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garnered a lot of attention in recent years (Madadgar et al., 2017) [2,3].

Abiotic stresses have the potential to cause large yield losses. For
example, a drought on its own can reduce crop yields for several crops
by 50-70% (Kumar et al., 2020) [4]. For instance, 40% yield losses in
maize (Daryanto et al., 2016), 21% in wheat (Daryanto et al., 2016),
50% in rice (Daryanto et al., 2017), 27-40% in chickpea (Mafakheri et
al., 2010), 42% in soybean (Maleki et al., 2013), and 68% in cowpea
(Farooq et al., 2017) were documented because of drought stress. In
many regions of the world, drought is becoming a greater threat to
sustainable agriculture due to the e ects of climate change, such as
erratic rainfall and higher temperatures [5]. Drought stress tolerance
is a complex quantitative characteristic linked to various physiological
and biochemical mechanisms (Wang et al., 2019).

Worldwide, abiotic stresses pose a serious threat to crop
productivity. Drought can cause plants to respond in many di erent
ways, the most prominent being modi cations to their morphology
and development. Historical evidence indicates that crop yields were
severely lowered in the past. Crop development and growth are slowed
by drought stress, which alters the crop’s morphological, physiological,
and biochemical characteristics (Tiwari et al., 2021) [6]. Drought stress
can a ect most crops, mostly during owering and seed development
(Anjum et al., 2017). Water scarcity a ects even drought-tolerant
plants when they are reproducing and developing seeds (Fang et al.,
2015). Drought is caused by either excessive transpiration or limited
water delivery to the roots of crops (Berger et al., 2016). Depending
on their developmental stage and other factors, crops react to water
scarcity in di erent ways (Berger et al., 2016) [7].

Moreover, extensive drought forecasts have proven inaccurate in
developed nations like the US (Anderson et al., 2018). e lack of a
widely accepted de nition of drought (Enenkel et al., 2015), the e ects
of climate change on worldwide drought patterns (Salami et al., 2022),
and the uncertainty surrounding global food security (Purakayastha
et al., 2019) all play a role in it. Concurrently, it is imperative to take
into account teleconnections, such as the in uence of variations in
sea surface temperatures on drought episodes in Sub-Saharan Africa,
which have contributed to the intricacy of models and evaluations
that are already highly advanced. Furthermore, it is impossible to

nd a single physically measurable drought measure to determine
for all of these situations because di erent forms of drought, such as
meteorological, agricultural, and hydrological ones, have di erent
socio-economic e ects (Ekundayo et al., 2021). For instance, droughts
can be made worse by other factors (including heat waves, oods, and
violence) (Ropo et al., 2017) and are a common occurrence in Sub-
Saharan Africa, especially in South Africa (Orimoloye et al., 2021a)
[8,9].

More e ective adaptation strategies, policies, and innovative
research may contribute to reduce the e ects of the increased drought
risk brought by climate change (He et al., 2019). is will help advance
e orts to achieve the second Sustainable Development Goal (SDG;
zero hunger). In order to e ectively reduce the e ects of drought
on agricultural production and increase societal resilience to future
drought-induced emergencies, policymakers and stakeholders must
have a thorough understanding of the interactions between drought
and food security.  is understanding must be maintained while
also meeting competing demands and enhancing environmental
sustainability [10].

In an international context where food demand is rising due
to population expansion, drought-tolerant crops are critical (Yu

et al., 2022). In many parts of the world, drought is one of the most
common stresses. It a ects a wide variety of agricultural species,
decreasing photosynthesis and encouraging the formation of reactive
oxygen species (ROS) and cell membrane damage, all of which have a
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peroxidase, changes in the content of phytohormones, and modulation
of gene expression (Mubarik et al., 2021; Raza et al., 2023a; Li et al.,
2024).

One of the most damaging abiotic factors that reduce the total
crop yield of practically all agricultural crops is drought. By the end of
2025, 1.8 billion people worldwide are predicted to experience a severe
water shortage, and over 65% of people on World will live in water-
stressed environments (Nezhadahmadi et al., 2013) [18]. According to
Swelam et al. (2022), drought is an abiotic stress factor imposed by the
environment that in uences optimal performance. As a result, crop
plants experience a drop and deviate from their ideal performance
(Larcher, 2003). For agricultural scientists, the drought e ect is a
signi cant problem since it causes several physiological, biochemical,
and molecular alterations in higher plants (Sial et al., 2022). Drought
stress may worsen due to the diverse e ects of global climate change
and result in a signi cant loss of cereal crop yield (Kumar et al., 2020).

Abiotic stresses brought by di erent climate circumstances can be
harmful to crop growth and yield. According to Ansari et al. (2017),
plants experience morphological, physio-biochemical, and cellular
alterations in response to a variety of abiotic stresses. One of the main
challenges to crop production globally is drought since it reduces crop
yield and severely impacts crop e ciency (Rai et al., 2021) [19]. Lack
of water causes a range of reactions in crops at the physio-biochemical,
molecular, and morphological levels, which in turn a ects several
processes and ultimately depresses crop productivity (Zlatev Z and
Lidon F.C, 2012). A drought is a meteorological condition caused by a
prolonged absence of water in the soil for a variety of causes, including
low precipitation, intense heat, and human activity. One of the most
common natural disasters that a ect practically every climatic zone is
drought (de Silva et al., 2011).

Water makes up between 80 and 95 percent of the biomass of
fresh plants (Nabizadeh et al., 2022). Water is essential for several
physiological functions in plants, including water transport, nutrient
intake, enzyme systems, growth, metabolism, and development
(Seleiman et al., 2021) [20].  rough mass movement and di usion,
plants use water to absorb nutrients (McMurtrie and Nasholm, 2018).
Water shortage brought due to drought impairs nitrogen uptake and
delays plant growth in the rhizosphere zone (Elemike et al., 2019).
According to a study done on big blue stem (BBS), corn, and barley,
drought stress decreased the rate at which N and P were absorbed by the
plants because of the nutrients’ decreased mobility and decreased water
uptake. A er the drought, big blue stem, corn, and barley witnessed

reductions in N uptake of 142%, 72%, and 84%, and P uptake of 88%,
80%, and 70%, respectively (Bista et al., 2018) [21].

One of the biggest global factors a ecting crop productivity is
drought. Drought and ooding will occur more frequently due to
climate change, especially in several African countries.  ere are hints
that the frequency and intensity of drought occurrences may alter
because of climate change. For example, 67% of the world’s population
is predicted to be a ected by water shortages by 2050 (Ceccarelli et al.,
2004). Drought can strike a crop atany point in its growth. Nonetheless,
the likelihood of drought is highest at the beginning and conclusion
of the growing season in the dry and semi-arid tropics. Early in the
growth season, drought stress will have a negative impact on plant
establishment. Drought can cause crop loss or a poorer yield if it strikes
during the owering or grain Iling stages (Tumwesigye and Musiitwa,
2002) [22] (Figure 1).

Drought is one of the main abiotic stresses limiting crop
production globally because of continuing climate change events
(Varshney et al., 2021a; Raza et al., 2023c). Agriculture, which is
entirely reliant on nature, is the cornerstone of the economies of the
majority of developing countries (Mendelsohn R, 2014). However, a
variety of biotic and abiotic factors, including heat, salinity, drought,
and waterlogging stress, have an impact on this crop (Jahan et al.,
2019) [23]. Drought stress is one of these that has a signi cant impact
on agricultural productivity (Li et al., 2013). Agriculture su ers huge
losses worldwide due to water scarcity brought on by erratic and
irregular rainfall (Ahmad et al., 2018). e frequency and length of
drought stress are made worse by global climate change, which has a

Adv Crop Sci Tech, an open access journal

Volume 12 « Issue 3 + 1000681



Citation: Temesgen B (2024) Harmful Efects Of Drought on Crops Production and Its Mitigation Strategies. Adv Crop Sci Tech 12: 681.

Page 4 of 10

abiotic factors that signi cantly reduce plant productivity worldwide is
drought, whose frequency and severity have grown throughout the last
20 years (Begna, 2020). Numerous pathways involved in plant growth,
development, and metabolism are hampered by severe drought stress
(Ashour et al., 2010) [25].

One of the main challenges to crop production in rain-fed
environments is drought stress. Furthermore, agricultural productivity
is signi cantly impacted by drought stress during the reproductive
cycle, which spans from the start of owers to grain lling (Kumar
et al., 2022a). Abiotic stressors such as drought lead to a number of
impairments, including as elevated body temperature, reactive oxygen
species (ROS) production that damages cells, and problems with
metabolism [26]. Each of them causes oxidative damage that worsens
over time and eventually kills cells (Sasi et al., 2021). e crops in dry
environments have evolved various physiological and morphological
responses to drought.  ese include decreasing the amount of speci ¢
leaf area, increasing the amount of photo-assimilates allocated to the
roots, decreasing foliar biomass, decreasing stomatal conductance,
reducing photosynthetic rate, decreasing transpiration rate and
water loss, adjusting osmaotically, decreasing relative growth rate, and
lowering the maximum quantum e ciency of photosystem Il (Fv/Fm)
(Marinoni et al., 2020) [27] (Figure 2).

Droughte ectsondi erent development stages

Di erent stages of a plant’s growth and development are impacted
by drought stress. For example, water stress is particularly important
during the development of the reproductive system. Rapid leaf
transpiration lowers the water potentials in the xylem, which causes

water loss in the fruits and can stunt the growth of grains and fruits.
As a result, drought stress negatively impacts plant productivity and
quality, particularly during the plant’s crucial growth phases.

If a plant’s physical adaptation to the drought is no longer
su cient, it may respond by producing a variety of chemical signals.
Accumulation of proteins, genes, and osmolytes that are particularly
engaged in stress tolerance are among the molecular signals (Goufo et
al., 2017) [28] (Figure 3).

Factors responsible for drought

Drought is just one of the many negative e ects of environmental
change that have severely impacted agricultural systems. Due to
extensive deforestation and overuse of fossil fuels, the atmospheric
concentration of CO2 has risen to 400 ymol-1 (Yang et al., 2019). e
following are some of the many causes of drought:

Global warming

Many ecosystems that depend on agriculture are in total chaos
because of climate change. e globe is getting warmer from the
North to the South Pole. Global air temperatures have risen by more
than 0.9 degrees Celsius on average since 1906 (Brown et al., 2018)
[29]. Furthermore, reservoirs hold less water when the temperature
rises, which decreases the quantity of water available for irrigation
in agriculture. s trend is becoming more noticeable with time. In
many rain-fed agricultural regions across the world, global warming
has resulted in a drop in the annual cumulative precipitation (Warner
Kand A T, 2014). In this scenario, almost one- h of the world’s
population would be severely a ected by water scarcity, assuming
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Figure 2: Mechanisms of drought stress and their responses to drought stress in crop. (A) Di erent responses and mechanism of the rice plants under drought stress; (B)

Plant response mechanisms to drought stress.
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Figure 3: Drought stress signiycantly suppresses plant growth and development.

the predicted increase in air temperature of approximately 2°C over
current levels by the end of the century (Ray et al., 2019) [30].

Erratic rainfall

Drought is frequently thought of as a prolonged catastrophic
event that mostly a ects places with less rain than usual. Comparing
regions where agricultural production is only dependent on rainfall
versus locations where the crop is irrigated by canals, rivers, and
water channels reveals a greater degree of stress (Maliva et al., 2012).

e distribution of yearly rainfall has a major impact on water stress
during droughts in rain-fed areas (Konapala et al., 2020; Fatima et al.,
2020).  ree human activities-industrialization, deforestation, and
urbanization have the greatest e ects on rainfall patterns and plant
water availability because of their e ects on global climate change.
Most of the time, there is a direct correlation between the intensity and
distribution of rainfall both within and between years during periods
of drought [31].

Changes in the Pattern of Monsoon

In many regions of the world, the monsoon season contributes
signi cantly to the amount of rainfall, and its frequency is closely
correlated with temperature. If current trends continue, summer
precipitation in rain-fed areas is predicted to fall by 70% by the turn
of the twenty- rst century (Reddy P.P, 2015) [32]. e production of
agriculture will unavoidably su er from this. Remarkably, substantial
seasonal variations in rainfall brought due to monsoon movements
cause more than half of the world’s population to experience food
insecurity (Guo et al., 2015). Monsoon rains have had an impact on
rhizosphere moisture levels and will continue to do so. In certain
regions of the world, these variations in rainfall intensity, frequency,
and duration a ect plant yield (Aryal et al., 2020). Because of the
shi ing monsoon weather patterns, crop production requires a
change in agricultural practices with an emphasis on sustainable crop
production. Two strategies for dealing with monsoon patterns that
alternate between excessive and insu cient rainfall and vice versa are
crop preparation and management [33].

Drought stress e ect on plant

Drought has an impact on plants at every phenological stage of
growth. Drought has an impact on both morphology and molecular

structure. Below is a list of the various e ects of drought stress on
plants:

Plant growth and yield

Lack of water prevents seeds from absorbing and germinating
since su cient water is necessary for seed germination (Kaya et al.,
2006). Similarly, for a variety of crops to be supported throughout their
developmental stages, there must be enough moisture. A humber of
crops that are economically vital have been observed to experience
stress due to drought (Table 1) [34].

Plant growth is accompanied by the regular processes of cell
division and elongation (Fathi A and Tari D.B, 2016). According to
Sandalinas et al. (2017), there is 0 en a correlation between infertility
and drought during owering because of a decrease for nutrients that
reach the growing ear. By extending the anthesis stage and delaying
grain lling, drought stress can drastically lower production in
important eld crops (Farooq et al., 2009). Reduced photosynthesis,
ine ective ag leaf production, unequal assimilate portioning, and
a diminished pool of vital biosynthesis enzymes including starch
synthase, sucrose synthase, starch enzymes, and -amylase are only a
few of the factors that could account for the yield drop (Plaut Z, 2004).
Grain production in barley was greatly impacted by drought stress, as
seen by reductions in tiller counts, spikes, grain per plant, and grain
weight. Water scarcity decreased maize productivity, which caused a
longer anthesis-to-silking duration and delayed silking. Additionally,
both worldwide and locally, the production of soybean seeds was
decreased by drought (Frederick et al., 2001). Italso a ects other crops,
such wheat [35].

Water relation

It is crucial to comprehend the relationship between plants and
water in order to forecast how agricultural systems will respond to
severe weather conditions like droughts and how plants will grow in
the absence of enough water (Lambers H and Oliveira R.S, 2020) [36].
Drought stress, for example, inhibits turf grass development primarily
through disturbance of plant water relations and physiological activities
(Saud et al., 2014). Di erent strategies are used by plants to withstand
drought stress, such as improved water intake with deep root systems,
decreased water loss through transpiration with smaller succulent
leaves, and decreased water loss through greater di usive resistance
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(Farooq et al., 2012). Relative water content in wheat leaves has been
found to be higher during leaf development and to decrease as dry
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Source-sink relationship

e byproduct of photosynthesis, carbohydrates, give non-
photosynthetic tissues a substrate for growth and maintenance. Cell
sugar partitioning and long-distance carbohydrate allocation in plants
both depend on sugar transporters. e main process a ecting plant
development is the actual movement of sugars through plant organs via
the phloem (Zhao et al., 2021). e source-sink interaction is impacted
by a number of elements that in uence sugar transport via the phloem,
including the source, sink, and route between the two (Korner C,
2015). Assimilate export from source to sink is in uenced by the rate
of photosynthesis and the quantity of sucrose in leaves (Yu et al., 2017).
Dry weather slows water transport by reducing sugar content and
photosynthesis (Penella et al., 2016). Additionally, a drought makes it

and an increase in ROS generation (Baxter et al., 2014). e results of
the study show that the ratio of respiration to assimilation (A) usually
increases in response to increased water stress and lowers in response
to re-watering, regardless of how respiration responds to increased
water stress (Ayub et al., 2014). Many metabolic processes that are
temperature-sensitive compose plant respiration [44].

According to Moroney et al. (2013), changes in substrate
availability or variations in energy demand may lead to di erences in
heat response. Although it is widely acknowledged that droughts have
a substantial impact on plants’ carbon balances, it is still unclear how
the metabolism of respiration is regulated in response to droughts
(Watanabe et al., 2014). When environmental factors like dryness
impede electron transport along the principal cytochrome-mediated
oxidation pathway, ATP production is decreased. Under some
circumstances, plants have a nonphosphorylating alternative pathway
that allows electrons to go straight from ubiquinone to oxygen via a
di erent oxidase enzyme (Way et al., 2015).

Oxidative damage

Plants naturally release reactive oxygen species (ROS) that are
harmful to the environment.  ese compounds are produced naturally
during plant metabolism and can be found in the plasma membrane,
mitochondria, peroxisomes, and chloroplasts, among other cellular
compartments (Apel K and Hirt H, 2004). e body may collect
potentially dangerous reactive oxygen species (ROS) such the hydroxyl
radical (*OH) and peroxide anion (O2e-), as well as non-radical
molecules like hydrogen peroxide (H202) and singlet oxygen, due to
an unbalanced oxygen metabolic route (Gupta et al., 2016).

e formation of superoxide and H202 or singlet oxygen in the
photosynthetic electron transport chain is excessively reduced because
of stress-induced stomatal closure, which restricts CO2 uptake in
the peroxisome and increases photo respiratory H202 generation in
the peroxisome (Noctor et al., 2014). It is possible to enhance ROS
production during a drought in a number of ways. A greater amount
of CO2 xation reduces the amount of NADP+ recyclable via the
Calvin cycle, which causes the photosynthetic electron transport chain
to be overly reduced. During photosynthesis, plants under stress from
droughtlose more electronsto O2; this phenomenon is called the Mehler
reaction (Carvalho M.H.C, 2008). As previously reported, compared to
wheat that has not been stressed by drought, wheat that has experienced
drought stress exhibits a 50% greater loss of photosynthetic electrons to
the Mehler process. It is useful to compare the quantity of ROS created
by photorespiration and the Mehler reaction, even if the latter is harder
to measure. In fact, the photorespiratory pathway speeds up during
drought, particularly during the peak of RuBP oxygenation when CO2

xation is limited (Biehler K and Fock H, 1996).

Noctor et al. (2002) found that in drought conditions,
photorespiration is predicted to contribute more than 70% of the
total H202 generation. It is imperative to understand that an increase
in ROS generation is extremely reactive and can have a variety of
cellular, physiological, and biochemical e ects (Mittler R, 2017).  ese
e ects can include disruption of the plasma membrane due to lipid
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peroxidation, protein denaturation, destruction of DNA and RNA, and
degradation of enzymes and pigments (Choudhary et al., 2016). Lipid
peroxidation and protein denaturation are linked to the most severe
impacts of oxidative stress on plant cells (Gaschler M.M and Stockwell
B.R, 2017). Ketones, aldehydes, and hydroxyl acids are examples of
additional reactive molecules that can be produced by some of these
reactions, while others can change [45].

Protein function may be impacted by protein modi cations
such as glutathione, carbonylation, nitrosylation, and disul de bond
formation. Crop quality and productivity su erasaresult. According to
Park et al. (2019), overexpression of OsCYP21-4 boosted rice biomass
and productivity and increased seed weight by 10% to 15%. Delightful
oranges’ citrus fruit peels have an accumulation of reactive oxygen
species and a rapid breakdown of chlorophyll due to overexpression of
CitERF13 (Xie et al., 2017). Changes in gene expression in Arabidopsis
have been shown to cause acclimation or PCD, as evidenced by the
overproduction of singlet oxygen (102) by u and chlorinal (chl)
(Shumbe et al., 2016).

Resistance mechanism of drought stress

Crops respond to severe drought stress scenarios by inducing
various morphological, biochemical, and physiological responses that
enable them to survive. According to Beck et al. (2007), drought stress
disrupts water circulations at many levels, which leads to unfavorable
reactions and ultimately adaption reactions. Suggested plants have
defense mechanisms against drought stress in order to survive in such
circumstances; these mechanisms should be thoroughly investigated.
Crop plant yield and yield performance rapidly decline because
of drought stress. Drought resistance refers to a distinct process
that plants go through in order to withstand stress under speci ¢
circumstances and produce a larger yield than they would under
normal water availability situations. Drought resistance is the process
of minimizing the loss of economic yield in conditions of restricted
water supply, as seen from the perspective of agriculture (Bohnertetal.,
1995). According to Bohnent et al. (1995), there are three fundamental
types of drought resistance: escape from a drought, avoidance of the
drought, and tolerance to the drought.

Drought escape

Drought escape is the process of reducing a plant’s life cycle or
growing season in order to avoid dry climatic conditions. Drought
escape requires that the phenological development successfully
coincide with times when soil moisture is available. is happens
when the growth season is shortened and terminal drought stress is
experienced (Araus et al., 2002). Di erent processes, including as early
maturity, developmental plasticity, and assimilate remobilization, can
be used to achieve drought and escape. Of all these variables, one of the
most important ones for mitigating the e ects of drought stress is the
crop’s early maturity. We must shorten the crop plant’s developmental
period at various growth stages in order to achieve early maturity.

According to Shavrukov et al. (2017), cutting short the owering
stage is considered to be one of the best times to avoid a drought among
other stages. Di erent crop genotypes with early owering behavior can
be chosen, limiting their vegetative growth and allowing reproductive
growth to occur prior to terminal stress (Bodner et al., 2015). Although
early owering and maturity can be viewed as a useful strategy for
escaping drought, it has certain disadvantages and may reduce the
potential grain yield because it takes less time for photosynthesis to
occur and for seeds to accumulate nutrients, which are necessary for a
higher grain yield [46].
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and inhibition of water-use e ciency are all detrimental e ects of
agricultural drought on crop productivity.

One of the main issues with the current climate is drought, which
is also one of the most serious abiotic stresses in many regions of the
world. Drought is the single most important environmental stressor
that negatively impacts crop productivity and quality worldwide.
Droughts, which are already negatively impacted by abnormal
metabolism in crops, may become more frequent in many parts of
the world in the upcoming decades due to climate change.  is might
potentially stunt agricultural growth and development. Water stress
also hinders photosynthesis and the expanding leaves’ ability to absorb
nutrients, which has an impact on the crop’s physiological activity.

ere is always a chance that crops may experience moisture stress and
fail or produce less than expected, especially in areas where rainfall is
the only source of crop production. Extreme moisture stress can cause
the crop to fail entirely. Drought stress has a detrimental e ect on yield
and traits related to yield at di erent phases of growth, which lowers
yield. e plant’s developmental stage, the severity and duration of the
stress, the species’ genetic potential, and environmental interactions all
have an impact on how drought stress a ects a plant.

Improving drought tolerance in agricultural plants is a challenge
for crop physiologists and plant breeders since it is a complex genetic
trait involving multiple pathways. e best environmentally bene cial
and long-term answer to the issues is to breed crop types that are
tolerant of abiotic stress. A serious environmental problem, drought
stress restricts the amount of water available to plants, which negatively
a ects their general health and stunts their growth. However, by
employing every strategy at our disposal, creative solutions are
required to safeguard plant production and health against this serious
environmental problem. Breeding for drought resistance necessitates
a thorough comprehension of the molecular mechanisms governing
pathways responsive to stress. e plant uses four di erent strategies
to deal with drought stress: avoidance, escape, tolerance, and recovery.
In order to create a drought-resistant variety, breeding for drought
resistance is a viable strategy that combines traditional and molecular
methods. One of the primary tactics suggested for addressing the
detrimental consequences of global warming in dry regions is the
deployment of genotypes resistant to drought.

One of the main abiotic stresses that reduces crop productivity
and undermines global food security is drought, particularly in light
of the current climate change scenario and the rise in the frequency
and intensity of stress factors. One of the main factors a ecting crop
productivity is drought, which can result in signi cant output losses.
Inthe eld, plants are subjected to a variety of abiotic stressors that can
be fatal to their development and yield. Demand for drought-tolerant
cultivars is considerable, suggesting that plant breeders have adi cult
task ahead of them. However, obstacles to crop production based on
physiological and genetic factors exacerbate the situation. e system
or mechanisms responsible for a crop losing the least amount of yield
in a drought-prone area while maintaining the highest yield in an ideal,
drought-free climate are known as drought resistance. e demand
for agricultural products worldwide, along with the e ects of climate
change such as global warming, has severely restricted crop yield and
greatly in ated the market value of agricultural goods, resulting in
severe in ation.

Despite many years of research, drought is still one of the most
restrictive abiotic variables that signi cantly contributes to yield loss
in arid and semi-arid environments. Plant breeders continue to face
this di culty. Crops that have been speci cally designed for regions

with limited moisture availability can help to mitigate this issue.
Using high-yielding, drought-resistant varieties that are well-adapted
is essential to maximizing yield potential while lowering the risk of
climate change. Climate-smart agriculture is the only way to lessen
the detrimental e ects of climate change on crop adaptability, and
it can be implemented before the changes have a major in uence on
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