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Abstract: Drought stress harms rice production and results in significant economic losses. The severity of the global 

climate change issue is rising. Given the current and projected levels of global food demand, it is imperative to boost 

agricultural output in rain-fed, drought-prone areas. Because they are crucial to achieving the production goal in 

rainfed regions, drought-tolerant rice varieties are in great demand. Future research on genetic improvement for 

drought resistance should be given top priority. A recent study has shown that several genetic and physiological 

factors affect how well rice manages drought. This information has been used to make better rice varieties that can 

manage drought. In addition, new techniques like marker-assisted selection and gene editing are being used to make 

rice even more resistant to drought. 
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Introduction  

Rice is one of the most important staple crops in the 

world. More than half of the world's people get their 

food and nutrition from rice. It is an important part of 

the global food chain, and its production is very 

vulnerable to climate change and extreme weather 

events like drought. Drought is a major abiotic 

stressor that affects the growth and output of rice 

crops, leading to big drops in yield and quality. To 

keep food security and agricultural production up, we 

need to develop rice varieties that can handle drought 

stress better. Multigenic control of drought-tolerant 

traits would be a big problem for the work 

(Chakraborti et al., 2021). Asia is the first place that 

makes and eats the most rice. From 2016 to 2017, the 

FAO predicts that the usual amount of rice that will 

be produced will be 5.0 108 t, but that the amount of 

rice that will be needed will rise to 2.0 * 109 t by 2030 

because the population will have grown. Crop yields 

in places with less favorable rain must be greatly 

increased to fix the present and future food shortages 

worldwide. Climate change is a big problem for 

agriculture, especially in poor countries. It changes 

how often and how much water changes and puts 

much outside pressure on plants (Chaudhry and Sidhu 

2022; dos Santos et al., 2022). Drought is one of the 

most important non-living things that stop the rice 

from growing in rain-fed settings. A drought is a time 

of low average rainfall, bad rain, or higher 

evaporation rates that damage crop growth and 

productivity (McHugh,  et al., 2007).  How bad a 

drought depends on several factors, such as how often 

it rains, how much water evaporates, and how much 

water is in the land (Sheffield and Wood, 2008; Panda  

et al. 2021) More than a third of the land used for 

farming around the world is in a drought-stressed state 

(Singh and Sood, 2020). Of that area, emerging 

countries take up 33%, rich countries take up 25%, 

and underdeveloped states take up 42%. Singh, et al. 

(2016) found that breeding rice cultivars that can 

handle drought stress is a safe and cost-effective way 

to boost rice production. 

Researchers have tried to grow drought-tolerant rice 

plants in the past, but they haven't made much 

progress because they haven't been able to find 

drought-tolerant donors. After looking at thousands of 

genetic samples from different parts of the world to 

see if they were resistant to drought, only a few 

drought-tolerant types have been found so far. Kumar 

et al., (2018) think that rice plants' responses to 

drought are difficult and involve several stresses on 

their bodies. This review talks about the effects of 

drought stress and highlights current studies on how 

organisms adapt at cellular, molecular, and 

physiological levels. This study aims to find and test 

new ways to improve rice plants' ability to survive in 

dry conditions. A thorough examination of the 

literature will be done to find out what is known about 

the mechanisms and methods used to make rice more 
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resistant to drought. This study will look at studies 

focusing on the physiological, biochemical, and 

molecular bases of drought tolerance and different 

ways to improve drought tolerance, such as genetic 

engineering, drought-tolerant cultivars, and 

agronomic practices. The review will also give an 

account of the current problems with rice's ability to 

handle drought and some ideas for how to make rice 

better at handling drought. 

Various research methods, such as field experiments, 

molecular analyses, and computer simulations, will be 

used to find the best ways and processes to make rice 

more drought-resistant. These tests and analyses will 

be used to develop new ways to make rice more 

resistant to drought. The study will also look at how 

well existing drought-tolerant rice varieties work and 

look for ways to make traditional varieties more 

resistant to drought. The results of this study will be 

very helpful in coming up with ways to make rice 

more resistant to drought, which will help improve 

global food security and agricultural sustainability. 

The study will also give important information about 

how rice is made more resistant to drought, which can 

be used to help other crops. Rice is the most important 

food crop in the world and helps a lot with food 

security worldwide. In recent years, droughts have 

become more common in many parts of the world. 

This has caused rice crops to drop and food security 

to get worse. To solve this problem, a study has been 

done to find new ways to make rice more resistant to 

drought to better handle the effects of drought and 

keep food secure (Reynolds et al., 2015). 

The first step in making rice more resistant to drought 

is to learn what happens to physiological and 

molecular changes when it is stressed by drought. 

Studies have shown that the reaction of rice plants to 

drought stress involves more than one gene and that 

these genes can be used to make rice plants more 

resistant to drought. For example, new studies have 

found several genes involved in how rice plants 

respond to drought stress. For example, genes 

controlling stomata closing can help plants use water 

more efficiently. Also, the study has shown that the 

expression of certain genes, like those that control 

how the plant uses ABA, can make rice plants more 

resistant to drought (Kumar et al., 2018). Creating 

new breeding techniques is another important part of 

making rice more drought-resistant. Traditional ways 

of breeding have been used for a long time to find 

plants with desirable traits, such as a better ability to 

handle drought. 

On the other hand, recent improvements in genomics 

and molecular breeding have made it possible to find 

and choose plants with better drought tolerance more 

efficiently and effectively. For example, high-

throughput sequencing and genomic selection have 

made it possible to create rice types that can handle 

drought better (Andleeb et al., 2017). Furthermore, 

there are several scientific ways to make rice better 

manage drought. These methods use genetic 

engineering or gene editing to change the genes of rice 

plants to give them new traits. For example, genetic 

engineering has been used to add genes that make 

plants better able to handle drought, such as those that 

control ABA metabolism. Also, gene editing has been 

used to change genes already present in rice plants, 

such as those that control the closing of stomata, to 

make them more resistant to dryness (Sen 2018). 

Researchers have found several ways to make rice 

more resistant to drought. These include finding the 

genes involved in how rice plants respond to drought 

stress, using standard and new breeding methods, and 

using biotechnological processes. These methods 

have the potential to make rice much more resistant to 

drought and ensure food security in a world where 

droughts are becoming more regular (Handa et al., 

2019). 

Morphological Adaptations to Water Scarcity  

Drought resistance is a plant's ability to make the most 

money using the least water (Bott and Benites, 2005). 

It is a complex trait that rests on how different 

biochemical, physiological, and morphological 

responses work together. (Theodosis, Poulain, and the 

others, 2008). The crop growth factors are effect by 

the drought, which leads to less food being made. 

Changes in plants' biochemical, molecular, 

physiological, and morphological functions and their 

reactions to drought stress are signs of bad effects. 

(Anjum, Xie et al. 2011). 

Impacts of Drought Stress on Seed Germination 

and Seedling Development  

When there isn't enough water for the rice to grow, the 

shape of the grain changes. Normal productivity rests 

on the crop standing in the right way and at the right 

time. The major effects of drought stress are that seeds 

don't sprout and plants grow too slowly. During dry 

stress, when there isn't enough water, seedlings' 

germination and growth slow down a lot.  (Dornbos  

et al., 1989) Compared to many other crops, rice is 

very sensitive to dryness during seedlings' sprouting 

and early growth stages. (Ramakrishna, Tam, et al., 

2006) For a seed to sprout, it needs the right 

temperature, humidity, and soil. Drought stress kills 

metabolic processes at the cellular level and throws 

off the water balance. It also slows down the process 

of making ATP and breathing, which makes it hard 

for seeds to germinate (Salehi-Lisar and 

Bakhshayeshan-Agdam, 2016). Several sources say 

that water stress causes plants to lose weight, leaf 

area, and height (Li et al. 2009).  

Impacts of Drought on Leaf Characteristics 

 When there isn't enough water, water flow from the 

xylem to another cell is slowed down, which slows 

leaf growth (Ge et al., 2012). When there isn’t enough 

water, turgor pressure drops, slows water flow from 

the xylem to another cell and lowers turgor pressure 

(Yadav, Modi, et al., 2020). Drought stress changes 

the ultrastructure and design of the leaf (Fu  et al., 

2013). As the leaf gets smaller, there are fewer 

stomata, thicker cell walls, less use of the leaf surface, 
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and the conducting system isn't growing as it should. 

Some important signs of drought stress in plants are 

leaf rolling and the start of early senescence (Anjum 

et al., 2017). Leaf pigment content, higher flag leaf 

area, leaf area index, and leaf relative water content 

are some of the leaf characteristics used to identify 

drought-tolerant varieties (Maghsoudi et al., 2016). 

Root Traits and Their Response to Drought Stress  

When plants are stressed by drought, they need certain 

qualities in their roots to produce more. In general, 

rice types with a deep root system and lots of roots are 

more drought-resistant (Nguyen et al., 1997), and 

drought resistance in rice depends on genotypes that 

have a deep root system, coarse roots, the ability to 

grow many branches, and a high root-to-shoot ratio. 

The shape and function of rice roots greatly affect 

shoot growth and total grain yield when the plant is 

stressed by drought (Bhandari et al. 2023) 

Physical Responses to Drought Stress  

Drought stress hurts many parts of a plant's body, and 

plants respond to it to get used to bad conditions. 

Before breeding programs, it is important to improve 

physiological factors and processes to increase yield 

in dry conditions (Richards, Rebetzke, et al., 2002). 

Water shortage harms many physiological traits of 

rice, including transpiration rate, stomatal 

conductance, water use efficiency, internal carbon 

dioxide concentration, membrane stability index, 

photosystem II (PSII) activity, and relative water 

content (Xu et al., 2010). 

The Impact of Antioxidants Under Drought Stress  

Plants have an antioxidant defence system that helps 

them fight off damage caused by oxidation. It 

comprises enzyme- and non-enzyme-based 

antioxidants (Hasanuzzaman et al., 2012). The 

enzyme antioxidants are glutathione reductase (GR), 

dehydroascorbate reductase (DHAR), ascorbate 

peroxidase (APX), catalase (CAT), superoxide 

dismutase (SOD) and superoxide dismutase (SOD), 

etc. Ascorbate (AsA) and glutathione (GSH) are two 

antioxidants not made by enzymes. Increasing the 

production of the antioxidant system is a way to 

protect rice from oxidative stress and make it better 

able to deal with drought. (Hasan, Skalicky, et al., 

2021) SOD is the first line of defense against 

oxidative stress, affecting almost all living things' 

biological parts. 

The increased activity of these enzymes is thought to 

be one of the most important ways rice plants deal 

with reactive stress during drought. (Sharma, Jha, et 

al., 2012) Also, the increase in ascorbic acid and GSH 

in rice plants under drought stress is directly related to 

the increase in the As A-GSH cycle activity. (El-

Beltagi et al., 2020). There have been many studies 

that have shown the importance of this pathway in 

fighting water shortage. The age in rice. Studied rice's 

biomarker for yield loss (Chaves and Oliveira, 2004). 

The increase in ascorbic acid content is highly related 

to oxidative tolerance in rice (Roy et al. 2016) and 

hence broadly used as an important screening 

parameter for drought tolerance in rice plants.GSH is 

highly important against drought stress and the over-

production of ROS. GSH works all the time to 

eliminate free radicals and protect DNA, proteins, and 

lipids. Much research has been done on how drought 

affects GSH in rice plants, and a surprising rise was 

seen (Sahoo et al., 2022). 

Molecular Basis of Drought Tolerance: After 

membrane sensors that haven't fully developed yet 

pick up on drought signals in the environment, the 

signals are sent down through different signal 

transduction pathways. This leads to the release of 

drought-responsive traits with the right gene functions 

and tolerance to drought. (Huang, Ma et al. 2012)). A 

drought is a complicated event. So, breeding and 

selection can't give exact results regarding how well 

plants can handle drought. But DNA markers can 

make molecular studies faster and provide more 

accurate results. (Upadhyaya et al., 2006) These 

genetic markers can help choose drought-tolerant 

germplasm from a group and use it in upcoming crop 

development projects. 

Identification of Quantitative Trait Loci Related to 

Drought Tolerance in Rice: Several genes in a 

plant's genome, called QTLs, have quantitative traits 

that are very exact. Due to poor mapping resolution 

and a small effect on phenotype, earlier molecular 

genetic studies (Foolad, 2007) found many QTLs 

linked to many physiological and biochemical 

variables. Still, they were unable to find the genes that 

control these traits. Finding these QTLs linked to 

certain traits helps plant stress screening programs 

(Koyama, Levesley, et al., 2001). Many QTLs are 

linked to different physiological and developmental 

traits under drought. Most of the QTLs found so far 

for drought resistance in rice come from non-elite 

genotypes. When drought stresses rice plants, the 

QTL qDTY1.1 is often used as a yield trait.  

Biswal and his colleagues (2017) said these QTLs are 

also linked to other SSR markers. The quick and exact 

way the rice lines were shaped. In their research on 

the genetic mapping of morpho-physiological traits 

linked to reproductive stage drought tolerance in rice, 

Panda et al., (2019) found five QTLs that control, in 

this order, spikelet fertility, harvest index, leaf rolling, 

leaf drying, and relative water content under 

reproductive stage drought stress. These QTLs are 

qLR9.1, qLD9.1, qHI9.1, qSF9.1, and qRWC9.1 

(Panda et al. 2021) 

Exploring Genes and Transgenic Strategies for 

Drought Tolerance in Rice 

 After the rice is exposed to drought stress, different 

genes are produced differently. About 5000 genes are 

turned up and 6000 are turned down (Todaka et al., 

2015). There are three main groups of these genes: 

those that move molecules across membranes, send 

signals, or control how genes are made. Their 

expression controls most biochemical, physiological, 

and molecular processes in rice when it is stressed by 

drought. Most genes that are changed by drought are 
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changed by ABA, both because of ABA and on their 

own. Also, some genes are linked to osmoregulation 

and late embryogenesis abundant (LEA) proteins, 

which give rice water shortage tolerance. Other genes, 

like OsPYL/RCAR5 and EcNAC67, stop rice leaves 

from rolling and cause more roots and shoots to grow 

when there isn't enough water. Guseman, Webb, et al. 

(2017) found that the gene DRO1 makes modified rice 

roots grow longer and go deeper. When drought 

stresses rice, excess OsDREB2B, CYP735A, and 

OsDREB1F also improves the roots' appearance. 

(Kim, Chung et al. 2020). Huang et al. (2018) found 

that rice has a DREB2-like gene called OsDRAP1, 

making the plant more drought-resistant. During 

droughts, it is important to increase the grain yield of 

rice. Transgenic methods are used to introduce certain 

genes, such as OsNAC5. Overexpressing OsDREB2A 

helps transgenic plants survive in situations of 

extreme drought and saltiness. (Cui, Zhang, et al. 

2011). CDPK7 and CIPK03/CIPK12 control rice's 

several regulatory proteins, signaling networks, and 

protein kinases.  

When drought stresses rice, OsITPK2 has lower 

amounts of inositol triphosphate and ROS 

homeostasis. The WRKY genes react to stress from 

drought and are essential for plant growth. Many 

genes have been tested using genetic techniques in a 

lab or glass house to see if they can make rice resistant 

to drought. (Oladosu, Rafii, et al., 2019) Because of 

this, these genes need to be tested in the field before 

they can be used in genetic breeding programs.  

MicroRNA Contribution to Drought Stress 

Tolerance in Rice: MicroRNAs (miRNAs) are small 

non-coding regulatory RNAs that change gene 

expression in response to abiotic stress. Also, several 

miRNAs give rice drought resistance by altering gene 

expression (Yang, Liu, et al., 2022). Also, miR393 

controls the transcriptional factors OsAUX1 and 

OsTIR1 to control tiller number increase, early 

flowering, and auxin hypersensitivity in rice (Liu, 

Wang, et al., 2017). Thirty miRNAs have been found 

in rice, of which eleven are down-regulated and eight 

are up-regulated in response to environmental stress. 

Increased stomatal closure and reduced stomatal 

density, controlled by ROS homeostatic genes and 

then by DST-a miRNA, make plants more resistant to 

drought. (Panda, Mishra, et al. 2021). Osa-miR169-

3p and Osa-miR166e-3p control the over-expression 

of UDP-glucose-4-epimerase, which controls root 

growth, cell wall formation, and carbohydrate 

metabolism. It is possible to change the genes of these 

miRNAs to make the body more resistant to stress. 

MiRNAs control several processes that have to do 

with drought, suggesting that drought-resistant rice 

types could be bred. (Ahmad, Wang et al. 2022). 

Breeding Strategies to Increase Drought Tolerance 

in Rice: Rice is natural genotypic diversity that can 

be studied to find new genotypes with desirable 

drought-tolerant traits and the genes/loci that are 

linked to them. Using marker-assisted selection, these 

new genotypes can be added to traditional breeding 

attempts to make rice varieties that survive drought. 

Before cultivars can be used in agriculture, breeding 

aims to make lines that produce more and are of better 

quality. Researchers have previously studied the 

breeding of drought-tolerant rice genotypes (Sandhu 

and Kumar, 2017). Over the past ten years, the 

International Rice Research Institute has used marker-

assisted breeding techniques to create drought-

resistant rice varieties (Dixit et al., 2020). 

The leading rice cultivars have multiple QTLs for 

drought tolerance built into them using marker-

assisted breeding techniques. In the past, scientists 

have looked into breeding drought-tolerant rice 

genotypes (Kumar, Dixit, et al., 2014), but the success 

rate has been much lower than expected. This is 

because it is hard to find donors with a high tolerance 

level, and the rice is also very sensitive to its 

surroundings. (González, Butković et al. 2020) . With 

the help of marker-assisted breeding, many QTLs that 

make rice more resistant to drought have been added 

to the best types. Drought has only become an 

important problem, and so far, no practical steps have 

been taken to make drought-tolerant rice varieties. 

Most high-yielding varieties, like Swarna, Samba-

Mansuri, and IR36, which were once suggested for 

growing in fields with water, have been used in the 

drought breeding program. Because high-yielding 

varieties can't handle a lot of droughts, farmers lose a 

lot of rice when they plant these varieties in rain-fed 

areas with a lot of droughts. So, improved special rice 

varieties with high yields during drought and the 

ability to adjust to a wide range of unfavourable 

climate conditions in the future need more attention. 

(Wassmann, Jagadish, et al., 2009) 

Perspective 

It is hard to make rice more resistant to drought and to 

do so, you need to know a lot about its physical, 

biological, physiological, and molecular 

characteristics. Even though marker-assisted breeding 

has made a lot of progress, molecular breeding of rice 

for drought resistance still faces several big problems. 

Transgenic technologies must be used to improve 

rice's agronomic and output traits. This would also 

help with breeding for drought tolerance. It is 

important to know how these genes respond to 

drought in the field because several genes have been 

studied in the lab to see if they can make rice more 

resistant to drought. Even though many basic studies 

are being done, we still only know a little about how 

the whole plant responds to stress. So, we must 

determine how different cells, tissues, and systems 

respond to stress and make sense of the information. 

Crop breeding can use discoveries in crop physiology, 

molecular genetics, and breeding techniques to help 

us learn more about how plants deal with drought and 

help improve the genes of rice types so they can 

handle drought better. With this investigation's 

condensed knowledge, it will be easier to research the 
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signalling mechanisms that make rice resistant to 

drought and to create genotypes with high yields. 
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