


Effect of PEG-Mediated water deficit on morphometric traits and antioxidants activity in Chickpea plants


 
Abstract 
Drought stress is a major constraint to chickpea ( Cicer arietinum L.) production, particularly in semi-arid regions, where water scarcity adversely affects seed germination, seedling establishment, and overall plant growth. The present study evaluated the effect of polyethylene glycol (PEG)–induced water deficit on morphometric traits and antioxidant enzyme activities in chickpea seedlings under laboratory conditions. Seeds were subjected to osmotic stress using PEG solutions at concentrations of 2%, 4%, and 6%, while distilled water–soaked seeds served as the control. Germination percentage, seedling growth parameters (root length, shoot length, seedling length, leaf number), seedling vigour index (SVI), and antioxidant enzyme activities (peroxidase and polyphenol oxidase) were assessed. 	Comment by Ratna Dewi Eskundari: Italic
Results revealed a progressive decline in germination percentage, seedling length, root and shoot growth, leaf number, and SVI with increasing PEG concentration. Germination decreased from 100% in the control to 88% at 6% PEG, indicating the inhibitory effect of osmotic stress on early seedling development. In contrast, antioxidant enzyme activities showed a marked increase under stress conditions, with the highest peroxidase and polyphenol oxidase activities recorded at 6% PEG. The enhanced activity of these enzymes suggests activation of antioxidative defense mechanisms to counteract PEG-induced oxidative stress.
Overall, PEG-mediated osmotic stress negatively affected morphometric traits of chickpea seedlings while stimulating antioxidant enzyme responses. These findings highlight the sensitivity of chickpea to water deficit during early growth stages and underscore the role of antioxidant systems in stress tolerance. The study provides valuable insights for screening drought-tolerant chickpea genotypes and developing strategies to improve crop resilience under water-limited conditions.
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Introduction 
Cicer belongs to the family Fabaceae and this genus comprises approximately 44 species including both cultivated and wild taxa, predominantly distributed in the Middle East, Central Asia and parts of Mediterranean region.	Comment by Ratna Dewi Eskundari: please add 2-5 sentences again for best paragraph.
Cicer arietinum is the third most important pulse crop globally and also a major source of protein, carbohydrates, vitamins, and essential minerals (Varshney et al., 2013). It enhances soil fertility due to its nitrogen fixing ability and reducing dependence on chemical fertilizers (Graham & Vance, 2003 and Varshney et al, 2021). Despite its nutritional and agronomic importance, chickpea production is highly constrained by drought stress, particularly in semi-arid regions where it is predominantly cultivated (Jukanti et al., 2012).	Comment by Ratna Dewi Eskundari: italic
Drought is a widespread global problem that affects a substantial proportion of agricultural land with varying degrees of severity. Deficiency of water, high temperatures, and low atmospheric humidity contribute to drought conditions, making drought one of the major limiting factors for optimal plant growth and crop yield (Hirt and Shinozaki 2003, Szilagyi 2003 and Sajjad et al 2023. It also induces significant reduction in germination, seedling establishment, plant height, leaf area, and biomass accumulation (Kashiwagi et al., 2006). At the cellular level, water deficit stress leads to excessive formation of reactive oxygen species (ROS), which can cause oxidative damage to lipids, proteins, and nucleic acids, ultimately affecting plant growth and productivity (Apel & Hirt, 2004).
Polyethylene glycol (PEG) is commonly used in experimental research to simulate drought conditions because its large molecular size prevents it from entering plant cells while inducing a controlled osmotic stress in the growth medium (Michel & Kaufmann, 1973). PEG-induced osmotic stress has been widely applied to study plant responses at the morphological, physiological, and biochemical levels. Under such stress conditions, plants enhance their antioxidative defense system, including enzymes such as superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD), to detoxify ROS and maintain cellular homeostasis (Mittler, 2002; Gill & Tuteja, 2010).
Understanding these morphological and antioxidant responses in chickpea under PEG-induced stress is essential for identifying tolerant genotypes and improving drought-resilience strategies. Therefore, the present study examines the effect of polyethylene glycol on morphological characteristics and antioxidant enzyme activities in Cicer arietinum.	Comment by Ratna Dewi Eskundari: Before this paragraph, please add a paragraph containing previous and similar research so that this becomes the basis that this research needs to be carried out.
Material and methods
Healthy Cicer seeds of uniform size were selected for the experiment. The seeds were surface sterilized using teepol and thoroughly rinsed with distilled water. The experiment was conducted under laboratory conditions.
Polyethylene glycol (PEG) solutions were prepared at three concentrations (2%, 4%, and 6%). Seeds were soaked separately in each PEG solution for 24 hours. Seeds soaked in double-distilled water served as the control. After soaking, seeds from each treatment were placed in Petri dishes lined with moistened cotton and allowed to germinate.	Comment by Ratna Dewi Eskundari: No need to write any more, just write PEG
Peroxidase (POX) and polyphenol oxidase (PPO) activities were estimated following the method of Karo and Mishra (1976), with minor modifications.
Normal seedlings were counted at the end of the germination period, and germination percentage was calculated using the following formula:

Root and shoot lengths were measured at the end of the test period by randomly selecting ten normal seedlings from each replication in every treatment. Root length was measured from the tip of the primary root to the base of the hypocotyl, while shoot length was measured from the tip of the primary leaf to the base of the hypocotyl. Mean root length and mean shoot length were expressed in centimeters. Seedling length (cm) was calculated by adding root length and shoot length.
Seedling vigour index (SVI) was calculated using the formula proposed by Abdul-Baki and Anderson (1973) and expressed as a whole number:

Result and Discussion
Table 1: Effect of PEG on Seed morphological and developmental parameter
	Sr. No.
	Parameters
	Control
	2%PEG
	4%PEG
	6%PEG

	1
	Seedling germination %
	100%
	97%
	92%
	88%

	2
	Mean seedling length (cm)
	22.65
	20.2
	16.54
	11

	3
	Mean root length (cm)
	11.5
	8
	7.94
	5.8

	4
	Mean shoot length (cm)
	11.15
	12.2
	8.6
	5.25

	5
	Mean leaf number
	3.66
	3.25
	2.41
	2.1

	6
	SVI
	22.65
	19.59
	15.21
	9.68



Table 2: Effect of PEG on Anti-oxidant Enzyme activity in different samples
	Sr. No.
	Concentration of PEG
	Peroxidase (mol/min/gm)
	PPO (mol/min/gm)

	1
	Control
	0.408
	0.044

	2
	2%
	0.496
	0.076

	3
	4%
	0.5
	0.096

	4
	6%
	0.904
	0.112
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Figure 1: Effect of various PEG concentration on Seed germination %

[image: ]
Figure 2: Effect of various PEG concentrations on seed growth parameters
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Figure 3:  Effect of PEG on peroxidase
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Figure 4: Effect of PEG on Polyphenol oxidase (PPO)

Seed Germination Percentage
Seed germination is the most reliable indicator of seed viability. Drought stress poses a major constraint to agricultural productivity, particularly in arid and semi-arid regions, by adversely affecting seed germination and seedling establishment (Hossain et al., 2024). In the present study, 100% germination was observed under control conditions. However, with increasing PEG-induced drought stress, seed germination and early seedling establishment gradually declined from 100% to 88% (Table 1 and Figure 1).
The reduction in germination under osmotic stress may be attributed to restricted water uptake, delayed metabolic activation, and hormonal imbalances, particularly increased abscisic acid (ABA) and decreased gibberellic acid (GA) activity. Reduced water availability hampers reserve mobilization, respiration, enzymatic and hormonal activities, and protoplasmic dilution required for embryonic growth (Li et al., 2021). Similar reductions in germination under osmotic stress have been reported earlier in lentil (Muscolo et al., 2014), tomato (Basha et al., 2015), wheat (Rana et al., 2017), alfalfa (Zhang et al., 2019), Cicer (Koskosidis et al., 2020; Sari, 2023), Glycyrrhiza (Hou and Ma, 2022), maize (Sajjad et al., 2023), Tartary buckwheat (Hossain et al., 2024), and Coronilla varia L. (Ma et al., 2024).	Comment by Ratna Dewi Eskundari: add more in-depth reasons regarding this result.

Shoot and Root Lengths
Shoot and root lengths are important indicators of drought tolerance in plants. The results revealed a consistent decline in shoot length, root length, seedling length, and leaf number with increasing PEG concentration from 2% to 6% (Table 1 and Figure 2). This trend agrees with earlier findings reported in tomato (Basha et al., 2015), wheat (Rana et al., 2017), Brassica (Buraniya et al., 2020; Elahi et al., 2023), maize (Sajjad et al., 2023), Tartary buckwheat (Hossain et al., 2024), and Cicer (Keerthana et al., 2025; Indira et al., 2025).
Polyethylene glycol induces water deficit conditions that reduce fresh and dry weights of shoots and roots, inhibit hypocotyl elongation, and suppress germination ability (Fathi et al., 2016; Farooq et al., 2016). Reduced plumule and radicle growth under osmotic stress has been previously reported in several plant species (Majid et al., 2022). This growth inhibition may be due to impaired nutrient transfer from seed storage tissues to the embryo and disruption of cell division and elongation in shoot and root meristems. Higher PEG concentrations impose severe stress, limiting both germination and seedling growth (Rana et al., 2017; Indira et al., 2025).	Comment by Ratna Dewi Eskundari: Just write PEG. 	Comment by Ratna Dewi Eskundari: add more in-depth reasons regarding this result (in 2-5 sentences again.)

Seedling Vigour Index (SVI)
Seedling vigour index (SVI) is a reliable indicator of crop establishment potential and is widely used to classify genotypes based on drought tolerance (Koskosidis et al., 2020). In the present study, SVI was calculated as the product of germination percentage and seedling length. The highest SVI was recorded in seeds treated with 2% PEG, while the lowest SVI was observed at 6% PEG concentration (Table 1 and Figure 2).
PEG priming significantly reduced SVI with increasing osmotic stress. These findings are consistent with previous studies in wheat (Rana et al., 2017), Brassica (Buraniya et al., 2020), Glycyrrhiza (Hou and Ma, 2022), and Coronilla varia L. (Ma et al., 2024).
……..	Comment by Ratna Dewi Eskundari: The reason why the results are like this must be explained in at least 2-5 sentences and accompanied by references.

Peroxidase Activity
In the present investigation, peroxidase activity was highest in Cicer seedlings treated with 6% PEG and lowest at 4% PEG concentration (Table 2 and Figure 3). These results corroborate earlier findings in rice (Hsu and Kao, 2003), Glycine max (Weisany et al., 2012), Hibiscus esculentus (Youssaf and Azooz, 2013), triticale (Kheirizadeh Arough et al., 2016), Stevia rebaudiana (Hajihashemi and Sofo, 2018), Tartary buckwheat (Hossain et al., 2024), and Coronilla varia L. (Ma et al., 2024).
The progressive increase in peroxidase activity with increasing PEG concentration suggests activation of a secondary defense mechanism against oxidative stress. Enhanced peroxidase activity facilitates the utilization of hydrogen peroxide, thereby reducing lipid peroxidation and cellular damage caused by stress (Roychoudhary and Ghosh, 2013; Srivastava, 2022, 2023).	Comment by Ratna Dewi Eskundari: add 2-3 more sentences to strengthen these sentences.

Polyphenol Oxidase (PPO) Activity
The highest PPO activity was recorded in Cicer seedlings treated with 6% PEG, while the lowest activity was observed at 2% PEG concentration (Table 2 and Figure 4). Similar trends have been reported in Glycine max (Weisany et al., 2012), triticale (Kheirizadeh Arough et al., 2016), Stevia rebaudiana (Hajihashemi and Sofo, 2018), and Tartary buckwheat (Hossain et al., 2024).
Plants possess both enzymatic (superoxide dismutase, catalase, peroxidases) and non-enzymatic (ascorbic acid, glutathione, tocopherols) antioxidant defense systems to mitigate reactive oxygen species (ROS)-induced damage. PPO plays a vital role in oxidizing phenolic compounds into quinones, thereby enhancing stress tolerance and maintaining oxidative balance (Pastori and Foyer, 2002; Hossain et al., 2024).	Comment by Ratna Dewi Eskundari: add 2-3 more sentences to strengthen these sentences.

Conclusion
The present study investigated the effects of PEG-induced osmotic stress on seed germination, seedling growth, and antioxidant enzyme activities in Cicer arietinum. Increasing PEG concentration significantly reduced germination percentage, seedling growth, and seedling vigour index, indicating the detrimental effects of severe osmotic stress. However, lower PEG concentrations demonstrated relatively better morphological performance, suggesting their potential role in stress acclimation.
PEG-induced osmotic stress altered the activity of key antioxidant enzymes such as peroxidase and polyphenol oxidase, reflecting the activation of plant defense mechanisms. Seed priming with PEG appears to initiate physiological adjustments that enhance stress tolerance by strengthening antioxidant defenses. Given the importance of chickpea as a major pulse crop, understanding its response to osmotic stress provides valuable insights for improving drought tolerance and developing sustainable stress management strategies in agriculture.
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