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Tablel. Geographical coordinates and climatic information of the studied cities in Kurdistan Province
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Fig. 2- Box-Plot diagram of flowering time, physiological maturity, maximum range of leaf area index, maximum leaf area index,

biological yield, and wheat grain yield in cities of Kurdistan Province in the base period

VEe Sl o) oyled ¢ w0355 0,50 ¢ Jaame pole aslilad
VO




(I8 g a8 wles il (Mas jo 28
P LS ey S8 (S s r i o S
(V' Jguz) casils aunlgs asls 0,90 b duslin

S 5992 jud (5w Y

Sy oley SEIES ey Ve Bl IR L
@ laplin ped don ;0 il 0,98 4 Cond Sl
SISy (i 8L Gnles il M
ppm clale g Lo ax 0 F iol58l L (Do o Soww,
S o ol oldl aalys sl SasSTgs YYO
W aalgs 0,ailers ¢ 3aw 10 (S, S 165 il
L) S o) SIS0 i 5 Lo a0 ¥ (il
TR PR L E P R CEORER IR U PER USRI R CS SRR
Sglg b (S Oloy (SIS (1 ReS 9 (n e
L mizren clls winles aly 0y90 b anslas jo |,
Sy oy SIS ey Ve 5L Giels
by el (Mes )3 sl 0,90 4 S SG3el5 58
9 u.))—w.) u...uﬁd.i ‘de 9 o);b"}lé .J; M‘P
# ) Sidnsd S, ol S8 oS
(F Jouz) cuisls auales asly 0490 b duslio

o8l slogy LY

P 989 -)

E8s SIPSe ly 0)e0 banalie o )L Sl L
O3l o yailers ¢ i i slagbio el o aalS
YYO ppm cdale g los iolidl b yuzeon «cdl anles
Ol st aw ool )3 (25 (SIS (n S anSTis
Ol b a3 j50,0 0l BleS il s 090 4 S
5 i b oo RalS (DB o palS S5 1eS Lo
Oy SRS S 5 e cei e (OIS
(Y Jouz) casls aunles asly 0,90 b anlae o 1) 208
BRI R P ES L CRpJ P T L IR O U Za
9\5 u.:‘ sle‘SA Q,....Dls o);.\.ﬂy.b 9 u)lia:o le.bul...w)e‘.w
90 A Camnd (5 S ;w)b bugie sl w0l
oyl o35S 2ol 5 aiiee zoiw 5 jhu oLl
Foomldl s (o)l rels basl s cpl 4 Wilgs
eSS S eSSl YYO ppm cdale g Los a0
Ol oy90 5yl o g jRw wyailgs )0 (pulS
il s oo iolidl as” sl o jo cpl ol salg>
anlem il 0,90 a4 o (Moo o 205 SHleSy
1P S ST oo cale iulEl O ygo jo g 0l

S Go 30 Yo blS g (381 (glags Jhaw 50 il 0590 A i (PUIS 090 Job ki duoyo - T Jgur

Table 3. Percentage of changes in the flowering period compared to the base period in scenarios of 20% increase and decrease in rainfall

Dehgolan Divandareh Saghez Sanandaj
o)libé oyl o TN
Variation Scenario Variation Scenario Variation Scenario Variation Scenario

gree ) 9 )l pees ) 993w gy 92 )L geesy) 99 3L

p1 Max -21.7 ClT4 92.9 C2T3 914 C3T2 91.6 C1T1
Min 4.3 C3T1 2.2 CiT1 29.1 CiT1 89.4 C1T4

P2 Max -930.4 C1T1 -92.2 CliT1 34.4 C3T3 11.8 ClT4
Min -4.3 C3T1 -9.2 C3T4 2.8 C1T1 3 CI1T1

Precipitation P1:+20%, P2:-20%, Temperature T1:1, T2:2, T3:3, T4: 4, CO2 C1:462.5ppm, C2:527.5ppm, C3:725ppm.
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Table 4. Percentage of changes in physiological maturity compared to the base period under scenarios of 20% increase and
decrease in precipitation

Dehgolan Divandareh Saghez Sanandaj
om.: oyilgd A Tow
Varation Senario Varation Senario Varation Senario Varation Senario
Pl 9 )L S 99yl P 95k S 93 )L
P1 max -30 C3T4 94.3 C2T4 93.5 C3T1 93.8 CiT1
min 15 C3T3 1.6 CiT1 30.2 CiT1 115 C2T3
P2 max -1340 CiT1 93.6 C3T4 334 C3T3 115 CiT4
min 15 C3T1 13 CiT1 2.8 CiT1 2.7 C2T1

Precipitation P1: +20%, P2:-20%, Temperature T1:1, T2:2, T3:3, T4: 4, CO, C1:462.5ppm, C2:527.5ppm, C3:725ppm.
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Table 5. Percentage of changes in the maximum leaf area index compared to the base period under scenarios of 20% increase
and decrease in rainfall

Dehgolan Divandareh Saghez Sanandaj
RN oyl o TS

Variation Scenario Variation Scenario Variation Scenario Variation Scenario

P 9ot P 9ot P 9 0w S 92,bw

Max 25.7 C3T3 90 C3T2 70.6 C3T4 78 C3T2

" Min -3 C4T1 21 CiT1 225 CiT1 67.9 C2T1
Max -200 CiT1 85.2 C3T4 29.8 C3T4 18.1 C2T4

" Min 31.8 C2T13 1.3 C3T1 4.8 CiT1 4.2 C3T1

Precipitation P1:+20%, P2:-20%, Temperature T1:1, T2:2, T3:3, T4: 4, CO2 C1:462.5ppm, C2:527.5ppm, C3:725ppm.
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Table 6. Percentage of changes in maximum leaf area index compared to the base period, under scenarios of 20% increase and
decrease in rainfall

Dehgolan Divandareh Saghez Sanandaj
RN 0yl 3w TS

Variation Scenario Variation Scenario Variation Scenario Variation Scenario

P 9w P 9 )b P 2L P 92 )L
Max 25 C3T1 37 C3T4 46.5 C3T2 52.1 Ci1T3
" Min 8.9 C2T4 -3.3 C1iT1 -2.3 C1T2 33.6 C3T1
Max -92.8 C2T4 -46.5 C3T2 -20.9 C3T1 -15.2 C3T1
" Min 32.1 C3T1 -2.3 C3T4 -9.3 C3T2 -5.4 CiT12

Precipitation P1:+20%, P2:-20%, Temperature T1:1, T2:2, T3:3, T4: 4, CO, C1:462.5ppm, C2:527.5ppm, C3:725ppm
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Table 7. Maximum leaf area index, flowering, and ripening relative to the base period at the scenario temperature

b S s s Sl pals JER)
T(°C) LAlmax (Day) Flowering (Day) Maturity (Day)
1 7-31 6-10 6-9
o 2 14-45 13-17 12-16
Dehgolan 3 22-50 21-23 17-23
4 29-56 28-31 27-30
1 10-13 1-5 2-5
0yilgsd 2 14-28 8-11 8-13
Divandareh 3 25-33 17-19 17-20
4 32-39 17-19 22-26
1 7-9 6-7 4-5
s 2 17-33 14-15 13-15
Saghez 3 26-46 21-22 21-22
4 23-52 21-22 26-30
1 11-24 7-9 7-9
TS 2 18-31 14-17 14-16
Sanandaj 3 29-38 23-24 22-47
4 36-43 29-31 25-28
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Table 8. Percentage of changes in biological yield uniformity compared to the base period under scenarios of 20% increase and
decrease in precipitation

Dehgolan Divandareh Saghez Sanandaj
RSN oyilgsd gy T
Variation Scenario Variation Scenario Variation Scenario Variation Scenario
S 925l S 92 ks P g2k P 925l
P1 Max -37.3 C3T4 50.9 C3T1 38.9 C3T1 52.9 C3T1
Min -9.6 C1T3 -19.2 CiT1 -17.6 C1T2 34.2 C3T2
P2 Max -209.6 C2T4 -75 C2T4 -39.6 C2T4 -28.8 C3T1
Min 4.8 C3T4 12.5 C3T4 -11.3 C1T1 -4.8 C1T1
Precipitation P1:+20%, P2:-20%, Temperature T1:1, T2:2, T3:3, T4: 4, CO2 C1:462.5ppm, C2:527.5ppm, C3:725ppm.
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Table 9. Percentage of changes in grain yield uniformity compared to the base period under scenarios of 20% increase and
decrease in rainfall

Dehgolan Divandareh Saghez Sanandaj
RYLEXS oyilgs 3w T
Variation  Scenario  Variation  Scenario  Variation  Scenario  Variation  Scenario

o 9L govey 92,bww S 92ybw S L

Max -16.6 C2T4 36.8 C2T3 -28.1 C2T4 42.4 CiT1

P Min 41 CiT1 -31.5 C1T3 18.7 CiT1 44 C2T4
Max -208.3 C2T4 -89.4 C3T2 -81.2 C3T4 -53.3 C3T3

P2 Min 16.6 C3T4 -21 C3T4 -6.2 CiT1 -4.4 CiT1

Precipitation P1:+20%, P2:-20%, Temperature T1:1, T2:2, T3:3, T4: 4, CO; C1:462.5ppm, C2:527.5ppm, C3:725ppm.
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Table 10. Percentage of increase in biological yield and grain yield compared to the base period under scenarios of 20% increase
and decrease in rainfall

Dehgolan Divandareh Saghez Sanandaj
M2 0 ilgsd i T
Biomass Grain Biomass Grain Biomass  Grain Biomass Grain
yield yield yield yield yield yield yield yield
S § O yShos Oslos  CamwyoSlos o Slos Cawn)oSles o Slos Cam)oSlec 0 ,Slec
Zav) ails Sl aild -2t ails s ails
p1 Max 40.5 50 100 161.5 87.1 155.5 44.8 85.7
Min 11.8 18.7 12.2 30.7 20.8 44.4 19.8 42.8
P2 Max 44.1 62.5 94.6 123 64.3 122.2 46.3 714
Min 4.9 -3.1 16.2 7.7 14.8 22.2 3.7 21.4
Precipitation P1:+20%, P2:-20%.
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Introduction: Climate change is one of the most important human challenges to food security in the
agricultural sector, especially in arid and semi-arid regions. The most important climatic variables affecting
crop yield are rainfall, temperature, and carbon dioxide, especially in rainfed areas. The results of previous
research have indicated the undeniable effects of climate change on crop yields in Iran. The modeling approach
can be used in selecting the appropriate plant and cultivar for a region, determining the optimal plant
characteristics, determining the best crop management, predicting the effect of diversity and climate change on
crop growth and yield, and estimating the potential yield at a low cost, fast, and accurate way to mitigate the
adverse impacts of climate change on agriculture.

Material and methods: In the present study, the effect of temperature increase, 20% increase and decrease in
precipitation, and increase of carbon dioxide concentration on phenology and yield of dryland wheat was
studied in four cities of Dehgolan, Divandare, Sagez, and Sanandaj in Kurdistan Province with long-term
climatic data of the region from 1370 to 1393. In order to simulate the daily growth and development of wheat
in the conditions of climate change and to evaluate the potential effects of the simulation under the APSIM
wheat model, 24 climate change scenarios and one baseline scenario were considered based on the product of
temperature increase multiplied by +1, +2, +3, and +4 °C, 20% change in precipitation, and three
concentrations of carbon dioxide (462.5, 527.5, and 725 ppm, respectively). Model inputs included climate
(temperature, rainfall, and radiation), soil (soil water and soil nitrogen), genetic coefficients, and crop
management information and its outputs including flowering date, physiological maturity date, maximum leaf
area index date, leaf area index, grain yield, and biological yield were analyzed in future and past climatic
conditions.
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Results and discussion: In scenarios with increasing rainfall compared to the base period, flowering
uniformity and physiological maturity increased in all cities but Dehgolan, in which they decreased. The
uniformity of the maximum range of the leaf area index has increased in all cities, with the lowest percentage
of the increase occurring in Dehgolan. Also, the uniformity of the leaf area index increased in Dehgolan and
Sanandaj, but in Sagez and Divandareh it decreased. With decreasing rainfall, flowering uniformity,
physiological maturity, and the maximum range of leaf area index decreased in all cities and the percentage of
uniformity reduction in Dehgolan was the lowest. With increasing rainfall, biological and grain yield
fluctuations were highest in Dehgolan and lowest in Sanandaj. With decreasing rainfall, all cities had biological
fluctuations, Sanandaj had the least and Divandareh had the most fluctuations.

Conclusion: The effect of climate change factors including temperature, precipitation, and carbon dioxide on
different regions of Kurdistan Province was different. In rainfed cultivation, in the base period, wheat
phenology and yield were affected by the initial water moisture in the soil. However, by changing the climate,
wheat phenology could be justified by increasing the temperature with the optimal crop temperature and by
increasing rainfall, with the wheat leaf area index.

Keywords: Physiological maturity, Grain yield, Flowering, APSIM model
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