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Wheat is the major staple cereal crop of the world population. In developing countries like Nepal, cultivation 
of wheat is dependent upon the monsoon and the irregular monsoon gives way to the drought condition. The 
studies and researches of recent years have found pronounced effect of drought on the wheat production. 
The drought stress in crop leads to several changes in the physiological, morphological and biochemical traits 
leading to the economic losses. The morphological changes can be viewed through two ways as change in 
shoot and root system such as effect on plant height, leaf senescence, flowering and so on. Similarly, 
physiological changes involve change in cell growth pattern, chlorophyll content, photosynthesis disturbance 
and biochemical changes occur in concentration of different chemicals and activity of different enzymes, 
hence resulting alteration in the natural processes in different phenological stages of wheat. To reduce the 
effect of drought stress, various approaches have been made but the more focus has been given in the 
identification of traits that yields high rather than introducing those traits which show better responses 
towards environmental irregularities. This review study is done to assess the various changes in characters 
of wheat due to drought and their effect on the crop yield and productivity. 
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1. INTRODUCTION 

Wheat (Triticum aestivum) is an important food grain cereal which 

contributes about 21% to world food supply (Al-Maskri et al., 2016). It is 

the number one crop in the world and ranks in third position in Nepal after 

rice and maize in terms of cultivated area and total production according 

to Wheat (MoAD, 2015). It contributes highest percentage of calorie and 

protein to the world's diet. Also provides substantial number of numbers 

of components which are beneficial for health, notably protein, vitamins 

(notably vitamin B), dietary fibers and phytochemicals (Shewry and Hey, 

2015). In Nepal, wheat is generally cultivated under rainfed condition due 

to which it faces various environmental stresses, drought stress being one 

of the severe among them.  

Drought usually occurs from march through June, which is onset of 

monsoon and winter precipitation has almost declined to zero, also 

ground water has hardly been replenished (Joshi, 2018). Drought stress 

results when water is lost from the plants in the amount that exceeds the 

ability of the plant roots to absorb the water (Al-Maskri et al., 2016). The 

predicted global warming and climate fluctuation increases the frequency 

of drought, therefore leads to the loss of the wheat yield (Rezaei et al., 

2018). Judicious to enhance drought stress considerably disturbs several 

morphological, physiological and biochemical functions of the plant in 

various stages of its growth negatively affecting the plants growth and 

development (Al-Maskri et al., 2016).  

Drought reduces wheat biomass and yield by 25% and 27.5% respectively 

(Zhang et al., 2018). The low winter precipitation in 2015/2016 reduced 

winter crop yield, affecting 87 per cent of the population across Western 

Nepal (Sharma and Pokharel, 2021). It is also assumed that by the year 

2025, around 1.8 billion people will face absolute water shortage and 65% 

of the world population will live under water stress environments 

(Nezhadahmadi et al., 2013a). Drought stress influences plants in term of 

protein changes, antioxidant production, osmotic adjustment, hormone 

composition, root depth and extension, opening and closing of stomata, 

cuticle thickness, inhibition of photosynthesis, decrease in chlorophyll 

content, reduction in transpiration and growth inhibition to stand with 

some osmotic changes in their organs and also causes pollen sterility, 

grain loss, accumulation of abscisic acid in spikes of drought susceptible 

wheat genotype, and abscission acid synthesis genes in anthers 

(Nezhadahmadi et al., 2013a). 

2. METHODOLOGY 

The review is based on secondary source of information. The sources 

include published reports, articles, books etc. from ResearchGate, PubMed, 
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Google Scholar etc. The sources of information were acknowledged in 

main text and reference in APA style using EndNote X7. 

3. DISCUSSION

Drought is one of the most crucial environmental stresses and occurs for 

various reasons, including erratic rainfall, salinity, fluctuating 

temperatures and high intensity of light. It is a multi-dimensional stress 

and brings alternation in the physiological, morphological, biochemical 

and molecular attributes in plants. Different development stages of plant 

from germination, vegetative and reproductive stages to grain filling and 

maturation of crops are disturbed when the plant suffers from drought 

stress (Ahmed et al., 2018). Such changes in wheat crops are explained as 

below: 

3.1 Morphological Changes 

As per a response of drought, there occur various morphological changes 

in wheat crops, which are directly observed throughout the different 

stages of plant growth. Generally, the morphological response of wheat 

towards drought is reflected on the shoot part and root part. The response 

in shoot part includes change in leaf shape, leaf expansion, leaf area, leaf 

size, senescence, pubescence, waxiness & cuticle tolerance and response 

in root part includes change in dry weight, density and length (Bartels and 

Sunkar, 2005). In overall view, the morphological change includes small 

plant size, early maturity, reduced leaf area, reduced yield, limited leaf 

extension, diminished leaf size, decrease the number of leaves, reduced 

leaf longevity, increased root-to-shoot ratio, reduced total shoot length 

and decreased plant height (Nezhadahmadi et al., 2013a). 

3.1.1 Change in plant height 

Under serious water shortage, cell elongation of wheat can be altered by 

interruption of water flow from the xylem to the surrounding elongating 

cells (Anjum et al., 2011). The reduced water availability leads to fall in 

turgor pressure and dehydration of protoplasm, impaired mitosis which 

can result in reduced expansion of cell and cell division and hence growth 

is diminished (Siddique et al., 2000). 

3.1.2 Changes in leaf 

During drought, leaf extension becomes limited in order to get balance 

between the water absorbed by root and water status of plant tissues 

(Lonbani and Arzani, 2011). Mesophyll cells of the Leaf start losing water 

and become dehydrated. This results in increment of the abscisic acid in 

guard cells of chloroplast and mesophyll cells. Change in acidity results in 

change in the osmotic pressure and results in minerals like potassium and 

calcium out of the guard cells. Loss of minerals, result in closure of the 

guard cell of the leaves (Fathi and Tari, 2016; Tezara et al.,1999). This 

causes in distortion of shape and size of the leaf. This also results in 

lowered photosynthetic activities as the leaves curl in response of 

dehydration.  

Table 1: Reduction (%) in various wheat traits under drought and 

heat stress conditions 

SN Trait Drought stress (%) 

1 Plant height 11.6 

2 Productive tillers 19.7 

3 Days to heading 6.2 

4 Days to anthesis 3.8 

5 Days to maturity 4.5 

6 Grain filling duration 6.7 

7 Number of grains per spike 4.4 

8 Grain weight per spike 3.7 

9 Thousand grains weight -1.1

10 Grain yield 29.1 

Source (Sareen et al., 2014) 

3.1.3 Change in root system 

Plant root obtains minerals and water from the soil. When there is scarcity 

of water, root growth is favored over shoot growth i.e., the plant root goes 

deep into the soil and laterally in order to survive against drought 

condition. The adaptive mechanism shown by wheat in order to fight 

against drought stress are osmotic adjustment of root, increase root 

penetration to the soil, increased root density and increased root to shoot 

ratio (Ali et al., 2020). Similarly, there is increase in cross section diameter 

which helps in maintaining water retention in vascular bundles of wheat 

and also, there is increase in sclerenchyma cell diameter and decrease in 

aerenchyma cell formation during drought stress (Henry et al., 2012). 

Figure 1: Root development on wheat plants making a difference in 

drought year (Kay, 2018). 

Figure 2: Root and stomatal traits that define drought tolerant and 

susceptible wheat plant ideotypes (Kulkarni et al., 2017). 

3.2 Physiological Changes 

In drought condition, various physiological changes occurs which causes 

about 30-50% reduction in plant growth and this changes includes closure 

of stomata, decrease in the activity of photosynthesis, development of 

oxidative stress, alteration in the integrity of cell wall, production of 

metabolism which are toxic and causes plant death (Alghabari and Ihsan, 

2018; Blum, 1998; Nezhadahmadi et al., 2013a). It also causes turgor loss 

and adjustment of osmosis, reduction in water potential of leaf, decrease 

in stomata conductance to CO2, reduction in internal CO2 concentration, 

decline in transpiration, developed water use efficiency, reduced relative 

water content, enhanced of AOX (Alternative oxidase) path way etc 

(Nezhadahmadi et al., 2013a). 

Drought stress during the initial stage of seed development reduces ability 

of kernel/seed sink strength by decreasing the number of endosperm cells 

and amyloplasts formed, thus reducing grain yield with a decline in 

endosperm competence to gather starch in terms of both rate and duration 

(Dupont, 2008). Drought reduces photosynthesis, a source strength, and 

also the turgor in phloem cells, thereby increasing the viscosity of sucrose 

to inhibit its flow through the conducting cells towards the sink seed 

(Sevanto, 2014). Evaluation of wheat genotype under drought stress 

illustrated that drought tolerance genotype accumulate higher 

concentration of physiological indices such as free proline, glycine, 

betaine, total sugars, and potassium content (Gupta et al., 2014).  

Similarly leaf mesophyll cell become dehydrate due to drought. The 

amount of abscisic acid stored in the chloroplast of guard cell is used and 

the construction of ABA in the guard cell and mesophyll cells increase and 
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with the increase of ABA, potassium and calcium comes out of the guard 

cell, resulting in the closure of stomata and decrease in rate of 

photosynthesis due to decrease of photosynthetic enzymes (Heidari and 

Moaveni, 2009). According to long duration drought stress leads to 

denature of stomata in guard and mesophyll cell, reducing the diffusion of 

CO2 resulting in the fall of photosynthetic activities (Lawson et al., 2008). 

3.3 Biochemical Changes 

Water stress contributes to the drastic changes in the biochemical 

attributes of the wheat plant. These changes include reduction in rubisco 

efficiency, declined photochemical efficiency, produced reactive oxygen 

species (ROS), oxidative damage, antioxidant defense, ABA generation, 

diminished chlorophyll content, proline production, polyamine 

generation, increase in antioxidative enzymes, carbohydrate production & 

ABA accumulation (Nezhadahmadi et al., 2013a).  

Figure 3: Stress response of plant to drought (Plantimpact, 2020) 

Proline content is increased under drought stress conditions (Saleem et 

al., 2017). Proline is one of the major amino acids which is produced by 

wheat in response to water stress. Genotype having maximum proline 

content would be able to survive under drought stress condition as it 

protects them embraces from damage under stress and can be used for the 

development of drought tolerant varieties (Nowsherwan et al., 2018). It is 

found that the maximum amount of proline increase in heading stage of 

wheat is under water stress condition (Maralian et al., 2010). Similarly, 

drought stress leads to an imbalance between anti-oxidant defenses and 

the amount of reactive oxygen species(ROS) resulting in oxidative  stress 

(Fathi and Tari, 2016). 

3.4 Effect Of Drought Stress in Phenological Growth Stages of Wheat 

3.4.1 Vegetative stage 

The first and foremost effect of drought is impaired germination and poor 

seedling stand (Harris et al., 2000). The germination of wheat seeds is 

inhibited by drought stress as the germination energy significantly 

decreases with the increase of drought degree (Duan et al., 2017). Drought 

during vegetative stages affect wheat performance mainly by reducing 

total dry matter accumulation (Abid et al., 2018). The yield of wheat was 

found to decrease due to drought in tillering stage by 27.4 % and in 

jointing stage by 21.4% (Zhang et al., 2018). Severe water deficit during 

the vegetative stage results in reduced leaf area and this in turn affects 

tillering and spike size (Mayaki et al., 1976). Photosynthesis in the leaves, 

peduncle and spike is reduced resulting in decreased dry matter 

accumulation (Nagarajan et al., 1999). 

Table 2: Showing reduction on growth stage due to drought stress 

SN Growth of stage Reduction (%) 

1 Vegetative 50-91 

2 Flowering 13 

3 Reproductive 45-70 

4 Grain filling 60-80 

5 Seed filling 49-57 

Source: (Mohammadi, 2018) 

3.4.2    Reproductive stage 

During meiosis, cells are extremely sensitive to moisture content and a 

drought at this stage will cause pollen sterility and spikelet death while at 

anthesis, drought can cause further reduction in seed set (Saini and 

Lalonde, 1997; Schmidt et al., 2020). Stress after anthesis result in smaller 

seed size both from direct effect on the grains and of accelerated flag leaf 

senescence (Jamieson et al., 1995; Schmidt et al., 2020; Hafsi et al., 2000). 

It is estimated that the drought during heading stage reduces yield by 

17.7% and during grain filling stage by 16.3% (Zhang et al., 2018). 

Figure 4: Spikes of (A, C) controlled and (B, D) HD-stressed (A, B), 7 days 

after anthesis (DAA). Sterile florets located in the upper half in D (Fábián 

et al., 2019) 

3.4.3   Maturity stage 

According to the decrease in the maturity days under drought stress is due 

to the lowering of nutrients in the plant i.e (Khan et al., 2017). Nitrogen 

needed for assimilation which cause decrease in chlorophyll content in the 

leaves. It results in early senescence ultimately leading plant to mature 

earlier (Kataki, 2001; Bhandari, 2012; Adhikari, 2018). Grain filling period 

is an important phenological traits that is associated with current 

photosynthesis and relocation of assimilates from reserve pool in 

vegetative tissues. Drought shortens the lifecycle and duration of grain 

filling due to the accelerated leaf senescence, reduced photosynthesis and 

sink limitation (Pour-Aboughadareh et al., 2020). The wheat yield loss is 

higher when drought is experienced in seed germination phase and 

reproductive phases reducing seed robustness by limiting soil moisture 

availability (Hussain et al., 2018). The wheat crops grown in the central 

and eastern region of Nepal were found more sensitive to drought but 

were less sensitive in western region of Nepal during the period of 1987-

2017 (Hamal et al., 2020). 

Table 3: Changes and overcoming strategy of drought stress in wheat 

Source: (Nezhadahmadi et al., 2013b) 
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4. CONCLUSION 

In the context of Nepal, drought has severely caused reduction in the yield 

of the wheat crop, the yield being highly deviated from actual yield 

potential. The average yield of wheat in Nepal during drought condition 

was found to be 1.6 ton/ha, which is far below the average yield of south 

Asian countries i.e. 2.5 ton /ha. Drought stress retards crop growth and 

development to a large extent by bringing changes in morphological, 

physiological and biochemical attributes of crops in different growth stage 

of wheat. The effect was comparatively more pronounced at tillering stage. 

As agriculture contributes about 27% of Nepal's total GDP, it is important 

to better understand the impact of drought on wheat crop yield to 

minimize drought stress effect. Various wheat breeding programs have 

been working to develop varieties suited to rainfed condition since its 

inception, but the progress in drought tolerance breeding is slow, mainly 

due to lack of appropriate technique as mass screening of large scale 

genotype to physiological drought resistance. Drought related risk can 

also be minimized by adopting small scale measures such as rain water 

harvesting, conservation ponds and irrigation channels, drip water 

irrigation and early warning system for drought events. In addition, 

various drought tolerant varieties need to be introduced through breeding 

programs. More approaches need to be forwarded towards the 

development of trait which shows better performance in environmental 

irregularities instead of introducing those which yields high. 

REFERENCES 

Abid, M., Ali, S., Qi, L. K., Zahoor, R., Tian, Z., Jiang, D., Dai, T., 2018. 

Physiological and biochemical changes during drought and recovery 

periods at tillering and jointing stages in wheat (Triticum aestivum L.). 

Scientific reports, 8 (1), Pp. 1-15.  

Adhikari, S., 2018. Drought impact and adaptation strategies in the mid-

hill farming system of western nepal. Environments, 5(9), Pp. 101.  

Ahmed, S.A.S., Zhang, J., Ma, W., Dell, B., 2018. Contributions of TaSUTs to 

grain weight in wheat under drought. Plant molecular biology, 98 (4), 

Pp. 333-347.  

Al-Maskri, A., Al-Busaidi, W., Al-Nadabi, H., Al-Fahdi, A., Khan, M.M., 2016. 

Effects of Drought Stress on Wheat (Triticum aestivum L.) cv. Coolly. 

Paper presented at the International Conference on Agricultural, Food, 

Biological and Health Sciences (AFBHS-16) August. 

Alghabari, F., Ihsan, M.Z., 2018. Effects of drought stress on growth, grain 

filling duration, yield and quality attributes of barley (Hordeum vulgare 

L.). Bangladesh Journal of Botany, 47 (3), Pp. 421-428.  

Ali, M., Gul, A., Hasan, H., Gul, S., Fareed, A., Nadeem, M., Jamil, M., 2020. 

Cellular mechanisms of drought tolerance in wheat. Climate Change and 

Food Security with Emphasis on Wheat, Pp. 155-167.  

Anjum, S.A., Xie, X.Y., Wang, L.C., Saleem, M.F., Man, C., Lei, W., 2011. 

Morphological, physiological and biochemical responses of plants to 

drought stress. African journal of agricultural research, 6 (9), Pp. 2026-

2032.  

Bartels, D., Sunkar, R., 2005. Drought and salt tolerance in plants. Critical 

reviews in plant sciences, 24 (1), Pp. 23-58.  

Bhandari, G., 2012. Estimation of Potential Evapotranspiration and Crop 

Coefficient of Wheat at Rupandehi District of Nepal. International 

Journal of Agricultural Management and Development (IJAMAD), 

2(1047-2016-85456), Pp. 41-47.  

Blum, A., 1998. Improving wheat grain filling under stress by stem reserve 

mobilisation. Euphytica, 100 (1), Pp. 77-83.  

Duan, H., Zhu, Y., Li, J., Ding, W., Wang, H., Jiang, L., Zhou, Y., 2017. Effects of 

drought stress on growth and development of wheat seedlings. Int. J. 

Agric. Biol., 19 (5), Pp. 1119-1124.  

Dupont, F.M., 2008. Metabolic pathways of the wheat (Triticum aestivum) 

endosperm amyloplast revealed by proteomics. BMC Plant Biology, 8 

(1), Pp. 1-18.  

Fábián, A., Sáfrán, E., Szabó-Eitel, G., Barnabás, B., Jäger, K., 2019. Stigma 

functionality and fertility are reduced by heat and drought co-stress in 

wheat. Frontiers in Plant Science, 10, Pp. 244.  

Fathi, A., Tari, D.B., 2016. Effect of drought stress and its mechanism in 

plants. International Journal of Life Sciences, 10 (1), Pp. 1-6.  

Gupta, N., Thind, S.K., Bains, N.S., 2014. Glycine betaine application 

modifies biochemical attributes of osmotic adjustment in drought 

stressed wheat. Plant Growth Regulation, 72 (3), Pp. 221-228.  

Hafsi, M., Mechmeche, W., Bouamama, L., Djekoune, A., Zaharieva, M., 

Monneveux, P., 2000. Flag leaf senescence, as evaluated by numerical 

image analysis, and its relationship with yield under drought in durum 

wheat. Journal of Agronomy and Crop Science, 185 (4), Pp. 275-280.  

Hamal, K., Sharma, S., Khadka, N., Haile, G.G., Joshi, B.B., Xu, T., Dawadi, B., 

2020. Assessment of drought impacts on crop yields across Nepal during 

1987–2017. Meteorological Applications, 27 (5), Pp. e1950.  

Harris, D., Seberry, J., Wills, R., Spohr, L., 2000. Effect of fruit maturity on 

efficiency of 1-methylcyclopropene to delay the ripening of bananas. 

Postharvest Biology and Technology, 20 (3), Pp. 303-308.  

Heidari, Y., Moaveni, P., 2009. Study of drought stress on ABA 

accumulation and proline among in different genotypes forage corn. 

Research journal of biological sciences, 4 (10), Pp. 1121-1124.  

Henry, A., Cal, A.J., Batoto, T.C., Torres, R.O., Serraj, R., 2012. Root attributes 

affecting water uptake of rice (Oryza sativa) under drought. Journal of 

experimental botany, 63 (13), Pp. 4751-4763.  

Hussain, H.A., Hussain, S., Khaliq, A., Ashraf, U., Anjum, S.A., Men, S., Wang, 

L., 2018. Chilling and drought stresses in crop plants: implications, cross 

talk, and potential management opportunities. Frontiers in plant 

science, 9, Pp. 393.  

Jamieson, P., Martin, R., Francis, G., 1995. Drought influences on grain yield 

of barley, wheat, and maize. New Zealand journal of crop and 

horticultural science, 23 (1), Pp. 55-66.  

Joshi, G.R., 2018. Agricultural Economy of Nepal: Development Challenges 

& Opportunities: Sustainable Research & Development Center. 

Kataki, P., 2001. Rice and Wheat Production trend, constraint, and 

opportunities in Nepal. Rice-wheat based cropping systems in South 

Asia, trends, constraint, productivity and policy, Pp. 1-35.  

Kay, L., 2018. Dryland wheat crop hanging on; root development is key. 

Retrieved from https://agrilifetoday.tamu.edu/2018/04/15/dryland-

wheat-crop-hanging-on-root-development-is-key/ 

Khan, A., Tan, D.K.Y., Afridi, M.Z., Luo, H., Tung, S.A., Ajab, M., Fahad, S., 

2017. Nitrogen fertility and abiotic stresses management in cotton crop: 

a review. Environmental Science and Pollution Research, 24 (17), Pp. 

14551-14566.  

Kulkarni, M., Soolanayakanahally, R., Ogawa, S., Uga, Y., Selvaraj, M.G., 

Kagale, S. 2017. Drought response in wheat: key genes and regulatory 

mechanisms controlling root system architecture and transpiration 

efficiency. Frontiers in chemistry, 5, 106.  

Lawson, T., Lefebvre, S., Baker, N. R., Morison, J. I., & Raines, C. A. (2008). 

Reductions in mesophyll and guard cell photosynthesis impact on the 

control of stomatal responses to light and CO2. Journal of experimental 

botany, 59 (13), Pp. 3609-3619.  

Lonbani, M., Arzani, A., 2011. Morpho-physiological traits associated with 

terminal drought-stress tolerance in triticale and wheat. Agronomy 

Research, 9 (1-2), Pp. 315-329.  

Maralian, H., Ebadi, A., Haji-Eghrari, B., 2010. Influence of water deficit 

stress on wheat grain yield and proline accumulation rate. African 

journal of agricultural research, 5 (4), Pp. 286-289.  

Mayaki, W., Teare, I., Stone, L., 1976. Top and Root Growth of Irrigated and 

Nonirrigated Soybeans 1. Crop Science, 16 (1), Pp. 92-94.  



Tropical Agrobiodiversity (TRAB) 2(2) (2021) 72-76 

Cite the Article: Niruta Gautam, Mamta Sah, Laxmi Bhandari, Saraswati Aryal, Jyoti Kafle, Sudha Pokharel, Keshav Dhakal (2021).  Biochemical 
and Physical Changes Due to Drought Stress in Wheat (Triticum aestivum L.).  Tropical Agrobiodiversity, 2(2): 72-76. 

MoAD. 2015. Statistical Information on Nepalese Agriculture. Retrieved 

from Ministry of Agriculture Development, Singh Durbar, Kathmandu, 

Nepal. 

Mohammadi, R., 2018. Breeding for increased drought tolerance in wheat: 

a review. Crop Pasture Science, 69 (3), Pp. 223-241.  

Nagarajan, S., Rane, J., Maheswari, M., Gambhir, P., 1999. Effect of post‐

anthesis water stress on accumulation of dry matter, carbon and 

nitrogen and their partitioning in wheat varieties differing in drought 

tolerance. Journal of Agronomy and Crop Science, 183 (2), Pp. 129-136.  

Nezhadahmadi, A., Prodhan, Z., Faruq, G., 2013a. Drought tolerance in 

wheat, Sci. World J, Pp. 610721.  

Nezhadahmadi, A., Prodhan, Z., Faruq, G., 2013b. Drought tolerance in 

wheat. Sci World J 610721. In. 

Nowsherwan, I., Shabbir, G., Malik, S., Ilyas, M., Iqbal, M., Musa, M., 2018. 

Effect of drought stress on different physiological traits in bread wheat. 

SAARC Journal of Agriculture, 16 (1), Pp. 1-6.  

Poudel, H., Bhattarai, B., Khanal, B., Pandey, D., Poudel, K., Dhungana, M., 

Dhungana, S. Effect of Heat Stress in Wheat: A Review.  

Pour-Aboughadareh, A., Mohammadi, R., Etminan, A., Shooshtari, L., 

Maleki-Tabrizi, N., Poczai, P., 2020. Effects of Drought Stress on Some 

Agronomic and Morpho-Physiological Traits in Durum Wheat 

Genotypes. Sustainability, 12 (14), Pp. 5610.  

Rezaei, E.E., Siebert, S., Hüging, H., Ewert, F., 2018. Climate change effect 

on wheat phenology depends on cultivar change. Scientific reports, 8 (1), 

Pp. 1-10.  

Saini, H.S., Lalonde, S., 1997. Injuries to reproductive development under 

water stress, and their consequences for crop productivity. Journal of 

Crop Production, 1 (1), Pp. 223-248.  

Saleem, S., Kashif, M., Ashraf, M.Y., Saleem, U., 2017. Assessment of genetic 

effects of some physiological parameters in spring wheat under water 

stress. Pak. J. Bot., 49 (6), Pp. 2133-2137.  

Sareen, S., Tyagi, B.S., Sarial, A.K., Tiwari, V., Sharma, I.J.C., 2014. Trait 

analysis, diversity, and genotype x environment interaction in some 

wheat landraces evaluated under drought and heat stress conditions, 74 

(2), Pp. 135-142.  

Schmidt, J., Claussen, J., Wörlein, N., Eggert, A., Fleury, D., Garnett, T., Gerth, 

S., 2020. Drought and heat stress tolerance screening in wheat using 

computed tomography. Plant methods, 16 (1), Pp. 1-12.  

Sevanto, S., 2014. Phloem transport and drought. Journal of experimental 

botany, 65 (7), Pp. 1751-1759.  

Sharma, S., Pokharel, B., 2021. Nepal under severe drought condition: 

Winter crops affected. Retrieved from  

Shewry, P.R., Hey, S.J., 2015. The contribution of wheat to human diet and 

health. Food and energy security, 4 (3), Pp. 178-202.  

Siddique, M., Hamid, A., Islam, M., 2000. Drought stress effects on water 

relations of wheat. Botanical Bulletin of Academia Sinica, Pp. 41.  

Tezara, W., Mitchell, V., Driscoll, S., Lawlor, D., 1999. Water stress inhibits 

plant photosynthesis by decreasing coupling factor and ATP. Nature, 

401 (6756), Pp. 914-917.  

Zhang, J., Zhang, S., Cheng, M., Jiang, H., Zhang, X., Peng, C., Jin, J., 2018. Effect 
of drought on agronomic traits of rice and wheat: A meta-analysis. 
International journal of environmental research and public health, 15 
(5), Pp. 839.   


