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Abstract: The reality of global climate change has already led to food crises and increased risk of starvation in some parts of the
world. As a major grain production region, the three provinces of Northeast China are particularly vulnerable to climate change. In
this article, we categorize the effects of climate change and extreme climate events on the production of maize, rice, and soybean in
the three provinces of Northeast China. We then summarize the main research methods used to study climate change and its effects on
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staple grain crops as well as countermeasures to climate change, and further review the challenges of the major research methodolo-
gies and fields. 1) Statistical analysis, crop modeling, and field experiments were the main techniques used to investigate how climate
change and extreme climate events affect crop growth and yield. Although crop modeling and field experiments offered the most
powerful mechanistic insights, statistical analysis was the most extensively used practical approach. 2) Climate change is evident in
the three provinces of Northeast China, whereas drought has steadily replaced low-temperature freezing damage as the main agricul-
tural disaster over time. 3) Climate change has been favorable to crop yield in the three provinces of Northeast China, with global
warming improving heat resources. Crop-growing areas are gradually moving northward, and varieties are undergoing a shift from
early-medium maturity to medium-late maturity. 4) As global warming continues to intensify, it will be crucial to opt for crop variet-
ies in the future that demonstrate robust resilience to high temperatures, drought, cold, and other environmental challenges. Addition-
ally, agricultural irrigation systems should be enhanced to ensure resilience against drought and flood disasters. To safeguard the
health of the soil and ensure food security, new agricultural management techniques should also be considered. 5) Research on CO,
compensation, pests and diseases, and the improvement of crop models need to be intensified and enhanced to better address the ad-
verse impacts of climate change on food security.

Keywords: Three provinces of Northeast China; Climate change; Meteorological disaster; Staple grain crops; Thermal resources;
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Table 1 Main methods to study the impact of climate change on crops
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shading net treatments"” are accurate
COMEFEMIAS:  FIAI A H % CO, H A (FACE) R4l AT (EJ* FICO MBS
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Fig. 1 Changes of temperature and precipitation in Northeast China from 1960 to 2021
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Fig. 2 Areas affected by meteorological disasters of agricultural areas in the three provinces of Northeast China (a: Liaoning
Province; b: Jilin Province; c: Heilongjiang Province) from 2003 to 2020
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Table 2 Impacts of climate change on major crops in Northeast China
PSR
Mot AT Bk K o
Main characteristics of change Maize Rice Soybean
factor
TR Bk RIGEE> R, R BT sy AR RERE KX 60%H XA IR R P2 H Rmili E7E20~24 C . 2%
Temperature ERHL 15.6%, HIRERERT30°CAR 5200, = N3.4%; 1% a1 T+ AT R
The warming rate: the minimum F T R TR Average daily maximum
temperature > the maximum Temperature increase contributed The longer growing season had a temperature of 20—24°C was
temperature; summer and autumn  15.6% to the yield increase, and ~ positive effect on 60% of total significantly favorable for grain
> spring and winter the maximum daily temperature area, with a 3.4% increase in yield. filling™”
over 30°C was unfavorable to The increase in nighttime
grain filling”" temperature favored the formation
of kernels™
[N BRI, FBIETTAE R bR TFE— 1AM B A AN SR 1Y
Precipitation A R 10T R IR
. Risk of insufficient water supply at
Overall gradually increase with flowering stage to maturity stage””
increasing trend in Heilongjiang
Province and Jilin Province, and
decreasing trend in Liaoning
Province
KIS TREIREER11% (10)

Solar radiation 4% MR VT A I,
H i_?’UZ
Declining in an average rate of
1.1%(10a) "', which is higher in
spring and summer than that in

autumn and winter, with an
increasing trend in Heilongjiang,
and decreasing trend in Jilin and

A AT

production potentia

The decrease in solar irradiation

leads to a reduction in
17

%E>@( iﬁﬁﬁ%%ﬁﬂﬁ{fﬁ‘?"ﬁ"ﬁ R BHARSEHSE AT LU BEAE R, 1 BE H BRI B R ok, X7 i

PEIEE A 1.0%~3.3%" HIBTHR R H-0.1%~0.4%""
Enhanced solar radiation can Accumulated sunshine hours
promote growth with an increase in increase in the north and decrease
yield of 1.0%3.3%" in the south, with contribution rate

to yield ranging from —0.1% to
0.4%""

FRAFIF TR PRI RUR, S A RS,
R

for yield formation'™ Accelerating evapotranspiration

leads to a weakened
photosynthesis, resulting in
reduced yields®”

TR 1, RS-
TR
Spring drought affects seeding and
emergence, and fall drought affects
grain filling""

T—8 1 IV E M KA TR LIRS R AR P, 08l

A Y B BB K B B At A A A R
The cold damage in July to August Affects photosynthesis and

can affect the transition of rice  respiration, and slow down seed
from vegetative growth to emergence and growth™

reproductive growth™™!
At el A AN 5 )

Alleviate the adverse effects of

Liaoning
e H e i B R 35 °C S 823 d YA F A H IR 30°C Y
Heat wave I35 CHUSR Y SR niag u'?'lf““j][]lﬁL 7o FF14.1%, 45 High temperature is unfavorable
Both of the frequency of daily BIRAERM, FIGHERK
maximum temperatures surpassing R
35°C and the consecutive The increased accumulated
occurrence of temperatures temperature of over 30°C during
exceeding 35°C for 3 days show an growing season induced 14.1%
increasing trend yield decrease, vegetative period
shortening and grain filling rate
decreasing!
T IMERILTT 15%, SRFHIORT.8% X MR, Y= IR
Drought The frequency has increased by 17.3%""
15%, and the intensity has Significant yield reduction
strengthened by 7.8% occurred, with a reduction rate of
17.3%"™
RIS E  RAWERH60% FREE20%LT (BRI M
Cold damage  The frequency has decreased from Low-temperature damage
60% to below 20% inhibits maize emergence'*”
CO, %L COMRPEE W TT i IKIPFEREDL T, AR TR A
CO, fertilizer CO, concentration is gradually PR A
increasing Conducive to increase the

high temperatures

production potential under
sufficient moisture condition”™”

3.1.2 Kig

S AR SR BRI =B KRR A K & E M
PRI LB T A RIS SRR A AR A X
KFEAF WA BCBUE S i, X AR i IX 60.0% DL I
DX 38 1 K R A= 7 A I T R ), T AR 0 KRS 3 7 4
3.7% ", B AR g, T AL B R R, UK
Fei A K B R A T 1°C, KRG B = ] 2 5 6%
DAL o B4 S0 48 s, 0 Ia) 3 B T v e K R L A

Yy FURFRE 7= B 38 0 10.0% 22 47, 45 RO EORN A
TR RTURE £5 2 4 1 7.0% A 5.7% A% A8 B8 Al K FH
0 ST i X AR Al DX B A R A B S A AR
VEFH, 7= fat 1 i R 1.0%~3.3%""™, [ B ) b 3
W S R R B, BBV L R ARRNIL T AR 4
477 143.7 kg'hm ., 93.7 kgthm ™ I 63.2 kg-hm ™",
Bl A ok T BE Y R T, e T A AN g =
T A ) R R S 0 T R 2 T AT ORI B n A T
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Fig.3 Changes of major crops yield and the proportion of grain production in Northeast China from 1960 to 2021
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