
century at Pusa Bihar and more systematic efforts for varietal improvement were started under the Pulse
Scheme: in Uttar Pradesh in 1943. Mung type 1, a selection from Muzaffarpur (Bihar) was released in 1936
in UP, but multiplied on large scale only after 1948 (Mehta & Sahai, 1955), However, later it served as a key
parent in developing varieties like T 2, K 851, T 44, and Sunaina. In the initial stage, more emphasis was on
improving genetically diverse locally adapted populations through mass and pure line selection leading in
release of several improved cultivars and a few of them are still being grown such as T9 of urdbean. Moong
54 and Moong 305 were selected from locally adapted population mixtures in Punjab and released in 1947
while Co 1, a selection from local available germplasm was released in Tamil Nadu in 1952. In Maharashtra,
Kopergaon was released in 1956 through selection from local germplasm and Jalgaon 781 was selected from
China Mung and was released in 1957. Many other varieties like Pusa 105, Pusa 9531, G 65, Krishna Il were
released through selections and were very popular. Gradually the efforts had been shifted towards
hybridization which led to the development of ML 1 and ML 5 at PAU, Ludhiana in the 1970s, and further
contributed to the development of improved varieties such as ML 267, ML 131 and ML 337. All these
varieties were early maturing and had genes for wider adaptation and suitable seed traits. Later in the
beginning of 215 century, many germplasm lines were introduced through NBPGR from AVRDC, Taiwan,
and after selections, some were released as varieties like SML 668, Pusa Vishal and Pant Moong 5. All of
these varieties are large-seeded.
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GENOMICS & BIOTECHNOLOGICAL ADVANCES IN

MUNGBEAN (Vigna radiata) & URDBEAN (Vigna mungo)
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Figure 5. Timeline depicting major genomics and biotechnology milestones
in mungbean and Urdbean

In case of inter-varietal hybridization in mungbean, the first and foremost varieties were Type 44 in UP,
Kanke in Bihar and Kharif Sona in West Bengal developed from Type 1 x China Mung 781-7, Type 1 x Sona
Mung crosses, and Type 2 x Type 49, respectively. At IIPR Kanpur, using IPM99-125 as one of the parents,
genotypes IPMO02-1, and IPMO03-1 were developed in mungbean, which were further used for the
development of two extra early mungbean genotypes, IPM205-7 and IPM 409-4, which matures in about 52-
55 days (Pratap et al., 2013). At, PAU the kharif varieties ML 267 and ML 613 release in 1986 and 1995,
respectively were very popular. In recent decades, breeding has focused on developing short-duration, photo-
and thermo-insensitive varieties with resistance to major diseases significantly boosting production. Notably
improved varieties include KM 2241, HUM 16, MH 2-15, TMB 37, IPM 02-3 (suited for both spring and
kharif), IPM 410-3 (Shikha), and IPM 2-14. The large-seeded short-duration variety SML 668 released in
2004 and dominated breeder seed demand until 2014-15. It was surpassed by IPM 02-3 in 2015-16, reflecting
a shift toward newer, more adaptable and disease-resistant varieties (Singh et al., 2016).

In urdbean, Type 9, selected from Bareilly Local and released in 1948, was one of the earliest improved
varieties. Several other varieties, including Gwalior 2, Type 65, Type 27, Type 77, BR 68, and BR 76, were
also developed through selection from local germplasm and were well suited for intercropping due to their
indeterminate and spreading growth habit. Hybridization breeding began with the release of KM 1 (1977)
and ADT 2 (1979), followed by varieties like TMB 1 and KM 2. Type 9 and its derivatives were widely used
as parents in breeding programmes, contributing to the development of elite cultivars such as Pant U 30 and
Pant U 19. Both of these were developed from cross UPU1 x UPU2 which are selections of T9. More recently,
varieties such as Mash 114, Mash 1137, Mash 1008, TU 40, VBN 6, 7, 8, 9, 10, and 11 have been developed
either through intra-specific or inter-specific hybridization followed by rigorous selection (Geetha et al.,
2020; Gupta et al., 2022). Further Pant U 19 used as one of the parents to develop Mash 479 and Mash 878
released for NWPZ. Thereafter, many improved cultivars possessing a high level of resistance to MYMV,
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were developed and released for kharif season. For instance, Shekhar 1 (KU 301) developed from cross G 31
x Type 9 at CSAUAT, Kanpur and TU 94-2 developed from cross TPU 3 x TAU 3 at BARC Trombay were
released in 1998 for cultivation during rabi season in SZ of India.

Interspecific hybridization has played significant role in varietal development programme. As a result of
interspecific hybridization among Vigna species at GB Pant University, Pantnagar, Pant Moong 4 was
released in 1997, the first variety developed from interspecific hybridization between V. radiata x Vigna
mungo. PAU, Ludhiana, developed a kharif urdbean variety Mash 114 from V. mungo x V. umbellata cross
and a summer urdbean variety Mash 1008 from V. radiata x V. mungo cross. Similarly, in mungbean, a
summer mungbean variety SML1827 and a kharif mungbean MYMIV resistant variety ML 2015 developed
from V. radiata x V. umbellata crosses were released respectively for Punjab state and for NEPZ, India. Two
other mungbean varieties, ML 1808 and ML 1839, developed from V. radiata x V. mungo crosses, were
released respectively for the Punjab state and NEPZ of India at the national level. However, Pant Moong 4,
released in 1997, is the first variety developed from interspecific hybridization between V. radiata x Vigna
mungo developed at GBPUA&T, Pantnagar.

Mutation breeding, a powerful tool to generate novel variability and to develop varieties, has resulted in
development of some good mungbean varieties (Pant Moong 2, MUM 2, Co 4, LGG 407, LGG 405, BM 4)
and urdbean varieties (Prasad, Ujala). Pant Moong 2, a mutant of ML 26, is moderately resistant to MYMV
and has shining green seeds. Urdbean variety Vamban 2, a mutant of Type 9, is resistant to MYMV and
tolerant to drought. Very recently, in the year 2025, PAU, Ludhiana, has developed a summer mungbean
variety, SML 2575, through mutation from variety TMB 37. SML 2575 is a high-yielding and Y MD-resistant
variety, while the parental variety TMB 37 is highly susceptible to YMD. Under the aegis of AICRP on
Kharif Pulses (earlier AICRP-MULLaRP), a comprehensive list of mungbean and urdbean varieties released
at the national level for different zones and State level, starting from 1987 to 2026, is given in Table 3.

Table 3. Varieties of mungbean and urdbean released at the national
and state level from 1987-2026 in India

National level

Year Mungbean Urdbean

1987- | MUM 2, ML 267, PDM 11, PDM 54, Pusa TAU 2, PDU 1 (Basant Bahar), Jawahar Urd
1996 | 105, Vamban 1, Co 5, RMG 62, ADT 3, 2, Jawahar Urd 3, Pant U 35, LBG 17

LGG 450, BM 4, Narendra Mung 1, Phule M | (Krishnaya), LBG 402 (Prabhava), LBG 20
2, AAU 34, ML 613, Pusa 9072, Warangal 2 (Teja), Vamban 1, ADT 4, ADT 5, TPU 4,

(WGG 2), AKM 8803LGG 407, TARM 2, Narendra Urd 1 (NDU 88-8), WBU 108, KBG
Jawahar Mung 721, PDM 84-178, TARM 1, 512, LBG 611, Mash 338, Birsa Urd 1, AKU
SML 134, TARM 18, Gujarat Mung 3 4 (Melghat) Udid
(Pushkara)
1997- | Pant Moong 4 (UPM 92-1), HUM 1 (Malviya | TU 94-2, Vamban 2, KU 301, WBG 26, KU
2006 | Jyoti), RMG 268, CO 6, Pusa 9531, Pusa 92-1 (Azad U 1), IPU 94-1 (Uttara), RBU 38
Vishal, HUM 2 (Malaviya Jagriti), Ganga 8, (Barkha), Pant U 40, NDU 99-2 (Narendra
HUM 6 (Malaviya Janpriya), OUM 11-5, Urd -2), KU 96-3 (Azad urd 3), Pant U 31,

HUM 12 (Malaviya Janchetna), Meha (IPM KU 300 (Shekhar Urd 2)
99-125), TMB 37, COGG 912 (COGG 7),
HUM 16 (Malaviya Jankalyani)
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2007- | MH 2-15 (Sattaya), Pant Mung-6, KM 2241, WBU 109 (Sulata), IPU 02-43, NUL7, LU
2016 | IPM 02-3, PKV AKM 4, Pusa 0672, IPM 02- | 391, KUG 479, VBG 04-008, TU 40, LBG
14, MH 421, DGGV-2, IPM 410-3 (Shikha), 787 (Tulasi)
IPM 205-7 (Virat), SML 1115
2017- | Pusa 1371, GM 6, IPM 512-1 (Soorya), MH VBN 8, Mukundra urd 2 (KPU 405), VBN 9
2026 | 1142, SML 2015, ML 1839, LGG 600, MH (VBG 12-111), Kalinga Urd 41(OBG 41),
1762, MH 1772, LGG 610 (Lam Pesara 610) | Pant Urd 10 (PU 10-23), KPU 12-1735 (Kota
Urd 4), VBN 10 (VBG 12-034), Pant Urd 12
(PU 1541), Kota Urd 5 (KPU 52-87), Mash
1190 (SUG 1190), KPU 18-1 (Kota Urd 6),
Mash 878 (KUG 878), Pant Urd 13 (PU
1920), Pant Urd 14 (PU 1921)
State level
1987- | Asha, MGG 295, LGG 410 LBG 402 (Prabhava), Mash 218, APK 1, LBG
1996 22 (Lam -22), K1, PDU-1, UG-218, LBG
648, Pant U19
1997- | Shalimar Moong-1, LGG 460 (Lam 460), LBG 623, LBG 685, VBN 3, PKV Udid -15
2006 | PBM 1, K1, AKM - 8802, Pratap, Pragya, (AKU - 15), LBG 645, PBG1, PBG 107, KU
Samrat (PDM 139), G M- 4, Pant Mung 5, 309 (Shekhar 3), VBN (Bg) 4, GU-1,
VBN (Gg) 2, VRM (Gg)1, PDM 139, MGG Mash1008, P 93, P 93, LBG 709, VBN (Bg) 5
348, RMG 492, Pusa Ratna (Pusa 9972),
Muskan, RMG 344, Suketi,
2007- | PKV Green gram (AKM-9911), TM-96-2, Himachal Mash 1, DU-1, Mash 114, LBG 752
2016 | TIM-3, MH 318, PAU 911, MGG 347, SML | (Tulasi/ Raghava), CO 6 /COBG 653, VBN 6,
832, MGG-207, Basanti, SGC 16, Pairymung, | UH-1, PratapUrd -1 (KPU 07-08), DBGV-5,
KM 2195, TM-2000-2, VBN (Gg) 3, DGGV-2 | MDU1, Vallabh Urd 1, Indira Urd Pratham
(Mungbean), Shalimar Moong-2, CO (Gg) 8, (RU 03-14), PDKYV Blackgold (AKU 10-1)
(Somnath), Yadadri (WGG 42), MSJ 118
(Keshvanand mung 2), Sri Rama (MGG 351),
RMG 975 (Kesvanand mung 1), ML 2056,
GBM-1, Utkarsh (KM 11-584)
2017- | Mung-7 (GM-7), SML 1827, IPM 312-20 Tirupati Minumu-1 (TBG 104), KKM-1, ADT
2026 | (Vasudha), Pant Mung 8 (PM 09-6), KM 6, IPU 11-02, Pant Urd 7 (PU 10-16), Pant U
2328, PM 707-5 (Phule Chetak), Pusa 1431, 8 (PU 11-14), TRCRU-22, Pant U 9 {PU 11-
SGC 16 (Rupohi), GAM 5, Gujarat Varsha 25), IPU 13-1, Mash 1137, IPU 10-26, GBG 1
(IPM 2K 14-9), Pusa 1641, Kanika (IPM 302- | (Ghantashala Minumu-1), Tripura Maskalai
2), Tripura Mung 1 (TRCM 131), VBN 4 (TRC Urd 99-2), VBN 11 (VBG 12-062),
(VGG 10-008), Pant M 9 (PM 09-11), KM OBG 33 (Shashi), KPU 524-65 (Kota Urd 3),
2342 (Azad Mung 1), IPM 409-4 (Heera), CO 7 (COBG 10-05), LBG 791, IPU 17-1,
MGG 385 (Madhira Pesara-01), ML 1808, Birsa Urd 2 (RUB 12-02), SBC 40 (Shyamal),
SGC 16 (Rupohi), GAM 8 (Hara Moti), JAU 4 (Shyamal), Lam Minumu 884, Madhira
Shalimar Mung 3, VBN 5 (VGG 15013), Lam | Minumu-01 (MBG -1070), BDU-12, DBG-16
Pesara 574 (LGG 574), GM 9 (SKNM 1705), | (DBGV-16), TJU 130 (Trombay Jawahar Urd
Lam Pesara 607 (LGG 607), TRCRM-147, 130), Phule Vasu (PU-0609-43), Mash 883
HUM 27 (Malviya Jan Kranti), VBN 6 (VGG | (KUG 883), TJU 339 (Trombay Jawahar Urd
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15-030), OUAT Kalinga Greengram 1
(Shreejan), (OBGG 58), Co-9 (COGG 13-19),
SGC 20 (AAU SHN Mung 02) (Buroi),

LGG 630, GIJM 1701, PMS 8, PMD 9, PMD
10, VBN 7 (VGG 18-002), Ankush (WBM-
031), Phule Suvarn (Phule M 0702-1), PMS-
12 (Pusa Sodicity Mungbean-12), Dweep
Mung 1 (ANM-11-12), Dweep Mung 4
(ANM-12-02), Raj Vijay Indore Moong 750

339), Dristi (IPU 17-2), Narmada (IPU 19-10),
SBC 47 (AAU SHN Urd 02) (Pabhoi), Black
gram ADT 7 (AD) (TR) BG 14003, Pant Urd
11, LBG 904, SB 42-8 (SHL Urd-03), TBG
129 (Tirupati Minumu 2), Phule Rajan (PU
0819-18), IPU 13-6, VBN 12, OUAT Kalinga
Blackgram 1 (Shreeya) (OBG 101), Dweep
Urd 1 (ANU-11-29), Vijeta (IPU 18-02), Raj
Vijay Sehore Urd 1 (RVSU 1)

(RVIM 750), Raj Vijay Sehore Mung 1
(RVSM 1), PDKV Phalguni (TAKSM 140),
PDKYV Varsha (TAKM-141), SML 2575
*Source: PC Report 2025-26, ICAR- All India Coordinated Research Project on Kharif Pulses

Constraints and Future Perspectives

Mungbean and urdbean are short-duration legume crops, traditionally grown in India for food security and
soil health. They are the primary source of protein for the vegetarian population, like in India and other Asian
countries. However, as compared to cereals viz., wheat and rice, they provide low remuneration to the
farmers. Their low yield potential can be attributed to narrow genetic bases, high susceptibility to diseases
and insect pests, sensitivity to abiotic stresses/climate change and poor mechanization. The narrow genetic
base of these legumes leads to limited genetic diversity of cultivated varieties, thus restricting progress of
genetic improvement for economically important traits. Among biotic stresses, Mungbean MYMV, Urdbean
leaf crinkle virus (ULCV), powdery mildew, Cercospora leaf spot, whitefly, thrips, Maruca and pod borers
are major threats, while sensitivity to extreme temperatures (both high and low) at flowering or early growth
(depending upon growing season), waterlogging, drought, and salinity adversely affect the yield potential.
Due to an indeterminate growth habit and non-synchronous maturity, most of the varieties are not amenable
to mechanical harvesting, thus making manual harvesting necessary and expensive. Prolonged rains at
maturity may cause pre-harvest sprouting which reduce seed quality and market value of the produce. Weak
seed production system of many pulses including mungbean and urdbean is also responsible for poor
availability of high-quality seeds of improved varieties to the farmers resulting in low productivity.

Traditional plant breeding has played a great role in improving the yield potential of these crops, will continue
to be at the forefront in future also. However, advanced techniques like genomics, transcriptomics and
metabolomics can be used to identify genes associated with resistance to diseases (e.g., YMD) and pests (e.g.,
Borers, Bruchids). Marker-assisted selection may improve efficiency of conventional breeding by
accelerating the development of climate-smart and resistant varieties. Genome editing offers the potential for
precise genetic modifications to improve specific traits such as increased resistance to viral diseases and
better nutritional quality. Development of varieties with determinate growth, erect plant type and
synchronous maturity should be a top priority to increase production efficiency and acceptability by farmers.
Wild Vigna species provide a pool of novel genes for resistance to salinity, drought, and temperature
extremes, which can be introgressed into elite cultivars through pre-breeding efforts supplemented with
molecular breeding tools to enhance yield potential. Thus, a combination of traditional breeding,
biotechnological, molecular techniques, pre-breeding, strengthening the seed production system and
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research-extension linkages may transform mungbean and urdbean from "orphan™ legumes to a highly
profitable and sustainable cropping system.
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