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Comparison of responsiveness of three oil flax growth models to drought
stress at budding stage and green fruit stage
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Abstract: In this study, the accuracy of drought stress algorithms of three crop models and their ability to simulate
and predict four indicators of transpiration rate, stomatal conductance, leaf area index and seed yield of oil flax under
drought stress at green fruit stage and budding stage were tested and evaluated using data from field trials with different oil
flax varieties and different drought levels. The simulation results showed that drought stress reduced transpiration rate, stom-
atal conductance, leaf area index and seed yield. The drought stress algorithms of three crop models could simulate the
change trends of physiological and biochemical indices of oil flax under every drought treatment, but the simulation was not
satisfactory. All three drought stress algorithms underestimated the seed yield. The results indicated that the drought stress
algorithm of WOFOST model had the best performance on the simulation of seed yield and transpiration rate, the drought
stress algorithm of APSIM model had the best performance on the simulation of stomatal conductance, and the drought stress

algorithm of DSSAT model had the best performance on the

I #5 B #7:2022-06-15 simulation of leaf area index.
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Table 1 Calibration parameters of APSIM, DSSAT, and WOFOST models

oA R TR HLfir ZHE X B
APSIM Transp_eff_cf - HEBBCRREL 0.005
Water_stress_factor - AT R ia B 0.600
Cover_green MJ/m? LT IR 19.500
RUE g/ (MJ - m?) R 1.400
DSSAT Piv d BBUR R 32.710
PID % JeA W BUR R R 102.300
Ps C - d TSR 2R K 544.600
GI No./g FERLECRAM: 28 16.790
G2 mg LaRl2 TR TN N =Y i 48.810
G3 g JRC T B bR R B R A 1.635
PHINT - d H ol P AR 2 5 92.400
WOFOST RML - I AR R I R 2R AR 0.021
AMAX kg/hm? K CO, [Flfhid 32.000
SWFCF - IS/ 0.340
SMw - PR K R 0.150
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Fig.1 Comparison of simulated and measured values of transpiration rate by three drought stress algorithms
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Table 2 Statistical tests of the prediction accuracy of transpiration rate of oil flax at budding stage and green fruit stage by three crop models

8

LYZ1 T2 U

FEIEHZR [mmol/(m? - 5)]

*8)]

ZE BT [mmol/(m>

e
I

LY11 T2 A

12 15 18

3 6 9
T AL B ] (d)

CK T1 T2

st EEE R APSIM  WOFOST  DSSAT  APSIM  WOFOST  DSSAT  APSIM  WOFOST  DSSAT
LAY A fxii] LA LAY A fxii] LA A

LYZ1 WAy R 0.90 0.90 0.91 0.89 0.90 0.91 0.93 0.94 0.93
RMSE 0.11 0.05 0.07 0.06 0.06 0.10 0.09 0.05 0.20

MAE 0.09 0.04 0.06 0.04 0.05 0.07 0.08 0.04 0.11

MAPE 10.03 5.20 6.88 3.23 3.84 5.29 4.81 4.65 5.67

HERH R 0.84 0.94 0.94 0.80 0.86 0.77 0.85 0.85 0.86

RMSE 0.07 0.05 0.03 0.06 0.07 0.02 0.67 0.28 0.32

MAE 0.05 0.04 0.02 0.05 0.06 0.02 0.10 0.43 1.11

MAPE 3.00 2.91 2.17 2.92 3.66 1.03 4.96 4.51 5.48
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CK T1 T2
s T b APSIM  WOFOST  DSSAT  APSIM  WOFOST  DSSAT ~ APSIM  WOFOST  DSSAT
i TR R AR TR R TR R TR

LY11 WEN R 0.94 0.95 0.94 0.92 0.93 0.93 0.94 0.94 0.94
RMSE 0.06 0.05 0.11 0.06 0.05 0.09 0.04 0.03 0.04

MAE 0.05 0.04 0.10 0.05 0.04 0.08 0.03 0.02 0.03

MAPE 5.04 5.36 11.31 3.31 3.77 6.80 1.33 1.23 1.83

HRE R 0.77 0.84 0.81 0.84 0.89 0.82 0.81 0.87 0.85

RMSE 0.05 0.05 0.10 0.03 0.05 0.10 0.04 0.02 0.03

MAE 0.04 0.04 0.08 0.02 0.04 0.09 0.03 0.01 0.02

MAPE 4.06 3.61 7.73 1.60 2.57 5.37 1.88 0.82 1.19

CK A IR T B TR B0 A5 T2, o T S AL T, R® s AR RMSE ;397 22 s MAE V3945 X2 § MAPE V- $545 XY 11 43 FL 158

#o LYZ1:BEW A% 1 5 LY 11 BRI 11 5,

2.2 SALSEXT R RhE N p FERAR, PRI 11 SAHLE, BRE2% 15X 5 ha
R3E2 Bon, TR AN, LSRR U SEEUAT G, T AR T a0 5

B, SR TR, LS

£33 WMIEMSERTNEY B RPNR SIS ETN LRI FITRE

Table 3 Statistical tests of the prediction accuracy of stomatal conductance of oil flax at budding stage and green fruit stage by three crop

models
CK T1 T2

i R 1ibx APSIM  WOFOST  DSSAT APSIM  WOFOST  DSSAT APSIM  WOFOST DSSAT
AL Ay LAY LAY AR Ay A LAY Ay

LYZ1 AW R? 0.94 0.98 0.86 0.92 0.94 0.91 0.87 0.84 0.85
RMSE 1.73 1.77 2.44 1.60 1.77 2.00 1.46 1.96 2.13

MAE 1.57 1.71 2.28 1.42 1.71 1.71 1.28 1.57 1.71

MAPE 4.28 4.66 6.20 6.92 10.08 11.10 13.40 22.67 24.41

A R? 0.93 0.91 0.94 0.89 0.88 0.87 0.87 0.86 0.84

RMSE 1.36 3.64 4.12 1.06 1.92 3.25 1.70 2.74 2.14

MAE 1.28 3.14 3.85 0.85 1.71 2.85 1.50 2.35 1.78

MAPE 3.07 6.29 7.51 4.09 8.94 13.02 12.60 18.44 22.31

LY11 A R? 0.95 0.92 0.94 0.93 0.92 0.90 0.91 0.89 0.88
RMSE 1.85 1.64 1.55 1.26 1.85 2.33 0.91 1.31 1.61

MAE 1.71 1.57 1.28 1.07 1.71 2.21 0.60 1.00 1.03

MAPE 6.08 5.51 4.60 5.44 10.18 13.24 7.42 8.58 12.69

TR R? 0.97 0.95 0.96 0.94 0.92 0.91 0.91 0.88 0.85

RMSE 1.31 1.46 1.96 1.19 1.85 2.39 1.02 1.19 1.58

MAE 1.14 1.28 1.57 1.11 1.71 2.21 0.81 1.14 1.28

MAPE 3.76 4.28 5.08 5.47 9.12 11.41 4.67 9.34 12.39

CK W HE T B8 T 52 A LD T T2, o T S e AbFE B2 . 7 2R 85 RMSE 397 R 22 ; MAR . V- Yy 4 X5 9%  MAPE , V- Y4146 % 71 4y e i
. LYZLBEWAR 15 LY BRI 11 %5,

Feds 3 P PED AL R S AL BE B Z5 L, p WEE 2 [8] Y RMSE #H%8 WOFOST #5 AU F1 DSSAT
FET R AAL BT | APSIM FEE AU 5 A Bl ARRERAIR T 0. 17.0. 56, R*#E%E T 0. 03.,0. 06,
5P ) S AR AU RR B, 1 AN g W 11 5455480 {E 0 Fo#z 3 FhVEMIA AL 2 AN i) ARG 0, 3
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Fig.2 Comparison of simulated and measured values of stomatal conductance by three drought stress algorithms
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Fig.3 Comparison of simulated and measured values of leaf area index by three drought stress algorithms
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Table 4 Statistical tests of the prediction accuracy of leaf area index of oil flax at budding stage and green fruit stage by three crop models

CK T1 T2

il R R APSIM  WOFOST  DSSAT  APSIM  WOFOST  DSSAT  APSIM  WOFOST  DSSAT
LAY A e A LAY A fixii] e A

LYZ1 HEW R 0.93 0.93 0.94 0.88 0.84 0.91 0.85 0.82 0.86
RMSE 0.02 0.03 0.01 0.02 0.05 0.01 0.03 0.06 0.02

MAE 0.01 0.02 0.01 0.01 0.04 0.01 0.02 0.04 0.02

MAPE 1.24 2.07 0.73 1.22 3.69 1.10 1.41 4.68 1.52

HEM R 0.95 0.95 0.96 0.89 0.86 0.92 0.90 0.84 0.91

RMSE 0.02 0.04 0.01 0.05 0.07 0.03 0.02 0.04 0.01

MAE 0.02 0.03 0.01 0.04 0.06 0.02 0.02 0.03 0.01

MAPE 1.35 2.17 0.72 3.46 4.90 1.63 1.59 2.99 1.00

LY11 HEW R 0.94 0.94 0.95 0.92 0.92 0.93 0.86 0.85 0.88
RMSE 0.02 0.04 0.01 0.02 0.03 0.01 0.02 0.05 0.04

MAE 0.02 0.03 0.01 0.01 0.02 0.01 0.01 0.04 0.04

MAPE 1.38 2.25 0.40 1.33 2.07 1.11 1.29 4.12 1.35
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MAE 0.01 0.01 0.01 0.01 0.03 0.01 0.01 0.04 0.02

MAPE 0.43 0.85 0.43 1.29 2.39 1.06 1.40 3.64 1.46
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Fig.4 Comparison of simulated and measured yield values
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