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Abstract: Based on the spring maize field trial data from agro-meteorological experiment stations in the northern
China and daily meteorological data, the adaptability of agricultural production system model APSIM in the maize
producing areas of the eight provinces in the northern China was analyzed. The critical meteorological response
factors for the development stage and yield of spring maize were determined at the regional scale. The growth and
yield formation of spring maize in the past 54 years (1961-2014) were simulated based on APSIM. Response laws
of spring maize to climate change were explored. The results showed that, (1) the validated APSIM model had better
adaptability in the maize producing areas of the eight provinces in the northern China. (2) Air temperature and soil
temperature were the most important meteorological response factors for the development stages of spring maize in
the eight provinces of northern China. In the northern spring sowing area, the response of the development stage of
spring maize to the maximum temperature was the most obvious. However, in the northwestern inland region, the

response of the development stage of spring maize to the minimum temperature was the most obvious. The increase
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in daily average temperature, daily maximum temperature, daily minimum temperature and daily soil temperature

advanced the day of year (DOY)) of spring maize growth stage (emergence, flowering and maturation) and decreased

the days of development, causing spring maize mature ahead of time. (3) The key meteorological response factors

for spring maize yield in the northern spring maize region were temperature, precipitation and sunshine hours. The key

meteorological response factors for spring maize yield in the northwestern inland maize region were mainly temperature

and potential evapotranspiration. In most areas, the increase in temperature and potential evapotranspiration significantly

decreased in spring maize yield.
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Table 1 Basic information of 15 meteorological sites in the northern China

41> Province

¥l 14 Station

¥l # 2K Station type

21 Longitude (°E)

25 Latitude (°N)

MK R Altitude (m)

i Xinjiang P Yining AL BS 81.33 43.95 662.5
£ Changji — vk GS 87.43 44.01 579.3
11175 Shanxi it Hequ ARG BS 111.15 39.38 861.5
17} Xinzhou —fpk GS 112.70 38.42 797.7
5 Ningxia 1 Zhongwei Al BS 105.18 37.53 1225.7
M 521t Inner Mongolia 9 Linhe FA BS 111.47 41.08 1039.3
5853 Tuquan — M GS 121.58 45.38 311.7
HJpiT Heilongjiang 225 Anda FARu BS 125.32 46.38 149.3
&4 Fujin FEAE BS 131.98 47.23 66.4
4K Jinlin HEf] Huadian FAUL BS 126.45 4259 263.3
4% % Nongan Al BS 125.09 4423 170.2
JL7* Liaoning ASE Benxi ARG BS 124.12 41.3 211.9
339 Haicheng FAUL BS 122.72 40.88 253
‘Hilt Gansu 5K Zhangye Al BS 100.42 38.92 1482.7
/&£ Chengxian — gtk GS 105.72 33.75 970

Note: GS is general station, BS is basic station.
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Table 2 Parameter description in APSIM-maize model

ZH M Parameter type i FF 54U Variety parameter i3k Description AT Unit
EEM tt_emerg_to_endjuv HAHT B 752 E K45 I AR Accumulated temperature from seedling to end o
Growth stage of vegetative phase
tt_flag_to_flower TH 2 FF AL AR Accumulated temperature from parietal to flowering C-d
tt_flower to_ start grain TFAE R HES (W RUE Accumulated temperature from flowering to grain filling C-d
tt_flower_to_maturity TFAE 2 B AL The accumulated temperature from flowering to maturity Cd
Photoperiod_critl S JE I FLE 1 Photoperiod critical value 1 hours
Photoperiod_crit2 6 JE 1R FLH 2 Photoperiod critical value 2 hours
Photoperiod_slope JtJE AL 2 Photoperiod slope —
grain_gth_rate WEAERES TR Potential filling rate mg-grain -d'
e X_stem_wt V77 K ZEH HE Stem weight per square meter g-stem !
Control yield y_height Fa bk % Plant height m
Head grain_no_max R>PI7 KKK L Grain per square meter Kernel-head '
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Fig. 2 Comparison between simulated and observed the day of year (DOY) of developmental stage of spring maize in the eight

provinces of the northern China
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Fig. 3 Comparison between simulated and observed yield of
spring maize in the eight provinces of the northern China
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Table 3 The first difference correlation analysis between the development stages and the meteorological factors of spring
maize in the eight provinces of northern China

[X 45k 3l 25
AD ATA ATMX ATMN AP ASH ARain AH AST AR
Region Station

Wil Xinjiang B HMEE  -03847  -03217 0414”7 0.471 0.028 0.086 0.222 -0.407" -0.002
Changji JHEF 07027 -0.630"  -0.705" 0.317 0.117 0.389" 0.652 -0.605"" 0.107

WEM -0.8747 07977 -0.844" 0.234 0.078 0.422" 0.632 -0.727" 0.059

ey W E -0.100 -0.070 -0.121 0.282 0.125 0.086 0.093 -0.192 0.122

Yining FEF 06417 <0581 -0.440" 0.623 -0.180 0.409" 0.480 -0.613" -0.191

BHM -0756" 0674 -0.709" 0.520 -0.270 0.266 0.404 -0.725" -0.284

11174 Shanxi ik WEE 0243 -0.098  -0.412" 0.225 0.138 -0.083 0.06 -0.028 0.126
Hequ FEF 07117 <0593 -0.539" 0.308 -0.090 0.076 0.411 -0.533" -0.107
BHM -0.8917 0772 -0.643" 0.274 -0.280 0.289 0.475 -0.682" 0297
DigAl W E -0.277 0.037 -0.613" 0.115 03947  -0457"  -0.231 0.109 0.379™

Xinzhou JHEF 0789  -0.697"  -0.373" 0.345 -0.260 0.204 0.493 -0.636" -0.269
BEM -0911"" 0748 -0.535" 0.433 -0.296* 0.208 0.439 -0.696"  -0.305"

‘75 Ningxia 1L HHEE -0.213 -0.001 -0.482" 0.283 0.053 -0.166 -0.247 0.322" 0.045
Zhongwei  JT{EF -0.235 -0.15 -0.309" 0.102 -0.140 0.029 0.104 0.328" -0.133

BEM -0.5907 0478 -0.438" 0.362 -0.190 0.173 0.125 0.04 -0.184

o] WEE  -0.094 -0.073 -0.235 0.327 0.227 -0.153 -0.071 0.033 0.218

M %1 Inner " - o s

' Linhe FEF  -0.651 -0.671 -0.617 0.235 -0.040 0.12 0.332 -0.608 -0.046
Mongolia BHM -0.789"  -0.768"  -0.728" 0.279 -0.080 0.173 0.387 -0.759™ -0.083
SEIR WEE  -0397" -0.326 -0.278 0.143 0.017 0.123 0.075 -0.372" 0.005

Tuquan FEF  -0705"  -0.629"  -0.611" -0.171 0.127 0.043 0.062 -0.420" 0.140

BHM -0.866"7 0766 -0.747" 0.058 -0.14 0.105 0.144 -0.756" -0.138

i Liaoning A% WIE 0227 -0.238 -0.200 -0.061 -0.080 -0.198 -0.046 -0.296" -0.093
Benxi JHEF -0.8707  -0.849"  -0.617" -0.002 -0.250 -0.015 0.03 -0.729" -0.249

BE M -0928" -0.830"  -0.813" -0.079 -0.180 -0.136 -0.157 -0.785" -0.176

biB W E  -0366%  —0.298%  —0.446" 0.007 -0.150 -0.023 -0.104 -0.366" -0.167
Haicheng  JI{EF  -0.846"  —0.814"  -0.780" 0.217 -0.501" -0.015 0.111 -0.726"  -0.509""
WEM -0.8947 08047  -0.884" 0.131 -0.463" -0.050 0.057 -0.775" 04757

K Jilin Hef WEE 03117 -0.3807 -0.146 -0.029 -0.190 -0.029 0.209 -0.299" -0.196
Huadian JEF 08967  -0.854"  -0.709"  -0.174 -0.150 -0.177 0.043 -0.787"" -0.162

BEM O -0.811"  -0.742" 0710 -0.150 -0.100 -0.167 -0.127 -0.700"" -0.113

(&7 WHE 0173 -0.159 -0.094 0.085 -0.09 -0.17 0.164 -0.106 -0.099

Nongan JFEF  -0857"  -0.818"  -0.704” 0.002 -0.230 0.006 0.22 -0.702" -0.223

B M -0.8957 -0.818"  -0.825" 0.041 -0.110 -0.084 0.059 -0.684" -0.112

SN LB W E  -0.294* -0.292" -0.222 -0.001 -0.150 0.087 0.016 -0.182 -0.150
Heilongjiang Anda JHEF 0760  -0.802"  -0.555" -0.191 -0.190 0.294 0.405 -0.674" -0.181
BEM -0.8267 08517  -0.662" -0.088 -0.21 0.385" 0.363 -0.778" -0.205

i i E -0.151 -0.149 -0.140 0.002 ~0.090 -0.214 0.018 -0.099 -0.105

Fujin JHEF  -0.843"  -0.854"  -0.653" -0.152 -0.260 0.084 0.534 -0.719" -0.267
WEM -0.8447 08277 -0.683" -0.160 -0.391" 0.198 0.396 -0.746" 03977

Hiff Gansu i1 HE -0.130 -0.089 -0.276 -0.132 0.261 -0.007 -0.088 -0.078 0.263
Zhangye FEF 07517 -0.826"  -0.366" 0.312 -0.325" 0.481" 0.538 -0.715"  -0327"

M -0.207 -0.325" -0.146 0.058 -0.070 0.092 0.170 -0.239 -0.059
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[X 45 il
AD ATA ATMX ATMN AP ASH ARain AH AST AR

Region Station
HR A E WEE  -04317 -0.395" -0.233 0.289 -0.160 0.139 0.260 -0.29 -0.158
Gansu Chengxian  JFEF  -0.724"  -0.660"  -0.435" 0.382 -0.270 0.004 0.518 -0.467" -0.279
WM -0.890"  -0.780"  -0.516" 0.538 -0.441" 0.221 0.597 -0.744" 0453

TE: A P<0.05, THP<0.01. AD HZBEMHE . JFE. B (HF) s, ATA. ATMX. ATMN 450 &
IR KA HAFEA S P i m i SR H T B R AR 3L . AP. ASH. ARain 735l N B FEHE TR KEA
H TP ¥KER. BT H BN, RBKEMNTNRE, AH. AST. ARSHIAEESR TRAKFNH P [BE. HTH
IR R AR SRS AR B IR

Note: " is P<<0.05, ™ is P<<0.01. AD is the change in diurnal order of development stage i.e. emergence(E), flowering(F) and
maturity(M) year by year simulated by APSIM-maize model. ATA, ATMX, ATMN are the changes in daily average temperature, daily
maximum temperature and daily minimum temperature during spring maize growing season, respectively. AP, ASH, ARain are the
changes in daily average vapor pressure, daily average sunshine hours, total precipitation during spring maize growing season,
respectively. AH, AST, AR are the changes in daily average air humidity, daily average soil surface temperature and total solar radiation

during spring maize growing season, respectively. E is emergence. F is flowering. M is maturity. The same as below.
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M 4 ml g, AET R EOK R FOK R I OG
W N AR T E AT K. HERN S, v
A6 P il 7 X A TR R A 25 . LRk UL,
56 AR TR R S B N ARG R T B KR I
B Ve R s 7 A R R H S A

AT 0 H N BONIRLE s 75 AR A3 BT H N 4
MRORLL O RE I NI AR 2R A HON i
AV EZHL BTl Bk . W EEABAE 28 1. W I,
DR 73 4 DU E (10 T v RS E 28 B 1 In 23 51 &
K- mmRE N, DA AERET &S T8
TORET Wk, TR RN TR, A EL
Fop i TR R e el B TR 5 RS A 7 300
PR ol B 2% 7 B Ak, 3T BE R I K R A
LUFSNTE S S A S e 3 N S R ey
%5, AT BRI e,
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Table 4 The first difference correlation analysis between the yield simulated by APSIM-maize model and the meteorological

factors of spring maize in each province

X Jk 3l .
ATA ATMX ATMN AP ASH ARain AH AST AR AET,
Region Station
788 Xinjiang £ 7% Changji -0.455"  -0511"  -0397"  0.010 -0.101 0.451" 0495  -0427"  -0.093  -0.556"
T Yining -0.405"  -0.453" 0.069 0.145 -0.045 06407 0062  -0378"  -0.048  —0.425"
174 Shanxi ] i Hequ -0.650"  -0.544"  -0.503""  0.088 -0.006 0.110 0276  -0477"  -0.025  -0381"
47 JH Xinzhou -0.576" 04277 -0355" 0221 —0.020 0.237 0398  —0412"  -0.021  -0.446"
75 Ningxia 1 Zhongwei -0.123 -0.357 0.208 0.005  —0.039 0.188 0.084  —0.574"  -0.048 -0.187
W% Inner ¥ Linhe 0.010 -0.079 0.132  -0.008  0.168 0.008"  0.061 0.096 0.172 -0.141
Mongolia %% 4% Tuquan 0.745" 0.667" 0.695"  0.061 -0.103  —0.042  —0.050  0.542" -0.107 0.271
LT Liaoning %% Benxi -0.278 -0.220 -0210  0.053  0.140" 0.115 0.073 -0.152 0.124 -0.168
¥ Haicheng -0.179 -0.135 -0.167 0299  0.108"  -0.049  0.094 -0.088 0.098 -0.148
WK Jilin HE4a) Huadian 0.022™ 0.057 -0.076  —0.018 04917  -0.168  —0.135 0.092 0.495™ 0.123
4% %2 Nongan 0.009 0.015 -0.049 0.070  0.164™  -0.103  —0.270 0.137 0.169" 0.320"
ST, 3% Anda -0.545" 0556  —0455"  -0.026  —0.177 0.231 0293  —048"  -0.165  —0.470"
Heilongjiang & %% Fujin 0.546" 0.578"" 0.409"  -0.196  0.371° 0245  —0429 05177 0.386" 0.517"
H7f Gansu K4 Zhangye -0363"  -0.442" 0.042 0.120 -0.381"  0.363° 0445  -0447" -0383"  -0.385"
fiE Chengxian 05617  —0482" 0270 0.346 —0.144 0.243 0558  —0416"  -0.148  -0.560"

T AET AFTORAEKTN BRI R

Note: AET) is the change in total potential evapotranspiration during the spring maize growing season.
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