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Abstract  

Severe drought stress is the prolonged low rainfall that limits rangeland biomass 

production. Due to drought severity in Cholistan rangeland, an experiment on seed germination, 

biomass production and gaseous exchange activity of Aeluropus lagopoides and Ochthochloa 

compressa against induced drought stress by Polyethylene Glycol (PEG-6000) was conducted. 

Seeds germinated using a completely randomized design (CRD) at T1=0, T2=10% and T3=20% 

PEG-6000 concentrations. Data was analyzed by simple linear correlation and CR design. Results 

showed that PEG-6000 significantly affects germination, biomass production and plant 

physiology. Seed germination at treatments T1 was 78% with 0.873 coefficient of correlation (R-

squared) and minimum was in T3 (20% PEG-6000) which was germination 44% with R-squared 

0.78 in O. compressa.  The highest seed germination in A. lagopoides was at T1 72% with 0.826 

coefficient of determination (R-squared) and the minimum was at T3 40% with R-squared 0.74. 

The results also showed that PEG-6000-induced drought stress negatively correlates with 

physiological and morphological parameters. Conclusively PEG-6000 induced drought stress 

significantly lower the seed germination and biomass production. Various plants adapt different 

strategies for coping with drought stress. Exploration of such strategies helps us better understand 

sustainable range management. 

Keywords: Aeluropus lagopoides, Biomass, Ochthochloa compressa, Gaseous exchange 

Photosynthesis, Sustainable range management 
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Drought is a significant environmental stress that greatly impacts the productivity and 

geographic ranges of plants (Brendan et al., 2012).   Drought stress arises from a water shortage, 

causing plants to lose their turgidity and lack the required amount of water for vital functions 

(Blackman et al., 2018; Ali et al., 2022).   Drought stress is a common phenomenon in semi and 

semi-dry regions, which make up over half of the world’s cultivated land areas (Huang et al., 

2016). In arid regions, the water cycle, which refers to the transport of water through the 

ecosystem, is typically so fragile due to the limited availability of water, even in normal 

circumstances. Consequently, anthropogenic activities, such as diverting water for agricultural 

purposes or facilitating urban growth, have disrupted the equilibrium of water budgets in dry 

regions, leading to a rising imbalance in modern era (Brum et al., 2021; Lian et al., 2021; Iqbal et 

al., 2022).   Plants are significantly harmed by environmental stresses such as drought, salinity, 

excessive temperature, heavy metals, and pollution, which result in biochemical, physiological, 

and molecular alterations (Ali et al., 2023; Akbar et al., 2022; Asif et al., 2023). Drought is a 

significant constraint that restricts plant growth and development and distributed worldwide, 

especially in arid and semiarid regions. Even minor drought stress primarily lowers the water 

absorption, cell turgor, expansion, elongation, and overall plant growth (Taiz and Zeiger 2010; 

Goswami et al., 2020; Zafar et al., 2023). Seed germination and seedling growth are critical 

developmental stages that determine the growth, establishment, and survival of plants. The 

limited availability of water is a significant environmental factor that plays a crucial role in 

determining the success or failure of plant establishment (Li et al., 2013; Afzal et al., 2023).   

Drought stress causes significant harm to pigments, the photosynthetic apparatus, and thylakoid 

membranes, ultimately leading to a decrease in carbon absorption and biomass production 

(Ashraf and Harris 2013; Goswami et al., 2020; Ullah et al., 2023).   

Seed germination is generally the crucial phase in the establishment of seedlings, as it 

determines future growth (Almansouri et al., 2001; Ismail et al., 2023). Plant growth and 

production is influenced by the seedbed environment as well as seed condition (Brown et al., 

1989; Khajeh-Hosseini et al., 2003; Zafa et al., 2023). Water is required for the preservation of 

several plant activities, such as the emergence of seedlings till ther maturity of plants (Shao et al., 

2009; Ullah et al., 2023). Different plant species respond differently to water-stressed conditions, 

which are related to their evolutionary and physiologic modification to the particular climate 
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(Ennajeh et al., 2010). Drought-stressed plants are thought to benefit from structural 

modifications that assist minimize water loss. The capability of a plant to germinate in the face of 

adversity is aided by structural alterations (Wolters and Jurgens, 2009; Iqbal et al., 2023). 

In the present study, Polyethylene glycol (PEG-6000) was used to induce water stress. 

PEG simulates and causes drought stress in plants (Jiang et al 1995; Aminullah et al., 2023).  

Water stress in the plant's leaf hurts biomass production in general (Rawson and Turner, 1982., 

Saxena., 1993). The primary plants' ability to photosynthesize is directly correlated with the 

relative amount of chlorophyll (Fotovat et al., 2007). In addition to chlorophyll levels, drought 

stress has a significant impact on the Calvin cycle enzymes (Monakhova and Chernyadev, 2002). 

PEG-6000 produces osmotic stress, which lowers photosynthetic rate and in turn, affects 

chlorophyll-a as well as chlorophyll-b contents. Any stress experienced by a plant has an impact 

on the cellular mechanisms involved in photosynthesis, including pigments, photosystems, the 

electron transport system, and pathways for reducing carbon dioxide (Shivakrishna et al., 2018). 

According to reports, PEG significantly increased water stress in plants while having no toxic 

effects (Emmerich and Hardegree 1990). However, PEG or contaminants have been blamed for 

toxic side effects that have been documented by (Lesham., 1966) and PEG entered the plants 

studied by (Lagerwerff et al., 1961; Macklon and wetherley 1965). By lowering water potential, 

the PEG inhibits seed germination and growth, with the effect being more pronounced on shoots 

than primary roots (Khajeh-Hosseini, 2003; Yavari and Sadeghian, 2003).  

Plants have the capacity to react to drought stress through several biological mechanisms, 

including strategies like drought avoidance, drought tolerance, drought resistance, and 

improvements to water use efficiency (WUE) (Yang et al., 2012; Hughes et al., 2017). Plants 

possess various adaptations, including morphological, physiological, and genetic mechanisms, to 

carry out strategies such as coping with drought stress. These adaptations involve regulating 

stomatal opening, adjusting osmotic potential, activating hormonal pathways, and potentially 

shortening their lifecycles (Yang et al., 2020).    
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Methodology  

Study area  

 The Cholistan Desert is situated in southern Bahawalpur Punjab, Pakistan, covering a 

26000 km2 region between 27 420 and 29 450 N latitude and 69 520 and 75 240 E longitude, at an 

altitude of almost 112 m (Akhter and Arshad, 2006). Desert of Cholistan is two-thirds of 

Bahawalpur Division which makes about 8% of Punjab's total land area. Earlier governed as a 

portion of the districts of Bahawalpur (50% of the territory), Rahimyar Khan (40% of the area), 

and Bahawalnagar (10% of the land), Cholistan is now a portion of the formerly princely state of 

Bahawalpur (FAO, 1993; Rasheed et al., 2022). The climatic data of study duration is shown in 

figure 1.  

The desert is too hot and can attain the temperature of 51.6 0C and extend from March to 

mid-September. Tremendously high temperatures divergence with restrained cold but mild 

winter. According to Arshad and Akbar (2002), summer temperature attains a height of 34 -48 

0C, while the mean winter temperature is 150C. Underground water is brackish; so main source of 

water for agriculture, livestock or domestic purposes is rainfall water (Rasheed et al., 2022).  

Seed physiology  

Seed germination of selected grass species A. lagopoides and O. compressa under 

different drought conditions were studied. The research was conducted in the experimental 

area of Institute of Forest Sciences, The Islamia University of Bahawalpur, Pakistan. 

Polyethylene glycol (PEG-6000) 

Seeds were collected from the Cholistan Desert of Bahawalpur from the healthy plants 

and were Surface sterilized using 0.1 percent sodium hypochlorite solution for 5 minutes, rinsed 

completely with distilled water. Then the seeds were grown in the pots having 5kg loamy soil for 

five months during summer season and treated with 10 ml deionized water (control), 10% and 

20% PEG-6000. These germinating seeds were kept under environmental conditions. Pots were 

placed under green shed of the nursery of Institute of Forest Sciences to avoid dew and rain water 

availability to plants.  

Experimental design 
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Each treatment given to plants was in solution form as water and was labeled with its 

name; T1 (which was control and 100% water), T2 (10% PEG-6000) and T3 (which was 20% 

PEG-6000). The experiment for this research work was completed in randomized design (CRD). 

In this design, there were three factors of drought stress levels and varieties with each treatment.  

Morphological Attributes 

Germination percentage  

Emergence of seedlings was observed on daily basis till it achieved maximum germination. 

Shoot length (cm),  

Height of all replicas of tagged plants was measured by the scale (cm) from the end of last 

spikelet to the starting point of shoot.  

Root length (cm) 

All pots were irrigated well before removing the entire plant from the soil.  

Leaf length (cm2) 

Leaf length was measured by the scale and then mean was calculated and recorded. 

Number of leaves and number of nodes per plant 

The number of leaves and nodes of all replicas of each treatment was noted by counting 

method.  

Inter-nodal distance 

The distance between two nodes is called inter-nodal distance or length. Inter-nodal length 

was calculated using a scale. 

Relative Leaf Water Contents 

Young leaves were used to measure the leaf relative water contents. For these young 

leaves from each treatment of every species were taken. Leaves were separated from the base of 

lamina and sealed in polythene bags.  These were shifted to laboratory just after harvesting.  

Fresh weight (FW) was measured within 2 hours after harvesting. Then leaves were soaked in 

distilled water for 16-18 hour at 250 C and then carefully dry by using blotting tissue paper. After 

drying turgid weight (TW) was measured by using electrical weighing balance. Dry weight (DW) 
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was measured after drying the samples in oven at 700 C for 72 hours. LRWC was calculated by 

using the formula as giving by (Lazcano-Ferrat and Lovatt 1999). 

LRWC % = (FW-DW) / (TW-DW) x 100 

Membrane Stability Index (MSI) 

Membrane Stability Index (MSI) was measured by using the method of (Sairan and Saxena 

2000). Leaf disc of (100 mg) were made and carefully cleaned by using tape water followed by 

wash with distilled water. Washed discs were heated in 10 ml distilled water at 400 C for 30 

minutes. After this, Electrical Conductivity (C1) was measured by using EC meter. The samples 

were kept in boiling water at (1000 C) for 10 minutes. EC (C2) was also noted at that time. MSI 

was calculated as MSI= [1-(C1/C2)] x 100 

Gaseous exchange parameters  

Gaseous exchange attributes such as Carbon dioxide absorbed, carbon assimilation, 

stomatal conductance (gs mmol H2O m−2 s−1), photosynthesis rate (A μmol CO2 m
−2s−1, transpiration 

rate (E mmol H2O m−2s−1) and water use efficiency (WUE μmolCO2−2 s−/mmolm−2s−1) were 

recorded by using IRGA (infrared gas analyzer). Leaves of each germinated seedling from every 

treatment were kept under 10 cm3 chamber of IRGA. Temperature of Leaf chamber was set at 

37° C and reading was taken after 20 seconds placement. Data was collected during day time 

from 10 AM to 2 PM under full sunlight. Leaf temperature during gas exchange measurements 

was set 20 °C and constant gas flow was 500 μmols-1 (Farooq et al., 2022). 

Statistical analysis 

Analysis of variance for CR design, Mean values ± standard deviation (SD) were 

determined by using SPSS software. Linear correlation of seed germination was measured by 

using Microsoft excel.  Pearson's correlation coefficient of morphological and physiological 

character against PEG-6000 was determined by using SPSS at a significance level of 0.01.  

Results  

Seed physiology of Ochthochloa compressa and Aeluropus lagopoides  

Seed germination of O. compressa and A. lagopoides were observed under induced 

drought stress by using PEG-6000. At 3rd day germination was observed. Maximum seed 
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germination was found at treatment T1 (control) in both species that was 78% in O. compressa 

and 72% in A. lagopoides as shown in figure 1 & 2. Linear correlation of seed germination of O. 

compressa and A. lagopoides was measured as shown in figure 1 & 2. The highest seed 

germination within treatments level was maximum in T1 which 78% germination with 0.873 

coefficient of correlation (R-squared) in O. compressa species as shown in figure 1.  The highest 

in A. lagopoides within treatments during T1 was maximum with 72% seed germination and 

0.826 coefficient of determination (R-squared) and minimum was T3 which were 40 with R-

squared 0.74 as shown in figure 2. Table 1 explains the significant effect of PEG-6000 on seed 

germination of both species. 

Table 1: ANOVA of CR design for seed germination against induced drought stress 

PEG6000 

Ochthochloa compressa  

Source DF SS MS F P 

Treatment  2 2.92 1.46 6.62 0.0018 

Error 147 32.4 0.22 
  

Total 149 35.34 
   

Aeluropus lagopoides 

Treatment  2 2.77 1.38 6.07 0.0029 

Error 147 33.6 0.228 
  

Total 149 33.37 
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Figure. 1: Correlation and linear regression in O. compressa under induced drought stress PEG-

6000 

 

 

 

 

 

 

 

 

 

              

                                              

 

 

Figure. 2: Correlation and linear regression in A. lagopoides under induced drought stress 

PEG6000 

Correlation among plants productivity and physiological parameters of Ochthochloa 

compressa and Aeluropus lagopoides against induced drought stress by PEG-6000  

Pearson correlation was developed to study the effects of different induced drought stress 

PEG 6000 levels on plants production. The results showed that PEG-6000 induced drought stress 

has negative correlation on physiological and morphological parameters. Notably the highest 

negative correlation was found in MSI that was 0.958 followed by chlorophyll contents that was 

0.954 as shown in table 2. While number of nodes has the lowest negative correlation that is 

0.623. Table 3 describes the correlation of PEG-6000 in A. lagopoides against induced drought 

PEG-6000.  Results showed that there strong negative correlation among all the parameters. 

Strongest negative correlation was found in MSI and gs 0.939 and 0.936 respectively (table3). 
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Table 2: Correlation among plants productivity and physiological parameters of 

Ochthochloa compressa against induced drought stress PEG6000  

 Pearson 

Correlation 

Tre

atm

-

ents  

Num

ber 

of 

Leav

es 

Num

ber 

of 

node

s 

Fres

h 

wei

ght 

MS

I 

LR

WC 

Chloro

ph-yll 

Sho

ot 

leng

th 

Roo

t 

leng

th 

A E gs WUE 

Treatments 1 -

.876*

* 

-

.623*

* 

-

0.77

4 

-

.95

8a 

-

.953*

* 

-.954** -

0.91

6 

-

.919
a 

-

.932
** 

-

.912
** 

-

.914
** 

-0.833 

Number of 

Leaves 

-

.876
** 

1 .614*

* 

.725
** 

.87

4a 

0.862 .815** .850
** 

.813
a 

0.82

1 

.845
** 

.845
** 

.766** 

Number of 

nodes 

-

.623
** 

.614*

* 

1 .661
** 

.60

1a 

.600*

* 

0.577 .547
** 

.619
a 

.606
** 

0.55

7 

.589
** 

.406** 

Fresh weight -

.774
** 

.725*

* 

.661*

* 

1** .74

6a 

.753*

* 

.754** .723
** 

.781
a 

.715
** 

.696
** 

0.74

9 

.628** 

MSI -

.958
** 

.874*

* 

.601*

* 

.746
** 

1a .946*

* 

.910** .886
** 

.897
a 

.895
** 

.897
** 

.871
** 

.824** 

LRWC -

.953
** 

.862*

* 

.600*

* 

.753
** 

.94

6a 

1** .910** .895
** 

.903
a 

.898
** 

.902
** 

.907
** 

.801** 

Chlorophyll -

.954
** 

.815*

* 

.577*

* 

.754
** 

.91

0a 

.910*

* 

1** .851
** 

.864
a 

.879
** 

.865
** 

.864
** 

.772** 

Shoot length -

.916
** 

.850*

* 

.547*

* 

.723
** 

.88

6a 

.895*

* 

.851** 1** .895
a 

.876
** 

.857
** 

.878
** 

.845** 

Root length -

.919
** 

.813*

* 

.619*

* 

.781
** 

.89

7a 

.903*

* 

.864** .895
** 

1a .867
** 

.839
** 

.865
** 

.799** 

A -

.932
** 

.821*

* 

.606*

* 

.715
** 

.89

5a 

.898*

* 

.879** .876
** 

.867
a 

1** .895
** 

.887
** 

.783** 

E -

0.91

2 

0.845 0.557 0.69

6 

0.8

97 

0.902 0.865 0.85

7 

0.83

9 

0.89

5 

1 0.83

1 

0.789 

Gs -

0.91

4 

0.845 0.589 0.74

9 

0.8

71 

0.907 0.864 0.87

8 

0.86

5 

0.88

7 

0.83

1 

1 0.786 

WUE -

0.83

3 

0.766 0.406 0.62

8 

0.8

24 

0.801 0.772 0.84

5 

0.79

9 

0.78

3 

0.78

9 

0.78

6 

1 

**. Correlation is significant at the 0.01 level (2-tailed). 
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*. Correlation is significant at the 0.05 level (2-tailed).  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                                                                        ISSN: 1673-064X 

http://xisdxjxsu.asia                                            VOLUME 20 ISSUE 07 JULY 2024                                                   555-579  

Table 3: Correlation among plants productivity and physiological parameters of Aeluropus 

lagopoides against induced drought stress PEG-6000 

**. Correlation is significant at the 0.01 level (2-tailed). 

 Pearson 

Correlation  

Tre

at

me

nts 

Num

ber 

of 

nodes 

Numb

er of 

Leaves 

fresh 

weig

ht 

MS

I 

LR

WC 

Chlor

ophyl

l 

sho

ot 

leng

th 

root 

leng

th 

A E gs WU

E 

Treatments 1 -.877** -.884** -

.878** 

-

0.93

9 

-

.868** 

-.233** -

.924*

* 

-

0.69

1 

-

.811*

* 

-

.813*

* 

-

.936*

* 

-

.876*

* 

Number of 

nodes 

-

.877
** 

1 .779** .759** .788
** 

0.747 .179** .822*

* 

.566*

* 

0.75

4 

.739*

* 

.826*

* 

.796*

* 

Number of 

Leaves 

-

.884
** 

.779** 1 .779** .823
** 

.761** 0.209 .829*

* 

.666*

* 

.700*

* 

0.73

9 

.863*

* 

.775*

* 

fresh weight -

.878
** 

.759** .779** 1 .818
** 

.762** .221** 0.80

3 

.585*

* 

.761*

* 

.743*

* 

0.79

5 

.755*

* 

MSI -

.939
** 

.788** .823** .818** 1** .834** .153** .887*

* 

.670*

* 

.776*

* 

.722*

* 

.898*

* 

0.83

6 

LRWC -

.868
** 

.747** .761** .762** .834
** 

1** .171** .855*

* 

.529*

* 

.666*

* 

.669*

* 

.812*

* 

.743*

* 

Chlorophyll -

.233
* 

0.179 0.209 .221* .153
* 

0.171 1 .196* .117* 0.28

4 

0.16

2 

.252* 0.23

5 

shoot length -

.924
** 

.822** .829** .803** .887
** 

.855** .196** 1** .609*

* 

.767*

* 

.778*

* 

.855*

* 

.820*

* 

root length -

.691
** 

.566** .666** .585** .670
** 

.529** .117** .609*

* 

1** .626*

* 

.520*

* 

.640*

* 

.567*

* 

A -

.811
** 

.754** .700** .761** .776
** 

.666** .284** .767*

* 

.626*

* 

1** .704*

* 

.737*

* 

.774*

* 

E -

.813
** 

.739** .739** .743** .722
** 

.669** .162** .778*

* 

.520*

* 

.704*

* 

1** .735*

* 

.650*

* 

gs -

0.93

6 

0.826 0.863 0.795 0.89

8 

0.812 0.252 0.85

5 

0.64 0.73

7 

0.73

5 

1 0.84

4 

WUE -

0.87

6 

0.796 0.775 0.755 0.83

6 

0.743 0.235 0.82 0.56

7 

0.77

4 

0.65 0.84

4 

1 
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*. Correlation is significant at the 0.05 level (2-taile
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Biomass production 

Drought stress always has profound negative impact on biomass production in rangelands. 

Availability of judicious water supply increases biomass production. During the study maximum 

biomass was calculated at control T1 and its productivity decrease with the higher induced stress. 

Number of leaves and number of nodes are shown in figure 3 that describe the maximum number 

of leaves and nodes. At higher drought stress at T3=20% PEG6000 both the number of leaves and 

nodes were reduced to 2.54 and 2.3 accordingly. Similar kind of results were also observed in A. 

lagopoides as shown in figure 3.  
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Figure 3: Effects of induced drought stress by PEG6000 on morphological attributes of O. 

compressa and A. lagopoides; A: Number of leaves; B: Number of nodes; C: Shoot length; D: 

Root length; Lettering A, B and C shows the highly significant results against all the treatments; 
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Alpha 0.05; Critical T Value 1.98  

Biomass and chlorophyll  

 Maximum fresh weight and chlorophyll were observed at T1 8.1 and 0.8 at T2 5.4 and 0.6 

while at T3 these values reduced to 3.2 and 0.4 as shown in figure 3. Chlorophyll in A. 

lagopoides observed the similar results and found maximum fresh weight and chlorophyll at T1 

25.8 and 0.49 and reduced to 10.2 and 0.36 at T3 respectively as shown in figure 3.  

Root/shoot ratio  

 Root and shoot always vary in xerophytes. In normal conditions; roots length in 

xerophytes are 3 to 4 time to the length of shoot. Shoot length in ochthochloa compressa at T1, 

T2 and T3 were 21.7, 12.7 and 7.6 respectively as shown in figure 3. In Aeluropus lagopoides at 

T1, T2 and T3 root length was 20.96, 12.4 and 9.9 respectively while shoot length was 36.4, 23.2 

and 12.18 at each treatment accordingly.  

Plant Physiology  

Relative Leaf Water Contents (RLWC) and Membrane Stability Index (MSI) 

RLWC and MSI decrease significantly with the elevated induced stress. At T1, T2 and T3 

RLWC and MSI are shown in figure 4 for A. lagopoides & O. compressa. Maximum RLWC 

were 73.5 at T1, T2 52.7 and T3 39.1 while MSI at T1 44.8, T2 32.2 and T3 20.3 in O. 

compressa. RLWC and MSI in A. lagopoides at three treatments T1, T2 and T3 are 76.3, 60.6 

and 41.5 respectively.  
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Figure 4: Effects of induced drought stress by PEG6000 on biomass and physiological 

characteristics of O. compressa and A. lagopoides; A: Fresh weight; B: Membrane Stability 

Index (MSI); C: Chlorophyll contents; D: Relative Leaf Water Contents (RLWC); Lettering A, B 

and C shows the highly significant results against all the treatments; Alpha 0.05; Critical T Value 

1.98  
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 Gaseous exchange photosynthesis, stomatal conductance and transpiration is very 

important because all of the metabolic process run through these gaseous exchange in plants. 

Photosynthesis rate (A) and transpiration (E) in O. compressa against induced drought PEG6000 

at T1 maximum transpiration and photosynthesis was noticed maximum that is 1.21 and 3.5 

respectively. Photosynthesis and transpiration rate decrease significantly with increasing drought 

at T2 and T3 as shown in figure 5. Similar pattern was behaved by A. lagopoides against the 

stress and show maximum results at T1 for photosynthesis rate (A), stomatal conductance (gs), 

transpiration (E) and water use efficiency (WUE) as shown in figure 5.  
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Figure 5: Effects of induced drought stress by PEG6000 on gaseous exchange attributes of O. 
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compressa and A. lagopoides; A: Transpiration rate (E mmol H2O m−2s−1); B: stomatal conductance 

(gs mmol H2O m−2 s−1); C: photosynthesis rate (A μmol CO2 m−2s−1; D: water use efficiency (WUE 

μmolCO2−2 s−/mmolm−2s−1); Lettering A, B and C shows the highly significant results against all 

the treatments; Alpha 0.05; Critical T Value 1.98   
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Discussion  

 There are number of environmental factors that affect the plant germination, production 

and geographical representation while drought stress is the most hazardous factor that limit the 

seed viability and germination (Choat et al., 2012). Our results are correlated with the Choat et 

al., (2012), in this study lowers the seed germination, its productivity and physiological functions 

with the elevated induced drought stress through PEG-6000 as shown in figure 1 and 2. 

Blackman et al., (2018) studied that drought stress is the one when there is water deficiency in the 

root zone and plants loose its turgid pressure, however they fail to perform its physiological 

functions. Liu et al., (2022) also studied the drought tolerance in Psammochloa villosa species 

belonging to family Poaceae. The species is forage species in arid region of Inner Mongolian 

Plateau and the Qinghai- Tibet Plateau of China desert (Chen and Phillips 2006). Liu et al., 

(2022) found that seeds of P. villosa germination under induced drought through PEG-6000 

reduced under 10% PEG-6000 and further decreased in seed germination at 20% PEG-6000 while 

control level shows the maximum seed germination. Similar findings were noticed in our results 

that both species showed reduction in seed germination at 10% and 20% PEG-6000 induced 

drought stress. The species are indigenous to desert region and are very important from forage 

point of view. 

 Plants production were also lower at elevated drought stress figure 3 and 4. Wang et al., 

(2021) found reduction in buds growth under drought stress which is an indication of lower plant 

production and are in line with our findings as we have shown in our results. Goswami, and 

Rankawat (2020) studied the fresh & dry weight, Relative Leaf Water Content RLWC, 

chlorophyll, root/shoot length, and physiological traits. They found the variation in these 

parameters and their values reduced against higher induced stress by using PEG-6000. Further 

study in our research includes the physiological parameters. Liu et al., (2022) also found that 

chlorophyll contents reduced with the increasing drought stress and we have found the same 

results and chlorophyll contents reduce at 10% and 20% PEG-6000 treatments as shown in figure 

4. They also discussed the similar results of (Hortensteiner, and Krautler 2011) which are related 

to chlorophyll contents. Kizilgeci et al., (2017) studied the impact of five distinct drought stress 

(using PEG solution at 0, -0.3, -0.6, -0.9 and -0.12 MPa) on the germination of four different 

bread wheat cultivars (Tekin, Pehlivan, DZT13-2, and DZT13-1). They found that seedling 

growth dramatically impacted with the increasing concentration of PEG solution. Germination 
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percentage, seedling vigor, coleoptile length, root length, and shoot length were decreased with 

the increasing concentration of induced drought by PEG.   

 Drought stress reduced the plant’s production as water deficiency makes them looseness 

of turgid pressure and unable to perform various physiological functions such as photosynthesis, 

transpiration, water use efficiency (Arora et al., 2002; Nadeem et al., 2021). Nadeem et al., 

(2021) studied the drought effect on physiology and growth of maize and found that drought 

stress showed negative correlation on A, E, gs and WUE ads same results were witnessed in our 

research that induced drought by using PEG6000 destructively affected the physiological factors 

photosynthesis rate (A), transpiration rate (E), water-use efficiency (WUE) and stomatal 

conductance (gs). Drought effect also witnessed the severe damage to plant physiology (Arora et 

al., 2002) and this is because of reduction on leaf area , WUE gs that ultimately reduce the A and 

E rate (Osmolovskaya et al., 2018). Nadeem et al (2021) also discussed the results of Ahmad et 

al., (2013) and they said induced drought stress are negatively correlated with the physiology of 

plants. Our results are similar with the Zhu et al., (2021) who investigate the PEG-DS induced 

drought against rice and find the reduction in A, gs, Ci, with the increasing drought stress. 

Screening of drought tolerant species would provide us a useful insight in successful re-

vegetation of rangelands based on their adaptability to various drought levels and climatic 

conditions. 
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