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Abstract 
Impacts of drought on morphophysiological, biochemical and molecular changes in crops limit the performance and their 
yield. Its impacts include growth and development, water relations, membrane integrity, pigment content, osmotic adjustment, 
photosynthetic activity and harvest index. The different acclimation factors such as changes in plant structure, wax deposition, 
reduced growth rate, tissue osmotic potential and antioxidant defenses. Oxidative stress is common detrimental factors in 
drought which produce reactive oxygen species (ROS) viz. superoxide (O2-) radicals, singlet oxygen (1O2-), hydroxyl (.OH), 
alkoxyl (RO•), peroxyl (ROO•), lipid peroxyl (LOO•), hydrogen peroxide (H2O2), etc. that causes sequential damage of 
membranous structure in the cell and eventually lead to dry and decay of whole plant. The metabolites that have different types 
of role in metabolism play a major role in suppression of these ROS in plants. The Ascorbic acid, Glutathione, Carotenoids, 
Phenolics, flavonoids, alkaloids, Tocopherols, Tocotrienols, Proline, taurine, nano-silicon etc. are the major metabolite that 
scavenge the ROS in different metabolic pathway. The enzymatic antioxidants viz. superoxide dismutase (SOD), peroxidase 
(POD), catalase (CAT), ascorbate peroxidase (APX) and glutathione reductase produced under drought and scavenge ROS and 
minimize the drought. Molecular changes during drought produce the several enzymes that catalyze the production of ROS 
scavenger and drought responsive metabolites. Thus internal mechanism and structural changes during drought save the crops 
from diurnal and long term drought. 
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Introduction 
Pulses keep important place in our food due to cost effective 
sources of protein and considered as food grain for balance 
diets.They have ability to fix atmospheric nitrogen in the 
root nodules and provide nutritious green fodder and feed 
for livestock as well as enhance soil nitrogen status. Hence 
soil requires fewer amounts of inorganic fertilizers and 
keeps its fertility for next crops. Soil fertility also 
maintained by crop cultivation practices like intercropping, 
crop rotation and mixed cropping (Kumawat et al., 2020) 
[44]. Pulses are cultivated almost all over the world due to 
their wide range of soil and climatic conditions adaptation. 
The rainfed cultivation suffers from water stress mainly 
which lead to decrease of yield and production (Kamatchi et 
al., 2024) [35]. India is the largest producer of pulses despite 
imports pulses and trying to achieve self-sufficiency due to 
lack of agronomic and management practices (Mishra et al., 
2023) [52]. 
They are typically cultivated in rainfed areas where the 
water deficit stress occurs frequently. However, their highly 
susceptibility towards abiotic stress especially water deficit 
stress their production is not so much to fulfill the demand 
(Khatun et al. 2021) [40]. The reproductive stages are more 
susceptible to water stress especially during flowering and 
anthesis lead to disruption of ovule and pollen development 
and pollen sterility and eventually failure of fertilization 
(Devi et al., 2022) [15]. The 90% fresh mass of growing 
region of plants occupied by the water hence its deficiency 
at any growth stage significantly affecting the flowering, 
grain filling and yield (Nayyar and Gupta, 2006) [59]. The 
extent of decrease in yield depends on the developmental 
stages of plants drought intensity, duration and genetic 
factors (Nadeem et al., 2019) [58].Plants cope up the short 
term water stress by stomatal closure, leaf rolling and 

reduced metabolism (Ding et al., 2020) [16]. They produce 
reactive oxygen species, antioxidants, phytohomone 
ethylene and abscisic acid as well as adapting their root and 
shoot structures (Ahluwalia et al., 2021) [1]. Chickpea and 
lentil grown as a rainfed crop in northern India during the 
winter months from November to April after the harvest of 
paddy. Their grain filling stage falls in spring (February to 
April) when temperatures ranges 32-35 0C and very less 
precipitation those environmental effects lead to dramatic 
decrease in yield if the scarcity of water persist for prolong 
time (Awasthi et al. 2014) [4].  
Drought is the common environmental factor which 
adversely affects the growth, development and yield of the 
crops. Prolonged period of abnormally low precipitation that 
occurs at a specific location when the amount of rainfall 
consistently falls below the average is known as drought 
(Ahmad et al. 2018) [2]. The drought is divided into three 
categories viz. hydrological, agricultural, and meteorological 
drought. Sporadic precipitation and excessive evaporation, 
or inadequate rainfall results in agricultural drought while 
lower than normal precipitation coupled with warmer 
temperatures considered as meteorological drought (Lima et 
al., 2019) [45]. When there is a prolonged decrease in water 
availability that impacts water reservoirs and water table is 
known as a hydrological drought. It occurs frequently in 
rainfed condition where pulses are generally grown after or 
during the kharif crop season. The world's farmed land 
approximateely1474 million hectares are falls under rain fed 
agriculture makes up a substantial majority of the 
agriculture (Yohannes et al., 2024) [70]. They suffer from 
water stress either the field is not saturated with field 
capacity for a long time or the balance between water 
supply to roots becomes less than the transpiration rate 
(Jongdee et al., 2002) [34]. The water table of available water 
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resources for rainfed crop production has been decreasing in 
many regions of our country (Anjum et al., 2017) [3]. The 
sensitivity of different pulses to water stress depends on the 
developmental stages, different accompanying stress factors 
and level of stress. The morphological traits viz. leaf area, 
root growth, shoot growth decreased while adaptive changes 
viz. smaller plant size, early maturation, increased leaf 
thickness and restricted leaf expansion appeared in drought 
stress (Bengough et al., 2011) [8] Plant also minimize rate of 
transpiration, regulating stomatal conductance, curling 
leaves and formation of trichomes which reflect sunlight 
and help to lower leaf temperature (Kumar et al., 2014) [42]. 
Pulses access moisture from deeper soil layers by 
development of longer and deep root systems and avoid 
water deficit in rhizosphere. The sensitivities of drought in 
different pulses first occurs in rhizosphere where 
germination, hypocotyls elongation, seedling vigor mostly 
affected (Raina et al., 2016) [61]. Green gram, Pigeon pea, 
Lentil, Black gram, Cowpea, Faba bean and Moth bean 
showed early maturation and reduced plant heights in 
drought stress. The increased root length results in increase 
of root-to-shoot ratio in chickpea and cowpea while due to 
arid zone moth bean showed reduced root length (Kumari et 
al., 2021) [43]. The reduced shoot length led to lower shoot 
biomass in Chickpeas, Green gram, Pigeon pea, Lentil, 
Cowpea, Faba bean and Moth bean under drought affecting 
both biological and economical yield (Jha et al., 2022) [15]. 
Flowering behavior mostly regulated by photoperiod and 
temperature but the acceleration of flowering occurs in 
different pulses viz. Lentil, Chickpeas, Green gram, Pigeon 
pea, Cowpea, Faba bean and Moth bean due to adverse 
effects of drought (Kaushal et al. 2013) [37]. Pollen tube 
growth and pollen germination inhibited led to inhibition of 
fertilization and embryogenesis in black gram and Faba 
beans. Pod formation and pod filling were found to shorten 
in chickpeas and green gram due to adverse effects of 
drought and high temperature (Liu et al., 2011) [46]. 
 
Effects on morpho-physiological parameters: 
Water deficit in plant disrupt the flow of water from the 
xylem to growing region results in decrease of turgidity of 
the cells and plant loss its stature. They causes several 
abnormalities such as burning and flaccidity, brittleness or 
curling, leaf chlorosis, senescence and abscission of leaves, 
etiolation, wilting, eventually dry and decay (Rehschuh and 
Ruehr, 2022) [63].The leaves are the primary site of 
metabolism in plants hence leaves affected adversely in 
deficiency of water (Jongdee et al., 2002) [34]. Their size and 
length reduces gradually results in reduction in dry matter in 
shoots as well as crop growth rate. Morphological alteration 
in leaves reduce their leaf area, leaf area index and leaf-
specific activity consequently the chlorophyll content and 
photosynthetic rate (Bashir et al., 2021) [6]. The Soybean 
plant under water-stress decreases their photosynthetic rate 
due to reduced carbon fixation per unit leaf area due to 
reduced number of active stomata per unit leaf area 
(Salgotra and Chauhan, 2023) [65]. Roots are the primary 
sense organ those receive signal of water deficit and 
transmit them to leaves for synthesis of abscisic acid, 
closure of stomata and slow down the transpiration. The 
root architecture such as root length, surface area, volume, 
elongation rate and spatial structure modified under the 
influence of water stress (Boguszewska-Mankowska et al., 
2020) [16].The elongated root facilitate plant access to deeper 

layer of soil for water; thereby minimize the water scarcity 
in plants. Increase in the elongation of primary roots and 
quantity of lateral root system and root hairs withstand short 
term drought while in long term drought the decrease in 
number of mitochondria and other cytoplasmic organelles 
leads to deficiency of ATP and in root activity, ultimately 
causing deceleration or complete cessation of growth and 
development of the plant (Kim et al., 2020) [41]. Hence, the 
water uptake and transportation in plants effectively 
managed by the modification in the root architecture. The 
decrease in the number of tillers per plant and flowering 
time were affected in faba beans and cowpeas due to water 
stress (Guerfel et al., 2009) [24]. The flowering time 
adversely affected in lentil due to water deficit and it was 
accelerated in flowering and premature seed set in lentil. 
Photosynthetic process depends on availability of water, its 
deficiency induce the synthesis of abscisic acid (ABA) 
which trigger the closure of stomata (Basu et al., 2022) [7]. 
The decreased stomatal conductance obstructs the entry of 
CO2

 and exit of water vapour. Deficiency of CO2
 in the cell 

particularly in stroma reduces the Calvin cycle as well as 
activity of rubisco in soybean chickpeas (Mafakheri et al., 
2010) [47]. Canopy temperature depression and the 
transpiration rate reduced during water deficit in soybean 
and chickpeas (Tiwari et al., 2023) [69]. The unavailability of 
CO2 during drought and intense sunlight promote the 
oxygenase activity of rubisco and facilitate the process of 
photorespiration which is a carbon diversion process from 
the Calvin cycle, leads to overall reduction in photosynthetic 
efficiency and loss of ATP. The chlorophyll fluorescence 
(Fv/Fm ratio) indicates the conversion of light energy into 
flow of electron in electron transport chain. The overall 
process of light reaction reduced due to decrease of 
chlorophyll fluorescence (Fv/Fm ratio) under drought 
results in decreased quantum yield and 
photophosphorylation in chick pea and mung bean (Kumar 
et al., 2014) [42]. The relative water content, chlorophyll 
content and membrane stability index decreased during 
water stress in chickpea, soybean, mung bean, moth bean 
and cowpea (Jayawardhane et al., 2022) [30]. 
 
Effects on Biochemical parameters:  
Antioxidants are the biomolecules in the cell which 
produced during stress to protect the cell from damage of 
organelles and membrane. They have the capacity to reduce 
the reactive oxygen/nitrogen species produced during water 
stress in cellular compartments and consequently the 
integrity of the entire plant (Hasanuzzaman et al., 2019) [25]. 
The metabolites which are capable of scavenging the ROS 
non-specificifically are most important in the system for 
minimizing the adverse effects of free radicals produced 
during the stress (Khan et al. 2019) [39]. These metabolites 
are known as non-enzymatic antioxidants and they have the 
ability to neutralize a variety of reactive oxygen species 
(Ghosh et al., 2021) [22]. Hence, in the living system 
particularly plants which suffers from different type of 
stress day by day it is necessary to maintain sufficient 
antioxidant production to suppress the production of 
reactive oxygen species (Tiwari et al., 2023) [69]. Excess 
ROS in the system causes several disorders and eventually 
in uncontrolled state led to great loss of structure of the 
plants. The biomolecules which act specifically in 
scavenging of ROS are come under enzymatic antioxidants 
defense system; they act specifically in a catalytic reaction 
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and convert the ROS into different products. Hence, non 
enzymatic and enzymatic antioxidants defense system tools 
can manage and minimize the effects of oxidative stress and 
save the system from unwanted disorder and damage 
(Mishra et al., 2023) [52]  
 
Oxidative stress  
The excess production of ROS damage the system through 
lipid peroxidation, protein oxidation, DNA fragmentation, 
and enzyme inactivation, eventually affecting crop growth, 
development and yield. Excess production of ROS generally 
occurs in mitochondria, peroxysome, chloroplast etc. but 
during the drought, chloroplast affected first and degraded 

hence mitochondrial and peroxisomal ROS affect the 
metabolism of the plants (Hodges et al., 2004) [27]. The free 
radicals having the one or more unpaired electrons, 
produced due to lack of consumption and utilization of O2 in 
the system especially during abiotic and biotic stress. These 
ROS molecules viz. O 2-, 1O 2-, OH-, and H2O2. begin the 
series of chain reactions and regenerated repeatedly, and 
they form the free radicals include alkoxyl (RO•), peroxyl 
(ROO•), lipid peroxyl (LOO•) etc. in the system (Gill and 
Tuteja, 2010) [23]. During the progression of severe stress the 
electron transport chain disrupted and whole metabolism of 
respiration blocked due to blockage of sink of electron 
(Dietz and Geilfus, 2021) [14].  

 

 
 

Fig 1: Effects of oxidative stress on three biomolecules in the cell 
 

Thus, mitochondria get excess O2 having the unpaired 
electron resulting in production of excess ROS. The 
antioxidants defense system developed as the ROS 
production increases during progression of water stress, but 
under the severe water stress the plants have not such 
capacity to manage excess ROS and they need special care 
for their protection (Du et al., 2018). The formation of O2- 
during the progression of water stress induce the formation 
of other ROS viz. 1O2- , OH•, H2O2, etc. resulting in lipid 
peroxidation and a chain of reaction which led to leakage in 
the membrane (Jimenez et al., 2002) [32]. 
 
Non enzymatic and enzymatic antioxidants  
The ascorbic acid (AsA) and glutathione (GSH) are the 
water soluble while Carotenoids, Phenolics, Tocopherols 
and Tocotrienols are the lipid soluble non-enzymatic 
antioxidants produced during stress in the cell. These 
biomolecules act in different ways at different 
location/organelles in the cell and scavenge the excess ROS 
(Hasanuzzaman et al., 2020) [26]. Ascorbic acid, carotenoids 
and phenolics abundantly found in most of the cell while 
tocopherols and tocotrienols are relatively in low amount as 
compared with nuts and grains. They are the molecules 
having the capacity to donate electron and reduced the 
oxidized state due to their electron-rich structure in the form 
of oxidizable double bonds and hydroxyl groups (Foyer et 
al., 2020) [20]. The metal ions which are potent pro-oxidants 

viz. Cu, Fe etc. can be chelated by vicinal hydroxyl groups 
on certain phenolic antioxidants (Shahidi et al., 2009). 
Ascorbic acid (AsA) is a naturally occurring organic 
compound and first discovered antioxidant, usually acts as a 
co-factor in many enzymatic reactions and detoxifies the 
excess ROS particularly H2O2 through ascorbate peroxidase 
(Forni et al., 2019) [19] known as Haliwall-Asada pathway. 
The content of AsA in growing cell depends on the strict 
regulation of metabolic recycling and degradation. The 
recycling of AsA under water stress occurs in association 
with glutahione/glutathione reductase and NADH/NADPH 
that recycle the AsA for further scavenging of other free 
radicals (Mittler, R., 2002) [55]. Higher AsA levels improve 
both biotic and abiotic stress tolerance in plants and enhance 
survival capacity. Ascorbic acid can also interact with the 
plasma membrane by donating electrons to the α-
tocopheroxyl radical and regenerating α-tocopherol. 
Recycling of α-tocopherol by ascorbate helps to protect 
membrane lipids from peroxidation (Mishra and Panda, 
2017) [53].  
Carotenoids are the biomolecules which acts as a pigment in 
the photosystem II and also quench the singlet oxygen and 
peroxyl radicals due to the presence of conjugated double 
bonds in its structure (Moller et al., 2007) [56].They get 
excited after quenching these free radicals and dissipate 
newly acquired energy through a series of rotational and 
vibrational interactions with the solvent. The original 



75 

unexcited carotenoid again regenerated for further reuse in 
the cycles (Gill and Tuteja, 2010) [23]. Among the 
carotenoids family lycopene is the most efficient singlet 
oxygen quenchers of the natural carotenoids while β-
Carotene yellow carotenoids scavenge peroxyl radicals via 
an unstable β-carotene radical adduct (Demmig-Adams et 
al., 2006) [13]. They terminate radical reactions by binding to 
the attacking free radicals and further undergo decay to 
generate non radical products (Fieder, J. and Burda, K. 
2014) [18]. The lipid soluble biomolecule antioxidants reside 
predominantly in biomembranes, quench 1O2 and protect the 
cell from oxidative stress. The tocopherol considered as one 

of the lipid soluble potential scavengers of ROS and lipid 
radicals in biomembranes, where they have the role in both 
antioxidant and non-antioxidant functions (Hollander-
Czytko et al., 2005) [28]. The antioxidant activity depends on 
the presence of phenolics compounds which are responsible 
for suppressing free radicals production with donation of 
electron or transferring hydrogen atom by flavonoids. The 
flavonoids also scavenge the transition metal-catalyzed 
production of reactive species through metal chelation and 
acts cooperatively with other antioxidants (Stewart et al., 
2000) [67]. 

 

 
 

Fig 2: ROS scavenger non enzymatic antioxidants in the cell 
 

Enzymatic antioxidants  
Superoxide dismutase (SOD), Catalase (CAT), Guaiacol 
peroxidase (GPOX), Ascorbate peroxidase (APX), 
Glutathione reductase (GR) 
SOD is the first line of defense against ROS among the 
enzymatic antioxidants. It is the metalloenzyme scavenges 
O 2- and converts it into H2O2 and O2. This prevents the 
production of hydroxyl (.OH) and peroxynitrite (OONO-) in 
the cell (Choudhury et al., 2013) [11]. There are three types 
of SOD: i) Fe-SOD -located in chloroplast ii) Mn-SOD - 
located in Mitochondria and Cu/Zn SOD -located in 
chloroplast and cytosol.They are produced in the cell when 
free radicals usually produced due to metabolic reactions 
(Tiwari et al., 2023) [69]. Catalase is the second enzymatic 
antioxidants after SOD which directly dismutates H2O2 into 
H2O and O2. It is a haeme containing enzyme mostly found 
in peroxisome, mitochondria and cytosol (Jincy et al., 2019) 
[33]. It has three isoforms Cat1, Cat2 and Cat3 they become 
more active when stress induced ROS especially H2O2 
accumulate in the cell. Cat 1 activity in mostly observed in 
leaves while Cat2 activity mostly found in phloem. Catalase 
has lower affinity for H2O2 than APX and GPOX due to 
high Vmax value and it does not consume reducing power 
during scavenging of H2O2 (Keerthi et al., 2023) [38]. 
Guaiacol peroxidase (GPOX) acts on the reducing substrate 
guaiacol a phenolic compound (o-methoxyphenol) that 
donate electron by oxidizing itself during scavenging of 
H2O2. GPOX is an important enzyme among different 
peroxidases and scavenges H2O2 in cytosol, vacuole as well 
as apoplastic region (Meriga et al., 2004) [50]. Lignin in cell 
wall can be biosynthesize with the catalytic activity of 
GPOX and decomposes to produce indole-3-acetic acid that 
helps in defense against the pathogen (Jain, A K., 2014) [29]. 

Monodehydroascorbate reductase (MDHAR), 
Dehydroascorbate reductase (DHAR), Glutathione 
reductase (GR) and Glutathione peroxidase (GPX)  
APX is the efficient enzymatic antioxidants having the low 
Vmax value and it saturate at micro- molar range of H2O2 
concentration. It acts as the main detoxifier of H2O2 in 
plant via ascorbate-glutathione cycle. It is a haeme 
containing enzyme using ascorbate (AsA) as electron donor 
capable and convert H2O2 to water (Suzuki et al., 2012) [68]. 
AsA is the main inducer of APX, in absence AsA the 
enzyme is labile hence for maintaining the antioxidant 
system in the cell high level of endogenous AsA is required 
for activation of APX (Mundiyara et al., 2017) [57]. The 
enzymatic activity is quickly lost below the 20 μM 
concentration of AsA. The enzyme present in different 
number of isoforms varies its number in different crops. 
There are eight isoforms reported in rice which are mainly 
present in cytosol, chloroplast, peroxisome and 
mitochondria (Shigeoka et al., 2002) [66]. APX activity 
during drought and salinity protect the plant from adverse 
effects of oxidative stress (Pandey et al., 2021) [60]. 
MDHAR generally found in cytosol, chloroplast, 
peroxisome and mitochondria It is is a flavin adenine 
dinucleotide and the pyridine nucleotide-binding domain of 
flavoenzymes.It reduces monodehydroascorbate (MDHA) to 
Dehydroascorbate and Ascorbate by oxidizing 
NADH/NADPH (Millar et al., 2008). It is similar to the 
iron-sulphur protein reductase of bacteria not ferredoxin-
NADP reductase of plant and acts together with APX during 
the dismutation of H2O2. As compared to DHAR it is more 
efficient enzyme in converting monodehydroascorbate to 
ascorbate (Tiwari et al. 2023) [69]. 
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Dehydroascorbate reductase (DHAR) oxidized the 
glutathione and regenerates the ascorbic acid (AsA) for its 
recycle in the scavenging of H2O2. The cellular ascorbic 
acid concentration again maintained by this pathway. 
Cysteine residue in the enzyme involves in the regeneration 
of AsA from reduction of dehydroascorbate and reduces 
dehydroascorbate to AsA (Kaur et al., 2019) [36]. The 
oxidized catalytic cysteine residue is reduced again from 
sulphenic to sulphinic acid using glutaredoxin and again 
regenerates the DHAR for next cycle of the Halliwal-Asada 
pathway (Castro et al., 2021) [10]. 
Glutathione reductase (GR) mainly presents in a chloroplast 
but also present in cytosol and mitochondria. It plays 
essential role in ascorbate-glutathione cycle and defense 
against ROS (Menconi et al., 1995) [49]. Glutathione (GSH) 
in its reduced state acts as antioxidants and glutathione 
reductase keep the reduced state of Glutathione and 
maintains the GSH pool in the cell. Hence, GR and GSH 
help in suppression of oxidative stress in pulses during the 
drought stress (Rani et al., 2020) [62]. 
 
Glutathione peroxidase (GPX) 
H2O2 dismutated to H2O by using reduced glutathione 
catalyzed by glutathione peroxidase. The oxidized 
glutathione again reduced by glutathione reductase using 
reducing molecule NADPH (Chowdhury et al., 2024) [12]. 
Glutathione peroxidase mediated ROS scavenging generally 
occurs in chloroplast and cytosol (Long He et al., 2017). 
 
Effect of water stress on yield 
Water stress at critical stages of growth viz. flowering, pod 
formation, grain filling etc. cause significant reduction in 
yield and it has been reported that 50% to 60% of loss in 
yield of pulses occurs in drought stress. The yield 
determining factors such as leaf area index, photosynthetic 
activity and harvest index reduced in pulses under water 
deficit (Dietz et al., 2021) [14]. The water stress at maturity 
stage reduce the time of flowering while water stress after 
flowering stage reduce the grain-filling period which 
eventually reduce the grain size and yield (Garcia-Leon et 
al., 2021) [21]. Moreover, water is the platform of metabolic 
reaction hence any stages of growth affected by deficiency 
of water (Khatun et al., 2021) [40]. 
 
Conclusion  
When plants suffer from either biotic or abiotic stress or 
developmental stress such as ripening and senescence, the 
production of ROS increased in the cell. The production and 
removal of ROS in cell balanced when the antioxidants 
activity and content of antioxidants sufficient in the cell. 
Secondly, the morphophysiological behavior of plants 
which are regulated either by intrinsic or extrinsic factors 
that concentration must be maintained during the stress.  
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