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ABSTRACT
Climate change is evident worldwide due to exponential rise in atmospheric carbon-di-oxide (eCOz) and temperature (eT).
It leads to more complexity in achieving the sustainable food security. Grain legumes are the major sources of dietary
proteins with multifaceted impact on ecosystem services. Being the Cs crops, climate change (more specifically eCOz)
usually has positive impact on physiology and productivity of grain legumes as compared to C4 cereal crops. Pulses, being
rich in protein, minerals and vitamins, play a significant role in the nutritional security of Indian people, especially those
below poverty line, who can ill-afford animal food products. However, per capita per day availability of pulses in India at
present is about 45 g against the minimum recommended dose of 70 g/capita/day (Economic Survey, 2021-21). The
productivity of pulses in India (~885 kg/ha) is very low as compared to other countries (2020-21). Biotic and abiotic
stresses are the major barriers in realizing the yield potential, as about 87% of the area under pulses is rainfed and mainly
confined to marginal and sub-marginal lands. Their cultivation in resource-scarce conditions exposes them to various
abiotic and biotic stresses, leading to significant yield losses. Furthermore, climate change due to global warming has
increased their vulnerability to emerging new insect pests and abiotic stresses that can become even more serious in the
coming years.
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INTRODUCTION

Only 9% of the world’s agricultural area is conducive for crop production, while 91% is under stresses
which widely occur in combinations. While losses to an extent of more than 50% of agricultural production
occur due to abiotic stresses, their intensity and adverse impact are likely to amplify manifold with climate
change and over exploitation of natural resources. Global food demand is predicted to grow by 70-85% as
the population increases to over 9 billion people by 2050 [18]. A “next generation Green Revolution” is
required to achieve future food security. India is the leading producer (25% of global production),
consumer (27% of world consumption) and importer (14%) of pulses in the world. India has made
remarkable progress in enhancing production of pulses during the past 15 years. During 2005-06, the total
production of pulses in India was 13.38 million MT, which increased to 27.3 million MT during 2021-22.
This shows an impressive growth of 91% or a compound annual growth rate (CAGR) of 4.42%. Grain
legumes are nature’s precious gift to mankind and often named ‘poor man’s meat’ as these are rich in
protein (16-50%), essential elements, dietary fibre (10-23%) and vitamins [43]. Apart from protein, grain
legumes are store house of various nutritional components such as: carbohydrates, sugars, vitamins, more
than 15 essential mineral elements and mono and polyunsaturated fatty acids [40]. Grain legumes play an
important role in providing the ecosystem services. Biological nitrogen fixation (BNF) capacity, deep root
systems, low input requirements, propensity to survive in problem soils and withstand abiotic stresses
make grain legumes as a popular choice for farming community in the intensive cereal-based cropping
systems [33].

During 2020-21, chickpea had a lion’s share of 49.3% in the total pulses production. Chickpea
(Cicerarietinum L.) is the 2ndmost important legume crop after common bean (Phaseolus vulgaris L.) [25,
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67] and an economically beneficial protein-rich food legume. Among remaining pulses, pigeonpea
contributed 16.2%, mungbean 10.3%, urdbean 9.3%, lentil 4.9% and other pulses 9.9%. During the past 15
years, the highest growth in production was observed for mungbean (178%), followed by chickpea (125%),
urdbean (90%), pigeonpea (51%) and lentil (34%). Estimates indicate that India needs an annual growth
rate of 4.2% in pulse production to ensure projected demand of 30 million tonnes by 2030. To meet this
benchmark, constraints to production must be analysed and effective steps must be undertaken. The pulses
have great potential to bear the vagaries of the changing climate, provided other crop management
practices are strictly followed to harness achievable yields.
Presently, the impact of global warming can be seen worldwide. India has witnessed highly fluctuating
weather conditions in the last decades [68]. It is evident that high temperatures have changed the rainfall
pattern as well as distribution and have increased water scarcity. Data from last five decades (1967-2017)
depicted an average rise of CO2 concentration (ppm yr-1) by 155% with the highest concentration during
2015 (3 ppm yr-1) along with spike in global temperature by 0.85°C over the last century (IPCC, 2014).
Surprisingly, the world witnessed a rise in global average temperature and atmospheric COz concentration
by 0.2 °C and 20% over the last five years (2015-19), respectively as compared to 2011-15 [70].
Drought stressis a serious situation for agriculture in the context of climate change and the ever-increasing
world population [23; 63]. Extreme drought conditions reduce crop yields through negative impacts on
plant growth, physiology, and reproduction [72, 5]. In the future, the shortage of water will increase
drought-affected regions. Moreover, it will negatively impact those regions that have higher precipitation
rates [44]. As per a Food and Agriculture Organization [21, 22]], climate change has put global food security
more at risk; heightened the dangers of under nutrition in resource-poor regions of the world due to heat,
drought, salinity, and waterlogging; and increased the threat of newly emerging diseases and insect pests.
While assessing the impact of drought on crop yields, Kuwayama et al. [39] reported 0.1-1.2% yield
reduction for corn and soybeans for each additional week of drought. According to Ambachew et al. [1],
drought stress can cause 20-90% yield reduction in common bean, which in the worst scenario could go
up to 100%. In other pulses, yield losses have been measured to the extent of 6-86% and 15-100% due to
different abiotic and biotic stresses, respectively [56].
Constraints for Productivity of Pulses
The poor productivity of pulses in India is attributed primarily to poor spread of improved varieties and
technologies, untimely and inadequate availability of quality seed of improved varieties and other inputs,
water-stress due to dependence on rainfall, low and high temperature stress, vulnerability to pests and
diseases and cultivation on marginal and sub-marginal land. These crops being grown as rainfed (87%) on
marginal and sub-marginal lands are frequently prone to biotic and abiotic stresses. Choudhary [12] and
Pooniyaetal. [51] reported that yield gaps in pulses at research farms and farmer’s field varied to the extent
of 368-492 kg/ha in urdbean, 220-417 kg/ha in kidney bean (Phaseolus vulgaris L.), 477- 563 kg/ha in
pigeonpea, 372-494 kg/ha in cowpea, 225-601 kg/ha in chickpea and 253-510 kg/ha in lentil. Among the
abiotic stresses, drought and heat stress may reduce seed yields by 50%, especially in arid and semiarid
regions (Table 1).

Table 1. Abiotic and biotic stresses limiting productivity of major pulse crops in India

Crop Season Stress
Biotic Abiotic
Chickpea Timelyso Weeds, Fusarium wiltroot rot, chick pea | Low temperature, nutrient stress
wn stunt
Earlysown | Fusarium wilt, root rotblight, stunt,pod- | Terminal drought, salt stress
borer
Latesown | Weeds, Fusarium wilt, pod-borer Terminal drought, cold, nutrient
stress
Pigeonpea Kharif- Weeds, Fusarium wilt, blight, pod-borer Waterlogging, nutrient stress
early
Medium Weeds, Fusarium wiltmosaic, pod-borer | Cold, terminal drought,
late complex waterlogging
Pre-rabi Weeds, wilt, leaf blight, pod-fly Cold, terminal drought
Mungbean Kharif Weeds, mosaic virus, sucking insect-pests Pre-harvest sprouting, terminal
drought
Zaid Mosaic virus, root and stem rot, stem | Pre-harvest sprouting,
Agromyza, sucking insect-pests stress temperature, drought stress
Rabi Weeds, powdery mildew, rust Terminal drought
Urdbean Kharif Weeds, mosaic and leaf curl virus, | Terminal drought
anthracnose
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Zaid Mosaic virus, root and stem rot, stem | Pre-harvest sprouting,
Agromyza temperature, drought
Lentil Fusarium wilt, root rot, rust Moisture, temperature
Clusterbean Weeds Moisture and nutrient stress

Source: Reddy [57]
Legumes can adapt either positively or negatively under climate change depending upon internal
physiological adjustment and crop husbandry practices. Indeterminate nature of legumes makes the task
more daunting for climate scientists to ascertain the adaptation strategies or phenological triggers that
empower legumes under changing climate. These heterogeneous and complex aspects needs to be
addressed by experts considering single or sometimes multiple stressors like eCOz, temperature or biotic
or abiotic hassles through agronomical, physiological and microbiological studies. Therefore,
comprehending the grow response and adaptation of various grain legumes to climate change is important
and requires multi-disciplinary interventions to meet global food and nutritional security. The objective of
this paper is to undertake exhaustive review on challenges associated with global climate change and to
find out the prospects of grain legumes to consider as climate smart crop towards abiotic stresses.
Abiotic Stresses and their Effects on Pulses
Abiotic stresses are primarily unavoidable and are the most harmful factor concerning the growth and
productivity of crops, especially under un-irrigated areas. The ability to tolerate effectively by challenging
these stresses is a complicated phenomenon stemming out from various plant interactions occurring in the
specific environments. Abiotic stresses are occurring naturally and agronomists can only think of
mitigation strategies for these stresses under varied climatic conditions. Losses caused by various abiotic
stresses in major pulses are given in Table 2.

Table 2. Yield loss in major pulses due to abiotic stresses

Crop Abiotic stress Yield loss(%)
Chickpea Terminal drought 30-60
pHlessthan6.0 22-50
Salinity(ESP>10) Upto50
Lentil Terminal drought 6-54
Salinity(ESP>15) Upto50
pHlessthan6.0 30-86
Fababean Terminal drought Upto70
Fieldpea Terminal drought 21-54

Source: Kumar et al. [34]
Adaptation of extreme temperature stress
Exposure to extreme temperatures (chilling, freezing, or HT) causes detrimental effects on plant
productivity and crop yields. The semiarid regions of the world are particularly vulnerable to the weather
variability associated with climate change [2]. A mechanistic understanding of plant responses to HT,
particularly when the stress is imposed at flowering, is crucial for the development of stress tolerant
genotypes because plant reproductive organs are very sensitive to HT stress, [23, 54]. HT reduce pollen
viability and shorten the grain-filling period, temperature increases of 3-4 °C are likely to cause crop yields
to fall by 15-35% in Africa and Asia and by 25-35% in the Middle East [48]. Like HT, LT stresses such as
chilling and freezing also severely impair seedling survival and lower crop yields worldwide. Several
studies have shown new insights into the mechanisms by which plants perceive cold stress and how they
transduce the LT signal to activate adaptive responses [42].
Response Mechanism to Abiotic Stresses in Plants
Plants are often exposed to different situations of abiotic stresses. In evolutionary terms, adapted
organisms are those that have managed to modulate several response mechanisms in favor of their defence
in order to overcome such stresses and return to normal basal metabolism. Importantly, these
environmental factors severely limit agricultural growth and productivity. As an example, the increase in
atmospheric COz can trigger changes in the photosynthetic rate of plants, causing changes in the growth
rate, which usually impacts positively overall biomass, but decreasing nutritional quality [65, 52]. Plants
respond to stimuli caused by stress with distinct changes related to their development and physiology. In
this context, many mechanisms like photosynthesis and gas exchange [9], cell death, changes in cell wall
composition [64], nutrient translocation [17], transcriptional activity of genes, transposable elements [41],
lipid signalling [34], metabolites, proteins [47], and antioxidant profile [13] can be changed during stresses.
The physiological response mechanism for abiotic stresses occurs from a complex pathway of responses,
starting with the perception of stress, which triggers a cascade of molecular events, ending at various levels
of physiological, metabolic, and developmental responses [7].
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Abiotic stress tolerance

Of the multitude of diverse abiotic and biotic stresses faced by plants in the field, water availability is widely
accepted to be one of the most important constraints to crop yields. Drought stress alone is expected to
limit the productivity of more than half of the earth's arable land in the next 50 years, competition for water
between urban and agricultural areas compounding the problem. A number of papers describe the
mechanisms that enable plants to withstand extremes of temperature [8, 10, 16-20, 29]. Taken together,
the new information provided in these manuscripts increases current understanding of the biochemical
and molecular basis of crop adaptation to abiotic stresses, highlighting promising candidate
genes/enzymes that are targets for manipulation to improve the ability of plants to produce better yields
under changing climate conditions.

Adaptive Traits in Pulses

Climate change can result in a wide range of abiotic stresses, such as drought, heat, cold, salinity, flood, and
submergence, and biotic stresses, including increased attacks of pathogens and pests [32]. Therefore,
breeding of adaptive traits is required for increasing the resilience of crops to current climate change
conditions to help sustain productivity. Adaptive traits show their adaptive plasticity in changing
environmental conditions and help crop plants survive and/or reproduce under biotic and abiotic stress
conditions [14]. These adaptive traits can be agromorphological [28, 36], physiological, and biochemical
[60, 4]. The reproductive stage substantially influences seed yield in crop plants. It has been reported that
drought stress during the pod-filling stage leads to pod abortion and thus reduces the number of seeds per
plant, whereas terminal drought at the early podding stage resulted in an 85% decline in seed yield of
chickpea [49]. Thus, pod-filling ability can be targeted as an agromorphological trait under moisture-
deficient conditions for developing drought-resilient cultivars. A number of physiological traits including
leaf parameters, seed set, pod abscisic acid concentrations, and root traits have been shown to impart
tolerance to drought in chickpea [11]. The role of sucrose infusion has recently been identified in the salt
tolerance of chickpea [31]. Prince et al. [55] performed an innovative analysis to decipher the mechanisms
that underpin drought tolerance in legumes and established the role of root xylem plasticity in improving
water-use efficiency in soybean plants subjected to water stress.

Crop Husbandry Strategies

Most of the standard climate models predict rise in temperature across the regions where pulses are grown.
To meet out these emerging challenges of climate change, there is a dire need for developing policy
framework and strong institutional support to strengthen existing research system to combat adverse
impacts of climate change, especially on dryland areas which account for 40% of the total food production
of the country [3]. Pulses are climate smart since they simultaneously adapt to climate change and
contribute towards mitigating its effects [21]. There are technologies available for stepping up the
productivity and production levels of pulses under changing climatic scenario in the rainfed regions. The
role of various management practices/measures vis-a-vis climate change and pulse production from
mitigation point of view is given here:

Adopting diversification in practice

Under dryland conditions to reduce risk, diversification of cropping is especially important. Crops may
differ in their response to a given environment and this difference can be used to reduce the risk associated
with growing pulse crops. Mixed cropping or intercropping is an example of a successful approach to crop
diversification with best possible configurations. Therefore, efficient utilization of resources are needed by
increasing cropping intensities following inter- and multiple-cropping systems. Multiple-cropping systems,
such as intercropping or crop rotations with pulses, have a higher soil carbon sequestration potential [21].
Therefore, alternate land-use systems such as alley cropping, agri-horticultural and silvi-pastoral systems
are better way in stabilizing pulse production. This system withstands climate extremes as pulses are
hardier than most crops and help to nourish the soil [22]. The different field conditions allow to achieve a
better fit between the crop and the environment and to reduce the general probability of stress affecting
the crop. Varietal diversification of a crop offers a better probability for reducing loss due to environmental
stress as compared to growing a single variety only. For environmental stress conditions, varietal
diversification is based mainly on differential phenology, primarily flowering date. A typical example is a
transient frost or heat wave that is likely to occur around flowering time of the specific crop. Damage
reduction can be achieved when the crop is sown to several varieties of different flowering dates. In
temporal diversification, the purpose of setting a distinct planting date is to optimize crop development
with respect to rainfall in rainfed agriculture. Similarly, higher rainfall intensities forecast during cropping
season may prohibit planting in situ (under field condition) where certain contingency planning could help
to compensate the productivity loss [53, 58].
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Technology based on partial replacement of missing hills/ gaps through transplanting seedling to the
minimum extent possible could serve as an alternative for realization of higher productivity and farm
income in Indo-Gangetic Plains [53]. Similarly, furrow-irrigated raised bed (60 cm width FIRBs
accommodating 2 rows) could be an effective land-configuration measure in conserving both soil moisture
and enhancing productivity of chickpea and field pea. In case of terminal moisture stress, single irrigation
at branching could be advocated for realizing higher yield and input use-efficiency [45].

Fallow and conservation tillage

The fallow system is designed to conserve soil moisture and improved availability of soil nutrients and the
eradication of certain soil-borne pests. The benefit of fallow and conservation tillage in terms of increasing
available soil moisture to the crop depends on soil water holding capacity, climate, and topography and
management practices. Conservation tillage is the usual practice under dryland systems. Conservation
tillage is basically meant to minimize tillage operations to conserve soil structure and to maintain ground
cover by stubble mulch. These practices reduce water runoff and increase soil infiltration. Similarly, the
conservation practices like zero/ minimum tillage practices with mulching have definite positive impact on
pulses (chickpea) productivity in the Middle Indo-Gangetic Plains, especially in the seasons having low
postrainy season precipitation [46].

In the existing agro-ecosystem of Indo-Gangetic Plains (IGP) where visible effects of extreme weather
events (especially rainfall) were more evident, raised bed planting could provide a viable alternative to
other land configurations for a remunerative pigeonpea-wheat system [61]. Similarly, in certain soils deep
tillage was found very useful in improving soil-moisture storage, especially when hard soils or hardpans
are a problem.

Maintaining adequate soil organic matter

Under changing climatic scenario, the soil organic carbon (SOC) is becoming a serious concern. The
advanced agricultural practices have tremendous potential in sequestering carbon in crop land soils. In
other words, several farming practices and technologies can reduce GHGs emission and prevent climate
change by enhancing carbon storage in soils, thereby preserving both the existing soil carbon as well as
reducing emission of all the greenhouse gases.

Important benefits of SOC in the low input agro ecosystems are the retention and storage of nutrients,
increased buffering capacity, better soil aggregation, improved moisture retention, and increased cation-
exchange capacity. Overall, optimum organic matter level in soils retain water and nutrients, which in turn
are highly beneficial from pulse production point of view, which are usually grown in rainfed regions [22].
Study revealed that inclusion of pulses in the maize-based system and the organic nutrient-management
system sequestered more organic carbon and maintained better soil health in Inceptisols of the Indo-
Gangetic plains of India [68].

Reducing greenhouse gas emissions

Several reports have highlighted the potential of organic agriculture in reducing greenhouse gases (GHGs)
emission. Organic system of pulse production increases soil organic matter levels through the
incorporation of composted organic manures and cultivation of cover crops [62]. The inclusion of pulses in
crop rotation reduces the need for fertilizer inputs. Pulses supply their own nitrogen and contribute
nitrogen to succeeding crops [40]. Pulses helps in lowering emissions of GHGs due to lower fertilizer
requirements [68]. Interestingly, legume rich feeds can curtail CH4 emission from livestock industries as it
contains less fibre, faster rate of passage and contains condensed tannins and saponins which reduces cell
wall digestion and modifies rumen methanogenesis [20]. Nitrous oxide emission also found to be lower
from legumes (1.02 kg N20-N ha-! year-1) as compared to N fertilized cereals (2.71 kg N20-N ha-! year-1)
[29]. Positive impact of reduced GHGs emission by grain legumes has been documented by Schwenke et al.
[59]. However, exceptions do exist stating more N20 emission in legumes than cereals [30, 50]. The possible
reasons behind higher N20 emission by legumes are faster decomposition rate of N-rich residues and
denitrification of symbiotically fixed N within the nodule but, more extensive multi-location research must
be conducted to get concrete evidences as it is highly influenced by management practices and local climatic
conditions [6, 26].

Improved crop-specific practices

Agronomic practices such as tillage, sowing time, planting method, ridge-planting of kharif/ rainy-season
pulses, crop geometry, plant population, nutrient and water management, seed treatment, weed
management and plant protection have major impact on pulse productivity. Crop-specific agronomic
practices hold tremendous scope to raise pulse productivity potential in water-stress region under
changing climatic conditions. Further, judicious use of organic and inorganic fertilizers inputs improves
moisture-holding capacity of soil and increase drought tolerance.
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On other hand, conservation-agriculture system holds great potential to address the issues raised due to
adverse impact of climate change. A study on rabi crops, viz. lentil, field pea, faba bean, Lathyrus and
chickpea, sown under zero as well as conventional tillage after rice harvesting revealed that all pulses
performed equally well following both tillage practices. Likewise, performance of chickpea sown after rice
in zero-tillage system was statistically at par with conventional tillage practice; however, retention of rice
residue on surface showed advantage over no-residue in zero tillage [35].

Water harvesting and supplemental irrigation

Pulse crops are usually grown in rainfed regions, leading to sub-optimal productivity levels. Hence scientific
scheduling of irrigation, an estimate of quantity of water to be applied and deployment of water-saving
irrigation methods can lead to enhanced yield, higher water and nutrient-use efficiency and larger area
coverage under irrigation [14]. Similarly, adoption of sprinkler irrigation has tremendous potential in
saving irrigation water and expanding area under irrigation. Further, drip irrigation holds huge potential
for widely spaced crops like pigeonpea. Above irrigation technology, can expand irrigation area by 30-50%.
Overall, micro-irrigation ensures higher water-use efficiency and in turn water economy [36].Micro-
irrigation at critical stages generally considered at flowering through sprinkler or drip may prove beneficial
for increasing productivity of pulses.

Use of biofertilizers

The use of certain biofertilizers, such as Arbuscular mycorrhiza (AM) fungi enhances water-use efficiency
(11-24%) in rainfed pea [38]. Apart from enhancing overall nutrient-use efficiencies particularly of
phosphorus, biofertilizers is rather simple, very convenient, inexpensive and eco-friendly. The AM fungi do
so by extending root-system into the soil through ramifying hyphae, thereby increasing its exploratory area
for harnessing water from deeper layers.

Balanced nutrient management

Biological N2 fixation enables pulse crops to meet 80-90% of their nitrogen requirements; hence a small
dose of 15-25 kg N/ha is sufficient to meet the requirement of most of the pulse crops. However, rotation
of pulses with cereal crop requires slightly higher dose of N (30-40 kg N/ha). Besides this, pulse crops
respond well to 20-60 kg P20s/ha. Sulphur application @ 20-40 kg/ha at sowing and zinc sulphate @ 25-
50 kg/ha once in 2 years effectively overcome the deficiency of concerned nutrient, further enhancing pulse
productivity. Ridge planting of kharif/ rainy-season pulses in states having black and heavy soils addresses
the problem of water stagnation and improves pulse productivity and sustainability. Above practice ensure
drainage of the root zone during heavy rains, further facilitating in-situ moisture conservation to be used
by succeeding crop [15]. Further, boron and placement of phosphatic fertilizers and use of biofertilizers
enhance efficiency of applied as well as native P. Hence balanced nutrition have higher nutrient-use
efficiency and reduces dependence on synthetic fertilizers, which ultimately helps in reduced GHGs
emissions.

CONCLUSION AND WAY FORWARD

Climate change due to increase in the frequencies of extreme events and climatic variability, causing serious
concerns for enhancing pulse production and productivity in the country. Current trends of unpredictable
global climate change have resulted in periodic spells of drought stress and frequent episodes of extreme
temperature, thus challenging plant growth and yield in several crops. Induction of climate resilient (CR)
varieties into seed chain is important to mitigate the adverse climate change effects vis-a-vis to increase
yield as these crops grown predominantly as rain-fed. Pulses are largely drought-tolerant crop species, and
are well adapted to rainfed situation, requiring little conserved soil moisture to sustain and produce
reasonable good yield. However, inadequate rainfall under water-limited rainfed areas is often posing
threat to pulses which leads to substantial loss of grain yield. To improve pulse productivity in the present
scenario, gene mining for tolerance to abiotic stresses, restructuring plant types for climatically vulnerable
regions, changing cropping pattern, efficient nutrient and water management, seed bank for alternate
legume crops, watershed management, and micro-irrigation facilities are some of the better options to
address climate change-related issues.

For food and nutritional security, it is essential to adopt mitigation and adaptation strategies for sustaining
the production and productivity of pulses under changing climate conditions. However, pulse farmers,
especially in South Asia and Africa, are poor in resources; hence, they have a limited capacity to adopt
mitigation strategies. Consequently, we shall have to resolve the issues of climate change primarily through
adaptation strategies. This calls for developing cultivars that can sustain food production in the future. By
the adoption of recommended management practices, agriculture contributes not only to soil and water
conservation, but also for enhancing the amount of soil organic carbon in soil and mitigating COz emission
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effects on climate change. Therefore, improved agronomic practices hold tremendous potential to combat
adverse impact of climate change on pulse production.
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