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Abstract 
Plants exposed to cadmium (Cd) stress have reduced growth, ineffective photosynthetic rate and 
poor ability to resist any other environmental calamity. In this study, we aimed to investigate the 
effect of Kn (kinetin) in alleviating Cd stress in mung plants. Plants of V. radiata were grown in 
soil contaminated with Cd (100 ppm Cd at 100 /Kg soil) for five days, and then Kn (10 µM) was 
aerially sprayed onto the leaves in a volume of 10 mL. The plants subjected to Cd stress alone had 
degraded growth conditions, with RGR, NAR, LAR and TPW reduced by 6.41 %, 59.22 %, 50 % 
and 6.20 % compared to the control. Interestingly, Kn, an application of synthetic cytokinin, 
improved growth conditions by 55 % in RGR, 30.12 % in NAR and 19.40 % in LAR and TPW 14 
% compared to control. The underlying mechanism for growth enhancement by Kn was the 
induction of higher antioxidant activity. The Kn-treated seedlings had higher production of 
antioxidant enzymes such as peroxidase (POD) (50.87 %) and ascorbate peroxidase (APX) (32.61 
%) and antioxidant secondary compounds such as TPC (59.21 %), TFC (26.35 %) and proline 
(28.07 %) compared to the control. This increase in antioxidant activities was due to the 
complementation of Kn with endogenous IAA (indole-3-acetic acid), GA4 (gibberellic acid) and 
tZ (trans-zeatin) in the seedlings as these were high in level (30.84 %, 19.21 %, and 35 % 
respectively) compared to the control. In contrast, these antioxidant activities were reduced in Cd 
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stressed seedlings compared to the control and therefore growth was severely suppressed. Hence, 
the mechanism of Kn to induce antioxidant activity was due to complementation with endogenous 
IAA, GA4 and tZ for higher antioxidant response and growth enhancement. 
 
Introduction 
Plant hormones or phytohormones are the minute signaling compounds that not only induce 
growth and development but enhance the plant resilience against several environmental stresses 
(Kumawat et al., 2023). These phytohormones are of two types such as natural hormones that are 
produced in the plants endogenously and synthetic hormones which are analogous to these 
hormones (Isoda et al., 2021). Kinetin (Kn), a synthetic cytokinin hormone, is known for its special 
capacity to regulate plant cellular division (Gauthier-Coles et al., 2019). These synthetic plant 
hormones have an important function in reducing heavy metal stress  
(Emamverdian et al., 2021). When heavy metal stress affects plant development, Kinetin helps 
with resistance, detoxification, and growth (Khalil et al., 2021). Along with Kinetin, 6-
benzylaminopurine (BAP or 6-BAP) and Thidiazuron (TDZ) both are synthetic cytokinins 
(Tashmatova et al., 2021). They, too, alleviate heavy metal stress by stimulating cell division and 
improving plant development, eventually assisting plants in combating heavy metal toxicity 
(Subrahmanyeswari et al., 2022). Furthermore, diphenylurea derivatives and Forchlorfenuron 
(CPPU), both members of the cytokinin family, contribute to improved plant tolerance to heavy 
metals, resulting in an association that improves plant health in contaminated conditions (Gul and 
Nawaz, 2023). 
Similarly, IBA, a synthetic auxin hormone, affects the growth of roots and the intake of nutrients, 
which in turn help plants adapt to heavy metal-contaminated soils (Yadav et al., 2023). 
Gibberellins, which are well- known for their role in blooming and stem elongation, encourage 
overall plant development, strengthening the plant's resistance to heavy metal stress (Sytar et al., 
2019). In short, each of these synthetic hormones has a specific function in enhancing plant vitality 
and resilience in confronting the effects of heavy metal problems, providing a diverse strategy for 
reducing the negative impacts of heavy metals on plant development (Kumawat et al., 2023). 
Heavy metal stress negatively impacts crop yield and development, with elements such as lead 
(Pb), cadmium (Cd), chromium (Cr), mercury (Hg) and arsenic (As) being particularly toxic 
(Rahman et al., 2019). Some heavy metals such as copper (Cu), iron (Fe), zinc (Zn) and chromium 
(Cr III) play also an essential role in metabolic processes (Ghosh, 2020). Cadmium (Cd) is a major 
contaminant due to its efficient absorption and strong binding to enzymes and proteins with 
sulfhydryl groups (Wang et al., 2023). Phosphate fertilizers and municipal waste contribute to 
higher Cd levels in soil and hinder plant development by disrupting photosynthesis, leading to 
overproduction of reactive oxygen species (ROS) (Emamverdian et al., 2023). Plants utilize 
enzymatic and non- enzymatic antioxidants, particularly the ascorbate (AsA)-glutathione (GSH) 
cycle, to counteract oxidative stress caused by ROS (Hasanuzzaman et al., 2019). Thus, in short, 
antioxidant activity is highly required to detoxify the harmful effects caused by Cd (Zhou et al., 
2022). 
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The ability of Kn to regulate plant stress tolerance to heavy metals is widely recognized (Begum 
et al., 2019). However, further studies are required to fully understand the mechanisms for induced 
antioxidation through interaction with other phytohormones. Sufficient evidence suggests that 
cytokinin appears to have a hormonal interaction with auxins and gibberellins to bring about 
optimal growth conditions in plants (Kurepa and Smalle, 2023). Therefore, the aim of this study 
was to investigate the influence of exogenously administered synthetic cytokinin such as kinetin 
on alleviating cadmium stress by inducing a resilience mechanism for effective growth of mung 
plants. 
Methods and Materials 
Plant materials and Treatment Conditions 
Seeds of V. radiata (commonly known as Mung plant) were purchased from the Department of 
Agriculture in Khyber Pakhtunkhwa. To ensure their sterility, the seeds were subjected to a 
sterilization process as previously described (Yousaf et al., 2021). Germinated seedlings of 
uniform size were then produced and transplanted into soil contaminated with a 100 ppm Cd 
solution at a concentration of 100 mL/Kg of soil. Cadmium chloride (CdCl2) served as the 
cadmium source. Five days after transplantation, seedlings were exposed to a foliar spray 
containing 10 mL of a 10 µM kinetin (Kn) solution. The plants were then cultivated for another 
21 days after hormone treatment. During this period, various growth measurements and 
biochemical kinetics data were recorded and analyzed. 
Growth Kinetics 
Seedling growth kinetics were studied using RGR (Relative Growth Rate), NAR (Net Assimilation 
Rate) and LAR (Leaf Area Ratio). RGR and NAR were calculated as mentioned (Yousaf et al., 
2021). LAR was calculated by multiplying the total leaf area in cm2 by the total plant weight in 
grams (Yousaf et al., 2021). 
Determination of enzymatic antioxidants Peroxidase (POD) and APX (Ascorbates 
peroxidase) 
Fresh leaf sample (1 gm) was crushed with 10 mL of 1% polyvinylpyrrolidone in 1 g of potassium 
phosphate buffer (50 mM, pH 7.8) in a cold mortar and pestle. The homogenate was centrifuged 
at 15,000 * g for 20 min at 4 °C. POD and APX activity was observed after a crude enzyme 
extraction from supernatant (Lan et al., 2021).  
To assess ascorbate peroxidase (APX) enzymatic activity, a reaction mixture was prepared 
consisting of 200 mL of leaf sample, 50 mM of sodium phosphate buffer (pH 7.0), 0.5 mM of 
ascorbic acid, and 0.1 mM of hydrogen peroxide (H2O2). Once the components were combined, 
the reaction mixture was allowed to incubate for 5 min. During this incubation period, the optical 
density (OD) of the solution was measured at a wavelength of 290 nm to determine the APX 
enzymatic activity (Mazrou et al., 2022). 
Secondary Metabolite determination 
The secondary metabolites included Total Phenolic content (TPC), Total Flavonoid content (TFC) 
and proline. Sample leaves were immediately frozen in the liquid nitrogen and then crushed into a 
fine powder. A soxhlet apparatus was used to keep the crushed powder (2 g) and 200 mL of 
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methanol for 36 h at room temperature. The extract was filtered after being concentrated under 
decreased pressure in a rotatory evaporator (Yousaf et al., 2019). The concentrated extract was 
used for analyses of TPC, TFC and proline. 
Using the aluminum chloride (AlCl2) method, the total flavonoid content (TFC) of plant samples 
was estimated. 
4.8 mL of 80 % methanol was added together with 500 µL of the supernatant, 100 µL of 10 % 
potassium acetate, and 100 µL of 10 % aluminum chloride. After that, the mixture was rapidly 
mixed and incubated in an agitator for 30 min. Following incubation, optical density was detected 
at 415 nm (Borah et al., 2022). 
The Folin-Ciokaltou reagent test was used to quantify TPC (Merck KGaA, Darmstadt, Germany). 
Sample extract (1 mL) was diluted in 5 mL of methanol and then 500 µL of Folin-Ciokaltou 
reagent was mixed. After shaking the reaction mixture for 5 min, 1.5 mL of Na2CO3 (20 %) was 
added. The mixture was incubated for 2 h and then the absorbance was measured at 760 nm using 
a UV-vis spectrophotometer (Lambda 1050). The blank was made by mixing methanol with the 
same quantity of diluted extract (Pollini et al., 2021). 
Proline was determined by adding a sample (1 mL) to 4 mL of 3 % sulfo-salicylic acid and 
centrifuging the mixture for 5 min. After that, the centrifuged liquid was agitated and then acidic 
ninhydrin reagent (2 mL) was added. Ninhydrin (1.25 gm) was heated in a mixture of 30 mL of 
pure glacial acetic acid and 20 mL of 6 µM phosphoric acid to create the ninhydrin reagent. The 
sample was heated for 1 h at 100 °C, and the resultant pellet was then poured into 4 mL of toluene. 
ODs were captured at 520 nm using a UV-vis spectrophotometer (Lambda 1050), 
For TPC, TFC, and proline, the calibration curve were measured using 10, 50, 100, 200, and 300 
mg/mL of gallic acid, quercetin, and, proline (Chavoushi et al., 2019). 
Determination of Hydrogen Peroxide (H2O2) 
A leaf sample weighing 1 g was ground into a powder in 10 mL of 0.1 % trichloroacetic acid 
(TCA) using a mortar and pestle, and the supernatant was obtained by centrifuging the mixture at 
10,000 rpm for 20 min at 4 
°C. The supernatant (1 mL) was mixed with 2 mL of KI (potassium iodide) (1M) and 1 mL of 
potassium phosphate buffer (pH 7.0). The mixture was incubated in the dark at room temperature 
for 45 min and the optical density (OD) was noted at 390 nm. A standard curve with known 
hydrogen peroxide concentrations (10 µmol/g, 100 µmol/g, and 500 µmol/g) was made to 
determine the quantity of hydrogen peroxide in the plant sample (Khan et al., 2021). 
Determination of Malondialdehyde (MDA) .The leaf material (1 gram) was first ground into a 
fine powder using 5 mL of a 10 % trichloroacetic acid (TCA) solution. The resulting mixture was 
then subjected to centrifugation at 10,000 x g for 10 min. The reaction mixture was prepared by 
combining 2 mL of the supernatant with 2 mL of 10 % TCA and 0.6 % thiobarbituric acid. This 
mixture was then heated to 90°C for 40 min and subsequently cooled for 10 min in an ice bath. 
The optical density (OD) of the solution was measured at three different wavelengths: 450 nm, 
532 nm, and 600 nm (Khan et al., 2021). 
Phytohormones quantification 
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IAA( indole-3-acetic acid), GA4 (gibberellic acid) and tZ (Trans-Zeatin) were quantified as 
phytohormones, as described (Yousaf et al., 2022). 
Statistical analysis 
The statistical analysis was performed using SPSS software (version 16.0, SPSS Inc., Chicago, IL, 
USA). To assess the influence of Cd, Kn, and Cd-Kn on growth and biochemical kinetics, a full 
factorial analysis of variance (ANOVA) was employed. Significance was determined with a 
predefined significance threshold (α = 0.05). Post-hoc comparisons for significance among 
different treatment conditions were conducted using Duncan's test.  
Results and Discussion 
After cultivating V. radiata seedlings in soil for a period of five days, they were subjected to 
various treatment conditions. These treatments included exposure to cadmium (Cd) stress at a 
concentration of 100 ppm (100 mL/Kg of soil) and the application of 10 mL of a Kn (Kinetin) 
solution at a concentration of 10 mM through foliar spraying. Additionally, a combination of both 
treatments, referred to as Cd-Kn, was also administered. Following a 21-day treatment period, the 
growth kinetics of the seedlings, encompassing Relative Growth Rate (RGR), Net Assimilation 
Rate (NAR), and Leaf Area Ratio (LAR), were meticulously assessed. 
Under the influence of Cd stress, the growth kinetics exhibited notable declines: RGR decreased 
by 6.41 %, NAR reduced by 59.22 %, and LAR reduced by 50 % when compared to the control 
conditions, as depicted in Figure 1A, 1B, and 1C. 
In contrast, the Kn treatment fostered an enhancement in these growth kinetics, with RGR, NAR 
and LAR increasing by 66 %, 51.29 %, 36.6 %, respectively as shown in Figure 1A, 1B, and 1C. 
Surprisingly, the Cd-Kn treatment led to significant improvements in growth kinetics, revealing as 
a 55 % increase in RGR, a 30.12 % rise in NAR, and a 19.40 % boost in LAR when compared to 
the control group, as illustrated in Figure 1A, 1B, and 1C. 
Furthermore, the assessment of Total Plant Weight (TPW) demonstrated that in the presence of 
Cd stress, the overall plant weight reduced by 6.20 %. However, the application of Kn resulted in 
a 14 % increase in TPW, while the Cd-Kn combination treatment led to a 4.56 % rise in TPW 
when contrasted with the control group, as depicted in Figure 1D. 
Malondialdehyde (MDA) and H2O2 Level 
Following exposure of V. radiata plants to Cd stress, the levels of hydrogen peroxide (H2O2) 
surged by 44.10 
%, and malondialdehyde (MDA) increased by 30.81 %, as illustrated in Figure 2A and 2B. In 
contrast, the application of Kn treatment resulted in a substantial reduction of H2O2 by 53.98 % 
and a remarkable decrease in MDA by 89 % when compared to the control condition, as depicted 
in Figures 2A and 2B. 
Intriguingly, the Cd-Kn combination treatment exhibited a notable decline in H2O2 levels by 42.80 
% and a substantial decrease in MDA by 60.89 % compared to the control, as shown in Figure 2A 
and 2B. 
Secondary metabolites 
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Plant secondary metabolites, such as proline, total flavonoid content (TFC), total phenolic content 
(TPC), and glycine betaine (GB), are known to be produced in response to stress conditions. When 
V. radiata plants were exposed to Cd stress, the levels of proline decreased by 32.82 %, TFC by 
37 %, and TPC by 20.38 %, as depicted in Figure 3A, 3B, and 3C. Additionally, GB content 
showed a reduction of 53.8 % compared to the control (Figure 3D). 
In contrast, when the mung plants were treated with Kn under Cd stress conditions, these decreases 
were effectively reversed, with proline levels increasing by 28.07 %, TFC by 26.35 %, and TPC 
by 59.21 %, as shown in Figure 3A, 3B, and 3C. Moreover, in the Cd-Kn treatment group, GB 
content exhibited a significant increase of 41 % when compared to the control, as demonstrated in 
Figure 3D. 
Furthermore, Kn treatment on its own led to a notable increase in the production of these secondary 
metabolites, with proline, TFC, and TPC levels rising by 37 %, 32.89 %, and 78.51 %, respectively, 
as visualized in Figure 3A, 3B, and 3C. Additionally, GB content was significantly improved by 
68.78 % compared to the control under Kn treatment, as shown in Figure 3D. 
 
Phytohormones determination 
The levels of growth-promoting phytohormones, including indole-3-acetic acid (IAA), gibberellic 
acid (GA4), and trans-zeatin (tZ), were assessed. In plants exposed to Cd stress, these 
phytohormone levels experienced a reduction, with IAA decreasing by 20 %, GA4 by 33 %, and 
tZ by 21.10 % when compared to the control, as visualized in Figure 4A, 4B, and 4C. 
Conversely, the application of exogenous Kn (Kinetin) led to a significant increase in 
phytohormone levels, with IAA rising by 30.84 %, GA4 by 19.21 %, and tZ by 35 % when 
compared to the control, as illustrated in Figures 4A, 4B, and 4C. 
Interestingly, under Cd-Kn treatment, a notable improvement was observed in the levels of these 
phytohormones, with IAA increasing by 18.20 %, GA4 by 15.82 %, and tZ by 24.65 % when 
compared to the control, as shown in Figure 4A, 4B, and 4C. 
Enzymatic Activity 
Cd stress had a pronounced effect on V. radiata, causing a significant decrease in peroxidase (POD) 
activity by 
58.13 % and ascorbate peroxidase (APX) activity by 48.41% when compared to the control, as 
presented in Figure 5A and 5B. Conversely, the application of Kn (Kinetin) led to a remarkable 
increase in enzymatic activities, with POD activity surging by 50.87 % and APX activity by 32.61 
% when compared to the control, as shown in Figure 5A and 5B. Likewise, under Cd-Kn treatment, 
there was a substantial improvement in these enzymatic activities, with POD activity increasing 
by 31.4 % and APX activity by 39.53 % when compared to the control, as depicted in Figure 5A 
and 5B. 
Discussion 
Cadmium (Cd) is an extremely non-essential and highly phytotoxic heavy metal, even at lower 
concentration (Bharti and Sharma, 2022). Heavy metals like Cd causes various harmful effects, 
including lipid peroxidation, disrupting bio-membranes, altering metabolism, and reducing the 
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uptake and translocation of essential nutrients and water, ultimately leading to reduced plant 
growth (Al-Khayri et al., 2023). The growth of V. radiata plants exposed to Cd stress was notably 
diminished when cultivated in soils containing 100 ppm Cd. To assess plant growth, parameters 
such as RGR (Relative Growth Rate), NAR (Net Assimilation Rate), LAR (Leaf Area Ratio), and 
TPW (Total Plant Weight) were used (Sharma et al., 2020). RGR measures the increase in dry 
matter (gm) per plant unit over a 24-h period (Gandhi et al., 2021). NAR indicates the efficiency 
of photosynthesis by relating the dry weight increase to the leaf area (Ghanbari and Technology, 
2023). LAR represents the ratio of a plant's total leaf area to its total dry mass, and TPW signifies 
the mass of a plant or its components after drying, removing all water content (Shihan et al., 2020). 
Cadmium-stressed plants exhibited reduced RGR, NAR, LAR, and TPW, severely hampering the 
growth of V. radiata. Conversely, the application of Kinetin (Kn at 10 µM) increased these growth 
parameters. Phytohormones, small signaling molecules in plants, play a dual role in resisting 
environmental challenges and promoting growth and development (Tripathi et al., 2022). They can 
be either endogenous, naturally occurring in plants, or synthetic, hormone-analogous substances 
(Davies, 2010). Kinetin (Kn), a synthetic cytokinin, known for its ability to regulate growth in 
plants (Bozorova et al., 2022). These synthetic hormones are crucial in mitigating heavy metal 
stress, enhancing plant resistance, detoxification, and overall growth when heavy metals hinder 
these (Nguyen et al., 2021). For example, exogenous application of Kn reduces the vulnerability 
of Solanum melongena L. seedlings exposed to cadmium (Cd) (Verma et al., 2021). In another 
study, foliar Kn treatment was applied to pea plants growing in Cd-contaminated soil (25 µM) 
which accelerated their growth (Pandey et al., 2022). Similarly, in current research, Kn (10 µM) 
alleviated the toxic effects of Cd (100 ppm) by enhancing NAR, LAR, RGR, and TPW in 
V. radiata. 
The application of Kn effectively alleviates the adverse effects of heavy metal stress on seedlings 
by boosting enzymatic and non-enzymatic antioxidant activities, resulting in an improved system 
for neutralizing reactive oxygen species (ROS), such as APX and POD leading to optimal growth 
conditions for plants (Hasanuzzaman et al., 2020). In V. radiata, Cd application reduced enzymatic 
activities like APX and POD leading to compromised growth, but interestingly, Kn application to 
Cd-stressed plants enhanced these activities, ultimately enhancing growth of V. radiata. The 
antioxidant activity of Kn is also demonstrated by mitigating the negative impacts of Cd stress on 
Datura innoxia plants through reducing hydrogen peroxide (H2O2) and malondialdehyde (MDA) 
levels in plants exposed to 50 and 100 mg Cd Kg-1 (Guenther, 1994). 
The levels of malondialdehyde (MDA), a byproduct of cellular peroxidation of polyunsaturated 
fatty acids, and hydrogen peroxide (H2O2), a highly hazardous oxidant that induce high cell 
damage were observed at decreasing trend in V. radiata plants subjected to Cd stress. Notably, the 
decrease in MDA and H2O2 levels was more evident in the Kn and Cd-Kn treatment plants. The 
activated oxygen species have a tendency to undergo oxidation reactions with cellular 
macromolecules such as proteins, nucleic acids, and lipids (Juan et al., 2021). In order to reduce 
the buildup of reactive oxygen species (ROS), plants have evolved a complex antioxidative 
defense mechanism (Mansoor et al., 2022). A considerable proportion of secondary metabolites 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

604 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

including proline, total flavonoid content (TFC), glycine (GB), and total phenolic content (TPC), 
act as non- enzymatic antioxidant compounds produced by plants to enhance their competitive 
survival by coping with ROS under stress conditions (Sarker et al., 2018). In current studies, we 
noticed that the presence of these secondary metabolites in the plants of V. radiata subjected to Cd 
stress remained negligible in comparison to the control. However, the application of Kn treatment 
resulted in an increase in the synthesis of these metabolites in stressed plants of V. radiata. 
Similarly, the application of GB on plants under HM stress enhances photosynthesis, growth, 
antioxidant enzyme activity, nutrient absorption, and decreases oxidative  
stress (Ali et al., 2020). For instance, the application of Kn in the plant Vicia faba resulted in a 
significant increase in GB levels (Shafiq et al., 2021). Furthermore, this increase of GB aids in the 
plant's ability to regulate water balance when subjected to heavy metal-induced stress (Yadav et 
al., 2020). 
Usually all these defensive antioxidant activities to promote growth condition in plants is 
dependent on phytohormone interactions. Previous studies have shown that the presence of toxic 
metals in the environment leads to significant reduction in the levels of endogenous cytokinins, 
auxins, and gibberellins, in the green alga Acutodesmus obliquus (Piotrowska-Niczyporuk et al., 
2020). The alleviation of heavy metal toxicity is achieved by exogenous cytokinins and auxins 
which regulate the levels of endogenous phytohormones such as endogenous auxins, gibberellins 
and cytokinin (Piotrowska-Niczyporuk et al., 2020). This advantage of use of synthetic hormones 
for stress alleviation is exploited in plant research in a wide range (Song et al., 2020). These 
synthetic hormones play a crucial role in modulating physiological and molecular responses in 
plants, particularly in their ability to withstand heavy metal stress, which is vital for their survival 
(Rahman et al., 2023). In similar context, we also exploited this scope by using Kn as a remedy to 
alleviate the Cd stress (100 ppm) in V. radiata. Intriguingly, Kn exogenous application exhibited 
a sharp resilience in the seedlings of V. radiata by enhancing the level of endogenous IAA and 
GA4 which alleviated Cd stress inducing antioxidant activity in the seedlings of V. radiata. 
Conclusion 
In conclusion, the study highlights the profound effects of cadmium (Cd) contamination on V. 
radiata (mung bean) plant growth, particularly by disrupting antioxidant mechanisms. However, 
the application of the synthetic cytokinin Kinetin (Kn) emerges as a promising remedy, enhancing 
the growth of seedlings by fortifying antioxidant defenses and stimulating the production of 
antioxidant secondary metabolites, such as TPC, TFC, and proline. Notably, Kn treatment was 
associated with increased enzymatic activities, including Peroxidase (POD) and Ascorbate 
Peroxidase (APX). This observed elevation in antioxidant activity was due to high level of 
endogenous indole-3-acetic acid (IAA) and trans-Zeatin (tZ) levels by Kn which further suggested 
that Kn played a pivotal role in mitigating the adverse impacts of Cd pollution, offering potential 
applications in promoting plant resilience to environmental stresses. 
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Figure 1 
Identification of growth kinetics in plants of 21-day-old Mung plants following exposure to 
cadmium (Cd) stress (1800 ppm) or Kinetin (Kn) (10 µM), or both, including relative growth rate 
(A), net assimilation rate (B), leaf area ratio (C), and Total plant weight (TPW) (D). 
Data are the average of three separate tests with standard error bars. 
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Figure 2 
Evaluation of the levels of damage indicators such hydrogen peroxide (H2O2) and 
malondialdehyde (MDA), in 21-day-old Mung plants that have been subjected to cadmium (Cd) 
stress (1800 ppm) or Kinetin (Kn) (10 µM), or both. 
Data are the average of three separate tests with standard error bars.  

 
Figure 3 

The 21-day-old Mung plants were subjected to cadmium (Cd) stress (1800 ppm) or Kinetin (Kn) 
(10 µM) stress, or both, to determine biochemical kinetics such as total phenolic content (TPC) 
(A), total flavonoid content (TFC) (B), proline (C), and Glycine betaine (GB) (D). Data are means 
with standard error bars from three separate experiments. 

 
Figure 4 

Identification of growth-promoting phytohormones in plants of 21-day-old Mung plants following 
exposure to cadmium (Cd) stress (1800 ppm) or kinetin (Kn) (10 µM), or both. Data are the average 
of three separate tests with standard error bars. 
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Figure 5 

Superoxide Dismutase (POD) (A) and Ascorbate Peroxidase (APX) (B) activity was measured in 
21-day-old Mung plants that had been subjected to either Kinetin (Kn) (10 µM) or cadmium (Cd) 
stress (1800 ppm) stress, or both. Data are means with standard error bars from three separate 
experiments.  
 
References 
1. ABDAL, N., ABBAS, G., ASAD, S. A., GHFAR, A. A., SHAH, G. M., RIZWAN, M., 
ALI, S., SHAHBAZ, M. J. E. G. & HEALTH 2023. Salinity mitigates cadmium-induced 
phytotoxicity in quinoa (Chenopodium quinoa Willd.) by limiting the Cd uptake and improved 
responses to oxidative stress: Implications for phytoremediation. 45, 171-185. 
2. AHANGER, M. A., AZIZ, U., ALSAHLI, A. A., ALYEMENI, M. N. & AHMAD, P. J. 
B. 2020. Combined kinetin and spermidine treatments ameliorate growth and photosynthetic 
inhibition in Vigna angularis by up-regulating antioxidant and nitrogen metabolism under 
cadmium stress. 10, 147. 
3. AHMED, S., MUDASSAR, S., SARDAR, R. & YASIN, N. A. J. J. O. P. G. R. 2023. 28- 
HomoBrassinolide Confers Cadmium Tolerance in Vigna radiate L. Through Modulating Minerals 
Uptake, Antioxidant System and Gas Exchange Attributes. 1-15. 
4. ALI, S., ABBAS, Z., SELEIMAN, M. F., RIZWAN, M., YAVAŞ, İ., ALHAMMAD, B. 
A., SHAMI, A., HASANUZZAMAN, M. & KALDERIS, D. J. P. 2020. Glycine betaine 
accumulation, significance and interests for heavy metal tolerance in plants. 9, 896. 
5. ALTAF, M. A., HAO, Y., SHU, H., MUMTAZ, M. A., CHENG, S., ALYEMENI, M. N., 
AHMAD, P. & WANG, Z. J. J. O. H. M. 2023. Melatonin enhanced the heavy metal-stress 
tolerance of pepper by mitigating the oxidative damage and reducing the heavy metal 
accumulation. 454, 131468. 
6. BANHANGI, F. M., MOGHADDAM, P. R., ASADI, G. A., KHORRAMDEL, S. J. I. C. 
& PRODUCTS 2021. Do corm seeding rate and planting depth influence growth indicators of 
saffron (Crocus sativus L.)? 174, 114145. 
7. BORAH, A., SELVARAJ, S., HOLLA, S. R. & DE, S. J. A. J. O. C. 2022. Extraction and 
characterization of total phenolic and flavonoid contents from bark of Swietenia macrophylla and 
their antimicrobial and antioxidant properties. 15, 104370. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

608 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

8. BUNGAU, S., BEHL, T., ALEYA, L., BOURGEADE, P., ALOUI-SOSSÉ, B., PURZA, 
A. L., ABID, A., SAMUEL, A. D. J. E. S. & RESEARCH, P. 2021. Expatiating the impact of 
anthropogenic aspects and climatic factors on long-term soil monitoring and management. 28, 
30528-30550. 
9. CHAVOUSHI, M., NAJAFI, F., SALIMI, A., ANGAJI, S. J. I. C. & PRODUCTS 2019. 
Improvement in drought stress tolerance of safflower during vegetative growth by exogenous 
application of salicylic acid and sodium nitroprusside. 134, 168-176. 
10. DAS, S., DAS, S. & GHANGREKAR, M. M. J. J. O. B. M. 2022. Efficacious 
bioremediation of heavy metals and radionuclides from wastewater employing aquatic macro‐and 
microphytes. 62, 260-278. 
11. DEMIRALAY, M. J. P. & PLANTS, M. B. O. 2022. Exogenous acetone O-(4-
chlorophenylsulfonyl) oxime alleviates Cd stress-induced photosynthetic damage and oxidative 
stress by regulating the antioxidant defense mechanism in Zea mays. 28, 20692083. 
12. FAL, S., AASFAR, A., OUHSSAIN, A., CHOUKRI, H., SMOUNI, A. & EL ARROUSSI, 
H. J. S. R. 2023. Aphanothece sp. as promising biostimulant to alleviate heavy metals stress in 
Solanum lycopersicum L. by enhancing physiological, biochemical, and metabolic responses. 13, 
6875. 
13. FATIMA, N. & SINGH, K. J. E. J. O. B. R. 2023. Accumulation of heavy metals in soil: 
sources, toxicity, health impacts, and remediation by earthworms. 13, 129-143. 
14. FENG, D., WANG, R., SUN, X., LIU, P., TANG, J., ZHANG, C. & LIU, H. J. S. O. T. T. 
E. 2023.Heavy metal stress in plants: Ways to alleviate with exogenous substances. 165397. 
15. GANDHI, N., SHRUTHI, Y., SIRISHA, G. & ANUSHA, C. J. S. J. L. S. 2021. Facile and 
ecofriendly method for synthesis of calcium oxide (CaO) nanoparticles and its potential 
application in agriculture. 6, 89-103. 
16. GAVRILESCU, M. J. C. O. I. B. 2022. Enhancing phytoremediation of soils polluted with 
heavy metals. 74, 21-31. 
17. GONCHARUK, E. A. & ZAGOSKINA, N. V. J. M. 2023. Heavy metals, their 
phytotoxicity, and the role of phenolic antioxidants in plant stress responses with focus on 
cadmium. 28, 3921. 
18. IMRAN, K., SELEIMAN, M. F., CHATTHA, M. U., JALAL, R. S., MAHMOOD, F., 
HASSAN,  
F. A., IZZET, W., ALHAMMAD, B. A., RANA, R. & HASSAN, M. U. J. N. B. H. A. C.N. 2021. 
Enhancing antioxidant defense system of mung bean with a salicylic acid exogenous application 
to mitigate cadmium toxicity. 49, 12303-12303. 
19. JOMOVA, K., MAKOVA, M., ALOMAR, S. Y., ALWASEL, S. H., NEPOVIMOVA, E., 
KUCA, K., RHODES, C. J. & VALKO, M. J. C.-B. I. 2022. Essential metals in health and disease. 
110173. 
20. KAUR, H., KAUR, H., KAUR, H. & SRIVASTAVA, S. J. P. G. R. 2023. The beneficial 
roles of trace and ultratrace elements in plants. 100, 219-236. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

609 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

21. KHAN, I. U., ZHANG, Y.-F., SHI, X.-N., QI, S.-S., ZHANG, H.-Y., DU, D.-L., GUL, F., 
WANG, J.- H., NAZ, M., SHAH, S. W. A. J. E. & SAFETY, E. 2023a. Dose dependent effect of 
nitrogen on the phyto extractability of Cd in metal contaminated soil using Wedelia trilobata. 264, 
115419. 
22. KHAN, M., ALI, S., AL AZZAWI, T. N. I., SAQIB, S., ULLAH, F., AYAZ, A. & 
ZAMAN, W. J. A. 2023b. The key roles of ROS and RNS as a signaling molecule in plant–microbe 
interactions. 12, 268. 
23. KHAN, R. I., ABBAS, M., JASKANI, M. J. & HABIB, A. J. P. J. O. A. S. 2021. Fenugreek 
extract application improves plant performance of Alternaria solani infected tomato plants. 58. 
24. KOSAKIVSKA, I. V., BABENKO, L. M., ROMANENKO, K. O., KOROTKA, I. Y. & 
POTTERS, G. J. C. B. I. 2021. Molecular mechanisms of plant adaptive responses to heavy metals 
stress. 45, 258-272. 
25. LAN, G., SHI, L., LU, X., LIU, Z. & SUN, Y. J. J. O. P. G. R. 2021. Effects of dopamine 
on antioxidation, mineral nutrients, and fruit quality in cucumber under nitrate stress. 1-12. 
26. LI, X., KAMRAN, M., SALEEM, M. H., AL-GHAMDI, A. A., AL-HEMAID, F. M., 
ELSHIKH, M. S., ZHAO, S. & RIAZ, M. J. C. 2023. Potential application of melatonin in reducing 
boron toxicity in rice seedlings through improved growth, cell wall composition, proline, and 
defense mechanisms. 139068. 
27. LIU, W. L., ZOU, M. Z., QIN, S. Y., CHENG, Y. J., MA, Y. H., SUN, Y. X. & ZHANG, 
X. Z. J.A. F. M. 2020. Recent advances of cell membrane‐coated nanomaterials for biomedical 
applications. 30, 2003559. 
28. MAZROU, R. M., HASSAN, S., YANG, M. & HASSAN, F. A. J. P. 2022. Melatonin 
preserves the postharvest quality of cut roses through enhancing the antioxidant system. 11, 2713. 
29. NACHANA’A TIMOTHY, E. T. W. J. C. 2019. Environmental pollution by heavy metal: 
an overview. 3, 72-82. 
30. NOOR, I., SOHAIL, H., SUN, J., NAWAZ, M. A., LI, G., HASANUZZAMAN, M. & 
LIU, J. J. C. 2022. Heavy metal and metalloid toxicity in horticultural plants: Tolerance 
mechanism and remediation strategies. 303, 135196. 
31. NOWICKA, B. J. E. S. & RESEARCH, P. 2022. Heavy metal–induced stress in eukaryotic 
algae— mechanisms of heavy metal toxicity and tolerance with particular emphasis on oxidative 
stress in exposed cells and the role of antioxidant response. 29, 16860-16911. 
32. OGUNKUNLE, C. O., GAMBARI, H., AGBAJE, F., OKORO, H. K., ASOGWA, N. T., 
VISHWAKARMA, V., FATOBA, P. O. J. B. O. E. C. & TOXICOLOGY 2020. Effect of low-
dose nano titanium dioxide intervention on cd uptake and stress enzymes activity in cd-stressed 
cowpea [Vigna unguiculata (L.) Walp] plants. 104, 619-626. 
33. POLLINI, L., COSSIGNANI, L., JUAN, C. & MAÑES, J. J. M. 2021. Extraction of 
phenolic compounds from fresh apple pomace by different non-conventional techniques. 26, 4272. 
34. RAHMAN, Z., SINGH, V. P. J. E. M. & ASSESSMENT 2019. The relative impact of 
toxic heavy metals (THMs)(arsenic (As), cadmium (Cd), chromium (Cr)(VI), mercury (Hg), and 
lead (Pb)) on the total environment: an overview. 191, 1-21. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

610 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

35. ROY, T., DEY, T. K., JAMAL, M. J. E. M. & ASSESSMENT 2023. 
Microplastic/nanoplastic toxicity in plants: An imminent concern. 195, 27. 
36. SINGH, P., SIDDIQUI, H., SAMI, F., ARIF, Y., BAJGUZ, A. & HAYAT, S. J. P. R. T. 
S. P. 2020. Cadmium: A threatening agent for plants. 59-88. 
37. SKUZA, L., SZUĆKO-KOCIUBA, I., FILIP, E. & BOŻEK, I. J. I. J. O. M. S. 2022. 
Natural molecular mechanisms of plant hyperaccumulation and hypertolerance towards heavy 
metals. 23, 9335. 
38. UBA, G., ABDULHADI, Y., BAIWA, F. I., SHEHU, Z., ABDULGANIYYU, I. A. J. J. 
O. E. B. & TOXICOLOGY 2021. Analysis of Heavy Metals Levels in Locally produced Rice 
Fumigated with Cypermethrin (Pyrethroid) Pesticide Grown in Auyo Rice Field of Jigawa State. 
4, 31-34. 
39. UL HASSAN, M., RASOOL, T., IQBAL, C., ARSHAD, A., ABRAR, M., ABRAR, M. 
M., HABIB- UR-RAHMAN, M., NOOR, M. A., SHER, A. & FAHAD, S. J. J. O. P. G. R. 2021. 
Linking plants 
  functioning to adaptive responses under heat stress conditions: a mechanistic review. 1-18.
   
40. VERMA, K. K., WU, K.-C., SINGH, P., MALVIYA, M. K., SINGH, R. K., SONG, X.-P. 
& LI, Y.-R. 
J. B. J. S. T. R. 2019. The protective role of silicon in sugarcane under water stress: photosynthesis 
and antioxidant enzymes. 15, 1-7. 
41. VIRK, G., PILON, C., SNIDER, J. L. & TUBBS, R. S. J. A. J. 2020. Early season vigor in 
peanuts is dependent on leaf area responses to temperature. 112, 899-910. 
42. WEI, X., ALI, H. H., ZULFIQAR, F., CHEN, J., IQBAL, R., ZAHEER, M. S., ALI, B., 
GHAFOOR, S., WAQAS, M. & GHAFFAR, R. J. F. I. P. S. 2022. Investigating the role of 
bentonite clay with different soil amendments to minimize the bioaccumulation of heavy metals 
in Solanum melongena L. under the irrigation of tannery wastewater. 13, 958978. 
43. YAASHIKAA, P., KUMAR, P. S., JEEVANANTHAM, S. & SARAVANAN, R. J. E. P. 
2022. A review on bioremediation approach for heavy metal detoxification and accumulation in 
plants. 301, 119035. 
44. YADAV, S., MODI, P., DAVE, A., VIJAPURA, A., PATEL, D. & PATEL, M. J. S. C. P. 
2020. Effect of abiotic stress on crops. 3. 
45. YOUSAF, M. J., HUSSAIN, A., HAMAYUN, M., IQBAL, A., IRSHAD, M., AHMAD, 
A. & LEE, I.- 
J. J. B. 2019. Phytohormonal cross-talk modulate Bipolaris sorokiniana (Scc.) interaction with Zea 
mays. 847061. 
46. YOUSAF, M. J., HUSSAIN, A., HAMAYUN, M., IQBAL, A., IRSHAD, M., KIM, H.-
Y., LEE, 
I.-J. J. F. I. B. & BIOTECHNOLOGY 2021. Transformation of endophytic Bipolaris spp. into 
biotrophic pathogen under auxin cross-talk with brassinosteroids and abscisic acid. 9, 657635. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

611 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

47. YOUSAF, M. J., HUSSAIN, A., HAMAYUN, M., IQBAL, A. & LEE, I.-J. J. J. O. P. I. 
2022. Gibberellins hypersensitivity hinder the interaction of Bipolaris sorokiniana (Scc.) under 
cross talks with IAA and transzeatin. 17, 152-167. 
48. YOUSAF, M. J., HUSSAIN, A., HAMAYUN, M., IQBAL, A., IRSHAD, M., KIM, H.-
Y., LEE, I.-J. J. 
F. I. B. & BIOTECHNOLOGY 2021. Transformation of endophytic Bipolaris spp. into biotrophic 
pathogen under auxin cross-talk with brassinosteroids and abscisic acid. 9, 657635. 
49. AL-KHAYRI, J. M., BANADKA, A., RASHMI, R., NAGELLA, P., ALESSA, F. M. & 
ALMAGHASLA, M. I. J. F. I. P. S. 2023. Cadmium toxicity in medicinal plants: An overview of 
the tolerance strategies, biotechnological and omics approaches to alleviate metal stress. 13, 5301. 
50. ALI, S., ABBAS, Z., SELEIMAN, M. F., RIZWAN, M., YAVAŞ, İ., ALHAMMAD, B. 
A., SHAMI, A., HASANUZZAMAN, M. & KALDERIS, D. J. P. 2020. Glycine betaine 
accumulation, significance and interests for heavy metal tolerance in plants. 9, 896. 
51. BEGUM, N., QIN, C., AHANGER, M. A., RAZA, S., KHAN, M. I., ASHRAF, M., 
AHMED, N. & ZHANG, L. J. F. I. P. S. 2019. Role of arbuscular mycorrhizal fungi in plant 
growth regulation: implications in abiotic stress tolerance. 10, 1068. 
52. BHARTI, R. & SHARMA, R. J. M. T. P. 2022. Effect of heavy metals: An overview. 51, 
880885. 
53. BOZOROVA, B. S., ZUPAROVA, S. S. J. E. J. O. M. M. & PRACTICE 2022. EFFECT 
OF PHYTOHARMONES ON PLANT GROWTH. 2, 31-34. 
54. DAVIES, P. J. 2010. The plant hormones: their nature, occurrence, and functions. Plant 
hormones: biosynthesis, signal transduction, action! : Springer. 
55. EMAMVERDIAN, A., DING, Y., MOKHBERDORAN, F. & AHMAD, Z. J. P. J. E. S. 
2021. Mechanisms of selected plant hormones under heavy metal stress. 30, 497-507. 
56. EMAMVERDIAN, A., GHORBANI, A., PEHLIVAN, N., ALWAHIBI, M. S., 
ELSHIKH, M. S., LIU, G., LI, Y., BARKER, J., ZARGAR, M. & CHEN, M. J. S. H. 2023. Co-
application of melatonin and zeolite boost bamboo tolerance under cadmium by enhancing 
antioxidant capacity, osmolyte accumulation, plant nutrient availability, and decreasing cadmium 
absorption. 322, 112433. 
57. GANDHI, N., SHRUTHI, Y., SIRISHA, G. & ANUSHA, C. J. S. J. L. S. 2021. Facile and 
ecofriendly method for synthesis of calcium oxide (CaO) nanoparticles and its potential 
application in agriculture. 6, 89-103. 
58. GAUTHIER-COLES, C., WHITE, R. G. & MATHESIUS, U. J. F. I. P. S. 2019. 
Nodulating legumes are distinguished by a sensitivity to cytokinin in the root cortex leading to 
pseudonodule development. 9, 1901. 
59. GHANBARI, J. J. J. O. A. S. & TECHNOLOGY 2023. Response of Saffron Ecotypes to 
Growing Season: Growth Analysis, Plant Nutrition, and Dry Matter Production. 0-0. 
60. GHOSH, S. 2020. Toxic metal removal using microbial nanotechnology. Microbial 
nanotechnology.  
CRC press. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

612 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

61. GUENTHER, K. 1994. Biotechnology, Bioremediation: January 1992-May 1994, National 
Agricultural Library. 
62. GUL, A. & NAWAZ, S. 2023. Role of phytohormones in biotic vs abiotic stresses with 
respect to 
a. PGPR and autophagy. Phytohormones and Stress Responsive Secondary Metabolites. 
Elsevier. 
63. HASANUZZAMAN, M., BHUYAN, M. B., ANEE, T. I., PARVIN, K., NAHAR, K., 
MAHMUD, J. 
A. & FUJITA, M. J. A. 2019. Regulation of ascorbate-glutathione pathway in mitigating oxidative 
damage in plants under abiotic stress. 8, 384. 
64. HASANUZZAMAN, M., BHUYAN, M. B., ZULFIQAR, F., RAZA, A., MOHSIN, S. M., 
MAHMUD, 
J. A., FUJITA, M. & FOTOPOULOS, V. J. A. 2020. Reactive oxygen species and antioxidant 
defense in plants under abiotic stress: Revisiting the crucial role of a universal defense regulator. 
9, 681. 
65. ISODA, R., YOSHINARI, A., ISHIKAWA, Y., SADOINE, M., SIMON, R., FROMMER, 
W. B. & NAKAMURA, M. J. T. P. J. 2021. Sensors for the quantification, localization and analysis 
of the dynamics of plant hormones. 105, 542-557. 
66. JUAN, C. A., PÉREZ DE LA LASTRA, J. M., PLOU, F. J. & PÉREZ-LEBEÑA, E. J. I. 
J. O. M. S. 2021. The chemistry of reactive oxygen species (ROS) revisited: outlining their role in 
biological macromolecules (DNA, lipids and proteins) and induced pathologies. 22, 4642. 
67. KHALIL, R., HAROUN, S., BASSYOINI, F., NAGAH, A., YUSUF, M. J. J. O. A. & 
RESEARCH, F. 2021. Salicylic acid in combination with kinetin or calcium ameliorates heavy 
metal stress in Phaseolus vulgaris plant. 5, 100182. 
68. KUMAWAT, K. C., SHARMA, B., NAGPAL, S., KUMAR, A., TIWARI, S. & NAIR, R. 
M. J. F. I. P. 
S. 2023. Plant growth-promoting rhizobacteria: Salt stress alleviators to improve crop productivity 
for sustainable agriculture development. 13, 1101862. 
69. KUREPA, J. & SMALLE, J. A. J. B. 2023. Plant Hormone Modularity and the 
SurvivalReproduction Trade-Off. 12, 1143. 
70. MANSOOR, S., ALI WANI, O., LONE, J. K., MANHAS, S., KOUR, N., ALAM, P., 
AHMAD, A. & AHMAD, P. J. A. 2022. Reactive oxygen species in plants: from source to sink. 
11, 225. 
71. NGUYEN, T. Q., SESIN, V., KISIALA, A., EMERY, R. N. J. E. T. & CHEMISTRY 2021. 
Phytohormonal roles in plant responses to heavy metal stress: Implications for using macrophytes 
in phytoremediation of aquatic ecosystems. 40, 7-22. 
72. PANDEY, A. K., ZORIĆ, L., SUN, T., KARANOVIĆ, D., FANG, P., BORIŠEV, M., 
WU, X., LUKOVIĆ, J. & XU, P. J. P. 2022. The anatomical basis of heavy metal responses in 
legumes and their impact on plant–rhizosphere interactions. 11, 2554. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

613 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

73. PIOTROWSKA-NICZYPORUK, A., BAJGUZ, A., KOTOWSKA, U., ZAMBRZYCKA- 
SZELEWA, E. & SIENKIEWICZ, A. J. S. R. 2020. Auxins and cytokinins regulate phytohormone 
homeostasis and thiol-mediated detoxification in the green alga Acutodesmus obliquus exposed to 
lead stress. 10, 10193. 
74. RAHMAN, S. U., LI, Y., HUSSAIN, S., HUSSAIN, B., RIAZ, L., ASHRAF, M. N., 
KHALIQ, M. A., DU, Z. & CHENG, H. J. E. I. 2023. Role of phytohormones in heavy metal 
tolerance in plants: A review. 146, 109844. 
75. RAHMAN, Z., SINGH, V. P. J. E. M. & ASSESSMENT 2019. The relative impact of 
toxic heavy metals (THMs)(arsenic (As), cadmium (Cd), chromium (Cr)(VI), mercury (Hg), and 
lead (Pb)) on the total environment: an overview. 191, 1-21. 
76. SARKER, U., OBA, S. J. A. B. & BIOTECHNOLOGY 2018. Drought stress effects on 
growth, ROS markers, compatible solutes, phenolics, flavonoids, and antioxidant activity in 
Amaranthus tricolor. 186, 999-1016. 
77. SHAFIQ, S., AKRAM, N. A., ASHRAF, M., GARCÍA-CAPARRÓS, P., ALI, O. M. & 
LATEF, A. A. 
H. A. J. P. 2021. Influence of glycine betaine (natural and synthetic) on growth, metabolism and 
yield production of drought-stressed maize (Zea mays L.) plants. 10, 2540. 
78. SHARMA, D., NANJUNDAN, J., SINGH, L., SINGH, S., PARMAR, N., SUJITH 
KUMAR, M., SINGH, K., MISHRA, A., SINGH, R., VERMA, K. S. J. P. & PLANTS, M. B. O. 
2020. Genetic diversity in leafy mustard (Brassica juncea var. rugosa) as revealed by 
agromorphological traits and SSR markers. 26, 2005-2018. 
79. SHIHAN, A., VOLAIRE, F. & HÄTTENSCHWILER, S. J. O. 2020. Neighbor identity 
affects growth and survival of Mediterranean plants under recurrent drought. 194, 555-569. 
80. SONG, J.-S., KIM, S. B., RYU, S., OH, J. & KIM, D.-S. J. F. I. P. S. 2020. Emerging 
plasma technology that alleviates crop stress during the early growth stages of plants: A review. 
11, 988. 
  82. SUBRAHMANYESWARI, T., GANTAIT, S. J. A. M. & BIOTECHNOLOGY 2022.   
Biotechnology of banana (Musa spp.): multi-dimensional progress and prospect of in vitro– 
mediated system. 106, 3923-3947. 
83. SYTAR, O., KUMARI, P., YADAV, S., BRESTIC, M. & RASTOGI, A. J. J. O. P. G. R. 
2019. Phytohormone priming: regulator for heavy metal stress in plants. 38, 739-752. 
84. TASHMATOVA, L., MATSNEVA, O., KHROMOVA, T. & SHAKHOV, V. Influence of 
different concentrations of 6-benzylaminopurine and thidiazuron on the proliferative activity of 
apple varieties in in vitro culture. BIO Web of Conferences, 2021. EDP Sciences, 03012. 
85. TRIPATHI, D., SINGH, M. & PANDEY-RAI, S. J. P. S. 2022. Crosstalk of nanoparticles 
and phytohormones regulate plant growth and metabolism under abiotic and biotic stress. 100107. 
86. VERMA, N., PANDEY, A., TIWARI, S., PRASAD, S. M. J. B. & REPORTS, B. 2021. 
Calcium mediated nitric oxide responses: Acquisition of nickel stress tolerance in cyanobacterium 
Nostoc muscorum ATCC 27893. 26, 100953. 



Chelonian Conservation and Biology 
https://www.acgpublishing.com/ 

614 KINETIN-MEDIATED ALLEVIATION OF CADMIUM STRESS IN MUNG PLANTS: A 

COMPREHENSIVE ANALYSIS OF ANTIOXIDANT RESPONSE AND GROWTH ENHANCEMENT

 

 

87. WANG, Z., ZHENG, Y., PENG, J., ZHOU, F., YU, J., CHI, R. & XIAO, C. J. J. O. E. M. 
2023. Mechanisms of combined bioremediation by phosphate-solubilizing fungus and plants and 
its effects on cadmium contamination in phosphate-mining wastelands. 346, 118983. 
88. YADAV, M., GEORGE, N. & DWIBEDI, V. J. E. P. 2023. Emergence of toxic trace 
elements in plant environments: Insights into potential of silica nanoparticles for mitigation of 
metal toxicity in plants. 122112. 
89. YADAV, S., MODI, P., DAVE, A., VIJAPURA, A., PATEL, D. & PATEL, M. J. S. C. P. 
2020. Effect of abiotic stress on crops. 3. 
90. YOUSAF, M. J., HUSSAIN, A., HAMAYUN, M., IQBAL, A., IRSHAD, M., KIM, H.-
Y., LEE, I.-J. J. F. I. B. & BIOTECHNOLOGY 2021. Transformation of endophytic Bipolaris 
spp.into biotrophic pathogen under auxin cross-talk with brassinosteroids and abscisic acid. 9, 
657635. 
91. ZHOU, Z., WEI, C., LIU, H., JIAO, Q., LI, G., ZHANG, J., ZHANG, B., JIN, W., LIN, 
D., CHEN, G. 
J. E. S. & RESEARCH, P. 2022. Exogenous ascorbic acid application alleviates cadmium toxicity 
in seedlings of two wheat (Triticum aestivum L.) varieties by reducing cadmium uptake and 
enhancing antioxidative capacity. 1-12. 


