P —— Ml 25 g (55paliS il oy els s
[ VDAY Sloris VYl /¥ olas TY als

|

Improvement of Physiological and Biochemical Traits of Sorghum (Sorghum bicolor L.) by
Application of Biochar and Salicylic Acid in Soils Contaminated with Lead Heavy Metal

Seyedeh Asieh Jalali!, Faezeh Zaefarian?®, Roghayeh Hasanpour3, Arastoo Abbasian?

Received: 07 August 2021 Accepted: 22 January 2022

1-MSc Student of Agronomy, Sari Agricultural Sciences and Natural Resources University, Sari, Iran.
2-Assoc. Prof., and Assist. Prof., of Agronomy, Sari Agricultural Sciences and Natural Resources University,
Sari, Iran.

3-Ph.D Graduated Student of Agronomy, Sari Agricultural Sciences and Natural Resources University, Sari,
Iran.

*Corresponding Author Email: fa_zaefarian@yahoo.com

Abstract

Background and objectives: Lead is one of the most important toxins for plants, which negatively affects
the growth of plants. Therefore this study was to investigate the effect of biochar as soil organic modifier and
salicylic acid as organic acid on sorghum (Sorghum bicolor var.Speed feed) physiological and biochemical
changes under lead stress conditions.

Materials and methods: The experiment was carried out as a factorial experiment in a completely
randomized design with 4 replications in the greenhouse of Sari Agricultural Sciences and Natural Resources
University in 2019. The treatments of this experiment include five levels of lead (0, 400, 800, 1200 and 1600
mg of lead per kg of soil from lead nitrate source), two levels of biochar (no consumption and consumption
of biochar 20 g of biochar per kg of soil) and two levels of acid salicylic acid (including non-foliar and 2 mM
salicylic acid foliar). The measured traits included chlorophyll a, b, total chlorophyll, a/b, carotenoids, phenol,
flavonoids, antioxidant activity, electrolyte leakage, relative leaf water content, proline, Pb concentration in
shoot, Pb concentration in root bioconcentration factor and shoot dry weight.

Results: The results showed that consumption of biochar and salicylic acid increased chlorophyll a by 5.25
and 4.81%, respectively. Consumption of salicylic acid increased by 4.20% chlorophyll a+b compared to the
control. Also, plants treated with biochar showed 7.35% increament in chlorophyll a/b ratio compared to
control plants.The highest amount of carotenoids was obtained in the combined treatment of biochar
consumption and salicylic acid foliar application. Phenol levels increased with increasing lead levels, which
was greater in plants sprayed with salicylic acid. Also, the amount of flavonoids increased by 10.57% under
the influence of biochar consumption. The highest antioxidant capacity (36.55) was obtained with combined
application of biochar and salicylic acid at a concentration of 400 mg of lead. The interaction of biochar and
salicylic acid increased proline, and this increase was 88.48% compared to the control. The results also showed
that salicylic acid reduced the percentage of electrolyte leakage in lead-treated plants, while, lead consumption
reduced the relative leaf water content. The highest Pb concentration in shoot and root (671.17 and 398.70 mg
Cd per kg of dry matter, respectively) and root bioaccumulation factor (3.65) were obtained in the combined
treatment use of biochar and salicylic acid at 1600 mg Pb kg? soil. Plants treated with biochar showed
significantly higher shoot dry weight under lead stress than no consumption of biochar and foliar application
of salicylic acid also increased the dry weight of sorghum shoots.

Conclusion: The results of the present study show a positive and significant of lead stress on the growth
characteristics of sorghum as well as positive and significant effects of salicylic acid and biochar as moderators
and reduce the negative effects of lead toxicity on the properties of this plant. Considering that biochar and
salicylic acid increase the concentration of lead in plant organs and the bioconcentration factor of roots;
therefore, the use of these cheap and available materials in the soil can be a suitable and cost-effective method
to eliminate or reduce soil contamination to increase the metabolic activity of sorghum plant, improve plant
resistance to lead stress.
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