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Abstract. Global warming has direct impacts on agricultural production and food security. The North
China Plain (NCP) has adopted the double later-cropping system (the later sowing of winter wheat and
the later harvest of summer maize) as a strategy to cope with climate change and increase yield.
Determining the latest sowing period for winter wheat in this region under the backdrop of climate change
is crucial for ensuring high yield and efficiency, thereby safeguarding China’s food security. Based on the
WMAIP integrated model, the suitable sowing period and the minimum pre-winter accumulated

temperature were analyzed for winter wheat at six representative sites in NCP, including Beijing and
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Tianjin in the north, Xingtai and Ji’ nan in the middle, and Xihua and Nanyang in the south. The results
showed that the yield reduction rate due to late sowing was increased from south to north in NCP, with the
southernmost part of NCP having the smallest reduction rate ( < 19.5% ), the central part having a
reduction rate within 26. 4% , and the northernmost part having the largest reduction rate, reaching up to
32.0% . The suitable sowing periods for the northern, central, and southern parts of NCP were between
September 25 and October 5, September 30 and October 20, and October 10 and November 5,
respectively. All sites showed a very significant quadratic relationship between the high stability
coefficient and the pre-winter accumulated temperature. Based on this quadratic relationship, the lower
limit of suitable pre-winter accumulated temperature can be determined. The suitable pre-winter
accumulated temperature for winter wheat varied at different sites, showing a gradually decreasing trend
from north to south in NCP. The suitable pre-winter accumulated temperature limits for winter wheat in
NCP, based on high yield and high water use efficiency, were between 497°C - d and 629°C - d and
344%C +d and 581°C -d, increasing from south to north. Under conditions of high yield, the latest sowing
dates for the majority of regions in Hebei, Shandong, and Henan were between October 1 and October
13, October 10 and October 16, October 22 and October 28, respectively, and under high water use
efficiency conditions, they were extended to October 7 and October 19, October 16 and October 22, and
October 31 and November 12. The insights can provide a reference for the promotion and application of
the double later-cropping system in NCP under the context of global warming.

Key words: winter wheat; minimum pre-winter accumulated temperature; latest sowing date; yield;
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Fig. 1 Study area and distribution of meteorological station
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Tab.1 Genetic parameters for winter wheat variety Jimai_22 and Handan_6172
H e J5 ik ZH P 22 g 6172
A — I B EARE REK - 1.700 -2.200
BB BIEA K H R by -3.254 -3.175
TR B AR E REL ks -3.156 -2.056
WA —TFUNBIEARE R ks, -2.965 -3.335
FFAL— A B S A R H RE &y -3.397 -3.357
NGz A A0 — H T o BOR S R 5L p, 1. 000 1. 000
FALB BRE R p,, 0.333 0.232
. R G B i R B po 0.252 0.683
el PAT—FFAE W B IR R AL ps 0.977 0.877
FFAL— WA B Bl B R 8L p, 1.242 0. 942
6 45 B BOG R R AL g, 0.355 0. 957
W — R BT T,/ (C - d) 385 413
AT —TF AL B A T,/ (°C -d) 474 494
2 din) FEAE— BB B & AR T3/ (C -d) 700 683
JER B BUR R R, 2.76 2.59
FACR BUR R LR, 2.14 1.62
U A e R ML) B AR P,/ (g M) 16.9 14.9
. B BREOE A HEE P,/ (grm b ") 3.82 3.52
O ) PN CO;E”KE%A“M/(kg-hm’Z-h") 41.7 35.7
RIEBRRE  BAHHR By (gbm b1 o) 0.5 0.5
. TR AT ZE W 77 65 M RE R B AR T,/ (kg kg ™) 0.4 0.3
AR MHEUE AP Y AR B R T,/ (kg kg ™) 0.8 0.7
FRER FeR Wk % HI, 0.51 0. 40
LR s;m/MBOGR R 5L HI, 0.25 0.15
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Tab.2 Sowing date scenario setting at six stations of NCP

AR ity il

Eie ) R/ (Bkem™?)

Jent HBER 6172 % & 22
Kt URES 6172 P& 22
e HRER 6172 P 22
v HRER 6172 P 22

9H25H9H30H.,10H5H.,10 410 H .10 H 15 H .10 A 20 H .10 H 25 H .10 H30 H 150,300 450
9H25H9H30H.10H5H.,10H 10 H.10 415 H .10 420 H .10 H25H .10 H30H 150,300,450
9H30H.10H5H.10H10H.10H15H .10 H20 H .10 H25H .10 H30H .11 H5H 150,300 450
10 H5H .10 H10 H .10 H 15 H .10 H20 H .10 25 H .10 H30 H .11 A5 H .11 H10H 150,300,450

PEfE RER 6172 pF# 22 10 410 H .10 A 15 H .10 H 20 H .10 A 25 H .10 H30 H .11 A5 H .11 A 10 H .11 415 H 150,300,450
B HRER 6172 pF# 22 10 415 H .10 A 20 H .10 H 25 H .10 A 30 H .11 A5 H .11 410 H .11 A 15 H 11 420 H 150,300,450
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Fig.4 High-stable coefficient of yield for each sowing date and period in NCP
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Fig.5 High-stable coefficient of water use efficiency for each sowing date and period in NCP
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Fig. 6  Relationship of accumulated temperature before wintering and high-stable coefficient in NCP
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