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Effects of climate change on crop diseases and insect pests

Li Xin-Yi, Chen Xin-Tong, Zhao Chuang*, Wang Qian, Cong Jia-Hui, Lin Ruo-Wei, Qiu Yu-Xin, and Yang
Xiao-Guang

College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China

Abstract: Global climate change is systematically exacerbating the damage caused by crop pests and diseases through in-
creased temperatures, altered precipitation regimes, and elevated atmospheric CO, concentrations, posing severe challenges to
national food security. This paper reviews the current status and characteristics of crop pest and disease occurrences in China,
along with the mechanistic influences of climate change on their dynamics. It reveals the core processes, including accelerated
pest development and northward expansion due to rising temperatures, bidirectional regulation of pests and diseases by altered
precipitation patterns, and the indirect impact of elevated CO, concentrations on pest and disease dynamics by changing the
physiology of host plants. Furthermore, interactions among multiple factors (such as combined heat and humidity) are shown
to amplify risks substantially. While a preliminary integrated framework has been established—encompassing stress-resistant
crop breeding, development of green pesticides, smart monitoring and early warning systems, and adaptive agronomic prac-
tices—significant knowledge gaps remain. These include insufficient understanding of molecular response mechanisms, lim-
ited quantification of dynamic processes, and fragmented modeling of regional disaster patterns. Moving forward, it is impera-
tive to advance research on the multi-dimensional coupling mechanisms within the “climate-crop-pest” system, integrate
multi-modal data and artificial intelligence technologies, and develop a proactive, data-driven prevention and control system
for enhanced resilience.
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Table 1 Major occurrence areas and favorable meteorological conditions for class i crop diseases and insect pests in China

; , 9 KRG RN
PR E‘Xﬁlﬂ%ﬁ?’éﬂ ﬁ%%ﬂ W B 257 FEEEX Prone to
Insect pest Pest feeding Disease . .
. Commonly used defense Main occurrence area meteorological
and plant disease  mouthparts type type .
conditions
JINAZ f it Sl X — Mok mE R SUEemER EORIEAE X, b X BT AR
Aphid Piercing-sucking JHig 14T Huang-Huai-Hai wheat area, 16-22°C 130
Imidacloprid, acetamiprid, northern wheat area **! Optimal breeding
chlorofluorothiamethoxam, temperature
ete. ™7 16-22°C B39
AN SR — HIH PCMEEE . HURME . YRR O PEAL. VERE . ARdb RUIDOREET A K RARIRE 10-
Yellow rust Fungus I it £ 1471 Northwest, Southwest, North 15°C, FEAKFERBH
Tebuconazole, epoxiconazole, China and Jianghan River Optimum growth
propiconazole, Basin " temperature
hexaconazole, etc. *”! 10-15°C, adequate
precipitation %!
/NZEAREEIR — =N} ZWR . BURTHER ., MR KL TR A £ X AR X B B
Fusarium head Fungus PN, A s A 1471 The middle and lower reaches of  High relative
blight Carbendazim, phenamacril, the Yangtze River and the Humidity %
tebuconazole, prothioconazole, Huang-Huai winter wheat area 1331
etc. 7!
i K PiLIE. — Gf T . SHEORMENE . W LRI ARG X Y A KA AR
Rice planthopper  Piercing-sucking JE d e . BRI IR A 45 Rice area south of Huaihe 20-30°C, JBAEERELY
Metarhizium anisopliae, River % Optimum growth
triflumezopyrim, nitenpyram, temperature
Beauveria bassiana, etc. *! 20-30°C, high
humidity 7
FE G\ I i LI = — T BFFI . ERRATR . 3 MWL KR X, DIAE AIXRREE 75%L)
Cnaphalocrocis ~ Chewing type ZRAWE . ZRERED B VLA ARG X O E 5 LB
medinalis Guenee Bacillus thuringiensis, Bacillus The main rice producing areas in  Relative humidity

brevis, spinetoram, spinosad, the south of the Huaihe River are above 75% %
[55]

etc. mainly in South China, Jiangling
and Jianghuai rice areas ©*%
AR M 3 =X — I Ao g X B IRE 23-26°C | A
Chilo suppressalis Chewing type S TR DY Central China rice region ©**! 85%—100% (6
Bacillus thuringiensis, Temperature
Metarhizium anisopliae, etc. ! 23-26°C, humidity
85%—100%
eI — B RZFAFTR . BRER . = KL B EBRINX, I S IR 24-28°C,
Rice blast Fungus  ¥RmE . PRERMRAESY FEX T e
Bacillus subtilis, kasugamycin, The main rice producing areas in  Suitable temperature
tricyclazole, propylthiozole, Northeast China, hilly and 24-28°C, high
etc. 1°% mountainous areas in South Humidity "

China, along the Yangtze and

Huai River regions ['*)

7 KT — AT SEORBENE . WEMGE . wkdy WEEEE, WSHIX, mBX ZFRIERE, BK
MR YR Virus iz 241531 Hainan island, Guangdong and i 251631
Southern rice Triflumezopyrim, thiameth- Guangxi region, Yunnan and Warm winter and
black-streaked oxam, dinotefuran, etc. **! Guizhou region % spring, more [**!

dwarf virus precipitation
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Insect pest Pest feeding Disease . .
. Commonly used defense Main occurrence area meteorological
and plant disease = mouthparts type type diti
conditions

RIAVIE S N

Asiatic corn borer

FoKRmH
B
Southern
corn rust

L G
Potato late blight

TR

Sclerotinia rot

K AR

Root rot

s
Locusta migrato-

ria L.

i 3

Army worm

b AU
Fall angle army-

worm

ML 3
Chewing type

WL =X
Chewing type

ML =
Chewing type

MEL g X
Chewing type

— T GAFE . BRI VRS . T R AL Tk X

1 2 P g 25 1O
Bacillus thuringiensis, Beauve-
ria bassiana, chloran-

traniliprole, etc. (641

R R . KB E AL
HEE R 1

Bacillus subtilis, validamycin
[64]

Fungus

A, difenoconazole, etc.

R FRARERBE . IR TEND b | g e

Fungus ik Z i Z50¥ Southwest and central plains
Mancozeb, dimethomorph, producing areas !
oxathiapiprolin, etc. **!

B ST R . ERR . BEME LAV SE 3 X 10

Fungus T e S0 The main producing areas of rape-

Pydiflumetofen, procymidone,

boscalid, etc. "1

R IR WEAEE . RS
A0

Epoxiconazole, azoxystrobin,
[74]

Fungus

etalaxyl-M, etc.

— FAA R SRR, &
o T AR 20
Beta-cypermethrin, malathion,

Metarhizium anisopliae, etc. "

— B FFH . EGURE . SUIER BRI AT B R Y

B

Bacillus thuringiensis, phoxim,

chlorpyrifos, etc. !

— B BT R EEE . & R, KRICE, HERTE

T fe 4

Bacillus thuringiensis, Beauve- South China, south of the Yangtze

ria bassiana, chloran-

traniliprole, etc. !

IREE 17-22°C, AHXT

China’s corn producing areas from I 60% ¢!

south to north 1

B KX T

Huang-Huai-Hai summer corn

region 7

VR B g = X )

seed in the Yangtze River Basin
are the main producing areas of

rapeseed "%

BTl pE YNGR
Soybean producing areas such as
Huang-Huai-Hai and South

China "

ALY <R IR £ R
D SRR, PEE, RAEHLIX;
PE R, 1 Al X T
East Asian migratory locust, plain
areas such as North China and
Jianghuai plains; Asian migratory
locust, Northwest and Northeast
China; Locusta migratoria tibe-

tensis, Sichuan-Xizang River

valley areas "%

Disasters can break out except in

[81]

Xinjiang

X

River, Jianghuai and Huanghuai

regions !

Temperature
17-22°C, relative
humidity 60% [

H P2l 25°C 22
11, Bk L0
Average daily tem-
perature about 25°C,
more

precipitation [¢7)

IR 20C A,
e

Suitable temperature
about 20°C, high
humidity 7"
AR VR RE 85%LA I,
i 2 R 455 )
Relative humidity of
more than 85%, acidic

environment "3

Wk £
More

precipitation 7®!

o I )
High temperature
79]

and drought [

AR, BEA
s

Higher temperatures
and increased green-

house gases %!

SR )

Warm and humid
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Insect pest
and plant disease

BT R

Pest feeding
mouthparts type

. W B #2551
Disease
Commonly used defense
type

Main occurrence area

VY- Soat T
Prone to
meteorological

conditions

Ty AR

Meadow moth

B
Vegetables thrips

NEL g} =X
Chewing type

SN

File suction type

— I e = Il . = IR A 150)

Emamectin triazophos,

triazophos, etc. (¢

— TERRTE VB . 2R RN

. ZRERED

Beauveria bassiana, spine-

toram, spinosad, etc. (891

fedb . RALAPE b H X 7
North, Northeast and Northwest
China®®”

KT, AR b X 3 2% 1 P
Vegetable fields in the Yangtze

River Basin and South China "

HRE 22°CLEA, M
YRR 60%-80% 1*
Temperature about
22°C, relative hu-
midity 60%-80% (¥

HRE 20-30C, HIXS
T 40%-70% 1
Temperature 20—
30°C, relative humi-

dity 40%-70% "

fEATIX LI IR ARG R, AREH LT 2 AT
JETF R IEIE: o, P BIRVTEEE . Bk CO,
LK 3 A A AL B A VR B 4 R 1Y

Compound effects

MhSZFEWE  FEUK, 23 b ik £ X - 2 18] A9 52 ELAR AT AN
Al BR335SR P, LA
HAEKFRWME 1 PR

temperatures

1
Rising || High temperature
. & drought

High temperature

Individual impact:

Tndividual impact:
(+) Promotes reproduction and

(+) Accelerates development
and reproduction

ispersa
(+) Expands geographical (+) Enhances virulence and

1
! 1)1y
! Altered
&high humidity | | precipitation
_____________ 1 regimes

Tndividual impact:
(+) Increase in humidity-
preferring/moisture-loving pests|
(+) Drought stress favors

Individual impact:
(+) High humidity favors
pathogen infection
(+) Facilitates spore

(+) Increases the infection and

tributi
(+) Increases overwintering
rate by vector insects

distribution

o~

\?/ i A

Insect pest
)

Increased
eeding

‘mw\\\'\

(-) Reduction in

predation
parasitism efficiency

\(+) Insect pest] |(+)D.s€as€] the proliferation of certain pests|

germination and pathogen
movement

alters migration pathways

cel/
Accelerated \ }
infection rate DI

1sease
- X

=) Nutritional quality
decling

es
(~) Compromised resistance
(—) Stomatal closure

(+) Feeding by vector
nsects is exacerbat

H
| () Suppression of plant resistance }

. (eg ETI)
(=) Alteration of the growth period

) 1SSUES.
(+) Enhances signaling pathways such as jasmonic acid and other
W 3

| Drought/waterlogging

[] Insect pest
["] Disease

Elevated concentration of carbon
dioxide
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Fig.1 Climate change-pest and disease-crop interaction diagram
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