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Extended abstract

Introduction

Climate change has intensified the frequency and severity of heat stress events, especially in semi-arid
regions where rainfed wheat is a staple crop. In such environments, heat stress during sensitive growth
stages like flowering and grain filling can drastically.reduce grain yield. Lorestan province located in
west part of Iran that characterized by diverse microclimates and particularly vulnerable to these effects.
Adapting sowing dates has been proposed as a practical'approach to minimize heat-related yield losses.
This study evaluated the effect of different sowing dates on heat stress risk and wheat grain yield in five
different locations in Lorestan using the APSIM-Wheat simulation model over 41-year long-term period
(1980-2020).

Materials and methods

Long-term daily weather data, including minimum and maximum temperatures, solar radiation, and
precipitation, were»collected from' five meteorological stations including Khorramabad, Borujerd,
Aligudarz, Kuhdasht, and Pol-e Dokhtar. The APSIM-Wheat model was used to simulate the impact of
heat stress on rainfed wheat. Four sowing dates—October 7, October 20, October 31, and November 10—
were simulated for each-location. To quantify heat stress during the flowering to physiological maturity
stages, three thermal stress indices were used: (1) heat stress frequency (HSF), defined as the number
of days'with maximum temperature (Tmax) exceeding 30°C; (2) heat stress duration (HSDU), referring
to thelength of consecutive days under such conditions that lasted for 2 days and more; and (3) heat
stress degree days (HSDD), the cumulative sum of daily heat stress degree-days, calculated as Tmax — 30
on days when Tmax = 30°C. This index quantifies the cumulative intensity of heat stress over the growing
season. The model also simulated grain yield to examine how sowing date shifts influence productivity.

Results and discussion

Simulation results demonstrated that both of frequency and intensity of heat stress increased with
delayed sowing, particularly in lowland and warmer regions. For instance, in Pol-e Dokhtar, one of the
warmest study areas, early sowing on October 7 led to HSF of 16.5 number season-, with HSDD of 64.2
°Cd, and HSDU of 5.5 days. In contrast, late sowing on October 31 reduced HSDU and HSF to 2.1 days
and 1.6 number season-, respectively, with HSDD of 4.6 °Cd in Pol-e Dokhtar. Correspondingly, the
mean grain yield increased significantly with later sowing dates (3.98 t ha). In cold regions like
Aligudarz and Borujerd, early sowing on October 7 resulted in the lowest values of HSDU (1.7 and 1.8
days), HSF (2.1 and 2.8 number season 1), and HSDD (6.8 and 2.5 °Cd) in Aligudarz and Borujerd,
respectively. Moreover, in these areas, shifting the sowing date from early (October 7) to late (November
10) led to a decrease in grain yield—from 2.9 t ha* to 1.3 t ha* in Borujerd, and from 4.6 ha' to 2.5 hat
in Aligudarz. The results of the correlation analysis among the studied traits revealed a significant
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negative correlation between grain yield and the heat stress indices, including heat stress HSDD, HSF,
and HSDU, with correlation coefficients of —0.63, —0.59, and —0.55, respectively. These negative
relationships indicate the detrimental effects of heat stress during reproductive stages—particularly
flowering and grain filling—which can lead to reduced grain number per spike, lower 1000-grain weight,
and ultimately, decreased grain yield.

Conclusion

This study highlights heat stress—particularly during reproductive and grain-filling stages—as a key
limiting factor for rainfed wheat yield across various climates in Lorestan province. The intensity of
heat stress strongly depends on geographic location and sowing date, with early sowing increasing stress
in warm areas like Pol-e Dokhtar but reducing it and improving yield in colder regions like Borujerd
and Aligudarz. Overall, the findings underscore the need to integrate climate analysis, optimized sowing
dates, and adaptive agronomic practices to develop resilient cropping calendars under rising
temperatures and climate change.
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Table 1. Geographical position, cultivated area, and climatic characteristics of the studied regions.
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Table 2. Soil characteristics of the studied regions.
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Table 3. Cultivar-specific parameters of wheat (Azar2)
in the APSIM-Wheat model.
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Table 4. Heat stress indices and some traits during the growing season of rainfed wheat across different regions and sowing
dates of Lorestan province.

&b Sl Aoy (e (Sl Aoy (Sl
cas ol GE simens o cheowsle Jabdib 0 sl
Oy Sowing Sl o Sl Gl s Length of the Sy by Sy U
County date HSDU HSF HSDD  growth period  M-LAL C-Rain MT
day No. season™ °Cd day mm °C
sl ¥ g 2.1 6.8 184 1.49 416 21.7
Aligudarz 1-Oct
2 A o6 40 8.2 159 1.14 394 237
20-Oct
QLJQ
2.8 49 8.5 164 0.8 376 25.3
31-Oct
ARE
2.8 5.4 8.8 165 0.7 351 26.2
10-Nov
2 S A 2.8 25 157 0.48 263 22.9
Borujerd 1-Oct
ALY 33 34 161 0.35 248 24.8
20-Oct
ot 5y 41 5.4 165 0.32 238 26.0
31-Oct
ARE
25 5.2 6.5 170 0.32 235 26.7
10-Nov
SUley> xedd g 5.4 8.1 288 0.08 413 19.1
Khorramabad 1-Oct
#eIA 50 29 5.4 157 1.25 431 21.6
20-Oct
obla
27 41 9.1 130 15 413 23.4
31-Oct
obha
30 45 10.4 134 1.64 416 24.7
10-Nov
et R L CREP Y 6.2 105 289 0.17 317 19.7
Kuhdasht 1-Oct
ReTA 53 48 10.2 188 0.78 323 22.1
20-Oct
ol 93 45 9.7 128 0.98 311 24.0
31-Oct
ARE
26 5.4 12.4 133 0.89 305 25.6
10-Nov
s L ¥ - 16.7 64.2 298 0.23 274 17.6
Pol-e Dokhtar 1-Oct
#e A 5 7.2 24.7 297 0.04 288 19.3
20-Oct
ottt g5 16 46 845 1.49 301 21.0
31-Oct
AL
1.8 2.2 43 91.2 1.43 276 225
10-Nov

HSDU: heat stress duration; HSDD: heat stress degree days; HSF: heat stress frequency; M-LAI: maximum leaf area index; C-
Rain: cumulative rainfall during the growing season; MT: mean maximum temperature from floral initiation to maturity
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Fig. 2. 1000-grain weight and grain number per spike in rainfed wheat under different sowing dates and
regions (Green: Aligudarz; Purple: Borujerd; Cyan: Khorramabad; Yellow: Kuhdasht; Brown: Pol-e

Dokhtar).
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Fig. 4. Simple correlation among different traits of rainfed wheat. GY: grain yield; GN: grain number
per spike; GS¢1000-grain weight; HSDU: heat stress duration; HSF: heat stress frequency; HSDD: heat
stress degree.days; LGP: Length of the growth period; M-LAI: maximum leaf area index; C-Rain:
cumulative rainfall during.the growing season; MT: mean maximum temperature from floral initiation

to maturity.
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