Iranian Journal of Field Crops Research
Vol. 14, No. 1, Spring. 2016, p. 1-20

s e b
LA GiAy

Olpl =) Gl hy 4yl
V=Yoo ATAB 5l o) oyleuds IF Al

Sl 5 o5 Y paze M S St Y 1008l 500l @l s ST
85k

v . 3 .
G i e (x5S Lo
VFRYAY s b

VWAY/VIY oy )b

LXVLCES

ol L oals aales 15 15T cou ol dms wix )3 1y ) (6559liS onl8l (sl yuiiio 51 (65l a8l Slon yuaii Am3 o U5 39390 Smlgid

2By g 0955 «yd S 3,Ses uind ol )3 el ok plodl o pdaw jd oly; lalS Wg o] elasel o 3550 55 (Sl lallas Jls
oo o8l el 438,518 i) 3190 o Sl 5 dlin 1 ool b (533bn Y0+ Juo ol Bl > (515 mie 655 ¥ olsieey
M5 oS g5 gm Jae > 2lom 5 ol slaosls lsiedr gl 5 1 3,505 GFDL agas (93,5 Jaa dasger 3l (g liw S ol
Wyd S 3 Slas pSike 45 ol Lis guli e85 51,8 exliel 3y90 39y 0 Hliel Cyus awyp coB sladigS ol iulejl (slaosls abuogas
Lo Lioli8l s & aas oiblS plcdl dalgs el ao Ve g 515 NN ANE s pay jauiS il blie jo Bun Jlu o juiss 5 2450
aS ol s gl g9y p oygemySy TS oo iy 1) YU slod ko @l 1 51 aoy> /8 395 1 b oS ST (o3 clale Jiul8l g o3
oiplS @) g paiS y50 > Al bl o Bl Mo W B s 08y 090 JS b jd Led 31 VOC ja lilay sy cov lalS o Slee
Py asly Gad 1 0y9d Job 35 5 My 0yed JS Jobo dbed [isli8l gy daled &l a1 090 (b o Loy Linlidl lie ab ol as b o Slas
0y90 Jobo LS jaisn 93556 10 g 4l ud p 0yd Job iblS puiS 5 <)d o aS dgy oyl 5l (S uls b salss ials gl lelS
P sgin 13 baagia sy by cilin (Slbyeite (s (S s e & 225 2l o 3,Skac 28lS Lol ol (b b €a305) Sty
Bblio o Ysiame ol 0y Slos Sl Clpuss > Cpaod 4 9 398 o0 Chnogs bod i3l b w)yp ot Jpame ¥ 3 Slas &l s 5 as )y
hb cliFa ub Bua Jlo oldl bulyd 4 (Bl slaylSaly plply scunl Biaio Vo0 Jlo )3 od Slpusss SIS0 (50N L S cilises
G e &8 0 L (il B3k 1 )5l lagts) (L) s (EalS ) a8, eles e )3 0hga YU (slales sgw I 31 &5 505

A3loe oy Co8 Y g 3 o] (orlil il 4 ()55l el e sty Loy @ Cunglie GSEH 5 sl

e Gl Wby 0yed Job 6,55l sl )Kal) o Sloe il s 1 galS glaojlg

asgie 00b ploul (o0 Gladllae Cdel s opl b cusly salgs
(Kang et al., 2003) il o 48l drwgi (slayguisS
pilime (1)) OV game a5 1y wu LBl 5 I3 adllee
ol I 0 Ladyely ol ol oa il (a8l Cunisg 20l
gyl wluly 9 (GCMS) oges 153,5 (sla o dlussas
A8y il loJse b gols ool 345 9 355 o0 plosl ilie
o1 0] (ol bayly 3 1) el LS 3 Shoe i oISl
ol 5o b 5l ely; LS (Carson, 1999) 5jls o o2l
ok €Oy ikt l5 31 4 (g, colin il 5 Sy
imgS| 5 olS 0 5LS pl cdale ilial il l ple 5 dimd o

LV RS

Kenter et ) sd s aled yu0j0)S slod [islidl cogo (slalnlS
g 0 alyum cpl 0sdll il 5500 3 oo 1SS (al, 2006
JLs 55 laygiS oS bul 5l osel 3939 ol Y guamo
Sl sl S U oy (65,5l 4 Gt & dawgs
oly ot ay olde cuiel Hla 5l gas Gl bl ayeusS oyl cligs

Spudio (wgdyd o8l (g5)gliS 0l Casly; 04,5 Sliwl — )

(Email: akooch@um.ac.ir 1 e 04iuny g5 — )



1A 5l O oylesds OF o oyl oo ly) Slesiergyy as pis Y

Jbo sl ) Glrl 65:9li8 (ol slapadls (cages (835 Je
aS sl s g 03,8 o i (Lo YFY) (000 Y40
L Y/0 o dn Jlo b 58 ilims 3blio ¥l (glod 1:Sikio
s 5xS5e 48 s 55 a0l o Lialjal 3,5 5l 43 ¥/0
Oly s opl ogMeay il aalgs ol o VW BY o 4Vl
O g2 Aalsd Jaud )6dS g 4 Jled Sl g 55 4 )%
15 2y el (el g BB Sl ) 5oy 035
oS (o lide )3 a8 )b Jlisay 458 )5 (ol); @Y gaes
Ol b adlie (sl ho) 5505 (59w 5l 9 48)5 )18 (o) 3)90
o=l el 5l Gaa plpls cwl sais aslllae gy 55 byl il
N gama Sy 35y ol oai] Sl 156 b)) Gimgy

bl a o] Ll 40 653 el ol lSal, L) 5 el

L ydg; g 390
lale yolis ol oolidlgn ojl,s Lol 2 soaldl crodls
bgsye (VAFO-Y++0) allus ¥+ 550 (slys 55b 5 iS¢ J8las Lod
eag)l Ml (b Glgal (leduol syl ST (slagbin o 4
G5 dpde S Gy oIl (el i S o
Ol &lg3sm 6yl @atins (S5 o Jual; sl 55 blp S
S5 LS (gl 108 eigi B il 05 b 25yl
ans oS Lawlidlen olojlw (glaodls <SU 5155 5 olied g
3 el gy &S Sloas Glsesl (g920 4 ol oyl 15,5
(P9 Cunidy Byro g didlo palyd 1y olpl edldl Calisee bl
Aif oyl olslyy (codddl Glapadls oy 2udl )9S
5 GEDL (agos (93,5 Jao 53 oslisul L (' Jub 239 pl)
a5 105 plonl (e VYY) (o0Me Y0 Jlw sl GISS
(Koocheki ef al.,, 2015) ), Sen § (Sog5 bawg o Olip

Lol 00 Copogs
Ctr feo1y) SV guazo 3ok g god g Ml (5 jlwdensd
Triticum ) paS Jols £)y5 Jgamo Jlaz M55 9 33, (moian
(Beta vulgaris) 328,53 (Pisum sativum) >¢55 {aestivum
b odlazwl (Van Laar et al., 1997) SUCROS o jl <)d 4
9 Seisled Jolpe «Sid B3le & Cunl (ogee Ao S5 9T g
L s g ol il sloodly oll 1) oy &Y guao 3 Slas
Sy Ly it g5 oo 5 o st o5y S ol
O Sl Bale @598 g 0l duwlre Cawl Lod 3l ol 253 &S g
e ldie 00,5 o s (s90d dl>po Ll Lapli]
Goudiraan and van ) ,¥Y ;L84 4L »s L ws SUCROS

1- Business as usual

Goudriaan, 1996; ) cowl (o5l sl 8 93 ol )d yuis j 50
% J8d oy mexe dlm”])g wboly (Pidgeon et al., 2001
Ol 38l 1Sl S S35 00 ppm B A slacdale > .8l
Ve=Y0 4 lals sly 5 o ¥o=Y0 s alS (sl jtuwgid
Sl g 039 Hlade ol il 1S 5 Slae iul3al 4l sl duo )y
il oo o pd o=V g V=YD o i Cy 9 Cs oly; LS
coge §ym Laals b o slase) Cwglie yiuljel (IPCC, 2007)
olals 1 YL 5, Sles a3 5 Ol Bypane 1)L )38l
oL cose alysl ol (Asseng ef al., 2004) b aals el
hbSen 5 oLy Jlie gl wdbio (o)) QLS 43 Ll
o8l s & S STy a5 wsly oyl (Tubiello et al., 2000)
Sglate S L o8 (23365 Ll 33 55 5 ol b o balps o
il e

o QLS 48) 3900 » COz oS jdiol> 5 &S (63929 L
5 ol Gler OinlesS 31 o3l e Sl3al g ol o
2 L Laliél al (Long ef al., 2004) 5,8 salgs s 1y Cuto
3y s b Cosgions b oS Jlad slagoe 5 oy sl
bl jo Les iulidl aS Jbs 55 54 dales Collas diiud dnlge
2 Jle Glassdy il o gzt b |y Algi Sis g 0 )5
2, e i (Zea mays) wyd cciS 5 pdaw SHleld
b &S asl l38l Ve d Jlo jo )lSe i VY 4 )2 Jle
O cnwlio Az 50 g 0LS pl by 0y90 (o jo Led yiul3al ;]
095,95 9 3o blas > (Kjellsrom, 2005) il o Aoy byl i
@) 3,Slee oS Wiled )S” i i (Jones and Thornton, 2003)
doyd Ve d9amyd (Mo Yoo Jlo b o5y (oSG0l g 80 5o
ol 500 ;Y3 35Ul ¥ Jalee ] i)l 48 Wb oo LS

&5dsd ol @ pad 4 dmd o oL (ilojl salss
Ol Sen g J5te ol GlalS 5o Lad (ialidl sel g v ot
)5S ¥E 3 LS 4568 OFY aslllas L (Menzel et al., 2006)
Aol ) as assl o 0gs Slej gy 5 VWO Jold a5 L)l
A 5o Casyu Dylge Mo yd YA )3 (60Mee Yo e BYAVY gla L
Gl 03 4 50bgS o le Jobo g atdl iol58l Les oy, YL s
DB el > oo (al3l 51 (8 15, 99 Job (1 jiolisS
g odb Ol (68 (I 15 29 00 3)Sdas falS el 2l
590 daled oL )Ll o s odle pond (gl (6538 o
plos 3L a8 el av5 b (Fulco and Senthold, 2006)
9 035 o (=) QLS 3 Slas  bed 5 CO, clale i 38l
G382 Sy olplis bl oo gl (oldl i Cupsbgo & Ay
Pl p3line 01yl ool baslys 5> (o) Y game a5 Cumiy
Al o g ladhaio plie )3 Sl

95 jl eslawl L (Koocheki ef al., 2015) ), Se2 5 S5 68



Yo oln! 63)0laS p ealdl s 3T

AV aoles) w oolazul

_ (€, —T')(Cy5 +2I)

(C, +2T)(Cyyy —T)
CO,; YL slacdale ) tuwsd Ce yw Cuns D, J DS

cbale C, (Yo-ppm) (Had clale Cssp o b clale @y cus

Ay 393 45 05b 0 COy oyl daii I g (ppm) bl i3l

(v)

29 o0 duole ¥ dldles 5l g 034 Lod
r— (163-T) )
(5-0.17)

Jade (3,5 Cyo b ewp opl a4l (PC) lad T )] o &S
Cowddy COp cclale 4 o )0 jiwgd Coyu () dbileo) 4 0 D,
ol L g o3Vl CO,p ed clale 1> @, lade .ol Aalgs
YU slalos p3 5 cnl 50 o] g 5 Lod adl 39, 00 YU clale
() JSs) eadl aalgs el S CO, cllale (il b @), jlais
L aS G slaass pCOs clale yiolidla puwgd STy
5yl 0 y)LS @y e Gy sladisS (glp b o ¥ g ¥ Y alse
3 y5e8 oty COp (YL (slacile 4 ol (o ool 1
IPCC (sladyglys Golly asdlae ool )5 0l o Cs sladseS
ey dn Luoyd Vo Jalse (b5 lade (Kenter et al., 2006)
23 8lS] &) g

2SN cges ey 3 2 ogMe Lod ljal oS o Jao 5
)5 58b o5 331, (V dslas < An) (558 gl )3 friuogtd Coopus
Sl > Sl 4 A STy 4 oo @l ¥ JS5 53 3o
ol 0dd 03y lis adlllas oyl )d wyyp Cov disS s

== o= MO0 — 30T

ol a5 a S el S5 4 p3Y Ll o &8l (Laar, 1993
3j9— ) 5 03 4l o)lay pAS A8 (Silwdnd (Sl G9,S g Je
b o)l dy bgje (slaygiwd LS el oY o5l paiS
ol 4o byoye &¥alae 5 by, 45 35 4BL31 ol & (gm0l )
a3l (Koocheki and Nassiri, 2008) (¢ a9 (S555 Lowes
Ayhis 93559 ) e S sl oY @l g ajel)ly sl 0
WOFOST Jao p elyj Vg amo s bayye (gboodly L6
Jae jo Laodly o) (gt L alis Judo & 1y .00,5 2l s
van Ittersum et al., ) 8l s odleiwl JoB 35 SUCROS
.(2003; Koocheki and Nassiri, 2008

Y dolee bawg Sy U stwesd ce pw SUCROS Juo jo
Wl 0 Cpogs

A=A,(—exp(—&l,/A4,)) ()

NS 5y €Oz p S5 LS) (A jihgid Cospus 4 o > &S
S99 gl 3 jiwgd Copw b Ay o) iSB 5 S
235 Gpan 215 € {ore; Sy Sy S 2 CO, pS4lS)
J93 Gslilanr ej JUSa 2 S s JUSa €O p55LS) 4]
P & e > Jo3) 0ad Qi Gl Lu g (456 )3 @pe yie
b o (4l

olels piasly oy sl 1) (ilisee slo g, (aione
Tual ceage Jdo Hld L dy a4 Slody 'y CO, 4
bogs La o) ol Elsl g g0 59 Bpme ()5 frisgid
)8 (w350 (Tubiello and Ewert, 2002) &5l 5 slinss
il g 4y COy 5L Caogi (gl adllae oyl s .l a3 )S
(Reyenga et al., 1999) || LSan o Ky Lowes ois &3l)) b,

40°C m—m = 47 5C

350 400 450

500

550 GO0 630 00

£°0r, copcentration
O 3213 il g St )S 55 Ve e ppM G oo Clile 3 ¥ 9 ¥ &Y¥alae (bl @ suwd (jlwrdumd pdlio - S5
Figure 1- Simulated values of ® based on Equations 2 and 3 at CO, concentration of 350-700 ppm as affected by temperature
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Figure 2- The function defined in SUCROS model for describing the effect of temperature on leaf assimilation rate,
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O ol ©3y9liS el punis G

Observed + 1:1 ling ====-==

W e

13" :

o a] Com ..

i

%E o

33 - 10 LT

L

i .

=

2 E

E R g |
3 10 15

Observed # 171 ling ==-====

425

AL c) Chick pea ¢

.§_" = 2.0 1 ™

¢ ;

oA~ 1.5 4

‘3_ E o .

= 104

= E .

o

IR T}
0.5 Lo 1.5 20 .

Chscrved yvield (t ha')
|:Lha'I'J| s eomlile 3 alas

Chserved » 1:1 limg ==---=-

b) Wheat

Dbserved = 101 line

0 -
“d) Sugar beet
w <
50 1
4':' T T 1

40 50 &) 70
Observed vield {t ha')
|:tha'1]| bl saml e 3 5 ar

Lgoio\.wglios,’”sw‘).\aw,‘\g W8 a9 39590 (oS (D 5, Ses B it 32 3We g B bl 1dle o (ygaw )5, - Y S

AR TS

Figure 3- Comparison between observed and simulated yields of wheat, corn, chick pea and sugar beet. Regression and 1:1
lines are shown for each crop. Details of validation results are given in Table 1
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Table 1- Results of validation of SUCROS model based on the values of root mean square error (RMSE) and its percentage
(RMSE%) together with intercept (a), slope (b) and coefficient of determination (r?) for regression line between observed and
simulated yields
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Figure 4- Predicted yield reduction in the studied crops for the year 2050 compared to current yields, yield are predicted
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beet in main cropping regions across the country
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Figure 6- Relation between temperature rise during the whole growth period (a) and in grain filling period (b) and length of

growth stages in wheat. Dtat points obtained for different regions across the country, change in temperature is predicted by
GCM for year 2050 and length of growth stages for the target year is estimated by SURCOS model
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Figure 7- Relation between temperature rise during the whole growth period (a) and in grain filling period (b) and length of

growth stages in corn. Dtat points obtained for different regions across the country, change in temperature is predicted by
GCM for year 2050 and length of growth stages for the target year is estimated by SURCOS model
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Figure 8- Relation between temperature rise and length of growth stages in chick pea and sugar beet. Dtat points obtained for

different regions across the country, change in temperature is predicted by GCM for year 2050 and length of growth stages
for the target year is estimated by SURCOS model
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Figure 9- Relation between temperature rise during the whole growth period (a), flowering stage (b) and in grain filling

period (c) and yield reduction in wheat. Dtat points obtained for different regions across the country, change in temperature
is predicted by GCM for year 2050 and yield reduction for the target year is estimated by SURCOS model
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Figure 10- Relation between temperature rise during the whole growth period (a) and during the grain filling period (b) and

yield reduction in corn. Dtat points obtained for different regions across the country, change in temperature is predicted by
GCM for year 2050 and yield reduction for the target year is estimated by SURCOS model
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Figure 11- Relation between temperature rise and yield reduction for chick pea and sugar beet. Dtat points obtained for

different regions across the country, change in temperature is predicted by GCM for year 2050 and yield reduction for the
target year is estimated by SURCOS model
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Figure 12- Relation between reduction of the length of growth period and yield of wheat (a and b), corn (c), chick pea (d) and
sugar beet (e). Data pints are simulated using SUCROS model for year 2050 at different regions
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Figure 13- Effects of change in sowing date and increased heat tolerance on wheat yield under climate change compared to

current yield. Yield is simulated for year 2050 with temperature rise between 1-2 °C or higher. Vertical bars show SE of
regions
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Introduction

Recent evidences confirm that during the next few decades, many agroclimatic indices of Iran would be
affected by global climate change. Koocheki et al. using two General Circulation Models showed that the mean
annual temperature of the country will increase between 3.5-4.5°C while mean precipitation will reduce by 7-
15% to 2050. It is well established that crop growth and development would drastically affect by the future
global warming and its consequences because yield determining processes such as photosynthesis and crop
phenology are directly related to temperature. On the other hands, the combined effects of CO, enrichment and
temperature rise on crop growth are complicated and should be studied using crop simulation models.
Furthermore, adapting to climatic variability will have a substantially greater effect in reducing impacts than
willing mitigation. However, such impacts on crop productivity at national scale and adaptive measures for
future conditions are rarely studied in Iran. In this research crop development and yield of wheat, corn, chickpea
and sugar beet were simulated for the target year of 2050 and the results are compared with the current yield as
the baseline.

Materials and Methods

Future climatic variables were predicted using A;f (business as usual) scenario by GFDL general circulation
model and the results were used as weather inputs in the SUCROS model which was previously validated against
measured data of the four crops. To account for the effect of CO, enrichment on crop growth the photosynthesis
routine of the model was adopted for increased CO, concentration using a scaling factor. Changes in
developmental stages of each crop were estimated for the future conditions and the relation between duration of
these stages and yield was determined. Predicted crop yields for the year 2050 were compared with the current
potential yields considering some adaptation strategies.

Results and Discussion

Results indicated the average over the different regions, yield of wheat, corn, chickpea and sugar beet will be
decreased by 18.6, 19.1, 6.6, and 20%, respectively. This decrease is mainly due to temperature rise and only
5.6% of the negative effects of temperature will be compensated by increased CO, concentration. Regression
analysis showed the yield of the studied crops will be reduced between 9 to 17% per 1°C increase in mean
temperature during the growing season. For wheat and corn such a reduction would also be expected for the
duration of the grain filling period. Based on these results, reduction of the total growing period (planting to
maturity) as well as shortened grain filling period are the main causes of the predicted crops yield decline by the
target year. On average up to 60% of the yield reduction over the country could be described by global warming
and the pattern of the crops yield variation follows the same spatial pattern predicted for temperature rise in
2050. Therefore, adaptation strategies for the future climate should be designed to prevent the negative effects of
increased temperature during the sensitive development stages. Simulation results obtained by SUCROS model
showed that among different studied adaptation strategies, using new wheat cultivars with higher heat tolerance
and changing planting dates are the most efficient management practices and drastically prevent yield reduction
under defined future climate scenarios. Use of these readily implemented adaptation strategies is profitable based
on the available resources by improving national wheat production compared to the same climatic scenarios
without adaptation.

Conclusions
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Y.

Despite of uncertainties in the predicted results of simulation models, the results of this research indicated
that during the next few decades crop yields in different regions of Iran will be reduced due to climate change
and more specifically temperature rise. This yield reduction could be more drastic under actual conditions where
the effects of climate change will intensify due to biotic and abiotic stresses. However, these negative impacts
could be avoided by using proper adaptation strategies.

Keywords: Adaptation, Global warming, Length of growth period, Yield variation



