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Drought stress severely limits rice production, causing
Volume 6, Issue 11, July 2024 significant monetary losses. Global climate change is
becoming a more significant problem, and enhancing
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varieties should be a high priority in the future. However,
doi: 10.33472/AFJBS.6.11.2024.1223-1240 | breeding for drought-tolerant rice varieties is complex, and
multigenic regulation of drought-tolerant features could be a
significant roadblock. Recently, efforts to improve crops have
focused on creating drought-tolerant rice varieties. To make
rice more resistant to drought in a range of agro-climatic
conditions, breeding methods have changed from traditional
to molecular. Breeding for drought tolerance is a thought-
provoking task due to its complex nature and multigenic
control of drought-tolerant traits. Progress has been made in
understanding the mechanisms involved in adaptation and
tolerance to drought stress in rice, with recent advancements
in physiological, biochemical, and molecular adaptation.
Future crop improvement programs will focus on molecular
genetics and breeding approaches for drought tolerance in
rice.
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1. INTRODUCTION

Rice is grown in a variety of ecosystems and is exposed to various environmental stresses
such as drought, salinity, submergence, cold, and so on. Drought is an important yield-
limiting determinant. Rising demand and declining water availability are threatening India's
food security and prosperity. Out of 42.63 million ha of area under rice in India, drought is
one of the major abiotic constraints in around 8.0 million ha of rainfed upland and rainfed
lowland situations. Eighteen percent of India's total rice area and 20 percent of Asia's are
drought-prone. The irregularities in the Southwest monsoon do result in moderate to severe
drought in rainfed rice-growing areas, especially in eastern India. A number of
morphological, physiological, and phenological traits have been reported to improve rice-
challenged areas' performance.

Over one-third of the world's population consumes rice as a staple meal, with Asia being the
top producer and consumer. Rice's small root system, thin cuticular wax, and quick stomata
closure make it vulnerable to drought (FAO report, 2020—2021). To achieve self-sufficiency
in rice production by 2050, high-yielding varieties with tolerance and resistance to biotic and
abiotic stressors under adverse climatic conditions are needed [108, 81]. Drought is one of the
most destructive abiotic elements, resulting in complete yield losses depending on the plant's
stage of growth [29]. The two main factors limiting rice production are the severity of dry
spells and the lack of high-yielding genotypes that can thrive in dry-season conditions.
Reduced water supplies from groundwater exhaustion frequently have an impact on rice
development, which can result in male sterility and early organism termination. Extreme dry
spell pressure can harm plant growth at all stages, resulting in low regenerative success for
most plant species. Understanding how plants respond to pressure is crucial for planning
organisms that are impervious to such pressure. Climate, genotype, and the interaction
between genotype and climate all have an impact on a plant's development and growth. The
biochemical activities affected by ecological impacts are crucial for improvement. Two main
types of dry season conditions are terminal and discontinuous, with terminal spells causing
extreme pressure and death and discontinuous spells allowing plant development to endure
periods of lack of water. Irregular dry spell conditions are usually not lethal. The focus on the
dry season has increased. However, studying dry spell reactions is difficult due to the
complexity of the dry season-tolerant quality. The Global Rice Exploration Foundation
(IRRI) has analyzed nearly 1000 quality bank varieties from 47 countries for dry season
resilience, finding 65 more aus or indica varieties that can endure dry spells. For modern
yield varieties, the most promising sources of dry season traits are those that exhibit
exceptional drought resistance.

Responses of morphology to drought stress

The capacity of a plant to generate its maximum commercial amount when faced with water
scarcity is known as drought resistance [46]. It is a multifaceted characteristic including
physiological, biochemical, and anatomical reactions. Drought avoidance is the capacity of a
plant to retain high tissue water potential in the face of soil moisture deficiencies, while
drought escape is the ability of a plant to finish its life cycle before soil water deficits arise.
The capacity of a rice plant to endure low tissue water content is known as drought tolerance.
Depending on the extent, interlude, and plant stage, drought damage affects crop growth
metrics and production. According to [28], illustrates the harmful effects of drought stress on
the morphological, physiological, biochemical, and molecular processes of the plant
presented in figure 1.
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Figure 1: A schematic diagram showing morphological and physiological effect of drought
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1.1. The impact of drought stress on seed germination and seedling growth
Studies show that water stress modifies the early morphology of rice, resulting in decreased
growth and aborted germination. Drought stress significantly affects rice germination and
seedling development because of water constraint. During germination and the early stages of
seedling development, rice is very vulnerable to dry conditions and needs the right
temperature and soil moisture content. Drought impairs the absorption of water, weakens
seedlings, and upsets the water balance, which damages metabolic processes, hinders
membrane transport, lowers respiration, and produces less ATP [23]. All of these factors
contribute to poor seed germination. According to a number of studies, plants under water
stress had lower biomass, leaf area, and height [48,37 ]
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1.2.  Characteristics of leaves under drought stress

Due to the leaf's reduced water potential, drought stress inhibits leaf development

[58,40] . Crops that experience this have reduced leaf area and impaired cell growth [21] the
morphology and ultra structure of the leaf have changed, according to [53]. These changes
include the leaf size shrinking, fewer stomata, a thick cell wall, cutinization, and inadequate
growth of the conducting system. Important traits under drought stress include leaf rolling
and early senescence [2]. To find drought-tolerant cultivars, researchers have used a number
of leaf characteristics, including greater flag leaf area, leaf area index, leaf relative water
content, and leaf pigment content presented in figure 2 [12,37,21].
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Figure 2. Abscisic acid (ABA) is vital for plant development and stress response. In response
to biotic and abiotic stimuli, ABA transfer to guard cells triggers stomatal closure in leaves.
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2. 3. The effects of drought stress on root traits are significant

Plant roots have a critical role in increasing yield in drought-stressed environments. Crop
function is determined by the composition and development of the rice root system. In order
to anticipate rice output, we can forecast root mass and length. Different cultivars have
different root development characteristics when subjected to water stress; cultivars with deep
and extensive root systems exhibit more flexibility. Drought tolerance is mostly dependent on
rice genotypes with large root systems, coarse roots, and high root-shoot ratios. Under
drought stress, the morpho-physiological traits of rice roots have a major impact on shoot
development and total grain output [36,26] .

Figure 3 : Rice root system plasticity under irrigated and water-stressed conditions.

Rice plant S e
under irrigated conditions Rice plant
under moisture stress
s S

Under drought conditions
rice plant shows:
th

1. Greater rooting dep
2. Decreased vertical root
angle
3. Enhanced lateral root
branching

4. Promoted crown root
elongation

Under irrigated conditions
rice plant shows:

1. Less rooting depth

2. Wide vertical root

angle
3. Less lateral root
Development ‘

4. Less crown root
elongation

NS

2.4 Effect of drought on physiological responses

Drought stress has a negative impact on plant physiological processes, necessitating
optimization of parameters and processes before breeding programs to increase yield in
adverse drought conditions. According to studies conducted by [7, 3, 15] the impact of
drought stress on plant physiological processes is significant. When rice doesn't have enough
water, its physiological traits suffer. Some of these effects include a decrease in the net
photosynthetic rate, transpiration rate, stomatal conductance, water use efficiency, internal
CO2 concentration, photosystem Il activity, relative water content, and membrane stability.
According to studies conducted by [12, 7, 36,58] .
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2.5. The impact of drought on the process of photosynthesis in rice leaves

Water deficits and drought stress influence photosynthesis, a crucial metabolic process in
crop growth and production. Water stress changes the rate of photosynthesis and the way
plants exchange gases, which causes stomata to close, carbon dioxide to flow less, and
reactive oxygen species to form more [12,36]. Several factors are involved.

2.6. Effect of drought stress on water relations and membrane functions

Water use efficiency (WUE) may enhance crop performance during droughts and is a critical
component in evaluating plant yield potential under water stress circumstances. A crucial
component of plant water relations is relative water capacity (RWC), which expresses
differences in turgor potential and water potential [15]. In many plant cultivars, water stress
has a detrimental impact on transpiration, turgor pressure, and RWC [5]. Four-week-old rice
seedlings with higher proline content showed a consistent improvement in RWC against
drought [45]. Plants are known to be able to endure a constant membrane index. This is due
to the fact that when a plant experiences water stress; the lipid structure is harmed and
altered, rendering the membrane more permeable. To comprehend their relationship with rice
output under drought stress, researchers have used the characteristics of cell membrane
stability (CMS) and membrane stability index (MSI) [53].

2.7. The effects of drought stress on biochemical characteristics are significant.

Plants cope with drought stress by accumulating organic and inorganic solutes that lower
their osmotic potential. They accumulate osmoprotectants like proline, glycinebetaine, and
soluble sugar, which provide osmotic adjustments [28, 53]. Protein content and antioxidant
activity improve drought tolerance, while tissue- and time-specific expression of drought-
response traits improves drought response without affecting yield [15].

2.8.  Under drought stress, osmolyte accumulation

Osmoregulation is an important process in plants. When turgor levels drop, osmoprotectants
like proline, soluble sugar, phenolic contents, and total free amino acids build up. Proline, a
proteinogenic five-carbon amino acid, is essential for drought tolerance and maintains leaf
turgor and stomatal conductance. Its accumulation increases under water deficits, making it a
biochemical marker for drought screening in plants. Rye grasses are the first to report proline
content under water deficit stress. The sources for this information are [41] and [36].
Carbohydrates, a structural unit providing energy for plant biomass, play a crucial role in
stress tolerance, with disaccharides, oligosaccharides, and fructans being key type [25] .
Soluble sugars are crucial for balancing physiological processes like photosynthesis and
mitochondrial respiration [14]. Plants use sugar-based strategies to adapt to environmental
stresses, with mannitol, sorbitol, and trehalose playing essential roles in growth and
metabolic function [27]. Drought causes the accumulation of soluble sugars, which acts as
osmoprotectants and protects plants to some extent. These findings have been reported by
[28,53].

2.9.  The production of reactive oxygen species occurs under drought stress

Although ROS are a normal result of aerobic metabolism, biotic and abiotic stressors may
cause excessive synthesis of these molecules, which can harm cells and kill plants[14]. In
different cytosol segments, ROS are produced by respiration and photosynthesis. Drought
may result in an imbalance between quenching and ROS generation, which may harm plants
oxidatively and disrupt their life cycle. Electron leakage to O2 is detrimental to
photosynthesis and causes the Mehler reaction, which produces ROS. In addition, superoxide,
hydrogen peroxide, and hydroxyl radicals are produced in excess during a drought, which
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damages cell components and causes cellular death [14]. To improve rice's resistance to
drought, Fig. 2 suggests either lowering ROS overproduction or increasing antioxidant
activity in rice organs.

2.10 Role of antioxidants under drought

Enzymatic and non-enzymatic antioxidants make up the defense mechanism against free
radicals in plants. Guaiacol peroxidase (GPX), ascorbate peroxidase (APX), glutathione
reductase (GR), monodehydroascorbate reductase (MDHAR), and dehydroascorbate
reductase (DHAR) are a few enzymes that function as antioxidants. Antioxidants that are not
enzymatic include glutathione (GSH) and ascorbate (AsA). Rice's resistance to drought stress
can be increased by promoting the expression of these antioxidants, which may work as a
defense against oxidative stress and strengthen drought tolerance mechanisms [32,36,35].

2.11 Molecular mechanism of drought tolerance

Membrane sensors detect environmental drought stimuli and transmit them through signal
transduction pathways, resulting in drought-responsive qualities with appropriate gene
functions and tolerance. Drought is a complex phenomenon, making hybridization and
selection strategies difficult to understand. However, DNA markers in molecular studies can
provide precise results and aid in screening drought-tolerant germplasm for crop
improvement. Many studies have focused on establishing qualitative trait loci (QTL) related
to various traits. Researchers use DNA studies based on marker-based phenotyping to
identify genes involved in drought resilience in rice. Molecular breeding can lead to
improved crop varieties, increased yields, and safe, high-agronomic harvests. According to
studies conducted by [7, 38, 57, 42], molecular breeding can lead to improved crop varieties,
increased yields, and safe, high-agronomic harvests.

2.12 Quantitative trait loci (QTL) in rice are linked to drought tolerance.

Plant genomes contain genes known as quantitative trait loci (QTL), which exhibit precise
quantitative traits and are associated with various agronomic traits during drought conditions.
Earlier molecular genetics studies identified numerous QTLs linked to physiological and
biochemical traits, but they failed to identify any gene that regulates these traits due to low
mapping resolution and weak phenotypic effects. Researchers have extensively used the
identification of these QTLs to select tolerant rice genotypes in stress screening programs for
plants [1, 111, 16, 6]. Other important QTLs identified in rice for drought tolerance are
predominantly non-elite genotypes. Some of the most important QTLs identified in different
rice lines include qDTY1.1, gDTY2.1, gDTY2.2, gDTHI2.3, gDTY3.1, qDTY6.1, gDTRS,
gDLR8.1, gDTY9.1A, and qDTY12.1. We also report various SSR markers linked to these
QTLs for identification purposes. It will be easier to quickly and accurately profile rice lines
if we use drought-tolerant QTL-linked SSR markers to test new rice genotypes for their
ability to handle drought. SSR markers are speedy, basic, stable, and exceptionally
polymorphic in nature. Researchers have conducted genetic studies on drought in rice using
molecular markers that exhibit traits like root characters, osmotic adjustment, cell membrane
stability, relative water content, leaf rolling, stomatal conductance, and grain yield [44,8,54].
In rice, they have reported five QTLs, such as gLR9.1, qLD9.1, gHI9.1, gSF9.1, and
gRWC9.1, that control leaf rolling, leaf drying, harvest index, spikelet fertility, and relative
water content, respectively, under reproductive stage drought stress.
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2.13. Genes and transgenic approaches for drought tolerance in rice are being
explored.

Following drought stress exposure, rice undergoes differential expression of various genes,
with approximately 5000 genes unregulated and 6,000 down regulated.[4] as well as [22]
have conducted studies on this topic. The study identifies three major categories of genes and
their functions in relation to rice drought tolerance: related membrane transport, related
signaling, and transcriptional control. [53,26 ] are the sources of this information. The
expression of genes and transcription factors in rice is crucial for controlling biochemical,
physiological, and molecular mechanisms under drought stress. Most genes are ABA-
independent or ABA-independent, controlling drought tolerance mechanisms in rice.
Through ABA signaling, OsJAZ1 attenuates drought tolerance, orchestrating plant responses
to growth and development under drought stress. Other genes, such as DRO1 and
OsPYL/RCARS, induce root elongation, deeper rooting, leaf water content, delayed leaf
rolling, higher root and shoot mass, and stomatal regulation in rice under water deficit
conditions. The studies conducted by [26,43] support these findings. Overexpression of
OsDREB2B, CYP735A, and OsDREBIF also increased root morphological adaptations in
rice under drought stress [26][20] reported that the DREB2-like gene OsDRAP1 confers
drought tolerance in rice. Transgenic approaches achieve increased grain yield in rice under
drought by introducing genes such as OSNAC5[19] OsLEA3-1 [56], OsbZIP71 [31] and
OsWRKY47.

Drought has become a constraint for rice cultivation, but no effective measures have been
successful in developing drought-tolerant rice varieties. Farmers often choose high-yielding
cultivars with better grain quality but are susceptible to drought, or use traditional drought-
tolerant varieties with poor yield. Drought breeding programs often use high-yielding
varieties like Swarna, Samba-mahsuri, and IR36, yet frequent drought spells result in
significant losses in rice production. Therefore, we need to focus more on improving special
rice varieties that can produce high yields under drought and adapt to various adverse
climatic conditions.

3. THE STUDY FOCUSES ON THE MECHANISMS OF DROUGHT STRESS AND
THEIR RESPONSES IN RICE.

Stress is defined as the alteration of physiological conditions caused by elements that threaten
a plant's stability. Drought, a climatic characteristic, is often caused by low or no
precipitation and constant water loss through evaporation and transpiration. "Drought
tolerance” refers to a plant's ability to produce the highest economic yield when water is
scarce. Genetic variables influence this trait at various stages. "Drought escape” enables a
plant to complete its life cycle before serious soil water deficits develop, whereas "drought
avoidance" maintains high tissue water potential despite soil moisture shortages, as shown in
Figure 4 [13].

Figure-4
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Figure 4.Mechanisms of drought stress and their responses to drought stress in rice. (A)
Different responses and mechanism of the rice plants under drought stress; (B) Plant response
mechanisms to drought stress.
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3.1. Plant morphological characteristics react to drought stress in rice.

Early-stage morphological alterations in rice caused by water stress have an impact on seed
germination and production. Poor seed germination is the consequence of drought stress,
which also affects membrane transport, ATP production, respiration, and water balance.
Additionally, it results in reductions in biomass, leaf area, and plant height. Reduced leaf area
and poor cell development are the results of low water potential, which also hinders leaf
growth. Conditions that are stressed by drought also have an impact on the leaf's anatomy and
ultrastructure. For maximum vyield, it is thus essential to create a crop stand as soon as
possible [53]. Reduced leaf size, fewer stomata, thicker cell walls, cutinization of the leaf
surface, and inadequate system development are some of these changes [46]. Plants under
drought stress display characteristics including early senescence and leaf rolling. To find
drought-tolerant types, we take into account variables such as leaf area, leaf area index,
relative water content, and leaf pigment content. Crop function in rice is determined by the
structure and growth of its root systems; these features are critical for improving yield. Rice
yield may be predicted using root mass and length when the plant is under water stress. Rice
varieties that have large, deep roots are more resilient to drought. The morph physiological
characteristics of rice roots greatly influence the development of shoots and the overall yield
of grains are presented in figure 5. Increased root area, longer root lengths, waxy or thick leaf
coats, fewer epithelial cells, postponed leaf senescence, and more green leaf area are
examples of adaptations [16, 47, and 35]
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Figure 5. Drought stress impacts plants” morphological, physiological, and biochemical
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3.2 Plant physiological traits respond to drought stress in rice.

Drought or shortage-induced water stress affects photosynthesis, a vital metabolic process in
crop growth and yield. When water is scarce, stomata shut down, reducing carbon dioxide
and driving reactive oxygen species reactions. Stomatal closure, turgor pressure loss, reduced
leaf gas exchange, and decreased CO2 uptake influence this decline. Relative water content
(RWC) is a crucial measure of plant water status, capturing changes in water potential and
turgor potential (36,39). Drought stress leads to a decrease in plant water content, reduced
cell length and growth, stomatal closure, decreased gas exchange, and disruption of enzyme-
catalyzed activities. It also disrupts photosynthesis and metabolism, leading to plant death.
Drought stress inhibits cell growth, impacting various biochemical and physiological
processes. Adapted cells have a higher chlorophyll content, a lower osmotic potential, and a
lower harvest index. Physiological acclimation, such as higher stomatal density and
conductance, lower transpiration rates, improved production, accumulation, assimilation, and
yield partitioning, also contributes to the effects of drought stress. [52,49].

3.3 Rice plant biochemical characteristics react to drought stress

Plants store both organic and inorganic solutes, reduce their osmotic potential, and use
osmoprotectants such soluble sucrose, proline, and glycinebetaine to cope with drought
stress. Improved drought resistance is influenced by factors like as protein content,
antioxidant activity, and tissue- and time-specific expression of drought-responsive traits
including ethylene phytohormone pathways, abscisic acid, and brassinosteroids. [28, 11, 15]

3.3.1 Osmolyte buildup in a rice environment under stress from drought

Osmoregulation is essential to plants' ability to control their turgor, which is necessary for life
maintenance. Drought resistance is mostly influenced by the build-up of osmolytes, which
include proline, soluble sugar, phenolics, and total free amino acids, when water shortage
occurs. Unbalances in the supply and loss of water are detected by plant cells, which then
convert them into cellular stress signals that trigger drought tolerance mechanisms. Plants
possess an advanced signaling system that disseminates stress signals throughout the plant via
main and secondary channels [18,2]. Plants use osmotic adaptation to decrease the osmotic
potential of their cytoplasm by accumulating both organic and inorganic solutes. Sucrose,
glycine betaine, and proline are necessary for preserving leaf turgor and promoting stomatal
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conductance. Leaf turgor is maintained and drought tolerance is improved by increased
proline accumulation. Under abiotic stress, carbohydrates—such as fructans,
oligosaccharides, and disaccharides—are essential for stress tolerance. Together with
supporting plant biomass, they also aid in physiological processes including mitochondrial
respiration and photosynthesis. For plants to develop and function metabolically, mannitol,
sorbitol, and trehalose must be available [27.28,53].

3.3.2 The role of antioxidants in drought stress

Plants are shielded from oxidative damage by an antioxidant defense mechanism. Rice is
more drought-tolerant because it expresses antioxidants. On the other hand, aberrant
quenching and ROS formation brought on by dryness may cause oxidative damage, which
will have an adverse effect on the plant's life cycle. This is because ROS, which has a
detrimental effect on photosynthesis, is produced via the Mehler reaction. Hyperbolic
concentrations of superoxide, hydrogen peroxide, and hydroxyl radicals cause cellular death.
Reducing ROS generation or enhancing antioxidant activity is the best way to increase rice's
tolerance to drought. The mechanism of ROS generation, the detrimental consequences of
oxidative stress, cell damage, and different antioxidant systems are shown in Figure 6.

Figure 6.
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Figure 6. Schematic representation of reactive oxygen species (ROS) damage and
antioxidant protection of rice plants under drought stress [44]. APX, ascorbate peroxidase;
CAT, catalase; DHAR, Dehydroascorbate reductase; GR, glutathione reductase; GPX,
guaiacol peroxidase; MDHAR, monodehydroascorbate reductase; SOD, superoxide
dismutase.

ROS, which include hydroxyl free radicals, have the ability to disturb cellular homeostasis,
lipid peroxidation, protein denaturation, and DNA mutations. Plants have a sophisticated
antioxidant system made up of both enzymatic and non-enzymatic substances that shields
them from these damaging effects. MDHAR, DHAR, SOD, CAT, GR, APX, GPX, and
ascorbate-glutathione cycle enzymes are examples of enzymatic antioxidants. Rice's
enzymatic and non-enzymatic antioxidant activity is enhanced by increased drought stress.
Enhancing drought resistance and guarding against oxidative damage may be achieved by
upregulating the expression of these antioxidant defense enzymes. [33].

3.3.3 Polyamines' function in drought stress

Putrescine, spermidine, and spermine are examples of polyamines (PAs) that rice plants
produce in response to drought stress. These chemicals regulate osmotic potential, membrane
stability, and homeostasis. A higher PA concentration during a drought improves osmotic
detoxification, reduces water loss, and boosts photosynthetic capacity. More putrescine is
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produced by rice, which promotes the synthesis of spermidine and spermine and shields
plants from drying out. [6,33].

3.3.4 The function of phytohormones during a drought

Plants are able to thrive under dry circumstances with the aid of plant hormones such as
gibberellins (GAs), ethylene (ET), auxins (IAA), cytokinins (CK), jasmonic acid (JA), and
abscisic acid (ABA). The interaction of these hormones improves plant survival. Drought
stress brought on by soil drying causes ABA concentrations to change in response to this
pressure. In contrast to other hormones, ABA concentration rises in response to signs of
drought stress. These intricate and dynamic changes in the endogenous levels of a hormone
may be influenced by the length and intensity of the drought stress. ABA contributes to water
stress signaling indirectly by inhibiting the synthesis of ET. Both ABA-dependent and ABA-
independent signaling pathways are activated by drought, and research has connected
enhanced drought tolerance to a rapid ABA accumulation [40, 47, and 30]. Research on the
very drought-tolerant resurrection plants (Craterostigma wilmsii) has shown that ABA
concentrations are most significantly impacted when drought stress occurs [34]. Significant
alterations in plant development, defense systems, and drought tolerance are brought about by
ABA and other hormone signaling pathways [47].

Figure 7. Ecophysiology responses of rice to drought and high temperature.
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4. THE GOAL OF TRADITIONAL BREEDING METHODS IS TO INCREASE
RICE'S RESISTANCE TO DROUGHT

Plants use phytohormones including ABA, cytokinins, and GAs to adapt to settings that are
drought-prone. Drought stress signals are communicated by variations in ABA concentration
brought on by drying soil. ABA contributes to water stress signaling indirectly by inhibiting
the synthesis of ET. Both ABA-dependent and ABA-independent signaling pathways are
activated by drought, and increased drought tolerance is correlated with a fast ABA buildup.
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4.1 Pedigree selection Pedigree selection is a traditional breeding technique in rice
development, particularly suitable for traits controlled by important genes. It allows for the
combination of numerous genes that influence biotic and abiotic processes. However, it takes
time and requires repeatedly evaluating lines over planting seasons. Diallel mating design is
more suitable for traits influenced by multiple genes. Figure 8 presents the preference for
recurrent selection over pedigree selection in self-pollinating crops, including rice.

Figure 8.Modified method for conventional yield trail in rice.
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4.2 Recurrent selection

In rice varietal improvement, recurrent selection is a method that increases beneficial allele
frequencies while preserving genetic diversity, offering accurate genetic gains, faster
breeding cycles, and diversified breeding lines, outperforming pedigree selection [24].

4.3 Backcross breeding

The backcrossing technique is used in rice breeding to introduce desirable genes from donors
to recipient parents, reducing the donor parent's genome and increasing recovery. This
precise method creates superior breeding lines and cultivars that can withstand drought,
enhancing crop yield [29, 38].

4.4 Induced Mutation

Plant breeders use induced mutation as a technique to create new varieties, like drought-
resistant rice varieties. This method has been successful in developing rice varieties that are
resistant to pests and diseases, increase grain yield, and improve grain quality. We have used
induced mutations to create gene alleles not found in nature, leading to numerous success
stories. For instance, researchers exposed Manawthukha rice to gamma radiation to test its
drought resistance, and after six generations of evaluation and selection, they determined that
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two mutant lines were drought-resistant. Indonesia created a super green rice mutant and
developed two improved lines, MR219-9 and MR219-4, from the common MR219 rice
variety in Malaysia. The development of drought tolerance often uses techniques such as
transgenic, gene expression patterns, proteomics, genome-wide association, stable isotopes,
and fluorescence or thermal imaging. Genetic engineering and molecular technology have
been instrumental in developing rice resilience to drought, with genetic resistance being the
most effective method to lessen its effects [17, 10].

5. THE MOLECULAR BASIS IS RESPONSIBLE FOR IMPROVING DROUGHT
TOLERANCE IN RICE.

Sensors on membranes detect environmental drought stimuli, transmitting them through
signal transduction pathways to produce drought-responsive qualities with appropriate gene
functions and tolerance. However, hybridization and selection techniques cannot provide
precise findings for drought tolerance. In molecular studies, DNA markers can help find
qualitative trait loci (QTLS) that are linked to different traits, like how roots and shoots react
to water and salt, how hormones work, how photosynthesis works, and how the whole plant
reacts to drought tolerance. DNA studies based on marker-based phenotyping are the main
methods used to identify genes involved in rice drought resistance. To create transgenic crops
with improved drought resistance, it is crucial to identify candidate genes responsible for
plant tolerance under various abiotic stresses. Genetic engineering and hybridization with
marker-assisted selection can introduce drought tolerance genes into the genetic background
of suitable cultivars, improving crop types and yield varieties, and resulting in prolific
harvests with high agronomic validity and safety [28, 37, 3].

5.1 QTLs associated with rice drought tolerance

The plant genome contains genes known as QTLs, which have exact quantitative
characteristics and are linked to a variety of agronomic features under drought. These QTLs
are used by plant stress screening systems to identify rice cultivars that can withstand
drought. In order to develop cultivars that are resistant to drought, research institutions all
over the globe are concentrating on mapping QTLs for rice grain production under drought
stress. The bulk of rice QTLs for drought tolerance are found in non-elite genotypes;
gDTY1.1is a frequently utilized yield trait. Significant QTLs have been found in a number of
rice lines, including gDTY2.1, gDTY2.2, gDTHI2.3, gDTY3.1, qDTY®6.1, and gDTRS. It
would be possible to quickly and precisely profile rice lines by using these markers for
molecular screening of novel genotypes of rice for drought tolerance. In the reproductive
stage of rice, morpho-physiological characteristics linked to drought tolerance were mapped
genetically. This mapping revealed five QTLs that regulate the following features: leaf
rolling, leaf drying, harvest index, spikelet fertility, and relative water content. [3].

5.2 Rice drought tolerance using genetic engineering and transgenic techniques
Plants synthesize a variety of protein classes that aid in the creation of dependable stress
pathways, such as transcriptional factors, enzymes, and molecular chaperones. These genes
have been identified by genomic approaches and included into the rice genome to study their
effects on drought tolerance. Numerous transcription factors encode WRKY genes, which
control a variety of biological activities in plants. Zinc finger proteins, which control stress
reactions, are extensively distributed in plants. Increased proline and soluble sugar
accumulation, enhanced survival chances, and improved drought tolerance are all brought
about by over expressing the zinc finger protein OsZFP252. Approximately 5,000 genes in
rice are up-regulated and 6,000 genes are down-regulated after exposure to drought stress.
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Transgenic rice improves stomatal closure, osmoregulation, and water usage efficiency under
drought stress, according to research. The WRKY genes are essential for plant growth and
react to drought stress. We induced rice to produce more trehalose, better drought tolerance,
and less photo oxidation by introducing a fusion TPP/TPS gene from Escherichia coli. [47,
20, 24, 9]

5.3 Marker-assisted selection (MAS) for rice drought tolerance

In order to find new genotypes with drought-tolerant traits and associated genes or loci, we
may examine the natural genotypic variation in rice. These genotypes may be used in
breeding efforts to produce rice varieties that can withstand drought. Unfortunately, the
difficulty in locating appropriate donors and the environment-specific character of rice
genotype breeding for drought tolerance have resulted in a poor success rate. A precise,
quick, affordable, eco-friendly, and quick approach for creating excellent drought-resistant
rice cultivars is provided by MAS. For the last ten years, the main location for marker-
assisted breeding methods to produce rice varieties resistant to drought has been the IRRI.
Several QTLs for rice drought tolerance are included into elite cultivars using marker-assisted
breeding procedures. But even with the growing importance of drought, no real efforts have
been made to develop rice varieties that can withstand it. High-yielding cultivars like Swarna,
Samba mahsuri, and IR36 were used in drought breeding efforts, but their incapacity to
endure recurrent droughts has caused large losses in rice production. Thus, more attention has
to be paid to enhanced unique rice cultivars that produce well during droughts and can adapt
to a variety of harsh climatic conditions [49, 28, 7, and 3, 55].

6. FUTURE PROSPECT

The intricate process of rice drought tolerance requires a deep comprehension of the grain's
morphological, physiological, biochemical, and molecular traits. Molecularly breeding rice
for drought tolerance still faces significant challenges, despite progress in marker-assisted
breeding. One major obstacle to study on drought-tolerant traits is their complicated nature
and multigenic control. Enhancing rice's yield and agronomic traits requires the use of
transgenic techniques. It is important to comprehend how genes respond to drought in the
field since certain genes for drought tolerance in rice have been researched in lab settings.
Crop breeding may use advances in molecular genetics, crop physiology, and breeding
techniques to enhance drought tolerance and foster genetic progress.

7. CONCLUSION

The development of drought tolerance in rice requires a comprehensive understanding of
various morphological, biochemicals, physiological, and molecular characteristics. Despite
progress made through marker-assisted breeding, there are still challenges in molecular
breeding of drought tolerance in rice. The complex nature and multigenic control of drought-
tolerant traits pose a major bottleneck for future research. The cumulative effect of several
traits controls the multifaceted phenomenon of maintaining rice yield under drought
conditions, making it crucial to identify the primary contributor to yield under drought.
Researchers have found that transgenic approaches enhance the agronomic traits and yield
characteristics of rice, but more research is required to comprehend how these genes respond
to drought in farmers' fields. We can use advancements in crop physiology, molecular
genetics, and breeding approaches to enhance our understanding of drought tolerance and
enable the genetic enhancement of drought-tolerant rice cultivars. Evaluation of drought
resistance is challenging due to the dynamic and highly variable timing, persistence, and
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intensity of drought stress in natural settings. Recent developments in functional genomics
enable high-throughput genotyping, allowing for the identification of key QTLs linked to
drought tolerance. Most studies on drought resilience focus on above-ground features,
leaving a significant gap for below-ground traits. Studies of drought tolerance should
adequately take into account root flexibility and architecture because of their important roles
in controlling growth and stomata under dry conditions.

8.

1.

10.

11.

12.

13.

REFERENCES:

Alexandrov N, Tai SS, Wang WS, Mansueto L, Palis K, Fuentes RR, et al. SNP-seek
database of SNPs derived from 3000 rice genomes. Nucleic Acids Research.
2014;43(D1):D1023-D1027

Anjum SA, Ashraf U, Zohaib A, Tanveer M, Naeem M, Ali I, et al. Growth and
development responses of crop plants under drought stress: A review. Zemdirbyste.
2017;104:267-276

Barik SR, Pandit E, Pradhan SK, Mohanty SP, Mohapatara T. Genetic mapping of
morpho-physiological traits involved during reproductive stage drought tolerance in
rice. PLoS One. 2019;14(12):e0214979

Bin Rahman ANM, Zhang JH. Flood and drought tolerance in rice: Opposite but may
coexist. Food and Energy Security. 2016;5(2):76-88

Choudhary M. K., Basu D., Datta A. Chakraborty N., Chakraborty S.
(2009). Dehydration-responsive nuclear proteome of rice (Oryza sativa l.) illustrates
protein network, novel regulators of cellular adaptation, and evolutionary
perspective. Mol. Cell Proteomics 8, 1579-1598. doi: 10.1074/MCP.M800601-
MCP200

Capell T, Bassie L, Christou P. Modulation of the polyamine biosynthetic pathway in
transgenic rice confers tolerance to drought stress. Proceedings of the National
Academy of Sciences of the United States of America. 2004;101:9909-9914

Dash PK, Rai R, Rai V, Pasupalak S. Drought induced signaling in rice: Delineating
canonical and non-canonical pathways. Frontiers in Chemistry. 2018;6:264

Dixit S, Singh A, Cruz MTS, Maturan PT, Amante M, Kumar A. Multiple major QTL
lead to stable yield performance of rice cultivars across varying drought intensities.
BMC Genetics. 2014:15-16

Du H, Wang N, Cui F, Li X, Xiao J, Xiong L. Characterization of a [B-carotene
hydroxylase gene DSM2 conferring drought and oxidative stress resistance by
increasing xanthophylls and ABA synthesis in rice. Plant Physiology. 2010;154:1304-
1318

Efendi B, Sabaruddin Z, Lukman H. Mutation with gamma raysirradiation to assemble
green super rice tolerant to drought stress and high yield rice (Oryza sativaL.).
International Journal of Advanced Science, Engineering and Technology. 2017;5:1-5

Faroog M, Hussain M, Wahid A, Siddique KHM. Drought stress in plants: An
overview. In: Plant Responses to Drought Stress. Berlin, Heidelberg: Springer; 2012.
pp. 1-33

Faroog M, Kobayashi N, Wahid A, Ito O, Basra SMA. Strategies for producing more
rice with less water. Advances in Agronomy. 2009;101:351-388

Fu J, Wu H, Ma SQ, Xiang DH, Liu RY, Xiong LZ. OsJAZ1 attenuates drought
resistance by regulating JA and ABA signaling in rice. Frontiers in Plant Science.
2017;8:2108



Dr. Bineeta Singh/ Afr.J.Bio.Sc. 6(11) (2024) 1223-1240 Page 1238 to 18

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Gill SS, Tuteja N. Reactive oxygen species and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiology and Biochemistry. 2010;48(12):909-930
Gupta A, Rico-Medina A, Cafio-Delgado Al. The physiology of plant responses to
drought. Science. 2020;368:266-269

Hao ZC, Singh VP, Xia YL. Seasonal drought prediction: Advances, challenges, and
future prospects. Reviews of Geophysics. 2018;56(1):108-141

HM, Myat M, Khaing ZL, Nyo NM, Phyu PT. Development of drought tolerant Mutant
from Rice var. Manawthukha through mutation breeding technique using 60Co gamma
source. The International Journal of Innovative Research in Science, Engineering and
Technology. 2016;4:11205-11212

Hu H, Xiong L. Genetic engineering and breeding of drought-resistant crops. Annual
Review of Plant Biology. 2014; 65:715-741

Hu H., Dai M., Yao J., Xiao B., Li X,, Zhang Q., et al.. (2006). Overexpressing a NAM,
ATAF, and CUC (NAC) transcription factor enhances drought resistance and salt
tolerance in rice. Proc. Natl. Acad. Sci. U.S.A.103, 12987-12992. doi:
10.1073/PNAS.0604882103/SUPPL_FILE/04882FIG8.PDF

Huang XY, Chao DY, Gao JP, Zhu MZ, Shi M, Lin HX. A previously unknown zinc
finger protein, DST, regulates drought and salt tolerance in rice via stomata aperture
control. Genes & Development. 2009;23:1805-1817

Hussain HA, Hussain S, Khalig A, Ashraf U, Anjum SA, Men SN, et al. Chilling and
drought stresses in crop plants: Implications, cross talk, and potential management
opportunities. Frontiers in Plant Science. 2018;9:393

Joshi R, Wani SH, Singh B, Bohra A, Dar ZA, Lone AA, et al. Transcription factors
and plants response to drought stress: Current understanding and future directions.
Frontiers in Plant Science. 2016;7:1029

Kadam NN, Tamilselvan A, Lawas LMF, Quinones C, Bahuguna RN, Thomson MJ, et
al. Genetic control of plasticity in root morphology and anatomy of rice in response to
water deficit. Plant Physiology. 2017;174(4):2302-2315

Kathuria H, Giri J, Nataraja KN, Murata N, Udayakumar M, Tyagi AK.
Glycinebetaine-induced water stress tolerance in codA-expressing transgenic indica rice
is associated with up- regulation of several stress responsive genes. Plant Biotechnology
Journal. 2009;7(6):512-526

Keunen E, Peshev D, Vangronsveld J, van den Ende W, Cuypers A. Plant sugars are
crucial players in the oxidative challenge during abiotic stress: Extending the traditional
concept. Plant, Cell & Environment. 2013;36(7):1242-1255

Kim Y, Chung YS, Lee E, Tripathi P, Heo S, Kim KH. Root response to drought stress
in rice (Oryza sativa L.). International Journal of Molecular Sciences. 2020;21(4):1513
Krasensky J, Jonak C. Drought, salt, and temperature stressinduced metabolic
rearrangements and regulatory networks. Journal of Experimental Botany.
2012;63(4):1593-1608

Kumar A, Basu S, Ramegowda V, Pereira A. Mechanisms of drought tolerance in rice.
In: Sasaki T, editor. Achieving Sustainable Cultivation of Rice. Vol. 11. UK: Burleigh
Dodds Science Publishing Limited; 2016. DOI: 10.19103/AS.2106.0003.08

Lafitte HR, Li ZK, Vijayakumar CHM, Gao YM, Shi Y, Xu JL, et al. Improvement of
rice drought tolerance through backcross breeding: Evaluation of donors and selection
in drought nurseries. Field Crops Research. 2006;97:77-86

LiJ, Wu Y, Xie Q, Gong Z. Hormone Metabolism and Signaling in Plants. Cambridge,
MA, USA: Academic Press; 2017. pp. 161-202



Dr. Bineeta Singh/ Afr.J.Bio.Sc. 6(11) (2024) 1223-1240 Page 1239 to 18

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Liu CT, Mao BG, Ou SJ, Wang W, Liu LC, Wu YB, et al. OsbZIP71,
a bZIP transcription factor, confers salinity and drought tolerance in rice. Plant
Molecular Biology. 2014;84:19-36

Lu G, Gao C, Zheng X, Han B. Identification of OsbZIP72 as a positive regulator of
ABA response and drought tolerance in rice. Planta. 2009;229:605-615 61

Lum MS, Hanafi MM, Rafii YM, Akmar ASN. Effect of drought stress on growth,
proline and antioxidant enzyme activities of upland rice. Journal of Animal and Plant
Sciences. 2014;24:1487-1493

Luo LJ. Breeding for water-saving and drought-resistance rice (WDR) in China. Journal
of Experimental Botany. 2010;61:3509-3517

Melandri G, AbdElgawad H, Riewe D, Hageman JA, Asard H, Beemster GTS, et al.
Biomarkers for grain yield stability in rice under drought stress. Journal of
Experimental Botany. 2020;71(2):669-683

Mishra SS, Behera PK, Panda D. Genotypic variability for drought tolerance-related
morpho-physiological traits among indigenous rice landraces of Jeypore tract of Odisha,
India. Journal of Crop Improvement. 2019;33:254-278

Mishra SS, Panda D. Leaf traits and antioxidant defense for drought tolerance during
early growth stage in some popular traditional rice landraces from Koraput, India. Rice
Science. 2017;24(4):207-217 70

Oladosu Y, Rafii MY, Abdullah N, Abdul Malek M, Rahim HA, Hussin G, et al.
Genetic variability and selection criteria in rice mutant lines as revealed by quantitative
traits. The Scientific World Journal. Oct 2014

Ozga JA, Kaur H, Savada RP, Reinecke DM. Hormonal regulation of reproductive
growth under normal and heat-stress conditions in legume and other model crop
species. Journal of Experimental Botany. 2016;68:1885-1894

Panda D, Mishra SS, Behera PK. Drought tolerance in rice: Focus on recent
mechanisms and approaches. Rice Science. 2021;28(2):119-132

Pandey V, Shukla A. Acclimation and tolerance strategies of rice under drought stress.
Rice Science. 2015;22(4):147-161

Prakash C, Sevanthi AM, Shanmugavadivel PS. Use of QTLs in developing abiotic
stress tolerance in rice. In: Hasanuzzaman M, Fujita M, Nahar K, Biswas JK, editors.
Advances in Rice Research for Abiotic Stress Tolerance. UK: Elsevier; 2019. pp. 869-
893

Rahman H, Ramanathan V, Nallathambi J, Duraialagaraja S, Muthurajan R. Over-
expression of a NAC 67 transcription factor from finger millet (Eleusine coracana L.)
confers tolerance against salinity and drought stress in rice. BMC Biotechnology.
2016;16:35

Ramchander S, Raveendran M, Robin S. Mapping QTLs for physiological traits
associated with drought tolerance in rice (Oryza sativa L.). Journal of Investigative
Genomics. 2016;3(3):56-61

Rao D. E. Chaitanya K. V. (2016). Photosynthesis and antioxidative defense
mechanisms in deciphering drought stress tolerance of crop plants. Biol. Plant 60, 201
218. doi: 10.1007/S10535-016-0584-8 [CrossRef] [Google Scholar]

Rollins JA, Habte E, Templer SE, Colby T, Schmidt J, von Korff M. Leaf proteome
alterations in the context of physiological and morphological responses to drought and
heat stress in barley (Hordeum wvulgare L.). Journal of Experimental Botany.
2013;64(11):3201-3212

Sahebi M, Hanafi MM, Rafii MY, Mahmud TM, Azizi P, Osman M, et al. Improvement
of drought tolerance in rice (Oryza sativa L.): Genetics, genomic tools, and the WRKY
gene family. BioMed Research International. Oct 2018


https://doi.org/10.1007%2FS10535-016-0584-8
https://scholar.google.com/scholar_lookup?journal=Biol.+Plant&title=Photosynthesis+and+antioxidative+defense+mechanisms+in+deciphering+drought+stress+tolerance+of+crop+plants&author=D.+E.+Rao&author=K.+V.+Chaitanya&volume=60&publication_year=2016&pages=201-218&doi=10.1007/S10535-016-0584-8&

Dr. Bineeta Singh/ Afr.J.Bio.Sc. 6(11) (2024) 1223-1240 Page 1240 to 18

48.

49.

50.

ol.

52.

53.

54.

55.

56.

S7.

58.

Sarvestani ZT, Pirdashti H, Sanavy SAMM, Balouchi H. Study of water stress effects in
different growth stages on yield and yield components of different rice (Oryza sativa L.)
cultivars. Pakistan Journal of Biological Sciences. 2008;11(10):1303-1309

Singh R, Singh Y, Xalaxo S, Verulkar S, Yadav N, Singh S, et al. From QTL to variety-
harnessing the benefits of QTLs for drought, flood and salt tolerance in mega rice
varieties of India through a multi-institutional network. Plant Science. 2016;242:278-
287

Swain, P., Raman, A., Singh, S., & Kumar, A. (2017, August). Breeding drought
tolerant rice for shallow rainfed ecosystem of eastern India. Field Crops Research, 209,
168-178. https://doi.org/10.1016/j.fcr.2017.05.007

Todaka D, Shinozaki K, Yamaguchi-Shinozaki K. Recent advances in the dissection of
drought stress regulatory networks and strategies for development of drought-tolerant
transgenic rice plants. Frontiers in Plant Science. 2015;6:84

Turral H, Burke JJ, Faurés JM. Climate Change, Water and Food Security. Rome, Italy:
Food and Agriculture Organization of the United Nations; 2011

Upadhyaya H, Panda SK. Drought stress responses and its management in rice. In:
Hasanuzzaman M, Fujita M, Nahar K, Biswas JK, editors. Advances in Rice Research
for Abiotic Stress Tolerance. UK: Elsevier; 2019. pp. 177-200

Venuprasad R, Bool ME, Quiatchon L, Atlin GN. A QTL for rice grain yield in aerobic
environments with large effects in three genetic backgrounds. Theoretical and Applied
Genetics. 2012;124:323-332

Vikram P, Swamy BPM, Dixit S, Trinidad J, Cruz MTS, Maturan PC, et al. Linkages
and interactions analysis of major effect drought grain yield QTLs in rice. PLoS One.
2016;11(3):e0151532

Xiao BZ, Huang YM, Tang N, Xiong LZ. Over-expression of a LEA gene in rice
improves drought resistance under the field conditions. Theoretical and Applied
Genetics. 2007;115(1):35-46

Zargar A, Sadiq R, Naser B, Khan F. A review of drought indices. Environmental
Reviews. 2011;19(1):333-349

Zhu R, Wu FY, Zhou S, Hu T, Huang J, Gao Y. Cumulative effects of drought-flood
abrupt alternation on the photosynthetic characteristics of rice. Environmental and
Experimental Botany. 2020;169:103901


https://doi.org/10.1016/j.fcr.2017.05.007

