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Food security is increasingly threatened by rapid growth in population and drastic climatic changes. Among the abiotic
stresses intensified by climate change, drought has started to emerge as a major constraint to crop productivity.
Reduced precipitation and altered rainfall patterns have led to frequent and severe drought events across the world.
Black gram, experiences yield losses of 21-40% under severe drought conditions. Drought stress restricts water
availability to the roots or increases water loss through transpiration, disrupting plant growth and developmental
processes. The extent of damage depends on multiple factors such as rainfall distribution, soil moisture retention
capacity, and evapotranspiration rates. In black gram, drought stress adversely affects vegetative growth, nutrient
uptake, water relations, and assimilate partitioning, ultimately reducing productivity. Variations in tolerance
mechanisms across growth stages and genotypes reflect the complexity of physiological responses to drought,
necessitating detailed understanding for breeding and management interventions.
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Introduction

Pulses are the chief source of protein in human diet and they have a major role in ensuring nutritional security of the
developing countries. In human diet, pulses have a vital role as besides protein, it is also rich in vitamins, complex
carbohydrates and minerals. Pulses cultivation improves the soil fertility by biological nitrogen fixation. India ranks
first in world’s pulses production ( ). In recent years, there is a constraint in pulse production due
to climate change, combined with frequent occurrence of abiotic and biotic stresses. Black gram is one of the important
pulse/leguminous crops in India with high nutritional and economic value. It is cultivated on an area of more than 6

million hectare all over the world in warmer regions ( ). It requires relatively less water and low input,
and has a wide adaptability as compared to the other pulses. India is the largest producer and consumer of black gram
with about 65% and 54% of world acreage and production ( ). Being a leguminous crop, it

improves the soil fertility by fixing atmospheric nitrogen at a rate of 58-109 kg/ha by its symbiotic association with
Rhizobium. It is a good source of protein (~25 %) and it also suitable for baby food because of its high digestibility.
Besides protein, it also contains carbohydrate, vitamins and minerals and it contains very low levels of oligosaccharides

( ; ).
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Globally, agricultural productivity is highly affected by abiotic and biotic stresses; In particular the abiotic stresses are
becoming one of the major and potential threats to agricultural production. Due to climate change, drought occurs
simultaneously which severely affect the plant growth and development. Plants are unable to escape these adverse
environmental conditions due to their sessile nature. Drought stress is one of the serious threats for black gram
cultivation; it causes multiple damaging effects in crop. The dehydration in leaves was increased during drought stress.
It primarily disrupts the osmotic balance, affects the metabolic pathway and leads to physiological disorders. Under
field condition, plants are mostly exposed to multiple stress condition which inturn adversely affects the physiological
and biochemical processes of pIants and product|V|ty is being subjected to increasing abiotic stresses, particularly to
drought ( ; ;

Nutritional value black gram

Black gram is an excellent source of protein, dietary fiber, and various vitamins and minerals. It is particularly rich in
iron, which is important for maintaining healthy blood hemoglobin levels and preventing anemia. The high fiber
content supports digestive health and helps regulate blood sugar levels. The legume also provides a good amount of
potassium, which is essential for heart and muscle function, as well as magnesium for bone health. Including black
gram in diet can contribute to your overall nutrient intake, especially for plant-based sources of protein and essential
nutrients ( )

Drought stress — constraints in black gram production

The global agriculture productivity of blackgram has been constrained by various abiotic stresses such as drought, high
temperature, cold and salinity; drought and high temperature being one of the major factors due to climate change and
is highly detrimental for plant growth and development. Under field conditions plants are exposed to multiple stresses
which negatively affect the plant physiological processes. Meteorologically, drought is referred to a period devoid of
sufficient or evenly distributed rainfall which is a characteristic situation in the arid and semi- arid regions around the
globe, with additional constrains like limited availability of water supply from other sources and deterioration of
available water reservoirs. Globally, drought is prevalent in an area of about 1.2 billion hectare of land where rainfed
agriculture is practiced and causes a loss in crop yield up to 45%. In India 68% of the net sown area of about 140
million ha is vulnerable to drought. Drought causes disruption in the osmotic balance which leads to a devastating
multiple damaging effect leading to morpho-physiological and biochemical disorders such as changes in morphological
tralts change in pigment composmon and changes in biochemical actlvmes ( ;

; ; ; ; ) (Table 1).
Table 1. Effect of drought stress on black gram growth and yield
S.No Physiological changes during Effect on growth and yield
drought stress

1. Reduced Cell Water Potential Decreased cell enlargement
Decrease in leaf area
Reduction of shoot growth

2. Inhibited Chlorophyll formation Low photosynthetic rate
Low assimilate production
Poor yield

3. Reduction of Enzymes Activity Nitrate Reductase- Decreased nitrogen assimilation & fixation-

Inhibition of protein synthesis

RuBisCO enzyme activity- Decline of carbon fixation- Photosynthetic
rate decreased

Nitrogenase enzyme activity- Nodulation inhibited

4. Accumulation of Hormones — ABA & Stomata closure- Reduced transpiration
Ethylene
5. Accumulation of compatible solutes  Help to maintain the water potential of plant during drought

Effect of drought stress on growth, water and nutrient relation

Negative impacts of drought stress on germination and seedling growth have been reported in various studies. The
seedling growth characters (germination potential, early seedling growth, root and shoot dry weight and hypocotyl
length) have been reported as reduced significantly in important field crops under drought stress. Growth is mainly
determined by cell division, elongation, and differentiation. The mitosis and elongation of cells impaired by drought
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stress which results in poor growth of plants due to the loss of turgor. Because of the poor water flow from xylem to the
nearby cells cell elongation have been reduced significantly. Reduced turgor pressure and slow rate of photosynthesis
under drought conditions mainly limit the leaf expansion. Fresh and dry weights are also severely reduced under the
water limiting conditions. Plant height, Ieaf size, and the stem girth were 3|gn|f|cantly reduced under the water limiting
conditions in black gram ( ). Exposure to drought stress
disturbs all certain factors including the Ieaf water potential, leaf and canopy temperature, transpiration rate, and
stomatal conductance in plants however, stomatal conductance is affected the most. Under drought conditions, there
was a decrease in leaf water potential and transpiration rate, which eventually raised the temperature of the canopy.
Water use efficiency, or the ratio of dry matter accumulated to water used, is another crucial component for plant
physiological regulation. Under drought stress, blackgram cultivars that are more efficient use water more efficiently.
The formation of dry matter by using less water as a result of stomata shutting and lower transpiration rates is the
primary cause of this gain in water use efficiency. Plants' nutritional relationships are significantly impacted by drought
stress. Along with water, roots absorb a number of essential elements, such as calcium, silicon, nitrogen, and
magnesium. Drought cwcumstances restrict the diffusion and mass entry of these nutrients, which slows down plant
growth ( ). In order to absorb the less mobile nutrients, plants alter the
architecture of their roots and expand their length and surface area. A lack of moisture in the soil can hinder root
development and the absorption of less mobile nutrients like phosphorus. Each plant's nutrient relations are also
significantly influenced by root-microbe interactions. Certain legumes' capacity to fix nitrogen (N) was hampered by
the reduced carbon and oxygen flow to the nodules combined with nitrogen (N) accumulation during drought stress.
The soil water deficiency has a detrimental effect on the microbial colonies' composition and activity, which ultimately
disrupts the plant-nutrient relationships. Different crop species react differently to the uptake of minerals under
moisture stress. Under drought conditions, N uptake generally increases, P uptake decreases, and potassium is
unaffected. However, nutrient relations become more complicated due to interactive effects of different nutrients on
each other and overall plant physiology ( ).

Effect of drought stress on seed germination and seedling growth

Blackgram when cultivated in summer season faces drought stress at various stages of crop growth. Drought impairs
the mitosis and cell elongation which results in poor growth ( ). Stress has a detrimental impact on a
number of physiological processes in plants, which tends to lower yield. Because yield is a complex integration of
many physiological processes, yield reduction varies according to the degree of stress and the stage of the plant at
which stress occurs. The osmotic potential has a major impact on germination. An increase in drought stress markedly
decreased the germination percentage of E. songoricum ( ).

Effect of drought stress on the morphological parameters

Because there is less water flowing onto the xylem, plants under water stress show reduced germination, leaf size, leaf
area, leaf number, biomass, and cell elongation. Leaf rolling, stomata shutting, leaf tip drying, and root shortening are
other noticeable morphological changes ( ). Drought stress during vegetative stage reduces the
individual leaf size and number due to reduced turgor pressure and photosynthesis, because expansion of leaf depends
on turgor pressure and the supply of assimilates. Plant height is another morphological trait severely affected by
drought stress in Black gram than the yield parameters such as harvest-index, 100 - seed weight and length of the pod,
reduction in plant height is due to reduction in cell enlargement. Fresh and dry weight of plants are also reported to be
severely reduced under the water deficit conditions. However, drought stress during later vegetative periods (e.g.,
trifoliate formation) causes less damage though cell elongation, cell division and cell differentiation were retarded. The
adverse effect of drought in leaf area, plant height and root growth interfere with the realization of yield components
such as pod number per plant and harvest index ( ).

Effect of drought on the physiological parameters

Water shortage has a detrimental effect on a number of black gram physiological characteristics, such as net
photosynthetic rate, transpiration rate, stomatal conductance, WUE, PSII activity, relative water content, and membrane
stability index. The physiological reactions include membrane stability and an increase in osmo-protectants (Balliu et
al., 2021). Water is the essential resource for all metabolic processes in a cell; therefore, measurement of the status of
water content in crop plants would reflect its response to stress. Relative water content (RWC) is a measure of the water
status in plants which expresses the absolute amount of water required to attain artificial saturation by a plant. RWC is
related to water uptake by plants and the water loss through transpiration ( ). Chlorophyll stability index
(CSI) indicates the performance of chlorophyll under stress conditions. High drought stress disrupts the functional
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integrity of the photosynthetic apparatus leading to inhibition of the whole leaf photosynthesis. High CSI and RWC
indicates the plants ability to tolerate stress and maintain a stable chloroplast membrane photosynthetic pigments for
normal functioning of photosynthesis and thus dry matter production ( .

ABA content

Abscisic acid (ABA) is a sesquiterpenoid phytohormone that is mainly accumulated in plants under stress conditions.
Along with its widely recognized role as a stomatal closure agent, ABA have other roles to drought stress. High
temperature and drought stresses, result in increased levels of ABA in roots rather than shoots, which enables the plant
to overcome abiotic stresses, such as drought, cold, salt and wounding. The osmotic stress induced by drought, salt and
cold stress the ABA acts as a signal molecule for regulation and induction of the physiological responses (

).
Conclusion

Drought stress remains one of the most critical challenges to sustaining global food production, particularly under the
escalating pressures of climate change. In black gram, the physiological and biochemical disruptions caused by limited
water availability severely compromise growth, yield, and overall productivity. The extent of drought-induced damage
varies among genotypes and developmental stages, emphasizing the complexity of plant responses and the need for an
integrated understanding of underlying tolerance mechanisms. Advancing drought resilience in black gram will require
a multidisciplinary approach-combining physiological screening, molecular characterization, and improved agronomic
practices-to identify and develop tolerant cultivars. Such efforts are essential to ensure good stable yields and contribute
to food and nutritional security in drought-prone regions.
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