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Abstract

Introduction: Soil and water pollution, particularly from heavy metals like cadmium, is a
significant concern in urban and industrial areas. Biochar has been proposed as a sustainable
method to mitigate heavy metal pollution in soil. This study aimed to investigate the impact of
biochar on two grape varieties (white Soltana and Perlett) exposed to cadmium stress. The research
involved cultivating grape cuttings in plastic pots in the greenhouse. The concentrations of
cadmium in the soil and leaves, as well as several physiological indicators of the leaves, were
examined.

Materials and Methods: Two grape varieties, white Soltana, and Perlett, were subjected to 100
mg/kg cadmium stress in the presence of biochar (3% wi/w). After two months of applying
cadmium stress and biochar treatment, soil samples from the rhizosphere zone were collected.
Cadmium forms were determined using the fractionations method in the research laboratory of
Malayer University of Iran and measured following atomic absorption spectroscopy. Leaf samples
were also collected to measure physiological indicators such as ion leakage, chlorophyll content,
phosphorus levels, and relative water content. The data were recorded, and statistical analysis was
performed using SPSS software. Graphs were created using Excel software, and Duncan's test was
employed at a significance level of 1%.

Results and Discussion: The results indicated that cadmium stress led to a decrease in chlorophyll
content and relative water content, as well as an increase in ion leakage in both grape varieties
(without biochar treatment). However, the application of biochar along with cadmium stress
resulted in increased relative water content, chlorophyll content, and phosphorus levels, while
significantly reducing ion leakage in both grape varieties compared to untreated soil. The addition
of biochar also significantly reduced the availability of cadmium, as measured cadmium by the
DTPA and fractionations method compared to the control. The use of biochar Specifically
decreased the exchangeable and carbonated forms of cadmium and increased the organic, oxide,
and residual forms in the rhizosphere of the grape seedlings. The presence of biochar resulted in a
16.44% increase in the average concentration of cadmium in the chlorophyll content of leaves for
the White Soltana variety under a stress level of 100 mg/kg cadmium. Similarly, a 22.26% increase
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was observed in the Perlett variety. lonic leakage in the Perlett variety decreased by 18.95% under
cadmium stress when biochar was applied, compared to a 28.99% decrease in the White Soltana
variety. Phosphorus levels increased by 52.22% in the Perlett variety with the use of biochar, while
the White Soltana variety showed an 83% increase in phosphorus content when biochar was
employed. The relative water content in the Perlett variety with biochar increased by 17.70% under
a stress level of 100 mg/kg cadmium compared to the same variety without biochar. In the White
Soltana variety, the increase in relative water content was 8.53% with the presence of biochar.
Regarding cadmium concentration, the presence of biochar led to a 19.29% increase in the average
concentration of cadmium in the carbonate form for the White Soltana variety under a stress level
of 100 mg/kg cadmium in the soil. Similarly, the Perlett variety exhibited a 26.33% increase in the
concentration of cadmium in the carbonate form with biochar application. In the presence of
biochar and a stress level of 100 mg/kg cadmium in the soil, the exchangeable form of cadmium in
the White Soltana variety showed a decrease of 26.23% in average concentration compared to
samples without biochar. The reduction in the exchangeable form with biochar application in the
Perlett variety was 22.16%. The presence of biochar led to a 33.75% increase in the average
concentration of cadmium in the oxide form for the White Soltana variety under a stress level of
100 mg/kg cadmium in the soil. In the Perlett variety, an 11.44% increase in the oxide form was
observed with biochar application. In terms of cadmium concentration, the presence of biochar led
to a 48.40% increase in the average concentration of cadmium in the organic form for the White
Soltana variety under the stress of 100 mg/kg cadmium in the soil. Similarly, the Perlett variety
exhibited a 21.45% increase in the concentration of cadmium in the organic form with biochar
application.

Regarding the residual form, the White Soltana variety showed a 34.97% increase in the average
concentration of cadmium (20.88 mg/kg) in the presence of biochar under 100 mg/kg cadmium
stress. The Perlett variety also exhibited a 30.34% increase in the residual form with biochar
application. These findings suggest that biochar promotes the accumulation of cadmium in the
organic and residual forms, reducing its availability in the exchangeable and oxide forms.
Conclusion: This research showed that the efficacy of biochar application for controlling
cadmium contamination in the soils particularly for the white Soltana variety. The use of biochar
can induce positive changes in leaf indices and potentially mitigate the risks associated with
cadmium transfer to humans and the environment in contaminated soils.
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Table(1) Some physical and chemical properties of the studied soil
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Properties
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Silt
68 o
14 Sand
[Sa”)
05 Clay
DT ou 8
0.38 Organic carbon
7.2 .
S
0.31 pH
- V/JCHEPRCRAE
26.2 Electrical conductivity(ds m™)
(1)d3lan edS” Sl S
233 Calcium carbonate equivalent
' S8 Il s b
0.31 Cation-exchange capacity(cmol,
kg™)
r:‘.nblf

Cadmium (mg/kg)
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Table(2) some characteristics of biochar produced from grape trunk

5 S JS0ie S oS JS 05 S e o FS
Biochar Hydrogen  Carbon Nitrogen pH S Ash
%) %) %) Electrical (%)
conductivity (dS
m-1)

5.1 71.2 1.2 7.2 0.6 6.2
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