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ABSTRACT 

In many areas these days, heavy metal stress poses a serious threat to crop productivity. Many 
tactics have been used to improve stress tolerance to heavy metals. Salicylic acid (SA) has often been 
claimed to improve resistance to heavy metal stress; however, there is currently a lack of research on the 
relative effectiveness of applying SA topically or by soil (root) treatment. The experiment in this study used 
red soil that was 40% sandy loam and 60% natural soil, with a pH of 7.2. The study revealed that high 
cadmium (Cd) concentrations significantly impacted the biochemical composition of tomato plants, leading to 
increased carbohydrate accumulation, decreased protein content, and higher phenolic buildup. Cd stress 
raised carbohydrate levels by 22.04% in Pusa Ruby and 22.20% in Arka Abha, but 0.50 mM salicylic acid 
(SA) treatment reduced them by 16.22%, restoring balance. Protein metabolism was severely affected, with 

Cd stress causing a 62% decline, lowering protein content to 1.14 mg g⁻¹ DW in Pusa Ruby and 1.98 mg g⁻¹ 
DW in Arka Abha. However, SA application increased protein levels by 54%, reaching 2.30 mg g⁻¹ DW in 

Pusa Ruby and 3.01 mg g⁻¹ DW in Arka Abha. Similarly, Cd stress increased phenolic content, but SA 
treatment reduced it by 51%, mitigating oxidative damage. Among different SA application methods, foliar 
SA pre-treatment followed by root SA application was the most effective in reversing Cd-induced changes. 
Additionally, Arka Abha demonstrated greater resilience than Pusa Ruby, showing better biochemical 
recovery under SA treatment. These findings highlight the importance of SA concentration and application 
technique in enhancing plant stress tolerance, offering potential strategies for mitigating cadmium toxicity in 
contaminated agricultural environments. 
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INTRODUCTION  
 

Heavy metal contamination poses a 
serious hazard to all living things on the planet 
(Ahmad et al., 2019). Given the possibility of 
heavy metals leaking into the possible food 
chain, heavy metal accumulation in plants 
could be a major issue (Ahmadi et al., 2018) 
(Arfan et al., 2007). Due to the significant 
health risks associated with plant-accumulated 
heavy metal contamination of the food chain, 
identification and control of this problem require 
immediate attention (Bernstein, 2019). The 
goal of the current study was to determine how 
much cadmium toxicity affected tomato plant 
growth characteristics, such as root and shoot 
length, as well as biochemical components, 
such as protein, proline, and phenol levels. 

 Numerous environmental stressors that 
affect a plant's physiology, metabolism, growth, 
germination, and overall development can be 
harmful (Sreenivasulu et al., 2007; Jaleel et al., 

2009; Martinez et al., 2018). Plant species, 
exposure duration, and stress type are the 
primary determinants of how plants react to 
environmental challenges (Liu et al., 2018a). 
The ability of crop plants to withstand various 
types of stress depends on their genetic 
diversity and resistant varieties (Smirnoff et al., 
2000; Wang et al., 2003; Mithofer et al., 2004; 
Liu et al., 2018b). It has been established that 
heavy metal contamination is a very harmful 
and persistent activity that seriously impairs 
agricultural crop productivity (Bilal et al., 2017, 
CHUSKIT R. 2024). It has been demonstrated 
that foliar application of SA to tomato plants 
generally causes resistance to salinity stress 
(Mir et al., 2017) however, inconsistent results 
were found when SA was fed to the roots and 
soaked in seeds (priming) (Prachayasittikul et 
al., 2018 ; Ravisankar et al., 2014). Tomato 
plants died as a result of applying 1 mM SA to 
their nutritional solution, which decreased 
stomata conductance, CO2 fixation, and 
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photosynthetic rates (Vardhini et al., 2014). In 

order to determine which application strategy is 

most successful and appropriate, the goal of 

this study was to assess the effects of salicylic 

acid applied topically or as a root pretreatment 

on the growth characteristics of tomato 

seedlings under salinity stress. 

 

MATERIALS AND METHODS 
  

Sample materials 

The Agricultural Research Station in 

Pampore, Pulwama district (J&K), India 

provided the certified tomato seeds. For the 

experiment, uniform seeds in terms of weight, 

color, and size were selected. Red soil 

40%+sandy loam 60% in nature was the type 

of soil utilized in the experiment and its pH was 

7.2. The primary nutrients in it are 118 kg 

available N, 88 kg P, and 106 kg k/ha, while the 

micronutrients are 21.89 mg available Cu, 

219.11 mg Fe, 168 mg Mn, and 28.13 mg 

Zn/kg. The experimental soil did not contain 

cadmium. The cadmium source utilized was 

cadmium chloride (Cd Cl2 ½ H2O). The tests 

on tomato plant culture were carried out at 

Glocal University's Agricultural Garden from 

April 2023 to April 2024. Potted tomato plants 

were cultivated in soil that was either untreated 

(Control) or mixed with different concentrations 

of cadmium (10, 25, 50, 75, and 100 mg kg-1). 

A polythene sheet was used to line the interior 

surfaces of the pots. There were 3 kg of air-

dried soil in each pot. In every pot, six seeds 

were sowed. Every day, the entire field was 

irrigated in pots. After a week after germination, 

plants were trimmed to a maximum of three per 

container. Three duplicates of each treatment, 

including the control, were conducted.  

Thirty days after seeding, the plant 

samples were taken. Three plants from each 

pot replicate were examined for a variety of 

growth characteristics, including shoot and root 

length, and biochemicals like phenol, proline, 

and protein concentrations. The measurement 

of protein levels according to (Lowry et al. 

1951), proline according to Bates et al. (1973), 

and total phenols according to Singleton and 

Rossi (2002) was done using the roots and 

shoots of the treated and control plants. 

HPLC analysis of total SA 
An HPLC column (C18) was filled with 

twenty microliters of the entire SA extract using 
a Gilson auto-injector (Villiers Le Bel, France). 
The HPLC eluent flowed at a rate of 20μL/min 
and contained 80% methanol. A Shimadzu RF-
10Ax1 fluorescence detector (Tokyo, Japan) 
with an emission and excitation wavelength of 
300 nm was used to detect total SA. SA 
peaked after ten or eleven minutes. According 
to Verberne et al. (2002), the fresh weight 
concentration of SA was represented as μg 
g−1. 
 
Statistical analysis 

The data was analyzed using two-way 
analysis of variance (ANOVA) utilizing the 
general linear model approach and the least 
squares means test of the statistical program 
SAS (version 9.2 produced by SAS institute 
Inc., Cary, NC). The results are the mean ± 
standard deviation. There was a 5% 
significance threshold. Following a two-way 
ANOVA with treatment and time as two factors 
with replications, several pairwise comparison 
tests using least-square means were carried 
out for post-hoc comparisons. The Dunnett, 
Bonferroni, and Tukey's honest significantly 
differences (HSD) test adjustments were 
applied for multiple comparisons. The standard 
deviation is shown in the graph by vertical bars. 
 
RESULTS AND DISCUSSION 
 
Effects of High Cadmium Concentration 
Stress on Total Carbohydrate 
 
Soluble sugar concentrations increased 
significantly in response to elevated cadmium 
levels. Under stress conditions where plants 
were exposed to a high cadmium 
concentration, a progressive and consistent 
increase in sugar concentration was observed 
over time, as shown in Table 1. The increase in 
soluble sugar content was particularly notable 
when cadmium exposure was at its highest 
recorded level. Under these conditions of 
prolonged high cadmium exposure, the rise in 
soluble sugar concentration was measured to 
be 13.63%, indicating a substantial metabolic 
response in plants attempting to counteract 
cadmium-induced stress. Additionally, it was 
observed that the soluble sugar concentration 
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was significantly lower in plants that underwent 
salicylic acid (SA) treatment compared to those 
under untreated conditions. This reduction in 
sugar content suggests that SA modulates the 
plant’s metabolic adjustments in response to 
cadmium stress. When compared to the watery 
control group, the total carbohydrate content 
was found to have decreased by 16.22% in 
plants that received SA treatment, indicating 
that SA plays a role in regulating carbohydrate 
metabolism under stress conditions (Munnysha 
et al., 2024). 

Furthermore, extensive research 
utilizing transgenic Arabidopsis plants has 
demonstrated that SA cannot universally 
induce biotic stress tolerance across all plant 

species. This highlights the complexity of SA-
mediated responses and suggests that the 
effectiveness of SA in conferring stress 
tolerance is not only dependent on the specific 
plant species but also on multiple interacting 
factors such as the concentration of SA 
applied, environmental conditions, and the 
overall physiological state of the plant. Several 
studies have provided substantial evidence 
supporting this variability in SA efficacy 
(Horváth et al., 2015; Janda et al., 2015; Khan 
et al., 2014; Noreen et al., 2008), reinforcing 
the need for species-specific investigations to 
determine the optimal conditions for SA 
application in stress mitigation. 
 

 
Table 1: Effects of high cadmium concentration stress on changes in total carbohydrates, total 

protein and total phenolics contents of three weeks old tomato plants in presence of 
different concentrations of SA 

 
Treatment 100mg 

(Cdmg/kg) 
Total carbohydrate  

(mg g
-1

 DW) 
Total Proteins  

(mg
-1

 DW) 
Total Phenolics 
 (mg g

-1
 FW) 

Pusa Ruby Arka Abha Pusa Ruby Arka Abha Pusa Ruby Arka Abha 

Control 56.72 58.82 2.14 2.87 3.83 3.89 
100CD 69.23 71.89 1.14 1.98 4.19 4.52 
100CD+0.25mM 62.59 54.18 1.00 1.74 3.36 3.69 
100CD+0.50mM SA 52.17 52.73 2.30 3.01 3.67 3.98 
100CD+0.75mM SA 60.73 61.46 1.90 2.48 3.96 4.22 

 

Effects of High Cadmium Concentration 
Stress on Total Protein 
 

As stress levels progressively increased 
due to exposure to high cadmium 
concentrations, the overall protein content 
within the plant tissues experienced a 
significant and pronounced reduction. Under 
these extreme stress conditions characterized 
by elevated cadmium toxicity, there was a 
severe decline of approximately 62% in the 
soluble protein content, indicating a substantial 
retardation in protein synthesis and 
accumulation. This dramatic reduction in 
protein levels underscores the detrimental 
impact of cadmium-induced stress on plant 
biochemical pathways and physiological 
functions. 
Conversely, the adverse effects of cadmium 
concentration stress were notably mitigated in 
the presence of 0.50 mM salicylic acid (SA). 
The supplementation of SA contributed to a 
remarkable improvement in the soluble protein 
content, demonstrating its potential role in 

alleviating heavy metal-induced stress. A 
significant increase in the amounts of soluble 
proteins was observed when comparing the 
SA-treated plants to those subjected to the 
water control condition. Specifically, the soluble 
protein content in SA-treated plants exhibited a 
considerable enhancement, showing an 
increase of approximately 54% (Table 1). This 
observation highlights the protective and 
regulatory role of salicylic acid in enhancing 
stress tolerance mechanisms at the 
biochemical level. 

The findings of the current study further 
support the hypothesis that the application of 
salicylic acid under conditions of salinity stress 
may effectively optimize multiple physiological 
and biochemical processes within the plant 
system. These beneficial effects include 
improvements in plant nutrient uptake 
efficiency, the regulation of hormonal activity, 
enhanced leaf photosynthesis performance, 
and the modulation of various biochemical 
pathways. Collectively, these physiological 
enhancements contribute to improved growth 
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Table 2: Effects of high cadmium stress on tomato plants 
 

Treatment Carbohydrates Proteins Phenolics 

No Stress Normal Levels Normal Levels Normal Levels 
High Cadmium (100CD) +13.63% Increase -62% Decrease Increased 
100CD + 0.25 mM SA Lower than 100CD Slightly Lower Reduced 
100CD + 0.50 mM SA -16.22% Decrease +54% Increase -51% Reduction 
100CD + 0.75 mM SA Moderate Decrease Moderate Increase Slight Reduction 

 

traits and overall resilience in tomato plants 
subjected to environmental stressors (Gharbi et 
al., 2017; Gharbi et al., 2018; Horváth et al., 
2014). 
 
Effects of High Cadmium Concentration 
Stress on Total Phenolics 
 

The total phenolics content was 
meticulously calculated using the dry weight of 
the plant to effectively monitor and track the 
accumulation of total phenolics in the leaves of 
tomato plants subjected to high cadmium 
concentration stress conditions. This evaluation 
aimed to provide deeper insights into the 
plant’s biochemical responses to heavy metal 
stress. The findings of the study revealed that 
the overall phenolic content was significantly 
greater when the plants were exposed to stress 
conditions characterized by elevated cadmium 
levels. This suggests that cadmium stress 
induces the accumulation of phenolics as part 
of the plant’s defensive response mechanism. 
In contrast, plants that were treated with 0.50 
mM salicylic acid (SA) exhibited a remarkable 
and noteworthy decrease in the accumulation 
of total phenolics when compared to those 
subjected solely to heavy metal stress. The 
presence of salicylic acid appears to mitigate 
the excessive buildup of phenolics, possibly by 
regulating stress signaling pathways or 
enhancing antioxidant mechanisms. As 
demonstrated in Table 1, the application of SA 
led to a substantial reduction in total phenolic 
content, which decreased by approximately 
51% in comparison to the untreated plants 
under cadmium stress conditions. This 
reduction highlights the potential role of 
salicylic acid in modulating stress responses 
and protecting plants from excessive oxidative 
damage. 

Furthermore, it is well-documented that 
the application of SA under abiotic stress 
conditions, such as salt or drought stress, can 
also contribute to enhancing the plant's overall 

ability to maintain osmotic balance. This 
improvement in osmotic adjustment is primarily 
achieved by stimulating the de novo synthesis 
of suitable solutes, which help in stabilizing 
cellular functions under adverse environmental 
conditions (Dong et al., 2019; Jayakannan et 
al., 2015; Marschner et al., 2011). These 
findings emphasize the crucial role of salicylic 
acid in stress mitigation, not only under heavy 
metal stress but also in other challenging 
environmental conditions that adversely affect 
plant growth and physiology. Overall, these 
findings emphasize the significant role of SA in 
mitigating cadmium stress in tomato plants by 
regulating key biochemical components, 
reducing oxidative stress, and improving overall 
metabolic stability. The results highlight the 
potential application of SA as a protective 
agent to enhance plant resilience against 
heavy metal toxicity Table 2. 
 
CONCLUSION 
 

The study demonstrated that exposure 
to high cadmium (Cd) concentrations 
significantly altered the biochemical 
composition of tomato plants, affecting total 
carbohydrates, proteins, and phenolics. The 
results showed that Cd stress increased total 
carbohydrate content by 22.04% in Pusa Ruby 
and 22.20% in Arka Abha, indicating that plants 
respond to heavy metal stress by accumulating 
soluble sugars. However, the application of 
0.50 mM salicylic acid (SA) reduced 
carbohydrate levels to 52.17 mg g⁻¹ DW in 

Pusa Ruby and 52.73 mg g⁻¹ DW in Arka 
Abha, a 16.22% decrease compared to the 
control. Additionally, Cd stress severely 
affected protein metabolism, causing a 62% 
decline in protein content, with levels dropping 

to 1.14 mg g⁻¹ DW in Pusa Ruby and 1.98 mg 
g⁻¹ DW in Arka Abha. However, SA application 
restored protein levels significantly, with a 54% 
increase in treated plants, reaching 2.30 mg g⁻¹ 
DW in Pusa Ruby and 3.01 mg g⁻¹ DW in Arka 
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Abha. Similarly, Cd stress induced phenolic 
accumulation, with total phenolic content rising 
to 4.19 mg g⁻¹ FW in Pusa Ruby and 4.52 mg 

g⁻¹ FW in Arka Abha, but SA application 
effectively reduced phenolic buildup by 51%, 
supporting its role in mitigating oxidative stress. 

Furthermore, the effectiveness of SA 
treatment varied based on application methods 
and plant varieties. The study found that foliar 
SA pretreatment followed by root SA 
application was the most effective method in 
reversing Cd-induced biochemical changes. 
Among the two tomato varieties, Arka Abha 
exhibited greater resilience to cadmium stress 
than Pusa Ruby, as evidenced by its higher 
total carbohydrate levels, better protein 

retention, and more effective reduction in 
phenolic accumulation. These findings suggest 
that the choice of SA concentration and 
application technique significantly influences 
plant tolerance to heavy metal stress. The 
study provides valuable insights into the 
potential use of SA in mitigating cadmium 
toxicity in tomato plants, which could be applied 
to improve stress resistance in crops grown in 
contaminated environments. 
Abbreviations 

PPM: parts per million; SA: salicylic 
acid; FW: fresh weight; SPAD: The Soil and 
Plant Analysis Development; ABA: abscisic 
acid. 
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