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Simulation of Winter Wheat Growth under Different Scenarios
of Water Stress with RZWQM2 Model
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Abstract; Aiming to improve its ability to simulate crop growth and yield under different scenarios of soil
water stress, the current stress factors of water stress index 1 ( WSI1 ) was modified and two more
different indices of WSI2 and WSI3 were created for the root zone water quality model (RZWQM2). The
index of WSI2 was based on a modification of the soil water factor (SWFAC) for photosynthesis-related
processes in RZWQM2 using daily potential root water uptake calculated by the Nimah and Hanks
approach. The index of WSI3 was based on WSI2 but with new terms accounting for the stress due to
additional heating of the canopy by unused energy for potential soil evaporation in both the supply and
demand terms of WSI2. The RZWQM?2 model and these three different water stress indices were evaluated
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by using the data of soil water, total transpiration, biomass and grain yield obtained from a winter wheat
experiment conducted under different water stress scenarios at different growing stages in two consecutive
growth seasons of 2012—2013 and 2013—2014. The results showed that these three water stress indices
were all able to correctly simulate the dynamic changes of winter wheat growth and soil water content
when water stress occurred during the heading and grain-filling stages. However, when water stress
occurred earlier and severer, the simulation accuracy became lower. Generally, the water stress index of
WSI2 was better than WSI1 under different scenarios, since the relative root mean square error
(RRMSE) for biomass was decreased by 2. 84 percentage point, and the absolute relative error (ARE)
for yield was decreased by 1.43 percentage point, especially when water stress occurred during the
wintering and greening stages. In general, there were still some limitations for the RZWQM?2 model to
simulate winter wheat growth under arid conditions. Thus, the RZWQM2 model can be further improved
in the following aspects, such as the response of phenology to soil water stress, the improvement of ET
simulation, and the compensation effect of rehydration on winter wheat after long water stress. It was
suggested that model users should choose WSI2, if the RZWQM2 model was expected to simulate the
response of winter wheat to soil water stress.

Key words: winter wheat; crop model; water stress; RZWQM2 model ; growth and development; soil water
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Fig. 1 Daily temperature and solar radiation in 2012—2013

and 2013—2014 growing seasons of winter wheat
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Tab.1 Experimental treatments of water stress

at different stages of winter wheat mm
AW GRFEN SO HAE RN .

¥ (120 GHA A (5A A “f
ISH) 1SH) 15H) 1H) 15H)

CK 80 80 80 80 80 400
11D1 0 0 40 40 40 120
11D2 40 0 0 40 40 120
11D3 40 40 0 0 40 120
11D4 40 40 40 0 0 120
12D1 0 0 80 80 80 240
12D2 80 0 0 80 80 240
12D3 80 80 0 0 80 240
12D4 80 80 80 0 0 240
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Tab.2 Initial soil properties of experimental plots

LR/ R R It ORI it w/ WEAKR  HEEKE A KR
em SR/ % SE % IEHL/ % (grem ™) (em’-em™®)  (em’eem ™)  (em’-em?)

0~20 18. 36 42.29 39.35 1.26 0.12 0.25 0. 46

20 ~40 19. 45 43. 65 36.90 1.35 0.16 0.26 0.45

40 ~ 60 17.40 42.83 39.77 1.30 0.16 0.26 0.44

60 ~ 80 16. 09 41.99 41.92 1.32 0.14 0.27 0. 45

80 ~ 100 16. 36 42.35 41.29 1.35 0.15 0.26 0. 45

WFE R BT, P IO A7 72 7K 43 75 i a5 4 38 1)
A A e TE LR 2 M0 Sy A B IR AS
Se K AL B (CK) f9  5EK 73 Sl 2 W1 A2 W)
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FRENE /N EE 227 (4 fh b 2 800 D 00 6 1, A
RZWQM2 FEHL [ 47 i) PEST R {F XS 2 /N it i 2
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W R A R AE T TR I A A K 43 Bl TR
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Tab.3 Genetic parameters of winter wheat cultivar

of “Xiaoyan 22”

S5 3 R BE SR 4 o A AR B BT R KB PLV/d 63.70
SRS H PID/ % 90. 41
FERLE S W BUR P5/(C -d) 612.20
TF A6 301 B fr bk 6 B R AT R %R GL/ (kg™ ') 23.85
B A5 1F TR B VEAF AL BT A G2/ mg 37.45
BB AR W 38 T R 2B AR HE T TR G3/g 1.71

58 R — A MR K BT BUR PHINT/(°C - d) 91.81

1.4 3 #ok 5y i {8 B4R B R AT
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T 14.05% , % 5% 5 4b B -+ HE 5 /K 2 B0 M 1L,
IR K K45 L 9 45 90KS S F 5 K K O b B [
KK R0 5 B A BEADURS I 0 T U5
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IR
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o3 Ak B A& /N2 A e RURE L G R UL 4 SR A
Xt 2%, BN bR 22 BE 52 5 R0 AG 4R A R
(F4) o DI AL B = FARAY T & /N2 /7= A
AW 2012—2013 4EJE & /K AR B 12D 1 2 ) it
A= AR T ARK AL B TIDL, 590 45 R A 4T, X
FIREZ T 12D1 AR FE ) BR & K R AR T DL AR
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Tab.4 Results of calibration and verification of RZWQM2 model

FAEW/d AL/ d 5§ 32287/ FPRL™ i
Frogm T A Y S B
SCUNME BERUE SEDNME BEAME N ) E/% s ,. ARE/%
(kg-hm °) (kg-hm ™) (kg+hm ") (kg-hm )

A 2012—2013  CK 192 191 228 228 18 029 16 503 8.47 8407 7858 6.53

#IE 2013—2014  CK 196 197 235 234 16 243 17 578 8.22 7488 7568 1.07
11D1 184 191 222 228 11014 5562 49.50 5079 2621 48. 40

11D2 185 191 223 228 11309 5669 49. 87 5202 2 626 49.53

11D3 188 191 224 228 12110 7408 38.83 5626 4343 22.80

11D4 188 191 225 228 11719 7587 35.26 5316 4052 23.78

2012—2013

12D1 184 191 223 228 12 159 4398 63.83 5755 2017 64.95

12D2 187 191 224 228 13 401 7 366 45. 04 6 682 3050 54.35

12D3 189 191 225 228 13 065 11310 13.43 6 460 6769 4.78

gl 12D4 190 191 226 228 12756 12 457 2.34 6323 7 064 11.71
LiraTa 11D1 188 197 229 234 6432 1180 81.65 2927 572 80. 44
11D2 189 197 229 234 9129 3703 59.43 4375 1427 67.38

11D3 191 197 229 234 10011 4153 58.52 4 440 2127 52.10

11D4 192 197 230 234 9264 4987 46. 17 4168 2 640 36. 66

2013—2014

12D1 190 197 230 234 7438 2751 63.01 3503 1185 66. 18

12D2 192 197 231 234 12 684 9628 24.09 5243 3254 37.94

12D3 194 197 231 234 12 130 12 582 3.72 4 884 6715 37.50

12D4 194 197 231 234 11 066 12 999 17. 47 4733 7198 52.09

2.2 AREKSHERETFHRBERILER
2.2.1 3 Bk Wi R e e R B SR AR
FE ] RZWQM2 FERI AU A/ e 1 KRB Y
G N B SR DE RN WAV (7D W o B
(IR IO o ASBIF S F 2% /N g A ST 44 ) 32 SR A B
(D) FEAE AN R AR, WSTL f5e 5 2 3 K 7
rig AR5 e WSI3  WSI2, [l 38 55 3 i 3] /AR
Jy WSIL \WSI3 \WSI2 , {H & IR (3% Fh 5 120 d) B
AR R B MRy WSI3 WSI2 WSIT (] 2a,
2b) o HRAALFE 3 Bk o3 W38 T BBk Y 2 5
B EE AR H 5 g B B A — 2, 2 R
REN/NE N WSI3  WSI2  WSIL, 38 72 B 1) 22 5 bl
2 5N B HE IR 10 s/ (&L 2, 7K 23 38 R 3 L O
(BA KT E) B L(5E2ia) ) o
2.2.2 BHEOKIPRDL RS R LA
HFA&/NEMRAR EZER AT 20 ~40 cm,
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Tab.5 Comparisons of measured and simulated winter wheat yields under different scenarios of water stress

by using three stress indices of WSI1, WSI2 and WSI3

g a3 géi}ﬂﬂiﬁi B/ (kg-hm ~2) ARE/%

(kg-hm~2) WSI1 WSI2 WSI3 WSI1 wsI2 WSsI3

11D1 5079 2621 2679 1 860 48. 40 47.26 63.38

11D2 5202 2626 2307 1768 49.53 55. 66 66. 02

11D3 5626 4343 3894 3209 22.80 30.78 42.96

11D4 5316 4052 3716 2934 23.78 30. 09 44.81

20122013 2D1 51755 2017 2296 1267 64.95 60. 10 77.98

2D2 6 682 3050 3042 2427 54.35 54.48 63. 68

12D3 6 460 6 769 6998 6513 4.78 8.33 0. 83

12D4 6323 7064 6876 6033 11.71 8. 74 4.58

11D1 2927 572 1 060 328 80. 44 63.79 88.79

11D2 4375 1427 1339 595 67.38 69. 39 86. 41

11D3 4 440 2127 1869 1234 52.10 57.91 72.21

11 D4 4168 2 640 2540 1688 36. 66 39.05 59.51

20132014 12D1 3503 1185 1500 421 66. 18 57.18 87.98

2D2 5243 3254 2793 2056 37.94 46.73 60.79

12D3 4884 6715 5512 5155 37.50 12. 86 5.55

12D4 4733 7198 6 881 6142 52.09 45.37 29.77

T E 44. 41 42.98 53.45
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