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Abstract. Soils with chromium (Cr) pollution are significantly increasing globally. Therefore, proper 

measures should be opted for to restrict its entry into food crops. Glycinebetaine (GB)-induced tolerance 

in plants against different abiotic stresses has been well documented, but still little evidence is available 

concerning its potential to increase the tolerance of pea against Cr stress. Therefore, this study determined 

the impact of GB application in increasing Cr tolerance in pea (Pisum sativum). The experiment was 

comprised of three concentrations of Cr (0 mM, 0.25 mM, and 0.50 mM) and two levels of foliar-applied 

GB (0 and 50 mM). Chromium stress led to a significant reduction in growth, biomass production, and 

photosynthetic pigments however, Cr stress increased reactive oxygen species (ROS) production. 

Exogenously applied GB reduced the deleterious impacts of Cr stress on pea and increased growth, 

biomass production, and photosynthetic pigments. Moreover, GB reduced ROS production and Cr 

accumulation in plant roots and shoots by increasing the activities of antioxidant enzymes (APX, CAT, 

POD and SOD) and consequently increased growth and plant biomass production. In conclusion, 

beneficial effects of GB under Cr stress were attributed to reduced Cr uptake, enhanced photosynthetic 

pigment and enzymatic activities and less ROS production. 
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Introduction 

Chromium magnification in agricultural soils has become a serious concern 

worldwide owing to its non-degradable nature and unfavorable consequences for plant 

development and productivity (Singh and Gautam, 2013). Cr is considered as a non-

essential element for plants and exposure of plants to Cr stress cause significant 

reduction in plant growth (Samantaray et al., 2015; El-Baz et al., 2021). It enters into 

the soil through different sources i.e., bed rocks, volcanoes, human activities, 

agricultural use of domestic and municipal wastewaters, electro-plating, tanning and 

mining (Ali et al., 2015; Medda and Mondal, 2017; Hassan et al., 2021). The pernicious 

consequences of Cr stress on plants have been widely documented by many researchers 

(Hayat et al., 2012; Ahmad et al., 2020). Chromium toxicity in plants decreased 

germination, growth, synthesis of photosynthetic pigments and biomass production, 

induced chlorosis, altered enzymatic activities, and caused ultra-structural changes in 

the plant cell membrane and chloroplasts (Ghani and Ghani, 2011; Yin et al., 2021). 

Moreover, Cr toxicity in plants also alters mineral nutrition and reduces the process of 

photosynthesis, and thereby leads to serious reduction in crop yield (Mushtaq et al., 

2021). Additionally, Cr also induced ROS production in plants, which reduced the 

plant’s performance by the oxidation of important molecules i.e., proteins and lipids 

(Pandey et al., 2012). Plants possess excellent antioxidant system consisting of 

antioxidants including ascorbate peroxidase (APX), catalase (CAT), superoxide 

dismutase (SOD), and peroxidase (POD) in order to get protection from oxidative stress 

(Sofo et al., 2015). The response of antioxidants in plants depends upon plant species 

and stress faced by the plants. Nonetheless, Cr stress reduced the activity of different 

antioxidant enzymes and led to a serious reduction in crops productivity (Adrees et al., 

2015; Gautam et al., 2020). 

The current increase in global population demands a substantial increase in the crop 

in the scenarios of rapid climate change and different abiotic stress (Hassan et al., 2017, 

2020a, b; Rasheed et al., 2020). Pea (Pisum sativum L.) is an imperative legume crop of 

tropics and subtropics and is an imperious source of protein, minerals, carbohydrates, 

vitamins, and antioxidants (Dahl et al., 2012). In Pakistan, pea crop is cultivated in the 

winter season and is used as food and fodder crop. Pakistan is facing severe problems of 

decreasing agricultural land due to the increasing human population, and it is estimated 

that Pakistan’s population would double by 2040 (Anjum et al., 2020). Therefore, it is 

necessary to increase crop production to meet the demands of the booming population. 

Phytoextraction of Cr using hyper-accumulator plant species is not a viable option for 

the remediation of Cr contaminated soils, especially for countries like Pakistan which is 

already facing population and food pressures. Thereby, the productive soils must be 

used for the cultivation of food crops to meet the needs of the population, whilst 

alternative measures should be adopted to reduce Cr toxicity and its accumulation in 

food crops. 

Glycinebetaine (GB) is a non-toxic, water-soluble, and environmentally friendly 

agent. Elevated concentrations of GB have been reported to accumulate in plants under 

different stress conditions (Hassan et al., 2019; Ahmad et al., 2020). Nonetheless, GB 

accumulated by plants under various stresses is not enough to protect them from 

stresses. Surprisingly, exogenously applied GB has the potential to reduce harmful 

effects of these stresses on the plant (Hossain et al., 2010). Likewise, foliar-applied GB 

improved the drought and salinity stress tolerance in wheat (Triticum aestivum), rice 

(Oryza sativa) and maize (Zea mays) by increasing antioxidant activities, photosynthetic 
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efficiency and decreasing oxidative stress through ROS scavenging (Sofy et al., 2020; 

Dustgeer et al., 2021). Exogenously applied GB increased wheat growth, photosynthetic 

pigments and decreased Cr toxicity and its accumulation by improving antioxidant 

activities (Ali et al., 2015). Likewise, in another study, Jabeen et al. (2016) noticed that 

GB application enhanced the Cr tolerance in mungbean (Vigna radiata) by reducing its 

uptake and enhancing antioxidant enzyme activities. However, no study has been 

performed where the significance of GB regarding the alleviation of Cr toxicity in pea 

has been reported. Therefore, we postulated that exogenously applied GB can reduce 

the Cr toxicity in pea plants by reducing Cr uptake and improving the activity of 

different antioxidant enzymes. This study investigated the beneficial role of 

exogenously applied GB on pea growth, morphology, photosynthetic pigments, Cr 

uptake and antioxidant activities grown in Cr stress conditions. 

Materials and methods 

Experimental site 

The pot study was performed in the greenhouse area of the Faculty of Agriculture, 

University of Agriculture, Faisalabad in 2017. The soil was collected from the 

horticultural farm area from a depth of 0-20 cm and analyzed to determine the different 

physio-chemical properties. The pots with a diameter of 28 cm and a depth of 31 cm 

were filled with 8 kg of soil and 5 seeds of pea (Pea-2009) were sown in each pot. The 

soil physicochemical analysis revealed that the soil had sandy loam texture with organic 

matter (OM) 0.81%, pH, 7.7, nitrogen (N) 0.03%, phosphorus (P) 6.30 mg kg−1 and 

potassium (K) 177 mg kg−1. 

 

Experimental details 

Three different levels of Cr stress i.e., 0 mM, 0.25 mM, and 0.50 mM were applied 

via utilizing K2Cr2O7, while two levels of foliar-applied GB i.e., 0 and 50 mM were 

applied via dissolving GB in 0.1% tween-20 solutions. These levels of treatment were 

chosen after conducting a series of experiments to determine the toxic levels of Cr and 

to optimize the best level of GB application. K2Cr2O7 were purchased from local market 

of Faisalabad. Chromium stress was applied with irrigation water after 20 days of plant 

emergence. Later, foliar application of GB was applied using a handheld sprayer 

according to treatments after 7 days of Cr stress. Moreover, a completely randomized 

design with factorial arrangements having three replications was used to perform the 

study. Experimental pots were regularly visited and carefully watered as per crop 

requirements. The pots were once fertilized with 160 mg of N and 240 mg of each P and 

K in the form of urea (46% N), single superphosphate (21% P) and sulfate of potash 

(50% K). The weeds grown in pots were manually uprooted and no attack of insects and 

diseases was noted during the study. 

 

Observations 

Growth parameters 

Three plants were marked and manually uprooted from pots 10 days post GB 

application their roots and shoots were separated and their lengths were measured and 

averaged. Likewise, harvested plant roots and shoots were weighed separately on the 
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balance to determine the root and shoot fresh weights. The cumulative length of roots 

was taken for the determination of root length. Moreover, three plants were selected in 

each pot and leaves were counted and plant height was measured. 

 

Estimation of photosynthetic pigments 

For the measurements of chlorophyll and carotenoid contents, plant samples were 

homogenized in an 80% solution of acetone and absorbance was noted with a 

spectrophotometer (PerkinElmer AAnalyst™ 800) at three different wavelengths (663, 

645 and 480 nm) and chlorophyll and carotenoid contents were determined by the 

methods of Arnon (1949). 

 

Appraisal of the antioxidant enzyme activities 

Peroxidase (POD) activities were determined by the standard procedures of Zhang 

(1992). Plant samples (0.5 g) were homogenized in 5 ml of potassium buffer (50 mM) 

and centrifuged at 15,000 rpm and 4 °C and absorbance was noted at 470 nm. For 

SOD determination the 1 mL reaction mixture constituted 10 mM pyrogallol, 50 mL 

extract of the enzyme, 10 mM EDTA, and 50 mM sodium-phosphate buffer having a 

pH of 7.8. SOD activity in the reaction mixture was measured at 420 nm (Roth and 

Gilbert, 1984). Catalase (CAT) and ascorbate peroxidase (APX) activities were 

determined by the standard methods of Aebi (1984) and Nakano and Asada (1981). 

For CAT determination, we took 3 mL assay mixture that contained 100 μL of 

enzyme extract, 100 μL H2O2 (300 mM), 2.8 mL phosphate buffer (50 mM) with 2 

mM CA having a 7.0 pH, afterwards CAT activity was noted at 240 nm. For APX 

determination the mixture consisted of 100 μL enzyme extracts, 100 μL ascorbate (7.5 

mM), 100 μL H2O2 (300 mM), and 2.7 mL potassium buffer (25 mM) 2 mM CA 

having a 7.0 pH. The activities of APX enzyme were measured with variations in 

wavelength at 290 nm. 

 

Assessment of H2O2 and MDA contents 

Hydrogen peroxide (H2O2) and malondialdehyde (MDA) were determined by the 

standard methods of Velikova et al. (2000) and Dhindsa et al. (1981). For H2O2 

determination, 0.5 g of plant samples were taken and homogenized on an ice bath in 

1 mL of 0.1% TCA. After this supernatant (0.5 mL) was reacted with 0.5 mL of 50 mM 

PP buffer (pH = 7.5) and 1 mL potassium iodide (IM). The spectrophotometer was used 

to measure the absorbance at 390 nm wavelength. For MDA determination 1 g of plant 

sample was taken and homogenized in 10%, 8 ml trichloroacetic acid and centrifuged 

for 20 min at 4000 rpm. After that 2 ml of thiobutaric acid (60%) were mixed in the 

plant extracts and heated for 20 min at 100 °C and then cooled quickly with ice cubes 

for 20 min and centrifuged for 10 min at 10,000 ×g. Then the spectrometer was used to 

measure the absorbance at different wavelengths (450, 532, 600 nm). 

 

Determination of Cr concentrations in shoots and roots of pea plant 

Root and shoot samples were initially air-dried and stored and later oven dried. After 

oven drying, 0.5 g of each plant part was digested on hot plate by adding a mixture of 

HNO3 and HClO4 in 2:1 ratio (Jones and Case, 1990). Afterwards Cr concentration in 

plant parts was determined by atomic absorption spectrometer. 
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Statistical analysis 

Fisher’s analysis of variance was done for all the recorded data using CoStat6.2 

(Monterey, USA) to analyze the date and least significant difference (LSD) test was 

utilized for comparing significant differences among the treatment means at p ≤ 0.05 

(Steel et al., 1996). 

Results 

Growth attributes 

Chromium stress had deleterious effects on the growth and morphological traits of 

pea. Plant height and number of leaves were significantly decreased with increasing Cr 

concentrations. However, foliar-applied GB (50 mM) considerably increased the plant 

height and the number of leaves in normal as well as Cr stressed plants (Table 1). A 

considerable reduction in leaf length, leaf width, and root length was observed in pea 

plants under Cr stress. Foliar spray of GB increased the leaf length by 17%, leaf width 

30%, and root length 11% under Cr stress (50 mM), compared to control. The results 

depicted that Cr considerably decreased the root and shoot fresh weights as compared to 

control treatment. However, in the case of foliar-applied GB, we noted a significant 

increase in root (67%, 56%) and shoot fresh weight (36%, 37%) under Cr stress 

(25 mM, 50 mM) as compared to control (Table 1). 

 
Table 1. Effect of GB application on plant height, leaf length, leaf width, fresh weight of 

shoot and root, number of leaves and root length of pea under different levels of Cr stress 

Cr stress 

(mM) 

GB 

(mM) 

Plant height 

(cm) 

Leaf length 

(cm) 

Leaf width 

(cm) 

Shoot FW 

(g) 
Root FW (g)  

Leaves per 

plant 

Root length 

(cm) 

0 
0 36.3 ± 12.1b 5.80 ± 1.90b 2.90 ± 1.67cd 7.63 ± 2.54b 0.34 ± 0.11b 35.0 ± 0.4c 27.0 ± 9.01b 

50 42.6 ± 0.40a 6.30 ± 0.08a 4.10 ± 2.36a 7.91 ± 0.01a 0.58 ± 0.01a 63.3 ± 1.2 a 31.3 ± 1.22a 

25 
0  26.3 ± 1.20c 2.60 ± 7.50e 1.63 ± 0.94e 3.27 ± 7.24e 0.19 ± 8.26e 32.6 ± 2.3cd 20.0 ± 1.85d 

50  35.0 ± 1.63b 4.36 ± 0.12c 2.43 ± 1.40d 5.43 ± 0.01c 0.26 ± 0.01c  35.0 ± 0.4c 23.3 ± 0.4 c 

50 
0  23.0 ± 9.01c 2.13 ± 15.9 f 2.60 ± 1.50cd 3.21 ± 15.5e 0.16 ± 16.6e 29.3 ± 7.2e 17.0 ± 11.1e 

50  27.0 ± 0.81c 3.50 ± 0.04d 3.40 ± 1.96b 5.02 ± 0.01d 0.22 ± 0.01d  31.0 ± 0.4de 19.0 ± 0.81ed 

LSD ≤ 0.05 P 4.47 0.222 0.415 0.101 0.209 2.54 2.17 

FW: Fresh weight, GB: glycinebetaine, Cr: chromium, different letters showing the significant differences at 0.05 P level 

according to LSD test 

 

 

Photosynthetic pigments 

Chromium stress significantly reduced the photosynthetic pigments as compared to 

control (Fig. 1). However, chlorophyll (a, b and a/b) and carotenoid contents were 

significantly increased under normal and Cr stressed conditions with GB application as 

compared to Cr stress without foliar-applied GB. The maximum chlorophyll and 

carotenoid contents were recorded in normal conditions (no Cr stress) with foliar 

application of GB (50 mM) and minimum chlorophyll and carotenoid contents were 

recorded in Cd stress (50 mM) without GB application (Fig. 1). 

 

MDA and H2O2 contents 

Higher concentrations of H2O2 and MDA were recorded in pea plants subjected to 

higher Cr concentrations (Fig. 2). Foliar application of GB (50 mM) significantly 
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reduced the H2O2 by 51% and 18% at 25- and 50-mM Cr stress whereas foliar applied 

GB (50 mM) reduced MDA contents by 42% and 23% under Cr stress of 25 and 

50 mM, compared to control (Fig. 2). 

 

 

Figure 1. Chlorophyll (a, b, a/b) and carotenoid contents in pea leaves grown in different 

concentrations of Cr stress with and without exogenously applied GB. Vertical bars are three 

replicates mean have ± S.E. and different letters indicate significant difference at 0.05 P level 

according to LSD test 

 

 

 

Figure 2. The contents of MDA and H2O2 in pea leaves grown in different concentrations of Cr 

stress with and without exogenously applied GB. Vertical bars are three replicates mean 

have ± S.E. and different letters indicate significant difference at 0.05 P level according to LSD 

test 
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Antioxidant enzymes 

Antioxidant activities were significantly increased in lower and higher Cr stress 

conditions as compared to no Cr stress. Moreover, foliar application of GB has further 

increased in activities of APX and CAT under both levels of Cr stress and control. 

Likewise, POD and SOD activities were also increased under Cr stress which gives 

clear evidence that antioxidant activities considerably increased under Cr stress 

conditions. Moreover, GB has a positive effect on the activities of POD and SOD both 

under Cr stress and control (no Cr stress) conditions. However, the maximum 

improvement in POD and SOD activity was recorded under Cr stress (50 mM) with 

foliar application of GB (50 mM) as compared to control (no Cr stress) (Fig. 3). 

 

 

Figure 3. Ascorbic acid contents, CAT, POD, and SOD activities in pea leaves grown in 

different concentrations of Cr stress with and without exogenously applied GB. Vertical bars 

are three replicates mean have ± S.E. and different letters indicate significant difference at 0.05 

P level according to LSD test 

 

 

Chromium concentration in plant parts 

The results indicated that Cr concentration in plant parts was increased under Cr 

stress conditions, however, it was dose-dependent; increase in Cr concentration in 

growing media significantly increased the Cr in plant root and shoot. The maximum Cr 
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concentration was recorded in plant roots as compared to shoots (Fig. 4). Nonetheless, 

foliar-applied GB (50 mM) significantly reduced the Cr concentration in roots and 

shoots (Fig. 4). 

 

 

Figure 4. The concentrations of Cr in roots and shoots of pea grown in different concentrations 

of Cr stress with and without exogenously applied GB. Vertical bars are three replicates mean 

have ± S.E. and different letters indicate significant difference at 0.05 P level according to LSD 

test 

Discussion 

Chromium toxicity in soils has been continuously increasing and posing a serious 

threat to food production. We tested the impact of Cr stress on growth, physiological 

traits, and antioxidant enzymes and role of the GB in alleviating the deleterious impacts 

of Cr stress. We noticed that Cr stress had negative effects on plant growth and 

morphology and an increase in Cr concentration had more deleterious effects on plant 

growth and morphological characteristics (Table 1). 

Reduction in plant growth due to Cr has been widely documented by different 

authors (Ali et al., 2013; Wakeel and Xu, 2020). Reduction in growth attributes might 

be due to a restricted supply of important nutrients (Aamer et al., 2018; Majhi and 

Samantaray, 2020) as Cr interferes with different nutrients and reduced their uptake and 

availability and therefore reduced plant growth (Guo et al., 2020). Cr stress reduced root 

length which can be due to Cr accumulation in pea roots or mutilation of root tip cells 

due to Cr stress (Gill et al., 2015). 

Foliar applied GB featured a remarkable improvement in the growth and biomass 

production of pea plants. Glycinebetaine improves nutrient uptake and leaf gas exchange 

qualities and therefore, leads to a substantial increase in the growth and morphology 

under stress conditions (Shahbaz et al., 2012; Aamer et al., 2018). Moreover, GB-

mediated improvement in plant growth was due to positive effect of GB on 

photosynthetic and transpiration rates and sub-stomatal CO2 concentration (Jan et al., 

2020). Glycinebetaine also increased gene expression for scavenging of ROS which, 

therefore, protects photosynthetic machinery, photosynthetic enzymes (rubisco and 

rubisco activase) and major molecules (proteins, DNA) from damaging effects of 

oxidative stress and therefore, increased the growth under stress conditions (Chen and 

Murata, 2011). 
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Chromium stress also induced a significant reduction in chlorophyll (a,b and a/b) and 

carotenoids and increase in Cr concentration linearly deceased the photosynthetic 

pigments (Fig. 1). Cr stress decreased the photosynthetic pigments owing to alterations 

in chloroplast structures and reduction in synthesis of photosynthestic pigments and 

carotenoids due to substantial increase in activities of chlorophyllase (Hegedüs et al., 

2001) and production of Cr induced ROS (Zewail et al., 2020). A significant increase in 

photosynthetic pigments was observed with GB application under control and Cr stress 

conditions (Fig. 1). Accumulation of GB under stress conditions protects the 

chlorophyll structure and improves the photosynthetic efficiency and stomatal 

conductance and therefore leads to significant improvement in chlorophyll and 

carotenoid contents under stress conditions (Wang et al., 2010). GB also reduced the Cr 

uptake and increased the antioxidant activities (Fig. 3) which in turn increased the 

concentration of photosynthetic pigments under stress conditions (Wang et al., 2010). 

It was noticed Cr stress induced a significant increase in H2O2 production and MDA 

contents (Fig. 2), interestingly activities of the antioxidant enzymes were significantly 

increased under both levels of Cr stress (Fig. 3). The increase in activities of antioxidant 

under stress conditions has been reported in spinach and maize (Aamer et al., 2018; 

Dustgeer et al., 2021). The increase in activities of antioxidant enzymes gives evidence 

about the role of antioxidants in scavenging ROS and providing protection to plants 

under stress. In current investigation, foliar-applied GB considerably improved 

antioxidant activities under Cr stress. Glycinebetaine-induced increase in antioxidant 

activities reduced the Cr uptake and ROS production. Therefore, exogenous GB 

contributes toward the detoxification of ROS and leads to significant improvement in 

plant tolerance against the Cr stress (Ali et al., 2015). Exogenously applied GB also 

reduced the H2O2 and MDA contents under stress conditions owing to a marked 

increase in activities of antioxidant enzymes (Fig. 3) (Bharwana et al., 2014; Jabeen et 

al., 2016). 

Chromium concentration was increased in plant roots and shoots under Cr 

contaminated soil (Fig. 4). Likewise, Ali et al. (2015) also noticed a significant increase 

in Cr accumulation plant parts with increasing Cr concentration. Nonetheless, in this 

study, foliar-applied GB remarkably reduced the Cr in plant roots and shoots (Fig. 4). 

GB protected the cell membranes and reduced Cr entrance in the cytoplasm and 

consequently lead to a reduction in Cr uptake and accumulation in plant parts (Giri, 

2011; Daud et al., 2021). Another possible reason for the reduction in Cr uptake by 

foliar-applied GB might be due to Cr competition with other nutrients, as exogenously 

applied GB increased the uptake of nutrients that compete with the Cr and therefore 

reduce Cr uptake (Shahbaz and Zia, 2011; Castro-Duque et al., 2020). 

Conclusions 

In conclusion, chromium stress significantly reduced plant growth, photosynthetic 

pigments, and antioxidant activities, while enhanced Cr accumulation in different plant 

parts. However, exogenous applied GB alleviated the detrimental effects of Cr toxicity 

and increased plant growth, production of biomass and concentration of photosynthetic 

pigments. The GB-induced alleviation of Cr toxicity in pea was associated with 

improved antioxidant activities and reduced Cr uptake. However, further studies should 

be conducted to understand the molecular and cellular mechanisms of alleviation of Cr 

toxicity by exogenously applied GB. 
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