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Introduction
Canola (Brassica napus L.) is known as the third most important oil crop in the world and is now cultivated over
a large area of the world's farms in rotation with various crops, especially cereals (Reddy and Redi, 2003).
Simulation models are a useful tool for predicting crop responses to different environments. The CSM-CROPGRO
model (Jones et al., 2003) was integrated into the Decision Support System for Agrotechnology Transfer (DSSAT)
for simulating spring rapeseed (Saseendran et al., 2010). Due to limited studies on simulating the growth and yield
of rapeseed in Iran, especially using DSSAT models, the purpose of this study was to calibrate and evaluate the
DSSAT-CROPGRO-Canola model for simulating the growth and yield of two canola cultivars with different
treatments of planting date and nitrogen in Karaj, Iran.
Materials and Methods
A field experiment was performed as a split-plot factorial based on a randomized complete block design with
three replications in 2017 and 2018. Two spring canola cultivars (Dalgan and Hyola-420) were planted under three
levels of nitrogen (0, 70, and 210 kg.ha) on two planting dates (28 Feb and 19 Mar). Planting date was considered
as the main factor, and cultivars and nitrogen levels were considered as sub-factors. Measured data during the
growing season were leaf area index (LAIl), total dry matter (TDM), yield and yield components, and dates of
flowering and physiological maturity. Daily weather data, management events, and soil characteristics are imported
to DSSAT. The first-year experimental data were used for calibration, and second-year data were used for model
evaluation of developmental stages, LAI, TDM, and grain yield. The performance of the DSSAT-CROPGRO-
Canola model during the calibration and evaluation was assessed using different statistics, root mean square error
(RMSE), normalized RMSE (nRMSE), Willmott’s index (d), and coefficient of determination (R?) of a 1:1
regression line.
Results and Discussion
The results of evaluating phenological stages (anthesis day, first pod day, first seed day, and physiological
maturity day) showed that the RMSE for the Dalgan cultivar was less than four days, and for the Hyola-420 cultivar,
it was less than five days. This indicates that the model performed excellently in accurately simulating
developmental stages. The model was able to simulate LAI up to the pod formation stage in different treatments.
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The nRMSE and d were 24.88% and 0.92 for the Dalgan cultivar and 22.72% and 0.95 for the Hyola-420 cultivar,
respectively.

The model was also able to simulate the total dry matter at different planting dates as well as different levels of
nitrogen fertilizer, and the values of nRMSE, d, and R2 for the Dalgan cultivar were 24.97%, 0.97 and 0.91**. For
the Hyola-420 cultivar, the values were 22.73%, 0.98, and 0.94**. Additionally, the nRMSE, d, and R2 values for
the number of grains per square meter were 14.97%, 0.98, and 0.91** for the Dalgan cultivar and 15.37%, 0.98, and
0.90** for the Hyola-420 cultivar, respectively.

The evaluation results for grain yield of canola cultivars showed that the RMSE was 395 and 265 kg.ha-1, d was
0.97, and R2 was 0.89** and 0.91** for Dalgan and Hyola-420 cultivars, respectively, confirming the high accuracy
of the calibration. Therefore, this model can be used to evaluate the different effects of crop management and make
decisions in canola cultivation systems. One of these decisions is to determine the best planting date for spring
canola cultivars in the region. Based on the long-term model simulation of cultivars in different planting dates, it is
recommended to plant spring canola up to 11 March in this region.

Conclusion

The results of this study showed that the DSSAT-CROPGRO-Canola model had reliably good performance
under different management and environmental conditions. CSM-CROPGRO-Canola model predicts grain yield
responses to management and environmental conditions well and can now be employed for assessing the impacts of
various agronomic management strategies and decisions making in canola production systems in Iran.
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Table 3- The calibrated genetic coefficients in the CROPGRO-Canola model with their default values and calibrated values
for two canola cultivars

Sl iy y IO o Y- Yola
Parameter Definition Defaultf  Dalgan  Hyola-420
PP-SEN (05 0092 Hlio 2 90) (gned Gl o _ 0011 -0021  -0.009

Slope of the relative response of development vs. photoperiod (1/h)
EM-FL , S ol 5 oz o ol 285 21.0 255
Time between emergence and flower appearance (PDY)
FL-SH 522 S 5 IS ol o oo 13 10 1
Time between first flower and beginning pod (PD)
FL-SD Qe 6 5 IS Ol o ol 19.0 145 175
Time between first flower and beginning seed (PD)
SD-PM 2P Ty 9 Gt W G ol 26.5 305 255
Time between beginning seed and physiological maturity (PD)
Time between beginning seed and end of leaf expansion (PD)
LFMAX _ S g e Sl 1.28 113 1.00
Maximum leaf photosynthetic rate (mg CO2 m-2 s-1)
SLAVR sl 13, Lulyd 53 03, o2y S 2 o 330 350 340
Specific leaf area of cultivar under standard growth conditions (cm2 g-1)
SIZLF BB el sl 100 100 110
Maximum size of full leaf (cm2)
XFRT 290 202 2 sy g & o Wligy 13, 5] e S 1.00 1.00 1.00
Maximum fraction of daily growth that is partitioned to seed-shell
WTPSD b s Sl 0.003  0.003 0.003
Maximum weight per seed (g)
SEDUR 3kl Loty jd M (gly yd s oy e 20 25 25
Seed filling duration for pod cohort under standard conditions (PD)
SDPDV Dl 13, Bl 3 S pm 2 22 18 18
Seeds per pod at standard growth conditions (no.pod-1)
PODDUR 3kl baylyds > B 13938 L) ke 10 10 10
Duration of pod addition under standard conditions (PD)
THRSH [V=(dtwgs + ab) &lb] Ll by as s 81 81 81
Threshing percentage [seed (seed + shell)-1]
SDPRO SRR on dep 0.23 0.23 0.23
Fraction protein in seeds (g. g-1)
SDLIP (W2 0k 2oy 0.480 0.403 0.417
Fraction oil in seeds (g.g-1)
Jeyisd 59,
i Photothermal day
B Eopd (BT £9y8) (S Sl (silodnd o g gl
oy o 45 01> Sl (Siolned Sy 5 4l S5 5 »
Jas il g

Iy ysSice Jolie s> <85 L DSSAT Jao Ygyls 5 505 b

RMSE e (235 b jgy (cly () JS5) ol 03905 (6 jlurdunsd
aS Sal Candds Youlo g 55 a6 (ol s iy 59, YISA 4 YT

Jgd 2 Yala 5 805 pB)l (gl (S5 cul b 291 2 ol
odnlin polis duglis wlwly Jao (suuwly bt .cuwl ods &) ¥
RMSE d)L.oi sl jad sl edlaiwl b oddd (g5lodndd g o

U 5oy gilwand 5 Jao Jlo oUlg onmd gl (g)lel jlxe 5 ol ol (F Jgas) 4 ploul R? ¢ D-index MRMSE
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polde U ad 2w SLAVR 4 SIZLF Ll puss b
c_i_’))J 0D d)ﬁfb)']AJ] Ll & ﬁﬁ @a.w u"-’>l~’ 0D L;)L»w
Dl ccwsas pgdhe gyl (o asls g RMSE sl 4 ond
2ol (luwdnd S o adld Xg) ¥ USS(V 9o
slajlos ¥ Yola o LS pLE)1 loanlin bla Jolie
—F ey Jlw 30 (598 (6965 ol 9 CublS o)l il
S ads o L 1y LAL caslys Jdo opl s o oyl 1) YYA0
R L;,L»M oS dL‘b)Lo.nj FRIRYESTS

£y (I y5> E9yd Silwdnnd 3 Jdo sl 039 (23 5
a5 ysbdr cunl 035y 3890 30 Sojelgn b (S g 4l JSS
7S Yala 08y (gl g 555 e jl %5 RMSE (505 o8, 4l
il €83 55 )l slagadly plo e g o) 75 ]
togeil @l cniomen (F Jgiz) 1S oo 2l 1y (5505 Sl
Gl V) s U oss o3l il g bad duglie 4 bigyye
I s 5 o 45 315 L ¥Y - Youla o K05 51 gg05 Jolye
ol gl me BBV Las b il s S, bas o

(8 Jsa)

1505 o8 90 Sy elaws 2 L g JS SKiis 83ko 3 ySdos il 3 )Sos « S 59098 Jol oo (g 3lwanm 5l S0 (Suwily guli —€ Joun

Table 4- Results of model calibration to simulate phenological stages, grain yield, total dry matter, and leaf area index of
two canola cultivars

o £Y+ Yol
Dalgan Hyola-420
Slhuo N 39950 oSbe j9do 39950 oSSbe j9do
Variable oSl Jby s Oley g R? oSl Jboyi s Olas e d R?
s 5lego " (1:1) W coleg o s D
RMSE NRMSE (%) RMSE nRMSE (%)
@B s g 2.31 4.05 0.97 0094 2.68 4.32 093 087"
Anthesis day
B0 B g 1.29 1.90 0.99 098" 1.91 259 0.98 097"
1t pod day
ob S ggrd o 3.03 3.98 095 0.94™ 5.02 6.27 087 0.82™
1%t seed day
uf%w)
RN 6 3.83 3.30 0.87 0.70 4.47 3.73 0.88 0.82
Maturity day
*s, 42 0.34 26.95 093 077" 0.50 32.22 093 0.75™
LAI
JS Szs ool
Total dry 57 1086 19.43 098 0.92™ 1224 25.59 097 0.95™
matter (kg.ha"
D)
2 &l sl
&y 6 5980 9.85 0.99 097 14130 34.33 0.89 0.80™
Number of
seed (#/m?)
&by > Slos
Seed yield 6 140 8.61 0.99 097 241 23.37 0.95 0.88™
(kg.ha't)

(Ao i) (230295 Al yo U 03 093 shil | Sy s a3 L
*: LAI from the beginning to the pod formation (7 stages)
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Dalgan Hyola-420
140 — 140 ,
& Anthesisday .

2120 1 A 1stpodday 120 n
€
S 100 © I1stseedday 100
o m  Maturity day
5 .
£ 80 9 ------- 1:1line 80
©
>
8 60 - 60
B g
£ 40 y = 1.0255x - 2.0621 40 p y =0.9805x +2.6328
E o R =0.9873** e R =0.9759**
5 7 01

0 ” T T T T T T 0 T T T T T

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Observed day after planting Observed day after planting
O3 e8] (sloanlite o3l hilio 43 0ud (65 luvend SQ5el9 348 (S dumy 9 1 SIS £9.500 ¢ o83 [y yoB E9500 (IS £9 a0 —) S
Fig. 1- Anthesis day, 1 pod day, 1% seed day, and physiological maturity day: simulated values vs. observed values. Dalgan
(left) and Hyola-420 (right) cultivars in 2017
2 (Mao b3) 0l iy 5 o sdalie (sloodly oy ol 03> 5l yemw Sy il oo CublS ol g3 10 358 pdaw dw 4y bgsye aS dae i Al yo ya )d bl dlaws
sl o5 3l a5 JS5 > (aladie bd) Vi) bid b dulie
The number of points in each stage is 6, which are related to the three levels of fertilizer on two different planting dates. The fitted
regression line for observed vs. predicted data (solid line) is compared with the 1:1 line (dotted line).

(sPinly a0 SR0313 s 0l 0313 (453152 (sFgmew )5 5 Adle b V1) dad e 51 (1255 9 o dmsllio (515 t (39051 gl -0 Jgor
Table 5- Results of the t-test for comparing slope (b) and intercept (a) of the 1:1 line against the fitted linear regression by calibration data

Olew sl slade 5 il ks t So o 4d
Variable Parameter Value Standard error HoO
S9od JoIe
Phenological stages
} bee 2 2,062 2.043 1.009 Jos
B Intercept (a) Accepted
Dalgan o 1.026 0.025 1.031 ot
Slope (b) Accepted
bon Jl 2 2.633 2.858 0.921 ot
¥YeYgla Intercept (a) Accepted
Hyola-420 s 0.981 0.033 0.593 s
Slope (b) Accepted
bee jlose 1274 7486 0.170 ot
&l dlaws Intercept (a) Accepted
Seed numbers o 1.064 0.132 0.490 s
Slope (b) Accepted
bon Jl 2 26.91 1252 0.215 Jo
4l 5 Slas Intercept (a) Accepted
Seed yield o 1.005 0.082 0.059 ot
Slope (b) Accepted
) _ bon 2 0.084 0.092 0.911 o
*S p paw asls Intercept (a) Accepted
LAl e 0.900 0.056 1.770 Jo?
Slope (b) Accepted

ool 039y (Al yo i) (23 punyod Al yo U Dy 0)93 (glil | Sy o (adli 4 bgyye odly *
*: LAl data is from the beginning of growth to the pod formation (7 stages).
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Js sdia sule

dole dm bgpe slajialll i Jio 0 08 1
L 80 0yl JS Sis o3lo 4y bgyye (sl jiol )l LAl (505
B a0l (6 pSojluil 5 0ud (gilusnnd 0395 on alols
J=B ilwans (Y Jgi2) Jae (b)) slaylne (Y JSU3) oo
Gl 03l L 1) 115 0095 Cm j gozd Mgy 4 dogi b Jdo Joud
2o )3 VAFY) (65208 Hls NRMSE L S Sid odlo (g jlusdunds
A s (FY+ Yoolo o8y (gl 20> YO/DR o 805 03, (¢l
3o ¥V |, NRMSE 5" cusls Deligios et al., (2013) aalles
2 e Cdbgn odmd il guls (oplpll (sl 03)S7 y,l58
¥ Jgie) ol JS S 03lo (gl
dila g Slas g aa po yio jo dila glaad

sliws g (SFDURY) iy iy yloj ey oy po (sl jially
o Jde (548 i polde 4y cuws (SDPDV) GdMe )5 4l
A oad (gilwdnd 4l 3 Slas g xye e ) dild sl b > S
cloosls olocass Jol Jlw islojl oais (6,5 ojlul polio
G iz slajlosi )3 () Jodz) 95 Sed (ygmel S
asly 0, Slos g ayo o 5 4l dlasd o590 245 9 ilS
2 Y JS) 59 00l (S ojluil Jlade 4 S35 00l (giluand
Silwded gapeyia 53 4l ol g8 g slajles G 8,
YA+ (6395 slaslos ;D Jde Cpiomed 9 3 3590y yieS ok
205 e qeye e > 4l oluss ¥V« Vgpla o8, U )3 p S olS
aS ol s il 5, Sles (gl Jdo oUj)l sl jlse (¥ JS5) 5 )8
PSS Ve Cuiga 8 88, lp R? 9 d MRMSE RMSE
¥V Yoln o8y gl g +/AY7 g /A o )d AISY (LS
39 AT 5 <20 o> YY/YY LS 13 p,56lS VFY ooy
s ol (Y Joda) Cal Jao (oriwly (gWL cds oniad flis oS
392 1S (55luwansd b bLo)l 3 e plos ol b duslis 6
=l cpszen (5 Jing et al., 2016Deligios et al., 2013)
V) s Load odls (3l (g sS) b auglio 4y bgypo t g0l
U2 5 o &S 2 LS &ily 5,Slee g mpoyie 40 Al dlas 4y
3,15 ()l mime WSV s b 35)y g5 Las T )

(8 Jg2)

olie 5l i ol (giloand LAL T 05y L oyed o Gl
G5Ol LA Jlade Jlio olgicas g iSTas LA (650515
Bl 5l ey oy We 0 0d (gilwdnd LA 5158 sl 00
3 S 038 LAL (slody o3 (il LAL (Jo sl 13 20
| E9md9e ol A5 (oo (St (PAI) ol 51 s sl 5550
Sy ) o S IS oLS (S oy Sy b ol
gt 3o SLOGILE Jg 038 361 aiS s (330 «Sufolsezd
(Gammelvind et al., 1996) sb gy et Frwwgid Lol
DSSAT ,» CSM-CROPGRO-Canola Jis -l d5eus
an 51wl sl asuine BME jiuwgid ¢y > wlg V4.6
5 S o (jlwdnd gl olaisl CROPGRO Jue K5
(Timsina et al., 2007) cul oa sl Lgw (gly LM o
Fimwg 9 )95 da (gl ANl ady Juad Bl )3 Jae (i
SILAL a5l i 35900 ol ol S’ o odlal 1y wy (gl
o=l b .ing et al., 2016) ool o3lidl 5Lt 1S 238 9,5
Jolie L odd (gjludnd Sy aw jasld duglio b oJls
F b e JSts g9y U iy il 51 pBl 5> slosnlin
s S5 Aoy b LAL gilosns > Jao J5ib 6 <
A5 18, sl R? 9 d MRMSE jslie oS s ygbas (¥ JS03) 54
FY-Vla v 8y gl g /Y7 5 +/AY wo)d YE/AD i
(F Jgdn) acel cndy «/IVO™ g «/AY w3 YYIVY iy
b3 e 31 (55 5 ond duglio 4y by £ g3l ol pimen
ylol BLsd 5l as ols fLis Vo) b Lo 03> 35l ygew S
(0 Jgaz) wzalss oo b (g gime oglis

5 iy > Fiwgi g yess i dwle sl LAI  PAI
CERES-Rape sl 1515 gjlodud cly 45 Jgarme cclo i
LINTUL-BRASNAP ((Gabrielle et al., 1998)
Robertson et al., ) APSIM-Canola , (Habekotte, 1997)
iyt A5 el Jae 5l y3 oIS jebas lens Llsd (1999
48 09 S 5l S g ygd 3 9 Spas 2L g (Sgels
Sl oy LSl a5 adly Lo ool o clbao oyl
CSM- a8 Jo o > .(Gammelvind et al, 1996)
Lol casngs ol (gjlwdnd by sy A5y CROPGRO-Canola
(ding et al., 2016) Wloass jasin o jl edlitwl 5 Cls &y
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Fig. 2- Trend of leaf area index simulated against the observed values of Dalgan and Hyola-420 cultivars in various
treatments of planting dates and nitrogen fertilizer levels in 2017
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R =0.7564**
O —w T T '
0 1 2 3 4

Obseved LAI
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Fig. 3- Simulated LAI vs. observed values of Dalgan and Hyola-420 cultivars in 2017
O 085 031> (B3l e85 il oo et eSS £g b U cullS 5l iy alsye V0 culS Fu )l 90 50 355 g dus 4y bgyye oS due Y (18, & 3 bl ol
sl o 03> i JS 50 (alaiie as) V:) bad b duslie ) (iee ba3) odds dw yis 5 0 sdalie (slaodly
The number of points in each cultivar is 42, which corresponds to three levels of N fertilizer on two planting dates during seven

growth stages from cultivation to pod formation. Fitted regression among observed and predicted data (solid line) vs. the 1:1 line
(dotted line) is shown in the figure.
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Figure 4- Accumulation of simulated dry matter vs. the observed values of Dalgan and Hyola-420 cultivars in various
treatments of planting dates and nitrogen fertilizer levels in 2017
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Fig. 5- Simulated number of grains per square meter (left) and simulated seed yield (right) vs. respective observed values of
Dalgan and Hyola-420 cultivars in 2017
(Atae bad) 00 (i 9 0 odliiie (sboodld (o 0l 0313 53l (amw )Ty il o cailS sl 50 53 (5950 365 o duw 4y bgyye aS die £ Cdio b bl lu
ol o 03l i JS5 50 (alaiie ba3) ViV bs b dwslie o
The number of points for each trail is 6, which corresponds to the three levels of N fertilizer on two planting dates. Fitted regression

among observed and predicted data (solid line) against the 1:1 line (dotted line) is shown in the figure.
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Fig. 6- Anthesis day, 1% pod day, 1% seed day, and physiological maturity day simulated against observed values of Dalgan
and Hyola-420 cultivars in 2018
ba) ol Sy 5 odb odaliie (cloodly (yu 0l 03> ly emw Sy bl o CublS Fuyl 93 )0 595 355 pdauw dw 4y bgyye S due £ dls ey )0 bl dlaws
ool 0 o0y Lis JS5 )3 (alate ki) V) s b duglie )3 (i

The number of points in each stage is 6, which relates to the three levels of fertilizer on two planting dates. Fitted regression among
observed and predicted data (solid line) against the 1:1 line (dotted line) is shown.
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Table 6- Results of model evaluation to simulate phenological stages, seed yield, total dry matter yield, and leaf area index of
two canola cultivars

o £Y+ Yol
Dalgan Hyola-420
Slho . 2990% R PR JTRC Nlbe jadome
Variable JRvCe] ) slad Oleygo R? JRrCe] ) s Olrye d R2
s colagyo s Jlo i (1:1) s oleg o s Jlo i 1)
RMSE nRMSE (%) RMSE nRMSE (%)
@B et g 2.68 5.35 0.89 0.94" 1.29 2.39 0.98 0.94™
Anthesis day
Egro
SRV 6 1.47 2.37 0.97 091 1.47 2.16 0.98 0.96
1 pod day
Rk 1.78 2.66 096 091" 1.08 1.40 099 0.96™
1t seed day
Sy
RN 6 1.08 0.99 097 0.94™ 0.71 0.63 0.99 0.98™
Maturity day
*5, 42 0.38 24.88 092 0.74™ 0.36 22.72 0.95 0.82"
LAI*
Jf Sid ool
Total dry 57 1285 24.97 097 0.91™ 1150 22.73 0.98 0.94™
matter (kg.ha"
D)
2 &l sl
apee 6 13043 14.97 0.98 0.91™ 10294 15.37 0.98 0.90™
Number of
seed (#/m?)
&b > Slos
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Fig. 7- Simulated leaf area index vs. the observed values of Dalgan and Hyola-420 cultivars in different treatments of planting
dates and nitrogen fertilizer levels in 2018
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Table 7. Results of the t-test for comparing slope (b) and intercept (a) of the 1:1 line against the fitted linear regression by
evaluation data
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Fig. 8- Trend of simulated dry matter accumulation vs. the observed values of Dalgan and Hyola-420 cultivars in different
treatments of planting dates and nitrogen fertilizer levels in 2018
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Hyola-420 cultivars in 2018
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The number of points for each trail is 6, which corresponds to the three levels of N fertilizer on two planting dates. Fitted regression
among observed and predicted data (solid line) against the 1:1 line (dotted line) is shown.
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Fig. 10- Overall evaluation of the model for simulating the developmental (parameters) traits: maximum LA, total dry

matter, number of seeds per square meter and seed yield. Simulated values vs. the observed values of Dalgan and Hyola-420
cultivars are demonstrated for each parameter
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The number of points for each trail is 12, which corresponds to the three levels of N fertilizer on two planting dates in two years.
Fitted regression among observed and predicted data (solid line) against the 1:1 line (dotted line) is shown.
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Table 8- Results of the t-test for comparing slope (b) and intercept (a) of the 1:1 line against the fitted linear regression by all
data for each canola cultivar, as shown in figure 9
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Fig. 11- Response of simulated seed yield of two canola cultivars in different planting dates during 30 years (1989-2018)
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