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Impact of Climate Change and Varieties Replacement on Maize Yield and Resource
Use Efficiency in Xinjiang

WANG Yongl, ZHANG Zhen-tao’, ZHANG Fang-liangz, GUO Shi-bo’, YANG Xiao-guang2
(1. Xinjiang Ecological Meteorology and Satellite Remote Sensing Center, Urumgqi 830011, China; 2.College of Resources and
Environmental Sciences, China Agricultural University, Beijing 100193)
Abstract: Studying the effect of varieties replacement on the heat and radiation resources use efficiency can provide
a scientific reference for adapting to climate change. The Wulanwusu spring maize, Hami spring maize, Kashgar
summer maize, and Korla summer maize in Xinjiang were selected as the research objects. Based on the
meteorology data(1981-2019), maize field trial data(1981-2018) from agro-meteorological experiment stations, and
soil data, the adaptability of APSIM-Maize model in the typical sites in Xinjiang was analyzed. The accumulated
effective thermal time(AcTT) and accumulated photosynthesis radiation(AcPAR) during vegetative growing
period(VGP), reproductive growing period(RGP), and whole growing period(WGP) of Xinjiagn spring maize and
summer maize were calculated. Then, the influence of climate change on maize yield and heat/radiation resources
use efficiency were analyzed under the scenarios of varieties replacement or not by the validated APSIM-Maize
model. The results showed that: (1) the validated APSIM model had better adaptability in spring or summer maize
development and yield formation at the typical sites in Xinjiang. (2)The AcTT and AcPAR in the WGP showed an
increasing trend, of which spring maize mainly increased in the RGP, and summer maize mainly increased in the

VGP. (3)The length of maize growing period was shortened, and yield was reduced by climate change. But the
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varieties replacement had alleviated these adverse effect and increased yield. Among them, the spring maize showed

an extension of growing period, and the proportion of RGP in WGP was increased, while summer maize showed a

decrease in the shortening trend of growing period. At the same time, the heat resources and radiation resources use

efficiency during maize growing period were also significantly increased by varieties replacement.

Key words: Climate change; Maize in Xinjiang; APSIM; Growth and development; Yield; Resource use efficiency
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Fig.1 Variation course of the agro-climatic resources (1-AcTT, 2-AcPAR) of maize during WGP, VGP and RGP in study sites
H: G2 DR oK, PER A A u A R oK. WGP A FKAKTE, VGP &ul £ E-JFEH, BIE TR
KB B, RGP AT -, RAEREAEKN B AcTT AH AR, AcPAR NN . TH.

Note: There are spring maize in Wulanwusu and Hami, and summer maize in Korla and Kashgar. WGP is whole growing period of

maize, VGP is vegetative growing period which is from emergence to flowering, and RGP is reproductive growing period which is from

flowering to maturity. AcTT is accumulated effective thermal time, and AcPAR is accumulated photosynthesis active radiation. The

same as below.
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Table 1 Trend rate of agro-climatic resources during VGP and RGP of maize in study sites
e A R B AcTT('C-d-10a ") A 3RS AcCPAR(MI-m >10a”")
Sites ST BRI B AR A KB B Sk K B4 KK B AT KB B
WGP VGP RGP WGP VGP RGP
1322 535 Wulanwusu 1.91 -45.77" 47.68" -9.53 —-26.27 16.74
W44 Hami 72.57 0.57 72.00” 41.56 —6.45 48.04”
J /R #h Korla 67.22" 49.33" 17.89 36.06" 28277 7.79
%4t Kashgar 16.59 -3.34 19.93 7.37 0.06 7.31

Ve TN TR R BB 0.05. 0.01 KPR EMRL . FHE.

sk

Note: * is P<0.05, is P<0.01. The same as below.
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RN AER S, 152010 FF2 07, HAkE
SR A7 L sk s, R ALE 20 22 90 AEAX (1990S)
BRI T 100%. 1 21 22 10 4E4X (20108), [EH

)

Zhengdan958 (WA, H A7 LA BB, EU 895
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Table 2 The proportion and replacement of maize cultivars in different decade

{E¥) Crop 4FAR Decade fhfh Varieties
% K Spring-maize 1980S SC-704(57%),Weier1 56(29%),Hadan1(14%)
19908 SC-704(100%)
20008 SC-704(75%),Dongdan7(20%),Ludan6006(5%)
2010S SC-704(38%),Zhengdan958(25%),Ludan6006(13%)
B £k Summer-maize 1980S Qilike(74%),Jingzao8(16%),Zhongnan1(10%)
19908 Qilike(35%),Hedan1(30%),Jingzao8(20%)
20008 Xinyu9(32%),Zhongnan2(21%),Jingzao8(11%)
20108 Xinyu9(63%),Xianda203(13%),Jinyuanzao247(13%)

TE: AR R S R E T =AY, 365 T RS I A IZ AR AR S P

Note: The varieties in each age only list the top three with the highest proportion, and the numbers in parentheses indicate the proportion

of the variety in that decade.

22 SETUEETHRHERNEREKLEM™
=M
221 EKSFSE AR
N a3 AT R TR S B R AL IS R, B
1981-2019 4E4r4 1980 4EAX (1980S), 1990 4EAX
(1990S), 2000 AL (2000S) F1 2010 4E4L (2010S)
4 AEAR o AR AR B K 1 B 3R ORI i A
RIRFERF, RIE 3. N THRIEGENERT
a AR, RIEDRARF R, TEAS FAFEARTRR A
75 Ron, B 8 E SR 2 57
FIH APSIM-Maize #5581, DL 2 gl AR

BRIG 3l SN ORI R, SRR, AR
RIGRFM: T KPS EGEAT IS MEGIE. T4
B PR ST S5 B I b s R 2 A
R4 PR, HbgoE 2% (RD B 0.7 UL, DR
PRIIAE 0.85 LA by IH—1b3 7 iR % (NRMSED 1E
PR AL B I BI7E 4.5% L, PR R 13% AR
PIg4axtiizE (MAE) TEVEY H BT AR R s 1
£ 2d U, HE-REAREIIE 3d DA, PR
MAE #J7E 600kg-hm >, HUEF WL, APSIM-Maize #
RITERE 7E X LA R hr G v, WTHFEKRES
JARI EAR A o



* 336 H Kol AR
F= 3 ERZERBPSIER A SR HIERIE
Table 3 Maize varieties and data sources for APSIM calibration and validation
FAR b WS EIESE I TFEG AR
Decade Varieties Calibration data Validation data
# 2K Spring 19808 SC-704( 1) 15,22 5,55 Wulanwusu 1989,1990 15,22 5,75 Wulanwusu 1987,1988
maize 5 %% Hami 1989,1990 4% Hami 1987,1988
19908 SC-704(11) 1324 13,35 Wulanwusu 1997 1522 13,35 Wulanwusu 1986,1988
5% Hami 1995,1997 5% Hami 1994,1996
20008 SC-704(111) 1425 Hami 2005,2006,2007 %% Hami 2002,2003,2004,2008
20108 SC-704(1V) 1522 5,75 Wulanwusu 2018 1522 575 Wulanwusu 2012,2017
5% Hami 2015 % Hami 2014
HE K Summer 1980S Qilike( 1) JIE /R #)) Korla1988 W%} Kashgar 1983,1985,1986
maize W% {1 Kashgar1984
19908 Qilike(11) %4 Kashgar 1991,1993,1995 W54t Kashgar 1992,1994,1996
20008 Xinyu9( 1) J /R #) Korla 2005,2006 J /R %) Korla 2009
W {1 Kashgar 2007 Wt Kashgar 2005,2010
20108 Xinyu9(1I) ¥4 Kashgar 2012,2017 w24 Kashgar 2013,2014,2015
80 r 140 15000
(al) #FKSpring maize (bl) FHE HKSpring maize (cl) #EKSpring maize
A o *
3 | "3 A £
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2 Z 130} e Jie % 10000
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B 3 . . E
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Fig. 2 Validation results between simulated and observed value for days from emergence to flowering, days from emergence to

maturity and yield of maize (1-spring maize,2-summer maize) at study sites
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Table 4 Validation of APSIM-Maize model for spring maize and summer maize

URYEIES gz BRAEE
1980S 1990S 2000S 2010S
Maize types Item Validation metrics

Z K Spring maize HHT-FFTE IR 2L Days from emergence to flowering(d) R? 0.97 0.75 0.92 0.97
RMSE (d) 1.22 1.87 0.50 0.58

NRMSE (%) 1.70 2.76 0.77 0.88

MAE 1.00 1.50 0.25 0.25

D-VALUE 0.99 0.96 0.99 1.00

B - K 2L Days from emergence to maturity(d) R’ 0.91 0.94 0.89 0.69

RMSE (d) 158 274 158 271

NRMSE (%) 1.29 2.19 1.19 2.15

MAE 1.50 2.50 1.50 2.00

D-VALUE 0.98 0.99 0.97 0.89

Pk (kg'hm ) Yield(kg-ha ) R? 0.93 0.98 0.76 0.98
RMSE (kghm?) 63825 218.62  858.15  448.07

NRMSE (%) 12.47 3.76 12.58 3.98
MAE 490.33 187.75 572.5 240.25

D-VALUE 0.99 0.98 0.97 0.99

B F K Summer maize HH - R 2L Days from emergence to flowering(d) R? 0.78 0.72 0.98 0.84

RMSE (d) 1.29 1 2.08 1.41

NRMSE (%) 277 2.1 4.4 2.93

MAE 0.75 0.75 1.25 1

D-VALUE 0.94 0.96 091 091

B - K 2L Days from emergence to maturity(d) R’ 0.75 1 0.75 0.98

RMSE (d) 0.58 0.82 0.82 0.82

NRMSE (%) 0.63 0.9 091 0.92

MAE 0.25 0.5 0.5 0.5

D-VALUE 0.89 1 0.94 0.99

77 (kg'hm ) Yield(kg-ha ) R? 0.98 0.99 0.98 0.93

RMSE (kghm?) 11881  371.69 76433 29726

NRMSE (%) 437 8.49 10.47 5.49
MAE 75.25 269 468.75 187
D-VALUE 0.98 0.99 0.94 0.95

222 ShRREE R TR A KR E R

P S KA 5 1 APSIM-Maize #57, 43 i
LA TE BRI RS R N ERERKERE
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Table 5 Trend rate of days during VGP, RGP, and WGP under the scenarios of varieties replacement or not(d-10y ")

TRFBA ¥l g BRAKNE  AFHAE KB LK
Maize types Sites VGP RGP WGP
rFh A B # Not replacement % &K Spring maize 5,22 5,75 Wulanwusu —0.65 -1.05" -1.7
;% Hami —-0.9" -1.76" —-2.66"
H E K Summer maize /R # Korla —0.44 -1.25 —-1.68
W% ft Kashgar -1.14" 269" -3.82"
fhFhBE & Replacement % £ K Spring maize 15,22 5,75 Wulanwusu -0.23 3.78™ 3.54"
5% Hami -0.51 3.53" 3.017
B K Summer maize JE 7K %) Korla 0.15 -0.37 -0.22
41 Kashgar -0.26 -1.58" -1.84"
60.0 1 (a) 13221955 Wulanwusu [ (b) M4ZFHami
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Fig. 3 The proportion of simulated maize RGP in WGP under the scenarios of variety replacement or not
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Fig. 4 Variation course of the simulated maize yield under the scenarios of variety replacement or not
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Table 6 Trend rate of simulated maize yield under the scenarios of varieties replacement or not
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Table 7 Trend of heat use efficiency under the scenarios of varieties replacement or not
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Table 8 Trend of radiation use efficiency under the scenarios of varieties replacement or not
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