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Abstract 

Cadmium is a heavy metal with high toxicity that causes oxidative stress in plants and animals. Heavy metal 
stress tolerance in plants with increasing levels of reactive oxygen species (ROS) require using antioxidative 
pathways. Hydroponic experiments were performed with thirteen treatments consisting of a control wheat 
plants not receiving heavy metal stress (CdSO4) and the ameliorative factors CaSiO3 and sodium nitroprussid 
(SNP) and also plants treated with CdSO4 at 25, 50, 75, and l00 µM concentrations with or without 1.5 mM 
SNP or CaSiO3. Leaf samples from 60-day-old plants were used for determination of activities of ascorbate 
peroxidase, peroxidase, and polyphenol oxidase enzymes and also chlorophyll a, chlorophyll b, total 
chlorophyll, carotenoids, MDA, and proline contents. Results indicated that cadmium decreased chlorophyll 
a, b, total chlorophyll, and carotenoid contents significantly while it increased ascorbate peroxidase, 
peroxidase, and polyphenol oxidase activities specially by adding CaSiO3. Also, polyphenol oxidase activity 
increased under Cd stress significantly, which further increased by adding the ameliorative factor CaSiO3. 
Moreover, MDA and proline contents increased under Cd stress significantly, which decreased by adding 
ameliorative factors especially CaSiO3. It was concluded that silicate enhances the Cd tolerance in Triticum 
aestivum L., which is attributed to its ameliorative effects as it suppresses CdSO4 uptake and root to shoot 
CdSO4 transport. In addition, the ameliorative effects of silicate enhance the plants’ antioxidant defense 
mechanisms. 
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________________________________________________________________________________

Introduction 

Wheat, Triticum aestivum (poaceae), is an 
adaptable cereal species that grows in large 
regions of the world with different weather 
conditions. It is an annual self-fertile plant that 
forms the main source of carbohydrate and 

human food. Containing gluten, wheat has a very 
high economical value in bakery industries.  

Cadmium (Cd) is a ubiquitous toxic heavy metal, 
which has negative effects on plants including 
respiration and nitrogen assimilation (Naeem et 
al., 2016), root cell destruction and decreases in 
root elongation ((Rizwan et al., 2016b)), and 
inhibiting seed germination  ((Gao and Song, 
2019)and (Rizwan et al., 2016a)). This heavy metal 
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which is poisonous to the living cells even in low 
concentrations, is accumulated mainly in soils 
through industrial processes such as mining 
activities and frequent sewage of phosphate 
fertilizers. It causes plant death through disruption 
of nutrient uptake and photosynthesis inhibition 
by activation of CO2 fixing enzymes (Sandeep et 
al., 2019). The research has shown that cadmium 
prevents antioxidant activities in plants through 
lipid peroxidases and oxidized proteins 
aggregation, the signs of oxidative damage 
(Hasanuzzaman et al., 2018).  

Silicon is part of micronutrient elements that 
improves plant’s resistance to disease, water-use-
efficiency, and photosynthesis, remediates 
nutrient imbalance in various plant species such as 
wheat, rice, maize and bamboo, alleviates heavy 
metal toxicity like arsenic (As), lead (Pb), cadmium 
(Cd), and chromium (Cr), and improves plants’ 
resistance to salinity stress, increases the growth 
in many plants, reduces Cd uptake and transport 
from root to shoot, decreasing its distribution in 
the shoots (Imtiaz et al., 2016).  

Nitric oxide (NO), a redox-related signaling 
molecule, is considered as a key regulator in plants 
growth and development as well as their response 
to abiotic stresses such as that of heavy metals in 
terms of the production of reactive oxygen 
species, which lead to oxidative stress. Plants in 
their attempts to decrease the toxic effects of 
heavy metal stress activate several mechanisms 
such as antioxidative enzymes. NO could regulate 
a variety of related genes expressions and protein 
activities in response to abiotic stress in plants. For 
example, sodium nitroprusside and nitric oxide 
(with sodium Nitroprusside as a donor) have an 
ameliorative role in the processes of physiological 
growth, germination, accessing to the iron, and 
mitigating the harmful effects of heavy metals 
(Wei et al., 2020).  

Silicon and sodium nitroprusside might decrease 
the effects of cadmium heavy metal stress in 
wheats. This study investigated the ameliorating 
effects of silicate on Triticum aestivum L. grown in 
soils with Cd pollution. 

 

 Materials and Methods 

Chemicals 

Trichloroacetic acid (TCA), Thiobarbituric acid 
(TBA), Ascorbate, Pyrogallol, and Tris-HCl were 
purchased from Merck (Germany). All other 
chemicals were of analytical grade or purer. 

Sampling, culture, and treatments 

Wheat seeds (Triticum aestivum L.) were placed 
first in benomyl 2% fungicide for 10 minutes, then 
in alcohol 70% for 60 seconds and finally in Sodium 
Hypochlorid 10% for 10 minutes. At the end of 
each step, the seeds washed several times in 
distilled water and were put on wet filter papers 
for germination and transferred to Refrigerated 
incubator set at 25 ℃ for 3 days. Then, they were 
transferred to light for 2 days. Initially, the 
seedlings of equal size inside plastic pots (1000 ml 
volume) containing perlite were transferred to the 
culture chamber with the temperature set at 25±5 
℃, 80% humidity, and 16-8 hours lighting and 
darkness. The seedlings were irrigated up to 6 
weeks with distilled water and fed with Arnon and 
Hoagland nutrient solution every other day. After 
that, treatments were applied for 2 weeks. In this 
experiment, cadmium heavy metal was used in the 
form of CdSO4. 5H2O, by 1 in 5 concentrations (0, 
25, 50, 75, and 100 µM). Silicate was used as an 
ameliorative factor in form of CaSiO3, by 2 in 1.5 
mM concentration. Also, SNP was used as another 
ameliorative factor by 2 in 1.5 mM concentration. 
A total of 15 treatments were applied, each with 
three replicates. The control seedlings received no 
heavy metal stress or ameliorative factors. 
Treatments involved different concentrations of 
CdSO4.H2O with three levels, with or without 
ameliorative factor, CaSiO3 and SNP. In order to 
investigate the studied factors, the plant samples 
were harvested from aerial and vegetative parts 
and washed with distilled water at the end of week 
8. Leaf samples were washed, weighed, and put in 
labeled sealed plastic bags, before they were 
transferred to a freezer set at -20 ℃. After 
washing several times with distilled water, the 
plant roots were also weighed and put into foils, 
labeled, and dried in an oven at 70 ℃ for 48 hours 
to measure dry weights.  
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Pigment analysis 

Photosynthetic pigments were extracted from 
biomass in 20 ml acetone 80%. Then the extraction 
was separated from the sample residue by 
filtration through Whatman No.1 filter paper. 
Concentrations of chlorophyll a, chlorophyll b, 
total chlorophyll, and carotenoids were 
determined spectrophotometrically using acetone 
80% as a solvent. The pigment contents were 
calculated using the following equations 
(Lichtenthaler and Wellburn, 1983): 

Chl a (mg ml-1) = 12.25A663-2.79A646 

Chl b (mg ml-1) = 21. 50A646-5.10A663 

Tchl (mg ml-1) = Chla + Chlb 

Cx+c =(1000A470-1.8Ca-85.02Cb)/198 

where Chl a, Chl b, Tchl, and Cx+c denote 
Chlorophyll a, Chlorophyll b, total Chlorophyll, and 
carotenoids, respectively. 

Enzyme Extraction and Assay 

For antioxidant enzyme activity assays, fresh 
biomass samples (1 g) were ground in a mortar 
and suspended in 5 ml of Tris-HCl buffer (0.05 M, 
pH 7.5). The homogenates were centrifuged at 
10,000 rpm for 25 min at 4 ℃, and the resulting 
supernatant was used for enzyme assays.  

Enzymatic activities determination 

The peroxidase activity was determined according 
to the method of Kar and Mishra (Kar and Mishra, 
1976). The enzyme activity was calculated at 425 
nm. Total ascorbate peroxidase (APX) was 
determined according to the method described by 
Nakano and Asada (Nakano and Asada, 1981). The 
reaction mixture consisted of phosphate buffer 
(pH 7), 5 mM ascorbate, 5 mM H2O2, and 
supernatant. Total ascorbate peroxidase activity 
was determined as the decrease in absorbance of 
ascorbate at 290 nm as ascorbate was oxidized. 
The polyphenol oxidase activity was determined 
according to the method of Nicoli et al(NICOLI et 
al., 1991). The enzyme activity was calculated at 
420 nm.  

 

 
 
Lipid peroxidation determination 

Concentration of MDA was measured according to 
the method described by Heath and Packer (Heath 
and Packer, 1968). In brief, the solution with an 
equal volume of 10% trichloroacetic acid (TCA) 
and 0.5% thiobarbituric acid (TBA) was put into a 
centrifuge tube; then, the mixture was heated at 
95 ℃ for 15 min and quickly cooled in an ice bath. 
After centrifuging at 8,000 rpm for 5 min, the 
absorbance at 532 nm was measured and the 
value was subtracted at 600 nm. The 
concentration of MDA was calculated using an 
extinction coefficient of 155 mM−1cm−1. 

Statistical Analysis 

Experimental data were expressed as means ± SD 
of three replicates. The data were analyzed by 
analysis of variance (P<0.05), and the means were 
separated by Duncan’s multiple range test.  

Results 

Under high cadmium heavy metal stress plant 
growth stopped and the biomass growth 
decreased, which led to plant death The typical 
symptoms of cadmium toxicity were observed in 
the medium culture such as development of 
reddish brown necrotic and leaf chlorosis, tubular 
leaves, brownish roots, and general decrease in 
root and shoot growth, especially in high 
concentrations. Adding CaSiO3 and SNP to medium 
the culture in 1.5 mM concentration decreased 
the effects of cadmium toxicity. Under similar 
concentrations, the ameliorating effects of CaSiO3 
in decreasing cadmium toxicity symptoms were 
significantly different. 

Results of photosynthetic pigments content 
measurement 

Findings showed that maximum contents of 
photosynthetic pigments (Chlorophyll a, b, and 
total) belonged to the control plants (especially 
control with the ameliorative factor, CaSiO3) so 
that with increasing cadmium concentration 
(cadmium sulfate without ameliorative factor) 
from 25 µM to 100 µM concentration, contents of 
chlorophylls decreased. However, with adding 



 4404 Iranian Journal of Plant Physiology, Vol (13), No (1) 

 

ameliorative factors, CaSiO3 and SNP (each 1.5 
mM), specially CaSiO3, the Chlorophyll contents 
increased in wheat plants (Fig. I. A, B, C). 

Carotenoid contents 

The results of carotenoid photosynthetic pigments 
suggested the destructive effects of cadmium 
sulfate on carotenoid contents of wheat plants. As 
with chlorophylls contents, different cadmium 
sulfate concentrations without ameliorative 
factors resulted in reduced carotenoids in 
comparison with other treatments, especially in 
high concentrations. The highest carotenoid 
contents were recorded in control plants. But with 
addition of ameliorative factors, CaSiO3 and SNP 
(1.5 mM) especially CaSiO3, the carotenoids 
contents increased in wheat plants (Fig. I. D). 

Antioxidant enzyme contents 

The effect of cadmium treatments and silicate on 
the wheat plants were examined and for assaying 
antioxidant enzymes activity, the activities of four 
enzymes, namely peroxidase, ascorbate 

peroxidase, and polyphenol oxidase, were 
measured. 

Peroxidase 

The peroxidase enzyme activity (Fig. I. A) increased 
with more stress from control to 75 µM CdSO4 
concentration without ameliorative factor; 
however, in 100 µM CdSO4 concentration without 
ameliorative factor, the activity of this enzyme 
showed a decreasing trend. On the other hand, 
adding ameliorative factors, CaSiO3 and SNP, had 
a positive effect and an increasing trend was 
observed in the activity of peroxidase. Meanwhile, 
the positive effect of ameliorative factor, CaSiO3, 
in increasing the peroxidase enzyme activity was 
obvious. 

Ascorbate peroxidase 

The obtained data revealed that ascorbate 
peroxidase activity increased from control to 50 
µM CdSO4 concentration without applying 
ameliorators (Fig. II. B). But thereafter, the level of 
APX activity decreased until 100 µM CdSO4 
concentration, where adding CaSiO3 and SNP 

 

Fig. I. Effect of Cd in combination with Si or SNP on chlorophyll a (A), chlorophyll b (B), total chlorophyll (C), and carotenoid 
contents (D) of wheat plant; 0: without Si and SNP, 1: 0.2 mM Si, and 2: 0.2 mM SNP. Data represent means ± standard errors of 
three experiments with three replicates. Different letters indicate significant differences between treatments at P<0.05, 
according to Duncan’s multiple range test.  
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treatments had considerable effects in increasing 
ascorbate peroxidase enzyme activities. The role 
of CaSiO3 on APX activity was more prominent. 

Polyphenol oxidase 

The activities of polyphenol oxidase increased 
from control plants to 100 µM CdSO4 
concentration without applying ameliorative 
factors (Fig. II. C). Treatments with CaSiO3 and SNP 
increased polyphenol peroxidase enzyme activity, 
with CaSiO3 having a more pronounced effect. 
Generally, the lowest level of polyphenol oxidase 
activity was observed in 100 µM CdSO4 
concentration along with CaSiO3. 

Lipid peroxidation 

The content of malondialdehyde increased with 
increasing CdSO4 concentration from control to 
100 µM, in the treatments without ameliorative 
factors (Fig. II. D). CaSiO3 and SNP were able to 
decrease MDA contents with CaSiO3 being more 
successful in decreasing MDA contents. The 

minimum and maximum MDA contents were 
recorded in control plants and those treated with 
75 and 100 µM CdSO4 without ameliorative 

factors, respectively. 

Proline  

 
 Fig. II. Effect of Cd in combination with Si or NO on peroxidase (POD) activity (A), ascorbate peroxidase (APX) activity (B), 
polyphenol (PPO) activity (C), and lipid peroxidase (MDA) activity (D) in wheat plant; 0: without Si and SNP, 1:  0.2 Mm Si, 2: 0.2 
Mm SNP; data represent means ± standard errors of three experiments with three replicates. Different letters indicate significant 
difference between treatments at P<0.05, according to Duncan’s multiple range test.  
 

 
Fig. III. Effect of Cd in combination with Si or NO on proline 
content; 0: without Si and SNP, 1: 0.2 Mm Si, 2: 0.2 Mm 
SNP. Data represent means ± standard errors of three 
experiments with three replicates. Different letters 
indicate significant difference between treatments at 
P<0.05, according to Duncan’s multiple range test.  
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The highest proline content was observed in 100 
µM CdSO4 concentration treatment without 
ameliorative factors while the lowest proline 
content was recorded in 50 µM CdSO4 

concentration treatment with CaSiO3 treatment 
(Fig. III). Proline content increased from control 
and 25 µM CdSO4 concentration treatments 
without ameliorative factor to 100 µM CdSO4 
concentration treatment without ameliorative 
factor. Treatments with CaSiO3 and SNP had 
positive effects as they resulted in a decreasing 
trend in proline content with CaSiO3 having a more 
prominent effect. 

Discussion 

Environmental toxicants including heavy metals 
seriously damage the function and structure of 
ecosystem (Alengebawy et al., 2021).  Cadmium is 
toxic to any biological system including plants 
even at low concentrations, affecting the plants 
growth and human health (Shahid et al., 2017). 
The toxic effects of Cadmium on plants include 
inhibition of shoot and root growth, and reduction 
in photosynthesis, and further crop yield. 
Moreover, Cadmium could accumulate in 
different tissues of the plants such as fresh 
vegetables and transfer them into the human food 
chain, causing several health problems such as 
brain and kidney diseases and chromosomal 
disorders (Fattahi et al., 2019). The agricultural 
advantages of silicon on the soil ecosystems have 
been well proved. The obtained results from 
photosynthetic pigments (chlorophyll a, 
chlorophyll b, and total chlorophyll) are consistent 
with the results of previous studies(Feret et al., 
2008). The photosynthetic apparatus appears to 
be especially sensitive to Cd negative effect with 
change of chlorophyll synthesis, transpiration, and 
respiration process, thus reducing photosynthesis. 
The responses of photosynthesis to Cd can be 
different and sometimes opposite according to 
the species. Chlorophyll fluorescence parameters 
were found to be strongly correlated with the 
whole-plant mortality following environmental 
stress and therefore can be considered as reliable 
indicators of the intensity of stress (Li et al., 2015). 
Plants have evolved enzymatic and non-enzymatic 
antioxidant mechanism to protect their cellular 
and sub-cellular components from the effects of 
reactive oxygen species. Antioxidant enzymes 

include superoxide dismutase, peroxidase, 
catalase, and ascorbate peroxidase, and 
antioxidant compounds include ascorbate, 
carotenoids, α-tocopherols, and glutathione. 
Carotenoids as a non-enzymatic mechanism 
against heavy metal stress have the ability to 
eliminate free oxygen radicals (Ulusu et al., 2017). 
These antioxidants protect photosynthetic tissues 
specially chlorophylls against oxidative stress in 
plants. Decrease in carotenoid levels is because of 
non-photochemical suppression of excited 
chlorophylls implemented by carotenoids that 
result in their disrupted structures. All types of 
active oxygen are reduced forms of atmospheric 
oxygen. There are many potential sources of 
active oxygen in plants, some of which are created 
in natural metabolism such as photosynthetic 
electron transport chain in chloroplasts and 
respiration. In the enzymatic defense mechanism 
of plans against ROS, antioxidant enzymes such as 
superoxide dismutase, ascorbate peroxidase, 
catalase, polyphenol oxidase, and ascorbate 
peroxidase have the main role (Ulusu et al., 2017). 
AlKahtani et al. (2021) reported the effects of 
silicon on some crops under drought stress, 
showing that it leads to an improved water 
absorption under drought stress. Activity of some 
antioxidant enzymes such as superoxide 
dismutase, catalase was shown to increase under 
stress condition when silicon, Si, and proline were 
added individually or in combination. Si and 
proline considerably increased root in sugar beet 
(AlKahtani et al., 2021) 

Catalase is one of the most important antioxidant 
enzymes that converts H2O2 to water in the 
peroxisome. In this organelle, H2O2 is produced 
from beta-oxidation of fatty acids and 
photorespiration (Ighodaro and Akinloye, 2018). 
The higher activity of catalase and ascorbate 
peroxidase decreased H2O2 level of the cells and 
increased cell membrane stability and stabilization 
of CO2, because some of Calovin cycle enzymes in 
chloroplasts are very sensitive to H2O2. The high 
level of H2O2 inhibits CO2 stabilization directly. 
Ighodaro and Akinloye (2018) reported that the 
ability of Catalase to effectively limit H2O2 
concentration in cells underlines its importance in 
the aforementioned physiological processes as 
well as being the first line antioxidant defense 
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enzyme. Ascorbate peroxidase and catalase 
activities, representing the main enzymatic H2O2 
scavenging mechanism in plants, are crucial for 
the suppression of toxic H2O2 levels in a cell (Sofo 
et al., 2015). (Małecka et al., 2019)reported that 
the presence of Pb, Cu, Cd, and Zn in Brassica 
juncea increased the activity of antioxidant 
enzymes such as superoxide dismutase, catalase, 
and ascorbate peroxidase, which increased uptake 
of these heavy metals. Zhang et al(Zhang et al., 
2020)found that SOD, CAT, and POD were more 
active in responding to Cd stress in Brassica napus 
and high activity of enzymatic antioxidants at 
initial Cd stress stage was the main detoxification 
mechanism in Cd-tolerant rapeseed. 

Proline accumulation is an adaptive strategy of 
plants to stressful environment which maintains 
the osmotic balance, scavenges excess free 
radicals, and stabilizes cell membrane structure 
under Cd stress (Khan et al., 2015). 

Malondialdehyde is considered as a marker for the 
scale of lipid peroxidation or damage to the 
plasma and membrane of the organelle, which 
increases with environmental stresses. 
Concentrations of hydrogen peroxide and MDA 
was enhanced under Cd treatment in Pisum 
sativum (Sayed and Gadallah, 2019). The lipid 
peroxidation is related to the antioxidant enzyme 
activities, whereas with more superoxide 
dismutase, ascorbate peroxidase, glycol 
peroxidase, and catalase content, resistance to 
the oxidative stresses increased while the 
malondialdehyde contents decreased. cadmium 
treatment caused reduction in the growth 
parameters such as dry mass, chlorophyll, and 
carotenoid contents. 
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