3 . ~ o Y, .
M % b & 20264 HT71% & 20 #4799 ~ 4809 ¢ CPERRE) 2o it
Y SEREARERR R EERER SCIENCE CHINA PRESS

CrossMark

& click for updates

5B B BORIKREN AT S nda (i Pt 2 0k e

FUREES S E- 3

1 MR RHE AR AP S ER A BE, BT 453003

2. WIRA A RLABE, Kb 410125

* KA, E-mail: liurunqiang1983@126.com; lybai@hunaass.cn

2026-02-07 Yk, 2026-03-23 &[0, 2026-06-10 157, 2026-06-12 MIZEhR & %
T4 TR L 11 (241100110300) AT B9 45 T A B & L35 (261111111000) %5 )

WE ERAEEMHTERBAL. EREMFRA, SRTHETRA., RGEPE. AETE, RAFA
RIKFPL, QA EFEMRETERRCRAMSRGHRE., REKT & RELSWERAR. T5K, UEF
REARKWENBAPUATERARKNEEBAEAELEYNG EFT R ERTEREA, AXRZERT £4
HMEA, MAWHTIRE, RNAEYMKY. GRERRBIREEMB R A EMEEENEZ T, ARER
TR ERAFERG NG, R T EEEAEHAELTR ENTEME ., QR REeRGTEBIKERG B EDT
FEMBRGEFONA, AR EEMRFTERRT AAXE. EMBEREEREARER F LM E TR K
Ewa, ot —FRFR LV AEFEHREL FRUAPMTRAUELE, RELHIRRZLERYTHEELE.

Kubinl HEEY, AWMEM, EWRH, ATER, KEHE

B SRR AR . BEEE R S, A E Y
NARAEY ) S A e g, 2z S T ek
K, MR TERBRY. gl e i
WA EEYBERKBIKEA T . SR AfkERy, 7
A FEAEYIBAA T . Preibe g R | R 25 H
ANEH . RAGFFRCSE R, 8T SSRGS
Yo AEYZREME IR SR sk e
LT T, R BRI R AR R R S, ER
Ry A ERA B BT RO S

VLAESR, BEE RNt . RNATHE, B4
WIEAR VI N LIS . TR AN T A g (artificial
intelligence, Al A% HIE BERELE, YR
PrEa E Y I | R 2Ny Tk
VIR G . RS SE I TE —HIR AR, H
HT R SR NG EY A E A s i HR
TR, TR T W 2, Bk . PUTRIAIE, (2t T

A 2GR %, ST T A R TR e A, HES T
MV RSk s Bl A . AT E A HARAE R
TR PT5 T b ARV E YA 5 A ek B A 207 T
AT T .

1 AWsoRBY R T A gk tal i

L1 EYERMIA

FAHEAE YA P9 BT HLUE RN R R S RO R F P
mn PR AT F AR A RGER, VIR g
EEIEIN | B gm 5 5 R N R E Y B R,
ARy ix 4 ok T ARt AR R LI
HER L B RAG G T3, s OB gk
BN R B BHE . A B 35 A 4R AR

TEHE[K 2w 7 1, CRISPR/Cas9 £ Giil i 7E s E A
R AOBUE T 245 RS R g SR sl o 46, WA E 4t

2026, 71: 4799-4809, doi: 10.1360/CSB-2026-0190

SUAER: X, AEERR. A8 5 15 B EORMAE VR A 5 A Ak (G BRI i, B2, 2026, 71: 4799-4809

Liu R, Bai L. Recent advances in green pest management of agricultural crops via biotechnology and information technology (in Chinese). Chin Sci Bull,

© 2026 (PIEFRFE) Akt

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2026-0190&domain=pdf&date_stamp=2026-6-25
emailto:liurunqiang1983@126.com
emailto:lybai@hunaass.cn
https://doi.org/10.1360/CSB-2026-0190
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2026-0190

M E LB O206F7TH F71E L2008

B s ) 2 T L OL RO I, 3 ek R ) G AR A AR
BBYR L, ATEEAE A Z PR IR I RTEE T TR b
S, BN, @iBRKAREOsSN3FE R AT g 25 HE T X Al
S EIHPEY, S KA OsRBL 1R DR AT i A RAS X Fefi
TR ATIES) B/ INAZ TaPsIPKIFE D AT 77 A 4o 255 Y
JUREIPEL). FEB AU L, 2R R v S
BB A B AR N, AT TR
1. BN, mbR KR S5 kWA O G TPSEE A,
AR MR K IE (Ostrinia  nubilalis)B5 17 1 R &,
G K G IR SRR R 5 W K GmMYC33E I, 4
F K SRS Ik (Spodoptera  litura) i PE! .
TEDUBRFLF 7T, 35230 i 38 = PR R B R e ik 1t A
R PR 55 53 0500 109 23 AR e i e V0% o 551 1) T
k. i, Wit SR EPSPS . ALS. HPPDZEBRHFIHL
PRI AED AT DURR BRI RR T, AR 4t 1
firde oy 2,

BRI S AN B A, SEEX AR
A EAVN SR, PURTTIH, 7 Lr34FOK 1w
T A AR BER PR B L T R R
B NSESE T X RO AR AE 1. PR T,
& AT (Bacillus thuringiensis, Bt)FEFEAEAERT
Fi4% i (Helicoverpa armigera)fBi IR W32, WL
R AT hUAR Y R S, RRAE AT b 2 A 2l i
P29 1~1.5 70 AR B Jy I, % EPSPSHEA
R TR FORXTROH B . R T BESEBR R A 37
PR dek e i 8 241 £ 25 P4 SO PR A2 b H K-S T
# W (glutathione S-transferase, GST)R: R /K TGRS T X
LR s ) S P L0,

AR, SRR . 51 g SR AR 1 E AL
REGZEWE, "TIEAE RDNASEER LA EN T, L
PR FORG R SN B e SR A S, 2
PRI T B RS HERE 5 A k. lan, A g
BRAS XIS Os Tub A2 L P REAT5E 0] €788, W] ARAT XS R
RAERFERIRE IR, @it | i ARB K
FEHISTHER Fr B, ATYRSE H A HPPDZERR H R BB E,
SRR AT IR 11.5%~15.5%2H, X sel RAEGS7E LT
AFIASNEDNAM S T LR B, sk abite
BRI TR,

1.2 R TR

FELH X PS5 Ih 30 54 W O AN (SO R T 1 B R TR 2
SRR KRR b 32 B HAR SR A AL i . (R, A

4800

Yy B HARSCRE Py L RIAS B D e e A, a2
YERFVE Y R RS TR AE 0 A IR A
AR R IYIR AR PR A Wi I A T e R IR, T
At A WE T e et e B . SRR DL SO
TRGAMEUESF Z AL 2 g, AT o
VEPIRTRG . B, REAEZ T ARG A2 A TR
TEVEM R IR R D, IR &R . NAE TR
A BT R T A TR O A B AR T RE 2T, X BB
YIRS B R AR, BTV E T iR
R F AR 2= A 25 0t . ol tn, AR50t T &R
PR TR A P AT AR A A 2L R RC  AR B 1,
FEARAR R 50 vh R G5 R o i, dF e s AR
R C T (Devosia) S5 s JSHF, & WG SRAR AR X J5 2L
TR R YRR . M, WAEREL S S
FEYAR N OB JE 20 A2, A% 45 8 (Sclerotinia sclero-
tiorum) AW AETT 28I T/INAZ L KA. RE&E . FoKAN
MRS ZME G, BRI S X IR . R
TR ARG AR sk, Bt 24 aihE L
7 PR E LR RN AR TR I A AE, 90 e R B R TR
(Pseudomonas chlororaphis) 5 BEWS r= =Wy R4 EH)
A B 2F AT B (Bacillus - subtilis)Fe) 10 A W5 AT
B, T B BT /N ZE R A A= W B A R,
SR, H—AG 2 G e A T ) PR g B 4 25 R
TR Z ST S MR MARE, BTy EAE
KA 5 Ite U FEI A0 G s R DS ot Je B o A
IR RN 7 €A B 7/ AR 0 Ml RBY 3 7 A el & B AN T S €
R PR e L 1 TR SR e A
JEFEP) B VI C AR D h i e Th BE e bk, I i ik Ak
A B ) R T 2 T 2 R T ) 4 R AR,
BGn, T GI0AE P A I 285 43 BT 0 6 1 ) DG BRI A T
P w W MG bk, MEmAE S R
PRI AL R 2 B 5 N T LR, T A 0 i 2 Atk
FHR &P FE IRt b, DhRERE A Al T
THomAb A B et IS B TR . Fildn, sRRA A
PR e A BR A mIHG v B RO B2 BeAs ) P4 iF
FERT R 95 2 4 28 AP IR T RE T G033 A W] [wl i By 42
i B A B R, CoeBUEYRAEID, JEARE
20234 A A U K HT 44 PP M,
TS W D3 R R R R R AR
YRV AT Ik, (R R I8 AR AR L1 B bR
DhRETy 1 FE A5 R i, A5 HLAEHE A AT {2k 45
A B PR A A ) S A SR RAT R A B, aE Rt AR



EaEEs

PR O EERE IS, IFLBEBTL L
B SR RS ST A AR, AT
DAY 5 AR, WAL 1
7

1.3 RNAEDR?

PIRNATHE(RNA interference, RNA1)FA Ay JFE R
(IRNALE YA 25 FF R AEFR R AR 25 5 F A5 =,
H R 5 ]S AR B mRNA 4 B AR ) XU
RNA(dsRNA), 5|&mRNAFESA#, M il HbR L Y
FkPYU RNAWLE Z A TR . B, 2l B
RS EAE Y T, TEAFAEYNIA SR
ERMIRNHESP. 5E5 2R 25H Lk, RNAZAY)
REGEA ZIRF, W BERE R, S A F Y
e S S P [ e o SR N1 = A i S e SN [ ST =3
otk =, BT EIA B, AN A MR AL
P, ISAIEAZ T, WA 4, R AR DT,

RNAEYA 2 (Al e AR 224 JE T i %515 5 5
[Tk (spray-induced gene silencing, SIGS)AY MG 142
PR A 25 13 F 77 £ M Y15 5 3L T ER (host-induced
gene silencing, HIGS)AYH; LRI A 255, LI
KA R Ry A 17 28 1 dsRN A R LA 533 HAE B8 A 1) e

HIGS

Plantcell

=tz o]

Transgenic plant

SEPERSE AR DR RE ST, BEERTHTHRCR, B
T T 2 RN AAE 1A 24 R 9 K AR A0 55 4 LG K
PEHIR (IR R SE) . REWAIRM RN FE RN . SPe
5. ZIRGUKAT R AR SR B KA, LA TCHLAR K
AR FEGOR A BHERAUOR A | B T 5 55) . ZRW
SR P,

AT RN AT AR I R 22 JE RN AAE WA 245 71 1 56
i, HAE A RNAEARSEE R R F YA K AT L
BERLDN, FERIN RS, HIGIIREUANY. M b
I 2 W SEbR SE L G VE R T R R R | AR RS ¢
B R R B B RA AR, LT B
KCHS . 4R G RGRAE I THAMT |, Wi 5 34
RZWRIEHECR . MGG I N Tre . R ILIR
HRAMFERIVES, SRR IEHSnf7 . V-ATPase5%,
P I 55 Ak e 2500 R A8 FH 20 FH o 1 i 2 FQ I 6 1AL,
UNAN A (0 PASOJEN . g I B TP Se e 2 T 1 Ky
FOBRIE R A A KR B DA SE IR 22 1 (S BB ) 6 Al
RCYPS1., T8 AL B2-tubulin, V) e FeA 206 HE
NDES, 155 ILHEF-16551%, Lt i (R AR LR 445
PRE IR A K R B LN, st Rabsh &
E%[%,M].

MR B E BB IR R S AERNAZE AR 24,

EEE )

AR A
Nanoparticle shell

GERTRLINS

dsRNA

3

|

Targetgene
ErEE
— TITTIT TITIT l TIITIT T
kbl LLLLLLL, - SlLLLL LLLLLLL,
Decreased expression level

TIEIKFHHE

Bl 1 RNAAWARZGANEEOR S AR HERE. P 25500 . AR . ORI . AR e 189 M A TR e TR 2 k45
Figure 1 Application technology and mechanism of RNA biopesticides. The pesticide spraying, plant cells, nanoparticles and Diabrotica virgifera
virgifera shown in the figure were generated using artificial intelligence tool Doubao under the authors’ guidance
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Figure 2 An integrated “space-air-ground” monitoring and early-warning network for crop diseases, insect pests and weeds
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Figure 3 The process of developing green pesticides
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Traditional pest management has long depended on manual labor, farmer experience-based practices, and the extensive use
of chemical pesticides. This approach often leads to delayed pest detection, accelerated development of pesticide
resistance, irrational chemical application, and low use efficiency. Consequently, improving green pest control systems has
become an urgent priority for global agriculture, both to ensure food security and to mitigate the environmental and health
risks associated with conventional methods. In recent years, biotechnology, especially gene editing, and information
technology, most notably artificial intelligence, have emerged as transformative tools in pest management. This review
systematically summarizes the contributions of biological innovations to crop protection. These include biological
breeding, for example, the development of pest-resistant crop varieties; microbiome engineering, which modulates
beneficial plant-associated microbes to suppress pests; RNA-based biopesticides such as those using spray-induced gene
silencing; pheromone-based pest control enabling species-specific mating disruption; and metabolic engineering to
produce natural plant defense compounds. These advances have substantially reduced reliance on conventional chemical
pesticides, offering more targeted, sustainable, and environmentally friendly alternatives. Furthermore, we discuss the
deployment of information technologies in constructing intelligent monitoring and early-warning networks. Such systems
integrate remote sensing, loT-based field sensors, and Al-driven image recognition to enable real-time pest identification
and population forecasting. These technologies also play a crucial role in developing green pesticides, for example, by
accelerating the virtual screening of bioactive molecules and enabling precision application through variable-rate sprayers
and autonomous decision-support systems. Together, these tools provide strong support for the scientific and rational
control of pest outbreaks, reducing both economic losses and ecological damage. The deep integration of biotechnology
and information technology is poised to further catalyze the transformation of agricultural production toward greater
sustainability, efficiency, and intelligence. By combining the molecular precision of biotech tools with the analytical power
of digital systems, next-generation pest management can achieve proactive, adaptive, and site-specific interventions. This
synergy will be critical for addressing emerging challenges such as climate-driven pest migration, evolving resistance
mechanisms, and the need to reduce agrochemical footprints, thereby ensuring global food security and advancing
sustainable agricultural development worldwide.
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