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Article Info ABSTRACT

Article type: Background and Objectives: Crop simulation models are widely used in
Full Length Research Paper  the analysis of cropping systems, climate change and crop management
methods. It is a good tool for completing and developing the results of
field trials to evaluate new cultivars and new management systems. The
aim of this research was to simulate the phenological stages and yield of
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Materials and Methods: In this study, in order to evaluate the
Keywords: performance of the DSSAT-Nwheat model, the data drived from a
Climate change, two-year experiment (Growing seasons 2019-2020 and 2021-2020), in
Eﬂfgg:?:gprovmce, which four new bread wheat cultivars were studied under seven sowing

dates as split plot based on randomized complete block design (RCBD).
Seven sowing dates (from 1 November to 31 December, 10-day intervals)
were placed in main plots and four bread wheat genotypes (including
Arman, Araz, Taktaz and N-93-9) were placed as subplots. The data
derived from the first year and the second year were used for calibration
and validation of the model, respectively. In addition to field data, daily
meteorological data, management events, soil characteristics and
geographical coordinates were provided to DSSAT 4.7 software. After
determining the genetic coefficients of each genotype, the model was
calibrated for different traits and subsequently the same coefficients were
used to validate the model. Using statistical indices, the simulated values of
the model were tested with the observed values.

Sowing date

Results: The results showed that the phenological stages including day to
anthesis and day to maturity were simulated with root mean squared error
(RMSE) equal to four days, and normalized root mean square error
(NRMSE) less than 3%. RMSE for grain yield and biological yield were
416 kg ha® and 1000 kg ha™, respectively, and nRMSE values were
between 7-8%. In water productivity based on grain yield and biological
yield, nRMSE values were 6.21% and 7.53%, respectively, and RMSE
values were 0.93 kg ha™ mm™ and 2.91 kg ha™ mm™, respectively. In all
the simulated traits, the Willmott's agreement indices (d) and the
coefficient of determination (R?) were in the acceptable range, which
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showed the proper performance of the DSSAT-Nwheat model for
simulating these traits in different bread wheat cultivars.

Conclusion: The results of this study showed that the DSSAT-Nwheat
model had proper performance for simulating phenological stages, grain
yield, biological yield and water productivity in four cultivars including
Araz, Arman, Taktaz and N-93-9. The nRMSE values for all studied traits
were between 6-8%. The cultivars studied in this study are the latest
cultivars released for the northern warm and humid agro-climatic zone,
Iran, in the next few years, they will occupy a large area of wheat
cultivation in Golestan province. Therefore, it seems that the results of this
study can be used in the decisions of wheat cultivation systems, different
effects of agricultural management and current and future climate change
in Golestan province.
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Table 1. Meteorological statistics of Gorgan agricultural res#earch station during two years of the experiment
(2019-2021)".

Jb grame Tl e b Sl (o0 s g, S oS
(csl) 53, Cradhen) 500 i o C)
L (celn) (As)3) oo Mean .
Accumulated Precipitation i t " Mean maximum
L day length (mm) Accumulated actual Mean relative empf(r:a ure temperature
h sunshine (hour) humidity (%) ) (°C)
Month (hour)
4A-44,94-+ 4 4A-44  44—.s 4A-49 44-++ 4444 44-.h 4A-44 44—t 4A-4q  44_..
2019-2020 2017- 2019- 2017-2018 2019- 2017- 2019- 2017- 2019- 2017- 2019-
2020-2021 2018 2020 2020 2018 2020 2018 2020 2018 2020
oLl
o 312.7 106.1 24.4 156.6 1745 76 71 14.4 15.9 19.8 22.4
Oct23-Nov21
51
> 291.0 8.1 37.2 160.9 925 77 81 10.0 8.1 154 12.7
Nov22-Dec21
&2 291.4 115 219 151.8 154.5 75 74 8.7 7.2 14.7 13.6
Dec22-Jan20
S 314.1 276 250 193.5 1650 71 874 8.7 94 156 162
Jan21-Feb19
i
e 335.7 57.4 72.3 132.5 149.5 80 72 11.7 8.4 17.8 14.6
Feb20-Mar20
;37 396.2 61.7 16.8 118.2 187.5 81 71 13.0 16.3 17.7 23.6
Mar21-Apr20
Cdg s
i 431.2 39.8 138 184.2 209.2 76 70 19.3 21.3 25.6 28.1
Apr21-May21
b
= 455.0 0.4 9.4 299.8 2474 64 66 265 271 345 343

May22-Jun21

i an S 08 3 (g5,5LaS Slidos oKl (6 20k G 5 ol8n s 5 o] 5l wliiln JLT#

# Meteorological information obtained from Gorgan airport station located one kilometer from Gorgan agricultural research station
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Table 2. Main genetic coefficients used in DSSAT-Nwheat model for wheat cultivars.
osleds bl

55 ) g2 =Y Jgder

. A Al
Parameter definition Falil i e
No.  Parameter Unit
1 VSEN Sensitivity to vernalization Ssleelg o ol
2 PPSEN Sensitivity to photoperiod BEPRUP R VEGTIS
3 p1 Thermal time from seedling emergence to end b 5wl 5156 2050 S0 a0 )
of juvenile phase U5 asled
. N . Wl OAS 5y o950 515k 3550 555 a3
4 P5 Thermal time (start of grain filling to maturity) _ (°C)
S b
2 e Oley ys Bl O3 4ls slaas
5 GRNO Kernel number per stem weight < kernel/
PHENER g-stem
-1
6 MXFIL Potential kernel growth rate wls )y Co e S Ll mng;ezyrgel
7 STMMX Potential final dry weight of a single tiller Sl S gl Sax 035 Jely g stem™
S5 sb om psY ol Ol °C-
8 PHINT Phyllochron interval ("°C-days/leaf appearance) f _ C-days/leaf
Je S g appearance
RS (AF2) skl Slsr s S LAI
9 ADLAI Threshold aeration deficit (AF2) affecting B )
Sj.g ch.w u.a;-LI:
bl o S plend 5 (S5 sl Sy Y Jsux
Table 3. Physical and chemical characteristics of soil of experimental site.
Depth (cm) G.s
Soil characteristic Sl gls S
0-15 15-30 30-45 60-90
pH s de! 7.20 7.30 7.30 7.30
Ec (dSm™) Soss 1.35 1.27 1.42 1.41
Organic carbon (%) S S dess 1.50 1.10 0.60 0.40
Total nitrogen (%) O Aoy 0.15 0.11 0.06 0.03
Available phosphor (ppm) s LB b 8.60 4.80 2.00 1.01
Available potassium (ppm) o BB el 333.00 220.00 108.00 70.00
Bulk density (g cm™) ol osase O35 1.44 1.41 1.40 1.40
Soil texture Sk sl
Clay (%) oo Ao 28 30 34 33
Silt (%) e Lo s 54 52 52 52
Sand (%) o e s 18 18 14 15
Water content Sk O gl gme
Saturation point (%) (6m) (o Ao 2) pLil alals 49.9 52.2 51.90 60.00
Field capacity (%) (6m) (o= dod) s &b b 27.7 27.0 6.27 7.27
Wilting point (%) (6m) (on Mo y3) @513 S3 05 alail 13.1 12.3 9.80 9.80
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Table 4. Genetic coefficients of DSSAT-Nwheat model for four bread wheat genotypes.

ol el el i s 50,0 Ol N-83.9 5L
No. Parameter Parameter definition Araz  Arman Taktaz
sLas ol
1 VSEN $leosler 0 = 2 15 19 1
Sensitivity to vernalization
2 PPSEN 392 dsb 4 ol 4 4 39 3.9
Sensitivity to photoperiod
3 P1 JS AT 3elr S 2 505 50 370 380 385 340
Thermal time from seedling emergence to end of juvenile phase
4 P5 S B O 2 51 S 2 53 w00 610 660 700 600
Thermal time (start of grain filling to maturity)
5 GRNO PHESCR g Fors Oloj yo aBlu O35 2 4l slaws 80 82 90 80
Kernel number per stem weight
s A,y & S| HES
6 MXFIL Sy e Sl el 28 30 29 28
Potential kernel growth rate
HIVEE P S O Ly
7 STMMX © wle S 055 Sty 1.9 29 2 14
Potential final dry weight of a single tiller
8 PHINT S S 92 S50 eV AUl ey 3 3 1 3
Phyllochron interval ("C-days/leaf appearance)
S, s, S5 (AF2) Sl
9 ADLAI g AL g e (AFD) Wl lor 5 -5 08 08 0.7 0.7

Threshold aeration deficit (AF2) affecting LAI
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Table 5. Simulated and observed values of day to anthesis, day to maturity, biological yield and grain yield of
four bread wheat genotypes using DSSAT-Nwheat model.

A 5y, She, boal 5y, (Kghah) ey s Shes (Kgha') &ls s Shee

Ve, Sesls &b Day to anthesis Day to maturity Biological yield (Kg ha?) Grain yield (Kg ha™)
CL:_ITivar/ SOWir;_g sldealise St olodaline St odkiedalin S odkdiedalin St
ine Date ol ol ol oAl
Observed Observed Observed Observed
Simulated Simulated Simulated Simulated
(SD1) Jsl 150 155 188 193 16089 16985 5840 5807
(SD2) ¢35 145 152 183 190 15833 16912 5993 5672
(SD3) p 5 144 145 180 181 15194 16023 6154 5349
ST (SD4) ¢lex 140 138 173 171 14125 14116 5993 5207
Araz (SD5) oy 132 130 161 159 12278 13465 4897 5042
(SD6) iz 120 121 149 150 11789 13158 4387 4872
(SD7) pxin 109 113 137 141 10250 11961 3577 4070
Mean S0l 134 136 167 169 13651 14660 5263 5146
(SD1) Jsl 153 156 192 195 15917 17231 5780 6176
(SD2) ¢35 147 153 186 192 15517 16800 6417 5687
(SD3) ¢ 5 146 146 183 183 15394 16183 5561 5559
oloT (SD4) ¢,lex 141 139 175 173 13406 14407 5477 5445
Arman (SDS) (o 135 131 165 161 12923 13834 4870 5299
(SD6) i 122 122 151 151 12350 13397 4473 5046
(SD7) pxin 111 114 139 142 11147 12193 4490 4592
Mean 0L 136 137 170 171 13808 14864 5295 5401
(SD1) Jsl 150 158 188 196 15658 16618 5933 5727
(SD2) ¢ 145 154 184 193 15500 16287 6043 5456
(SD3) p 5 144 148 181 185 15111 15438 6073 5439
(SD4) ¢le 140 141 173 174 12452 13880 5380 5150
N9 (SD5) o=y 132 132 162 162 12319 13363 4807 5044
(SD6) iz 120 124 149 153 11688 12889 4580 4760
(SD7) pxin 109 116 137 144 11089 11680 4133 4017
Mean 3L 134 139 168 172 13402 14308 5278 5085
(SD1) Jsf 147 147 185 185 15683 15971 4660 5263
(SD2) 5> 143 147 181 185 15254 16563 5275 5481
(SD3) ¢ 5 141 140 177 176 14550 15661 5635 5576
s (SD4) el 138 134 172 168 13167 13043 5447 5059
Taktaz ~ (SD5) o=y 129 126 159 156 12490 12513 4900 4683
(SD6) i 117 118 147 148 11817 12420 4568 4450
(SD7) s 107 110 135 138 10514 11582 4125 3671
Mean .St 132 132 165 165 13354 13965 4944 4883

iy S 6 (3T ) poler S b (OLT ¥0) psmn 2slS &= (LT Y4 P53 S b (OLT V) Jsl csls @N

(53 V1) pia SIS Gl 5 (OLTT) it il 5, (3T Y)
Ysp1 (01 November), SD2 (11 November), SD3 (21 November), SD4 (1 December), SD5 (11 December), SD6 (21 December)
and SD7 (31 December)
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Table 6. Values of model statistical indices for phenological traits and yield in different bread wheat genotypes.

= i RMSE nRMSE d R? CRM

AU 5,
Day to anthesis

3.78 281 0.98 0.95 -0.01

;J-:*"J TP

- 3.78 2.26 0.99 0.97 -0.01
51 Day to maturity
Araz -
) 2Nt 1125.36 8.24 0.92 0.95 -0.07
Biological yield
1y s Slas
R 516.76 9.82 0.87 0.80 0.02
Grain yield
A6
S 3.25 2.38 0.99 0.95 -0.01
Day to anthesis
il
oo B 3.25 1.91 0.99 0.97 -0.01
abe,i Day to maturity
Arman P
) 2Nt 1070.21 7.75 0.91 0.99 -0.08
Biological yield
1y s Slas
wR s 416.36 7.86 0.85 0.64 -0.02
Grain yield
A6
<t 52 5.69 4.24 0.98 0.95 -0.04
Day to anthesis
il -
e B30 5.69 3.40 0.99 0.97 -0.03
Day to maturity
N-93-9
) 2N 968.70 7.23 0.93 0.96 -0.07
Biological yield
1y s Slas
©R e 367.21 6.96 0.91 0.86 0.04
Grain yield
A6
S0 2.90 2.20 0.98 0.96 -0.01
Day to anthesis
il -
e U5 2.90 176 0.99 0.99 -0.01
HLsS Day to maturity
Taktaz s Slas
R S 806.30 6.04 0.95 0.92 -0.07
Biological yield
1y s Slas
©R e 343.76 6.95 0.90 0.71 -0.05
Grain yield
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Fig. 1. Simulated values versus observed values in day to anthesis, day to maturity, grain yield and biological
yield in four bread wheat genotypes.
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Table 7. Simulated and observed values of water productivity based on biological yield and grain yield in the
four bread wheat genotypes using DSSAT-Nwheat model.

kghatmm™) sss Slee OF G e 00,6 kgha mm™) wls s Shae OF G om0 (550,40
} §.oae . o Water productivity based on biological yield Water productivity based on grain yield
Vs S b (kg ha* mm?) (kg ha'* mm™)
Cultivar/Line Sowing Date®

ol sdalie ol (g3l ol sdaline 0l (3l
Observed Simulated Observed Simulated
(SD1) Jy 411 43.4 14.9 14.8
(SD2) ¢ 5> 426 455 16.1 15.3
(SD3) ¢ 5 414 437 16.8 14.7
ST (SD4) eolex 416 416 17.7 15.8
Araz (SD5) 2=y 36.6 40.1 14.6 15.0
(SD6) niz 35.7 39.9 133 14.8
(SD7) ozis 33.2 38.8 11.6 12.2
Mean .S 38.9 41.8 15.0 14.7
(SD1) Js 40.7 44.0 14.8 15.4
(SD2) ¢35 418 452 17.3 16.3
(SD3) ¢ 5. 41.9 441 152 15.1
bl (SD4) )lex 395 2.4 16.1 16.0
Arman (SD5) 2=y 38.5 412 145 15.8
(SD6) (i 37.4 40.6 14.6 153
(SD7) (s 36.1 39.5 136 14.9
Mean L. 39.4 42.4 15.1 155
(SD1) Jsl 40.0 425 15.2 147
(SD2) ¢ 5> 417 4338 16.3 14.9
(SD3) ¢ 5 41.2 421 165 159
(SD4) ¢ lex 36.7 40.9 159 152
N-93-9
(SD5) 2=y 36.7 39.8 143 14.8
(SD6) iz 35.4 39.1 13.9 14.4
(SD7) (s 36.0 37.9 13.4 13.0
Mean .S 38.2 40.9 15.1 147
(SD1) Jsl 40.1 408 11.9 131
(SD2) ¢ 5> 41.0 44.6 14.2 14.1
(SD3) ¢ 5 39.6 427 15.4 153
s (SD4) ¢,le 38.8 38.4 16.0 14.9
Taktaz (SD5) 2=y 37.2 37.3 14.6 14.4
(SD6) i 35.8 37.7 13.9 135
(SD7) (s 34.1 37.6 13.4 12.9
Mean .Sl 38.1 39.9 14.2 14.0

iy S b (3T YY) pler S8 b (OLT ) oy oS Gl (OLTY0) pas IS sl (0L V0) Jsl sl s §
(53 V1) pia SIS Gyl 5 (OLTT) it il 5l (3T Y)

Ysp1 (01 November), SD2 (11 November), SD3 (21 November), SD4 (1 December), SD5 (11 December), SD6 (21 December)
and SD7 (31 December)
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Table 8. Values of model statistical indices for water productivity based on biological yield and grain yield in
the four bread wheat genotypes using DSSAT-Nwheat model.

Va3 e O b s
o e s S ook RMSE nRMSE d R CRM
Cultivar/Line Water productivity based on
i ‘MJ > ) 3.37 8.65 0.93 0.83 -0.08
50 Biological yield
Araz ils s Sles
£ 1.26 8.38 0.87 0.68 0.02
Grain yield
‘fw) > ) 3.06 7.76 0.89 0.95 -0.08
R Biological yield
Arman s s Sles
S 0.93 6.05 0.69 0.86 -0.18
Grain yield
et 2 S 2.82 7.37 0.91 083  -0.07
Biological yield
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Fig. 2. Simulated values versus observed values for water productivity based on biological yield and grain yield
in the four bread wheat genotypes.
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