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ABSTRACT

Introduction: Metal stress poses a significant challenge to crop production globally. This type of stress induces phenotypic, enzymatic
(cellular oxidation), and gene expression alterations in plants. Therefore, an experiment was conducted to explore the impact of silver nitrate
at the molecular and biochemical levels in three bread wheat cultivars (Khalete, Gonbad, and Ehsan).

Materials and methods: The experiment was conducted as a factorial experiment in a completely randomized basic design with three
replications under greenhouse conditions. A separate experiment was carried out to examine the effects of silver nitrate (at levels of 0, 2, and
4 mM) as an oxidative agent, as well as ascorbic acid (at levels of 0, 10, and 20 mM) as an antioxidant agent, on wheat cultivars (Ehsan,
Kelate, Gonbad). All treatments were administered through foliar spraying on the leaves at the 60 Zadex stage (8 leaves). In addition to
individual applications of silver salt and ascorbic acid, a combined treatment was applied by administering the antioxidant treatment one
hour before the oxidative silver nitrate treatment. Biochemical traits, including the rate of cellular oxidation and the expression of genes
such as MAPK3, and MAPK®, were assessed.

Results: The results indicated that chlorophyll a and b content in the Ehsan cultivar, which exhibited relatively higher resistance compared
to other cultivars, was better preserved and restored with increasing levels of antioxidant ascorbic acid. The relative expression of MAPK3
and MAPK® genes positively correlated with increased ascorbic acid pretreatment in the Ehsan cultivar.

Conclusion: The results showed that under silver nitrate stress, some bread wheat cultivars are able to exhibit positive responses and
increase the expression of genes related to tolerance to environmental stresses. The findings of this study can also aid in a better
understanding of the molecular and biochemical mechanisms associated with stress tolerance in bread wheat, offering solutions for
enhancing cultivation methods and genetic resource management. Ultimately, identifying stress-resistant cultivars can enhance plant
adaptation to adverse environmental conditions.
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Figure 1. Changes in malondialdehyde levels in different wheat varieties under the influence of

different levels of silver nitrate stress
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Figure 2. Changes in malondialdehyde levels in different wheat varieties under the influence of

different levels of silver nitrate and ascorbic acid treatment
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Figure 3. Changes in chlorophyll a content in different wheat varieties under the influence of

different levels of silver nitrate stress
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Figure 4. Changes in chlorophyll a content in different wheat varieties under the influence of

different levels of silver nitrate and ascorbic acid treatment
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Figure 5.Changes in chlorophyll b content in different wheat varieties under the influence of

different levels of silver nitrate stress
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Figure 6. Changes in chlorophyll a content in different wheat varieties under the influence of

different levels of silver nitrate and ascorbic acid treatment
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Figure 7.Relative expression of MAPK3 gene in different wheat cultivars under the influence of

different levels of silver nitrate treatment
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Figure 8. Relative expression of MAPK3 gene in different wheat cultivars under the influence of

different levels of silver nitrate and ascorbic acid treatment
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Figure 9. Relative expression of MAPKG gene in different wheat cultivars under the influence of

different levels of silver nitrate treatment
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Figure 10. Relative expression of MAPKG6 gene in different wheat cultivars under the influence

of different levels of silver nitrate and ascorbic acid treatment
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