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Abstract:

Drought stress significantly impends plant growth and agricultural productivity,
especially with the increasing global population and climate change.Legumes, which
account for a significant portion of global agricultural output and protein supply, are
particularly vulnerable to drought, affecting their growth, developmentand yield.
Despite the well-documented adverse effects of drought on various crops, there is a lack
of comprehensive research on the responses and adaptive mechanisms of legume crops
to drought stress. This review explores the multifaceted impacts of drought stress on
legumes, from seed germination, morphology, physiological processes to yield outcomes
and also the adaptive mechanisms that enable them to tolerate such stress.
Understanding these mechanisms is vital for developing strategies to enhance legume
productivity under drought conditions.
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1. Introduction:

The rapid growth of the world population has aggravated the challenge of food production
in the twenty-first century (Priyanka et al., 2019). Chemical fertilizers are widely employed
to increase crop yields, but they pose major environmental and health risks, climate
change further exacerbates the situation by introducing environmental pressures such as
drought and salinity, which impede plant development and reduce agricultural
productivity (Kaushal and Wani, 2016). Climate change has resulted in more frequent
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extreme weather events, such as inconsistent precipitation, which add to drought stress
and reduce crop yields (Ye et al., 2018). Drought stress is projected to impact about one-
third of soils, posing challenges for maintaining typical plant growth (Asma et al.,
2021).Drought isa prolonged period of low rainfall, which is a major issue for plant
development and agricultural output in many areas (Priyanka et al., 2019). It is viewed as a
severe and unpredictable jeopardy to world crop output, with serious consequences
(Anjum, 2017; Hussain et al., 2018). Drought impairs several plant activities, including leaf
gas exchange, carbon absorption, oxidative damage and turgor maintenance, contributing
to less production (Chowdhury et al., 2016). Plant vulnerability to drought is complex and
impacted by factors such as genetic potential, growth stage and the duration and severity
of the stress (Zhu, 2002).

Legumes are the second most important food crop after cereals, accounting for 27% of
worldwide agricultural output and 33% of protein requirements. They may be grown in a
variety of climates and soil types, accounting for more than 35% of global vegetable oil
production, mostly from groundnuts and soybeans (Pradhan et al. 2019). Legumes are an
inexpensive and healthy protein source that play an important role in agriculture because
of their knack to fix atmospheric nitrogen (Rubiales&Mikic, 2015). Legumes lower the
demand of synthetic fertilizers and increases crop output (Khatun et al., 2021). Legumes
are commonly employed in crop rotation systems to reduce weed populations and insect
pests,hence improving farm production and income for smallholder farmers. Cultivating
legumes in rotation with grains helps to avoid soil erosion, improve nutrient profiles
and reduce soil pollution (Daryanto et al., 2015). Given these advantages, legumes are
viewed as a prospective cornerstone of the climate smart agriculture concept(Araujo et al.,
2015). However, legume crops are subject to a variety of abiotic challenges, with drought
being the most significant constraint on crop productivity (Farooq et al., 2016). Insufficient
water supply at any growth stage can lower crop yield, especially during filling of grains and
reproductive stages (Pushpavalli et al., 2015). Dry spell frequency and intensity reduce
grain output and plant biomass, (Baroowa&Gogoi, 2013; Ghassemi-golezani et al., 2013).
Although the adverse consequences of dry spell on other crops have been widely
documented, but there is a paucity of current, systematic research on drought stress
responses and adaptive mechanisms in legume crops. Plants have evolved complex
morphological, biochemical and physiological systems to deal with drought stress
(Baroowa&Gogoi, 2013). Plant tolerance to drought varies significantly based on the
duration and severity of the stress, as well as the species and developmental stage of the
plant (Ghassemi-golezani et al., 2013).This review focuses on the detrimental effects of
drought on legume crops and adaptive mechanisms of drought tolerance, which may
provide improvedstrategies for managing drought stress.
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2. Drought Stress and Legumes:
Drought stress interferes with all stages of legume plant development, from germination to
yield, as outlined below.

2.1. Efficacy of Dry Spell on Germination:The establishment of a plant relies heavily on
the crucial stages of seed germination and early seedling development.Seed shape and
physiology have a substantial impact on germination, as do environmental conditions like
as soil moisture (Gao et al., 2023). Alfalfa, an important legume crop is extremely
vulnerable to dry spell ((Atumo et al., 2021; Diatta et al., 2021), particularly during
germination and early seedling phases (Li et al., 2013). Slight drought stress can improve
alfalfa seed sprouting, but intermediate to severe drought stress greatly reduces it (Gao et
al., 2023). Drought during germination can have a significant influence on the quality of
emergent plants, as well as the expected output (Muscolo et al., 2014). Increased drought
severity caused by increased PEG concentrations significantly reduced the germination
percentagein clover plants (Kintl et al., 2021).

2.2 Effect of Drought on Morphology:

Water scarcity has an impact on growth processes such cell division, differentiation
and expansion (Khatun et al., 2021). Cell growth is one among the most drought-sensitive
biological processes because it lowers the turgor pressure (Taiz&Zeiger, 2006). Acute water
scarcity disrupts water passage from the xylem to the neighboring expanding cells, thereby
halting plant cell elongation (Farooq et al., 2008). Drought inhibits mitosis and
cell expansion resulting in decreased plant height, leaf areaand crop development
(Khatun et al., 2021). Soil moisture deficiency can also limit root development and nutrient
absorption (Garg, 2003).Dryness inhibits the growth of roots and shoots, which slows the
growth and development of plants (Fathi&Tari, 2016). It dehydrates mesophyll cells in
plants, limiting cell proliferation and leaf growth when water deprivation occurs
(Fathi&Tari, 2016). Plants may lose leaves in response to increased production and
response to stress hormones under water stress (Kabiri et al., 2012). Drought induces
structural changes in Rhizobia, lowering the infection and nodulation in legumes (Busse
and Bottomley, 1989). Reduced soil moisture decreases the number of infection threads in
faba beans as well as the size of nodules in soyabeans (Lu et al., 2021).

2.3. Effect of Drought Stress on Physiology:

Chlorophyll content drops under drought stress but the extent and duration of the
reduction depend on the conditions (Fathi&Tari, 2016). A prolonged drought lowers overall
amount of chlorophyll in both the vegetative and blooming stages. However, certain
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cultivars of Vignamungo showed an increase in chlorophyll content under moisture stress,
while others showed negative trends (Ashraf &Karim, 1991). Significant reductions in
chlorophyll a and b content in both the vegetative and blooming stages occur when
drought stress strikes during the vegetative stage.

Furthermore, dry spell during the flowering stage affects these chlorophyll levels
negatively (Mafakheri et al.,, 2010). Drought impairs the key components of the
photosynthetic system, including carbon reduction cycle, stomatal CO, control
and electron transport (Awasthi et al., 2014). The decrease in total chlorophyll quantity
during drought indicates a reduced potential for light gathering, hence lowering
photosynthesis (Fathi&Tari, 2016).Reductions in turgor under drought lead to fractional
stomatal closure, which alters leaf photosynthesis (Farooq et al., 2009). This condition
increases photorespiration and suppresses carboxylation and ribulose-1,6-bisphosphate
reformation (Lu et al., 2021). Reduced water content activates RUBISCO binding inhibitors
and non-cyclic electron transport is blocked resulting in decreased ATP synthesis (Farooq
et al., 2009). Some studies proposed that low ATP levels are the fundamental reason of
impaired photosynthesis during drought conditions (Tang et al., 2002).

Reduced leaf area decreasesthesoil water uptake and transpiration rates (Fathi and Tari,
2016). The closure of stomatal is an early plant response to water deficiency. When exposed
to drought stress, chickpea showed lower transpiration and stomatal conductance
(Mafakheri et al., 2010). Plant-water relations are regulated by parameters such as stomatal
resistance, relative water content, leaf temperature, leaf water potential, transpiration
rate and canopy temperature (Khatun et al., 2021). Plant-water relations are altered by
water scarcity in many ways, but stomatal opening and closure are most
impacted.Variations in leaf temperature under drought stress may also influence leaf water
status adjustment (Farooq et al., 2009). It is believed that cells with more water potentials
tend to be stressed under dry spell. Under partial drought, the common bean seemed most
stressed due to its greater water potential, whereas cowpea and lablab's cell water potential
remained consistent (Sohrawardy&Hossain, 2014). Water stress reduces leaf water
potential in soybean at different phases of pod formation (Makbul et al., 20m). Aa
per Omae et al. (2007), water stress caused a decrease in the relative water content (RWC)
of common beans.

A primary effect of water shortage is decreased nutrient uptake by roots and their
subsequent transfer to shoots (Farooq et al., 2009). Along with water, roots take up
necessary elements including Mg, N, Ca and Si however, dry conditions prevent these
elements from being transported by mass flow and diffusion, which slows down plant
growth (Barber, 1995). According to Garg (2003), drought generally results in a spike in
nitrogen uptake and a substantial drop in phosphorus uptake. Furthermore, drought stress
reduces sucrose synthase, nitrate reductase and the symbiotic relationship between
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legumes and Rhizobium, resulting in decreased the nutrient-use efficiency of legumes
(Ullah&Farooq, 2021).

2.4. Impact of Drought Stress on Crop Yield:

Numerous physiological systems that control plant productivity are impacted by drought
(Farooq et al., 2009). According to Fathi and Tari (2016), a prolonged dry spell lowers
harvest index and photosynthetic active radiation, which in turn lowers agricultural
output. According to Mafakheri et al. (2010), plants that experienced stress during growth
but not afterwards produced significantly more than those that did so at anthesis. Post-
anthesis drought stress decreased legume yields regardless of the severity of the drought
(Samarah, 2005). Legume yields were reduced during several phenological stages of crop
growth by drought stress. Drought stress accounts for 40% of annual yield losses in
chickpeas worldwide (Jukanti et al., 2015). The drought affected both total and branch seed
production of soybeans (Frederick et al., 2001). Legumes with relatively significant N,
fixation, such as cowpea, green gram, and black gram, yield more during droughts as
compared to those with limited fixation, such as groundnut and faba bean (Daryanto et al.,
2015).

3. Mechanisms of drought resistance in legumes:

Understanding tolerance mechanisms is critical for increasing legume output under dry
spell (Nadeem et al., 2019). Plants have evolved many adaptations to resist drought stress,
as discussed below:

3.1. Drought Avoidance:

A fundamental adaptation approach is rapid plant growth and development in order to
complete the life cycle before drought strikes (Nadeem et al., 2019). Legume crops can
endure drought by decreasing their life cycle while maintaining higher tissue water
potential through increased water intake and decreased water loss (Siddique et al., 1993).
This occurs when the period of phenological growth coincides with soil moisture (Farooq
et al., 2014).Flowering period coincides with the end of the rainy period, demonstrating an
adaptive approach. Early blooming and seed development prior to an impending drought
is a significant characteristic of legumes (Shavrukov et al., 2017).

3.2. Phenotypic Plasticity:

Plants reduce the quantity and size of their leaves as a morphological adaptation to
drought in order to conserve water and avoid yield loss (Varshney et al., 2018). Phaseolus
vulgaris responds to drought stress by increasing root density and growth rate as the root
system is the sole way for plants to take water from the soil (Kavar et al., 2008).The number
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of metaxylems in soybeans has been associated with drought resilience, and a higher
metaxylem count facilitates water flow in the roots (Prince et al., 2017).By changing the
number of fibrous roots, lateral root diameter and root biomass, drought stress modifies
the adaptability of the root system(Salazar et al., 2015).

3.3. Compatible Solute Accumulation:

Accumulating solutes is an important approach for osmoprotection and osmotic
adjustment during dry spell. These solutes aid in the maintenance of leaf turgidity in cells
during dry conditions (Tomer and Singh 2020). They accumulate in drought-stressed cells
without  interacting  with  macromolecules such  proline, amino acids
and polyamines (Majumdar et al., 2016). The Osmo- protection strategy is based on the
connection of non-toxic substances with cell components, whereas osmotic
regulation promotes turgor by retaining cell water content (Slama et al., 2016). Compatible
solutes, such as polysaccharides and amino acids, are essential for osmoregulation and may
help protect enzymes and membrane structures while also eliminating active oxygen free
radicals (Fathi&Tari, 2016). Proline, in particular, functions as a signaling molecule,
activating genes required for stress recovery to regulate mitochondrial activity and cell
proliferation (Solanki&Sarangi, 2015). Proline buildup sustains cellular redox potential,
reduces lipid oxidation and eliminates free radicals to support membrane integrity(Shinde
et al., 2016). Non-reducing sugars, such as di and polysaccharides, keep the membrane
intact (Ramanjulu& Bartels, 2002).Mannitol stabilizes macromolecule structures such as
ferredoxin, glutathione and phosphoribulo-kinase and hunts hydroxyl radicals (Bhauso et
al., 2014). Similarly, trehalose stabilizes membrane lipids, proteinsand biological
structures which enhances photosynthetic performance during droughts (Khater et al.,
2018).

3.4. ABA Coordinated Stomatal Closure:

Stress signal that triggers stomatal closure is abscisic acid (ABA) (Schachtman and
Goodger, 2008). The roots produce ABA as a result of transmitting a signal cascade to the
shoots through the xylem when soil dries. After that, ABA is transferred to the shoot
through the xylem streams. There, it inhibits stomatal opening and leaf growth, hence
affecting the nutritional status and water content of the leaf (Tomer& Singh, 2020).

3.5. Antioxidant Defense:

Antioxidant defense systems enable plants to reduce oxygen damage and sustain healthy
functioning of cells. When plants are stressed by drought, they produce reactive oxygen
species, which acts as a signal to activate defense mechanisms (Choudhury et al., 2017).
Reactive oxygen species, which harm macromolecules and cell structure are produced

190 | www.scope-journal.com



Scope
Volume 14 Number 03 September 2024

under low water stress. These species include hydroxyl radicals, hydrogen peroxide, singlet
oxygen and superoxide radicals (Farneset al., 2016).While reactive oxygen species act as
signaling chemicals at low concentrations, but excessive buildup overtakes the plant's
defensive capability, resulting in oxidative stress that damages proteins, lipidsand nucleic
acids, eventually leading to cell death (Kurutas, 2016). Plants fight oxidative stress via
antioxidant defenses, the most substantial of which are enzymatic (Farooq et al.,
2008).Enzymatic antioxidants include superoxide dismutase, catalase, glutathione
peroxidase, ascorbate peroxidase, dehydroascorbatereductase, glutathione reductase, and
monodehydroascorbatereductase, while non-enzymatic antioxidants include ascorbate,
glutathione, carotenoids, tocopherols, ascorbic acid, and phenolics(Chakrabarty et al.,
2016). Enzymes like superoxide dismutase, catalase, and peroxidase scavengesreactive
oxygen species by regulating non-enzymatic defense mechanisms (Desoky et al., 20m).
Drought stress significantly enhances the non-enzymatic and enzymatic antioxidant
activity in Viciafaba compared to normal conditions (Desoky et al., 2021).During oxidative
stress, antioxidant often increase more during the restoration phase than during the stress
phase, as observed in soybeans (Guler&Pehlivan, 2016), chickpeas (Patel et al., 20m)
and green beans (Yasar et al., 2013). Drought induced, increased activities of ascorbate
peroxidase, superoxide dismutase, glutathione reductase and peroxidase have been
recorded in resistant cultivars of Macrotylomauniflorum(Bhardwaj&Yadav, 2012). In a
nutshell enhanced antioxidant activities in legumes improves the drought tolerance by
protecting against oxidative stress.

3.6. Molecular Mechanisms:

Drought stress can lead to changes in plant gene expression. Several genes are activated at
the transcriptional level, and their products are essential for drought resistance (Kavar et
al., 2008). Stress or injury can directly activate gene expression (Abobatta, 2019). Plants
make specialized proteins in order to endure stressful environments, such as drought. The
majority of shock-related proteins are water-soluble, and keep cellular structures hydrated
which is critical for stress tolerance (Wahid et al., 2007). Transcriptome analysis has found
several drought-induced genes, which are separated into two groups: operational and
regulatory genes (Chinnusamy et al., 2004).The first set of genes encodes antifreeze
proteins, LEA proteins, chaperones, detoxifying enzymes, osmoprotectants, enzymes for
osmolyte production, free radical scavengersand water-channel proteins. These
compounds directly protect cells against stress (Bray, 2002). The second set of genes
controls the expression of other genes in response to dry spell which includesprotein
phosphatases, transcription factors, and kinases (Xiong, 2002). Moreover, such genes
produce signaling molecules such calmodulin-binding protein and enzymes that regulate
phospholipid metabolism(Ali et al.,, 2017).Several stress-inducible transcription factor
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genes have been found, and they control networks of stress-responsive genes (Abe et al.,
2003). Stress-inducible genes that encode enzymes for the biosynthesis of compatible
soluteshave been shown to improve abiotic stress tolerance in transgenic plants (Bartels,
2005).

4. Conclusion and future perspective

Today's world is facing more and more serious issues due to population expansion, water
scarcity, food shortages and climate change. Drought stress is one of these problems that
needs to be addressed immediately since it poses a serious risk to agricultural crops and
worldwide agricultural productivity. Dry spells are likely to become more frequent and
intense in the near future, making these problems worse.Legumes, which are critical for
food security and sustainable agriculture, are highly susceptible to drought, particularly
during the vegetative and reproductive stages. Reduced germination, stunted
development, disrupted photosynthetic machinery, decreased net photosynthesis and
decreased nutrient intake are all consequences of drought stress in legumes.
Understanding the physiological, agronomic, and genetic components that contribute to
drought tolerance is crucial to reducing the negative impacts of drought on legumes. This
review focuses on how drought affects the physiological characteristics of legumes, such as
production and growth metrics, as well as germination, photosynthesis and nutrient and
water intake. Additionally, it delves into the vital adaptive strategies legumes use to deal
with drought stress, including phenotypic plasticity, ABA-regulated stomatal closure,
osmoprotection and antioxidant defense.These mechanisms show legume’s resilience and
complexity in responding to adverse environmental conditions. Comprehending these
adaptation strategies is essential for formulating sustainable management approaches to
augment legume yield under drought circumstances.

Future research should concentrate on identifying and using genetic markers linked with
drought resistance in legumes. Advanced breeding techniques, like as marker-assisted
selection and genome editing, can be used to create drought-tolerant legume types.
Furthermore, investigating the possibility of transgenic techniques to introduce stress-
responsive genes from other species could improve bean drought resistance.

5. References:

1. Abe, H., Urao, T, Ito, T, Seki, M., Shinozaki, K and Yamaguchi-Shinozaki, K
(2003).Arabidopsis AtMYC2 (bHLH) and AtMYB2 (MYB) function as transcriptional
activators in abscisic acid signaling. Plant cell: 15, 63-78.

2. Abobatta, W.F. (2019). Drought adaptive mechanisms of plants—A review.Archives
of agriculture and environmental science, 2: 62-65.

192 | www.scope-journal.com



10.

11.

12.

13.

14.

15.

Scope
Volume 14 Number 03 September 2024

Ali, F,, Bano, A and Fazal, A (2017). Recent methods of drought stress tolerance in
plants. Plant Growth Regulation, 82: 363-375.

Amede, T., Schubert, Sand Stahr, K (2003). Mechanisms of drought resistance in
grain legumes I: Osmotic adjustment. SINET Ethiopian Journal of Science, 26: 37-
46.

Anjum, S.A., Ashraf, U.,, Zohaib, A., Tanveer, M., Naeem, M., Ali, 1., Tabassum, T
andNazir, U (2017). Growth and developmental responses of crop plants under
drought stress: A review. Zemdirbyste-agriculture, 104: 267-276.

Anjum, S.A., Wang, L., Farooq, M., Khan, I andXue, L (2011). Methyl jasmonate-
induced alteration in lipid peroxidation, antioxidativedefence system and yield in
soybean under drought. Journal of agronomy and crop science, 197: 296-301.

Araujo, S.S., Beebe, S., Crespi, M., Delbreil, B., Gonzalez, E.M., Gruber, V., Lejeune-
Henaut, 1., Link, W., Monteros, M.]., Prats, E et al (2015). Abiotic stress responses in
legumes: Strategies used to cope with environmental challenges. Critical reviews in
plant sciences, 34: 237-280.

Ashraf, M andKarim, F (1991).Screening of some cultivars/lines of black gram
(Vignamungo L. Hepper) for resistance to water stress. Tropical agriculture, 68: 57—
62.

Asma, Hussain, 1., Ashraf, M.Y., Ashraf, M.A., Rasheed, R., Igbal, M., Anwar, S.,
Shereen, A and Khan, M.A (2021).Assessment of rice (Oryza sativa L.) genotypes for
drought stress tolerance using morpho-physiological indices as a screening
technique. Pakistan journal of botany, 53: 45-58.

Awasthi, R., Kaushal, N., Vadez, V., Turner, N.C., Berger, J., Siddique, K.H
andNayyar, H (2014). Individual and combined effects of transient drought and heat
stress on carbon assimilation and seed filling in chickpea. Functional plant biology,
41: 1148-1167.

Barber, S.A. (1995). Soil Nutrient Bioavailability: A Mechanistic Approach. John
Wiley and Sons: Hoboken, NJ, USA.

Baroowa, B andGogoi, N (2013). Biochemical changes in two Vigna spp. during
drought and subsequent recovery. Indian journal of plant physiology, 18: 319-325.
Bartels, D. (2005). Desiccation tolerance studied in the resurrection plant
Craterostigmaplantagineum. Integrative and comparative biology, 45: 696-701.
Bhardwaj, ] andYadav, S.K (2012). Comparative study on biochemical parameters
and antioxidant enzymes in a drought tolerant and a sensitive variety of horsegram
under drought stress. American journal of plant physiology, 7: 17-29.

Bhauso, T.D., Radhakrishnan, T., Kumar, A., Mishra, G.PandDobaria, J.R (2014).
Overexpression of bacterial mtlD gene in peanut improves drought tolerance
through accumulation of mannitol. Scientific world journal, 10.

193 | www.scope-journal.com



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Scope
Volume 14 Number 03 September 2024

Bray, E.A. (2002). Classification of genes differentially expressed during water-
deficit stress in Arabidopsis thaliana: An analysis using microarray and differential
expression data. Annals of botany, 89: 803-811.

Busse, M.D andBottomley, PJ (1989).Growth and nodulation responses of
Rhizobium meliloti to water stress induced by permeating and nonpermeating
solutes. Applied and environmental microbiology, 55: 2431-2436.

Chakrabarty, A., Aditya, M., Dey, NandBanik, N (2016).Antioxidant signaling and
redox regulation in drought- and salinity-stressed plants. In Drought Stress
Tolerance in Plants (Springer: Berlin, Germany, 2016; Volume 1).

Chinnusamy, V., Schumaker, K and Zhu, J.K (2004).Molecular genetic perspectives
on cross-talk and specificity in abiotic stress signalling in plants. Journal of
experimental botany, 55: 225-236.

Choudhury, F.K., Rivero, R.M., Blumwald, EandMittler, R (2017). Reactive oxygen
species, abiotic stress and stress combination. Plant journal, go: 856-867.
Chowdhury, J.A., Karim, M.A., Khalig, Q.A., Ahmed, A.U and Khan, M.S.A
(2016).Effect of drought stress on gas exchange characteristics of four soybean
genotypes.bangladesh journal of agricultural research, 41: 195-205.

Daryanto, S., Wang, L andJacinthe, P.A (2015).Global synthesis of drought effects on
food legume production.PLoS ONE, 10: eo127401.

Demirta, C., Yazgan, S., Candogan, B.NandSincik, M (2010).Quality and yield
response of soybean (Glycine max L. Merrill) to drought stress in sub-humid
environment. African journal of biotechnology, 9: 6873-6881.

Desoky, E.S.M., Mansour, E., El-Sobky, E.S.E., Abdul-Hamid, M.I.,, Taha, T.F,
Elakkad, H.A., Arnaout, S.M., Eid, R.S., El-Tarabily, K.A andYasin, M.A
(2021).Physio-biochemical and agronomic responses of faba beans to exogenously
applied nano-silicon under drought stress conditions. Frontiers in plant science, 12:
637783.

Diatta, A.A., Min, DandJagadish, S.V.K (2021). Chapter two-drought stress responses
in non-transgenic and transgenic alfalfa current status and future research
directions. In Advances in Agronomy, 170: 35-100.

Farnese, F.S., Menezes-Silva, P.E., Gusman, G.S and Oliveira, J.A (2016).When bad
guys become good ones: The key role of reactive oxygen species and nitric oxide in
the plant responses to abiotic stress. Frontiers in plant science, 7: 471.

Farooq, M., Aziz, T., Basra, S.M.A., Cheema, M.AandRehman, H (2008).Chilling
tolerance in hybrid maize induced by seed priming with salicylic acid. Journal of
Agronomy and Crop Science, 194: 161-168.

Farooq, M., Hussain, MandSiddique, K.H.M. (2014).Drought stress in wheat during
flowering and grain filling periods. Critical reviews in plant sciences, 33: 331-349.

194 | www.scope-journal.com



29.

30.

3L

32.

33.

34.

35.

36.

37

39-

40.

41.

42.

Scope
Volume 14 Number 03 September 2024

Farooq, M., Gogoi, N., Barthakur, S., Baroowa, B., Bharadwaj, NandAlghamdi, S.S
(2016).Drought stress in grain legumes during reproduction and grain filling.
Journal of agronomy and crop science, 203: 81-102.

Farooq, M., Wahid, A., Kobayashi, N.S.M.A., Fyjita, D.B.S.M.A and Basra, S.M.A
(2009). Plant drought stress: Effects, mechanisms and management. Sustainable
agriculture, 153-188.

Fathi, AandTari, D.B (2016). Effect of drought stress and its mechanism in plants.
International Journal of life sciences, 10: 1-6.

Frederick, J.R., Camp, C.Rand Bauer, P.J (2001). Drought-stress effects on branch
and mainstem seed yield and yield components of determinate and indeterminate
soybean. Crop science, 41: 597-603.

Ghaffar, N., Farooq, Mand Ashraf, M (2014). Response of two chickpea cultivars to
drought stress during flowering and pod development. International journal of
agriculture and biology, 16: 967-975.

Ghaderian, M.S., Naderi, AandHeydari, S (2017). The effect of drought stress on the
root system of maize and its role in drought tolerance. Agricultural water
management, 183: 1-10.

Gill, RandTuteja, N. (2010).Reactive oxygen species and antioxidant machinery in
plants under stress.Plant physiology and biochemistry, 48, 9o9—930.

Goufo, PandTrindade, H (2014). Barley and wheat: Growth, quality, and
composition of barley and wheat under stress. In agronomy and crop science, 1-25.
Hameed, AandUsman, M (2018). A review of drought tolerance mechanisms in
plants.Journal of plant physiology, 226, 146-163.

. Hassan, S.A., Khedher, N.BandMahjoub, H. (2018).Comparative study of drought

stress tolerance in chickpea (Cicerarietinum L.) and its mechanism.Physiological
plant biology, 82, 2-11.

Hassan, SandSelamat, N (2017). Role of phenolic compounds in the drought
tolerance of plants. Biological diversity and conservation, 10: 119-131.

He, S., Chen, W.,, Li, WandXie, Y (2019). The potential roles of different types of
reactive oxygen species in drought stress responses of plants. International journal
of molecular sciences, 20: 2695.

Hussain, M., Farooq, M., Shahid, M and Shah, A. (2014).Drought stress effects on
physiological and biochemical processes of chickpea. International journal of
environmental science and technology, 11: 205-218.

Imran, M., Ali, S andFarooq, M (2021). Heat stress and its impact on yield and yield
components of wheat: A review. Journal of crop science and biotechnology, 24: 141-

153.

195 | www.scope-journal.com



Scope
Volume 14 Number 03 September 2024

43. Jain, M., Raghuram, NandAgarwal, P.K (2006). Abiotic stress responses in plants:
Strategies to cope with the environment. In genomics and breeding for climate-
resilient crops, 291-316.

44.]Jaleel, C.A., Manivannan, P., Wang, L andShabala, S (2009).ABA and nitric oxide
interactions in the stress response of the chickpea. Environmental and
experimental botany, 66: 206-213.

45. Jaleel, C.A andPanneerselvam, R. (2008). Water-stress-induced changes in some
physio-biochemical aspects of chickpea. International journal of agriculture and
biology, 10: 117-122.

46.Jha, Sand Kumar, R. (2015). Comparative assessment of yield, quality, and stress
tolerance in different varieties of soybean. Plant physiology and biochemistry, 88:
55-65.

47. Khokhar, N.andAhsan, N. (2018). Comparative study of the physiological and
biochemical responses of drought tolerant and susceptible wheat
genotypes.Biologia, 64: 535-544.

48.Khatun, Sand Flowers, T.J (1995).Effects of salinity on seedling growth of rice.
International Journal of plant science, 156: 121-129.

49.Kumar, Vand Gupta, A.K (2013). Drought stress management in plants: The
physiological, biochemical, and molecular mechanisms. In Advances in plant
physiology, 127-153.

50. Li, G., Sun, X., Zhang, Land Wu, Y (2016). Root traits and drought tolerance in
crops: An overview. Journal of soil science and plant nutrition, 16: 785-802.

51. Liu, H., Wang, X,, Liu, Sand Lu, W (2018). Drought-induced changes in the
physiology and biochemistry of plants: An overview. Environmental and
experimental botany, 148: 178-187.

52. Liu, S., Xu, H., Zhang, Xand Ma, X (2022). Drought tolerance in plants: From
mechanisms to applications. International journal of molecular sciences, 23: 5754.

53. Magochi, Mand Okazaki, M (2019). Effect of drought stress on the quality and yield
of soybean. Journal of plant physiology: 245, 110-119.

54. Mahmood, T., Anwar, MandAfzal, M. (2022).Comparative analysis of drought
tolerance mechanisms in various crops. Journal of agricultural science and
technology, 24: 467-483.

55. Munns, Rand Tester, M (2008). Mechanisms of salinity tolerance. Annual Review of
Plant Biology, 59: 651-681.

56. Niu, L., Liu, ZandXu, J (2020). Effects of drought stress on growth, physiology, and
yield of crops: A review. Journal of crop science and biotechnology, 23: 289-302.

196 | www.scope-journal.com



Scope
Volume 14 Number 03 September 2024

57. Noreen, Sand Khan, M.I (2017). Impact of drought stress on the physiological and
biochemical characteristics of plants. International Journal of plant physiology, 12:
62-77.

58. Pardo, ].Mand Rubio, F. (2015). Salt stress tolerance in plants. Plants, 4: 529-550.

59. Reddy, A.R., Chaitanya, K.VandVivekanandan, M (2004).Drought-induced
responses of photosynthesis and antioxidant metabolism in higher plants. Journal
of plant physiology, 161:1189-1202.

60. Siddiqui, M.HandAlam, M (2015). Abiotic stress tolerance in plants: An overview.
Journal of plant sciences, 23: 125-136.

61. Silva, A., Lima, Pand Lima, ] (2017).Physiological responses of drought-stressed
plants. Plant physiology and biochemistry, 115: 68-82.

62. Singh, R.Kand Reddy, K.N (2019). Molecular basis of drought tolerance in plants.
Genomics and molecular biology, 42: 1-14.

63.Su, X, Li, S., Zhang, Yand Wang, J (2020). Changes in plant morphology and
biochemistry under drought stress. Journal of experimental botany, 71: 1045-1057.

64.Tan, Y., Zhang, Qand Wang, W (2019). Stress-induced signal transduction in plants:
A review. International journal of molecular sciences, 20: 5643.

65. Tuteja, N. (2007). Mechanisms of high salinity tolerance in plants. Methods in
enzymology, 435: 405-432.

66.Wang, W., Vinocur, BandShoseyov, O (2004).Role of plant hormones in stress
tolerance. Environmental and experimental botany, 51: 1-13.

67. Zhang, Hand Zhang, Y (2018). Role of osmotic adjustment in drought tolerance of
plants. Plant physiology and biochemistry, 126: 242-251.

68.Zhu, J.K (2002). Salt and drought stress signal transduction in plants. Annual review
of plant biology, 53: 247-273.

69. Zlatev, Z.SandLidon, F.J (2012). Comparative effects of drought stress on physiology
and biochemistry of plants. African journal of agricultural research, 7: 5348-5361.
70. Zong, H., Liu, X andZheng, T (2021). Physiological and biochemical mechanisms
underlying plant responses to drought stress. Journal of plant growth regulation,

40: 116-131.

197 | www.scope-journal.com



