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1- Elite Regional Wheat Yield Trials
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Fig. 1- Indicated locations of field research experiment and harvested area of irrigated wheat
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Table 1- Some important characteristic of the studied cultivars

Copoguas Jo e iy o ol
Character Shahriyar  Pishtaz Tajan Chamran
by Jl 2002 2002 1995 1997
Release year
CuiS (gl qunlie 3blLo e e sk ye g P
Suitable areas for cultivation Cold Temperate Humid Tropical
sy enle alies o)lee o)lee o)lee
Growth habit Winter Spring Spring Spring
ab 5 Sles 4:Ske
672 7400 6300 5600
Average of grain yield (kg.ha) 720
Sle> 4 Sl polie polie plie olesdos
Lodging resistance Resistant ~ Resistant Resistant Semi sensitive
b i) & STy polie plie polie 4ol ol
Threshing resistant Resistant ~ Resistant ~ Semi resistant Sensitive
Oz o (sl 12.2 115 12,0 104
Average of grain protein
S e ojs ol 38 44 38 39

Average of 1000- grain weight (g)

Source: SPII (2015)
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Table 2- Specifications of experimental data used for calibrating and validating the model

&l 00 o3l] JLlw dlaas Slod Silie (5> Sle 5L cpuSibe

" Fri%W J 5 .

o3, ] Number of years for Qb up’c W)l Jolas PSlas Annual
. Location . . Wil 2Ll .
Cultivar Lowwly oyl | lat Alt. (m) Mean Tmin Mean rainfall

Calibration Evaluation ong- at (9] Tmax (°C) (mm)
< 4 5 49.78 34.72 1703 7.1 20.8 333
Arak
)l
. 2 3 48.42 38.33 1314 2.2 15.9 224
Ardebil
81
o 3 3 52.63 30.90 2300 6.2 19.6 323
Eqlid
O‘M
4 4 48.41 34.14 1678 6.5 21.1 376
Hamedan
e 1 2 45.00 3856 1103 5.5 18.7 290
Khoy
L Y -
Al Hese 4 5 59.63 3624 999 8.6 21.9 252
Shahriyar ~ Mashhad
PR
K 3 4 46.50 36.97 1300 5.6 19.9 294
Miandoab
095 4 4 5259 3570 1279 6.9 21.3 316
Qazvin
f’w 4 4 46.24 38.12 1361 7.2 18.2 280
Tabriz
409
8 1 2 45.55 37.66 1230 5.1 17.6 326
Uromich
s
. 2 3 48.52 36.66 1659 4.0 18.0 300
Zanjan
rox 3 3 4876  33.92 1629 8.3 21.4 453
Broujerd
bl
e 3 3 51.71 32.52 1550 9.2 23.5 126
Esfahan
olisle S
3 47.15 34.35 1319 6.1 22.8 436
iy Kermanshah
Pishtaz el 3 50.63 3624 999 8.6 21.9 252
Mashhad
spelds
3 58.80 36.27 1213 6.8 22.0 243
Neyshabour
o 2 2 52.70 29.78 1596 8.0 25.1 322
Zarqan
Wiy
) 4 4 55.21 37.27 37 12.8 24.6 450
Gonbad
et .55
o Bt 4 4 5441 3691 0 12.7 22,9 587
Tajan Gorgan
i
Lok 4 4 47.78 39.60 73 9.8 20.6 277
Parsabad
NS
I 5 6 48.74 31.34 23 17.9 33.0 209
Olyex Ahwaz
ol
Chamran ~° 5 6 5430 2879 1098 14.4 29.8 251

Darab
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Jsis
5 6 4838  32.40 143 16.1 323 389
Dezful
)
Hen 5 5 60.72 2723 591 19.3 34.2 113
Iranshahr
SUlp 5
5 6 4828 3344 1148 9.1 25.3 495
Khorramabad
Hi 4 5 61.54  31.89 489 14.7 29.7 58
Zabol

liseo 3ble )3 S (aleond 9 (Kb SS9 -Y Jgsa
Table 3- Soil physico-chemical properties of different locations

Location Clay Silt Sand Permanent <=l Saturation Bulk density Organic H
(%) (%) (%) wilting point Field capacity (g-em™) carbon (%) P
Shl 23.1 344 425 0.14 0.26 0.40 1.40 0.67 8.4
Arak
3! 240 32.6 434 0.15 0.27 0.40 1.32 1.02 7.8
Ardebil
5! 225 327 4438 0.14 0.26 0.40 1.36 0.77 8.2
Eqlid
Ol 21.6 34.1 443 0.13 0.25 0.40 1.41 0.74 8.2
Hamedan
s 23.8 343 419 0.14 0.27 0.40 1.41 0.97 7.8
Khoy
e 20.1 36.0 439 0.12 0.25 0.39 1.33 0.86 8.3
Mashhad
Clavle 277 339 384 0.17 0.29 0.41 1.43 0.77 7.7
Miandoab
C’”’? 248 31.8 434 0.15 0.27 0.40 1.37 0.99 7.7
Qazvin
e 23.8 353 409 0.14 0.27 0.40 1.41 0.66 8.1
Tabriz
d0g,l 234 33.6 43.0 0.14 0.26 0.40 1.39 0.76 7.6
Uromieh
Ol”?” 23.1 33.0 439 0.14 0.26 0.40 1.42 0.74 8.0
Zanjan
a’??"" 248 327 425 0.15 0.27 0.40 1.42 0.64 8.0
Broujerd
o] 21.7 342 441 0.13 0.25 0.40 1.41 0.64 8.5
Esfahan
oLdle,s 26.7 332 40.1 0.16 0.29 0.41 1.43 0.75 8.2
Kermanshah
sl 204 36.0 43.6 0.12 0.25 0.39 1.38 0.57 8.4
Neyshabour
b5 237 32.6 437 0.14 0.26 0.40 1.44 0.70 8.2
Zarqan
.l 17.6 309 51.5 0.11 0.22 0.39 1.51 0.67 7.8
Gonbad
o85S 243 335 422 0.15 0.27 0.40 1.42 2.38 6.6
Gorgan
ol 21.0 335 455 0.13 0.25 0.39 1.52 0.66 7.6

Parsabad
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il 24 343 433 0.14
Ahwaz
<l 227 333 440 0.14
Darab
I3 242 335 423 0.15
Dezful
AR e 316 446 0.14
Iranshahr
SLless 280 343 377 0.17
Khorramabad
‘.
g 21.8 30.6 476 0.13
Zabol

0.26

0.26

0.27

0.26

0.30

0.25

0.40 1.58 0.46 8.2
0.40 1.39 0.73 8.1
0.40 1.62 0.56 8.0
0.40 1.48 0.63 8.2
0.41 1.45 0.77 8.3
0.39 1.52 0.57 8.1
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i 3, 0 sl ol (555 ey s o 5

S5 290 j9y 423 (4392 98 Copmwluas ¢(gjlun o 4 i 1S o0
b 05 g9 315l 2y90 gy ey (S5 GEET B S5alse )
Wb Ab) Gy 0355y j (yig 0 A DA Cann ¢ Sduwwy U
jor 42> (F Jgi) 095 kb alold 5 dble Sis 9 S
e ol 55 48] 3 (P1) JS (5581 6 ssaln 3 5 5,0
> (PPSEN) 35 55 5 (VSEN) (55Lwo,lpe 4 il 5
95 31 35 2y90 G 42> Cwiren )15 o Sl 093 ol ($55leid
S PS gl g 55 Sojglansed (S U Al b
5 (GRNO) asb shws b bowgs aiby 5, Sloe Jounsily dga 0

S Lliss 0B8] (g1 o (2iwly (Suiif cl b - € g
Table 4- Main genetic coefficients used in model for different wheat cultivars

Al gy ) Ak s e o8 e
Parameter definition Unit Parameter Shahriyar Pishtaz Tajan Chamran
J{S ol
ek s - VSEN 2.05 100 1.00 1.00
Sensitivity to vernalization
mwShsels - PPSEN 5.7 52 49 438
Sensitivity to photoperiod
J5 ST B 3l 5153 3,90 59 e
Thermal time from emergence to the end of °C P1 300 280 270 250
juvenile
Sy B IS 518 9y 515 3590 g 42
Thermal time from beginning of grain filling to °C P5 720 780 700 720
maturity
95 sk ol
© PHINT 85 83 82 80
Phyllochron interval ¢
Al D g Egpb loj )0 Bl 59 il dlas
Coefficient of kernel number per stem weight at ~ kernels.stem weight ' GRNO 37 36 28 34
the beginning of linear grain filling
4y Ay sy @Sl 4 4
kernel™. MXFIL 1.8 2.6 2.4 2.4
Potential kernel growth rate mg kernel ".day
Blo S5 led S g Jemiliy
Potential final dry weight of a single tiller g STMMX 3 3 3 3

excluding grain
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S s plosl (RMSE) e clay po (1 Sikes jdo s 4 ydins
)b 5 (235 )b il Ll ol ygo s o g 028
29 S ghw (el g Seid odle e s 9 (S
5,5 I8 oxiwly 5y5 0 aih 5y Slos g 3, Sloe glinl wolys
Pl Lol Jas 4ol )5 (Hoogenboom et al., 1999)
35,38 o 5L a3 JS )b » PHINT 4 PPSEN (VSEN
aloye o ke 4l g o Sie ((rily Al pe cpl (¥ o)
cads 0 a0 1S Aol lmodh jleolasl (Jg el oxiuls
alyd ol 5585 3y9l o cilises (sla Lo g waldl 51 oaog
59> &4 ) 5SasS RMSE & (e 5l (292 2815 sedo )l
)9 (S ey )b PS el o s b (23 5 )6 ol
o) ol ddl ;55,5 PS Jlide dp ja oS CES )5 oty
IS g yiall So L i g dlepe pl ) 9 o0 )
59y cin 3,568 RMSE jlucde .l gl ol (ouly woyb
4 Cog day dye )3 08 485l )5 caslie (S F)b
sebay 4 S 4wy MXFIL  STMMX GRNO ¢l il
Js-s8 6 IRMSE ey b 358,85 (oxily 3550 clejon
aS oylal ola a3l w4l 5,Shas (gl (Moyd Yo LY)
sl U Jis (gilwad jl ol glaosh ol awslis (4ly
s 4 Sle yia RMSE ol 8,3 13 ol )90 o8lg
bwgio sllas (d) waeliy 33ly Lasls (NRMSE) ouis Jlo g
OS] dunlie cps RMSE l.ags (R?) Jasuis co s ¢ (ME)
Mo doulis . odlitul i sdalin 5 0l (gilwdnd polie oy
aogd AY e B Ve o o Jle gilwans a5L 7V - ) S nRMSE
d9-bie gyl hnd ¥ | jidi g bausgie ¥ BV
Luwg odol Condas d lade 4> b cpisen (Yang et al., 2014)
Gilwan s > Jae o ol o] Sl il 5Sonp G a Jde
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Table 5- Calibration results for DSSAT-Nwheat in predicting anthesis day, maturity day, and grain yield for four wheat

cultivars
A@:‘é‘ °::? Ufc;uﬁlfls‘ 39 . _Swil 6 «—;»li 5‘159; &l 3,Skos
. _— nthesis day after planting aturity day after planting R 1
,;,.9. J) d.ﬂam (DAP) (DAP) Grain yield (kg.ha™)
Cultivar Location o oaalio B (6 jlwdand o oadliio bl (gilwdmad  duwd sl o (g 3Lwdnud
Observed Simulated Observed Simulated Observed Simulated
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Tajan Ui eyt
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Average 147 147 191 192 4466 4618
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Fig. 2- Observed versus simulated anthesis day after planting with the DSSAT-Nwheat model for wheat cultivars a)

Shahriyar, b) Pishtaz, c¢) Tajan, and d) Chamran
Line 1:1 and statistics for evaluating model performance were shown in each graph.
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Fig. 3- Observed versus simulated maturity day after planting with the DSSAT-Nwheat model for wheat cultivars a)
Shahriyar, b) Pishtaz, c¢) Tajan, and d) Chamran
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Line 1:1 and statistics for evaluating model performance were shown in each graph.
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Fig. 4- Observed versus simulated grain yields with the DSSAT-Nwheat model for wheat cultivars a) Shahriyar, b) Pishtaz, c)
Tajan, and d) Chamran
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Line 1:1 and statistics for evaluating model performance were shown in each graph.
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Table 6- Summary of model calibration for predicting anthesis and maturity days and grain yield for four wheat cultivars

©lio 2 bof PIPIS iy o olre
Variable Evaluation stat Shahriyar Pishtaz Tajan Chamran

S By RMSE 2.62 2.59 2.60 3.78
Anthesis day nRMSE (%) 1.51 1.49 1.50 2.18
d 0.99 0.98 1.00 0.99

R2(1:1) 0.98 0.96 0.99 0.98

Sy U ) RMSE 2.98 3.24 2.74 3.49
Maturity day nRMSE (%) 1.36 1.48 1.25 1.59
d 0.99 0.98 1.00 1.00

R2(1:1) 0.97 0.91 0.99 0.99

&b 5, Sles RMSE 708 559 536 722
Grain yield nRMSE (%) 12.6 9.9 9.5 12.8
d 0.65 0.77 0.84 0.90

R2(1:1) 0.19 0.45 0.57 0.71
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Introduction

Crop models can integrate the complex interactions of soil properties, climatic conditions, crop management
practices, and crop genetic characteristics. One of the main aspects of crop simulation models is the possibility to
use them across various environmental and management conditions, provided that they have been evaluated
under a wide range of growing conditions. The Decision Support System for Agrotechnology Transfer (DSSAT)
modeling platform is leading crop modeling system that is widely applied in various environments. Testing crop
models under various temperature environments are essential to apply models to climate impact studies. The
objective of this study was the testing and evaluation of DSSAT-Nwheat model across a wide range of climate
conditions in Iran.

Materials and Methods

Nwheat model, which recently integrated into DSSAT, was evaluated for four wheat cultivars using
observations from field experiments included a wide range of climate and management. Cultivars were
Shahriyar, Pishtaz, Tajan, and Chamran cultivated in cold, temperate, humid and tropical regions in Iran,
respectively. The locations represent four different wheat mega-environments, a concept used by wheat breeders
for testing cultivars. The management information used at each site was obtained from the Seed and Plant
Improvement Institute. Daily weather data, management events, and soil characteristics imported to DSSAT. The
performance of the DSSAT-Nwheat during the calibration and evaluation was assessed using different statistics,
Root Mean Square Error (RMSE), Normalized Root Mean Square Error (nRMSE), Willmott’s index (d), and
coefficient of determination (R?) of a 1:1 regression line. A sensitivity analysis was conducted using 30 years of
observed weather data from Tabriz, Mashhad, Gorgan, and Ahwaz. For the sensitivity analysis scenarios, the
temperaturewas increased by 3, 6, and 9°C, and atmospheric CO, concentration levels were set at 360, 540, and
720 ppm.

Results and Discussion

Evaluation results showed that DSSAT-Nwheat model simulated planting to anthesis and planting to maturity
accurately with RMSE values less than four days, nRMSE less than 3%, and d index close to one. Also,
evaluation of grain yield showed that RMSE varied from 568 kg ha'! for Tajan cultivar up to 933 kg ha'! for
Chamran cultivar. In general, nRMSE and d index for grain yield were less than 20% and higher than 0.8,
respectively, which showed good calibration accuracy. In DSSAT-Nwheat model, the specific heat stress
function explains heat stress effects during grain filling on grain yield in cultivars. Chamran cultivar is somewhat
resistant to end season heat stress, so the DSSAT-Nwheat model underestimated in the warm regions. Because
the cultivars differ regarding resistance to the end season heat stress, crop models need to consider cultivar-
specific tolerance to heat stress to better simulate temperature effects on wheat cropping systems. The response
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of the model to the increase in temperature was different in regions and levels of CO, concentrations. Elevated
atmospheric CO: concentrations lessened some of the adverse effects of high temperature. Therefore, the
sensitivity analysis of DSSAT-Nwheat model to temperature variations and elevated atmospheric CO»
concentrations showed that the model could be used in studies of climate change impacts on wheat production.
This model can be employed to explore the integrated effects of temperature, atmospheric CO.concentrations,
water, nutrients, and agronomic management practices in a range of wheat growing environments.

Conclusion

The results of this study showed that the DSSAT-Nwheat model had reliably good performance under a wide
range of management and environmental conditions. This calibrated model can now be used for assessing
impacts of various agronomic management strategies and decisions in wheat cropping systems under current and
anticipated climate change. But more importantly is the calibration method and using a large number of
climatological data to calibrate.

Keywords: Climate change, Developmental stages, Genetic coefficients, Modeling, Sensitivity analysis



