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Evaluation of the antioxidant system in selected chickpea (Cicer arietinum L.) genotypes under frost
stress

Abstract

This study aimed to evaluate the frost stress tolerance and accurately screen cold-resistant chickpea
genotypes using physiological and molecular factors. The experiment was conducted under controlled
conditions in the greenhouse of the Faculty of Agriculture, Ferdowsi University of Mashhad, and the Plant




Sciences Research Institute Laboratory. It was designed as a factorial experiment in a completely
randomized design with three replications on eight chickpea genotypes (MCC194, MCC605, MCC607,
MCC613, MCC885, MCC901, MCC911, and Kaka). To induce cold acclimation, the plants were grown in
natural conditions and then transferred to a thermogradient freezer for freezing temperature exposure at five
different temperatures (0, -6, -10, -12, and -14 °C). The results showed that the effects of temperature and
genotype and their interaction on physiological indices such as proline, soluble carbohydrate, total pigment,
ascorbate peroxidase, and peroxidase enzyme activities were significant at a 1% probability level. In
contrast, chlorophyll a, osmotic potential, total phenol, and catalase enzyme activity were significant at a
5% probability level. The expression of ascorbate, peroxidase, and catalase genes was also significantly
affected by temperature, genotype, and their interaction at a 1% probability level. The activity levels of
antioxidant enzymes showed the highest correlation with dry weight (DW) under stress conditions,
indicating that they are the best indicators for identifying high-yield and frost-tolerant cultivars.
Additionally, a positive correlation was observed between the expression levels of antioxidant enzymes in
leaves and dry weight (DW). The results indicated that the genotypes MCC194, MCC901, and MCC911
had the highest dry weight and antioxidant enzyme activities, while the sensitive genotype Kaka showed the
lowest levels. The highest electrolyte leakage was observed in the sensitive genotype Kaka and the lowest
in the genotypes MCC194, MCC901, and MCC911.
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