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Abstract 

Sustainable production of wheat is threatened by the most sensitive issue of drought. To meet the 
increasing demand for food worldwide, there is a need to adopt an effective approach to counter attack the 
negative impact of drought and to increase the final grain yield.  A screening out study was carried out in 
2020 in wire house at the the research area of Agronomy Department, Faculty of Agriculture and 
Environment, The Islamia university of Bahawalpur.  The experiment was arranged under a completely 
randomized design having eight Wheat cultivars and 4 drought treatments. Eight cultivars tested out during 
study were V1 = Ghazi-2019, V2 = Akbar-2019, V3 = Anaj-2017, V4 = Ujala-2016, V5 = Borlaug-2016, V6 = 
Fakhar-e-Bakhar, V7 = Johar-2016 and V8 = Faisalabad-2008 whereas drought treatments consisted of D0 
= Normal Irrigation, D1 = Drought at Tillering, D2 = Drought at Anthesis and D3 = Drought at Grain Filling. 
The effect of drought at different stages on wheat varieties was analyzed by performing statistical analysis, 
and as a result, drought tolerant variety was identified. Among wheat varieties V2 = Akbar-2019 showed 
significant maximum results whereas V8 = Faisalabad-2008 was the most sensitive cultivar against drought 
stress. Akbar-2019 showed an 8.43 % increase in Plant height, an increase of Leaf area index by 4.51 %, 
Biological yield by 54.94%, 1000 Grain weight by 51.27% and Grain yield by 42.82 % as compared to 
Faisalabad-2008. Whereas D0 = Normal Irrigation treatment showed the highest rate of growth, yield, 
physiological and biochemical attributes and the lowest values were obtained in D3 = Drought at Grain 
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filling, showing a decrease in Catalase activity (70.91 %), Superoxide Dismutase activity (30.65 %), 
Peroxide activity (4.71 %), Ascorbate Peroxidase activity (39.94 %), spike length (10.61 %) as compared 
to D0 = Normal Irrigation. 

Index terms-drought; growth; genotypes; screening; yield; wheat 

 
1. INTRODUCTION 

Wheat (Triticum aestivum L.) is a cereal grain crop that originated in the Fertile Crescent 
region of South Western Asia and is now widely cultivated in different regions across the 
globe for its edible seeds, which are used to make a variety of food products (Rehman et 
al., 2008). Wheat is considered as the king of cereals as it is one of the most widely 
cultivated and consumed crops globally. It is a staple food for over one-third of the world's 
population, particularly in Europe, North America, and Asia. Wheat is also a primary 
source of nutrients such as carbohydrates, protein, fiber, and minerals for humans and 
livestock. (Abdelsalam et al., 2019). According to an estimate, wheat is the world's second 
most commonly grown crop (Datta et al., 2009; Raza et al., 2019). Its seed provides 1.8% 
fiber, 9.4% protein, 69% carbohydrates and 2.5% fat (Ken, 2004). In Pakistan, wheat is 
grown on an area of 9.2 million hectares with net production of about 25.52 million tonnes 
annually. It contributes about 10% of value-added and 2.2% of the GDP of Pakistan 
(Economic Survey of Pakistan, 2020). Wheat crops are frequently subjected to various 
biotic and abiotic stresses under field conditions, which can harm their growth and 
development (Saddiq et al., 2021; Mehboob et al., 2020ab; Rasheed and Malik 2022; 
Javed et al., 2022). Drought is one of the major abiotic stresses that can adversely affect 
wheat's growth, development, and quality traits. (Wasaya et al., 2021; Ahmad et al., 2021; 
Raza et al., 2014; Abdelsalam et al., 2014; Salim et al., 2021). Abiotic stresses, including 
drought, cause many physiological and molecular disorders in plants through excessive 
reactive oxygen species (ROS) production. According to Raza et al. (2012), Drought 
stress has a detrimental impact on various morpho-physiological traits of wheat crops, 
such as plant height, leaf area, relative water content, stomatal conductance, chlorophyll 
content, osmotic potential, and leaf water potential. Plants produce surplus electrons that 
are released to oxygen during respiration and photosynthesis under moisture-deficit 
conditions, producing reactive oxygen species (ROS). These ROS can cause oxidative 
damage in plants. [Salim et al., 2021; Hussain et al., 2019; Mubarik et al., 2021). The 
production of reactive oxygen species is harmful to plant cells as it can cause damage to 
various cellular organelles such as chloroplasts, nucleic acids, membrane lipids, 
mitochondria, and metabolic enzymes. (Hasanuzzaman et al., 2021). Under drought-
induced oxidative stress, plants show abnormalities in physiological and biochemical 
processes leading to cell death (Mittler, 2002). Photosynthesis is one of the most sensitive 
processes to drought stress (Naseer et al., 2021; Li et al., 2021) because drought 
damages the photosynthetic process and causes stomatal closure. The reduced 
photosynthesis due to stomatal closure is reported to limit the supply of CO2 (Li et al., 
2021). 

Crop plants have evolved various defense mechanisms to counter the negative effects of 
ROS generated under drought conditions (Saleem et al., 2016); Abdelsalam et al., 2022). 
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Different enzymes in plants, such as superoxide dismutase (SOD), ascorbate (APX), 
peroxidase (POD) and catalase (CAT), are involved in alleviating the detrimental effects 
of drought-induced oxidative stress. These enzymes increase plant tolerance against 
drought's damaging consequences (Hasanuzzaman et al., 2021; Saleem et al., 2016; 
Abdelsalam et al., 2022). The growing demand for water by a burgeoning human 
population and domestic, environmental, and industrial sectors is leading to a steady 
depletion of water resources. Consequently, the ability to provide optimal amounts of 
water to crops is expected to decrease shortly. Crops are already experiencing significant 
water shortages. (Chowdhury et al., 2021). Thus, there is a need to develop and 
implement technologies based on the economical and efficient consumption of water to 
provide a satisfactory agricultural yield (Chowdhury et al., 2021). 

In recent years, different strategies have been adopted to minimize the challenges 
associated with of drought. These include partial root drying, mulching, artificial 
precipitation, groundwater recharge, and using compatible and drought-tolerant 
genotypes (Bahar et al., 2021; Islam et al., 2021; Mahmood et al., 2021). Testing crop 
genotypes for drought tolerance in terms of their physiological and biochemical responses 
to drought stress may serve as a potent approach to screen and develop new cultivars. 
In addition, evaluating the physiological and biochemical changes occurring under 
drought may lead to the genetic improvement of drought-tolerant genotypes (Zafar-ul-Hye 
et al., 2007). Varietal screening is essential for identifying the most suitable abiotic stress-
tolerant genotypes. It can be accomplished through modern breeding techniques or 
conventional breeding methods involving growing varieties under various environmental 
conditions. However, conventional breeding is a time-consuming process that requires 
adequate resources. Therefore, varietal screening under controlled conditions is 
considered one of the best approaches for selecting the most appropriate genotypes with 
tolerance to abiotic stress (Salim et al., 2021). Moreover, when screening drought-
sensitive and -resistant wheat genotypes, physiological parameters such as relative water 
content, intercellular CO2 concentration, turgor pressure, water use efficiency, 
photosynthesis, chlorophyll content and stomatal conductance of wheat leaves are 
considered. Drought-tolerant varieties are reported to be superior in all of the parameters 
mentioned above compared to drought-sensitive varieties. Similarly, drought-tolerant 
varieties have higher antioxidant activities than drought-sensitive varieties (Raza et al., 
2012; Keyvan et al., 2010). Moreover, traits of particular interest have been identified in 
different wheat genotypes and introduced into other species (Xiuling et al., 1999). Wheat 
has different genotypes and varieties that differ in terms of transformation, regeneration, 
tissue culture and callus induction efficiency (Abid et al., 2014). The success of genetic 
engineering depends on the efficiencies of these parameters. Wheat genotype screening 
is essential because it aids in the selection of desired parents and helps carry out 
breeding processes (Jones, 2005; Vendruscolo et al., 2008). This study aimed to evaluate 
the resistance of various wheat genotypes to moisture deficit conditions in semi-arid 
regions of Pakistan, based on the given facts. It was hypothesized that there would be no 
significant variation in morpho-physiological and biochemical parameters among the 
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tested genotypes, and no significant difference in yield and yield-related traits between 
the tested varieties. 
 
2. MATERIALS AND METHODS 

The screening out the study was carried out during year 2020-2021 in wirehouse at 
research area of Agronomy Department, Faculty of Agriculture and Environment, The 
Islamia university of Bahawalpur.  The experiment was arranged under a completely 
randomized design having eight Wheat cultivars and 4 drought treatments. Eight cultivars 
tested out during study were V1 = Ghazi-2019, V2 = Akbar-2019, V3 = Anaj-2017, V4 = 
Ujala-2016, V5 = Borlaug-2016, V6 = Fakhar-e-Bakhar, V7 = Johar-2016 and V8 = 
Faisalabad-2008 whereas drought treatments consisted of D0 = Normal Irrigation, D1 = 
Drought at Tillering, D2 = Drought at Anthesis and D3 = Drought at Grain Filling. All other 
practices were kept uniform for each treatment of the experiment. 

A. Growth and yield related parameters 

Plant height was measured with the help of scale from the ground surface to the plant 
terminal. Leaf area was measured at a regular interval of fifteen days by a leaf area meter. 
The sampling was started 21 days after sowing (DAS) and was terminated at crop 
harvest. Total leaf area was measured by randomly selecting ten plants from every sub 
plot and then average was taken out. Therefore, a Leaf Area Index was calculated using 
the formula Watson gave (1958). 

Leaf Area Index = Leaf area/Land area 

Spike length was measured by selecting five spikes randomly at maturity stage of crop 
from each experimental unit. Spike length was measured from the base of the spike to 
the end using a measuring tape, and then their average was calculated. Sample of grains 
was taken from each treatment randomly. 1000 grains were counted and weighed on an 
electric balance. The crop was harvested at maturity. Biological yield of each treatment 
was recorded with the help of hand-held weighing balance and then was converted into 
kg ha-1. At the time of harvesting grain yield of each treatment was recorded after manual 
threshing and then converted into kg ha-1. 

B. Physiological parameters 

Water use efficiency (WUE) was calculated using the following formula given by 

Hussain and Al. Jaloud (1995): 

Water use efficiency (WUE) = Grain yield/Total water applied 

Leaf chlorophyll contents were measured by using a chlorophyll meter (CL-01, USA). The 
third leaf from the top (fully expanded youngest leaf) of ten plants of each treatment was 
used to determine the leaf's relative water content (RWC). Immediately after cutting at 
the base of lamina, leaves were sealed within a plastic bag and quickly transferred to the 
lab. Fresh weight (FW) was determined within two hours after the excision of leaves. Then 
turgid weight (TW) was obtained after soaking leaves in distilled water for 16-18 hours at 
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room temperature. After soaking, leaves were quickly and carefully blotted dry with tissue 
paper to calculate turgid weight. Dry weight (DW) was obtained after oven drying the leaf 
samples for 72 hours at 70°C. Relative water contents were calculated by using the 
following formula as given by Lazcano- Ferrat and Lovatt (1992): 

Relative Water Contents (%) = (Fresh Weight – Dry Weight) × 100 

      (Turgid Weight – Dry Weight) 

For recording leaf water potential (-MPa), a fully expanded youngest leaf (fourth from the 
top was excised from each plant and measurements were made with a potential water 
apparatus (Chas W. Cook Div., England) in the field. To measure the leaf osmotic 
potential (-MPa), a proportion of the leaf used for potential water determination was frozen 
for two weeks, thawed and crushed with a metal rod to extract the frozen sap. After 
centrifugation for 4 minutes, the sap was used for potential osmotic determination in a 
Vapor Pressure Osmometer (Wescor 5520, Logan, USA). 

Leaf turgor pressure (Mega Pascal) was calculated as 

Turgor pressure = Water potential-Osmotic potential 

Stomatal conductance measurements were made with an automatic pyrometer MK-3 
(Delta-T Devices, Burwell Cambridge, England) (Hertford, Herts, England). 

C. Biochemical Analysis 

Analysis of 4 enzymes APX, CAT, POD and SOD followed standard instructions. Method 
purposed by Nakano and Asada (1981) was used for measuring the activity of Ascorbate 
peroxides (APX) which consists of taking 1 gram of leaf sample in a reaction mixture of 3 
ml made up of 50 mM of potassium phosphate (pH 7.0), 2mM of ascorbic acid (AsA) and 
2 mM H2O2. A decrease in absorbance at 300 nm (extinction coefficient 0.74 mM-1 cm-1) 
was used to determine AsA oxidation. 1 unit of APX (ascorbate per oxide) was defined 
as the amount of enzyme oxidizing one micromole of AsA per minute. 

The procedure followed by Vanacker et al., 2000 was adopted to measure Catalase 
(CAT) activity. 0.15 g of freshly harvested leaves were dipped in liquid nitrogen and 
crushed into a powder in a solution of 1 mL containing 0.1 mM KH2PO4/KOH buffer, pH 
7.4, and 30 mM dithiothreitol. Samples were centrifuged for three (3) minutes at 13,000 
rpm & were kept in ice until further examination. Polaro graphical examination of Catalase 
was performed at 20°C in a liquid phase oxygen electrode (Hansatech, King's Lynn, UK). 
Total extractable catalase activity was measured via O2 evolution upon adding 0.5 M H2O2 
to a reaction medium (1 mL) containing 100 mM HEPES/KOH (pH 7.4) and extract. One 
unit of catalase activity was defined as the quantity of catalase that would liberate 1 μmol 
O2 min−1 under these conditions.  

POD activity was analyzed in 2 fractions. Standard procedures and protocols adopted by 
others were used to examine POD (peroxides) activity.  

The procedure adopted by Beyer and Fridovich (1987) was followed to examine SOD 
(Superoxide dismutase) activity. For SOD analysis, completely expanded leaves under 
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shoot apex were collected, kept in liquid Nitrogen and stored. Buffer mixture of 1 ml of 
50mM potassium phosphate and 1mM of EDTA (pH 7.5) was used for homogenizing leaf 
samples. Cheesecloth was used for filtering homogenates which were centrifuged for 15 
minutes at 4 °C. 1 unit of enzyme activity was determined as the enzyme quantity 
consumed to cause 50% inhibition of nitro blue tetrazolium. Spectrophotometer was used 
measure reduction at 560 nm. Unit per gram of protein is used to express SOD activity. 

D. Statistical analysis 

The recorded data was statistically analyzed by using Fisher’s analysis of variance 
techniques and least significant difference (LSD) at 5 % probability level was applied to 
compare the differences among the treatment means (Steel et al., 1997). 
 
3. RESULTS 

A. Agronomic and yield related parameters 

Statistically analysed data of wheat agronomic and yield-related parameters i.e: plant 
height, leaf area index, spike length, 1000 grain weight, biological yield and grain yield is 
shown in the Table 1 explicit that plants were significantly affected by different drought 
treatments at critical growth stages and varies with cultivar. According to the data wheat 
maximum plant height was Reported by Akbar-2019 (66.21) closely followed by Ghazi-
2019 (63.80) and plants with statistically shortest length were recorded in Faisalabad-
2008 (61.68). In the same trend under leaf area index Akbar-2019 yielded a statistically 
maximum Leaf area index (1.94) which was followed by Ghazi-2019 (1.92), and plants 
with the statistically lowest Leaf area index were recorded in Faisalabad-2008 (1.84). 
Wheat spike length revealed that the length of spikes differs according to drought 
treatments at critical growth stages and wheat cultivar. According to data shown in Table 
1 Akbar-2019 exhibited longest spikes having length of (14.90) followed by spikes of 
Ghazi-2019 (14.34), and plants with statistically shortest length were recorded in 
Faisalabad-2008 (8.44). Different drought treatments significantly affect the 1000 grain 
weight as maximum grain weight is reported in Akbar-2019 (37.08) closely followed by 
Ghazi-2019 (32.73), and plants with statistically lowest weight of 1000 grains was 
recorded in Faisalabad-2008 (17.09). Among varieties under study maximum yield of 
grains per pot was reported by Akbar-2019 (22.22), which was followed by Ghazi-2019 
(21.35), and plants with statistically lowest grain yield were recorded in Faisalabad-2008 
(13.37). According to analysed data maximum grain yield of wheat was reported by 
Akbar-2019 (16.42), which was followed by Ghazi-2019 (15.86) and plants with 
statistically lowest grain yield were recorded in Faisalabad-2008 (10.01). 
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Table 1: Influence of drought treatments on agronomic and yield parameters of 
wheat 

Varieties Plant 
height 
(cm) 

Leaf area 
index 

Spike 
length 
(cm) 

1000 grian 
weight (g) 

Biological 
yield  
(kg ha-1) 

Grain 
yield 
(kg ha-1) 

V1= Ghazi-2019 63.80 B 1.92 AB 14.34 B 32.73 B 21.35 B 15.86 B 

V2= Akbar-
2019 

66.21 A 1.94 A 14.90 A 37.08 A 22.22 A 16.42 A 

V3=Anaj-2017 66.04 C 1.89 ABC 13.67 C 30.17 C 20.33 C 15.19 C 

V4=Ujala-2016 63.62 D 1.89 ABC 12.05 D 27.30 D 17.82 D 13.57 D 

V5=Borlaug-
2016 

62.28 F 1.90 ABC 11.11 E 26.61 D 16.36 E 11.94 E 

V6= Fakhar-e-
Bakhar 

62.24 F 1.90 ABC 10.46 F 24.30 E 15.35 F 11.29 F 

V7=Johar-2016 62.59 E 1.86 BC 10.00 G 21.75 F 14.65 F 10.83 F 

V8=Faisalabad-
2008 

61.68 G 1.84 C 8.44 H 17.09 G 13.37 G 10.01 G 

LSDp≤0.05 0.43 0.06 0.35 0.95 0.81 0.49 

B. Physiological Parameters: 

Table 2 represents the statistically analysed data of physiological parameters i.e leaf 
chlorophyll contents, leaf relative water contents, leaf water potential, leaf osmotic 
potential, leaf turgor potential and stomatal conductance of leaf of wheat crop. According 
to statistical analysis carried out, the highest chlorophyll contents recorded under Akbar-
2019 yielded statistically maximum chlorophyll contents (26.07), which was followed by 
Ghazi-2019 (23.03) and plants with statistically lowest chlorophyll contents were recorded 
in Faisalabad-2008 (10.69). Table 2 also revealed that Akbar-2019 displayed statistically 
analysed maximum leaf relative water contents (80.11), whereas relative water contents 
in Ghazi-2019 (79.70) were found next to Akbar 2019. Statistically, lowest leaf-relative 
water contents were recorded in Faisalabad-2008 (63.38). Akbar-2019 performed best in 
leaf water, leaf osmotic, and leaf turgor potential as it explicit highest results as shown in 
the table. Whereas among varieties, Akbar-2019 showed statistically maximum stomatal 
conductivity (359.66) which was followed by Ghazi-2019(350.15) and plants with 
statistically lowest stomatal conductivity were recorded in Faisalabad-2008 (259.59). 
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Table 2: Influence of drought treatments on Physiological parameters of wheat 

 

C. Biochemical parameters 

Ascorbate peroxidase activity data is represented by Figure 1(A), which shows that 
drought application at different critical intervals and varieties had statistically significant 
influence on wheat crop Ascorbate peroxidase activity. Analysis of wheat varieties 
performance revealed that Akbar-2019 showed maximum Ascorbate peroxidase (1.68) 
which was closely followed by Ghazi-2019 (1.55). Whereas Ascorbate peroxidase activity 
of wheat crop was lowest (0.90) in plots where Faisalabad-2008 was used. Catalase 
activity data is represented by Figure 1(B) which shows that drought application at various 
crop growth intervals and multiple varieties had statistically significant influence on 
Catalase activity of wheat crop. Statistical analysis of wheat varieties revealed that Akbar-
2019 showed maximum Catalase activity (3.99), followed closely by Ghazi-2019 (3.35). 
Whereas, Catalase activity of wheat crop was lowest (1.81) in plots where Faisalabad-
2008 was used. Peroxidase activity data is represented by Figure 1(C) which shows that 
drought application at various crop growth intervals and multiple varieties had statistically 
significant influence on Peroxidase activity of wheat crop. Statistical analysis of wheat 
varieties revealed that Akbar-2019 showed maximum Peroxidase activity (3.56), followed 
closely by Ghazi-2019 (2.33). Whereas Peroxidase activity of wheat crop was lowest 
(1.05) in plots where Faisalabad-2008 was used. Superoxide Dismutase data is 
represented by Figure 1(D) which shows that drought application at various crop growth 
intervals and multiple varieties had statistically significant influence on Superoxide 
dismutase activity of wheat crop.  Statistical analysis of wheat varieties revealed that 
Akbar-2019 showed maximum Superoxide Dismutase activity (226.87) closely followed 
Ghazi-2019 (228.38).Whereas Superoxide Dismutase activity of wheat crop was lowest 
(180.60) in plots where Faisalabad-2008 was used. 
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Fig 1: Influence of drought treatments on patterns of biochemical parameters (A) 
Ascorbate Peroxidase, (B) Catalase, (C) Peroxidase, (D) Superoxide Dismutase of 

wheat. Capped bars show standard errors 
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4. DISCUSSIONS 

Crop productivity and yield are limited by drought, a significant abiotic stress. Crops have 
a variety of morpho-physiological, biochemical, and molecular responses to cope with 
drought stress. Breeding new genotypes adapted to drought is one of the most effective 
ways to combat drought stress. Therefore, it is important to select wheat genotypes 
adapted to drought stress. Additionally, drought tolerance mechanisms should be 
identified during the development of new genotypes to improve crop productivity. The 
selection of parents with superior drought tolerance is crucial in dry environments. [Ashraf 
et al., 1992; Tuberosa et al., 2006). Assessing the level of drought tolerance using a single 
parameter is a difficult task, as it fails to account for the various factors and their 
interrelations that contribute to drought tolerance in field conditions, as a result, its 
usefulness is limited (Dutta et al., 2008). Genotypes capable of germinating under 
reduced water potential typically have a greater chance of successfully germinating and 
developing into seedlings. Research focused on water potential can aid in identifying 
genotypes that are suitable for cultivation under water deficit conditions (Kaur et al., 
2017). The yield of a crop is largely determined by various stages in its life cycle, with 
seed germination and subsequent seedling growth being particularly critical (Tian et al., 
2014), Seed germination and seedling growth stages are not only critical but also more 
susceptible to damage from drought stress (Patade et al., 2014). Insufficient water 
availability during these stages is frequently linked to delayed germination and decreased 
growth (Mickky et al., 2017). The main objective of screening crops under drought stress 
is to identify those with improved drought tolerance. However, managing rainfall can be 
a significant challenge as it can interfere with stress intensity. Over the past few years, 
wheat breeders have developed various drought-tolerant wheat genotypes to improve 
plant performance under drought conditions (Mickky et al., 2017). In drought stress, the 
limited availability of soil moisture directly impacts the morphology of plants. The present 
research has highlighted considerable genetic variation in drought tolerance across all 
wheat genotypes studied. Our investigation revealed significant effects of drought stress 
on several traits related to yield (such as plant height, spikelets, and biological and grain 
yield), physiological parameters (chlorophyll content, relative water content, and stomatal 
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conductance), and biochemical parameters (ascorbate peroxidase, superoxide 
dismutase, and catalase) in all tested genotypes. These results are consistent with earlier 
studies, Maqbool et al. (2015); Naeem et al. (2016); Sayar et al. (2008), where the authors 
of previous studies have provided evidence that drought stress leads to a notable 
decrease in a range of morpho-physiological, biochemical, and yield-related parameters 
of field crops. The adverse impact of drought stress on wheat plants in the present study 
led to a significant decrease in the morphological traits and productivity of all eight wheat 
genotypes investigated. These results agree with previous research on the subject (Sayar 
et al., 2008; Sultan et al., 2012; Nezhadahmadi et al., 2013).  

Wheat variety Akbar-2019 produced the maximum yield under water stress conditions in 
soil-filled pots, thus showing its drought tolerance. Under drought conditions, a substantial 
difference in the plant height was observed, with maximum height of plant reported in 
Akbar-2019, and minimum height per plant recorded in Faisalabad-2008. Seed yield was 
greatest in Akbar-2019 followed by Ghazi-2019 under water deficit conditions, 
Faisalabad-2008 showed the lowest seed yield, in contrast to Akbar-2019, for which the 
second highest yield was recorded. Several other studies have reported a decline in plant 
height, yield, and yield-related traits in wheat under water scarcity conditions (Ali et al., 
2011). Plant physiological traits, such as chlorophyll content, relative water content, and 
stomatal conductance, are all viable for drought treatments (Lawlor et al., 2002). Drought 
stress reduced chlorophyll, relative water, and stomatal conductance in all wheat 
genotypes tested. There were significant increases in chlorophyll content, relative water 
content and stomatal conductance in drought-tolerant genotypes compared to the non-
tolerant genotypes (Salim et al., 2021; Mittler et al, 2002). Compared to the drought-
sensitive wheat variety (Faisalabad-2008), the drought-tolerant wheat variety (Akbar-
2019) had higher chlorophyll content, relative water content and stomatal conductivity 
under severe drought stress. Plants with high chlorophyll content can store more 
assimilates, enabling them to grow more vigorously, producing stronger shoots and 
leaves. Under water-stressed conditions, the growth of drought-tolerant genotypes leads 
to a higher relative water content (Ahmadizadeh , 2013). Further, the chlorophyll content 
in the flag leaves of barley decreases under water deficit conditions (Brown et al., 1991), 
and a more prominent reduction is noted in drought-susceptible wheat genotypes (Lv et 
al., 2018). Our results are in contradiction with earlier findings on wheat crops, Farshadfar 
et al. (2014), in previous studies, researchers have observed an elevation in the 
chlorophyll content of stressed leaves in comparison to non-stressed plants. Drought 
stress can impede photosynthesis by disrupting the chlorophyll machinery, impairing the 
photosynthetic system, and reducing the uptake of soil nutrients and their translocation 
within crop plants (Sikuku et al., 2010). Numerous studies have demonstrated that abiotic 
stress stimuli lead to a significant decrease in grain yield compared to non-stress 
conditions. (Hosseinzadeh et al., 2018). Drought can affect grain yield, depending on the 
crop developmental stage during which stress is imposed. Previous studies have shown 
that when drought stress is applied at pre- and post-anthesis, anthesis, and booting 
stages, the thousand-grain weight and grain yield significantly decrease. (Tang et al., 
2002). When water stress is imposed at the post-anthesis stage, a significant decrease 
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in grain yield can occur due to several reasons. These include a reduction in photo-
assimilate production, a limitation in the sink's ability to absorb photo-assimilates, and a 
shorter grain filling duration. The severity of the stress and the crop growth stage during 
which drought was imposed can also significantly impact grain yield reduction, with some 
studies reporting a reduction of up to 98% (Serragoa et al., 2013; Maralian et al., 2010). 
The improvement in yield and yield-related aspects in wheat and barley under drought 
stress has been attributed to various factors, including a more extended grain-filling 
period, high chlorophyll content, a sustained turgor, or a combination of these factors. 
These factors enable plants to utilize available resources efficiently, particularly under 
limited water availability. Research efforts to enhance these attributes in crop plants have 
resulted in the development of new, drought-tolerant cultivars (Li et al., 2009). 
 
5. CONCLUSIONS 

The results of this study demonstrate that different wheat genotypes respond differently 
to drought stress. Various parameters, including yield and yield-related traits, biochemical 
parameters, leaf relative water content, and stomatal conductance, were found to be 
informative. Based on these parameters, the wheat genotype Akbar-2019 was found to 
be drought-tolerant, while Faisalabad-2008 was found to be drought-sensitive in a pot 
experiment. The findings could be useful for plant breeders and physiologists developing 
drought-tolerant wheat genotypes through breeding programs. These genotypes could 
be further developed and used to produce elite genotypes with increased drought 
tolerance, enabling them to thrive in drought-prone regions. However, further research is 
necessary to evaluate the performance of the screened genotypes under field conditions. 
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