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ABSTRACT

Low temperature (LT) is one of the most important factors that limit growth, distribution and production of
cereals. The purpose of the present study was to identify some traits related to LT tolerance in different
phenological development stages in lines resulted from crosses between Pishtaz and Norstar wheat. Under
experimental conditions, LT tolerance, shoot apex development, final leaf number (FLN), activity of
antioxidant enzymes, total sugars and H,O, contents were investigated. Results of double ridges formation
and FLN showed that winter and facultative genotypes spent the longer time in the vegetative phase and
entered the reproductive phase with delay. These genotypes also were more tolerant to LT in comparison to
spring genotypes. Analysis of variance showed that genotypes, sampling period, and their interaction were
highly significant for the most of the traits. Ascorbate peroxidase (APX), guaiacol peroxidase (GPX),
polyphenol oxidase (PPO), catalase (CAT), superoxide dismutase (SOD), and total sugars content reached
their maximum in all genotypes at the second period of LT acclimation but higher in winter and facultative
than spring genotypes. The highest H.O, content observed at the third period of LT acclimation was the
highest in spring compared to winter and facultative genotypes. The significant correlations coefficients for
antioxidative activities and sugar content with lethal temperature 50 (LTso) suggest that they could be useful
as indirect indices for LT tolerance in wheat. The results of this study showed that vernalization required
genotypes had a higher potential for LT tolerance when the traits associated with LT tolerance in vegetative
stage are adjusted.
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Figure 1. Final leaf number (FLN) under controlled environment and during plant cold acclimation in the

field (December 20, 60 days after planting), January 19, 90 days after planting and February 18, 120 days
after planting)] in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015.
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Table 1. Variance Analysis (ANOVA) of LTso under controlled environment and during plant acclimation in
the field (December 20, 60 days after planting, January 19, 90 days after planting and February 18, 120 days
after planting) in Norstar and Pishtaz parent and, NIL and RIL 4011 and 4015.

Source of variation df Mean squares
LT5()

Rep 2 0.62

Genotype 4 270.98™

Date 2 176.09™

Genotype*date 8 20.98™

Error 28 0.24

Coefficient of Variation (CV %) 8.12

**: Significantly different at 1% of probability level.
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Figure 2. Shoot apex development during plant acclimation in the field ( December 20, 60 days after

planting, January 19, 90 days after planting and February 18, 120 days after planting) in Norstar and Pishtaz
parents and NIL and RIL 4011 and 4015.
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Figure 3. Lethal temperatures (LTso) during plant acclimation in the field (December 20, 60 days after

planting, January 19, 90 days after planting and February 18, 120 days after planting) in Norstar and Pishtaz
parents and NIL and RIL 4011 and 4015.
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and total sugar contents, FLN, activities of SOD, CAT, APX, Table 2. Variance analysis (ANOVA) of H;0,
December 20, 60 (plant acclimation in the field environment and during PPO under controlled GPX and

Norstar after planting and February 18, 120 days after planting) in planting, January 19, 90 days days after
4011 and 4015. NIL and RIL and Pishtaz parents and

Genotype*date

df Mean squares
H,0, CAT APX SOD GPX PPO Total sugar FLN
2 9116.825 2.17027E-07 1.38595E-05 5.41E-06 2.10112E-07 7.14207E-06 0.000962305 0.129
4 1074370.181 0.000138811" 0.012978698™ 0.000111216™ 0.000271838" 0.002730643" 3.195140872" 42.119"
3 8280273.611™ 0.000251402 0.016774782™ 0.000197563™ 0.000354865™ 0.004092833™  4.343925414™  9.349™
12 400660.5166™ 2.02707E-05~ 0.001918962™  2.3573E-05~  2.76033E-05~  0.00059869™  0.333394801"  10.505"
38 4733.753 4.79769E-07 3.00233E-05 2.80824E-06 6.43989E-07 1.59403E-05 0.046653371 0.208
7.85 8.36 8.08 24.6 7.08 10.78 12.48 4.24

**: Significantly different at 1% of probability level.
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Figure 4. The content of H,O, under controlled environment and during plant acclimation in the field
(December 20, 60 days after planting, January 19, 90 days after planting and February 18, 120 days after
planting) in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015. Columns with different letters are
significantly different based on the Duncan test at 1% of probability level.
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after planting and February 18, 120 days after planting, January 19, 90 days (December 20, 60 days after
4011 and 4015. Columns with different letters are NIL and RIL Norstar and Pishtaz parents and planting) in
significantly different based on the Duncan test at 1% of probability level
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Figure 6. The activity of APX under controlled environment and during plant acclimation in the field

(December 20, 60 days after planting, January 19, 90 days after planting and February 18, 120 days after
planting) in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015. Columns with different letters are

significantly different based on the Duncan test at 1% of probability level.
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Figure 7. The activity of SOD under controlled environment and during plant acclimation in the field

(December 20, 60 days after planting, January 19, 90 days after planting and February 18, 120 days after
planting) in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015. Columns with different letters are

significantly different based on the Duncan test at 1% of probability level.
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Figure 8. The activity of GPX under controlled environment and during plant acclimation in the field

(December 20, 60 days after planting, January 19, 90 days after planting and February 18, 120 days after
planting) in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015. Columns with different letters are

significantly different based on the Duncan test at 1% of probability level.
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Figure 9. The activity of PPO under controlled environment and during plant acclimation in the field

(December 20, 60 days after planting, January 19, 90 days after planting and February 18, 120 days after
planting) in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015. Columns with different letters are

significantly different based on the Duncan test at 1% of probability level.
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Fiaure 10. Total suoar Content under controlled environment and durina plant acclimation in the field

(December 20. 60 davs after nlantina. Januarv 19. 90 davs after plantina and Februarv 18. 120 davs after
planting) in Norstar and Pishtaz parents and NIL and RIL 4011 and 4015. Columns with different letters are

significantly different based on the Duncan test at 1% of probability level.
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Table 3. Pearson’s correlation coefficients amona LT=n. H,O; and total suaar content, activities of SOD,
plant acclimation in the field environment and durina PPO under controlled CAT. APX. GPX and

after nlantina and Februarv 18. 120 davs after plantina. Januarv 19. 90 davs (December 20. 60 davs after
4011 and 4015. Columns with different letters are NIL and RIL Norstar and Pishtaz parents and planting) in

significantly different based on the Duncan test at 1% of probability level

Traits CAT APX GPX SOD PPO H,0, Total Sugar

APX 0.86™

GPX 0.86™ 0.91™

SOD 0.83™ 0.79™ 0.91™

PPO 0.80™ 0.68™ 0.88" 0.87"

H20, -0.54" -0.64™ -0.62" -0.58" -0.57"

Total Sugar 0.78™ 0.77" 0.86™ 0.72" 0.75™ -0.61"

LTso 0.55" 0.69™ 0.82" 077" 0.73" -0.56" 0.59"
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*and **: Significantly different at 5% and 1% of probability levels.
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