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Table 1- The mean temperature and cumulative rainfall during the growing season of maize for baseline and future periods

in late- (SC704) and early-maturity (SC260) cultivars and irrigation treatments (IR10, IR12, and IR14 are 10-, 12-, and 14-
time irrigation per crop season) in summer sowing season
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Mean temperature during the growth
season baseline period and its increase
in the future period

alboy9 RCP4.5 (%) 4k 0y99 RCP4.5 (°C)
Baseline (mm) Baseline (°C)
IR10 55.38 134.07 279 217
SC260 IR12 56.25 +25.63 27.9 +2.2
Slgal IR14 56.25 +25.63 27.9 +2.2
Ahwaz IR10 149.81 -6.61 233 +2.6
SC704 IR12 149.81 -6.61 233 +2.6
IR14 149.81 -6.61 233 +2.6
IR10 63.86 19.15 252 125
SC260 IR12 59.72 -10.38 252 +2.6
ol IR14 59.72 -10.38 252 +2.6
Bostan IR10 147.12 -16.89 21.1 +2.7
SC704 IRI12 146.62 -18.50 21.1 +2.7
IR14 146.62 -18.50 21.1 +2.7
IR10 109.99 +5.84 256 2.5
SC260 IR12 106.93 +13.23 25.6 +2.4
Jois» IR14 106.93 +13.23 25.6 +2.46
Dezful IR10 277.86 -8.59 213 +2.8
SC704 IR12 277.86 -7.60 213 +2.9
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IR10 180.60 3297 22.04 +3.66
SC260 IRI12 180.20 3337 22.06 +3.64
ol IR14 180.20 3337 22.06 +3.64
Izeh IR10 482.03 34.41 17.8 +3.5
SC704 IR12 476.77 33.94 17.9 +3.4
IR14 476.77 33.94 17.9 +3.4

oliul (gol)j LS 3 Slas g 4 (gilodnnd ladie 3 (53959
3l byl g )b Al s Sles Gt iy G ol 2 08
O cadgions Ly 35 APSIMY Jso 51 51 5 ol e (50l
Ondise lawgy Jas ool (Keating et al., 2003) 4 ooliul
by gilwdndd gl oYL @)ad 5l g canl snds (sl Ul jxl
ly olsS 9od 5 03y el ocanl jl)55 50 (55 (Lol 5 Shos
adox jlcidises Jalge a9 4 (o0 (gilodend aillg) g0

3- The Agricultural Production Systems sIMulator

s bedanad slaghle T g Lajlasi 3 (o815 Jss
g )il aliseo (slagsyliw cod oS o8l slaie 29,5
—oalal) (gilwodlel j e cdal Cawdas o] 5 4l (50,93 93 sl
Lol & JuST B 1 longol sl bl o Juls (g3l

LSLA) u«i)l_aﬁ wl)_ao .))9")_3 9 u_c])) JJ.A leB 2 @]9279;)1
Olossds (399 Falale clod Ol aY Lo by o b 4l

1- Annual average ambient temperature
2- Annual amplitude in mean monthly temperature



VoV o)d I Byl 50 BT a1 g 4ild 0 ySloe (6 jbwdunit oy ySKod g Slu> g i

e o Ay had Job o Loy 1 She M| eg cpl b s
sbanmjy g gblie (olod )3 Cio cpl Jlade 9 30 YL 05 9
a2 ¥V Jldoars V¥ ol S IS o8y oo 52 5l
Cood dddy G oyl g Y8 ol K I eS8 oS il
5 (15 Bl 423 VURA) (2 1S &S gty 22 it 555
Slonl g 0dnl sblie y o1 Hlde (3,5 ke 4 )> YOISY) o i
3y Juab Jgo 3 103 35S0k Jke (508 ipd 0 iy
(S sl 23 WA V¥ i 05y 9 ool (liwjaed loss >
() Jgds) del comday

4 Comd Ay Juad Jgbo 5 Lod 5o banwgio jgboas i) )
Oliwyd oy opl 53 b LBl58l as ) WWIED lieds 4l 690
(o> YI¥S) 193 Ve (5Ll g V=¥ Ll S S 03, )3 jlgal
092 5 Sl Slopsy polys )3 (pizmod (bl ) S (e
V¥ ol i o) 9 0ol lisyaed 5o Led (ol aty o]
S 05 9 Slonl lw el )3 (Aaljl dieS g (30)2V/¥F)
aS Hebolen () Jods) dol Camdas (doyd VWEY) V-F l,S
OSbe (Shb V¥ (lS JSiw 68) 4l 0)93 ) 45 Gl S
go9e (ml sl V8o (oS SR 08) 0 S (658 sl
039> Job Lo (Vo F (olyS” JSis) (o3 03) &5 w3 o0 LS
yag3 a8y (V8 oS JRiw) (93395 085 4 Capnd yidiy (545
JoB isy g o dsbl Gl Juad jlam ol slales
(022295 155 4 Camd) Fomb laled )3 1) 395 w8y jl ey
Rahimi-) o[Ses g paie sow) bawgs (s )3 A8 oo JoSS
P Led 58l a5 Wi odb yLis (Moghaddam et al., 2018
byly b g0 wlbiawnl i > @yd oy o8y Sdy Juad Job
2 Led Gl adl o 108 )95 08) & a8y Jeuily
adale ()T SS pleieay oyl 5 25 Coglite 3 il 3blie
a2 YA (liean ) 28y Juad Jobo 5o 1y Led (aljal oy
byly b cood ayls an gy iliel (IS jabody gy 1)y 05 ke
ol g il g s p )5 Bblie 4 i 3y 3blie 3 0Bl i
355 o 8 5 o i el st 5 5] ol
2 L iolisl cgles sniad lis calisee wlasiss L(IPCC, 2014)
Rahimi-Moghaddam et al., 2018; ) a_sb o calisw sblo
.(Karandish et al., 2017; Eyni Nargeseh et al., 2016

(S oisrs 9 SIS ) SLS (Ll g )k o) Iomg
ol duanly (£ly5 0lS o pde leMbl 4y 5 (S5 ol

93 3= Ol Gl 3 @aldl oS 05l WIBI GBS ol 3
by 5 aslllae 3)90 ()bl cilises (glags$) Cod @y o)
VoF ol SR g () 23) V¥ olpS SR Jols £
Sy 09)5 O 3 CudS o o (i G 45 (0)39))
w8y 93 glp e APSIM Jao il o oyliwjes lusl j3 295
il llpd )3 oa hLSen 5 pida e b )i
Codgdons baylyd )3 uo 9 (Rahimi-Moghaddam et al., 2018)
aS ol o o)l (Rahimi-Moghaddam et al., 2019)
S slaedy (gjlwdnd > Jao opl (gYL 8 oniad LS gl
0390 olemgl 5 o pie cglite baylys ;> Y8 5 Vo Ll
odlaul o0 byl g odlel Juo 3l pils i > coplpl .ol
poore Sl o dw Jold (6Ll 93 slayloss (izan 10 )8
ol )93 (CitS Jad y 55 a0 1Y) dilalo (55ltS Lawsgs
bl 593 5 (CntS Juad y2 13 4ye V+) pgusye (5l 5 a8
P g (ctS Jab om0 4y VF) pawe (bl I iy
oS JSiw) 8 99 5] (ilotnd Saosily gla bl ggazee
lgnl) adhaie slex 153 V¥ 9 VoY) (gylo] H93 dws (V-F 4 V-
S ) ol 0)90 Sy g aily 090 S ((J5850 5 e o]
cgaocme a8 Bub Sl Jlo ¥V 53 (RCPAS ol (g5l
sl Go,b (s ol 5D gy (gjldnnd ialesl VFAA el
—apd addlae S olul y lise pl8)) At o515 5 (3b )0 YY)
Rahimi-Moghaddam et ) By bwgi i o a5 (gl
Sl adllas (ol )5 b a8 )8 a5 5 (sl o plool (al., 2018
Origin Pro ,lj 8l 5 5l LaJSCs mu) g 5ol (slacjos soled
A elawl (Seifert, 2014)

sudiy Juad Jgbo ja Los (raSlse Ol pads
Ao ¥ 0y S 5 bod (1Klee oS b Ll Guiss ol s
Wl 0y99 50 liwjed liwl > &> by Juad Jobo > (gjluwdnd
o3 ) Joaz ) &S yeblen () Jguz) 292 01y (Sl ax YV
o)y g 5 bl dan )3 ()l Cilises slaw > g 00
ol Ay b Jobo 55 Lad 3Solie 5 5 gy BB oD



Voo Hle Yo ylols I w659l (ol pgy @y \eA

2 Sk MO L 590 VF 6yl L olyers V¥ ol S St
cailaio 5,5 5 31 g 3529 ol b udls 1 3,5 iy e
VEe oS SR 08 g 0dal Gl Jlite 5150 (ol o e
A5 e LS ) p)Se LS AVEY/FS udeds gyl 93 VF L

[— ] -+ — fa ]
s = 1= =4 =4

= 1EMRH -

]

ey B0

o

=

-= 18

= 124

/

el 0

E

Cirain yield

chang

changes (%) Girain vield (kg ha b

Ahwaz

FrLCI
B
0004

Dezful

(et
fi
RiLE RN

g g Slas
LiSa )5 0,55 LS YEAVY aly 0)90 10 ) 3 Sles .Sko
L PYRAYY Sl sbaal ol 9 08 ool 2,8kas (¥ JS3) 05
55 e A Ak 0)93 )3 g yusie S )3 oS ol AVEY/Y
JSa 53 S LS AYEY L jo0 VF ()Ll 5 Y8+ Lol S S
55 Oljod (il pulpw 53V JS8) cadly 1) 5 Sdas o i

Irrigation B Bascline RCP4.5
- [— - -+ {— Lo ] -+
Y & =2 F B B =

Bostan

I
1

lzeh |

| SC260

SCT04

| SC260 I SC704

Cultivar

Job ;0 U V€ 9 IV V) sl bl (b )lowi 45 SC260 (wwyd9; 9 SCT04 pwypd o8, 45 00T g dly 293 (g1 31,3 &ild 5 Shos —F UK
Ol CulS Juad 55 (5bS wudy 2592
Fig. 2- Grain yield of maize for baseline and future periods in late- (SC704) and early-maturity (SC260) cultivars and in

irrigation treatments (IR10, IR12, and IR14 are 10-, 12-, and 14-time irrigation during the period of crop growth) in summer
sowing season

Wil o yasuie ¥ JSS 50 45 jebylen gy Vo Ll S i
Slaslos plas > V0 0y90 jd aibh o, Slas ials 4 (ol58l
aS Wb el gadge opl g glie adaie g b8y ¢ gylol ciliste
Coms «glize lize Bl < 3 oail 093y aild 3,Skee oy 5YL
ol 292 LVAF ulS ISt o8 odul Gl jed )3 a2l )90 &
(Y JSCi) ael ccumnany LS 53 p,5lS AAAD laiods 493 VF
oS I x floal Jlaws )3 4l 5 Sloe e (35108 (iomen

aly 5,Shes bawgio jobds 45 amd o Ui ool Cunday gl

Lo )d 90 il 0y90 4 Canad Vo0 Jlo o fliwjed il o )3
Uil als oa ] 0y93 )3 sblie aam ,d Ll e ials
VIYD Jlaie o] oygd 53 okl by iges sly cpadg 3 Shes
by d baye ili ol plasob lis 1) 5, Slee ]38l dus
10,0 VIXD o3l 0y93 y3 oyl Jlie lgisds g V¥ ol S Ko
o3y 4 g ype 3y Slae il 8l ol 5 o L ,Sla il



Vol L o)d I Byl 50 BT G puan 1) g aild 0 ,Slos (6 jbwdundts oy yKod g Slu> g i

B 3 i 9 ol B peas (ol s

V¥ oS IS o8 sl 090 50 3l L Baios oyl gl
4 G 5 VL Ol Bpae 2L (b ilo] o) (oles 5
(Fblio g pLE)] (alos )3 (pioman 290 V5 (S i 5
Al 4 Cand yia ke p )l )3 £ SkS VAT L ye0 Ve (6Ll
ilojl slaylass (aled o 3 39 650 b bl sl
2 reghe oSS VDY Jlaie b O Gpae S 5V
)90 Ve ol g Vo Ll S S o8y cody] yliw o o HliS
OIS ISt 08 X ity oy e izmen ol Cunday
oS (LS 3 yse uo ) SolS W) VY (gLl x Y5
Y ) oy olais] ags ay Blod oyl 511y 5,8,

slanssy g pB)l bl oles )3 (S jobas oai] 093 4
o OV Jhheds 4538 4 Cans Ol Bpas oS (L]
2 ol pals oy (Jla l (Y JSS) Bl Rals
4S5 psba 0395 Sy Gblio g (5l il (slagy3) g pB)|
soboasy adlls s gblio 5 6kl slays, wilie pl5yl
A5 olonl o> Ve /Y g <YV NF/F M) CS pa pwSbe
o slajles oo oai] 0ygd )3 gy ol Lo (Y JS)
Vel b V¥ S St 08 o] pliwyped Jlie lyic)
20393 ol 3 S gpsboar 5 g Gl O Brae S (19
i 393 Ve Ll L VF Gl i 08 odul (o o
X it b o Jloss cpizmen 8L (hlj3l aoy> WYy O
093 5 u.wal..o u)l)lf &S )9 V¥ d)L)T x Y5 u.,l).g Ji.w W'.é)
g by Ol Grme ohlS opyieS 3 oai] 093 50 il 4l
b Gials aoyd VWYY Jhdeds Ol Gpae oS s ol cov
Jbess e QUi il wlp )3 929 (I b (1 JS3) 28
l_g ol)_o.b V‘\cwl)_g Jiu_w W_Q) )LM uT d).\a.o u.)l)lf )]QJ )l
¥ JS5) 05 (S )3 oo 2 pySlS VE/RE) jo0 Vel

ol s po liwses bl jo @) cuiS Ske joboas
g dilbis &y dogi b aS 3)b o Lo YAV/FY Uoleo 8y g puous
s )3 e ol o (F JS) il glite o)l 5 3
V¥ oS SRt 08 50 355 e «3blio 5 o)ll slogas,
Dy yiaS yio o Ve jladeda, YE Ll S S 4 caus

10,8 & S 53 0 SlS OFFY Jlade Ly Ve (glul x YF
o 5551 o 220 Bblie oled 3 g2y 1 (Y S
etz )93 F ()bl L olyon Vo ¥ Ll s o8, il 5 Shae
Aty Llg5 o il 3)Shas jd Clyuss g HliSa y3 p,55LS AY-A/4
45 gyabody bl Cglate @y Wby Juad Job 3 Lod 1 Sleo &
b Jgb (135 39000 5 )l a2y (Rl Bajb 5 w8l s
oS >Slas 9 255 2 ite Sl sl )5 3blis > Wi 3
Ol )y SRl s 5ble )5 (Jlie dali )3 g 390 ()
Meza et al., ) 25 (ol); olS Ay (glys (2lod Loyl dgupo csls
odnlie ) Jado ;3 a5 ysbjlen (2008; Monzon et al., 2007
2 0dl Gl 53 )3 Wy Jad Job )3 Led (0ke 295 (oo
VEe oS i 88 1 a8 auly 0)93 3 V¥ (ulyS S 8,
L V¥ oS SR 08 3)Sdee alS el ggdge (nl Al oo
Dgbioe 4ok 0)93 3 lgm (SIS g a3y Juad Codgione 4 oy
OiblS g il b 5 090 (b olgS el My uad Cuydgizne
Onod yd 4 cewl Jb o ol (Boote, 2011) 35 0 3 Shas
Slyss cleas adbaio b p)5 @ dvgi b odi] 0)93 ;> adhaie
ceel (HIWVIY) 0dy Joad Job o Loy uS0ke ool 5 (o8]
w9 b pd) nl & 29800 (w3 P 45) sl baalpd (5 Wgee
5 el 55V 43 3y Slae (s iy Sy 39 Jsb &
9V Joi2) 298 e walid V¥ () [ 05, 5, (sl bl
055 993 V¥ )l Jloss eyl yuslpw 53 (Sila yobosy (Y S
b3S oyt 03zl )3 o g 4aly 099 )3 o0 V- ¥ ul)S IS
Sl 2 o3 LS > Slac 0lS oy 5 1 il
» 5 (Darbandi-Izadi, 2012) cowl s ()} 5 ole mli
O (S Joad yp p> a5ye V) (ool 9 (Rl b (gl
el o0 ml 5B 3)ly (=hj olS 4 (58 sk,
033 )93 WY 9 Ve 6ylal e s 593 VY (o)lul (oL il
iy balyd Dl o oy o8y oemay (gl o ol
5 sl baulid ) e Bly po gl dmgas ity 5,Sles gl )
S YU (S 093 Jsbo b (o) 03 08) S S i (g
am> iy 4l > Slae 5o o Sy Jib U oy K 4
s 5Shos g5 g ggdge cul eaimdlis 5 Sllllas Sl ()b
Rahimi-) xdl e (105995 pB)l &2 Cod 00 pBL) > e

(Moghaddam et al., 2018; Liu et al., 2013



Voo Hle Yo ylols I w659l (ol pgy @y K

(¥ JS) 592 508" (599 VF 5 WY o 5,1 g (liajod (il pulpos 53 (5:55ks y5bots (yizeen
93 40 Caas (oo YEAIA) 93 Vo (6l w23y 53 (395 poes
Sl slamsy » cipar oo 0-FIA 5 YAANY) o5 o5
Irrigation Il Bascline [ |rRCP45
= N = 2 2 X S a s = a L
5 £ EZ 2 g2 2 £ g 2 £ Z K
204 1 1 Il 1 1 | 1 1 1 1 1 1
o Ahwaz Bostan
= 16]
UD-} TE~ 12+
B2
2
= 4
go
58
o<
5
=
D ke
5 2
Z
16
3 124
2 8
S o 4
S 0 —]
= 4]
57 2 m
_12,
5C260 | SC704 | SC260 [ SC704 [

(9 VF 9 W e bl (clanss)y 5D cudja a3 ¥/ o Y (Y/A)
99 4 Cod (5lel sy ) )3 35 9 s GBI ke (imen
=55 9 9 0l g jlaml i ad 93 )3 (S0le Hobas 03 w0
0399 3 plisiss olid blin (ol 3 (F JS3) 395 2 iishs
O ieS V¥ Gal)S IS 08 )18 5 59 Ve (bl 0o o]
iy 1y (o oo FYV/oF) 5 ym5 5 o jlado
Gtk 3l Blien ol 0,93 5 T Bpmo (IS (S ooy
Kirkegaard et al., ) LU LialS” 5,0 yoes ioljel g Lo il
slaasls o auldl ;s @l go) p sios 55 (2007

O Wl 358 cgix )3 ol gm0 @55 3, 8as 5 Ol (559050

Cultivar

2 95C260 (03959 SCT04 ;533 @)1 )3 sl ;3 oo lped 9 Arly 293 (gl 3 ST Do 1) 2 63 9 (5letl jlowd a3l =¥ U5
Ol Gl Juad 3 (ol iy 0,99 Jsb 3 JLIE 5 IY V) +) Glags)lel (51 ylows

Fig. 3- The effect of irrigation and cultivar treatments on maize water use efficiency for baseline period and its changes in the

future period in late- (SC704) and early-maturity (SC260) cultivars and in (IR10, IR12, and IR14 are 10-, 12-, and 14-time
irrigation during the period of crop growth) in summer sowing season

A Gl 3y gy e 0] 0)93 53 (pSke pgboy

P Gy g o e ey pl bl (il aspy +/A asis
D A e aS gyebdy gy glate il (gl)h calise bl
W) Gl i ped 3 4y 0y93 42 Cupmd 0l 09 )3 (5,5
U353 o) Gl 3 5 Gl (53 A21) sl 0
Ol ool (¥ JSS) Conl 4l galS (1o )d YA  ¥/Y Cus )
S jgbopler g Oglite lisee )l 5 olel slaless 4 295 L
2 e sboas 193V oll s g0 oanlie ¥ IS5 >
) G e Jadie ;505 (ol pans 93 & s 3y 93 52
o il 2015 ity 3 o8] st 33 5 (55 ot



ARR

e )3 A By 50 BT B puan 15 g 40 0 ,Shos (6 jlwdunit () Kot g Sl iy i

Vool oy g (al 0y (in) pol> Jlo Ll o 514558
9290 nl ecnlpli bl (BT 3505 5w Jlde g Sl
ol A8 S eylil il g Ol i)y ials 4 wilg e
2 I8 e ()3 08 Juad Jobo o (il 45,0 V1) (ol )
by S &S ggbdy dl oo s Yo Slee b o8, S LS
(Liu et al., 2013) yuipn 3 Slos 9 YU Ay 0590 Jobo b oy

S eSO Gpae LS 58l 4 il e

Sacie ol @lilyods g Loy (il el conldl lposs a5 s odb
5l .(Kang et al., 2015) b o Sl 8l Lo )3 Y 5y00 s
Rahimi-) ol slllas I (o)l 30 sl ool 4 b 5, Slee
Moghaddam et al., 2018; Rahimi-Moghaddam & Azizi,
oS il 3, Shos s puldl ot ite 5l saimdLis (2017
Oliwjes bl jd 4 8148 5,8 asuio gl ( IS jsbdy .l
‘))Ib uT ;9).\40 u)l)lf 9 Y D)ﬂo.c S99y ¥ ‘_;n..o L:)l)Jl W.J.Ql)m}‘
Ol ol camlin 18y 5 o)l A 590 o sl b Jy
2 oliylss flwjeds il 0yl Jls o b gals ]y 5,

Irrigation
s o = = « = = =) s S o =
® % ¥ & & E & ® ® E &E &
s Ahwaz - 25(’: SF?T; Bostan -
500 | s00
450 | as0
z a0l | a00
£
.E 350 4 I 350
=
4=
2. 3004 L 300
2
£ 550 Dezful Izeh | ads
©
g
LS 500 - | 500
450 |- 450
400 4 - 400
350 - L 350
300 - L 300
[ SCc260 | [ sc704 | [ SC260 | [ SC704 ]
Cultivar

VESIT 3 0) )l slows y3 9 SC260 (0397 9 SCTO4 (0,223 03, 3 0xial 9 rly 0,95 (g1 32 )3 (2Bl (505 9 pesd jfe -€ JSS
CulS Jaad y2 yliwgl CulS Jad 45 (0US sy 2,95 Job 45 5L
Fig. 4- The actual evapotranspiration of maize for baseline and future periods in late- (SC704) and early-maturity (SC260)

cultivars and in irrigation treatments (IR10, IR12, and IR14 are 10-, 12-, and 14-time irrigation during the period of crop
growth) in summer sowing season



VPeoo 5l e Voslods Y ale (6559l ol pgs 4 pits VVY

Ll L5 gl () Jgde o ¥ JSK3) casly ialidl++/8 g +1Y/S & 35 Ao

> izl (e Ve oylol) oslol wsfy dipes Hlade S5 3,51 a8 . P .
3 (il (59 Solel) kel mody aute 39,0 b o5 i g5 orimd L5 aiow ) gl ¢ IS ey

290t bbold)” 3 5 e ).) AT %gil)lf e iy Juad Job 53 ey (1Ske il 5 )Shas (59, 2 al8]
5 Ja S A 2sSlee K e e e B 0 i g it Gl 8 T Gpae S 5 3905
w22 08y S b oon e el e ol oy Gl 25 P 5 olel (sloylass dad ol pus )3 Lansgie jobody oS b LS
Ol o > S ysbes mdon 0L 393 1) G ooy JLs 3 gliwjes bl 3 @)d Ol Bpas SIS wls 3 ,Sles
Gl Byao IS g b 5 Slas Bl 5155518 oy (lojss

Al ot Vo bl X Vo¥ ol S S o8, Jle

9= iy RCPA.S (ggs5lw cov aily 090 4y Coud ¥+ 0+
B g P g iy Jad ok 55 Led (5 le g ialS -0V

References

Abbas Torki, T., Mojaddam, M., and Abadouz, G.R., 2011. Study of water stress on morphological characters of corn
(Zea mays L.) hybrids in south Khouzestan condition. In First National Conference on Climate Change and its
Impact on Agriculture and the Environment, Urmia, Iran, 24 July 2011, p. 1836-1842. (In Persian with English
Summary)

Anonymous, 2014. Agricultural statistics. Iranian Ministry of Agriculture Jihad. Department of Planning and
Economically. Center of Information and Communication Technology. Iran. p. 158. (In Persian)

Bannayan, M., Crout, N.M.J., and Hoogenboom, G., 2003. Application of the CERES-wheat model for within—season
prediction of wheat yield in United Kingdom. Agronomy Journal 95: 114-125.

Bannayan, M., Kobayashi, K., Kim, H.Y., Lieffering, M., Okada, M., and Miura, S., 2005. Modeling the interactive
effects of atmospheric CO; and N on rice growth and yield. Field Crops Research 93: 237-251.

Boote, KJ., 2011. Crop adaptation to climate change. In: S.S. Yadav, R.J. Redden, J.L. Hatfield, H. Lotze-Campen and

A.E. Hall (Eds.). Improving soybean cultivars for adaptation to climate change and climate variability: Wiley-
Blackwell Press. p. 370-395.

Dashtbozorgi, A., Alijani, B., Jafarpur, Z., and Shakiba, A., 2015. Simulatiing extreme temperature indicators based on
RCP scenarios: the case of Khuzestan Province. Geography and Environmental Hazards 4: 105-123 (In Persian with
Englosh Summary)

Dong, B., Shi, L., Shi, C., Qiao, Y., Liu, M., and Zhang, Z., 2011. Grain yield and water use efficiency of two types of
winter wheat cultivars under different water regimes. Agricultural Water Management 99: 103-110.

Dupuis, I, and Dumas, C., 1990. Influence of temperature stress on in vitro fertilisation and heat shock protein
synthesis in maize (Zea mays L.) reproductive tissues. Plant Physiology 94: 665-670.

Eyni Nargeseh, H., Deihimfard, R., Soufizadeh, S., Haghighat, M., and Nouri, O., 2016. Predicting the impacts of
climate change on irrigated wheat yield in Fars province using APSIM model. Electronic Journal of Crop
Production 8(4): 203-224. (In Persian with English Summary)

Huang, J.K., Pray, C., and Rozelle, S., 2002. Enhancing the crops to feed the poor. Nature 48: 678—684.

Igbadun, H.E., Mahoo, H.F., Tarimo, A.K., and Salim, B.A., 2006. Crop water productivity of an irrigated maize crop
in Mkoji sub-catchment of the Great Ruaha River Basin. Tanzania. Agricultural Water Management 85: 141-150.
IPCC, 2014. Climate Change: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (Core Writing Team, R.K. Pachauri and L.A. Meyer

(Eds.)). IPCC. Geneva, Switzerland. p. 151.

Izadi Darbandi, E., 2012. Evolution of drought stress and nitrogen rate on redroot pigweed (Amaranthus retroflexus)
and corn (Zea mays) competition. Agronomy Journal (Pajouhesh and Sazandegi) 94: 68-74. (In Persian with English
Summary)

Kang, Y., Khan, S., and Ma, X., 2015. Analysing climate change impacts on water productivity of cropping systems in
the Murray Darling Basin, Australia. Irrigation and Drainag 64: 443-453.

Karandish, F., Kalanaki, M., and Saberali, S.F., 2017. Projected impacts of global warming on cropping calendar and



MY )3 I Byl 50 OT G puan 15 g 40 0 ,5hos (6 jbwdunis () Kod g Sl iy i

water requirement of maize in a humid climate. Archives of Agronomy and Soil Science 63(1): 1-13.

Kirkegaard, J.A., Lilley, J.M., Howe, G.N., and Graham, J.M., 2007. Impact of subsoil water use on wheat yield. Crop
and Pasture Science 58: 303-315.

Liu, Z., Hubbard, K.G., Lin, X., and Yang, X., 2013. Negative effects of climate warming on maize yield are reversed
by the changing of sowing date and cultivar selection in Northeast China. Global Change Biology 19: 3481-3492.
Maa, L., Ahujaa, L.R., Islamb, A., Trout C.T.J., Saseendrand, S.A., and Malone, R.W., 2017. Modeling yield and
biomass responses of maize cultivars to climate change under full and deficit irrigation. Agricultural Water

Management 180: 88-98.

Manschadi, A.M., Soufizadeh, S., and Deihimfard, R., 2010. The role and importance of simulation modeling in
improving crop production in Iran. In: Proceedings of 11" ITranian Crop Science Congress, Shahid Beheshti
University, Tehran, Iran, 24 July 2010, p. 234-247. (In Persian with English Summary)

Martin de Santa Olalla, F., Dominguez-Padilla, A., and Lopez, R., 2004. Production and quality of the onion crop
(Allium cepa) cultivated under controlled deficit irrigation conditions in a semi-arid climate. Agricultural Water
Management 68: 77-89.

Medrano, H., Tomas, M., Martorell, S., Flexas, J., Hernandez, E., Rossello, J., Pou, A., J. Escalona, M., and Bota, J.,
2015. From leaf to whole-plant water use efficiency (WUE) in complex canopies: limitations of leaf WUE as a
selection target. The Crop Journal 3: 220-228.

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

Moradi, R., Koocheki, A., Nassiri Mahallati, M., and Mansoory, H., 2013. Adaptation strategies for maize cultivation
under climate change in Iran: Irrigation and planting data management. Mitigation and Adaptation Strategies for
Global Change 18: 265-284.

Oktem, A., Simsek, M., and Oktem, G., 2003. Deficit irrigation effects on sweet corn (Zea mays saccharata Sturt) with
drip irrigation system in a semi-arid region: I. Water-yield relationship. Agricultural Water Management 61: 63-74.

Rahimi Moghaddam, S., and Azizi, K., 2017. Early sowing date as a strategy for improvement of maize yield and maize
physiological and phonological characteristics in climate change conditions at Kermanshah Province. Electronic
Journal of Crop Production 10(40): 129-147. (In Persian with English Summary)

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

Rahimi-Moghaddam, S., Kambouzia, J., and Deihimfard, R., 2019. Optimal genotype x environment X management as
a strategy to increase grain maize productivity and water use efficiency in water-limited environments and rising
temperature. Ecological Indicators 107: 105570.

Rahimi-Moghaddam, S., Eyni-Nargeseh, H., Ahmadi, S.A.K., and Azizi, K., 2021. Towards withholding irrigation
regimes and drought-resistant genotypes as strategies to increase canola production in drought-prone environments:
A modeling approach. Agricultural Water Management 243: 106487.

Sabziparvar, A.A., and Tabari, H., 2010. Regional estimation of reference evapotranspiration in arid and semi-arid
regions. Journal of Irrigation and Drainage Engineering 136(10): 724-731.

Seifert, E., 2014. OriginPro 9.1: Scientific data analysis and graphing software—software review. Journal of Chemical
Information and Modeling 54: 1552—-1552.

Soltani, A., and Hoogenboom, G., 2007. Assessing crop management options with crop simulation models based on
generated weather data. Field Crops Research 103: 198- 207.

Wakrim, R., Aganchich, B., Tahi, H., Serraj, R., and Wahbi, S., 2005. Comparative effects of partial root drying (PRD)
and regulated deficit irrigation (RDI) on water relations and water use efficiency in common bean (Phaseolus
vulgaris L.). Agriculture, Ecosystems and Environment 106: 275-287.



Journal of Agroecology j=x $39LaS (ol pgr 4 pi
Vol. 13, No.1, Spring 2021, p. 103-115 i YN8 (o IFer lag ) oyleid Y ol

Simulating Grain Yield and Water Use Efficiency in Dominant Maize Cultivars
under Water Limited a Climate Change Conditions

N. Sharifi-Haddad!,R. Deihimfard?*, O. Noori® and S. Rahimi-Moghaddam®
Submitted: 25-05-2019
Accepted: 09-11-2019

Sharifi-Haddad, N., Deihimfard, R., Noori, O., and Rahimi-Moghaddam, S., 2021. Simulating grain yield and water
use efficiency in dominant maize cultivars under water limited and climate change conditions. Journal of Agroecology
13(1):103-115.

Introduction

Today, rapid population growth and economic development have increased demand for food, and climate change
has affected food security worldwide. Climate change processes, including increasing the atmospheric carbon
dioxide concentration, rising temperature, and fluctuation of precipitation, could directly affect agricultural products.
Climate change also causes drought, which indirectly influences agricultural systems as water is the most important
for grain yield and its quality. Arid and semi-arid regions are limited in terms of water resources and they are the
most fragile regions faced with drought caused by climate change. Khuzestan province is one of the hot and arid
regions in Iran which its agricultural crops (especially maize) are very sensitive to climate change. Irrigation
schedules and various cultivars can be considered as the adaptation strategies according to the climate change
conditions. In agricultural ecosystems, water consumption should be reduced, and grain yield should be increased as
much as possible. Optimizing water consumption by improving water use efficiency (WUE) is essential for
achieving agricultural sustainability in arid and semi-arid regions. Accordingly, modelling approach has been
considered as a time-saving and low-cost way to study the effects of climate change and different treatments. The
current study was conducted to investigate the effects of different irrigation management practices on maize grain
yield and WUE under climate change conditions in order to optimize water consumption and WUE by using
modeling approach.

Material and Methods

The current study was carried out in several locations of Khuzestan province, including Dezful, Izeh, Bostan,
and Ahwaz. The long-term climatic data of the studied locations were collected from the Iran Meteorological
Organization. These data included minimum and maximum temperatures (°C), rainfall (mm), and solar radiation
(MJ m2) from 1980 to 2010. Angstrom equation was used for calculating the radiation based on sunshine hours. The
climatic data were modified using WeatherMan software embedded in the DSSAT package. The future climate of
Khuzestan province (2040-2070) was predicted by the MIROCS general circulation model under the RCP4.5
climate scenario and using AgMIP methodology. According to the previous studies, the MIROCS climatic model
showed the highest accuracy in predicting the future climatic data of Khuzestan province. Two adaptation strategies,
including cultivar and irrigation regime, were considered to mitigate the negative effects of climate change. The
cultivars consisted of SC704 (late-maturity) and SC206 (mid-maturity), which had the highest area under cultivation
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in Khuzestan province. Irrigation regimes included three levels: 12-time irrigation (as farmers’ common practice),
10—time irrigation, and 14-time irrigation per growing season.
Results and Discussion
The results of the current study indicated that climate change had negative effects on maize grain yield as well as
positive effects on average temperature during the growing season, evapotranspiration, and corn water use efficiency
across the whole province. The results showed that the average grain yield and corn WUE in Khuzestan province in
2050 under the RCP4.5 scenario was -2% and -5.7%, respectively, compared to the baseline. In addition, mean
temperature during the growing season and evaporation and transpiration increased by +12.6% and + 0.9%
compared to the baseline. The results also showed that with the application of an optimal amount of irrigation
regime (10-time irrigation), an increase in WUE and decrease in evapotranspiration were observed, which resulted
in acceptable grain yield. Results also portrayed that applying the optimal irrigation level (10-time) along with a late
maturity cultivar (SC704) showed the best performance in terms of grain yield (9433.9 kg ha') and WUE (19.57 kg
ha! mm!) in the province Khuzestan.
Conclusion
The results illustrated that by 2050, the average grain yield and WUE were reduced compared to the baseline
period. However, the mean temperature and evapotranspiration over the growing season were increased. Totally, the
results of the current study revealed that an optimal irrigation level 10 and suitable cultivar SC704 could mitigate the
negative impacts of climate change on maize in the agroecosystems of Khuzestan province.

Keywords: Evapotranspiration, APSIM model, Irrigation regime



