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Simulating climate change effect on maize grain yield in Kermanshah province

using a process-based simulation model
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Table 1. Long term climatic information of the experimental locations
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Fig. 1. Geographical position of the experimental regions
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Fig. 2. Mean long-term monthly cumulative rainfall and maximum and minimum temperatures of

Kermanshah province in the baseline and RCP4.5 and RCP8.5 scenarios
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Fig. 3. Maize grain yield under future and baseline periods in experimental regions in Kermanshah province.

The points on the figure represent the years
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Table 2. Mean temperature during maize growing season, cumulative radiation and cumulative rainfall under future and baseline periods in experimental

regions in Kermanshah province
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- aLTasd Baseline 22.5 1834 18.8
Esl;nf;gé Gharb RCP4.5 25.2 1819 14.8
RCP8.5 26.2 1837 18.9
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Fig. 4. Maximum leaf area index (LAI) and length of growing season of maize under future and

baseline periods in study locations at Kermanshah

OHLSes 5 (i ol wiy 55 IMestl Sl 5wl
sl Ol s 51 asle3T 5 (Liet al., 2011)
B Ll se 1y K8 T 5 o 55 y5 5 Shes
5 Sas S2alS Eel by 2l 48 L5 S 0Ly 5 03l
(e )3 YY 5 A 35d b 5 4) Cpr 5 IS5 0T s il
5 ptie e b g (BT s sl
,> (Rahimi-Moghaddam ez al., 2018) Ol,LSKan
Ll Jola) )8 5l sl Kl Ol s Ol
Lyl b s oyl gl o (Csls Ol o ks 5 06
A8 sl 0l b .8 8 15 ol ) se ol i
sl 33 53 58l b a4 (Te0r JLa) o 55
Ao )3 VWO &y3 s Shee (RCPS.S 3 RCP4.5)
W CilS Ola) s bl ool ol 0 talS
03 #0339) CB)U‘ oslazw! o C&A}j‘} Cals Oy g

vy

Cr—ep 5> (Trnka er al., 2004) 4ol zalS” &5 &ils
U135 Mera et al,, 2006) o1l 51, bLLs |
2305 1) e o g Lo Rl 1S s S
cujfcha,,;)u,; SalS L g axsls &yd
4S5l OLss LadT puls bl oo 2alS ails 5 Shas
Jab 2als Eel Los il pl 5l 8 sle am )5 55
T Y. WV DS RIS W PP
0 b (Meza et al., 2008) o1, 5150 ole;T
S5 (K3 Jole 53, Sas o o Bl i
Jlm s sl Les 153 48T s 87 2018
S 455 S 0Ly LadT s oa oS (5558
ol il o), & Sl a3 YD L5 Ve 03 s
Slos 53 Lol coded Soy3 gad b il 53l ol Les

LS s e ol S sl a3 FY VL


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.4.4.3
https://agrobreedjournal.ir/article-1-974-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-17 ]

[ DOR: 20.1001.1.15625540.1397.20.4.4.3 ]

Y4y Ql:mﬁ) & AJL;.:« Lr:.m«:.: .u:- Q“Q'_ﬁ' g|)) r}k— 41?;&"

JoB i G S a3l Jits 03, Shae bl o
NS N A < BV S [ - P S
labes (6,138 51 )5 550 .(McKeown et al., 2005)
15 0LalE s Shee 0 8 Sl slajss 5 s
5 sily e a 53 SOl AT s ST b )
oS Ob AT b el Lol o ol s 0
DB Jgl da tl Canl Sl day a5l 5 555 o0
ol :)SL»& sl Eelas u)?au\; (abs
ad> e 5> p—? S Gladss g8 p95 3 5d o0
cl_:? 23 gAuails Jials Cel «S ol @Li.é\c:)f
Ol gy 0033 d b 2l 55 0T day (e s 5 255 o0
GSLadsls o 51001 O ¢S ST Eel 4T Sl s

(Wollenweber et al., 2007) > 35 o o J:Q..J

CPRR

2 3 5l s b 47315 05 G gl s

L;bﬁ)t“):u:&ijgcw)ﬁ:)}_n@u
Sl oy Y 5 VY 5 5 4 RCP8.5 3 RCP4.5
OLES APSIM Jus l eslizal b (5luans b .osls
H):Ai)‘}.aédjb):b:aijpdiﬁbé\lfgsb
V¥ )Y 5 5 ) RCP8.5 3RCP4.5 (g g L
P50 o) L) fad dsb alST 5 (e
LS o8 584 s s 5, Shes (Ao
Olajon 555, Shes o Sl ol Lol s il
s dsb 5L 8 AESE ENELESPRRNE
;)_iwgr,stﬁ:s@\jzjgmugaf;ﬁu,
=SS i JSis Ladlw Sl 5 5 55 asls
5O CBlS Ol i cgnlg i e, Kl
,'\L:;M\,;.Juébtﬁﬁotfd\c@:)j@l{
»Lg C)”—fu—‘“%}f sl 095 OAd Coolas
35 ol S a5 L h (S sl o T
)59)3@—~ﬁ¢i5ﬁ}c1=—~34:5)5¢—:*‘°‘&:‘%“‘”
ol e sl T L Gble sl 5 oliile 57 0kl

Sl Coda b mlS\jan e 53 3 ed on Slghde (Ol

YvyY

NSS! c;u;,e\,rt_i;,af_; CilS 5 il CuiS
Sl olie glaay 5§ bl CiST (gl 0
ey o 4 @Bl i it SBT RalS

3y bl )3 RCP8.S (6o ylew j5 Las il 3l
3 Sdas ks S5l Lol 5 Sl (6 b 3 ped (g 2
oslanl U (giluwan s s s adlas 590 095 53
aaboaw a S sls 9Lii APSIM Ji I
IS Ol g 4 Loy p D3 il 3 Shes o i
,E@cwliﬁ):.:}_g()l_:gﬁp(a;j_k;\ﬂ‘ﬂﬂ)
Ol g ol 535 Shas 055 YL s oS sy 0
YO/8) ddy Jas Sy b 55 Les K0l 0500 5ol
Gos W) ity by Joad b (61 8 (Sl a5
o 53 350 (U3 AYWAYY) Coalie mams 2l
> Mes s Sl sl 090 L aculie ) ailais
pbﬁf:lijJW\@QTdu\Jg:S.qum
Geor 5 1ya b S sl L s IS 0l SL
Ladlu 51 o )3 O/ 53 w350 0595 )3 Cle
Ao A5 Jgame ST Sladle 5 5 dii S5 4l
):Mw\)swdﬂﬁ.sﬁgoT)\m
G obw 35 4S5 bt LT oty oliile S Sl g
oo m) S5 5 At JSs (gl4ils s RCPS.S
0593 Jlax=l s Coslas ol T s Les il
AL LS sl ol b A S

Sl L g d U Les 1580 o IS,y bas
les o, 13 Sdoyd 5039 ol s ol Wiy oy
0 Sles g asl 2alS olS wi ) ol slnT >
o3P Joorlpp 00 oL ST e g sl e
Syn o LSl kS S e Sl 0ol
Glaasls LS5 dbaaneliw (555,L0 2al53l ¢ olde
wils 0y ol 53 Oje L b 2alS 5 S
g55 (Wahid er al, 2007) &3l dalss j2alS
J=1 0 530S Sl Jol g 53 i slales
Sl sl 5 (e ol s Sl
oS 5550l 8 s, Shae 2alS 5 6,500 Jlo|


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.4.4.3
https://agrobreedjournal.ir/article-1-974-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-17 ]

[ DOR: 20.1001.1.15625540.1397.20.4.4.3 ]

" s> Shas @Bl i 1 (g leant”

258 el (6 ey Ol 0 J guaee ol 3, Shas bl 31 6,8 sl 6l o ol ool

References oolatwl 3590 sl

AgMIP. 2013. Guide for Running AgMIP Climate Scenario Generation Tools with Rin Windows
[Online]. Available at: http://www.agmip.org/wp-content/uploads/2013/10/Guide-for-Running-AgMIP-
Climate-Scenario-Generation-with-R-v2.3.pdf

Anonymous, 2014. Agricultural Statistics. Department of Planning and Economy. Information and
Communication Center. Ministry of Agriculture Jihad, Iran. (In Persian).

Araya, A., G. Hoogenboom, E. Luedeling, K.M. Hadgu, I. Kisekka and L.G. Martorano. 2015. Assessment
of maize growth and yield using crop models under present and future climate in southwestern Ethiopia.
Agric. For. Meteorol. 214: 252- 265.

Chenu, K., J. R. Porter, P. Martre, B. Basso, S. C. Chapman, F. Ewert, M. Bindi and S. Asseng. 2017.
Contribution of crop models to adaptation in wheat. Trends Plant Sci. 22(6): 472-490.

Eyshi Rezaie, E. and M. Bannayan, 2012. Rainfed wheat yields under climate change in northeastern Iran.
Meteorol. Appl. 19: 346—354.

FAO. 2014. United Nations Food and Agricultural Organization. Agricultural Data available on worldwid.
http://faostat3.fao.org/download/Q/QC/E.

Gohari, A., S. Eslamian, J. Abedi- Koupaei, A. Massah Bavani, D. Wang and K. Madani. 2013. Climate
change impacts on crop production in Iran's Zayandeh-Rud River Basin. Sci. Total Environ. 442: 405-419.

Hoogenboom, G., J. W. Jones, C. H. Porter, P. W. Wilkens, K. J. Boote, W. D. Batchelor, L. A. Hunt and
G. Y. Tsuji. 2003. Decision Support System for Agrotechnology Transfer Version 4.0. Vol. 1: Overview.
University of Hawaii, Honolulu, HI.

IPCC. 2013a. Climate Change 2013: The Physical Science Basis [M/OL]. Cambridge University Press,
Cambridge.

IPCC. 2013b. Summary for Policymakers. /n: Climate Change (2013): Fifth assessment report of the
Intergovernmental Panel on Climate Change [Stocker, T. F., D. Qin, G. K. Plattner, M. Tignor, S. K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex and P. M. Midgley, (Eds.). Cambridge University Press, Cambridge,
United Kingdom and New York.

Keating, B. A., P. S. Carberry, G. L. Hammer, M. E. Probert, M. J. Robertson, D. Holzworth, N. 1. Huth,
J. N. G. Hargreaves, H. Meinke, Z. Hochman, G. McLean, K. Verburg, V. Snow, J. P. Dimes, M.
Silburn, E. Wang, S. Brown, K. L. Bristow, S. Asseng, S. Chapman, R. L. McCown, D. M. Freebairn
and C. J. Smith. 2003. An overview of APSIM, a model designed for farming systems simulation. Eur. J.
Agron. 18: 267—- 288.

Khabba, S., J F. Ledent and A. Lahrouni. 2001. Maize ear temperature. Eur. J. Agron. 14: 197— 208.

YYo


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.4.4.3
https://agrobreedjournal.ir/article-1-974-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-17 ]

[ DOR: 20.1001.1.15625540.1397.20.4.4.3 ]

Y4y Ql:mﬁ) & AJL;.:« Lr:.m«:.: .u:- Q“Q'_ﬁ' g|)) r}k— 41?;&"

Li, X., T. Takahashi, N. Suzuki and H. M. Kaiser. 2011. The impact of climate change on maize yields in the
United States and China. Agric. Sys. 104: 348-353.

Luo, X., J. Xia and H. Yang. 2015. Modeling water requirements of major crops and their responses to climate
change in the North China Plain. Environ. EARTH. Sci. 74: 3531-3541.

McKeown, A., J. Warland and M. R. McDonald. 2005. Long-term marketable yields of horticultural crops in
southern Ontario in relation to seasonal climate. Can. J. Plant Sci. 85: 431-438.

Mera, R. J., D. Niyogi, G. S. Buol, G. G. Wilkerson and F. H. M. Semazzi. 2006. Potential individual versus
simultaneous climate change effects on soybean (C;) and maize (Cs4) crops: An agrotechnology model based
study. Glob. Planet. Change. 54: 163—182.

Meza, F. J., D. Silva and H. Vigil. 2008. Climate change impacts on irrigated maize in Mediterranean climates:
Evaluation of double cropping as an emerging adaptation alternative. Agric. Sys. 98: 21-30

Moradi, R., A. Koocheki, M. Nassiri Mahallati and H. Mansouri, 2013. Adaptation strategies for maize
cultivation under climate change in Iran: irrigation and planting date management. Mitig. Adapt. Strat. GL.
18: 265-284.

Moss, R. H., J. A. Edmonds, K. A. Hibbard, M. R. Manning, S. K. Rose, D. P. van Vuuren, T. R. Carter,
S. Emori, M. Kainuma, T. Kram, G. A. Meehl, J. F. B. Mitchell, N. Nakicenovic, K. Riahi, S. J. Smith,
R. J. Stouffer, A. M. Thomson, J. P. Weyant and T. Wilbanks. 2010. The next generation of scenarios for
climate change research and assessment. Nature. 463: 747-756

Prescott, J. A. 1940. Evaporation from a water surface in relation to solar radiation. Trans. R. Soc. S. Aust. 64:
114-118.

R Core Team. 2016. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/.

Rahimi-Moghaddam, S., J. Kambouzia and R. Deihimfard. 2017. Estimation of parameters for some
dominant maize (Zea mays L.) cultivars of Iran for using in APSIM mechanistic model. Electronic J. Crop
Prod. 10(1): 129-147. (In Persian with English abstract).

Rahimi-Moghaddam, S., J. Kambouzia and R. Deihimfard. 2018. Adaptation strategies to lessen negative
impact of climate change on grain maize under hot climatic conditions: A model-based assessment. Agric.
For. Meteorol. 253: 1-14.

Ruane, A. C., L. D. Cecil and R. M. Horton. 2013. Climate change impact uncertainties for maize in Panama:
farm information, climate projections, and yield sensitivities. Agric. For. Meteorol. 170: 132—145.

Seifert, E. 2014. OriginPro 9.1: Scientific Data Analysis and Graphing Software—Software Review. J. Chem.
Info. Model. 54: 1552—1552.

Trnka, M., M. Dubrovsky and Z. Ekzalud. 2004. Climate change impacts and adaptation strategies in spring

barley production in the Czech Republic. Clim. Change. 64: 227-255.

A4


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.4.4.3
https://agrobreedjournal.ir/article-1-974-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-17 ]

[ DOR: 20.1001.1.15625540.1397.20.4.4.3 ]

"3l s Sas p @Bl o5 S (g Sleant”

Wahid, A., S. Gelani, M. Ashraf and M. R. Foolad. 2007. Heat tolerance in plants: an overview. Environ.
Exp. Bot. 61: 199-223.

Wayne, G. P. 2013. The Beginner’s Guide to Representative Concentration Pathways. Skeptical Sci., URL:
http://www.skepticalscience.com/docs/RCP Guide.

Wollenweber, B., J. R. Porter and J. Schellberg. 2003. Lack of interaction between extreme high-temperature
events at vegetative and reproductive growth stages in wheat. J. Agron. Crop. Sci. 189: 142—-150.

You, L., M. W. Rosegrant, S. Wood and D. Sun. 2009. Impact of growing season temperature on wheat

productivity in China. Agric. For. Meteorol. 149: 1009-1014.

Yyv


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.4.4.3
https://agrobreedjournal.ir/article-1-974-en.html

[ Downloaded from agrobreedjournal .ir on 2025-10-17 ]

[ DOR: 20.1001.1.15625540.1397.20.4.4.3 ]

Y4y Qlimﬁ) & AJL;.:« Lr:.m«:.: .u> Q“Q'_ﬁ' g|)) r}k— 4\1;;&“

Simulating climate change effect on maize (Zea mays L.) grain yield in

Kermanshah province using a process-based simulation model

Rahimi-Moghaddam, S.!, H. Eyni Nargeseh?, R. Deihimfard® and
M. Haghighat*

ABSTRACT

Rahimi-Moghaddam, S., H. Eyni Nargeseh, R. Deihimfard and M. Haghighat. 2019. Simulating climate change effect on
maize (Zea mays L.) grain yield in Kermanshah province using a process-based simulation model. Iranian Journal of Crop

Sciences. 20(4): 315-328. (In Persian).

Rising temperature as consequences of climate change could affect on the various processes such as
photosynthesis, respiration, partitioning of assimilates and ultimately grain yield of agricultural crops. The
present experiment was conducted to simulate the impacts of climate change on maize grain yield under two
future climate change scenarios (RCP4.5 and RCP8.5) using APSIM model in three counties of Kermanshah
province (Kermanshah, Kangavar and Eslamabad Gharb). Future climate data were projected by using long-term
climatic data for the baseline period of 1980-2010 and AgMIP methodology for the mid-future (2040-2070). The
results showed that, on average, the mean temperature increased up to 11 and 23 percent under RCP4.5 and
RCPS8.5 scenarios when compared to the baseline, respectively. The maximum and minimum grain yields in the
baseline were obtained in Kangavar (14399 kg.ha!) and Kermanshah (7741 kg.ha!), respectively. Simulation
results also showed that average temperature during growing season rised (0.5 and 2 °C under RCP4.5 and
RCPS8.5, respectively) and length of growing season decreased (5 and 6 percent under RCP4.5 and RCPS.5,
respectively) which resulted in a reduction in maize grain yield from 69 to 90 percent under RCP4.5 and
RCPS8.5, respectively. Results illustrated that under climate change conditions, flowering of maize may coincide
with high temperatures and this may reduce maize grain yield, therefore, it can be suggested that changing the

sowing dates in the target regions prevents the coincidence of the critical flowering stage with heat stress.

Key words: AgMIP, Climate change scenario, Crop model, Maize, Rising temperature and Simulation.
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