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Comprehensive abstract 

Introduction 
Heat stress is a growing threat to food security and agricultural production. Terminal heat stress is a 

major abiotic stress especially in tropical and sub-tropical regions dramatically affecting crop growth 

and yield. The use of early-heading bread wheat cultivars is an appropriate method for many grain-

producing regions experiencing terminal heat stress. In this experiment, the effect of terminal heat 

stress was assessed on morpho-phenological and yield traits of bread wheat cultivars and near-isogenic 

lines. The objective of this study was to use cultivars and near isogenic lines with early flowering to 

investigate the effect of earliness on grain yield and some phenological and agronomic traits of bread 

wheat in order to obtain superior cultivars and isogenic lines in terms of tolerance to heat stress caused 

by late sowing date. 

Materials and methods 
The experiment was carried out in split-plots based on randomized complete block design with 

three replications in Shahid Chamran University of Ahvaz, Iran, in 2022-2023. The main plots 

included two sowing dates, November 23 and January 23 (normal and late sowing dates, respectively), 

and the sub-plots consisted seven bread wheat cultivars and near-isogenic lines (Roshan, Kalheydari, 

Mahdavi, Roshan’s near-isogenic line, Kalheydari’s near-isogenic line, Mahdavi’s near-isogenic line, 

and Mehrgan as control). Sowing date with desired temperature was considered as control, and late 

sowing date was considered as heat stress to ensure heat stress coincided with flowering and grain-

filling phases. The data regarding grain yield, spike weight, grain number per spike, grain weight per 

spike, 1000-grain weigh, biological yield, harvest index, plant height, days to heading, and days to 

maturity was recorded. 

Research findings 
The results of this experiment showed that there was a significant difference between bread wheat 

cultivars and isogenic lines in terms of most studied traits. Heat stress induced by late sowing caused a 

significant decrease in grain yield of cultivars and near-isogenic lines through a significant reduction 

in spike weight, grain number per spike, grain weight per spike, and 1000-grain weight. Reduction 

values of the traits in cultivars were more than their near-isogenic lines. Heat stress led to a significant 

decrease in the grain yield of Roshan cultivar, Roshan’s near-isogenic line, Kalheydari cultivar, 

Kalheydari’s near-isogenic line, Mahdavi cultivar, Mahdavi’s near-isogenic line, and Mehrgan cultivar 
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by 36, 35, 31, 31, 35, 32, and 30%, respectively, compared to normal sowing date as control. Decrease 

values in cultivars were almost similar to their near-isogenic lines, but Mahdavi’s cultivar and near-

isogenic line as well as Mehrgan cultivar showed the highest grain yield in both sowing dates 

compared to other cultivars and isogenic lines. The isogenic lines were approximately 7 to 14 days 

earlier in maturity than their cultivars. In near-isogenic lines of Roshan, Kalheydari and Mahdavi, 

reducing the number of days from sowing to heading (5, 6, 11 days, respectively), and the number of 

days from sowing to full maturity (8, 7, 14 days, respectively) as two main components of earliness, 

caused to minimize exposure to terminal heat stress during the flowering and grain filling phases, and 

higher grain yield and stability. 

Conclusion 

Overall, the results of this experiment showed that the studied near-isogenic lines were superior to 

cultivars in term of grain yield, and agronomic and morphological traits. Mahdavi’s near-isogenic line 

using the earliness strategy and shortening the number of days to flowering and maturity had the 

highest grain yield and stability, it is recommended along with Mehrgan cultivar for both normal and 

late sowing date conditions in Khuzestan region. 
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Table 1. Meteorological information of the experimental site (2022-2023 growing season) 

Month November December January February March April May 

Maximum temperature (oC) 32.3 26.5 25 26 29.4 36.6 46.9 

Minimum temperature (oC) 11.1 5.6 2.9 6.1 7.1 10.7 19.4 

Average daily temperature (oC) 19.4 15.3 14.2 15.5 18.3 24.3 33.5 

Precipitation (mm) 15.9 20.5 45.1 13.8 17.2 20 2 
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Table 2. The results of physico-chemical analysis of soil at 0-30 cm 

N 

(%) 

K 

(mg.kg-1) 

P 

(mg.kg-1) 
pH 

Electrical conductivity 

(dSm-1) 

Organic matter 

(%) 
Soil texture 

0. 098 231 11.32 7.45 3.50 0.43 Sandy loam 
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Table 3. Mean squares of morphoological and yield traits of  bread wheat cultivars and Near-isogenic lines under two sowing dates 

Day to 

maturity 

Day to 

heading 

Plant 

height 

Harvest 

index 

Biological 

yield 

1000-grain 

weight 

Spike  

weight 

Grain  weight 

per spike 

Grain number 

per spike 
Grain yield df Source of variation 

34.4** 16.2** 3.16 ns 43.69 ns 2924560 ns 0.228 ns 0.534 ** 0.129** 19.73** 1077258** 2 Block 

13644 ** 5281** 46267** 49.07 ns 245543064** 32.26** 5.364** 3.69** 1161** 40794772** 1 Sowing date (A) 

1.16 0.21 6.16 22.43 484272 4.87 0.025 0.028 10.45 227785 2 Erorr (a) 

203** 130** 248** 58.89* 104208817** 300 ** 0.928 ** 0.577 ** 487** 5947166** 6 
Near isogene line and 

cultivar (B) 

12.63** 9.09** 88.8* 54.46 * 44143390** 2.43ns 0.054ns 0.033* 8.44* 277899* 6 A × B 

0.21 0.13 36.4 19.80 5033907 4.54 0.037 0.009 3.66 103241 24 Erorr (b) 

0.41 0.42 7.91 13.98 13.90 4.02 8.59 6.47 6.27 6.39   CV (%) 

.significant and significant at 5% and 1% probability levels, respectively-Not **and  *, ns   
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Table 4. Mean comparison of bread wheat  cultivars and near-isogenic lines for spike  weight and 1000-grain weight 

under two sowing dates 

Treatments Spike  weight (g) 1000-grain weight (g) 

Sowing date   

Normal sowing date 2.62 a 53.8 a 
Late sowing date 1.90 b 52.1 a 

Near isogene lines and cultivars   

Roshan 2.02 b 52.7 d 
Roshan’s near-isogenic line  2.41 a 55.9 c 

Kalheydari 1.72 b 59.3 b 
Kalheydari’s near-isogenic line  1.84 b 63.6 a 

Mahdavi 2.63 a 46.6 ef 

Mahdavi’s near-isogenic line  2.71 a 48.3 e 

Mehrgan 2.52 a 44.3 f 
Means followed by at least one letter in each column are not significantly different using Duncan’s test. 
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Table 5. Comparison of means of  interaction effect of sowing dates with bread wheat cultivars and near-isogenic lines for phenological and yield traits 

Sowing date Near isogene line and cultivar 
Grain yield 

(kg.ha-1) 
No. of grains 

per   spike 

Grain  weight 

per spike 

(g) 

Biological 

yield 
(kg.ha-1) 

Harvest 

index 

(%) 

Plant 

height 

(cm) 

Days to 

heading 
Days to 

maturity 

Normal sowing date Roshan 5689 c 33.2 c 1.66 c 14513 d-f 38.2 a 105 bc 104 a 140 a 
 Roshan’s near-isogenic line 6545 b 34.6 c 1.98 b 21460 ab 30.8 a-e 118 a 99 c 132 d 

 Kalheydari 4137 gh 22.8 d 1.22 gh 13528 fg 29.9 c-e 115 a 103 b 138 b 

 Kalheydari’s near-isogenic line 4719 d-f 24.5 d 1.43 d-f 13839 ef 34.8 a-d 119 a 97 e 131 e 

 Mahdavi 6710 b 42.5 b 2.07 ab 23252 a 28.9 de 103 bc 101 c 135 c 

 Mahdavi’s near-isogenic line 7293 a 47.1 a 2.21 a 24289 a 30.3 b-e 110 ab 90 f 121 g 

 Mehrgan 6951 ab 46 a 2.14 ab 19026 bc 37.4 a-c 97 c 90 f 123 f 

Late sowing date Roshan 3640 hi 22.6 d 1.12 hi 12446 fg 30.6 b-e 46 de 79 g 101 h 
 Roshan’s near-isogenic line 4279 fg 24.1 d 1.28 f-h 15035 d-f 28.1 de 54 d 76 i 96 j 

 Kalheydari 2860 j 14.6 e 0.87 j 7741 h 37.5 ab 42 ef 79 g 99 i 

 Kalheydari’s near-isogenic line 3256 ij 15.9 e 0.99 ij 9823 gh 33.5 a-d 43 ef 74 j 95 k 

 Mahdavi 4388 e-g 33.8 c 1.33 e-g 17904 b-d 25.2 e 33 f 77 h 99 i 

 Mahdavi’s near-isogenic line 4939 d 33.4 c 1.48 de 17531 c-e 28.3 de 43 ef 70 l 89 m 

 Mehrgan 4883 de 4883 c 1.50 cd 15578 c-f 32.1 a-e 41 ef 72 k 91 l 

Means followed by at least one letter in each column are not significantly different using Duncan’s test. 
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Table 6. Correlation coefficients between  phenological and yield traits of bread wheat cultivars and isogenic 

lines under two sowing dates 

10 9 8 7 6 5 4 3 2 1 Trait 

         1 Grain yield 

        1 0.93** No. of grains per spike 

       1 0.93** 0.99** Grain weight per spike 

      1 0.450* 0.68** 0.44* 1000-grain weight 

     1 0.43* 0.95** 0.89** 0.95** Spike weight 

    1 0.57** 0.25ns 0.61** 0.42ns 0.63** Plant height 

   1 0.42ns 0.85** 0.50* 0.86* 0.85** 0.86** Biological yield 

  1 0. 44ns 0.21ns -0.12ns 0.18ns 0.054ns 0.061ns 0.046ns Harvest index 

 1 0.18ns 0.31ns 0.91** 0.43* 0.26ns 0.46* 0.29ns 0.48* Days to heading 

1 0.99** 0.19ns 0.35ns 0.93** 0.47* 0.22ns 0.51** 0.34ns 0.53** Days to maturity 
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