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ABSTRACT
Identifying mechanisms involved in cold tolerance can play an important role in maintaining yield. In this
study, physiological and biochemical responses, including malondialdehyde (MDA), cell membrane
stability index (MSI), and activities of antioxidant enzymes in five autumn bread wheat cultivars and one
spring tolerant cultivar in four treatments: under normal conditions (23°C), acclimation (4°C) and cold
stress (-5°C) were studied in acclimated and non-acclimated wheat plants. Analysis of variance showed
significant differences between the effects of cultivars and environment temperatures on the membrane
stability index, while in other indices, significant differences derived between interactive effects. Results
showed that lower temperatures increased MDA, while decreased MSI in different cultivars. As plants
exposed to cold stress, their total protein content as well as activities of superoxide dismutase, catalase,
ascorbate peroxidase and guaiacol peroxidase increased only in cold-acclimated plants, while decreased
significantly in non-acclimated strands. Results also showed lower decrease of membrane stability index
and MDA in Norstar and Baran cultivars under stress conditions. It seems that in non-acclimated plants
under cold stress, decrease in activity of antioxidant enzymes has impaired plant's ability to withstand
stress. Therefore, a decrease in cell damages as well as an increase in capacity of cell defense systems,
coming down to acclimation process, can be regarded as important factors contributing to tolerance to
cold stress.
Keywords: Antioxidant enzymes, cold, MDA, MSI, wheat.
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Table 1. Variance analysis of measured traits in response to treatment levels in different wheat cultivars.

Source of variation  df

Mean Squares(MS)

MDA MSI Total Protein CAT APX GPX SOD
Cold treatments 3 0.698™ 0.014™ 29.36™ 0.020"  4.89™ 0.210™ 196.57"
Cultivar 5 131.036™  0.279™ 249.53" 0.093" 2253" 0.967" 25.26™
Cold treatmentsxcultivar 15 0.18™ 0.0027™ 2.40™ 0.004™ 0.986™ 0.042"  4.30™
Experimental error 48 0.022 0.00271 0.318 0.0001 0.028 0.0012 0.281
Qefficient of variation( % - 3.57 9.20 4.381 7.34 7.33 5.27 6.93

Aoy S Jloizl o 1o s S g lo g IS pas s 54y ™ gns
ns and **: non-significant and significant differences at 1% of probability level, respectively.
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Figure 1. Malondialdehyde content changes in wheat cultivars under cold treatments [from left to right,
columns of each cultivar are control plants, acclimated plants (4°C), acclimated plants under cold stress
(-5°C), and non-acclimated plants under cold stress (-5°C), respectively]. Different letters indicate a
significant difference among the means based on Duncan’s multiple range test (P < 0.01).
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Figure 2. Membrane stability index Changes in wheat cultivars (a) and cold treatments (b). Different
letters indicate a significant difference among means based on Duncan’s multiple range test (P < 0.01).
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Figure 3. Total protein content change in wheat cultivars [from left to right, columns represent: control,
acclimated plants (4°C), acclimated plants under cold stress (-5°C), and non-acclimated plants under cold
stress (-5°C), respectively]. Different letters indicate a significant difference among means based on

Duncan’s multiple range test (P < 0.01).
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Figure 4. Superoxide dismutase (SOD) enzyme activity changes in wheat cultivars [from left to right,
columns represent: control, acclimated plants (4°C), acclimated plants under cold stress (-5°C), and non-
acclimated plants under cold stress (-5°C), respectively]. Different letters indicate a significant difference
among the means based on Duncan’s multiple range test (P < 0.01).
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Figure 5. Catalase (CAT) enzyme activity change in wheat cultivars [from left to right, columns
represent: control, acclimated plants (4°C), acclimated plants under cold stress (-5°C), and non-acclimated
plants under cold stress (-5°C), respectively]. Different letters indicate a significant difference among

means based on Duncan’s multiple range test (P < 0.01).
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Figure 6. Guaiacol peroxidase (GPX) enzyme activity change in wheat cultivars [from left to right,
columns represent: control, acclimated plants (4°C), acclimated plants under cold stress (-5°C), and non-
acclimated plants under cold stress (-5°C), respectively]. Different letters indicate a significant difference
among the means based on Duncan’s multiple range test (P < 0.01).
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Figure 7. Ascorbate peroxidase (APX) enzyme activity change in wheat cultivars [from left to right,
columns represent: control, acclimated plants (4°C), acclimated plants under cold stress (-5°C), and non-
acclimated plants under cold stress (-5°C), respectively]. Different letters indicate a significant difference
among means based on Duncan’s multiple range test (P < 0.01).
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