
 

 

INTRODUCTION 

 

Since the population of the world is increasing rapidly, food 

security has become the most concerning issue of the world 

that leads the agricultural sector to start focusing on 

techniques that help to mitigate abiotic stresses (Gonulal, 

2020; Sivakumar et al., 2020). Water stress is the most 

devastating abiotic stress that reduces up to 50-60% of crop 

yield (Sadeghipour and Abbasi, 2012; Zulfiqar et al., 2020; 

Basal and Szabo. 2020). The water scarcity that leads to 

drought stress, is a major concern in countries like Pakistan, 

especially since the last decade. In 2018, around 45% 

reduction in rainfall has been observed in Pakistan (FAO, 

2019). Soybean belongs to the leguminous family, and it is 

considered one of the most substantial oilseed crops in 

Pakistan. It is consumed all over the world due to its 

nutritional value (Naamala et al., 2016). It is known with 
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different names in different regions of the world such as meat 

of field or meat without bones etc. It is comprised of 40-42% 

protein and 18-20% oil contents (Kumar et al., 2019; Akram, 

2019). The seeds of soybean contain different vitamins and 

antioxidants that reinforce their nutritional value (Meghvansi 

et al., 2010; Silva et al., 2011). It is equally significant for 

both animals along the human diet (Devi et al., 2012). In 

reference to its dry-matter analysis, some comprised of 30% 

carbohydrates primarily including cellulose, hemicellulose, 

and polysaccharides (Zheng et al., 2019). The soybean 

incorporates 80% of the total area of overall leguminous crops 

and 68% of the total production of leguminous crops (Sabagh 

et al., 2019). According to International World Soybean 

Production-2017, the total production of more than 340 

million metric tons (MMT) of soybean was recorded globally 

in 2016. The countries including the USA, Brazil, and 

Argentina are ranked as the top three territories based on their 
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Soybean is considered among the crops that demand a plentiful water supply, particularly during the growth phase to achieve 

maximum production. The drought stress adversely reduces the productivity and yield of soybean as compared to other legumes 

crops. With the passage of time, the local varieties of soybean have declined their yield potential because they have no 

resistance against abiotic stresses. There is a need to explore the avenues that minimize the impact of drought on soybean 

plants. In this regard, a pot experiment was performed to assess the exogenously applied foliar supplementation of proline and 

glycine betaine osmolytes @10mM and 20mM on the various physical parameters, oxidative stress amelioration, and cessation 

of damaging lipid peroxidation that indicates the beneficial effects of osmolytes supplementation in drought-stressed soybean. 

The water stress was applied at 50% of field capacity sown with three different genotypes of soybean including Ajmeri, Rawal, 

and Faisal-Soy. This leads to the reduced morphological growth and physiological response in all three soybean genotypes in 

lieu of water stress conditions. The water stress also reduced the content of proline and glycine betaine and reduced the activity 

of antioxidant enzymes. It also enhanced the process of lipid peroxidation in all genotypes of soybean. The osmolyte treatments 

enhanced the resistance against drought stress conditions by improving the physiological response and antioxidant enzymatic 

activity. It also decreased the degree of lipid peroxidation evaluated through MDA and H2O2 contents. The most significant 

results were found in the Ajmeri genotype as compared to other genotypes at 20mM foliar application of proline. Therefore, it 

is suggested that the use of exogenous osmolytes especially proline is helpful in enhancing soybean production and alleviating 

the drought stress effects. 
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production and cultivation of the soybean. The share of these 

countries in total production of soybean was documented 

117.20 MMT, 114 MMT, and 57.80 MMT respectively 

according to World Agricultural Production USA 2017 (Asif 

et al., 2021). It is processed and crushed into different soya 

products such as soymeal, soy-flour, soymilk, and many other 

products. The main consumption of soybean has been 

reported primarily in animal feed as compared to the human 

diet and it is estimated that only 3% proportion of total 

production is used in the human diet and the rest is used for 

animal feeds (Cardoso et al., 2018). 

Soybean was brought to Pakistan in the 1960s and it was 

commercially used in the 1970s. In the 1990s, a little research 

work was started on breeding and genetics of soybean but due 

to little concern and lack of resources, only a few varieties 

were developed which are still in use to date. With the passage 

of time, these varieties have declined their yield potential 

because they have no resistance against abiotic stresses while 

contrarily these stresses are increasing alarmingly every year 

in countries like Pakistan (Khurshid, 2017; Asad, 2020; 

Pushpavalli et al., 2020). As reported by the United States 

Department of Agriculture (USDA), Pakistan has imported 

2.5 MMT soybean in 2019-20. In 2018-19 Pakistan spent US 

$1.5 billion on the import of soybean. In Pakistan, the imports 

and consumption of soybean were increased by 455% and 

478% respectively, in the year 2019-20 as compared to 2014-

15 (Ahmed et al., 2020).  

The worldwide change in climate conditions has given birth 

to several abiotic stresses that affect the growth of plants and 

cause a major issue of food security worldwide. (Shao et al., 

2007; Cardoso et al., 2018; Zheng et al., 2019). Water scarcity 

is the main hotspot of abiotic stresses in the world that caused 

a substantial impact on the quality and quantity of the crops 

(Passioura, 2007). Drought stress caused a harmful impact on 

the agriculture sector and enhanced the issue of food security 

globally. The water shortage caused a negative impact on 

different growth stages of plants from germination to ripening 

(Shao and Butler, 2009). A series of changes were occurring 

in physicochemical parameters of the plant under drought 

stress conditions. The water deficiency decreased plant 

growth and productivity by more than 50% (Emami Bistgani 

et al., 2017). Water scarcity is a big environmental challenge 

for Pakistan, and it is placed in the third position among the 

cruel water shortage countries (International Monetary Fund, 

2018). As reported by the Pakistan Council of Research in 

Water Resources (PCRWR), the water consumption per 

annum was declined and Pakistan falls into vast water scarcity 

problematic countries. In the 1950s the water consumption 

was as much as 5000 m3 per annum but it has currently 

decreased to 1000 m3 per annum (Aziz et al., 2018). Soybean 

demands an ample water supply during its growth process to 

attain high production (Waraich et al., 2011). 

The exogenously applied different phytohormones and 

fertigation played a significant role in the development index 

and rate of growth of plants over abiotic stress environment 

(Samarah et al., 2009). The proline and glycine betaine has 

major contributions to the stability of the membrane by 

diminishing the process of lipid peroxidation. The osmolytes 

exhibited a leading role in the inhibited process of protein 

denaturing of plant cells and enhanced the transportation of 

ions through the membrane under drought stress conditions 

(Shinde et al., 2019), but the role of foliar supplementation of 

osmolytes on soybean in drought stress conditions is still 

unknown consequently. The research was designed to sort out 

the resistant genotype of soybean among the locally available 

genotypes and assess the role of two different osmolytes 

namely proline and glycine betaine (GB) on the development 

and growth of soybean during drought stress conditions. The 

extreme abiotic conditions, like drought stress, also lead to the 

extravagant production and accumulation of reactive oxygen 

species that lead to oxidative stress. The reactive oxygen 

species are highly reactive species present in nature that can 

affect plant organelles, metabolites, and molecules by 

disturbing various metabolic pathways that ultimately lead to 

cell death. Over time, plants have evolved various defense 

mechanisms helpful for the generation of antioxidants 

required to ameliorate the deleterious ROS. The trial was 

carried out to evaluate the importance of osmolytes in the 

mitigation of the drastic effects of water stress particularly the 

oxidative stress that occurred by virtue of water shortage.  

 

MATERIALS AND METHODS 

 

The trial was performed at the Saline Agriculture Research 

Centre, Institute of Soil and Environmental Sciences, 

University of Agriculture, Faisalabad, Pakistan. The three 

varieties of soybean namely Ajmeri, Rawal, and Faisal-Soy 

were selected based on genetic resistance against water 

scarcity among the available varieties in Pakistan. The seed 

of these soybean varieties was collected from Ayub 

Agriculture Research Institute (AARI), National Agriculture 

Research Centre (NARC), and all over Pakistan. The sandy 

clay loam soil for the pot experiment was obtained from the 

local field and after sieving the soil, the 12 kg soil was filled 

in all pots and five seeds of each genotype were sowed per 

pot. The drought stress was applied based on field capacity by 

using the gravimetric method. Subsequently, the impact of 

foliar supplementation of two standard osmolytes including 

proline and glycine betaine (GB) at 10mM and 20mM 

concentrations was estimated. The groups were made as T1: 

Control; T2: FC 50% (drought stress at 50% field capacity); 

T3: FC 50% + Proline 10mM; T4: FC 50% + Proline 20mM; 

T5: FC 50% + GB 10mM; T6: FC 50% + GB 20mM. The 

field capacity of the soil was maintained on regular basis by 

the gravimetric method (Wilcox, 1951).  

Using complete randomized design (CRD), the treatment of 

osmolytes was started after 2-3 days of germination of the 

seedling. When plants were reached at the R4 leaf stage, the 
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chlorophyll contents of plants were noted by using the 

average value of SPAD-502. Subsequently, the crop was 

harvested at the reproductive stage, and physical parameters 

including average shoot length, and average fresh and dry 

weight of shoots and roots were estimated in all experimental 

groups. The fully extended leaves were collected and 

subsequently, the membrane stability index (MSI) and 

relative water contents (RWC) were evaluated using (Turner, 

1986) and (Sairam et al., 2002) methods respectively. For 

MSI, The EC of samples was recorded after heating the 

samples at 40°C and 100°C. The EC of samples was recorded 

with the EC meter (WTW-330i). The concentration of proline 

and glycine betaine in the leaves was also estimated by (Bates 

et al., 1973) and (Grieve and Grattan, 1983) methods 

respectively. The total protein was estimated by the Bradford 

(1976) technique and the antioxidants activity of catalase 

(CAT) and superoxide dismutase (SOD) was assessed by the 

methods of (Chance and Maehly, 1955) and (Giannopolitis 

and Ries, 1977) respectively. The activity of peroxidase 

(POD) and ascorbate peroxidase (APX) was measured by the 

protocol of (Bergmeyer and Bernt, 1974) and (Krivosheeva et 

al., 1996) respectively. The lipid peroxidation parameters 

including the levels of malondialdehyde (MDA) and levels of 

H2O2 were measured using the protocols of (Zhang and 

Kirkham, 1996) and (Junglee et al., 2014) respectively. All 

these parameters were measured by using a 

spectrophotometer (UV6000, R&M, USA). Results of all 

parameters were analyzed, and the level of significance was 

estimated using the software Statistix 8.1® (Torrie, 2014). The 

Pearson correlation among the different attributes was 

measured by utilizing the R-Studio.  

 

 RESULTS 

 

Effect of exogenous application of osmolytes on 

morphological growth of soybean under drought stress: 

Water is a major constituent of different metabolic activities 

within the plant cell. The result of our experiment showed that 

Table 1. Effect of exogenously applied different osmolytes on shoot length, fresh and dry weight. 

Treatments Shoot length (cm plant-1) Shoot fresh weight (g plant-1) Shoot dry weight (g plant-1) 

Ajmeri Rawal Faisal-

Soya 

Ajmeri Rawal Faisal-

Soya 

Ajmeri Rawal Faisal-

Soya 

Control 75.3a 70.6b 74.0ab 31.33a 27.33bc 29.00b 10.87a 9.63c 10.14b 

FC 50% 33.0j 29.0k 31.6jk 10.20klm 8.70m 9.13lm 2.06l 0.92n 1.57m 

FC 50% + Proline 

10mM 

46.0fg 40.0hi 43.6gh 14.20hi 12.80ij 13.87hi 6.02gh 5.14ij 5.85gh 

FC 50% + Proline 

20mM 

62.3c 55.6d 60.6c 25.63cd 23.57e 24.13de 8.43d 7.26e 8.00d 

FC 50% + GB 

10mM 

41.0hi 34.0j 38.0i 12.47ij 10.63kl 11.60jk 5.58hi 4.12k 5.08j 

FC 50% + GB 

20mM 

52.0de 48.0f 49.3ef 19.97f 15.27h 17.30g 6.81f 5.86gh 6.15g 

a, b, .... mean values within a column, not bearing a common letters differ significantly (P≤0.05). FC= Field Capacity, GB= Glycine 

Betaine. 

 

Table 2. Effect of exogenously applied different osmolytes on root fresh weight, root dry weight and relative 

chlorophyll contents (SPAD). 

Treatments Root fresh weight (g plant-1) Root dry weight (g plant-1) Relative chlorophyll (SPAD) 

Ajmeri Rawal Faisal-

Soya 

Ajmeri Rawal Faisal-

Soya 

Ajmeri Rawal Faisal-

Soya 

Control 5.64a 4.83c 5.18b 2.06a 1.68c 1.90b 49.30a 41.57cd 45.37b 

FC 50% 1.81l 1.05n 1.56m 0.69i 0.39k 0.48jk 32.57i 27.77j 29.57j 

FC 50% + Proline 

10mM 

2.83gh 2.37jk 2.62hi 0.92gh 0.67i 0.84h 37.13efg 34.00hi 35.43gh 

FC 50% + Proline 

20mM 

4.54d 3.63f 4.09e 1.67c 1.16e 1.37d 43.87bc 38.73ef 41.50cd 

FC 50% + GB 

10mM 

2.46ijk 2.01l 2.25k 0.89gh 0.53j 0.73i 36.23fgh 32.57i 34.43hi 

FC 50% + GB 

20mM 

3.02g 2.55ij 2.90g 1.06f 0.88h 0.98fg 39.23de 36.47fgh 37.60efg 

a, b, .... mean values within a column, not bearing a common letters differ significantly (P≤0.05). FC= Field Capacity, GB= Glycine 

Betaine. 
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the growth of all genotypes was decreased drastically during 

the water stress as compared to control conditions. The results 

of morphological growth parameters were shown in Tables 1 

and 2. The shoot length was decreased more than 50% in FC 

50% group as compared to the control. In the case of shoot 

fresh and dry weights, they also got declined in FC 50% group 

as compared to control conditions. Regarding root fresh and 

dry weight, FC 50% group again exhibited the lowest values 

as expected. Among comparisons between different 

genotypes, the maximum fresh and dry weight of shoots and 

roots were recorded in the Ajmeri genotype. In reference to 

the relative effects of two different osmolytes proline and 

glycine betaine at different concentrations of 10mM and 

20mM in mitigating the adverse consequences of water stress, 

the most significant results were found under the 20mM foliar 

application of proline. Moreover, among the comparison of 

different experimental genotypes, the shoot length along with 

the fresh and dry weight of shoots and roots were found to 

significantly improve in Ajmeri genotype with the least 

ameliorating effects on the Rawal genotype.  

The photosynthetic efficiency is directly linked to the 

concentration of chlorophyll contents that is affected by the 

availability of water. The SPAD value indicates the 

chlorophyll matter in the leaves of the plant. The chlorophyll 

contents of all the genotypes were well expectedly found 

reduced under the drought stress condition as compared to the 

control. The foliar supplementation of 20mM proline gave the 

most significant results as compared to other treatments. The 

maximum chlorophyll contents were recorded in Ajmeri 

under the treatment of 20mM proline while the least benefit 

was found in the Rawal. The afore-mentioned results certainly 

indicate that the exogenously applied osmolytes enhance the 

overall morphological growth of soybean under drought stress 

conditions.  

Role of osmolytes on water balance and membrane stability 

health of soybean under drought stress: The results of 

relative water contents (RWC) and membrane stability index 

 
Figure 1. Effect of osmolytes on physiological parameters and antioxidant enzymatic activity [a) relative water 

contents and membrane stability index, b) superoxide dismutade and peroxidase, c) catalase and ascorbate 

peroxidase] of soybean under drought stress condition.  a, b, .... mean values within a column, not bearing a common 

letters differ significantly (P≤0.05). FC= Field Capacity, GB= Glycine Betaine. 
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(MSI) as shown in Figure 1 (a) indicates that the water stress 

causes an adverse effect regarding both factors. Both the 

RWC and MSI attained a more than 50% reduction in FC 50% 

group in comparison to the control group. Regarding the 

comparison of the impact of both osmolytes viz. proline and 

glycine betaine at different concentrations of 10mM and 

20mM, the most compelling effects were found under the 

20mM foliar application of proline. Among the comparison 

between genotypes, the Ajmeri genotype exhibited the most 

appealing effects by the 20mM proline treatment hence refer 

that the Ajmeri genotype has more potential to alleviate the 

negative effects of drought stress under foliar 

supplementation of proline. The correlation between the 

different growth and physiological parameters were shown in 

Figure 3. 

Impact of osmoprotectants on the activity of antioxidant 

enzymes under water stress conditions: The antioxidant 

enzymatic activity of SOD, POD, CAT, and APX enzymes in 

foliar tissues was well-expectedly found to increase in FC 

50% group in comparison to the control group in lieu of water 

stress. The subsequent treatment of proline and glycine 

betaine osmolytes at concentrations of 10mM and 20mM 

under water deficit conditions further increased the enzyme 

activities especially in the group given the treatment of 20mM 

proline. The most promising results among different 

genotypes were found again in Ajmeri genotype as compared 

to Rawal and Faisal-Soya genotypes. The results are 

graphically presented in Figures 1 (b) and (c). Our findings 

suggest that the surge in the activity of antioxidant enzymes 

in treatment groups would help the plant in scavenging the 

reactive oxygen species (ROS) produced because of drought 

 
Figure 2. Effect of osmolytes on endogenous level of proline and glycine betaine and process of lipid peroxidation 

[a) proline and glycine betaine, b) Malondialdehyde (MDA), c) Hydrogen peroxide (H2O2)] of soybean 

under drought stress condition. a, b, .... mean values within a column, not bearing a common letters differ significantly 

(P≤0.05). FC= Field Capacity, GB= Glycine Betaine. 
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stress. The correlation of antioxidant enzymatic activity with 

other parameters was presented in Figure 3. 

Osmolytes contents of soybean under drought stress: The 

osmolytes are very much crucial for the plant to deal with 

stress conditions. Through strengthening the plant’s defense 

mechanism, it supports the plant in combating the abiotic 

stress environment. In this experiment, the level of osmolytes 

in the leaves of the plant increased significantly in FC 50% 

group in comparison to the control group. However, since the 

need for osmolytes gets more critical during the stress 

conditions, the typical rise in osmolytes level is unable to 

address the additional need for osmolytes for general 

physiological mechanisms. Interestingly, the exogenous 

supplementation of proline and glycine betaine osmolytes 

increased the plant osmolytes levels to an extent where they 

can satisfy the increased need for osmolytes to encounter the 

stress conditions more effectively. The results of the 

experiment were shown in Figure 2 (a). The maximum level 

of proline was found in the group treated with 20mM 

exogenous proline. While the maximum amount of glycine 

betaine was found in the group treated with 20mM exogenous 

glycine betaine. Among the comparison between genotypes, 

the Ajmeri genotype responded the best towards the 

exogenous supplementation of proline and glycine betaine 

osmolytes. The Pearson correlation was shown in Figure 3.  

Effect of exogenous application of osmolytes on lipid 

peroxidation of soybean under drought stress: 

Malondialdehyde (MDA), the main reactive aldehyde 

produced because of lipid peroxidation, is employed for the 

assessment of damage by the reactive oxygen species 

generated during drought stress. On the other hand, the level 

of hydrogen peroxide (H2O2) is also considered a 

characteristic feature to represent the impact of oxidative 

stress resulting from water stress conditions. In this research, 

the levels of both MDA and H2O2 levels were found 

anticipatedly improved under the water stress conditions as 

compared to the control. The graphical representation of 

results is shown in Figures 2 (b) and (c). The exogenously 

applied osmolytes decreased the lipid peroxidation exhibited 

by a decrease in the MDA contents and concentration of 

H2O2. The most significant results were recorded at 20mM 

foliar application of proline as compared to other treatments. 

 
Figure 3. Correlation between different morphological, physiological, antioxidant enzymatic activity, 

osmoprotectant and rate of lipid peroxidation of soybean under drought stress conditions. SL= Shoot length, 

SFW = Shoot fresh weight, SDW = Shoot dry weight, RFW = Root fresh weight, RDW= Root dry weight, SPAD = 

Chlorophyll content, RWC = Relative water content, MSI = Membrane stability index, SOD = Superoxide dismutase, POD 

= Peroxidase, CAT = Catalase, APX = Ascorbate peroxidase, Pr. = Proline, GB = Glycine betaine, MDA = malondialdehyde, 

H2O2 = Hydrogen peroxide 
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Among the genotypes’ comparison, the Ajmeri genotype 

exhibited the best results in annulling the stress parameters 

with the help of exogenous treatment of osmolytes. In view of 

this, it is postulated that by enhancing the plant defense 

mechanism, exogenously applied osmolytes play a vital role 

in combating the lipid peroxidation caused by the stress 

conditions including drought stress. The rate of lipid 

peroxidation with other attributes were presented in Figure 3. 

 

DISCUSSION 

 

Drought stress decreases crop productivity that leads to 

economic damage for the farmers. (Sadeghipour and Abbasi, 

2012). Insufficient water supply and/or lower rainfall in field 

areas affects both the vegetative and reproductive 

development of crops (Silva et al., 2010). Soybean is 

considered among the crops that demand a plentiful water 

supply, particularly during the growth phase to achieve the 

maximum high productions. The drought stress adversely 

reduces the productivity and yield of soybean more severely 

as compared to other legumes crops (Lobato et al., 2009; 

Masoumi et al., 2010). Very few research is available in the 

literature archive regarding the evaluation of exogenous 

supplements that may help in the mitigation of drought stress 

in soybean. We evaluated the effect of exogenously applied 

foliar supplementation of proline and glycine betaine 

osmolytes on the various physical parameters, oxidative stress 

amelioration, and cessation of damaging lipid peroxidation 

that indicates the beneficial effects of osmolytes 

supplementation in drought-stressed soybean. The impact can 

equally be proposed for other stress-like conditions including 

high temperature and salinity (Ku et al., 2013). 

In our research experiment, the growth parameters including 

the shoot length, shoot fresh weight, shoot dry weight, root 

fresh weight and root dry weight was evaluated to estimate 

the soybean overall growth. The results of our experiment 

suggested that the plant growth factors got reduced under the 

drought stress in comparison to control environments (Stolf-

Moreira et al., 2010). The drought stress decreased the water 

contents in leaves estimated through RWC and MSI in all 

genotypes. More water transpires from the stomata in 

response to photosynthetic activity as compared to available 

water to plants for their metabolic activity (Roldán et al., 

2008). The treatment of osmolytes significantly mitigated the 

adverse effects of water stress (Aslam et al., 2011). The 

results can be associated with the phenomenon that 

exogenous osmolytes supplementation increased the osmotic 

potential of the plant in treatment groups as exhibited through 

RWC and MSI evaluation. The chlorophyll contents 

evaluated through SPAD also increased significantly in the 

treatment groups. Improvement in relative water contents and 

chlorophyll pigment by the supplementation of exogenous 

osmolytes rationalizes the increase in photosynthesis that 

resulted in improved growth of plants. The availability of 

more water for photosynthetic and other metabolic activities 

explains the increase in biomass produced by soybean 

genotypes under water stress conditions.  

The generation of reactive oxygen species (ROS) is the 

primary consequence of water deficiency in plants that leads 

to the activation of defense systems in plants. Under water 

stress, various ROS including hydroxyl radical, hydrogen 

peroxide, and superoxide radical are synthesized and 

aggregated within the plant cells and result in oxidative stress 

to proteins, lipids, and nucleic acids along with various cell 

structures (Cruz De Carvalho, 2008). The combat this 

oxidative stress, the plant enhances the antioxidant enzymatic 

activity to mitigate the damaging effects of drought stress. It 

also activates several biochemical, molecular, and cellular 

processes that help the cell fight with oxidative stress burden 

(Samarah et al., 2009). In the present study, all drought-stress 

groups demonstrated a slight improvement in the levels of 

antioxidant enzymes including SOD, POD, CAT, and APX. 

Nevertheless, this natural defense mechanism of increased 

antioxidant enzymes to combat oxidative stress is not enough 

against the continuously increasing levels of ROS. The foliar 

application of osmolytes was evaluated for potential 

assistance in antioxidant activity to alleviate the harmful 

effects of drought stress. Results exhibited a significant 

increase in the levels of all antioxidant enzymes in osmolytes 

treated groups.  

The antioxidant enzyme SOD plays a vital part in the 

detoxification of superoxide radicals along with hydrogen 

peroxide produced during drought-stress conditions (Lakshmi 

Sahitya et al., 2018). Various exogenously applied treatments 

have been reported to enhance the SOD activity and 

significant results have been reported in soybean, safflower, 

liquorice, and lupin (Pan et al., 2006; Masoumi et al., 2010; 

Mohammadi et al., 2011). The result of our experiment 

demonstrated that the proline enhances the activity of SOD 

under drought stress conditions in comparison to FC 50% 

treatment. The antioxidant enzymes including POD and CAT 

are considered helpful in scavenging the H2O2 and O2 into the 

less harmful molecules and protecting the plant from the toxic 

effect of drought stress (Mohsenzadeh et al., 2006; Wang et 

al., 2012; Abid et al., 2016). We observed a significant 

increase in both POD and CAT levels in osmolytes treated 

groups indicating the supportive effect of foliar application of 

osmolytes in combating the fight with oxidative stress. 

Likewise, the antioxidant enzyme APX plays a vital role in 

the modification of H2O2 into less harmful entities by the 

glutathione-ascorbate cycle (Kurutas et al., 2016). The foliar 

application of osmolytes exhibited an increase in the activity 

of APX suggesting the important role of osmolytes 

application during drought-stress conditions.  

The reactive oxygen species produced in oxidative stress 

caused by drought stress may also lead to lipid peroxidation 

(Ullah et al., 2018). Peroxidation of membrane lipids by ROS 

is an indication of membrane damage and leakage under 
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drought stress conditions (Liu et al., 2017). Primarily, the 

MDA and H2O2 concentration is measured to evaluate the 

extent of lipid peroxidation in plants. Malondialdehyde is the 

key secondary product of polyunsaturated fatty acid oxidation 

that offers the assessment of the damage resulted by the ROS 

produced during water stress (Wahid et al., 2007; Farnese et 

al., 2016). Likewise, the level of hydrogen peroxide also 

indicates the impact of oxidative stress. A rise in lipid 

peroxidation because of water stress has been also described 

by the other researchers (Roldan et al., 2008; Uzhilday et al., 

2012; Pan et al., 2006). In the present research, the levels of 

both MDA and H2O2 were found significantly improved 

under the water stress conditions as compared to the control 

and were found significantly improved in osmolytes 

supplemented groups. The foliar application of osmolytes 

increased the activity of antioxidant enzymes including super 

peroxidase, peroxidase, and catalases that bind the active site 

of ROS and save the plant from lipid peroxidation under 

drought stress conditions. 

During the drought stress condition, compatible solute 

accumulation is the primary approach adopted by the plants 

for osmoprotection (Majumdar et al., 2016). The mechanism 

of osmoprotection is dependent upon the close relationship of 

osmolytes with various components of the cell, resulting in 

the maintenance of turgor pressure through regulating the 

water contents inside the cells (Solanki and Sarangi, 2014). 

During drought stress, proline exhibits a significant role and 

acts as a signaling element to control the mitochondria 

performance and influence cell proliferation through 

activating various genes that are considered important for 

stress retrieval (Shinde et al., 2016; Per et al., 2017). Proline 

accumulation specifically helps in maintaining membrane 

integrity by declining the oxidation of lipids by means of 

defending cellular redox potential and scavenging free 

radicals (Osman, 2015; Rady et al., 2016). Nevertheless, the 

level of osmolytes in the leaves improved significantly in the 

FC 50% group in comparison to the control group, the 

customary increase in osmolytes level is unable to address the 

additional need of osmolytes to combat oxidative stress 

conditions that occurred because of drought stress. Therefore, 

additional solute supplementation helps increase the 

endogenous levels of osmolytes that relieve the plant in 

ameliorating the toxic effects of water scarcity. 

Many studies have proved that the different genotypes of the 

same crop have different enzymatic activity against drought 

stress (Wang et al., 2012; Bennett et al., 2004; Masoumi et 

al., 2010). The three genotypes of soybean Ajmeri, Rawal, 

and Faisal-Soya were selected for our research experiment to 

evaluate the effect of osmolytes under drought stress 

conditions. Among all genotypes, the Ajmeri genotype 

responded the best towards foliar application of osmolytes. 

The activity of antioxidant enzymes was found more 

significant in Ajmeri genotype as compared to other 

genotypes. This higher activity of antioxidant enzymes 

decreased the lipid peroxidation process and enhanced the 

plant defense mechanism against stress conditions (Hojati et 

al., 2011; Sharma et al., 2012; Ibrahim et al., 2016). Under 

drought stress conditions, the process of lipid peroxidation 

has a major contribution to diminishing the growth and 

physiological attributes of soybean with reference to 

substitution in the activity of antioxidant enzymatic and 

endogenous levels of osmolytes. The strong positive and 

negative correlation between the different parameters of 

growth, physiological, antioxidant enzymatic activity, the 

concentration of proline and glycine betaine, and rate of lipid 

peroxidation under drought stress is exhibited in Figure 3.  

 

Conclusion: Drought stress is considered a threatening 

challenge to agricultural crops including soybean and since 

the threat is increasing alarmingly in countries like Pakistan, 

there is a desperate need for strategies to explore the avenues 

that minimize the drought effects. That being the case, we 

explored the role of foliar supplementation of osmolytes on 

soybean in drought stress conditions, and based on results, we 

suggest the use of exogenous osmolytes especially proline at 

10mM concentration is helpful in enhancing soybean 

production and alleviating the drought stress effects. 
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