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Figure 1- Monthly cumulative rainfall, maximum, and minimum temperatures of 5 studied stations
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Table 1- Soil characteristics, elevation, and area under wheat cultivation in the study stations
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Figure 2- Relative change in temperature and precipitation under all GCMs with respect to baseline during mid-century period

RCP8.5. Each triangle is colored by its categoroy and represents one of the 29 GCM:s. Selected representative GCMs are denoted
with a gray outline.
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Table 2- The changes in cumulative precipitation (mm) and mean temperature ("C) in five general circulation models (IPSL-CM5B-
LR, HadGEM2-AO, CESM1-BGC, GFDL-ESM2G, and MIROC-ESM) compared with the baseline during the rainfed wheat
growing season in the studied stations
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Table 3- The genetic coefficients of wheat (Azar-2 cultivar) in APSIM-Wheat (Rahimi-Moghaddam et al., 2021a)
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Figure 3- Long-term simulated wheat grain yield for different supplementry irrigation regiems and planting dates at baseline for
1980-2010 (boxplots) and its change in the future of 20402070 (columns; average of the five GCMs) in all study sites. Scales are
given in the top-left box.

VEVE Gal81 L og )8 b s )0 pasS ails o Slos 2058l
w25y b ammlie o (Jlo g cils slog )b . Kke) (gaws,o

AV USS) ol onaline o0
aS ol Hlis 3adss cpl sloaidly il &l aS aisS e

5 Gble (o llS slog )b ol )0 (:Sle 5k

S 50 S VIVY il o0 w50 pasS dils o Sles o Jlus
Ozt 5 (BT Al e 10 (eSS kel g el iy
ae )3 YEIA als o Slac ails ol alojo j0 (LSS <okl
o 45 Sl S5 LA (Y S ol lss iyl



YA

oSS 55T g At SIS 3B 5l 00liunl b O e g SUS doud Lo 50 Bl ki A2 03y a0 PSS (5,3l

5o aslllae 590 Bblio a3 098 bl jo oS (Sadjls
Sl A )b g5 0l G g VBl b L s ie
o byl 8 sasme lid paiiw liw i )0 e YY
9 S Ay 090 Jsb 5o allys; (sled Sk wiile gllas
e Ol )b 9o b aalie o (SWb e &5 ez

O JS8) cwl (GLTA 5 500 %)

(e D) Jol cdlS )16 ) aS 5 5bas ols ol aslllas
37) ey S50 Bblie den jo ally o Slee o ity
Olsieas e VY ot Gl o ael Cowy (posiw
5 el ol el b |a._\;5 e sl g MU@)U
L obTA 5 e YW o ilS slog )l jo poss ails o Slas

Jlade 5 (F Jgaz) pYlkailyy, slos (1 S5ks alisee Oly s

29 Bl i byl g sy 0590 50 CullS Gy U A y0 S Al (il gy g oy 05k Jab 50 Led (pRilee Sy U 395 «grod Jwl —F Jgur
(k! a5y 9 Gl yulipuw 55 (raSilso yobas) (sl )5 !

Table 4- Cumulative radiation, days to maturity, mean temperature during the growing season and grain filling period of wheat on

three planting dates at baseline and climate change conditions in Kurdistan provinces (on average across locations and irrigation

regimes)
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Table 5- Rainfall amount (mm) of studied locations on three planting dates (1, 15, and 30-Oct) at baseline and future (average of the
five GCMs) periods
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Abstract

Introduction: Global climate change has caused extensive changes in climatic parameters such as
rainfall and temperature, ultimately affecting field crop productions. Considering continuous climate
change and its effects on the agricultural sector, especially in arid and semi-arid regions, it seems
inevitable to provide adaptation strategies to reduce climate change's negative effects and increase
agricultural production. Accordingly, the present study aimed to investigate the effect of planting date
and supplementary irrigation (SI) at important growth stages on wheat yield and growth in rainfed
agro-ecosystems under baseline and future climate change conditions using the APSIM-Wheat model.
Materials and Methods: The current study focused on five locations (Bijar, Marivan, Saqqez,
Qorveh, and Sanandaj) in Kurdistan province, Iran. The study locations were chosen based on being
a cultivated rainfed wheat area, their climatic diversity, and the availability of long-term climate data
(rainfall, sunshine duration, and minimum and maximum temperatures). The WeatherMan (Weather
Data Manager) program embedded in Decision Support System for Agro-technology Transfer
(DSSAT) package was used to restore and modify missing and outliers data in the study locations.
The APSIM-Wheat model was applied to predict the wheat development and growth (Azar-2
cultivar). The performance of the crop model was evaluated based on the comparison of field-
measured and simulated values for study traits. To do this, the Willmott index of agreement (d-index),
normalized root mean squared error (NRMSE), mean bias error (MBE), determination coefficient (R?),
and 1:1 line indicators were considered. The five GCMs under RCP8.5 scenario were singled out
based on five possible climate characteristics, including cool wet (IPSL-CM5B-LR), hot wet
(HadGEM2-AO0), cool dry (GFDL-ESM2G), hot dry (MIROC-ESM), and middle (CESM1-BGC).
Simulation experimental treatments in five locations were three irrigation regimes of (i) rainfed, (ii)
Sl at flowering stage, (iii) and Sl at grain filling stage, and three planting dates of 1, 15, and 30 October
at baseline period (1980-2010) and five GCMs under the RCP8.5 scenario for 2040-2070 period.
Results and Discussion: Large variability was detected in rainfed wheat grain yield depending upon
planting date and irrigation regime in five studied locations. wheat plants differently responded to
planting dates and irrigation regimes in the Kurdistan province, Iran and varied from 1.81 t ha*!
(rainfed x 30-Oct in Qorveh) to 5.76 t ha (Sl at flowering stage x 15-Oct and Sl at grain filling stage
x 15-Oct in Qorveh). The average grain yield of the entire wheat agro-ecosystems was 4.63 t ha*. An
increase of 6.9% was simulated for wheat grain yield entire Kurdistan province, Iran (as a semi-arid
and cold agro-climatic zone) under future climate change conditions compared with the baseline. At
the baseline period, the maximum wheat grain yield produced at an early planting date (1-Oct) in all
locations except for Sanandaj, in which a mid-planting date (15-Oct) had the highest simulated grain
yield. The simulated grain yields were maximized at a mid-planting date in studied locations except
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for Sanandaj, in which a late planting date (30-Oct) had the highest grain yield under future climate
change conditions. The Sl at flowering and grain filling stages had a similar effect on the wheat grain
yield. Averaged by planting dates and locations, the wheat grain yield was increased by 8.7% when
Sl regimes were used compared with the rainfed treatment under climate change conditions.
Conclusion: The current findings showed that a mid planting date x Sl at flowering/grain filling
stages was identified as the best management practice under future climate conditions and can be
suggested in semi-arid and cold agro-climatic zone for the autumn wheat in the Kurdistan province,
Iran.
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