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Table 1- Some physical and chemical characteristics of the tested soil
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Table 2- Some characteristics of biochar used in the experiment
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Table 3- Variance analysis of the effect of biochar levels on some morphological traits of cowpea grown in
Cr-contaminated soil
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** * ™ Significant differences at 1% and 5% levels and non-significant difference, respectively
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Fig.1. Effect of biochar (A) and Cr (B) levels on stem diameter
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Fig. 2. Interaction slicing of biochar and Cr levels on plant height (A), shoot (B), root (C) and total dry weight
(D). At each Cr level, the means with the same letter(s) are not significantly different at the 5% level based on
the least significant difference (LSD) test.
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Table 4- Variance analysis of the effect of biochar levels on some physiological and biochemical traits of
cowpea grown in Cr-contaminated soil
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Fig. 3. Effects of biochar (A) and Cr (B) levels on chlorophyll a content
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Fig. 4. Interaction slicing of biochar and Cr levels on chlorophyll b content. At each Cr level, the means with
the same letter(s) are not significantly different at the 5% level based on the least significant difference (LSD)
test.
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Table 5- Correlation coefficients between studied traits and shoot dry weight in cowpea
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Fig. 10. The regression relationship between the production of hydrogen peroxide (A) and the activity of
catalase (B) and superoxide dismutase (C)
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The effect of biochar on the improvement of some morphophysiological and biochemical
characteristics of cowpea (Vigna unguiculata 1..) grown in chromium-contaminated soil

Abstract

Background and Objectives: Chromium (Cr) at higher concentrations acts as a major pollutant and
heavy metal (HM), causing many environmental problems and contaminating the food chain. In
plants, the toxic effects of Cr are also evident, exhibiting symptoms such as delayed germination,
damaged roots and reduced root growth, decreased biomass, reduced plant height, photosynthesis,
reduced grain yield, and ultimately causing plant death. In recent years, organic amendments such as
biochar in HM-contaminated soils, which significantly stabilize HMs in soil and water, have been
considered. Therefore, the present research investigated different levels of rice straw-derived biochar
in mitigating the negative effects of Cr in cowpea (V. unguiculata L.).

Materials and Methods: A factorial experiment based on a completely randomized design was used
in 2023 at the research greenhouse of Sari Agricultural Sciences and Natural Resources University.
The treatments consisted of biochar (0, 1, 2, and 4 weight percent) and Cr (0, 2.5, 5, 10 and 25 mg kg’
") with three replications. In this experiment, stem diameter (SD), plant height (PH), root and shoot
dry weight (RDW and SDW), chlorophyll a, b (Chl a and b) and carotenoids (CAR), electrolyte
leakage (EL), hydrogen peroxide (H,0O,), the activity of catalase (CAT) and superoxide dismutase
(SOD) were measured.

Results: Based on the findings, the interaction of applying biochar levels in different concentrations
of Cr showed a significant difference in all traits except for the SD trait. Increasing Cr
concentration negatively affected the traits studied; however, the application of biochar
significantly mitigated these adverse effects. The optimal performance across all Cr levels
consistently occurred at the 4-weight percent level of biochar. Thus, using four weight percent
biochar increased physiological traits, including Chl a and b, CAR, and EL by 92.88, 95.27, 95.36 and
63.94%, respectively. It also reduced the activity of CAT and SOD enzymes and H,O, production by
4.88, 53.68 and 34.25 percent, respectively. In addition, between the activity of the two enzymes of
CAT and SOD and the production of H,0, with the SDW, a negative and significant correlation of (-
0.89",-0.85", and -0.81"") was observed, respectively.

Conclusion: Overall, increasing the concentration of Cr in the soil negatively affected all the studied
morpho-physiological and biochemical traits; conversely, using different levels of biochar moderated
the negative effects of chromium. The concentration of 25 mg/kg of Cr had the most negative effects,
and at all levels of Cr, the level of 4 (weight percent) of biochar always had the best results in terms
of evaluated parameters. According to the results of the current research, biochar can significantly
improve the growth of the cowpea under Cr stress conditions.

Keywords: Soil amendment, oxidative stress, enzyme activity, heavy metals, stem diameter



