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Simulation of Winter Wheat Leaf Temperature Based on SHAW Model
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Abstract. Leaf temperature is the key factor that reflects the growth conditions of winter wheat, but it is
difficult to obtain the dynamic variation and profile distribution of wheat field leaf temperature. The
simultaneous heat and water (SHAW ) model describes heat and water movement in a plant-snow-residue-
soil system in detail. Taking Shangqiu as the study area, based on the localization ,the SHAW model was
used to simulate the leaf temperature time series curve and profile from 0 ¢m to 60 ¢m separated by 10 cm
from jointing period to heading period of winter wheat. The simulation results were analyzed by combining
with field observed data at the same time. The results showed that the SHAW model can be used
effectively to simulate leaf temperature time series curve and profile, and the coefficient of determination
reached to 0.847 6. The night simulation results were significantly better than the daytime, and the
coefficient of determination were 0.862 2 and 0.760 2 respectively. The analysis of the average,
minimum and maximum values of leaf temperature simulation showed that RMSE ranged from 1.36%C to
4.09°C. The minimum temperature simulation effect was the best, and the average value was second,
and the maximum temperature error was the greatest. The analysis of the leaf temperature profile showed
that height decision coefficient all achieved above 0.82, and increased with the height. RMSE was
ranged from 2. 41°C to 3.35°C , and MBE were all less than 0°C. The leaf temperature generally showed
a tendency to decrease with the height in the night, while increase with the height during the day.

Key words: winter wheat; leaf temperature simulation; leaf temperature profile; SHAW model
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Tab.1 Main crop growth parameters of SHAW model
XANGLE i) 28 0.96 SCHk[17 -19]
CANALB Y I W 0.2 )Lﬁk[n -19]
TCCRIT T ) 75 W 1 A AR B/ °C 7 k17 - 19]
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RROOTO WY ER S/ (m®-s-kg™") 3.0x10° CHk[17 -19]
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Tab.2 Soil physical and hydraulic characteristics parameters of SHAW model
Silt oL T 43 B/ %e 40.5 FH [R] S5 1)
Sand bR 53 %/ % 30.3 FH Ji) 5 )
Clay R R B ik 43 50/ % 29.2 7] 52
Organic matter B HL T 53 % 0.5 FH [a] S i)
Bulk density 2@/ (kg-m™?) 1.42 FH [R] 5% 1)
Saturated volumetric water content WA AKE/(m® m™?) 0. 49 FH i) 52 0
Saturated conductivity MRS AKZE/ (em-h ") 0.298 SCHR[17]
Air-entry potential 235 A/ m -0.1 SCHR[17]
Campbell’ s pore-size distribution index 75 B K /N 43 A 48 KX 3 SCHR[17]
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Fig.2 Contrast between the leaf temperature simulated and measured values at different heights of winter wheat
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Tab.4 Statistical analysis of leaf temperature simulated

valuesat different heights

5 B/ em WERE BWHMRE/C PHREE/TC
10 0.838 9 3.33 ~0.91
20 0.828 0 3.35 -1.28
30 0.8416 3.02 ~0.87
40 0.890 2 2.72 -0.97
50 0.9187 3.00 ~1.34
60 0.9191 2.41 ~0.78
2.1.3 MR RRAE R AL CR

o M SHAW 58U 368 £ /] 22 -3 R A {EL 1) A%
PAROCR, SRIBUE & /N2 H fes L L H S 2 A H
BRI R A UL, I 5 S I 23 A E A, anf&T 3 AN
ESPim.

A y=0.9167x+0.7094 0 120.9138++2.8255 A0 1 _0.8128x+6.7112
- R’=0.9158 25k R=0.8622 35 R=0.6538
r 00 8 , L
¥ ; 2 ok & 0
ig 10 g g 25
=2 :,\_, L = 5ok
,@ & 15 % 20
z° = 10F | 15¢
= = = jor
0 sk
L sF
| 1 1 1 i 1 ] 1 L 1 1 1 1 1 |
-5 0 5 10 15 20 0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 40

RS/ C
(a) H A AG R

R SE{E/C
(b) BP0

RS/ C
(¢) H B iR

3 &/ IR RR AL (BB 0L (B 55 S0 L

Fig.3

M 3 R S & AR H S A e A A 4
HORB RS 1 1LY A R R, g R
B 0.915 8, B il iR 22 H 1.36°C, ¥ iRE N
-0.26%C , S RBALE S A, BERX H P-4 0 i
BRI, e RECR 0.862 2, ¥ 7 ik 22
2.24°C PR ZEN - 1.76°C AR LA+ 1: 14 I
J5 AR R T S DAL 5 A5 ARG H e g L 174 A 41 15
ZHOR EREKE 1 VL0 s B I K e R
7 0.653 8, iR 2EN 4.09C, FHiRERN
-2.66%C . /1 F K PR &2 1 A8 fb A h AR e BRI
AL U0 A e T 5 S ) R T AR R iR 25, LR R
T R X 10 2 K, BT LA R R R R AR iR
I H S-S5 30 A S DL 280 SR A T X H e e R Y
B 22 5K, 2 B SHAW A5 75 1 2K K BH 4 5 i
JE A KN, F 5 e P T 0 A D3R AR o 5 2%

2.2 MRRFEMEZDH
2.2.1  mFE) g A
4 %y 2015 4EF 2016 4F 4 /N3 4k 7 1] 25 4l el

Contrast of leaf temperature characteristic values between temperature simulated and measured values of winter wheat

x5 ZNEMHEHMEESRITLHR
Tab.5 Statistical analysis of leaf temperature
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Fig.6 Profile chart of the winter wheat leaf temperature
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