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Abstract 
 

In this study, the reaction of germination and plantlet growth different chickpea cultivars (Arman, Azad, Binalood and 

Hashem) in relation to osmotic stress due to polyethylene glycol solution (-2, -4, -6 and -8bar) and control (distilled water) 

using factorial design in completely randomized with four replications was evaluated. In this study, there was a significant 

difference between the different potentials of drought stress for all measured traits with 99% probability. With the reduction 

of water potential, the seed germination, germination rate, rootlet length, stemlet length, rootlet wet weight, rootlet dry 

weight, stemlet wet weight, stemlet dry weight, plantlet wet weight, as well as plantlet dry weight decreased. Also, proline and 

Fv/Fm (the efficiency quantum of the photosystem II) of cultivars at two levels of control and glycol polyethylene solution at 

the level of -2bar was different. So that the Hashem cultivar showed the highest amount of proline in the polyethylene glycol 

solution -2bar. However, the Fv/Fm had a reversed relationship with drought stress. That is, drought stress leads to a 

reduction in the Fv/Fm. The maximum amount of Fv/Fm was found in the Hashem cultivar under drought stress condition, 

and the lowest amount in Azad cultivar in stress conditions. The results of activity of antioxidant enzymes in this study 

showed that drought-resistant cultivars such as Hashem is  to drought stress by increasing the capacity of the antioxidant 

system to remove reactive oxygen species and prevent membrane peroxidation Overall, the commercial cultivar Hashem 

showed drought tolerance at high stress levels, indicating their potential for production applications. 
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Introduction 

Currently, there is food poverty in parts of the world 

called the developing world, which accounts for two-

thirds of the world's productivity. Diet in these countries 

is mainly starch, and the lack of protein and 

malnutrition of millions of people living in these 

countries is one of the acute problems in these areas. 

Animal protein production is more difficult and 

expensive than plant protein. Dietary protein production 

from animals is a major source of greenhouse gas 

emissions, water use, and deforestation. Legumes are a 

rich source of protein but currently comprise a minor 

part of most human diets. Worldwide, the average 

consumption of legumes and meat is 21 and 112 

g/person/day, respectively. Legumes are part of 

traditional diets in most cultures, have low greenhouse 

gas and water footprints, enrich the soil through 

nitrogen fixation (Bagheri, 1997; Abonus, 2001; Semba 

et al., 2021). The protein in legumes is 2 to 3 times that 

of cereals and 10 to 20 times that of glandular plants 

(Bagheri, 1997). However, a deficiency in the amino 

acid lysine in cereals can also be compensated by 

consuming legumes (Bagheri, 1997; Adhikari et al., 

2022). Meanwhile, due to the presence of nitrogen-

fixing bacteria in the air, they also play an important 

role in soil fertility, and after harvesting, large amounts 

of nitrogen are added to the soil. Therefore, these plants 

play an important role in crop rotation (Abbasnejad, 

2006; Marschner, 2011; Semba et al., 2021). 

These plants are also used as green manure to 

strengthen and improve soil physics (Bagheri, 1997; 

Semba et al., 2021). On the other hand, drought stress is 

one of the most important stresses in reducing plant 

growth and production, so that it affects many aspects of 

plant metabolism and growth, because this stress 

reduces the speed and percentage of germination and 

finally Delays the establishment of the plant (Bradford 

1995; Prisco et al., 1992; Ahmadloo et al., 2011; Hellal 

et al., 2018). Water is one of the main factors activating 

germination and the ability of seed access to water is 

reduced by reducing the osmotic and matrix potential 

(Asghari, 1992; Chiang and Dandekar, 1995). Seed 

germination is extremely important in determining the 

final density of the plant per unit area so that sufficient 
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plant density per unit area is obtained when the seeds 

are fully and rapidly germinated (Baalbaki et al., 1990; 
Wu et al., 2020). 

Germination fluctuations that are affected by 

environmental factors are of ecological importance and 

also from the perspective of crop management 

(Syvertsen and ML, 1983; Ibrahim et al., 2001; Turk et 

al., 2004). The interaction between environmental 

factors and the internal mechanisms of a seed 

determines seed germination under certain conditions 

(Bradford and Haigh, 1994; Bradford, 1995). Since it is 

almost difficult to create and maintain a pure water 

potential in the soil environment, in this regard, 

establishing drought stress conditions using different 

osmotic materials to create osmotic potentials is one of 

the most important methods of studying the effect of 

stress on germination (Emmerich and Hardegree, 1990; 

De and Kar, 1995;  Aniat-ul-Haq and Agnihotri, 2010). 

Among these materials, polyethylene glycol is 

widely used due to its environment-like conditions and 

is widely used in laboratory conditions (Kaufmann and 

Eckard, 1971; Gholamin and Khayatnezhad, 2010; 

Bradford, 1995; Prisco et al., 1992; Ahmadloo et al., 

2011; Hellal et al., 2018), due to its high molecular 

weight, it cannot cross the cell wall and is therefore 

used to regulate water potential in germination tests. 

Polyethylene glycol with a high molecular weight 

(6000-PEG) is more suitable for creating drought stress 

compared to the smaller molecules such as (4000-PEG) 

because the percentage of seed germination in 

polyethylene glycol 6000 solution and in soil with the 

same water potential It is almost equal (Razzaq et al., 

2017). 

The results of the study of the effects of drought 

stress due to polyethylene glycol solution at -2, -4, -6 

and -8bar levels on different wheat cultivars, significant 

reduction in germination percentage, germination rate, 

root length, stem length and the dry matter showed what 

the root and the stem were (Gholamin and 

Khayatnezhad, 2010). In different conditions of drought 

stress, when plants seeds in different polyethylene 

glycol solutions with deferent osmotic potential were 

cultivated, different roots were observed. The results of 

the study of the effect of polyethylene glycol on cumin 

seeds showed that drought stress had important effects 

on plant physiological characteristics, so that by 

reducing the water absorption potential from zero to -8 

bar, germination percentage, germination rate and 

growth index decreased, but the average germination 

rate increased and the highest recovery was observed at 

-8 bar (Bagheri, 1997). 

Soleimani et al. (2011) reported that the interaction 

of salinity and drought due to dietary salt and 

polyethylene glycol on Anabasis aphylla was significant 

in reducing root size, stem and seed germination at 

different levels. Also, the most obvious and common 

effect of damage caused by drought stress to the plasma 

membrane is an increase in leakage of cellular sap 

compounds such as potassium, amino acids, 

carbohydrates and various electrolytes out of the cell. 

Reports indicate that cellular fluid leakage decreases 

during drought tolerance, indicating increased drought 

stress resistance (Levitt, 1980). The release of free 

amino acids as proline occurs most commonly in plants 

under environmental stress and is sometimes associated 

with increased resistance to drought stress in plants 

(Bates et al., 1973). Probable physiological actions of 

proline can be considered as a factor in the regulation of 

osmotic pressure and the protective factor of 

cytoplasmic enzymes and membrane structure 

(Soleimani et al., 2011). According to reports, osmotic 

stress caused stomatal closing, diminished intercellular 

CO2 partial pressure, increased of active electrons, the 

generation of free radicals like hydrogen superoxide, 

hydroxide and oxygen active species, the turbulence of 

light-harvesting systems and damaged photosynthesis 

efficiency (Tavakol et al., 2018, 2022). Photosynthesis 

efficiency can be assayed by calculating the enhancing 

the number of electron carriers, finally, the safety of the 

photosynthetic electron transfer system using the 

chlorophyll fluorescence (Mc Kenzie and Hill, 1991; 

Maxwell and Johnson 2000; Zaiyou et al., 2020).  

Various methods have been used by researchers to 

evaluate the response of crops to environmental stresses. 

In this regard, the present study to investigate the effect 

of polyethylene glycol on germination and other 

relevant traits of four cultivars of chickpeas in 

laboratory conditions in order to identify genotypes 

tolerant to adverse drought conditions and early 

screening of genotypes with the best characteristics of 

drought tolerance and to select the best suitable 

genotypes for aims in cultivation and breeding patterns 

was done. 

 

Materials and methods 
This study was conducted to evaluate the effect of 

different water potentials on some germination 

parameters and determine the best level of drought 

stress at the Karaj Seed and plant Improvement Institute 

(SPII) and the experiment was conducted as a factorial 

in a completely randomized design in four replications. 

Petri dishes were used for the experiment. Thus, the 

filter papers inside the petri dish were sterilized in an 

oven at 180 °C for two hours. Petri dishes were placed 

at 120 °C for 24 hours. Then, 50 chickpea seeds were 

placed inside each petri dish. The seeds were disinfected 

before being placed in petri dishes (disinfected in 3% 

sodium hypochlorite solution for 30 seconds, then 

rinsed with distilled water, and then reabsorbed with 

benomyl 2 per thousand fungicide solution for 30 

seconds. (Disinfected and then rinsed 3 times with 

distilled water). After that, the seeds were treated with 

different levels of polyethylene glycol solution. To 

prepare a polyethylene glycol solution (with a molecular 

weight of 6000), the following equation was applied at 

five levels of drought stress of zero, 2-, 4-, 6- and 8-bar 

(Emmerich and Hardegree, 1990). 

 (1) 
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In which Ψ = Smooth load potential; C = 

concentration (gram per liter); T = temperature (C) 

Distilled water was used to create zero water 

potential (control). 50 seeds were considered in each 

container and some polyethylene glycol solution with 

the corresponding osmotic potentials of 0.00, -2, -4, -6 

and -8 Bar was added to each container so that the seeds 

were in contact with the solution. In order to avoid the 

negative effects of water evaporation, the amount of 

evaporated water was compensated by adding distilled 

water and solution. The containers were transferred to 

an incubator at a temperature of 24±1°C (according to 

ISTA data, a suitable temperature for germination was 

obtained). The seeds were inspected daily and the 

number of germinated seeds (with a root length of 1 to 2 

mm) was recorded. On the last day, seed germination, 

germination rate, rootlet length, stemlet length, rootlet 

wet weight, rootlet dry weight, stemlet wet weight, 

stemlet dry weight, plantlet wet weight, and plantlet dry 

weight were calculated using the following formulas: 

(2) 

GR= ∑ Ni. ∑ Div×100 

In which, GR = germination rate; ∑Ni= Total 

Number of germinated seeds up to the desired day; 

∑Div = Total days elapsed from the start of the 

experiment 

(3) 

R= Ni. N×100 

And in the Eq. (3) we have: R = germination 

percentage; Ni = the number of seeds sprouted up to the 

desired day; N = Total number of seeds 

Meanwhile, proline levels were measured separately. 

To measure proline, the foliage of samples treated with 

polyethylene glycol with different negative and control 

loads were used. The separated foliage was placed in 

foil and transferred to the laboratory in a nitrogen tank. 

Samples were stored in the laboratory at -80°C until use. 

Proline was extracted from a sample of 0.5 g fresh 

foliage samples in 3% (w.v) aqueous sulphosalycylic 

acid and estimated using the ninhydrin reagent 

according to the method of (Bates et al., 1973). The 

absorbance of fraction with toluene aspired from liquid 

phase was read at a wave length of 520 nm. Proline 

concentration was determined using a calibration curve 

and expressed as μ mol proline g-1 FW: 

(4) 

 
The fluorescence parameters were measured in a 

field utilizing a portable plant stress meter (OS5-FL 

modulated chlorophyll fluorometer, ADC Bio Scientific 

Ltd. Hoddesdon, Hert, EN11 0DB England). This way, 

foliage were dark-adapted for 30 minutes prior to the 

measurement of the minimal fluorescence (F0), 

maximum fluorescence (Fm), variable fluorescence (Fv) 

and maximum quantum efficiency of photosystem II 

(Fv/Fm). Fv.Fm was calculated through (Fm-F0).Fm 

(Maxwell and Johnson, 2000). 

Enzyme activity was determined as follows; First, 

0.34 g KH2PO4, 0.7 g PVPP, and 0.3 g Na-EDTA were 

dissolved in 30 ml distilled water, and then the volume 

was dissolved in 50 ml (phosphate buffer pH = 6.8). 

Then, 0.44 grams of K2HPO4, 0.7 g of PVPP and Na-

EDTA 0.3 in 30 mL distilled water were dissolved and 

the volume was diluted to 50 mL (pH = 7.2 with 

phosphorus). Finally, 39% of the first buffer was 

combined with 61% of the second buffer (phosphate 

buffer pH = 7). To prepare an oxidizing water buffer 

(H2O2) of 225 mM, 450 μl of H2O2 was mixed with 20 

ml phosphate buffer. Furthermore, a 45 μM guaiacol 

buffer was provided with 112 μl guaiacol with 20 ml 

phosphate buffer. The extract extraction step was 

performed using Sun et al. (2015) method. These 

extracts were used to measure the activity of enzymes: 

Peroxidase activity was measured by method of Plewa 

et al. (1991). The assay mixture was consisted of 1.99 

ml 50 mM sodium phosphate buffer (pH 7.0) 

supplemented with 0.1 μM EDTA, 10 mM guaiacol 

and 15 mM H2O2 and 100 μl of the enzyme extract in a 

total volume of 2 ml. Guaiacol oxidation and production 

of tetraguaiacol was monitored by increasing of 

absorbance of 470 nm. The activity of POD was 

calculated by extinction coefficient of tetraguaiacol 

(26.6 mM−1cm−1) and expressed as μmol tetraguaiacol 

min−1mg−1protein. Activity of APX was determined by 

recording the decrease in absorbance of ascorbate at 290 

nm as described by Nakano and Asada (1981). The 

reaction mixture (1.0 ml) contained 0.95 ml of 50 mM 

sodium phosphate buffer (pH 7.0), 0.5 mM ascorbic 

acid, 0.2 mM EDTA, 0.2 mM H2O2 and 50 μl of 

enzyme extract. APX activity was calculated by using 

the extinction coefficient 2.8 mM−1
 cm−1

 and expressed 

as μmol decomposition of ascorbate min−1
 mg−1

 

protein. SOD activity was measured by monitoring the 

inhibition of the photochemical reduction of nitro blue 

tetrazolium (NBT) as described by Beauchamp and 

Fridovich (1971). The reaction mixture, consisted of 50 

mM Na-phosphate buffer (pH 7.8), 0.1 mM EDTA, 13 

mM methionine (Sigma-Aldrich Corporation), 75 μM 

NBT (Sigma-Aldrich Corporation), 2 μM riboflavin 

(Sigma-Aldrich Corporation), and 50 μl of enzyme 

extract in a test tubes, were incubated for 15 min under 

fluorescent. One unit of SOD activity was defined as the 

amount of enzyme that inhibited 50% of NBT 

photochemical. 

The data were analyzed by factorial design in 

completely randomized with three replications using 

SAS software (version 9.1 2002–2003, SAS Institute, 

Cary, NC, USA); the description was performed for 

traits with double interactions that were significant. The 

comparison of the meanings was done by the least 

significant difference (LSD) test (P < 0.05) with 

MSTAT-C software and the graphs were drawn also 

with exile software (version: 2019). 
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Table 1. Variation analysis results of the effect of polyethylene glycol (PEG) and cultivar on different morphological traits of 

chickpeas  
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** ** ** ** ** ** ** ** ** ** 4 PEG 

* ** ** ** ** ** ** * ** ** 3 Cultivar 

** ** ** ** ** ** ** ** * ** 12 PEG×Cultivar  

0.9875 5.1160 0.9213 1.0180 0.4037 1.0310 0.1680 1.0010 2.3016 2.2130 38 Error 

          59 Total 

**: Significant at 1% probability level; *: Significant at 5% probability level  

 

Results and discussion 
The results of the analysis of variance of the data 

collected from seed germination, germination rate, 

rootlet length, stemlet length, rootlet wet weight, rootlet 

dry weight, stemlet wet weight, stemlet dry weight, 

plantlet wet weight, plantlet dry weight in Table 1 

showed that the traits have significant differences. 

Also, the results of comparing the average of the 

studied traits are presented below: 

Germination percentage. The results of comparing 

the means (Table 2-1) show that the highest percentage 

of germination is related to -2 bar treatment with 

98.54%, while the lowest percentage of germination is 

related to -6 bar with zero percent, if we compare these 

parameters with the control (with 99.13% germination) 

and it is clear that the ratio was higher than all 

treatments. Also, considering Hashem, it had a higher 

germination percentage (5.47%) and the lowest 

germination percentage was observed in the Azad 

genotype (0.00%) at -6 bar. Regarding the decrease in 

germination percentage with increasing load, according 

to the studies of De and Kar (1994), increasing the load, 

of polyethylene glycol reduces the germination 

percentage and survival of plants (Muscolo et al., 2014). 

Germination rate: The results of analysis of 

variance in this study not only showed a significant 

difference at the level of 1% on the rate of germination 

between different treatments, but also different chickpea 

genotypes had a significant difference in terms of 

germination rate at the level of 1% (Table 1). On the 

other hand, according to the comparison of averages 

(Table 2-2), the highest germination rate was related to 

the treatment of -2 bar (the number of germinated seeds 

compared to the days passed) in Hashem (17.50 day), 

while the lowest germination rate is related to Azadi in -

4 bar (7 87 day), if we compare these parameters with 

control, it is clear that the ratio is higher than all of 

treatments. One of the important indicators in evaluating 

tolerance to drought stress of cultivars is their 

germination rate, so that cultivars with high germination 

rate in drought stress conditions have the possibility of 

faster germination than other cultivars. The higher the 

germination rate in some genotypes, the higher the rate 

of water uptake and seed germination (Levitt, 1980). 

Also, The RGR and WC of shoots and roots all 

decreased with increasing PEG concentration, with the 

greatest reductions occurring under the highest water 

stresses (Partheeban et al., 2017). 

Rootlet length: The results of the study showed that 

the maximum root length was observed in both 

treatment (control) and treatment -2 bar, 28.99 and 

18.660 mm respectively, while no root length was 

observed in -6 and -8 bar. Hashem genotype had a 

higher root length (18.67 mm) than Arman genotype 

(14.67 mm) and the lowest root length was observed in 

Binalood genotype (4.98 mm) (Table 2-3). Reducing the 

length of the root, based on the results of Asghari's 

research (1992), to reduce the absorption of water by 

seeds, which reduces the secretion of hormones and 

enzyme activity, and thus disrupts root growth and its 

length. 

Stemlet length: The results of the experiment 

showed differences between different treatments. So 

that the maximum length of the stem was related to the 

treatment of -2 bar (2.01 mm), while no the stemlet was 

detected in -4, -6- and -8-bar. Also, there were the 

significant differences between chickpea genotypes in 

terms of stemlet length (Table 2-4). The higher stemlet 

length was observed in Hashem genotype that higher 

than other genotypes. In a report of research by Robin et 

al. (2021), PEG-induced osmotic stress alters root 

morphology and root hair traits in wheat genotypes. It 

cited the causes of reduced stemlet length under stress, 

reduced or no transfer of nutrients from the cotyledons 

to the stemlet. 

Root wet weight: Different chickpea cultivars have 

a significant differences in terms of root wet weight, so 

that the highest wet weight of the root is related to the 

treatment of -2 bars with 15.98 mg, while wet weight of 

the root is corresponding to the control with 24.56 mg 

(Table 2-5). Munir et al. (2004) in their study of the 

effect of osmotic stress on a number of lentil cultivars 

stated that the root and stem weight of the lentil 

cultivars studied ramped down with decreasing osmotic 

potential. 

Root dry weight: In this study, different chickpea 
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Table 2-1. Effect of drought-induced stress by PEG6000 on seed germination of chickpeas 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 2-2. Effect of drought-induced stress by PEG6000 on seed germination rate of chickpeas 

Germination rate (day) 
PEG (Bar) 

Arman Azad Hashem Binalood 

17.58a 7 87b 15.50b  14.89b -2 

9 56b 3.58c 15 78b 9 67c -4 

0 00c 0 00d 0 00c 0 00d -6 

0 00c 0 00d 0 00c 0 00d -8 

17 95a 17 98a 18 31a 18 67a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 2-3. Effect of drought-induced stress by PEG6000 on rootlet length of chickpeas 

Rootlet length (mm) 
PEG (Bar) 

Arman Azad Hashem Binalood 

14.67b 4.98b 18.67b 9.34b -2 

4.98c 2.89c 14.78c 4.45c -4 

0 00d 0 00c 0 00d 0 00d -6 

0 00d 0 00c 0 00d 0 00d -8 

24.87a 21.69a 34.99a 31.56a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 2-4. Effect of drought-induced stress by PEG6000 on stemlet length of chickpeas  

Stemlet length (mm) 
PEG (Bar) 

Arman Azad Hashem Binalood 

1.11b 0.99b 2.01b 1.10b -2 

0 00c 0 00c 0 00c 0 00c -4 

0 00c 0 00c 0 00c 0 00c -6 

0 00c 0 00c 0 00c 0 00c -8 

1.92a 1.62 2.12a 1.82a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table2-5. Effect of drought-induced stress by PEG6000 on rootlet wet weight of chickpeas  

Rootlet wet weight (mg) 
PEG (Bar) 

Arman Azad Hashem Binalood 

12.67b 10.67b 15.98b 12.43b -2 

5.98c 4.04c 6.34c 5.99c -4 

0 00d 0 00d 0 00d 0 00d -6 

0 00d 0 00d 0 00d 0 00d -8 

18.67a 14.78a 24.56a 23.31a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 

genotypes were different in terms of dry root weight 

(Table 2-6). So that the highest dry weight of the roots 

is related to the treatment of -2 bar with 0.38 mg, while 

in the control the highest dry root weight was observed 

in comparison with all treatments. (Goicoechea et al., 

1997) stated that the difference in root dry weight can 

be due to differences in the content of nutrients in the 

seeds, so that larger seeds provide more nutrients to the 

roots. 

Stemlet wet weight: Comparison of means (Table 

2-7) shows that the highest wet weight of the Stemlet 

related to the treatment of -2 bar with 3.34 mg, while if 

these parameters are associated with control such as 

Hashem genotype (with a higher stem wet weight of 

14.40 mg) Our comparison shows that the ratio is higher 

than all of treatments. Munir et al. (2004) stated in their 

studies on the effect of osmotic stress on a number of 

lentil cultivars that, the root weight and stem of the 

lentil cultivars studied ramped down with decreasing 

osmotic potential. 

Stemlet dry weight: The results of the study of dry 

weight of the stem or between different treatments 

showed that the highest dry weight of the stem is related 

to the treatment of 2 times (0.13 mg), while in the 

treatment control, Binalood genotype has dry stem 

weight. What was higher (0.34 mg) than free genotypes 

PEG (Bar) 
Seed germination (%) 

Binalood Hashem Azad Arman 

-2 97.45a 98.54a 27.56b 84.00b 

-4 39.67b 97.34a 24.98b 67.00c 

-6 0 00d 5.47b 0.00c 2.00d 

-8 0 00d 0.34bc 0.00c 0.00d 

0 99.03a 99.13a 98.08a 98.45a 
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Table 2-6. Effect of drought-induced stress by PEG6000 on rootlet dry weight of chickpeas  

Rootlet dry weight (mg) 
PEG (Bar) 

Arman Azad Hashem Binalood 

0.29b 0.10b 0.38b 0.20b -2 

0.15c 0.04c 0.24c 0.09c -4 

0 00d 0 00d 0 00d 0 00d -6 

0 00d 0 00d 0 00d 0 00d -8 

0.47a 0.21a 0.50a 0.31a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 2-7. Effect of drought-induced stress by PEG6000 on stemlet wet weight of chickpeas  

Stemlet wet weight (mg) 
PEG (Bar) 

Arman Azad Hashem Binalood 

3b 2b 2b 3b -2 

0c 0c 0c 0c -4 

0c 0c 0c 0c -6 

0c 0c 0c 0c -8 

9a 0 14a 13a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 2-8. Effect of drought-induced stress by PEG6000 on stemlet dry weight of chickpeas  

Stemlet dry weight (mg) 
PEG (Bar) 

Arman Azad Hashem Binalood 

0.04b 0.13b 0.10b 0.11b -2 

0.04b 0c 0c 0c -4 

0bc 0c 0c 0c -6 

0bc 0c 0c 0c -8 

0.12a 0.30a 0.18a 0.33a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 

and Hashem (0.32 and 0.17 mg) and the lowest dry stem 

weight was observed in Arman genotype (0.10 mg) 

(Table 2-8). It seems that one of the reasons for the 

reduced dry weight of the stem, whether in low water 

potentials, is the low motility of nutrients and their 

lower transfer from the cotyledons to the embryonic 

axis. It is noteworthy that factors that affect the growth 

rate of the embryonic axis can affect the motility of food 

and their transfer from the cotyledons to the embryonic 

axis. This has been confirmed by Daffalla et al. (2011). 

Plantlet wet weight: The highest weight of 

seedlings was related to -2 bar treatment (87.00 mg) 

among of polyethylene glycol treatments, while the 

Binalood genotype had a higher seedling weight (116.54 

mg) than others in normal (control) condition (Table 2-

9). The results of different research on plants seeds in 

drought stress conditions showed that the reduction of 

water uptake by seeds reduces the secretion of 

hormones and enzyme activity and thus disrupts plant 

growth and weight (Yang et al., 2021). 

Plantlet dry weight: The dry weight of seedlings 

was different between different treatments, so that the 

highest dry weight of seedlings was related to the 

treatment of -2 bar (0.38 mg) related to Binalood 

cultivar, while the same genotype had a dry seedling 

weight of 0.69 in normal conditions (Table 2-10). The 

results of this experiment are similar to the results of 

Abonus (2001) that stated as the osmotic pressure 

increases due to drought stress, the growth of the plant 

decreases. In this regard, the reduction of dry weight of 

Plantlet due to reduced transfer of metabolic products 

due to enzymatic hydrolysis of seed storage materials. 

Proline content: The results of analysis of variance 

in Table 3 showed a significant difference at the level of 

1% on the amount of proline between different 

treatments. So that the highest amount of proline is 

related to the treatment of -2 bar (0.41 µmol.g) in 

Hashem cultivar, while this amount of proline seen at 

same cultivar (0.14 µ mol.g) under control condition. 

Chickpea genotypes also had a significant difference in 

terms of proline level of 1% (Table 3). Hashem 

genotype had a higher proline level (0.41µ mol.g) than 

Arman, Binalood and Azadi genotypes (0.35, 0.29 and 

0.19 respectively) (Fig. 1). It has been shown that with 

increasing drought stress, proline content in the plant 

ramped up and the amount of protein decreased due to 

their higher fracture to produce proline so that the plant 

could better withstand stress (Chiang and Dandekar, 

1995). Many researchers have investigated the role of 

proline as osmolite in plant response to water stress. 

Their reports have indicated that increased proline 

levels protect the plant from stress (Hayat et al., 2012; 
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Table 2-9. Effect of drought-induced stress by PEG6000 on plantlet wet weight of chickpeas  

Plantlet wet weight (mg) 
PEG (Bar) 

Arman Azad Hashem Binalood 

68b 78b 77b 78b -2 

71b 85b 69b 78b -4 

0c 0c 0c 0c -6 

0c 0c 0c 0c -8 

84a 101a 98a 116a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 2-10. Effect of drought-induced stress by PEG6000 on plantlet dry weight of chickpeas  

Plantlet dry weight (mg) 
PEG (Bar) 

Arman Azad Hashem Binalood 

0.18b 0.28b 0.19b 0.28b -2 

0.17b 0.16c 0d 0d -4 

0d 0d 0d 0d -6 

0d 0d 0d 0d -8 

0.27a 0.56a 0.30a 0.69a 0 

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test 

 
Table 3. Results of analysis of variance of the effect of polyethylene glycol and cultivar on chickpea proline and Fv/Fm in 

laboratory conditions 

Sources of 

variations 

Degrees 

of 

freedom 

MS 

Proline 

(µ mol.g) 
Fv/Fm 

APX  CAT  POD  SOD  

(μmol/gfw min-1) 

PEG 1 * ** ** ** ** ** 

Cultivar 3 ** ** * ** ** * 

Cultivar ×PEG 3 ** ** ** * ** ** 

Error 13 0.000161 0.000970 0.00012 0.00002 0.000019 0.00001 

Total 22       

**: Significant at 1% probability level; *: Significant at 5% probability level  
 

 
Fig. 1. Chickpea proline content in different treatments 

 

Arteaga et al., 2020). A stressful condition has been 

reported to lead to overproduction of proline in plants, 

which in turn creates stress tolerance by maintaining 

cellular turgor or osmotic balance. Stabilization of the 

membranes thus prevents electrolyte leakage. Putting 

the concentration of reactive oxygen species (ROS) in 

the normal range, thus protecting plants from oxidative 

explosion (Hayat et al., 2012; Desoky et al., 2021). 

Interestingly, when the drought condition was extended 

to 10 days, the free proline contents in Zarin and Sardari 

cultivars of wheat, respectively, increased to 5 and 4 

times that of the control (Jahanbakhsh et al., 2017). 

Also, previous reports that has been showed water stress 

induces higher proline contents in drought condition and 
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Fig. 2. Chickpea Fv/Fm in different treatments 

 

the greatest amounts of free proline accumulate in the 

leaf tissues of crops under stress, (Vendruscolo et al., 

2007; Shamsi, 2010; Hussain et al., 2011). 

Quantum efficiency of the photosystem II (Fv.Fm). 

The results related to quantum efficiency of the 

photosystem II (Table 2) showed that individual effects 

of cultivar and drought stress, as well as dual 

interactions of cultivar × drought stress were significant 

(P < 0.01). In this line of inquiry, the results of 

interactions of cultivar × drought stress (Table 3), 

indicated that drought-induced stress by PEG6000 leads 

to a reduction in the Fv/Fm. The maximum amount of 

quantum efficiency of photosystem II (Fv/Fm) was 

found in the Hashem cultivar (0.669) under -2 bar 

condition, and the lowest amount in Azad cultivar 0.500 

(Fig. 2). The results related to quantum efficiency of the 

photosystem II in all cultivars were different. This 

difference might be due to reducing the consumption of 

electron transport chain products (NADPH and ATP), 

which leads to both a reduction in ferredoxin and, 

consequently, results in thylakoid membrane proteins 

destruction. Furthermore, the above mentioned changes, 

first, disturb the electron transferring process from the 

receptive site of photosystem II and the maximum 

productivity of this photosystem II. Then, they cause an 

increase in chlorophyll fluorescence as well (Piper et 

al., 2007). 

As a matter of fact, under drought stress condition, 

the amount of received solar energy by the leaf, which 

is generally consumed for electron transferring and 

phosphorylation in normal cases, is mostly transformed 

into heat. Moreover, the produced heat is recognized by 

chlorophyll fluorescence. Additionally, in tolerant 

cultivars exposed to drought stress, less amount of 

received solar energy was wasted. In other words, the 

highest photosystem II quantum efficiency (Fv/Fm) 

occured in the tolerant variety. 

The activity of antioxidant enzymes: In order to 

evaluate the response of antioxidant system of four 

chickpea cultivars to drought stress induced by 

PEG6000, enzyme activity APX, CAT, POD and SOD 

were examined in the foliage (Table 4). Both cultivars 

and drought stress factors had a significant effect on 

POD, CAT, APX and SOD enzymes activity in 

chickpea foliages. chickpea cultivars were significantly 

different in this regard. The highest activity of these 

enzymes (POD, CAT, APX and SOD) were observed in 

Hashem (0.442 μmol/GFW min-1, 1.536 μmol/GFW 

min-1, 1.792 and 2.303 μmol/GFW min-1) and (0.183 

μmol/GFW min-1) and the lowest level of activity in 

cultivar of Azad (0.183 μmol/GFW min-1, 1.025 

μmol/GFW min-1, 1.411 and 1.743 μmol/GFW min-1) 

under stress conditions respectively. Comparison of 

stress with the control showed that drought stress 

increased enzymes activity compared to the control 

(Table 4).  
In the present study, chickpea cultivar and drought 

stress had a significant effect on the activity of leaf 

antioxidant enzymes including SOD, POD, CAT and 

APX. In all of the cultivars, the activity of these 

enzymes increased under the influence of drought stress 

treatment. Differences between control and treated 

plants in terms of SOD activity in all chickpea cultivar 

and drought stress were significant. According to 

reports, when plants are exposed to stress, including 

drought stress, the activity of antioxidant enzymes in 

the photosynthetic apparatus protects the plant against 

oxidative damage (Nasr Esfahani, 2013). Superoxide 

dismutase (SOD) removes the superoxide anion (O2-) 

produced by the electron transfer chain in chloroplasts 

and mitochondria, and then, the H2O2 produced by SOD 

activity is eliminated by APX and POD in different 

parts of the cell. In addition, CAT also eliminates the 

H2O2 produced in the light-breathing pathway inside the 

peroxisomes (Foyer and Noctor, 2003). The sweeping 

capacity of reactive oxygen species (ROS) and the 

reduction of their harmful effects may be associated 

with the drought tolerance of plants (Mafakheri et al., 

2011).  

In scientific reports, the close relationship between 

the high activity of antioxidant enzymes and increased 

resistance to drought stress has been repeatedly pointed 

out and emphasized. For example, the activity of SOD, 

CAT, and APX increased significantly compared to a 

drought-sensitive plants, leading to lower lipid 

peroxidation levels and electrolyte leakage (Alscher et 

al., 2002; Turkan et al., 2005). Meanwhile, a drought-
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Table 4. Comparison of mean the activity of leaf antioxidant enzymes including superoxide dismutase (SOD), peroxidase 

(POD), catalase (CAT), and ascorbate peroxidase (APX) of selected Chickpea cultivars in response to drought stress 

Means in each column with the same letters are not s significantly different at the 5% level 

 

resistant bean species showed higher SOD, CAT, POD, 

and APX activity, as well as lower levels of lipid 

peroxidation, compared to its drought-sensitive species 

(Foyer and Noctor, 2003; Turkan et al., 2005). 

 
Conclusion 

In the present study, all conditions were the same for all 

chickpea genotypes (Arman, Azad, Binalood and 

Hashem) and the genotypes were evaluated based on 

different drought levels. Genotypes in all traits were 

significantly different from the treatment at the level of 

1%, which to evaluate the tolerance of chickpea 

genotypes to drought stress in the germination stage, the 

best trait percentage of germination. The Azad cultivar 

had the lowest level of drought tolerance of -2 bar. Also, 

studies on the measurement of Fv.Fm and proline at two 

levels of control and glycol polyethylene solution at the 

level of 2-bar showed that there was a significant 

difference between the treatments at the level of 1%. 

The results related to Fv/Fm in all cultivars were 

different. The maximum amount of Fv/Fm was found in 

the Hashem cultivar (0.669) under -2 bar condition, and 

the lowest amount in Azad cultivar 0.500. Also, 

examination of chickpea cultivars revealed that there 

was a difference between them in terms of proline 

content under normal conditions and stress. So that the 

hashem cultivar showed the highest amount of proline 

in the polyethylene glycol solution -2 bar. The best level 

of drought stress for germination and plant 

establishment was -2 bar, which decreased with 

decreasing water potential. 

The results of activity of antioxidant enzymes in this 

study showed that drought tolerate cultivars were 

tolerant to drought stress by increasing the capacity of 

the antioxidant system to remove reactive oxygen 

species and prevent membrane peroxidation. Therefore, 

the reasons of the observed differences can be attributed 

to genetics, so that in this study, Hashem, Arman, 

Binalood and Azad genotypes were ranked in the next 

ranks in terms of tolerance of drought stress caused by 

polyethylene glycol, respectively. Overall, the 

commercial cultivar Hashem showed drought tolerance 

at high stress levels, indicating their potential for 

production applications. 

 

Acknowledgments 

The authors thank the financial support of the 

Agricultural Research, Education and Extension 

Organization. The authors also thank Dr. Sadegzadeh 

for the valuable material of plants. 

 

 
References 

Abbasnejad, A. (2006) Evaluation of planting time change on crop yield of chickpeas and lentils using seed priming 

method. University of Tehran.  

Abonus, M. (2001) Physiological study of the effects of drought stress on germination and seedling stage of lentil 

cultivars. Ferdowsi University of Mashhad. 

Adhikari, S., Schop, M., de Boer, I. J. M. and Huppertz, T. (2022) Protein quality in perspective: A review of protein 

quality metrics and their applications. Nutrients 14: 947.  

Ahmadloo, F., Tabari, M. and Behtari, B. (2011) Effect of drought stress on the germination parameters of cupressus 

seeds. International Journal of Forest, Soil and Erosion 1: 11-17. 

Alscher, R. G., Erturk, N. and Heath, L. S. (2002) Role of superoxide dismutases (SODs) in controlling oxidative stress. 

Journal of Experimental Botany 53: 1331-1341.  

Aniat-ul-Haq, R. V. and Agnihotri, R. (2010) Effect of osmotic stress (PEG) on germination and seedling survival of 

lentil (Lens culinaris Medik.). Research Journal of Agricultural Sciences 1: 201-204. 

Asghari, M. (1992) Ethylene efect on osmotic adjustment and growth of axial and cotyledonarytissues of seed under 

drought stress. Agricultural Sciences Industry 7: 137-145. 

Arteaga, S., Yabor, L., Diez, M. J., Prohens, J., Boscaiu, M. and Vicente, O. (2020) The use of proline in screening for 

tolerance to drought and salinity in common bean (Phaseolus vulgaris L.) genotypes. Agronomy 10: 817.  

Baalbaki, R., Zurayk, R., Bleik, S. and Talhuk, A. (1990) Germination and seedling development of drought susceptible 

wheat under moisture stress. Seed Science and Technology 17: 291-302. 

SOD  SOD  APX  APX  CAT  CAT  POD  POD  

Genotype (μmol/gfw min-1) 

Control stress(-2 bar) Control stress(-2 bar) Control stress(-2 bar) Control stress(-2 bar) 

1.3140a 2.183bc 0.541a 1.731b 0.556 a 1.246b 0.173a 0.314b Arman 

1.097ab 1.743d 0.502ab 1.411d 0.544b 1.025c 0.169a 0.183d Azad 

1.401a 2.303b 0.601a 1.792a 0.567a 1.536a 0.179a 0.442a Hashem 

1.163ab 2.061d 0.534 a 1.554c 0.541 a 1.087c 0.178a 0.376c Binalood 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

14
01

.1
1.

52
.1

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
sp

p.
iu

t.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                             9 / 11

https://dorl.net/dor/20.1001.1.23222727.1401.11.52.1.0
https://jispp.iut.ac.ir/article-1-1647-en.html


Journal of Plant Process and Function, Vol. 11, No. 52, Year 2023 10 

 

 

Bagheri, A. R. (1997) Chickpea cultivation and breeding: Mashhad University, Jihad Publications (persian).  

Bates, L. S., Waldren, R. P. and Teare, I. (1973) Rapid determination of free proline for water-stress studies. Plant and 

Soil 39: 205-207. 

Bradford, K. J. (1995) Water relations in seed germination. Seed Development and Germination 1: 351-396. 

Bradford, K. J. and Haigh, A. M. (1994) Relationship between accumulated hydrothermal time during seed priming and 

subsequent seed germination rates. Seed Science Research 4: 63-69. 

Beauchamp, C. and Fridovich, I. (1971) Superoxide mutase: Improved assays and an assay applicable to acrylamide 

gels. Analytical Biochemistry 44: 276-287. 

Chiang, H. H. and Dandekar, A. (1995) Regulation of proline accumulation in Arabidopsis thaliana (L.) Heynh during 

development and in response to desiccation. Plant, Cell and Environment 18: 1280-1290. 

Daffalla, H., Abdellatef, E., Elhadi, A. and Khalafalla, M. (2011) Effect of growth regulators on In Vitro morphogenic 

response of Boscia senegalensis (Pers.) Lam. Poir. using mature zygotic embryos explants. Biotechnology Research 

International 1: 1-8. 

De, R. and Kar, R. (1995) Seed germination and seedling growth of mung bean (Vigna radiata) under water stress 

induced by PEG-6000. Seed Science and Technology 23: 301-308. 

Desoky, E. S. M., Mansour, E., El-Sobky, E. S. E. A., Abdul-Hamid, M. I., Taha, T. F., Elakkad, H. A., Arnaout, S. M. 

A. I., Eid, R. S. M., El-Tarabily, K. A. and Yasin, M. A. T. (2021) Physio-biochemical and agronomic responses of 

faba beans to exogenously applied nano-silicon under drought stress conditions. Frontiers in Plant Science  

12: 637783.  

Emmerich, W. E. and Hardegree, S. P. (1990) Polyethylene glycol solution contact effects on seed germination. 

Agronomy Journal 82: 1103-1107. 

Fan, J. W., Du, Y. L., Turner, N. C., Li, F. M. and He, J. (2012) Germination characteristics and seedling emergence of 

switchgrass with different agricultural practices under arid conditions in China. Crop Science 52: 2341-2350. 

Foyer, C. and Noctor, G. (2003) Redox sensing and signaling associated with reactive oxygen in chloroplasts, 

peroxisomes and mitochondria. Physiologia Plantarum 119: 355-364.  

Gholamin, R. and Khayatnezhad, M. (2010) Effects of polyethylene glycol and NaCl stress on two cultivars of wheat 

(Triticum durum) at germination and early seeding stages. American Eurasian Journal of Agriculture and 

Environmental Science 9: 86-90. 

Goicoechea, N., Antolin, M. and Sanchez‐Diaz, M. (1997) Gas exchange is related to the hormone balance in 

mycorrhizal or nitrogen‐fixing alfalfa subjected to drought. Physiologia Plantarum 100: 989-997. 

Ibrahim, M., Zeid, N. and Semary, E. (2001) Response of two differentially drought. Tolerant varieties of maize to 

drought stress. Pakistan Journal of Biological Sciences 4: 779-784. 

Hussain, S. S., Qbal, M. T. I., Arif, M. A. and Amjad, M. (2011) Beyond osmolites and transcription factors: Drought 

tolerance in plants via protective proteins and aquaporins. Biologia Plantrum 55: 401-413. 

Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S., Pichtel, J. and Ahmad, A. (2012) Role of proline under changing 

environments. Plant Signaling and Behavior 7: 1456-1466.  

Hellal, F. A., El-Shabrawi, H. M., Abd El-Hady, M., Khatab, I. A. and El-Sayed Chedly Abdelly, S. A. A. (2018) 

Influence of PEG induced drought stress on molecular and biochemical constituents and seedling growth of 

Egyptian barley cultivars. Journal of Genetic Engineering and Biotechnology 16: 203-212.  

Jahanbakhsh, S., Chilan, H. and Razavi, K. (2017) Effects of water deficit on the physiological response, total protein, 

and gene expression of Rab17 in wheat (Triticum aestivum). Journal of Plant Process and Function 5: 35-42. 

Kaufmann, M. R. and Eckard, A. N. (1971) Evaluation of water stress control with polyethylene glycols by analysis of 

guttation. Plant Physiology 47: 453-456. 

Levitt, J. (1980) Response of Plants to Environmental Stresses. Academic Press, New York.  

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. C. and Sohrabi, Y. (2011) Effect of drought stress and 

subsequent recovery on protein, carbohydrate contents, catalase and peroxidase activities in three chickpeas (Cicer 

arietinum) cultivars. Australian Journal of Crop Science 5: 1225-1260. 

Marschner, H. (2011) Marschner's Mineral Nutrition of Higher Plants: Academic Press. 

Maxwell, K. and Johnson, G. N. (2000) Chlorophyll fluorescence—a practical guide. Journal of Experimental Botany 

51: 659-668. 

Mc Kenzie, B. A. and Hill, G. D. (1991) Intercepted radiation and yield on Lentil in Canterbury. New Zealand. Journal 

of Agriculture Science 117: 339-349. 

Munir A. T., Abdel Rahman. M. T. and Kyung, D. L. (2004) Seed germination and seedling growth of three lentil 

cultivars under moisture stress. Asian Journal of Plant Sciences 3: 394-397. 

Muscolo, A., Sidari, M., Anastasi, U., Santonoceto, C. and Maggio, A. (2014) Effect of drought stress on germination 

of four lentil genotypes. Journal of Plant Interaction 9: 354-363. 

Nakano, Y. and Asada, K. (1981) Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinch 

chloroplasts. Plant and Cell Physiology 22: 679-690.  

Nasr Esfahani, M. (2013) Effect of dry stress on growth and antioxidant system in three chickpea (Cicer arietinum L.) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

14
01

.1
1.

52
.1

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
sp

p.
iu

t.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                            10 / 11

https://dorl.net/dor/20.1001.1.23222727.1401.11.52.1.0
https://jispp.iut.ac.ir/article-1-1647-en.html


11 Masomi  et al.,                                                                                    Effect of drought-induced stress by PEG6000 on … 

 

 

cultivars. Journal of Plant Biology 5: 111-124. 

Partheeban, C., Chandrasekhar, C. N., Jeyakumar, P., Ravikesavan, R. and Gnanam, R. (2017) Effect of PEG induced 

drought stress on seed germination and seedling characters of maize (Zea mays L.) genotypes. International Journal 

of Current Microbiology and Applied Sciences (IJCMAS) 6: 1095-1104.  

Plewa, M. J., Smith, S. R. and Wanger, E. D. (1991) Diethyldithiocarbamate suppresses the plant activation of aromatic 

amines into mutagens by inhibiting tobacco cell peroxidase. Mutation Research 247: 57-64.  

Piper, F. I., Corcuera, L. J., Alberdi, M. and Lusk, C. (2007) Differential photosynthetic and survival responses to soil 

drought in two evergreen Nothofagus species. Annals of Forest Science 64: 447-452. 

Prisco, J., Baptista, C. and Pinheiro, E. (1992) Hydration, dehydration seed. Pretreatment and its effects on seed 

germination under water stress. Plant Physiology 70: 114-126. 

Razzaq, H., Nadeem Tahir, M. H., Ahmad Sadaqat, H. and Sadia, B. (2017) Screening of sunflower (Helianthus annus 

L.) accessions under drought stress conditions, an experimental assay. Journal of Soil Science and Plant Nutrition 

17: 662-671. 

Robin, A. H. K., Ghosh, S. and Shahed, M. A. (2021) PEG-induced osmotic stress alters root morphology and root hair 

traits in wheat genotypes. Plants 10: 1042.  

Semba, R. D., Ramsing, R., Rahman, N., Kraemer, K. and Bloem, M. W. (2021) Legumes as a sustainable source of 

protein in human diets. Global Food Security 28: 100520 

Semba, R. D., Rahman, N., Du, S., Ramsing, R., Sullivan, V., Nussbaumer, E., Love, D. and Bloem, M. W. (2021) 

Patterns of legume purchases and consumption in the united states. Frontiers in Nutrition 8: 732237.  

Shamsi, K. (2010) The effects of drought stress on yield, relative water content, proline, soluble carbohydrates and 

chlorophyll of bread wheat cultivars. Animal Plant Science 8: 1051-1060. 

Soleimani, H., Rashidfar, M. and Malekian, A. (2011) Effect of salinity and drought by using NaCl 99.99% and PEG 

6000 on some growth factors on anabasis aphylla. In 2nd International Conference on Environmental Engineering 

and Applications, IPCBEE 17: 168-172. 

Sun, C., Li, X., Hu, Y., Zhao, P., Xu, T., Sun, J. and Gao, X. (2015) Proline, sugars, and antioxidant enzymes respond 

to drought stress in the leaves of strawberry plants. Korean Journal of Horticultural Science and Technology  

33: 625-632.  

Syvertsen, J. and ML, S. (1983) Environmental stress and seasonal changes in proline concentration of citrus tree 

tissues and juice. [Grapefruit, Citrus paradisi, rough lemon, Citrus jambhiri]. Journal of the American Society for 

Horticultural Science 108: 861-866. 

Tavakol, E., Jakli B., Cakmak I., Dittert, K., Karlovsky, P., Pfohl, K. and Senbayram, M. (2018) Optimized potassium 

nutrition improves plant-water-relations of barley under PEG-induced osmotic stress. Plant and Soil 430: 23-35.  

Tavakol, E., Jakli, B., Cakmak, I., Dittert, K., Karlovsky, P., Pfohl, K. and Senbayram, M. (2022) Optimization of 

potassium supply under osmotic stress mitigates oxidative damage in barley. Plants (Basel) 11: 55.  

Turk, M. A., Tawaha, A. R. M. and Lee, K. D. (2004) Seed germination and seedling growth of three lentil cultivars 

under moisture stress. Asian Journal of Plant Sciences Asian Journal of Plant Sciences 3: 394-397. 

Turkan, S., Bor, M., Ozdemir, F. and Koca, H. (2005) Differential responses of lipid peroxidation and antioxidants in 

the leaves of drought-tolerant P. acutifolius Gray and drought-sensitive P. Vulgaris L. subjected to polyethylene 

glycol mediated water stress. Plant Science 168: 223-231. 

Vendruscolo, A. C. G., Schuster, I., Pileggi, M., Scapim, C. A., Molinari, H. B. C., Marur, C. J. and Vieira, L. G. C. 

(2007) Stress-induced synthesis of proline confers tolerance to water deficit in transgenic wheat. Journal of Plant 

Physiology 164: 1367-1376. 

Wu, L., Deng, Z., Cao, L. and Meng, L. (2020) Effect of plant density on yield and quality of perilla sprouts. Scientific 

Reports 10: 9937.   

Yang, X., Lu, M., Wang, Y., Wang, Y., Liu, Z. and Chen, S. (2021) Response mechanism of plants to drought stress. 

Horticulturae 7: 50. 

Zaiyou, J., Xiuren, Z. and Jing, T. (2020) Photosynthetic and chlorophyll fluorescence characteristics of Isodon 

rubescens (Hemsley) H. Hara. Scientific Reports 10: 10043.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

14
01

.1
1.

52
.1

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
sp

p.
iu

t.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://www.researchgate.net/journal/Global-Food-Security-2211-9124
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8747552/
https://dorl.net/dor/20.1001.1.23222727.1401.11.52.1.0
https://jispp.iut.ac.ir/article-1-1647-en.html
http://www.tcpdf.org

