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Fig. 1. Geographic location of selected provinces and stations: Ardebil (Ardebil), East Azerbaijan (Maragheh

and Hashtroud), Kermanshah (Sararoud), Kurdistan (Qamlou, Bijar, Dehgolan, Divandarre, Saghez and

Sanandaj) and West Azerbaijan (Urmia)
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Table 1. Geographic, climate and soil information of the study sites

okl bl Gl oe oLl Jsb gl RGN
Provinces Locations Latitude (N) Longitude (E) Elevation (m) Climate o8l Soil texture
Ardebil Just Ardebil ol 38°25° 48°30° 1500 Cold and Semi-arid Sistans 93, Clay )
East Azerbaijan s :ol=l,3T  Maragheh i, 37°24 46°16 1477 Cold and Arid s 53,0 Clay Loam s
East Azerbaijan s z0ll,3T  Hashtroud sy zie 37°29° 47°03 1150 Cold and Semi- arid =~ «Sisaas 55, Loam s
Kermanshah ol S Sararoud sl 34°18° 47°40° 1400 Temperate and Wet osb e 5 Jume  Silty Clay s (o
Kurdistan okws s Qamlou Shes 35°15° 47°41 1900 Cold and Semi-arid ~ «Sisaas 55, Clay Loam 8 e
Kurdistan okws S Bijar Slows 35°57° 47°52 1940 Cold and Semi-arid ~ «SKisaas 55, Silty Loam o) e
Kurdistan okws,s Dehgolan  o5&as 35°27 47°41 1900 Cold and Semi-arid =~ «Sisaas s, Loam s
Kurdistan okws s Divandarre ol 35°547 47°01° 1850 Cold and Semi-arid =~ «Sisaas 55, Silty Clay Loam . v, ghw
Kurdistan okws S Saghez M 36°24° 46°27 1476 Cold and Arid e 55, Clay Loam 8 e
Kurdistan Okws S Sanandaj  yac 35°31 46°59 1538 Cold and Semi-arid ~ «Sisaas 55, Loam s
Azerbaijan West _ 2olw0),3T  Urmia a4y 37°52 45°04° 1332 Cold and Semi-arid Sistaas 33, Clay e
r.\;f 6ls s Sles 5 655055 $lans 53 APSIM-Wheat Jube _amimls (51 ol oslizul S SleMbl - Jgu
Table 2. Soil information used for APSIM-Wheat calibration for simulation of phenology and grain yield of wheat
okt Gbls s Sopnai oo h plaldl plb o satn 0)s o S o el st
Provinces Locations PWP (mm) FC (mm)  SP (mm) BD (g.cm) Clay (%) Silt (%) Sand (%) pH EC (dS.m)

Ardebil Just Ardebil Jusl 248 393 505 131 45 31 24 8 0.81

East Azerbaijan s ,z0t,5T Maragheh <, 201 347 477 1.39 32 39 29 7.45 0.18

Hashtroud s s 170 299 454 1.45 26 30 44 7.62 0.27

Kermanshah ok s Sararoud sl . 262 407 504 1.26 44 47 9 7.8 0.89

Kurdistan skws,s Ghamlou Shts 271 364 486 1.36 35 40 25 7.9 0.62

Bijar Sl 137 310 476 1.39 26 54 20 7.69 0.79

Dehgolan  59&%ss 126 269 459 1.43 18 41 41 7.34 1.09

Divandarre o,! s 189 361 498 1.33 30 54 16 7.62 1.23

Saghez g 190 349 485 1.36 30 47 23 7.48 0.91

Sanandaj o 126 261 445 1.45 21 34 45 8.07 1.09

West Azerbaijan  s0lul,37  Urmia 4y 201 357 488 1.35 32 46 22 7.82 1.68

ARA


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.2.2.5
http://agrobreedjournal.ir/article-1-1230-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-18 ]

100 - . . 100 -
S o3 40 o oLiile S L 40
80 - East Azerbaijan 30 80 A Kermanshah L 30
60 - 20 60 1 - 20
40 ~ 10 40 .10
20 - |—| |_| 0 20 4| | & A L0
0 - -10 0 — -10 =
o~ <8 @ KRy é\@ & o~ %o““ F T \5{5“ o @es% & & 3
@D
=
100 - 100 - 5
gy 40 Sl S F40 2
- 80 1 Ardebil 30 80 1 Kurdistan . 30 \?,’
1S J J
_E @ 20 60 L o é .
5E 40 10 40 1 -0 § <
= =
A = llnme,
0 ==l .10 0 -10 2
5
QC} ,Q_OA Qﬁc g‘bp Q@‘P 4\‘5:” ?;Qﬂ ‘Q\\‘ﬁﬂ %\)Q xx‘r\ QC}' \;04 0@0 4.;:9 an é{& ?’Q& @ﬁ"’ ‘\\\’Q x& 2
3
100 - . = 8
st ol )3 40 2
80 West Azerbaijan 30
60 - 20
40 A 10
20 - 0
0 [ [ 10

1F4) Ol ¥ a)u‘ptﬁjc,...ﬁ.u?g"olf_\gs\)jpl;q,x"

[ DOR: 20.1001.1.15625540.1401.24.2.2.5 ]

P F F R @SS

(1F0 B AFA) andllas 5550 Glasliwl js ol Juad Jsb 55 (4) S los 5 (M) ais o (@) (ghi) s b (O giw) 5L ailabe uﬁu —YJQ
Fig. 2. Monthly average of precipitation (column), solar radiation (@), maximum temperature (ll) and minimum temperature (4) during growing season in the study

provinces (2001-2016)

YYY


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.2.2.5
http://agrobreedjournal.ir/article-1-1230-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-18 ]

[ DOR: 20.1001.1.15625540.1401.24.2.2.5 ]

"VASVD AP L selS 5 o L APSIM-Wheat Jue 18" b5 1"

L VY0 L AYAY Sles o3 a by e Slisle 5T
rl LS (65T pazr ot S5 s VY i as
sy Jeab 53 (S5 Sl s b DL ST
S oS5 505555355 s Ol (LI 00
G cmlin DMl Laes ¢S oS 555 0 Joli
S L aalsl s 487 oS e a5l Jie il
s dal g 03l e
R e D!

su e laosls Sl (glae sozes 4 APSIM-Wheat
cu@.b)wﬁcuﬁvf\ﬂc@i\f@)\]wj\
) @olaT ST ez 5 0L 055,20 555 5 s
Jau&th&i‘qs\q-}S\{.wbjy(p) Sy g2
et ollee T o okl plonil 05 Loyl 5
St Ll s s Wl nl b il b i eT
S ol b Job 53 (SHL oS bl s ey
ST a3 B eSO LaphlbeT 51 (50 03 00
S Lol OLaLS Bule 0l 6 (eSS
~» ele Lgl_aui)\j'f Sledd S5 o e slaesls
23) sl a ol (6 U wlas 5 islaT
o 65T paz (o) s
APSIM-Wheat Jow (b 31 9 (w9

allv 5lwais 5 gilwds 4w &G APSIM
(Bladssl) o9 cbdde gy S ol (55,5laS
Dbl G g OGBS e Bl
Dl @ols 5035 (Gl plide 3 Jube &G Jobe
Wl Sy ke 5 &Sl 0ol (o8l Jali ol U5
B ik OLaLE 5l s b S Js5Le
et J g S JgSle cdas oo Sidg |y Ol s
b (ST ol dsile ST Calien ool 5 55
oS 5 SN Sl el Gad 5 055
cban $ 51 e ime Cab Sy e Jdle ol JT
oty bl oins Ol oS 558 oo Jold 1) ke
A& APSIM-wheat J.. .(Keating et al., 2003) <!

YY¥

Kl a5 O e OS5 STl Ol )8
9 b coslanal 1 an (Y i) S Lg)jTC.o.-
Sladss STos Olavedens Lo g SleMbl 4l o
s 5l g o o] 2 (65558 sl S
S S s cadlllan 3, e (slaolins! 51 & e )
by o sailze 5 At (5,8 0310l Sl Sy dn
s Soil Water Characteristics JIJ-_MU' Seslaul U
MMO&AJJAJ:&JT‘B;}SBQQQL&W\
prh S35 5 b 3Ly Il o 3 5l eslinl
L oS ol Sl SIgytn sla 555 danlons 51
b ¢l Jies laosls l glae gazee a3l
Gl ot o lajT oly S Lol 51 s
.(Saxton and Rawls, 2006)
S okl
R)M&ﬁbjﬂ@)aﬁbr.xf@brj)
obﬁo‘ﬂ‘ot.«»b;ﬁbdﬁrj);ﬁ\ el ()15
cb_w sl o Mol (slos 55 SLEl S5 @
,L&o,;f\/aj\gzﬁ),;f,avs)&\wﬁj
¢SS (6413~ .(Eskandari and Roustai, 2007) <!
s e 4 (Sl s ¢ 335 —
LYY wls a0 ke b SKist 5 by sl i
s sbieay (Mohsenzadeh et al., 2011) =l p 5 ¥4
OLedb| 51 (glas gazes APSIM-Wheat Jobe  vinly
S s S (2 L Jols AL S
ol S 35 5 ails 5, Shes 5 S5 550
Sl S s (Lo it il (LS Sl i
2ol (e glas )8 (6l Jue Ghse il
50— 3 .(Ahmed et al, 2016) L_il iws
Bl lyls 4 2laiTaY ag by e e
3y3me g s il (8l 5L 3558 (slaesls
48 ol ;S5 a3 L ) b 815 6Lzl
2 05) 613 p S (65558 a0 b g o DL
W 51T OF 53 (6558558 Sy 5 2l

4_:1{..)}_{ av\_:iaﬁ_:j ol Lg)j"-c.«q- JQL_A)T


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.2.2.5
http://agrobreedjournal.ir/article-1-1230-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-18 ]

[ DOR: 20.1001.1.15625540.1401.24.2.2.5 ]

1F4) Ol ¥ a)u‘r)%,w,u?L";)\,_\u;bjpbq,u"

C.L? 6l 3 Shes 5 655058 5lwans 5> APSIM-Wheat Jos el (8 0l oslitul glas 5 0 Slisle 3T SNl ¥ J 5

Table 3. Field experiments information used for APSIM-Wheat calibration for simulation of phenology and grain yield of wheat

Slasbe 3T slaw
Number of experiments

Lokl sbla s e e S e 4ls 5 Sles S5sss
Provinces Locations Variables Sources Cropping seasons Grain yield  Phenology
Ardebil Sy Ardebil sy 92 Mt 5 S35 1 2002 to 2012, 2011 22 9

Phenology and grain yield

. - “5"3)1‘-“9}65)5)3
5 50 5 o 1 1 1
East Azerbaijan 5,20k, Maragheh &1, Phenology and grain yield DARI 2003 to 2010 3 5

Hashtroud >, - 92 Shas 5 S35y ua NP 2013 to 2014 8 8
Phenology and grain yield

Kermanshah sl s Sararoud syl . Phenology‘ﬁ:n: dj graiﬁl ‘;I’;:ir DARI 2008 to 2009 2 2

. 4ils :)Q..o sl
Ol 5 S 22 14
Kurdistan ot s Qamlou Sk Phenology and grain yield DARI 2002 to 2010

Bijar . 9128t 5 $5058 A WP 2015 1 1
~  Phenology and grain yield

Dehgolan  o5&as 9128t 5 $5355 A WP 2015 1 1
Phenology and grain yield

Divandarre . y» 9128t 5 $5055 A WP 2015 1 1
" Phenology and grain yield

. als s Sles 5 55958 }
Saghez “~ " Phenology and grain yield MIA-NWP 2015 ! !

Sanandaj g 92 Ses 5 S35\ A Nwp 2015 1 1
Phenology and grain yield

.. . . als s Sles 5 55958 .
£l 3 7 A 1.,,2012) 201 1 1
West Azerbaijan . ol0,3T  Urmia 4yl Phenology and grain yield (Arjang et al., 2012) 2010

YYo
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Table 4. Results of APSIM-Wheat model calibration for simulation of phenology and grain yield of wheat using
experimental data of Qamlou, Kurdistan province

s b Fb P e
Cropping seasons Rainfall (mm) Crop variable
ol odaline olkd (g lwacd
Observed Simulated
2002-03 av-yvm 466 Anthesis (DAS*) € 231 233
Physiological maturity (DAS) <554 58 S o) 261 266
Grain yield (kg.ha?) 6ls 5 Sles 1807 1801.3
2003-04  Av-yray 453 Anthesis (DAS) SAE 229 229
Physiological maturity (DAS) <554 58 S, 266 264
Grain yield (kg.hat) 613 5 Shes 2082 2121
* DAS: Days after sowing S5 5ss 7 DAS
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Table 5. Results of APSIM-Wheat evaluation for grain yield and days to anthesis and physiological maturity of wheat

ST sl asls
Statistical indices

AL s,
Days to anthesis

S5 g5 S des U 50

Days to physiological maturity

PHEY :)QA;
Grain yield (kg.ha't)

ol odalin  odd (g lwand ols odaline olds (83 lwancds odd odaline  odd (g ludnd
Observed  Simulated Observed Simulated Observed  Simulated
Mean oSGk 215 218 252 252 2245 2249
Minimum S 117 131 169 161 890 752
Maximum i 249 239 274 272 3956 3419
N o tabe3T sl 52 52 52 52 89 89
R? s 0.80 0.88 0.64
NRMSE s Jle i Slay o 5:Ske sl o 0.29 0.16 7.21
CRM st oo b -0.018 0.002 -0.002
D-index Ser o 0.091 0.013 0.037
* DAS: Days after sowing S e 55, DAS
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Fig. 3. 1:1 plot of simulated vs. observed values of days to anthesis (a), physiological maturity (b) and grain yield (c) of rainfed wheat cultivar Sardari
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Evaluation of the efficiency of APSIM-Wheat model for simulation of phenology
and grain yield of bread wheat (Triticum aestivum L.) in drylands of west and
northwest of Iran

Kheiri, M.1, and J. Kambouzia?

ABSTRACT

Kheiri, M., and J. Kambouzia. 2022. Evaluation of the efficiency of APSIM-Wheat model for simulation of phenology and
grain yield of bread wheat (Triticum aestivum L.) in drylands of west and northwest of Iran. Iranian Journal of Crop Sciences.
24(2): 118-135. (In Persian).

Crop simulation models are valuable tools for prediction of crop performance under various weather
conditions and allow designing methods to limit the negative impacts of adverse environmental constraints.
Agricultural Production Systems siMulator (APSIM) is a comprehensive model that simulates the performance
of a wide range of crops in response to climatic, soil and management factors. In this study, the performance of
APSIM-Wheat model in simulating dryland wheat phenology and grain yield was evaluated for the first time in
the dryland wheat belt of west and northwest of Iran. Model calibration and evaluation was performed using
information of 91 experiments from 11 research field stations in five western and northwestern provinces of Iran
from 2001 to 2016. Results showed that the mean observed and simulated days to flowering and physiological
maturity were 215 and 218, and 252 and 252 days after sowing (DAS), respectively. These were further
supported by an acceptable range of statistical indices of NRMSE (0.29 and 0.16%), CRM (-0.018 and 0.002)
and D-index (0.091 and 0.013), for flowering and physiological maturity, respectively. The observed and the
simulated mean grain yield were 2245 and 2249 kg.ha'*, respectively. The values of nRMSE (7.21%), CRM (-
0.002) and D-index (0.037) showed that APSIM-Wheat performed quite satisfactorily and could be considered in
planning to increase dryland wheat production in west and northwest of Iran. The overall results of this study
showed that the APSIM-Wheat model can be used to determine the best crop management practices, yield gap
analysis, climate change impact assessment and climate change adaptation strategies in dryland wheat fields in

western and northwestern of Iran.
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