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1- Global yield gap analysis
2- Growing degree days (GDD)
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The left: before clipping the buffer based on boundary of the country and climate zone border. The right: the final area covered by the
given station after clipping by boundary of the country and climate zone border.
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1- Reference weather station (RWS)
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Fig. 2- Illustration of the clipping applied to the buffers overlapped into a given zone
The left: two overlapped buffers into a given climate zone. The right: the final area covered after clipping.
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1- HarvestChoice generic/prototypical soil profiles
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Table 1- Climatic characteristic of reference weather stations including mean annual solar radiation (SRAD, Mj m?d?),

maximum temperature (TMAX, °C), minimum temperature (TMN, °C), mean temperature (TEMP, °C) and total
precipitation (PR, mm) and irrigated wheat lands within the covered area by the stations (ha)
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* The values in the parentheses show the percent of the existing land within each RWS where the sum of the area covered by the
RWSs was around 58% from national irrigated wheat lands.
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Fig. 4- Spatial distribution of irrigated wheat potential yield across Iran
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Fig. 5- The relationship between cumulative thermal time over the year and irrigated wheat potential yield
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Fig. 10- The effect of decreasing phyllochron on irrigated wheat potential yield across the whole country

2Bl pum log ada il jlosli wl oS ol aigy sled
e & (V) JS8) 39 5 K5 3blis J S 3 Slas il
Wb g diatgy slod o5 loa slon sblio (pl > e K
ol 92 909 3ol miiads jleslawl SIS islisl g9y p Led Cuie
Oil38l Jads sdes jobdy miadis jloslatw! LS iliel sbls
duglio )3 )5 3blo 3 onlply A Jols ()8 auSlier el
Jo b (668 minis 3l ool | oS ilial 5 s sble b
)y 5 Shes g oles S odlo W o S Sl 5l
0,90 Jsb Lials" (Reynolds et al., 2007) 5,15 5455 couiiwmo
dod Liulial e 5l LS )5 s b 0 3,Sles ialS 4y s

b 230593 Job (a5 oligS g Su5elsid Jolpe 9ei i b

S o 195 5 (ol 435 A5 Solie JS 55 could s Ll
Bl byl ) Caan 3 do )0 N+ 2gds )0 0lS W bl mid aii
4 e Slg o oS 4 b ) miadd Lials el als SeS
3 deo b sl oaldl s bl )3 090 Sis oole Ay il
Job 3 oty adads hals il SLis oolo wlgr ials
b Ll Jdsay ades ialial g (L ke SI) 4 by | ab
S ST 60 5 bod e 3l) Ay a8 Jobo pd a2 5 31 oo liias |
Bblis o wl plBl joss ale b Cuto yilodiiS s o op)S
45 505 g slod &S blie plw 4 cus (GDD>6000) e,



P49 50l o Voylods Y alor 46553l owbicd pgr gyt YYY

Soy p g jloslinal QLS Rl hie S sble cul )3 209
D Gl ee,S Gble o (ulpls g j2b cdbyy padld
ORIl 4 e Suid oole W (Il 30l I @it Sl ool
o5t e oMl o S5 Bolia > 8 Jlo > b 3 Slas
Sodlaiad (ol alil o) 093 Job 53 (B> gdiniis
Dy ¥ SLidles )5 yloj 0 Sid odlo oot iulil )0 mliadil
oAl e ¢ SLidles S (loj > Sis oole adgi Tl s &
Bl Ll 53 S ol > Jlo olyiets 3L nlS il
Cutlay pasls ke gt 3l o3l DS (IRl G 35S
Ol 38l iy o pd YA &y midindds (hST 1581 51 s 5 Aoy ¥A
ol 20 Sles (ghuoyd du il & yorie midiads I eolawl o)l
(A JSCs) A oKy

s 3 skl oS Gioli8l Cute Sl el s byl jo
235 S5 peldl baly 5 5l a8 5 S bl ) (ogadey
el bl dads o S55 et Jlas (s o] oeldl Ll
Soslatal (o8 59y 2 Lod e Sl (pizman 5 92 ()8 daSTied
o8] s b @il olatol (oS jlde (odag) 0y93 5> pdinds
ins J o3l S 1 s e 51 lajon 3l il
oo s 5l ool o) (S5 il o] maldl Lalys
o3l SLasles S oo > S ol ial3dl ke 3G 4
Sopsba (A JS) 1b S gblie )3 ogada iy
bl (K655 alIl wuldl s lpd > el adld ke
55yt pae baylyd & G @&l VY j0 aidiadds 1 ool
PaS oy Jb o pliacsh ials (ada iy jleslawl o)
A odmlie ol VA j> Lials pl ¢ SeiST wul8l baylps

5 S oole s Yield=RADXRUE X HI jogtdo
Reynolds et al., 2011; Soltani & ) &S 0 cans o5 1) 5,Slas
aayly Jol s3> 90 oy | ols dlayly -yl 5> .(Sinclair, 2012 ¢
S5 00l Hlade o(mat a3l oolanw | oIS j5 8L ,0 a2 5)
o pusio pl dw j oS Cuwl (655818 Lod camd oo L 1y od AJgs
315 ol b slod & Sye—o j3 md e B Sl o |,
o> Gl S35 g5 o kil o 505 (sl gy sl
Sw glogs (Js laicay (Wang et al., 2017 a) 1L o (il58l
So5eleid wlyuss (Chmielewski et al., 2004) ,LSaa

dy90 ledl 3 1y Yeee B VASY 0)g (b > olyj g £ olals

bl 35 Sais odlo sy Coto il eS8 oy

W Slod 5 od &S (dag) 0y93 )3 pegad ) bed ilél L
Bble  josasd mbads jloalatwl ohlS (sl ol Wiy lp
IS Lod g miimads jl oolail (o hlS" oy dlaly .l iuliel S5
; Hanson, 1982; Ribeiro et ) ai b oo by 20U L aile s b
al., 2006; Soltani & Sinclair, 2012 ¢; Wang et al., 2017
Slpio b S b gl aS Jheo 0 S Silkew (a
u@lf UT )IJ&A g..\_wl) e ) )I oLl u}I)lf LSI)" Ak LSL“')
P laa slod (ol 3 piiS We sblis )0 odes jobay .l (oo
P ab b p glo; )0 g die slod I S gy 1y oo
coplply )b 18 mi x5l oolazw | LS (ol aigy (slod aiels
Moy sze Bl dngy by dlayo > o5 add dod Liuliél
A S oole iy )38l el 5 il pimds jl edlaal o)
odlaw | oS g5y o lod cute SIL lojen &S causl Jls jo oy
Ollidl a4 oo 30 e (p)S Sl o0 clale il58) cxia i j)
Morison et al., 1985; Sultana et ) ad xdéwis | oalazwl o)
a8 25,8 y)liS (Tao & Zhang, 2013) Kl5 4 $U .(al., 2009
ol S 0 Sles b Jlaisl 4y o] a8l Lyl 5 s
3 paS o Sles a5 15,8 5155 plil.cél salys il
2 9oy FAdgas D Y00 dmd 2 cdo)d YA dgds D VeV an
VA =VA8Y Glej 090 4y G do)d AV Dgus D Vo Ar ad
bl byly 5 0 a8 W0 )8 by laises ol o il anles jiliél
2 &b A g 0y93 Jsbo (g eelisS (ng) 0599 Jobo o]
350 5] 8U ety jloslimel oLl il il salgs 6 pieS
dole cpyime > op)S —STgd clale (5158l 5 Lo cuie
Dgr Anlgs oan] ol byl s )5 5 Shes yiolj3l

S 3blin | 5obisS —tugy 093 Job o g ol 3
2 8Ly et ialS el adyye0 Job Lials sl o
Iy @bl opl p» Kid 0dle W)g alS ons )d 9 b 0y9d Jobo
b a3 3l odlaw | ol8" iol58l (s paw jlacas b g o
Ab ) had ) oty adiads GialS Lt il 28y 4 ponie (4390
L Jy g yieS a5l og2g b ol ) pdiad 5 503 ()l 4 0l
ey 5p,8 bl o Jls oy bedlarwl 5V G
Mo oty aadiaid ialS g (diygy Ay 0yed Job gy olisS
PSS bl 1 jeS ( Slidls 5 loj yo didly oot S ol



¥Yod ... LS clas )....L s (Triticum aestivum L.) u_fl piS iy o Slos o)) Ko g plaale

diaty slod 5 5 ub la slod g8 oulBl Loty 5 5 48" L)
S 1> b 0y9d sk g (392 S Jelgid o1y ges sl
o b 520 ol By sl o o allan 3.5 135 lin]
s alpd )3 558 S S (sl (SLE Blod)S g U el IS 090
bl alS ey VS8 mall byl b 4y G o8
S 0,Slee ilisl s g adiadis 3l eslae | ST il
Ol hel g lacunfoln id 425 3)00 0)lgen & Cuwl Slao
o) @l (Reynolds et al., 2011; Richards, 2000) cus! 034
Cuwl o cpaiindid jlodlazw] ShlS ilil a8 o ylis aslllas
éﬁ)5&9mwalyg4&¢pqwoi)§‘bd
Cato Bl op iy e 3 Sloe (ialS &4 o Silg 0 3blie
ool b saalie e S bl o adads jleslae | oS w58l
.))S\Lo.c).:Mw]f‘cf&d.‘ou)l@)})bdsbyéb)b

b Slejoygs nl o o8 23,8 ()l Lol ol )8 ()
S8 Bl 5 2l 5 (o IBLS Sl pui dos il
S ol 3 o8 (K3 olym il ol s ol
DB g A3, 6 250e) 3581 o Ui (e cshsd) JLw
Ol b sl 3ol )3 457 (S35lgid Jolpe 9o b dulie 53 (o5l
e ol QLS (oial; 1 asle) 531 &) (Jlo 5p)S ojl )
s % ladlhe o .wlaid S 3 Ly iliel st coxs
NeyeS > pU5 Sty 0193 Jsb 5 ey 5a5 olpe 1 ol
Wang et al., 2017 ) <88 )13 wyp 3550 Wil )5 puiS 4y
b s S 090 Job eualdl s baylyas 3 aS" Wiy ylis oLl (b
paiS Ay diyyeS calisee 3blis j3) 59, ¥V U VF puiS 2o S
0359 JS o <t inlS (oall s il (lagy i
OBl 3oy YT U0 3blie cnl 1> Sijgles jod () b el
Sy @yt o Wil 534555 lo ol oo cculnl cud s
S5t g o395 o i oS ses el s o, paS

25 y =-0.0002x +19.99

& R>=0.03"
g 20
) o
S 15
S
g 10
5 5

0

0

y=-0.003x +36.216
R?=0.89**

5000 10000

Growth degree day over the year

e (50l ] 83gu5x0 45 oS paldl dayl gl Ay Connd 2T ol dag] gl 55 Enbianiid 31 03] (11,15 Ol pandd 3l 5a0 =YY S5
Fig. 11- RUE change because of climate change (%) in compare to current climate within the regions covered by the RWSs
for Irrigated wheat

Al oo 3 Slos py gt jl o3kl (LS ST 5
Oliwgdin ;3 puiS (08, VY duylio L (Monpara, 2011) |l ge
lp oollan Cdo &l (05 5 0593 Jobo ulEl a5 085 aons
Yang et al,, ) | )Kon 5 KU g piiS 6l 5 Slas yiljal
0y90 Jobo 50 (8L y> mibiadis ke i3l Ly aS” woly 4L (2008
Job oiuliel.cdl ilisl 5o &l o Slas gy o &b a5
25 (B> @i jlde b e (b alasly s (48 2 090
el ad g Job 5> o)l jriw g (I3l g 9> puiS )3 il

VeIV ilibla i da Sy gm loj olidl Ll 4 5k

o Ses iolial el camiiniis jl oalaiwl )8 L33l L

o3lo Aoy 48" Wi a3 )b dgn g Sis odlo g iliel 5 b
alayly Gl ooyl ize alayly o)lgen guinds jl oolazwl o8 L Sis
sin) cadly y e la b Slidles 3 yloj 0 o gaday «Sis ool
ke 4 (Fletcher & Jamieson, 2009) cusl ais (o) pow
Ollidl Sais oole Hldo cpiiadis jledlatwl oS GBl8IL S
St 3 oole il38l b cailin T s 5 5l am s B)b 5Lk o
ol Ty b o ials ey asls SLuislhs S olej p
oS e (il Ll o halS g s oole jd iuliél



1PAQ 5l ¢ Yoylods Y wdr (g 5yslies’ (owbiis pg9 49 pis Y

(8 35 4ol

b (mdamiy g9y 0)9> Jsbo (ljdl g pials” Sl addllas oyl >
peienis3 3l oalatwl S caly A 5 0590 Jobo ¢ yi8) dBlu gg b
Ol b gy o A5 ity 3 )Sos 2 Sy pas s
A sl 0)Sles (iuli8l el bl don (3 0y 090 Job
VOIY 5938 wal8l (sl Sl 3,Shoe 5 i ol 3t e
5l ookt | oS iul38l.0g o 53 VE/A oan] wulil ¢l g 2o
Sl oSles o VYV Lilil el jouis S prdaw )0 pui w5
» Co L))I ))l R oJ.uT m.lsl dl)) Aoy WYY 9@945 wAlSI
395 13 23y Kb 3blin J g 5 olie > Jpu il > S
ShlS Uil (i3 bl 5l S 0 0an] g S waldl Ll
Jobo Sili8l b sy 3 Slas jialS 4 oo a1 oolawl
Bblie )2 i &S 39 o (y35) 4l g9 U Sy 905 0090
bl s bl )5 o Sl a5 Slae (lidlay e p S
S 3 ko dmo 5 gy 5 Syl 3 Sloe 1alS el 5 05
€905 039° Job ials .l 1 Jouwily 5 Shos (6 peSaii 2 ]
RlS il (A 0 0)93 Jobo ualS (58 Bl g9 U (Sjeniy
Wﬁl&f@awd\myp&)ww&lsaw)‘obwl@bg
yo b adllae o aS can | S5 4 oY s I Jaw o 0,Sles
aeitn e 15 00 58,8 5 5 )57 Jpuilsy o 3 Lyl
2 eiliin Olalllas (3 aS dgu o g Caw] 428,55 1,8 a3 o
55 Jewily 2,Slae 2 e Joloe 1 & i 5 Lo 1,15
Dol axdly y

d)‘}f oobew

D90l g zugy «lining ylojl jl a8 Al o p3Y Baian g

syl 2y90 slaosls 6)9160? Slp yen caa 6jy9liS
sl aushy 1y 51,8 5 ,Sis JWS cadllae oyl plos]

References

oilidl a5 oo ylen (Spano et al., 2003) ui 5 Sloe (gdo
5500393 Job pials ) 3 )Shee ke Sl il (ub 093 Jobo
S s Jlo lisds 9 00 a3 )Slee (palS el rdey
als el &b 0 o) Jsb > B i 1 (B WS
B Ao ¥ B YF jlidedy paiS aild 5 Slas  yialS g 0y90 Jobo
0)9° Jsb > QB G oy 3)90 8] 3 &S 390 (Jbb 3
,» (Hossain et al., 2011) cus 15 &l 5 Slos (65l oiiag)
a3 calizes 3blio ;> SeriMg, paiS o8y i 0 3,Slos Wy |
O 2 093 Job > S (Slajs 4 (AVA F) 503 o)l 4y
Wl (b e 093 Jsb sk nl 51145 A5 03> C 08
.(Christopher et al., 2008) cél, 138!
Axw i @ pud 3,15 3939 Ol Cudgame &S I cusS Loyl
by Gl 4 e (gl (b A @y 9 S e
ol 6)135):5"‘5 Oljee &S cpl b dogi b 30 0 0l low o muliadis
A 4 092 203 i 5l oS e 32 il 3blie 53 o
S5 ol bl el (9555 Pl (sl 9,5 9k o oS s o0
25 ialS g wed i8S )3 Ol cuenl 4 dn g b ol digy 3> 4
0955k (1l Jl S Py o3 a5l (36 SB G
20l g Kl oo 023 195 baalpd )3 Sy aw dsw i @pd g
5 &S L Las (Soltani & Galeshi, 2002) & )B4 Sllale
PAS S g i @y Ol gk pedes 5 Jaine Gblie
P )3 903 Vo=V liedy o paiS 5 ,Slee (taliEl & i
o il a8 e 5 ol bulps 50 b do ) YASIY
e Aty 4l > Shae gy o A ISt
e g=bge ol e p3 9 4l alidl 5y ke S e

W J.m|9'> g.j (5903 u..mlf &

Anderson, W.K., 2010. Closing the gap between actual and potential yield of rainfed wheat. The impacts of environment,

management and cultivar. Field Crops Research 116: 14-22.

Chmielewski, F.M., Miiller, A., and Bruns, E., 2004. Climate changes and trends in phenology of fruit trees and field
crops in Germany, 1961-2000. Agricultural and Forest Meteorology 121: 69-78.

Christensen, J.H., Krishna Kumar, K., Aldrian, E., An, S.I., Cavalcanti, LF.A., de Castro, M., Dong, W., Goswami, P.,
Hall, A., Kanyanga, J.K., Kitoh, A., Kossin, J., Lau, N.C., Renwick, J., Stephenson, D.B., Xie, S.P., and Zhou, T.,



¥Yv .. LS clas )....L s (Triticum aestivum L.) u_fl piS iy o Slos o)) Ko g plaale

2013. Climate Phenomena and their Relevance for Future Regional Climate Change. In: Stocker, T.F., Qin, D.,
Plattner, G.K., Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V., and Midgley, P.M., (Eds), Climate
Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA.

Christopher, J.T., Manschadi, A.M., Hammer, G.L., and Borrell, A.K., 2008. Developmental and physiological traits
associated with high yield and stay-green phenotype in wheat. Australian Journal of Agricultural Research 59: 354-
364.

Espe, M.B., Cassman, K.G., Yang, H., Guilpart, N., Grassini, P., Van Wart, J., Anders, M., Beighley, D., Harrell, D.,
Linscombe, S., and McKenzie, K., 2016. Yield gap analysis of US rice production systems shows opportunities for
improvement. Field Crops Research 196: 276-283.

Farshi, A., 1998. Water requirements estimation for major agronomic and horticultural plants of Iran. Irans’s Ministry of
Agriculture of Iran Agriculture Education Press, Iran. (In Persian)

Fiorani, F., and Schurr, U., 2013. Future scenarios for plant phenotyping. Annual Review of Plant Biology 64: 267-291.

Fletcher, A.L., and Jamieson, P.D., 2009. Causes of variation in the rate of increase of wheat harvest index. Field Crops
Research 113: 268-273.

Flohr, B.M., Hunt, J.R., Kirkegaard, J.A., Evans, J.R., Trevaskis, B., Zwart, A., Swan, A., Fletcher, A.L., and
Rheinheimer, B., 2018. Fast winter wheat phenology can stabilise flowering date and maximize grain yield in semi-
arid mediterranean and temperate environments. Field Crops Research 223: 12-25.

Ghanem, M.E., Marrou, H., and Sinclair, T.R., 2015. Physiological phenotyping of plants for crop improvement. Trends
in Plant Science 20: 139-144.

Hammer, G.L., van Oosterom, E., McLean, G., Chapman, S.C., Broad, L., Harland, P., and Muchow, R.C.,2010. Adapting
APSIM to model the physiology and genetics of complex adaptive traits in field crops. Journal of Experimental
Botany 61: 2185-2202.

Hanson, J.D., 1982. Effect of light, temperature and water stress on net photosynthesis in two populations of honey
mesquite. Journal of Range Management 455-458.

Hossain, M.A., Araki, H., and Takahashi, T., 2011. Poor grain filling induced by waterlogging is similar to that in
abnormal early ripening in wheat in Western Japan. Field Crops Research 123: 100-108.

Koo, J., and Dimes, J., 2010. Generic Soil Profiles for Crop Modeling Applications (HC27). International Food Policy
Research Institute, Washington, DC, and University of Minnesota, St. Paul, MN. Available online at
http://harvestchoice.org/node/662.

Liu, B., Chen, X., Meng, Q., Yang, H., and van Wart, J., 2017. Estimating maize yield potential and yield gap with agro-
climatic zones in China—Distinguish irrigated and rainfed conditions. Agricultural and Forest Meteorology 239: 108-
117.

Lollato, R.P., Patrignani, A., Ochsner, T.E., and Edwards, J.T., 2016. Prediction of plant available water at sowing for
winter wheat in the southern great plains. Agronomy Journal 108: 745-757.

Martre, P., Quilot-Turion, B., Luquet, D., Memmah, M.M.O.S., Chenu, K., and Debaeke, P., 2015. Model-assisted
phenotyping and ideotype design. In: V.O. Sadras, and D.F. Calderini, (Eds.) Crop physiology application for genetic
improvement and agronomy. Academic Press/Elsevier Science.

Moeller, C., and Rebetzke, G., 2017. Performance of spring wheat lines near-isogenic for the reduced-tillering ‘tin’trait
across a wide range of water-stress environment-types. Field Crops Research 200: 98-113.

Monpara, B.A., 2011. Grain filling period as a measure of yield improvement in bread wheat. Crop Improvement 38: 1-
5.

Morison, J.I., 1985. Sensitivity of stomata and water use efficiency to high CO.. Plant, Cell and Environment 8: 467-474.

Ramirez-Villegas, J., and Challinor, A., 2012. Assessing relevant climate data for agricultural applications. Agricultural
and Forest Meteorology 161: 26-45.

Reynolds, M., Bonnett, D., Chapman, S.C., Furbank, R.T., Manes, Y., Mather, D.E., and Parry, M.A., 2010. Raising yield



1PAQ 5l ¢ Yoylods Y wdr (g 5yslias cwbits pg9 4 pii  FYA

potential of wheat. I. Overview of a consortium approach and breeding strategies. Journal of Experimental Botany 62:
439-452.

Reynolds, M.P., Calderini, D., Condon, A., and Vargas, M., 2007. Association of source/sink traits with yield, biomass
and radiation use efficiency among random sister lines from three wheat crosses in a high-yield environment. Journal
of Agricultural Science 145: 3-16.

Ribeiro, R.V., Machado, E.C., and Oliveira, R.F.D., 2006. Temperature response of photosynthesis and its interaction
with light intensity in sweet orange leaf discs under non-photorespiratory condition. Ciéncia e Agrotecnologia 30:
670-678.

Richards, R.A., 2000. Selectable traits to increase crop photosynthesis and yield of grain crops. Journal of Experimental
Botany 51: 447-458.

Salehi, F., 2012. Desired Food Basket for Iranian People. 2012. Andisheh Mandegar Press, Iran. 58 p. (In Persian)

Sinclair, T.R., 2011. Challenges in breeding for yield increase for drought. Trends in Plant Science 16: 289-293.

Sinclair, T.R., Messina, C.D., Beatty, A., and Samples, M., 2010. Assessment across the United States of the benefits of
altered soybean drought traits. Agronomy Journal 102: 475-482.

Soltani, A., and Galeshi, S., 2002. Importance of rapid canopy closure for wheat production in a temperate sub-humid
environment: experimentation and simulation. Field Crops Research 77: 17-30.

Soltani, A., Maddah, V., and Sinclair, T.R., 2013. SSM-Wheat: a simulation model for wheat development, growth and
yield. International Journal of Plant Production 7: 711-740.

Soltani, A., and Sinclair, T.R., 2012 a. Identifying plant traits to increase chickpea yield in water-limited
environments. Field Crops Research 133: 186-196.

Soltani, A., and Sinclair, T.R., 2012 b. Optimizing chickpea phenology to available water under current and future
climates. European Journal of Agronomy 38: 22-31.

Soltani, A., and Sinclair, T.R., 2012 c. Modeling physiology of crop development, growth and yield. CABI Press. 322 p.

Soltani, A., and Sinclair, T.R., 2015. A comparison of four wheat models with respect to robustness and transparency:
simulation in a temperate, sub-humid environment. Field Crops Research 175: 37-46.

Spano, G., Di Fonzo, N., Perrotta, C., Platani, C., Ronga, G., Lawlor, D.W., Napier, J.A., and Shewry, P.R., 2003.
Physiological characterization of ‘stay green’mutants in durum wheat. Journal of Experimental Botany 54: 1415-1420.

Sultana, H., Ali, N., Igbal, M.M., and Khan, A.M., 2009. Vulnerability and adaptability of wheat production in different
climatic zones of Pakistan under climate change scenarios. Climatic Change 94: 123-142.

Tao, F., and Zhang, Z., 2013. Climate change, wheat productivity and water use in the North China Plain: A new super-
ensemble-based probabilistic projection. Agricultural and Forest Meteorology 170: 146-165.

van Bussel, L.G., Grassini, P., Van Wart, J., Wolf, J., Claessens, L., Yang, H., Boogaard, H., de Groot, H., Saito, K.,
Cassman, K.G., and van Ittersum, M.K., 2015. From field to atlas: upscaling of location-specific yield gap
estimates. Field Crops Research 177: 98-108.

Van Vuuren, D.P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G.C., Kram, T., Krey, V.,
Lamarque, J.F., Masui, T., Meinshausen, M., Nakicenovic, N., Smith, S.J., and Rose, S.K., 2011. The representative
concentration pathways: An overview. Climatic Change 109: 5-3.

Wang, B., Li Liu, D., Asseng, S., Macadam, I., and Yu, Q., 2017 b. Modelling wheat yield change under CO; increase,
heat and water stress in relation to plant available water capacity in eastern Australia. European Journal of
Agronomy 90: 152-161.

Wang, B., Li Liu, D., Asseng, S., Macadam, L., Yang, X., and Yu, Q., 2017 a. Spatiotemporal changes in wheat phenology,
yield and water use efficiency under the CMIP5 multimodel ensemble projections in eastern Australia. Climate
Research 72: 83-99.

Weigand, C., and Analyst, M., 2011. Wheat import projections towards 2050. US Wheat Associates, USA.

Willenbockel, D., 2011. Exploring food price scenarios towards 2030 with a global multi-region model. Oxfam Policy
and Practice: Agriculture, Food and Land 11: 19-62.

www.dssat.net. Available at 2018/08/23.



¥Y® ... alS clw b o @riticum aestivum Ly o1 pasS Jouily o Sloc o) San 5 pliale

www.esrl.noaa.gov/gmd/ccgg/trends. Available at 2018/08/23.
www.fao.org/faostat/en/#data/OA. Available at 2018/08/23.
www.yieldgap.org. Available at 2018/08/23.

www.yieldgap.org/web/guest/cz-ted. Available at 2018/08/23.
Yang, W., Peng, S., Dionisio-Sese, M.L., Laza, R.C., and Visperas, R.M., 2008. Grain filling duration, a crucial

determinant of genotypic variation of grain yield in field-grown tropical irrigated rice. Field Crops Research 105: 221-
227.



Journal of Agroecology o= S39LaS (ol pg2 4 pids
Vol. 12, No.3, Fall 2020, p. 413-431 Ay FIY-FY) (o 144 5l ¥ oyled Y >

Irrigated Wheat (7Triticum aestivum L.) Traits Effects on Potential Yield under
Current and Future Climates in Iran

S.M. Alimagham!, A. Soltani**, V. VadeZ’, E. Zeinali* and E. Zand®
Submitted: 26-09-2018
Accepted: 11-11-2018

Alimagham, S.M., Soltani, A., Vadez, V., Zeinali, E., and Zand, E., 2020. Irrigated wheat (7riticum aestivum L.) traits
effects on potential yield under current and future climates in Iran. Journal of Agroecology 12(3):413-431.

Introduction

Wheat (7riticum aestivum L.) known as a main crop in Iran. It is the main source of calories and protein which
directly provides 37 percent of the food calories and 40 percent of daily protein for people in Iran. Breeding to
produce new cultivars is always an important way to increase crops yield. New cultivars breeding is a very complex
process because there is an interaction between climate and genotype and the time is limited to produce new
cultivars adapted to new climates. The target trait identification can accelerate new cultivar breeding process. The
objectives of this study were to explore the potential benefit of irrigated wheat traits over the country to increase
the yield.

Materials and Methods

This study was performed at potential yield simulation using SSM-Wheat crop model to evaluate different
traits impact on irrigated wheat potential yield in Iran. For this purpose, the protocol presented by Global Yield
Gape Analysis (GYGA) was used to identify the same climate zones and the main weather stations for irrigated
wheat in Iran. The potential yield of irrigated wheat was simulated by SSM-iCrop model for the area covered by
each main weather stations. The average potential yield was calculated at the country level by scaling up the
simulated results within the area covered by weather stations using the GYGA protocol. All the simulations and
calculations were done for existing cultivars and for the cultivars with desired plant traits, identified in this study,
under current and future climates. The effect of desired plant on potential yield was quantified by comparison of
simulation results between existing cultivars and the cultivars with desired plan traits. Future climate (2055)
scenario were created for the sites using the baseline 1986-2005 and the projections for delta mean air temperature
(and precipitation) which is the difference between the future air temperature (and precipitation) and baseline air
temperature (and precipitation). Deltas of air temperature and precipitation were obtained from the international
panel on climate change report which it used 42 GCM model outputs under RCP4.5 climate change scenario to
calculate them.

Results and Discussion

In this study, the effect of increasing and decreasing of biological days from tillering to stem elongation,
biological days from anthesis to philological maturity, the rate of canopy development and radiation use efficiency
on irrigated wheat potential yield were evaluated. Increasing biological days from anthesis to philological maturity
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increased the potential yield in all the regions under current (15.3 %) and future climates (16.8%). The potential
yield gain from increasing radiation use efficiency was 14.7% under current climate and 13.7% under future
climate. The effect of decreasing biological days from tillering to stem elongation, biological days from anthesis
to philological maturity, the rate of canopy development and radiation use efficiency on the potential yield were
negative. Monpara (2011) reported that increasing duration of grain filling period was an effective trait to increase
wheat yield in India. Yang et al. (2008) demonstrated that the yield of rice increased with increasing cumulative
radiation receiving during grain filling period. There was positive correlation between cumulative radiation
receiving during grain filling and grain filling duration. With longer stay green duration, the potential yield of
wheat increased thereby raising photosynthesis during wheat grain filling period (Spano et al., 2003).

Conclusion

Increasing radiation use efficiency positive effect on potential yield in the regions with warmer climate was
higher than the region with lower average temperature over the year. Increasing radiation use efficiency had
negative effect on potential yield in some cooler regions. Increasing biological days from tillering to stem
elongation just had positive effect on potential yield in the region with warmer climate and its effect was negative
in the regions with cool climate. The faster canopy development had no significant effect on potential yield.

Keywords: Environment, Genotype, GYGA protocol, Late maturity, Radiation use efficiency, SSM-wheat
model.



