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Response simulation of CO, concentration and temperature on

spring wheat yield in dryland under different precipitation types

LIU Qiang, GAO XueHui, WANG Jun
( Gansu Agricultural University , College of Information Science and Technology, Lanzhou 730070, China)

Abstract: The purpose of this study was to quantify the effects of elevated CO, concentration and temperature
increment on dryland spring wheat ( Triticum aestivum L.) yields in different precipitation year patterns. Based on
the APSIM model driven by meteorological data, soil data and management data in Longzhong, Gansu Province,
different CO, concentration and temperature increment changes were set to simulate future climate scenarios in
Longzhong, Gansu Province, analyze the impact of climate change scenarios on yield stability and sustainability of
spring wheat, and assess the yield risk corresponding to different climate treatments. The results showed that the
normalized root mean square error NRMSE of wheat yield in drought and wet years simulated by the APSIM model
was less than 13% and the consistency index D was greater than 0.85, while the normalized root mean square error
NRMSE of yield in flat water years was greater than 20% and the consistency index D was less than 0.8, indicating
that the accuracy of the APSIM model for spring wheat yield simulations in drought and wet years was higher than
that in normal water years. Both CO, concentration and temperature had significant effects on spring wheat yield,
and temperature had a dominant effect on the variation of wheat yield. The effect of precipitation was wet year >
normal year > drought year, and the effect of yield reduction due to the synergy of the two was normal year >

drought year > wet year. Comparing the values of coefficient of variation and sustainability index under different pre-
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cipitation year types found that the wheat yield risk was greatest under the treatment of 2.5 ~3°C warming in drought

year; the wheat yield risk was greatest under the treatment of 2~2.5°C warming in wet year; and the wheat yield

risk was greatest under the treatment of 1°C warming in flat water year.

Keywords: spring wheat; yield; precipitation type; CO, concentration; temperature; response simulation
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Table 1  Soil parameters

e Kt EEEEEPN o
HEERE  AE PaNS et Bl MU K
. Ak Fiki
Soil Bulk . . . Saturated
. Air drying Drained .
depth density . . moisture
moisture upper limit 1

/Jem /(g -em™) _1y /(mm - mm™)

/(mm+mm™) /(mm + mm™")

0~5 1.290 0.013 0.270 0.460
5~10 1.226 0.013 0.270 0.490
10~30 1.325 0.046 0.270 0.450
30~50 1.200 0.071 0.270 0.500
50~80 1.140 0.087 0.260 0.520

80~110 1.140 0.103 0.270 0.520
110~ 140 1.250 0.107 0.270 0.480
140~170 1.120 0.115 0.270 0.530
170~200 1.110 0.127 0.270 0.530

ARSCHE A — L ¥ U5 M 22 ( NRMSE ) Fll— 2
PEFEFR (D) % APSIM —Wheat A5 751 2 75 7] DL A7 R4 4
PLR AR /N7 77 i XA [F] B 7K AR LR S AR AR Y
M) 1o 3264 T 5HIE

NRMSE = 100 (1)
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Table 2 Growth and development parameters
of * Dingxi 35 wheat

D=1-

28 ZHE AL
Parameter Value Unit

RIS /NX R 20 mx4 m, 4 e Sk e 4
+, IR 1.26 g - em™, pH {H  8.36, IRIEH
INEE SRR SE TS 35 50,3 AR AR (IE W
) #EFh K 187.5 kg + hm™, fi & & Jy 105 kg -
hm ™ AEGEHEAE 7 20, FEFIIR R 30 mm, JCVE
it .,
1.4 HEBHWH
141 RERA RHBRIECE TSRS R
(RPN B (1 N
xl. - u(xl ;x”)
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(TR R <-035;F/KE: -0.35 < R < 0.35;
TR > 0.35)
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Table 3 Factor coding

FACHUEIE F Vernalization sensitivity 1.0

CO, e
% B/ C ) 2 yy)

CO, concentration

e JE WU R T Photoperiod sensitivity 2.0 No. Temperatrue Code B Code
/(pwmol + mol™")
SR 0001
Potential grain filling rate ’ g ° g 1 0 -2 370 -1.62
T3 A B . 2 1 -1 400 -1
o . e 580 C-d
Thermal time start filling to mature
L 3 2 0 500 0
JYBETE Weight of tiller 1.22 g -+ tiller™
#EE Stem length 1000 mm 4 3 1 600 1
KRBT Max grain size 0.045 g 5 4 2 700 2
x4 RBEMAEREKERYS
Table 4  Division of different precipitation year types in test years
AR K i/ mm Ay Ait/a
Model year ~ Average precipitation Year Total
FEUE 1364 1971 1974 1975 1976 1982 1995 1997 2000 3
Drought year ’ 2001 2008 2009 2011 2017
1970 1972 1973 1980 1981 1983 1985 1987
KA 202.6 1988 1989 1992 199 1996 2002 2004 2006 21
Normal year
2007 2010 2014 2015 2016
SEEAE 70,0 1977 1978 1979 1984 1986 1990 1991 1993 s
Wet year ’ 1998 1999 2003 2005 2012 2013 2018
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Fig.1 Linear regression fitting of simulated

and measured wheat yield
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Table 5  Correlation between simulated yield and measured yield

(L1 - S 1] i -y
\/b 7. i}
AR :F A T RMSE NRMSE

Model vee Simulated Actual ke « hm-2 o

odelyear — o1d vield (kg hm™) /%

/(kg - hm™) /(kg - hm™2)
H /e

FRE 002,00 1001.0 14.31 127 0.86
Drought year

KA 1428.25 1156.5 12.10 20.3 0.71
Normal year

SELI =

M 2110.35 2019.0 22.30 6.5 0.88

Wet year
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Fig.2 Effects of simultaneous increase of CO, and temperature on spring

wheat yield under different precipitation years

()30 4 Wet year
T RS Y g B/NEFo R, AR CO, WRBE (X)) FIRLEE(X,) .
Note: The dependent variable Y is spring wheat yield, and the independent variable is CO, concentration (X, ) and temperature (X, ).
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Fig.3 Path analysis of CO,concentration and temperature on spring wheat yield under different precipitation
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Fig.5 Sustainability index of yield under different precipitation years
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