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Abstract
Chromium (Cr) pollution is one of the primary environmental concerns because of its adverse impact on crop productivity. 
Cr translocate in plants from the rhizosphere and enters the food chain, where it poses a significant hazard to the health of 
humans. Glutathione (GSH) mediated regulation of the defense mechanism in pea under Cr toxicity has not been reported in 
the literature. Therefore, the current study was undertaken to evaluate the role of exogenous GSH in alleviation of Cr stress in 
Pisum sativum L. (pea). Pea seeds were primed with three different concentrations of GSH (25, 50, and 75 μmol L−1GSH). 
Cr-induced toxicity resulted in a notable reduction in germination rate, biomass production, stomatal conductance, transpira-
tion rate, net photosynthesis and phenolic content in pea seedlings. The findings also revealed that Cr reduced chlorophyll, 
carotenoids and protein content in seedlings due to decreased uptake of mineral content (Na, K, Mg, Zn). Plants grown from 
GSH-primed seeds exhibited reduced oxidative damage caused by Cr, through accretion of non-enzymatic antioxidants such 
as proline and phenolic. Thus, GSH prevented the hampering of plant’s physiological activity, resulted in enhanced germi-
nation rate, biomass production, gas exchange attributes, net photosynthesis and protein content. Briefly, 50 μmol L− 1GSH 
priming provided best outcomes by increasing germination rate (33%), protein content (6.12 µg g−1 FW), proline content 
(18.01 µmol g−1 FW) and phenolic (0.493 mg g−1 FW). Consequently, GSH improved pea growth by enhanced nutrient 
uptake along with reduced Cr content in shoot. The current study reveals that GSH primed seeds minimizes Cr toxicity 
and makes it possible to cultivate pea in Cr-contaminated areas. Future studies will probably assist in elucidation of GSH 
intervened stress alleviation procedures in pea crop. Furthermore, research with reference to GSH for stress mitigation in 
other agronomic and horticultural crops will help in improvement of crop productivity.
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1  Introduction

Plant growth and development are greatly affected by heavy 
metal stress, which is a serious environmental problem 
(Dhalaria et al. 2020). Unchecked discharge of heavy metals 
into soil has been a major issue for the ecosystem because 
of its deleterious effects on plants (Khan et al. 2021). In the 
last few decades, air, water and soil have been contaminated 
due to increased levels of chromium (Cr) being used in vari-
ous industries and emerging as a potential drastic pollutant 

in the environment (Vareda et al. 2019). It becomes a part 
of the environment either by natural activities (weathering 
of rocks) and anthropogenic practices (paints, chrome plat-
ing, alloys, fertilizers) (He and Li 2020). The chemical and 
physical degradation of soil induced by Cr contamination 
impairs soil fertility, as a consequence of soil infertility, bio-
mass production and growth decreases (Vareda et al. 2019). 
The most prevalent and stable forms of Cr in soil are Cr (0), 
Cr (III), and Cr (VI) (Al-Huqail et al. 2020). It is readily 
available to plants because of its high solubility in water 
(Gupta et al. 2020). Cr (VI) causes changes in development, 
growth at different stages of plant life via alterations in hor-
monal homeostasis and assimilation of nutrients in plants 
(Bücker-Neto et al. 2017). As a redox metal, Cr provokes 
the production of reactive oxygen species (ROS), which 
in response disrupts the redox homeostasis balance within 
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plant cells and causes oxidative damage to nucleic acids and 
proteins (Adhikari et al. 2018). As a non-essential element, 
Cr is often absorbed mostly in the roots. Excess Cr in plant 
tissues can have numerous deleterious impacts on physiol-
ogy, biochemistry, and morphology (Uddin et al. 2015). 
According to earlier researches, Cr may slow down the rate 
at which seeds germinate and may have an impact on root 
elongation and growth (Kumari et al. 2016). In particular, 
Cr (VI) even at concentration considerably suppressed the 
germination of the seeds of Zea mays and Arabidopsis thali-
ana (Ramzan et al. 2023; Colzi et al. 2023). Furthermore, 
Cr can deactivate enzymes activity and photosynthetic pig-
ments, obstruct the uptake of nutrients and water, decrease 
assimilation capacity, and produce excess ROS, which can 
cause membrane structure peroxidation (Ashraf et al. 2022). 
These harmful effects of Cr have resulted in reduced crop 
yield and quality (Askari et al. 2021). Plants subjected to 
heavy metal stress respond to exogenous antioxidant treat-
ment, by boosting their resilience against stress (Nguyen 
et al. 2021). Furthermore, during heavy metal stress, the 
endogenous quantities of phytohormones also varies that 
regulate plants' adaptive behavior in stress (Bücker-Neto 
et al. 2017).

Seed priming is the process of exposing plants to an evok-
ing stimulus in order to make them more resistant to stress 
in the germination process, speeds up the metabolic process 
that makes it easier for seeds to sprout early (Johnson and 
Puthur 2021). Recent studies have shown that exogenous 
applications of substances like sulphur, glutathione, absci-
sic acid and melatonin can enhance the tolerance of plants 
to toxic elements (Liu et al. 2020; Bamagoos et al. 2022; 
Cheng et  al. 2022; Xie et  al. 2021). Among them, glu-
tathione (GSH) is a strong non-protein antioxidant and 
metabolite that contains sulphur that protects the cells from 
oxidative impairments and significantly contributes in plant 
oxidative damage and metal detoxification (Yao et al. 2021). 
By having thiol group (-SH) chelating processes, GSH can 
lead to the creation of Cr-GSH complexes, which lowers the 
amount of free Cr in cells (Hasan et al. 2016). Glutathione 
can act as an antioxidant through the ascorbate–glutathione 
cycle (ASA-GSH cycle) to prevent the Cr-mediated elevated 
formation of ROS from impairing plant physiological activ-
ity (Rasheed et al. 2022).Supplementation of GSH promotes 
growth and enhances chlorophyll content by inhibiting heavy 
metal stress (Yao et al. 2021). Glutathione reduces the accu-
mulation of heavy metal in different parts of plants and keeps 
the structure of the thylakoid membrane and chloroplast 
intact, consequently improves the photosynthetic efficiency 
(Ahmed et al. 2023). Supplementation of 50 μmol L− 1GSH 
reduced the phytotoxic effects of heavy metal on Iris lac-
teal (Yuan et al. 2015). Exogenously applied GSH enhances 
antioxidant enzyme activity by upregulation of superoxide 
dismutase, ascorbic acid and catalase activity (Khan et al. 

2016; Asgher et al. 2018).Hence, exogenous application of 
GSH is a cost-effective strategy which increases photosyn-
thetic activity, growth and eventually increasing the yield of 
plants (Cao et al. 2015).

Pisum sativum L. (pea) belongs to the family Legumi-
nosae, is a cool-weather legume, vital nutritive and eco-
nomic crop that is often referred to as "poor man's meat" due 
to its high protein content (Powers and Thavarajah 2019). It 
is also enriched in minerals such as iron, zinc, vitamins, and 
carbohydrates and is still affordable for the poorest (Majeed 
et al. 2019). Despite the fact that peas can help alleviate 
invisible hunger around the world, little effort has been made 
to improve their production and yield under Cr stress. Cr 
concentration range from 1970 to 2980 mg Cr kg−1 of soil in 
some adjacent areas of our recent study (Afzal et al. 2014).
These levels of Cr are higher than the permissible limit i.e. 
3.8 mg kg−1 reported by Vodyanitskii (2016).Peas accu-
mulate significant quantities of Cr in their shoots and roots 
under Cr toxicity (Faisal et al. 2022). Continuous detection 
investigations are required because of the significant harm-
ful impact that Cr has on the viability of plants. There is 
almost no information about the physiological limits of GSH 
priming to eliminate Cr toxicity in pea. It hypothesized that 
seed priming of pea seeds with GSH will alleviate harm-
ful impacts of Cr stress and resulted in improved growth. 
Therefore, the objective of the current study is to evaluate 
the influence of glutathione on P. sativum under Cr stress 
and to explore the potential of glutathione as a seed-priming 
agent in alleviation of Cr stress in P. sativum by improving 
nutrient orchestration, proline, and physiochemical attrib-
utes. Furthermore, the research was intended to reveal the 
possible beneficial role of glutathione on the growth, gas 
exchange characteristics, protein content, and DPPH activity 
of P. sativum grown in Cr-contaminated soil.

2 � Materials and Methods

2.1 � Seed Priming and Growth Conditions

Pisum sativum L. (pea) seeds were acquired from a local 
market in Lahore, Pakistan. Surface sterilization of pea seeds 
was accomplished by immersing them in a.

0.5% sodium hypochlorite solution for 5 min (Sardar et al. 
2022a, b) and then thoroughly washed them three times with 
distilled water. The sterilized seeds were primed with vary-
ing concentrations of glutathione; analytical grade employed 
for seed priming was purchased from Sigma-Aldrich (Saint-
Louis, MO, USA). Seeds were kept in glutathione solutions 
(25 μmol L− 1, 50 μmol L− 1, 75 μmol L− 1) prepared in dis-
tilled water (Khan et al. 2016), were named as GSH 1, GSH 
2 and GSH 3, respectively for 4 h at 25 oC under dim light 
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(Shahid et al. 2011) following air drying at room tempera-
ture. Non-primed seed was designated as control.

The pot experiment was performed at the Botanical Gar-
den, University of Punjab, Lahore (32,130′ 15′′ North, 7418′ 
23′′ East). The soil samples were collected from a nearby 
study area's topsoil (0–20 cm). The soil was spiked with 
100 mg of Cr kg−1while Cr-free soil was utilized as a control 
and was placed in plastic pots in a shady area for 15 days. 
Each pot had 7-inch length, 9-inch top diameter and filled 
with 4.5 kg of soil upto 6 inch height. Potassium dichro-
mate (K2Cr2O7) was employed as a Cr source. Five GSH-
primed and controlled seeds were sown uniformly in each 
pot. The pots were placed in conditions having a temperature 
of 18/25 °C at night and a dark–light cycle of 8/16 h. A 
randomized complete block design (RCBD) was used in the 
experiment, to arrange 32 pots for 8 treatments i.e. C = Con-
trol, Cr, GSH1, GSH2, GSH3, GSH1 + Cr, GSH2 + Cr, 
GSH3 + Cr, with four repetitions. After ten days, thinning 
was done and two seedlings per pot were allowed to grow. 
The 55-day old plants were carefully harvested to determine 
their physio-biochemical characteristics and non-enzymatic 
antioxidants. Attributes for morphology and biomass were 
noted at the time of harvest.

2.2 � Measurement of Morphological and Biomass 
Attributes

All of the harvested plants were washed thrice with distilled 
water following dry on blotting paper. The length of the 
roots and shoots as well as the fresh weight of the roots and 
shoots, were measured. Leaf Area, No. of leaves, No. of nod-
ules and No. of tendrils were also calculated. Subsequently, 
plant samples were oven dried at 70 0C for 2 days in order 
to assess their dry weights (Majeed et al. 2019).

2.3 � Estimation of Photosynthetic Pigments

Fresh leaves of plant (0.5 g) were taken right after harvest 
and were cut into small fragments of 0.5 cm. In pestle and 
mortar, 10 ml of 80% acetone was added for the purpose of 
extraction. A test tube was taken to take some amount of 
extract and covered with aluminum foil. Then aliquots from 
the extract in test tube (3 mm) were shifted to cuvettes. Then 
supernatant was observed at 480 nm, 645 nm and 663 nm 
with the help of spectrophotometer (Shimadzu UV-1800).
The amount of chl “a”, chl “b” and total chl was estimated 
by Arnon (1949) formula and carotenoid content was calcu-
lated according to Davies (1965).

2.4 � Determination of Gas Exchange Parameters

Gas exchange characteristics i.e. stomatal conductance 
(Gs), transpiration rate (E) and net photosynthesis (A) were 

estimated during the day (10:00—11:00 a.m.) at 26˚C from 
the uppermost fully stretched leaves with the help a port-
able infra-red gas analyser LCA-4 system(ADC, Ltd)(Sardar 
et al. 2022a, b).

2.5 � Assessment of Chromium Uptake

Pea leaves were cleaned and dried at 65˚C for two days in 
drying oven (Wiseven, Model WOF-105, Korea). Plant sam-
ple was powdered in pestle and mortar so that it can pass 
through 60 mesh screen. 0.5 g of sample was taken then 
5 ml of 70% HNO3 and 1.5 ml of 60% HClO4 were added 
to it. This mixture was heated until the brown fumes disap-
peared. Then it was cooled and 5 ml of diluted (1:1) HCl was 
added. This digested material was filtered through whatman 
filter paper. Its volume was made up to 25 ml by adding 
distilled water (Moseley and Jones 1984). The concentration 
of Cr was assessed using Atomic Absorption Spectrometer 
(XPLOR AA-Dual) (Chapman and Dale 1976). Calculations 
were done according to standard curve of Cr. For the esti-
mation of accumulation coefficient (AC), formula given by 
Al-Farraj et al. (2009) was used.

For approximation of metal tolerance index (MTI), the 
equation suggested by Balint et al. (2007) was applied:

2.6 � Estimation of Mineral Content

To make an approximation of mineral content in pea plant, 
same extract was taken that was used for assessment of Cr 
content. The absorbance for Na and K was found through 
flame photometer (Model 410, Corning) (Sagner et al. 1998). 
The absorbance of Zn and Mg was observed using Atomic 
Absorption Spectrometer (XPLOR AA-Dual) (Chapman and 
Dale 1976). Concentration of these minerals were calculated 
through their standard curves.

2.7 � Approximation of Proline and MDA Content

Prewashed ice chilled plant sample (0.25 g) was completely 
vortexed with 10 ml of sulfosalicylic acid (3%). Whatman 
filter paper was used to filter the mixture. 2 ml of this filtrate, 
2 ml of glacial acetic acid and 2 ml of acid-ninhydrin (2.8 g 
Ninhydrin, 48.16 ml of 85% Phosphoric Acid, 72.8 ml of 
Acetic acid) was added in to it. This mixture was heated 
on 100˚C for 1 h on water bath (N.S Engineering concern 
XMTG-9000). After ice cooling, toluene (4 ml) was added 

AC Factor =
Concentration of Cr (Shoot)

Concentration of Cr (Soil)

MTI% =
Dry weight of treated plants

Dry weight of untreated plants
× 100
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and was kept at 25˚C for half an hour. Absorbance was taken 
at 520 nm (Bates et al. 1973). Proline concentration was 
found (µg/ml) from L-Proline standard curve and calculated 
on the bases of fresh mass by using following formula:

Melondialdehyde (MDA) content was determined by 
adopting methodology of Heath and Packer (1968).

2.8 � Assessment of Soluble Protein

Protocol by Peterson et al. (1977) was used to estimate pro-
tein in pea plant. 1 g of plant sample was crushed with 2 ml 
of 1N phosphate buffer (17 g K2HPO4 in 1000 ml of distilled 
water) in pestle and mortar. After that it was centrifuged 
at 6000 rpm for 15 min. Supernatant (0.4 ml) was taken 
then 2 ml folin mixture (as used by Peterson et al. 1977) 
was added into it and left for 15 min. Then 0.5 ml Folin’s 
Reagent was added to each sample and shake well and kept 
at room temperature for 45 min. Absorbance was noticed at 
750 nm by using spectrophotometer (Shimadzu UV-1800) 
and soluble protein content was approximated by using BSA 
(Bovine Serum Albumin) standard curve.

2.9 � Determination of 2, 2‑ Diphenyl‑1‑picrylhydra‑
zyl Free Radical Scavenging Activity

To determine DPPH free radical scavenging activity method 
described by Chen et al. (2008) was used. The ability of 
pea plant to remove free radical was estimated. To prepare 
methanolic extract, plant sample (1 g) was taken and 10 ml 
of methanol was added into it. From this methanolic extract, 
1 ml was taken and completely mixed with 5 ml of freshly 
prepared 0.1 mM DPPH and placed in dark for 1 h. The 
absorbance was recorded at 517 nm by using spectropho-
tometer (Shimadzu, UV-1800). The blank was prepared by 
adding 1 ml of methanol in 5 ml of 0.1 mM DPPH solution. 
The free radical scavenging activity was evaluated with the 
help of following formula:

2.10 � Determination of Phenolic Content

To quantify phenolic content, 2 g fresh leaf of the plant 
sample were cut into little pieces and extracted in 20 ml of 
80% aqueous methanol at 65˚C for 15 min. 0.25 ml of 1N 
Folin–Ciocalteau reagent along with 5 ml of distilled water 
were added in 1 ml of previously obtained extract and stored 
at 30˚C. After this mixture had developed blue colour, the 

Proline

(

μ
mol

g
FW

)

=

[

μgproline∕mlxmlof toluene

115.5

]

∕

[

gofsample)

10

]

Scavenging Activity(%) =

[

1 −

(

A517nm, Sample

A517nm, Blank

)]

x100

absorbance was observed at 725 nm. This absorbance was 
compared with the standard curve of gallic acid to estimate 
the quantity of phenolic content (Zieslin and Ben Zaken 
1993).

3 � Statistical Analysis

All obtained data were analyzed by applying two-way 
ANOVA, through software (IBM-SPSS Statistics Version 
20). For splitting of mean values for significant treatment, 
Duncan’s multiple range test was applied at p ≤ 0.05. The 
specified values are average of 4 replicates ± SE. To assess 
relationships between the numerous studied variables, Pear-
son's correlation analysis was used. Rstudio software was 
used to calculate the principal component analysis (PCA) 
and Pearson correlation coefficients among the observed 
variables in P. sativum.

4 � Results

4.1 � Measurements of Morphological Attributes

Different morphological parameters of P. sativum were 
checked under Cr stress. Morphological growth was sup-
pressed under Cr stress, whereas significantly higher growth 
was observed in glutathione treated plants. Table 1 dem-
onstrates the influence of Cr stress and GSH priming on 
leaf area, number of leaves, tendrils, and root nodules, in 
addition to root length and shoot length. Pea plants under 
Cr stress exhibited 27.4%, 44.1%, 42%, and 50% decreases 
in shoot length, root length, leaf area, and number of nod-
ules, respectively, as compared to control treatment. On the 
other hand, pea seeds primed with GSH2 under Cr stress 
developed seedlings with enhanced plant shoot length, root 
length, leaf area, and number of nodules by 10.2%, 17.11%, 
8.4%, and 50%, respectively, as compared to Cr only treat-
ment (Table 1; p ≤ 0.001).

4.2 � Measurements of Biomass Attributes

Shoot and root fresh weight displayed a significant decline 
in plants grown in Cr-spiked soil as compared to control 
(Table 2; p ≤ 0.01).Plants developed from GSH primed seeds 
exhibited considerably more biomass than control. Table 2 
shows that the shoot fresh weight of plants grown in Cr-
spiked soil is 1.34 g, which is 60.5% less than that of control. 
The shoot fresh weight of plants grown from GSH2 primed 
seeds under Cr stress was 20% higher as compared to Cr 
alone treatment. The root fresh weight of Cr-treated plants 
is 0.24 g, producing 41.6% less biomass as compared to 
control. On the other hand, plants primed with GSH2 with 
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and without Cr stress produced 16.2% and 59.5% more root 
fresh weight than Cr only treatment and control treatment 
respectively. Shoot dry weight (61.7%) and root dry weight 
(71%) also declined in Cr treated plants as compared to con-
trols. A significant rise in shoot dry weight (68%) and root 
dry weight (11%) was observed in GSH2 primed seeds as 
compared to control treatment.

4.3 � Estimation of Photosynthetic Pigments

Cr remarkably impeded the synthesis of photosynthetic pig-
ments in pea plants over control treatment (Figs. 1a, b, c and 
d);p ≤ 0.01).The GSH1 and GSH3 treatment under Cr stress 
had no definite effect on total photosynthetic content in 
comparison to Cr-alone treatment. Cr stress alone impeded 
chlorophyll a (32%), chlorophyll b (20.3%), total chloro-
phyll (30.8%), and carotenoids (35.3%) content compared 
to control conditions. Nevertheless, it was observed that 
treatment with GSH2 + Cr had a noticeable impact on the 

relief of the Cr-induced decline of chlorophyll content. The 
GSH2 + Cr treatment increased the content of Chl a (65%), 
Chl b (59.7%), total Chl (64%) and carotenoids (60.8%), 
compared to the Cr-only treatment.

4.4 � Determination of the Gas Exchange Parameters

The results disclosed a significant decline in gas exchange 
characteristics of pea plants under Cr regimes in comparison 
to control (Figs. 2a, b and c; p ≤ 0.001). Cr treatment reduced 
stomatal conductance (Gs), net photosynthesis (A) and tran-
spiration rate (E) by 26.5%, 29.4% and 31.3%, respectively, 
when compared to the control. Additionally, when GSH 
was applied to the plants that had been exposed to Cr, the 
negative impacts of Cr were diminished, and the studied gas 
exchange attributes improved (Figs. 2a, b and c). The GSH2 
application to plants grown in non-contaminated conditions 
increased Gs, A and E by 51.9%, 64.8%, and 33.33%, respec-
tively, over control conditions.

Table 1   Effect of glutathione (GSH) and chromium (Cr) on the morphological growth of P. sativum 

Data exhibit means ± SE of 4 replicates. Non-identical letters specify significant difference amid the treatments at p ≤ 0.001. C = control, 
Cr = 100 mg kg−1 Cr, GSH1 = 25 µmol L−1 GSH, GSH2 = 50 µmol L−1 GSH, GSH3 = 75 µmol L−1 GSH

Treatments Morphological Growth

Shoot Length (cm) Root Length (cm) Total Length (cm) Leaf Area (cm2) No. of Leaves No. of Tendrils No. of Root 
Nodules

Control 18.9 ± 0.19b 6.2 ± 0.11b 25.1 ± 0.14b 5.20 ± 0.23b 27 ± 0.34c 18 ± 0.31de 6 ± 0.25bc
Cr 14.83 ± 0.17a 4.33 ± 0.14a 19.15 ± 0.29a 3.03 ± 0.3a 15 ± 0.25a 8 ± 0.28a 3 ± 0.25a
GSH1 23.78 ± 0.18d 5.58 ± 0.18c 29.35 ± 0.25 cd 7.32 ± 0.3 cd 26 ± 0.25c 14 ± 0.25c 6 ± 0.29c
GSH2 32.55 ± 0.17 g 7.48 ± 0.16e 40.03 ± 0.1e 11.43 ± 0.21f 37 ± 0.29 g 21 ± 0.25f 11 ± 0.28e
GSH3 28.5 ± 0.18f 6.43 ± 0.16d 34.93 ± 0.3e 9.01 ± 0.3e 30 ± 0.33e 18 ± 0.29e 8 ± 0.25d
GSH1 + Cr 18.5 ± 0.16c 4.53 ± 0.17b 23.03 ± 0.21a 3.85 ± 0.25a 23 ± 0.28b 12 ± 0.3 h 5 ± 0.28b
GSH2 + Cr 20.63 ± 0.27e 6.58 ± 0.04d 27.2 ± 0.3d 5.63 ± 0.25d 31 ± 0.25f 17 ± 0.25d 9 ± 0.31d
GSH3 + Cr 19.48 ± 0.13d 5.63 ± 0.11c 25.1 ± 0.15c 4.73 ± 0.14c 28 ± 0.31d 14 ± 0.3c 7 ± 0.34c

Table 2   Effect of glutathione (GSH) and chromium (Cr) on biomass production of P. sativum 

Data exhibit means ± SE of 4 replicates. Non-identical letters specify significant difference amid the treatments at P ≤ 0.01
C = control, Cr = 100 mg kg−1 Cr, GSH1 = 25 µmol L−1 GSH, GSH2 = 50 µmol L−1 GSH,GSH3 = 75 µmol L−1 GSH

Treatments Biomass and Germination

Shoot Fresh 
Weight (g)

Root Fresh 
Weight (g)

Total Fresh 
Weight (g)

Shoot Dry 
Weight (g)

Root Dry  
Weight (g)

Total Dry  
Weight (g)

Germination
%

Control 3.4 ± 0.18b 0.37 ± 0.03ab 3.77 ± 0.16b 0.47 ± 0.03b 0.056 ± 0.03abc 0.51 ± 0.03b 75 ± 5ab
Cr 1.34 ± 0.14a 0.24 ± 0.02a 1.58 ± 0.12a 0.18 ± 0.04a 0.016 ± 0.02a 0.18 ± 0.04a 65 ± 5a
GSH 1 4.22 ± 0.04c 0.41 ± 0.01abc 4.63 ± 0.05c 0.56 ± 0.01bc 0.059 ± 0.01bcd 0.61 ± 0.05bc 90 ± 5.7bcd
GSH 2 5.53 ± 0.15d 0.59 ± 0.11c 6.125 ± 0.08d 0.79 ± 0.03e 0.062 ± 0.02 cd 0.85 ± 0.03e 100 ± 0d
GSH 3 5.16 ± 0.29d 0.56 ± 0.12bc 5.72 ± 0.17d 0.74 ± 0.02d 0.077 ± 0.08d 0.82 ± 0.02d 95 ± 5acd
GSH1 + Cr 3.15 ± 0.29c 0.34 ± 0.02a 3.49 ± 0.3c 0.29 ± 0.04a 0.024 ± 0.03ab 0.31 ± 0.08a 70 ± 5.7d
GSH2 + Cr 4.09 ± 0.23d 0.44 ± 0.06c 4.53 ± 0.23d 0.54 ± 0.05d 0.046 ± 0.02abc 0.58 ± 0.04d 80 ± 8.1abc
GSH3 + Cr 3.8 ± 0.06c 0.36 ± 0.04abc 4.17 ± 0.05c 0.44 ± 0.03c 0.034 ± 0.04abc 0.48 ± 0.03c 75 ± 5ab
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4.5 � Assessment of Chromium Uptake

The evaluation of Cr content in pea plants demonstrated 
that plants raised in Cr-spiked soil displayed 0.139 mg Cr 
g−1 DW in plant shoot. Both GSH1 and GSH2 proved to be 
effective in hindering the Cr (VI) uptake in plants grown in 
Cr-spiked soil. However, GSH2 had the most pronounced 
effect in reducing the Cr concentration in Cr-treated plants 
(Table 3; p ≤ 0.05).

4.6 � The Metal Tolerance Index and Accumulation 
Coefficient

The AC value in the plants was relatively high in the Cr-
alone treatment (Table 3; p ≤ 0.05). However, plants raised 
from GSH2 treated seeds under Cr stress had significantly 
improved MTI value, by 4.7 fold as compared to that of 

the Cr-only treatment. The AC value of plants grown from 
seeds treated with GSH2 under Cr toxicity decreased by 
21.6% compared to plants treated with Cr.GSH3 also 
slightly reduced the AC value by 10.2%.

4.7 � Assessment of Mineral Contents

It can be inferred from the data that Mg, Zn, K, and Na 
content was increased in GSH2 by 48.9%, 92%, 20.7%, and 
26.8%, respectively, in comparison to control. A minimum 
nutrient content was found in Cr-affected plants not treated 
with GSH. GSH3 negligibly enhanced Mg and Zn content 
in comparison to GSH1 under Cr toxicity. Compared to 
GSH3, GSH1 had lesser enhancing effect on the amount of 
K and Na in plants that had been affected by Cr (Table 4; 
p ≤ 0.01).

Fig. 1   Effect of glutathione 
(GSH) and chromium (Cr) on 
chl a (a), chl b (b), total chl (c), 
and carotenoid content (d) of P. 
sativum. The data is represented 
as a means ± SE of 4 replicates. 
Non-identical letters indicate 
significant difference between 
the treatments at P ≤ 0.01. 
C = Control, Cr = 100 mg kg− 1 
Cr, GSH1 = 25 μmol L− 1 GSH, 
GSH2 = 50 μmol L− 1 GSH, 
GSH3 = 75 μmol L− 1 GSH
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Fig. 2   Effect of glutathione 
(GSH) and chromium (Cr) on 
the stomatal conductance (a), 
photosynthetic rate (b), and 
rate of transpiration (c) of P. 
sativum. The data is represented 
as a means ± SE of 4 replicates. 
Non-identical letters display 
remarkable variance amongst 
the treatments at P ≤ 0.001. 
C = Control, Cr = 100 mg kg− 1 
Cr, GSH1 = 25 μmol L− 1 GSH, 
GSH2 = 50 μmol L− 1 GSH, 
GSH3 = 75 μmol L− 1 GSH
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Table 3   Effect of glutathione 
(GSH) on Chromium (Cr) 
uptake in shoot (mg g−1 DW), 
accumulation coefficient (AC), 
metal tolerance Index (MTI) of 
P. sativumand melondialdehyde 
content (MDA)

Data exhibit means ± SE of 4 replicates. Non-identical letters specify significant difference amid the treat-
ments at P ≤ 0.05. C = control, Cr = 100  mg  kg−1 Cr, GSH1 = 25  µmol L−1 GSH, GSH2 = 50  µmol L−1 
GSH,GSH3 = 75 µmol L−1 GSH

Treatment Cr Uptake in Shoot
(mg g−1 DW)

(AC) (MTI) MDA
(nmol g−1 FW)

Control – – – 35 ± 0.61e
Cr 0.140 ± 0.06b 1.40 ± 0.6b 36.46 ± 3.3a 59 ± 0.66a
GSH1 – – – 31 ± 0.54f
GSH2 – – – 27 ± 0.60 h
GSH3 – – – 29 ± 0.62 g
GSH1 + Cr 0.103 ± 0.02ab 1.02 ± 0.2ab 61.54 ± 5.4b 43 ± 0.58c
GSH2 + Cr 0.096 ± 0.01ab 0.96 ± 0.10ab 168.27 ± 2.3c 39 ± 0.61d
GSH3 + Cr 0.102 ± 0.02a 1.02 ± 0.2a 136.46 ± 1.7b 46 ± 0.60b
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4.8 � Determination of Proline Content

Plants affected by Cr toxicity exhibited, raised level of pro-
line in comparison to control. The proline level in plants 
exposed to Cr toxicity was 64% higher than in control plants.
GSH1, GSH2 and GSH3 applications to plants developed 
in non-contaminated conditions raised the level of proline 
by 71%, 85% and 64.4%, respectively, over control condi-
tions. In comparison to GSH1 and GSH3, GSH2 priming 
significantly increased proline content in Cr stressed plants. 
Plants treated with GSH2 under Cr stress showed 47.8% 
increased levels of proline as compared to the Cr-only treat-
ment (Fig. 3a; p ≤ 0.001).

4.9 � Assessment of Soluble Protein

Phytotoxicity caused by Cr decreased the amount of protein 
in plants under the Cr-regime compared to the control condi-
tion. Cr reduced 26.5% of the protein content in pea plants 
as compared to control (Fig. 3b; p ≤ 0.001). The stress-alle-
viating capability of GSHs raised protein content in control 
and Cr-treated plants as well. Seeds treated with GSH1 and 
GSH2 with Cr-spiked soil magnified the protein content by 
37.7% and 40.8% relative to Cr-only treatment. Likewise, 
GSH3 supplementation to Cr-spiked plants showed a 32.12% 
increase in protein content as compared to Cr sole treatment.

4.10 � DPPH Free Radical Scavenging Activity

Plants affected by Cr stress exhibited a reduced level of 
free radical scavenging activity in comparison to control. 
Cr Stress reduced this activity by 31.1% in plants grown 
in Cr-spiked soil compared to control plants (Fig.  3c; 
p ≤ 0.001). GSH2 priming enhanced it by 63.5% relative 
to control. GSH1 and GSH2 treated plants grown in Cr-
affected soil enhanced the DPPH free radical scavenging 
activity by 63.7% and 89%, respectively, as compared to 
Cr-sole treatment.

4.11 � Determination of Phenolic Content

Cr prompted phytotoxicity and decreased phenolic content in 
plants under the Cr effect as compared to the control condi-
tion. The total phenolic content of seedlings decreased by 
22.2% under the impact of Cr as compared to control. Maxi-
mum phenolic content (0.493 mg g−1 FW) was noticed in the 
case of GSH2 sole treatment. Under Cr toxicity, GSH2 pre-
treated plants had 44.4% greater phenolic content relative 
to the Cr alone treatment. In contrast to Cr-sole treatment, 
GSH1 under Cr stress also increased the amount of phenolic 
by 25.12% (Fig. 3d; p ≤ 0.001).Cr stress leads to a signifi-
cant increase in lipid peroxidation (MDA) of pea seedlings 
(Table 3; p ≤ 0.05).Seed primed with GSH reduced MDA 
content under normal and Cr stress conditions. However, 
application of GSH2 decreased MDA under normal and Cr 
stress conditions (Fig. 4).

4.12 � Correlation between Vari‑
ous Growth and Physio‑biochemical Attributes 
with Cr Uptake and Accumulation

A Pearson’s correlation reckoned a relationship with the 
growth and physio-biochemical attributes of P. sativum 
grown in Cr-contaminated soil with exogenously applied 
glutathione (Fig. 5; p ≤ 0.01).The Cr concentration in the 
shoot was positively correlated with Cr accumulation coef-
ficient in the shoot and proline content in pea plants. GSH1, 
GSH2 and GSH3 application is negatively correlated with 
Cr accumulation coefficient and positively correlated with 
proline content. On the other hand, Cr concentration in the 
shoot was negatively correlated with the metal tolerance 
index, potassium, magnesium, sodium, zinc, root dry weight, 
total phenol content, stomatal conductance, leaf area, and 
germination percentage, total chlorophyll, transpiration 
rate, shoot dry weight, photosynthetic rate, number of ten-
drils, soluble protein content, root fresh weight, DPPH free 
radical scavenging activity, shoot fresh weight, root length, 

Table 4   Effect of glutathione 
(GSH) and chromium (Cr)on 
nutrient content (mg g−1 DW) 
of P. sativum 

Data exhibit means ± SE of 4 replicates. Non-identical letters specify significant difference amid the treat-
ments at P ≤ 0.01. C = control, Cr = 100  mg  kg−1 Cr, GSH1 = 25  µmol L−1 GSH, GSH2 = 50  µmol L−1 
GSH,GSH3 = 75 µmol L−1 GSH

Treatment Mg
(mg g−1 DW)

Zn
(mg g−1 DW)

K
(mg g−1 DW)

Na
(mg g−1 DW)

Control 10.47 ± 0.12d 0.39 ± 0.01c 39.01 ± 0.17e 36.48 ± 0.26e
Cr 6.43 ± 0.03b 0.11 ± 0.02a 21.28 ± 0.15a 22.92 ± 0.22a
GSH1 13.5 ± 0.02e 0.56 ± 0.009d 41.46 ± 0.27f 38.05 ± 0.28f
GSH2 15.59 ± 0.18 g 0.75 ± 0.002f 43.17 ± 0.22 g 46.28 ± 0.19 g
GSH3 15.08 ± 0.14f 0.63 ± 0.008e 37.16 ± 0.27e 36.33 ± 0.25e
GSH1 + Cr 6.47 ± 0.23b 0.22 ± 0.002b 22.48 ± 0.29b 23.29 ± 0.18b
GSH2 + Cr 7.46 ± 0.18c 0.24 ± 0.001b 24.89 ± 0.19d 26.31 ± 0.25d
GSH3 + Cr 5.59 ± 0.17a 0.2 ± 0.004d 24.17 ± 0.21c 24.87 ± 0.19c
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carotenoids, number of leaves, and number of root nodules. 
GSH2 application is positively correlated to metal tolerance 
index, potassium, magnesium, sodium, zinc, root dry weight, 
total phenol content, stomatal conductance, leaf area, germi-
nation percentage, total chlorophyll, transpiration rate, shoot 
dry weight, photosynthetic rate, number of tendrils, soluble 
protein content, root fresh weight, DPPH free radical scav-
enging activity, shoot fresh weight, root length, carotenoids, 
number of leaves, and number of root nodules. This relation-
ship expressed a close relationship between growth and Cr 
uptake in P. sativum.

4.13 � Principal Component Analysis

P. sativum cultivated on Cr-contaminated soil with exog-
enously supplied glutathione was shown to have a connec-
tion between growth and physio-biochemical characteristics 

using loading plots of principal component analysis (Fig. 6; 
p ≤ 0.01).The first two primary components, Dim1 and 
Dim2, make up the largest percentage of all components 
and account for more than 91.2% of the entire database.

Dim1 makes up 77.1% of this dataset, whereas Dim2 
makes up 14.1% of it. The first set of variables; PC1 has a 
positive correlation with potassium, magnesium, sodium, 
zinc, root dry weight, total phenol content, stomatal con-
ductance, leaf area, germination percentage, shoot length, 
total chlorophyll, transpiration rate, shoot dry weight, 
photosynthetic rate, number of tendrils, soluble protein 
content, root fresh weight, DPPH free radical scavenging 
activity, shoot fresh weight, root length, carotenoids, num-
ber of leaves, Number of root nodules. The factors related 
to proline content, metal tolerance index, Cr concentration 
in shoots, and accumulation coefficient were found to have 
a strong negative relationship with PC1 variables.

Fig. 3   Effect of glutathione 
(GSH) and chromium (Cr) on 
proline content (a), soluble 
protein (b), DPPH free radical 
scavenging activity (c) and 
phenolic content (d) of P. 
sativum. The data is represented 
as a means ± SE of 4 replicates. 
Non-identical letters indicate 
significant difference between 
the treatments at  p ≤  0.001. 
C = Control, Cr = 100 mg kg− 1 
Cr, GSH1 = 25 μmol L− 1 GSH, 
GSH2 = 50 μmol L− 1 GSH, 
GSH3 = 75 μmol L− 1 GSH
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Fig. 4   Schematic diagram showing the effect of glutathione(GSH) and chromium(Cr) on growth and physiochemical parameters of P. sativum 
grown in Cr-toxic soil

Fig. 5   Correlation between 
growth and physio-biochemical 
attributes of P. sativum grown 
in chromium (Cr) contaminated 
soil with exogenously 
applied glutathione. Different 
abbreviations used in the figure 
are as follows: Pro (proline 
content in pea plants), MTI 
(metal tolerance index), Cr 
(chromium concentration in 
shoot), AC (accumulation 
coefficient), K (potassium), Mg 
(magnesium), Na (sodium), Zn 
(zinc), RDW (root dry weight), 
Phe (total phenol content), SC 
(stomatal conductance), LA 
(leaf area), GP (germination 
percentage), SL (shoot length), 
TC (total chlorophyll), T C 
(transpiration rate), SDW (shoot 
dry weight), PR (photosynthetic 
rate), NOT (number of tendrils), 
SP (soluble protein content), 
RFW (root fresh weight), DPPH 
(DPPH free radical scavenging 
activity), SFW (shoot fresh 
weight), RL (root length), Car 
(carotenoids), NOL (number 
of leaves),NRN (number of 
root nodules). This corelation 
expressed a close relation 
between growth and Cr uptake 
in P. sativum 
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5 � Discussion

Heavy metals are the toxic bioavailable elements in the 
rhizosphere, causing serious harms to plants. After their suc-
cessful entrance into the plant system, the metal ions bind 
to the sulfhydryl group of cellular proteins and misplace 
the vital cations from the binding sites of enzymes, mak-
ing them inactive, which consequently disrupts the cellular 
processes. Chromium being redox metal, activates reactive 
oxygen species (ROS) formation, that damages the mem-
brane and disturbs the redox homeostasis balance of plant 
cell, subsequently causing oxidative harms to lipids, nucleic 

acids and proteins (Adhikari et al. 2018). Cr being toxic in 
soil is a serious threat to the existence of mankind, plants 
and animals on this planet (Askari et al. 2021). The cur-
rent study explores the chief responses of pea plants to Cr 
vulnerability consisted of a remarkable decline in biomass 
(fresh and dry weight basis), with a massive assemblage 
of Cr in seedlings. In maize, a similar elevated level of Cr 
was reported that reduced fresh and dry weight of shoot 
and root (Adhikari et al. 2020). Cr-induced toxicity hinders 
plant growth (Jabeen et al. 2015) and biomass production 
(Zhao et al. 2019), similar to our present findings. During 
current study, a strong negative correlation of Cr with shoot 

Fig. 6   Loading plots of principal component analysis demonstrating 
a connection betweengrowth and physio-biochemical attributes of 
P. sativum grown in chromium contaminated soil with exogenously 
applied glutathione. Different abbreviations used in the figure are 
as follows: Pro (proline content in pea plants), MTI (metal toler-
ance index), Cr (chromium concentration in shoot), AC (accumula-
tion coefficient), K (potassium), Mg (magnesium), Na (sodium), Zn 
(zinc), RDW (root dry weight), Phe (total phenol content), SC (sto-

matal conductance), LA (leaf area), GP (germination percentage), SL 
(shoot length), TC (total chlorophyll), T C (transpiration rate), SDW 
(shoot dry weight), PR (photosynthetic rate), NOT (number of ten-
drils), SP (soluble protein content), RFW (root fresh weight), DPPH 
(DPPH free radical scavenging activity), SFW (shoot fresh weight), 
RL (root length), Car (carotenoids), NOL (number of leaves), NRN 
(number of root nodules)
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length, root length, number of leaves, leaf area, fresh and 
dry weight of shoot and root was observed (Fig. 5). Ahmed 
et al. (2020) reported that Cr may have made it harder for 
the plants to take in essential nutrients. Decreased nutri-
ent uptake leads to a decline in growth attributes (shoot 
length, root length, number of leaves, leaf area) and bio-
mass. The reduction in root length in plants grown under 
the Cr regime was because of the assemblage of Cr in root 
cells that damaged the cellular structure of root (Ali et al. 
2013). The eventual decrease in shoot length is due to Cr-
instigated impairment of mesophyll cells (Gillet al. 2015). 
However, application of glutathione (GSH) enhanced plant 
morphological growth and biomass as well by mitigating 
Cr stress through Cr sequestration. Earlier researchers have 
also reported growth improvement because of GSH supple-
mentation in cotton because of raised amount of DNA and 
RNA (Khan et al. 2016).The GSH level in nucleus increases 
and add more no. of nucleotide that maintain a proper redox 
environment to synthesize or repair DNA (Garcia-Gimenez 
et al. 2013). Evidence shows that meristematic cells prolifer-
ate and differentiate at a greater rate after getting stimulation 
from exogenously applied GSH, leading to an increase in 
shoot length, root length, and leaf length, and consequently 
leaf area (Pasternak et al. 2014).

Pigment content and rate of photosynthesis significantly 
reduced under Cr stress. Cr primarily affects the structure 
of plastids, electron transport chain and photosynthetic 
phosphorylation and CO2 fixation (Ma et al. 2016).Some 
ultrastructural alterations occur in chloroplasts that caused 
lower photosynthetic pigment formation (Gill et al. 2015). 
Unbalanced ROS formation under Cr toxicity caused these 
ultrastructural changes in structure of chloroplast (Ahmad 
et al. 2019). Cr inhibits biosynthesis of chlorophyll or may 
interrupt the normal functioning of enzymes that degrade 
chlorophyll. Cr-reduced changes in the volume and auto-
fluorescence of chloroplasts, altered thylakoid arrangements, 
chloroplast membrane deformation, and negatively affected 
light/dark reactions (Shahid et  al. 2017), consequently 
declining rate of photosynthesis. Exogenously applied GSH 
enhanced chlorophyll content and uptake of different mineral 
nutrients raised along with decreased uptake of heavy metal 
(Ur Rehman et al. 2021). Treatment with GSH encouraged 
the maintenance of more plastids and mitochondria and 
improved their ultrastructure. Plastids exhibit well-devel-
oped thylakoid membrane characteristics, parallel lamellar 
patterns, and more unfolded starch grains. Additionally, 
GSH maintains well-structured mitochondrial cristae and 
homogeneous chromatin distribution in nuclei (Ahmed 
et al 2023), and assist plant to actively produce chlorophyll 
content.

Plants developed in the Cr-regime reduced gas exchange 
parameters in Brassica napus (Gill et al. 2015) and in Bras-
sica oleracea (Ahmed et al. 2020), similar to our recent 

findings. Cr uptake and its assemblage in plants have also 
been reported in wheat (Ali et al. 2015), that renders plants 
incapable of assimilating other vital nutrients, disturbs nor-
mal growth pattern, development, ultra-cellular configura-
tion and eventually disturbs transpiration (Maqbool et al. 
2015), photosynthesis (Afshan et  al. 2015), and causes 
chlorosis (Gill et al. 2014). Our findings are parallel with 
the results of Farid et al. (2018) that showed that Cr toxicity 
adversely affects the growth of sunflower. Because of the 
extremely high generation of ROS caused by Cr toxicity, 
cellular proteins and plasma membranes may be damaged 
(Kaur and Zhawar 2017). This damage can be repaired by 
glutathione that eradicates excessive ROS (Wen et al. 2022). 
This damage repair plays a role in preventing Cr entry and 
improving nutrient uptake (Ahmad et al. 2019). That’s why 
Cr uptake is reduced because it has to compete with other 
essential nutrients. GSH plays its role in avoiding oxidative 
damage to photosynthetic apparatus in Brassica oleracea 
(Ahmed et al. 2020), and is capable of improving photo-
synthetic rate. Changes in guard cell aperture or stomatal 
opening due to GSH supplementation in Cr-affected plants 
have improved stomatal conductance, rate of transpiration, 
and net photosynthesis.

The reduced mineral content under Cr stress is the con-
sequence of increased Cr build-up, which pushes mineral 
nutrients away from their binding sites and consequently 
restricts their absorption (Gupta et al. 2019). Decreased 
K+ level is linked to xylem blockage and a reduction in 
plant root growth (Javed et al. 2021). As a result, lower 
K+ levels found in pea plants in the current study caused 
stomatal dysfunction, inadequate stomatal control of 
water loss, and decreased photosynthesis, which impaired 
pea plants' ability to thrive in the presence of Cr toxic-
ity. Mg2+ plays a role in the production of chlorophyll 
and is a crucial component of the chloroplast's normal 
structure (Hafeez et al. 2022). Yan and Hou (2018) stud-
ied that Mg2+ encourages ATP or ADP breakdown, which 
yields phosphoric acid and energy. Additionally, it stimu-
lates phosphorylation, ATP synthesis, and ATPase activ-
ity (Chen et al. 2018). Tobacco roots and shoots under Cr 
stress had poor Mg2+ uptake, which reduced chlorophyll 
production (Hayat et al. 2012). This decline in Mg2+ was 
exhibited primarily in our recent study as poor root devel-
opment, decreased chlorophyll biosynthesis, and decreased 
ATP synthesis, resulting in poor growth. According to 
Sohag et al. (2020), GSH application improved K+ levels 
in rice seedlings under abiotic stress. In higher K+ levels 
in pea plants led to better stomatal functionality, proper 
stomatal control of water loss, and improved photosyn-
thesis, which enhanced pea plants' ability to thrive in the 
presence of Cr. The regulation of genes governing nutrient 
absorption and transport increased the level of important 
nutrient ions in Medicago scutellata under drought stress 
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after GSH treatment (Gheshlaghi et al. 2020). It seems that 
complexes of GSH and Cr may produce and transported 
by certain transporters into insensitive organelles, such as 
heavy-metal ATPase (HMA), natural resistance-associated 
macrophage protein (NRAMP), and ATP binding Cassette 
(ABC) transporter protein. They have become immobilized 
in the root cell wall (Zeng et al. 2012a), which eventually 
lead to decreased Cr content in the shoot and reduced Cr 
accumulation coefficient as well.

Proline is a stress-associated metabolite that acts as an 
indicator of oxidative stress (Bashir et al. 2020). In both 
biotic and abiotic stress, proline act as an effective antioxi-
dant and interact with other signaling compounds to main-
tain metabolism in cell. In normal conditions, proline makes 
up less than 5% of total free amino acids in plants, whereas 
in stressed plants its concentration increases to up to 80% 
of the total amino acid pool (Meena et al. 2019). This high 
assemblage of proline in plants exposed to hexavalent Cr 
is a strategic adaptation by the plants to survive oxidative 
damage. We observed a strong positive correlation of Cr 
concentration in shoot with proline content (Fig. 6). This 
outcome is in line with other findings (Adhikari et al. 2020) 
that reported that endogenous levels of free proline rise 
when plants are exposed to Cr than their threshold level to 
cope up with the oxidative stress by scavenging the ROS. 
Nevertheless, in our present study, exogenous GSH applica-
tion to Cr spiked plants raised endogenous proline levels in 
comparison to the Cr treated seedlings without GSH. It is 
because GSH being a significant non-enzymatic phytohor-
mone, improves the activity of other antioxidants (Hasanuz-
zaman et al. 2017). Proline being a non-enzymatic antioxi-
dant, contributes in maintaining subcellular structures (such 
as membranes and proteins), scavenging free radicals, and 
buffering cellular redox potential during stressful circum-
stances in addition to serving as an osmolyte for osmotic 
adjustment (Ashraf and Foolad 2007).

Decreased protein level in pea seedlings under Cr toxicity 
in current investigation are in accordance with previous work 
demonstrating that Cr toxicity impedes the protein content 
(Ashraf et al. 2022). This reduction in protein content is due 
to decreased protein synthesis or a heightened degree of pro-
tein degradation, or both could be the reason during abiotic 
stress (Bashir et al. 2020). We found a negative correlation 
of Cr concentration with protein content (Fig. 6).Whereas 
it was observed that protein formation was enhanced after 
GSH application. Glutathione controls gene expression 
and positively takes part in signal transduction (Li et al. 
2021). This improved signal transduction is attributed to 
protein formation and function, providing solid evidence of 
improved protein synthesis in the presence of GSH. The rate 
of translation in plants increases after treating plants with 
GSH (Cheng et al. 2015). These translational alterations 
due to GSH supplementation target various hormones and 

stress-signaling compounds, which is a major contributor to 
improve the stress tolerance capability of plants.

The DPPH free radical scavenging activity is a key to 
check the antioxidant potential. Our results are in line with 
the results of Osama et al. (2019), who displayed a consider-
able reduction in DPPH activity on exposure to Cr toxicity 
in red beans. This decline is due to the overproduction of 
free radicals. Plants produce different secondary metabolites 
during stress that can perform as antioxidants (Baslam et al. 
2013), but these antioxidants are not incredibly effective at 
quenching high levels of free radicals. Qureshi et al. (2020) 
reported heightened antioxidant potential in Ricinus commu-
nis in Cr-contamination after exogenous antioxidant applica-
tion. This efficiently high DPPH activity is because of the 
high phenolic content, since phenols have the ability to get 
rid of free radicals by giving up an electron (Rahman et al. 
2015).It was formerly found that total phenolic compounds 
in tomatoes and grape leaves also decreased significantly 
under Cr (Gupta et al. 2020), support our present findings 
(Fig. 3). The reduction in the total phenolic content in our 
study is due to the decline in specific phenolic compounds 
in the leaves of pea plants subjected to Cr metal. This reduc-
tion is also because of changes in secondary metabolites 
that are dependent upon soil (growth medium) and envi-
ronmental conditions. Wen et al. (2022) reported a slight 
increase in phenolic content after GSH supplementation 
similar to our current outcomes. Phenolic are antioxidants 
that can chelate metal ions and reduce the noxious impact of 
metal ions (Ahmed et al. 2023). Thus, antioxidant potential 
in GSH primed Pea seedlings improved through increased 
DPPH activity and Phenolic content, assuaged Cr toxicity 
and enhanced growth.

6 � Conclusion

Chromium toxicity significantly decreased pea growth, 
biomass production, gas exchange characteristics, photo-
synthetic pigments, and protein content by inflicting oxida-
tive damage and reduced uptake of nutrients uptake. Seed 
priming of pea seeds with glutathione successfully allevi-
ated harmful impacts of chromium stress and resulted in 
improved growth. Through enhanced gas exchange charac-
teristics, reduced chromium accumulation in plant shoots, 
adjustment of the soluble phenol and proline for osmotic 
pressure regulation, and reducing oxidative damage induced 
by chromium toxicity, glutathione supplementation lowers 
Cr translocation and toxicity in peas. Exogenous 50 µmolL−1 
GSH supplementation was ultimately found to be the most 
effective treatment for reducing chromium toxicity. As a 
priming agent, glutathione can assist farmers in better estab-
lishing peas in challenging environmental circumstances to 
reduce world hunger by producing less expensive protein for 
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people. It is recommended that more study be done on the 
use of glutathione in field situations to better understand the 
chromium stress tolerance mechanism. In the future, other 
significant agronomic and horticultural crops may be grown 
by using glutathione priming as a stress mitigation strategy 
under abiotic stress conditions.
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