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Simulation Accuracy of Growth and Development of Winter Rape
( Brassica napus L. ) in Guanzhong Plain with Different Crop Models
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Abstract; Crop growth simulation models provided convenience for agricultural production research.
However, there were many differences among the models in some of their structures and process
descriptions. Thus, different models might have different simulation accuracies in different regions. An
insufficient irrigation experiment of winter rape ( Brassica napus L. ) was conducted for six consecutive
years (2009 —09—2015 — 05) in Guanzhong Plain in Shaanxi Province. And the STICS, DSSAT and
APSIM models were used to simulate the phenology dates and yields of winter rape based on the
experimental data to evaluate their simulation accuracies. The results showed that the simulation accuracy
of STICS was the highest among the three models with average value of absolute relative error (R ;) of
3.24% ; APSIM model ranked the second with average R, of 8. 79% ; DSSAT model was the worst with
average R, ;. of 11.38% . In addition, the simulation accuracy of STICS model was the highest in both
phenology dates and yields of winter rape. The simulation accuracy of DSSAT model in phenology date
was higher than that of APSIM model, while in yield the simulation accuracy of APSIM was higher than

that of DSSAT model. However, the simulation accuracies of the three models were all low in the season
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of 2012—2013 due to the low precipitation, which meant that the three models were inadequate in the

simulation of drought stress conditions. In general, the accuracy of the STICS model was higher than
those of DSSAT and APSIM models. The STICS model was recommended for the simulation of winter rape

growth in the Guanzhong Plain.

Key words: winter rape; crop model; growth and development; STICS model; DSSAT model; APSIM
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Tab.1 Soil properties of experimental plots

TRRE/ BB o3 L5 it K/ VG S & HH ] 45 7K 2/ A K2/
cm 58/ % 8/ % (grem™?) (em®+em™?) (em®+em %) (em®-ecm™?)

0~20 29.27 35.26 1.42 0.21 0.34 0.41

20 ~40 31.03 35.70 1.58 0.23 0.35 0.39

40 ~ 60 33.71 37.43 1.56 0.21 0.34 0.38

60 ~ 80 30. 26 35.53 1.49 0.17 0.32 0.39

80 ~ 100 29. 63 36.97 1.49 0.17 0.32 0.39

FEAEI A0 R AR 2 X 50% UL EAE AR IF e AN/ HE,

BB B S BRI BT AT AKX 14 RBIMKRIESKIE
BEHOELEIEH A K HAR S I 2T 10 BRiEA7 7™ A HEEADUNE B2 3T 0 i s R AL 4005 <52 D0 =2 1) 19

TR R I SE o TR R B I E R AR T XA XT R 2E R (Absolute relative error, ARE) , &
CHDETR Bl 22 5K RN T 10% ) 2 i1, REAS L AU 5 9 I {5 22 1) 1) A 6F 22 57 R R [
A PY 5036 ORE 3 iy, 31 % 1000 RL 20 AR 0 RO 8 T I0m M Ge it i, Rt ml RLAE AN [) A 2 1)
3ANKEARR I, SR g P R E A A NK ETHAR T Ry N B RIS 35 5

PN T AT REL R R T B R, AL BT 5l ke/hm® B3 A 5T 45 AR Y v [ DA BT SR B E B



% 6 1)

T . BRVGSC LN A K S 7 (R B S JDUR S AT 5 309

RGO S BRSBTS AT A
T 0 2 A T PRX I 43 48 b R R AT 0 S T A A e
e A, AR AR R DG SR R R BROA (B R . [
I AL TR A T 3 R 3 R K IE 2% R A ) Ak B EA T
WM A A 9 358 B 7K o A Ry AR B 2009—2010 4 i
F12013—2014 4 i 4 31 35 9y foc 00 7 S B0 40 #E 47
BRI AE , FE A AF 3 A OGB4 i A7 BRI 0IE . Sy IR
UEAS [ A5% 0 [R] 35 UE K B2 ) mT 58 P, 150 A% GE K B
Ry EHIE S Z N (F2), BT 3 MREZNZ
B 22 H s A AR TR, PRI AS 22 00 ) A5 760 38R DA (L

WS H (K 3) o

% 2 STICS.DSSAT #1 APSIM #£ & i3 IF 3 i 45 B2
Tab.2 General results of calibration of STICS, DSSAT

and APSIM models %
XU 100 2009—2010 4F 2013—2014 4F
=R 7N STICS  DSSAT APSIM STICS  DSSAT APSIM
A6 1 0.51 1.01 0 1.05 0 2.09
A 0.78 0.78 0.39 0. 40 0. 80 2.00
FEE 1.05 3.20 0.25 0.52 0.97 0.04
1y 0.78 1. 66 0.21 0. 66 0.59 1.38

% 3 STICS.DSSAT #1 APSIM # &I 8% £ # {4 itH1E
Tab.3 Estimated values of relative parameters in STICS, DSSAT and APSIM models

FE 7 e BINE i iHE
th i 1 7 90 245 54 5 BURL (stlevamf) / (°C +d) 40 332
il 22 3 W) 4 BT 7% AU (stamflax) /(°C - d) 840 510
H B IR T BUORL (stlevdrp) /(°C - d) 1002 510
I3 K BRIt ( pgrainmaxi) /g 0. 006 15 0.005 15
STICS BA T B KHFF RS (nbgrmax) / (A4~ +m %) 200 000 190 000
THE I B AT 5 AR (stdrpmat) /(°C - d) 760 980
FH 5547 RO R 1 8] ( nbjgrain) /d 45 40
FERL R R B R R 2 IR Y 42 (cgrain) / (ged ") 0.050 0.012
P 8] 58 40 IF i 1 e /)N %5 JE (bdens) / (B -m ~2) 7 15
H It 5148 (CSDL) /h 16 17
B W48 B F ] (EM - FL) /d 45.0 59.5
FIAEFNEE 1A KRR B ] (FL - SD) /d 18.5 7.66
S5 1 ASKPRL S A B Y I ) (SD - PM) /d 33.5 36.47
DSSAT 30°C 350 pmol/mol CO, F KM B 64 # % (LFMAX) /(mg-m 25 ") 1 1.62
T B (SLAVR) / (em? =g~ 1) 225.0 168. 1
I KR 5T & (WTPSD) /g 0.003 0. 004
WE AR Ik E] (SFDUR) /d 20 15
Ag S s 1) ( PODUR) /d 10. 000 4.861
HH P 3 91 28 SR BRI (t_emergence) / (C - d) 500 ~ 100 1200 ~100
i 25 BB T T LR (U end _of_juvenile) / (°C -d) 900 ~430 400 ~30
P75 B 9146 BT 7 BUR (1t_floral_initiation) / (°C +d) 250 200
APSIM ) 46 B 3 7 5 BUR (tt_flowering) / (°C - d) 200 80
THE I 28T 5 R (tt_start_grain_fill) /(°C - d) 1 000 980
LM A KT R 22 B 0 BB (shoot_lag) /(°C +d) 15.0 2.6
IR 24 4 A K 3 (shoot _rate) /(°C +d-mm ™) 5.0 2.6
I3 VTR W3R 45 8 (hi_max_pot) 0. 30 0. 65
2 BEEEN STICS 5 RIRCAY 25 R AL T H AL IR BL, -2 R,

2.1 AE#EEYIRPEIMULE

3 AR A 1132 P i S0 10 A 4L 45 SR A oy AR
(B 1) o XTI A6, DSSAT #5252 511 %5 48 43 1
TE 1 LM, B4R B e, P48 Ry 4 0. 60%
STICS L B AL 45 Rk 2, P34 R e 9 0. 68% , T
APSIM LRI K 20 F 1 1R DT, BB {E
T S MAE, P2 Ry N 1.23% o 82 7 1,

0.47% , DSSAT H178 BE B3 L & b, 3 Ry o
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SUELIR A% 10 d 1 3 T Al J& ol T 46 2 75 19 74
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L .7 v APSIM
Lo e BT O MEADL™ T AR A, 3L Ry 50 51 62.96% Al
182 184 186 188 ;j&%ﬂ{lﬁ‘ﬁ 194 196 198 200 42.85% , ﬁ;ﬁ STICS *ﬁ }ﬂ *E *y\ i& % ﬁ ﬁ‘]: ., F; % 7\:7 E ,
(o) 51 STICS U BESE TR, T R, 4. 24% 0K
2601
v o A APSIM #E R SEH R, .. N 15.70% , DSSAT 55 7Y
255+ M //'o IR R4 2, F R, N 19.70% , s, DSSAT
250t e B 7 20112012 20122013 42 9 7 i B4 A
%245 o ZERER X RIS Y vp OC T 1 5 W 4 ) ik 40
2P0 L. M VS 2 5o I G \ —
® . S B A SO i R A A A S AELTE S I [A] 4
= s osmes JE B, APSIM 455 700 77 76 {01 FY 45 S 7E 2012—
mp 0 v AE 2013 415 |3 ABER I BERIGE I % P R
T BH 18.62% 40. 64% Fl 45.92% , i T Jo i Al
230 235 240 245 250 255 260
At/ PR AE R Y, 7E 2012—2013 £ 7, STICS #&
b I%il‘/ =t | PN W e SEE -
S R 7t B A0 R A T B A e A R R
o o fr , T DSSAT A5 A0 7= bt (g (IR AR AC I PR A2 oy
Fig. 1 Simulated phenology dates with different models
£4 FEKRBENTFHRREHED
Tab.4 Simulation result of 1000-kernel weight with different models
P oy Y STICS DSSAT
= JK 5/ mm o
L ( £ B/ g Rypi/ % FEH /g R g/ %
2009—2010 221.01 3.71 3.60 2.97 3.50 5. 66
2010—2011 209. 08 3.67 2.76 24. 80 3.50 4.63
2011—2012 186. 48 2.97 2.73 8.08 1.10 62. 96
2012—2013 68. 04 2.80 2.78 0.35 1. 60 42. 85
2013—2014 226.77 3.90 3.56 8.71 3.40 12. 82
2014—2015 156. 61 3.67 3.68 0.27 3.30 10. 08
P 7.53 23.17
£S5 AEFEBW=SHEN
Tab.5 Simulation result of yield with different models
P BURIIEEV4 STICS DSSAT APSIM
(kg-hm ™)  #EHME/ (kg-hm™*)  Rape/%  BEWME/(kg-hm ™) Rype/%  EfIE/ (kg hm *)  Rype/%
2009—2010 3453 3490 1.05 3343 3.20 3445 0.25
2010—2011 3740 3790 1.32 3792 1.38 3134 16. 21
2011—2012 3386 3270 3.43 1294 61.78 2192 35.26
2012—2013 4018 3270 18. 62 2173 45.92 2 385 40. 64
2013—2014 3558 3540 0.52 3524 0.97 3560 0. 04
2014—2015 3372 3390 0.52 3205 4.96 3313 1.76
HI{E 4.24 19.70 15.70
RLHE I 32 3 5 W, R 5T IR R . SR RS BE foe &, 3 Ry 4 3.24% , APSIM IR Z,

STICS AR A 7 i A TR J7 T BB CR Bl
2.3 AREEBZHLEE LR
SRR UL, STICS A5 B A 1) Ao 391 117 5t T T A6

¥ Ry N 8.79% , DSSAT #% 2, ¥ ¥ R, N
11.38% . DSSAT 5 7 £ 49y fe 19 J7 17 14 45 DUHS J3E i
F APSIM, 1§ % R, 57 5 1.32% F1 1. 87% ,{A 1
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7y T RS AURE BE IR T APSIM, P& R, 5301 R
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Tab.6 Comparison of simulation accuracies of

different models %
PURIEER 7S STICS DSSAT APSIM
15 41 0.58 1.32 1.87
FEE A TR bR 5.89 21.44 15.70
S 3.24 11.38 8.79
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Fig.2 Simulated dynamic changes of soil moisture

content in 2012—2013 season
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Fig.3 Simulated dynamic changes of soil moisture content

with DSSAT model in 2012—2013 and 2013—2014 seasons
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