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TEE: WS KA Monochamus alternatus JEASFFEE HUB Y FBALRHRIES , 2 R BB ICPE R R 3, ™ U 3R
E AR ST A S0 AE = . AR IR R Y BT wARR KA EZ PR REE —, B @i s, HERm
T RES R R A2y e, H- BRI s . ARSCER TIME RA- LB ia HoR, 355155
FOCHEPEMERGEER) SAEM (k. BIERES) MH . CHLBIZs | AT 25 R B 78 A0 #1552 B
TR BV E IO, 400 T A 2B G s i i L35 S R BRYE . Ak, ASCRIHE T =Bt S A YpiG . ¥
FRBH G AN LS A MR BTIAF AR, R BE H AR AT AT DL 3 P s B R, RIS e SR 858 A R RS2 i, RO
TFFER R BT IFRMREE . @, R AR, WA RIS AL, IfiE— S5 Z Db . Y S5Y
BERTIE AL BT IR RS, LASE BRI A A r AT RREE A K A= Bid5 B

KRR MR PG ZRR
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Research progress on chemical control of Monochamus alternatus

ZHONG Zhi-Qiang, LIU Na, ZHU Jun-Yi, LIN Tong, WEN Xiu-Jun" (College of Forestry and Landscape
Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: Monochamus alternatus, the primary vector of the highly destructive forest disease pine wilt
caused by the pine wood nematode (PWN), poses a severe threat to the pine forest ecosystem and forestry
production in China. Chemical control remains the most commonly used method for managing M. alternatus
due to its rapid and effective results. Nevertheless, long-term use of chemical agents has led to resistance
development, resulting in reduced efficacy and environmental contamination. This review synthesizes
chemical control techniques against M. alternatus, including semiochemical attractants (plant-derived
volatiles and insect pheromones) and insecticides (thiacloprid and abamectin), as well as application
methods such as aerial spraying, trunk injection, and fumigation, together with their mechanisms of action.
We evaluate the advantages and limitations of current measures and discuss their integration with
biological and physical tactics. Coordinated, multi-tactic approaches within an integrated pest management
(IPM) framework can enhance control efficacy while mitigating adverse environmental impacts. Future
research should prioritize the development of low-toxicity, high-efficacy, low-residue products, elucidation
of resistance mechanisms, and refinement of integrated strategies centered on chemical, biological, and
physical measures to achieve environmentally sound and sustainable management of M. alternatus.
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PAE K 2E Monochamus alternatus Hope, WFRAS
SR, R EAAREY B, R AR
2RI AR CREWAE, 20145 KBOL
F45, 2023) 0 AR AVE R IIE S b ™ B ARl
AEEYZ —, AR E 241 X IRPALK
e R IR AR AR R AR S g A, fEREE
PG FE O B W Pinus massoniana . ¥A Pinus
thunbergii VA 2 F5 ¥ Cedrus deodara 55 22 Fh i J& B
i, O 5 B0 R P SR (A
2022) . FARE KA BIIGHTE R IR W ET G . AR
B AEYBNG . SIEREAR . MRLECRETG (b
OyUE) KAEYIREESE CRIMBLAE, 2017); Hp
e Biia AT 2 H AR K AR 1 2B TRz —,
A A EARPAE KA RO L, 1 58 A bE 2k o
LA AR 5 (ELR S0 B — i A~ R 25 A AN T S 2L
AR KA P2 AR B2, [t 7 K, KRt
HEATHAE KA B I I AT B e IR BE AR 5%
B X R BRI B EE 52 W B/ A A2 25 5], AEORAIE
Bij ¥ R Y []) I JA] B U8 /0 Xk B B8 Y S ) 5
(FEFRAEAE, 2010),

ARSCERIR TG R AW LR 2 e L A E B
6 ALSE B IA T -5 A B 36 15 A P 9 4 P 2
BOR, BRSSP R 2GR . PR AL
il . B2 TR AEAROCHE R, AL A IR
AR S5 RS T A 20 AR A R AR Bl IR
FBR, IFXS ARG RAPIG AT TR . [F
IR AR /(A NG o 11 REATR e X ) e DN 1 7 (1
AL AR B R A 24 50 LA S — 0 5 3 LAk
A=Y S W BRI R0 B 25 DR SR, LSS
RE AU AT SR AORAE R A B 45 H A

1 MRBRFEWFRE

P # K A 0 — b 32 B AR ZR AN 1 AR A
(B AREE, 2023), J& T3 H Coleoptera K- F
Cerambycidae 5% K 2 J& Monochamus, 7E3& E £ 4~
M IX B4 oA, ELAE RN RS B 3t XA A O ™
PARE R A AU B AR REAARY , I Hab e a2k
RS EARPIET. (LR, 2018; Kimer al.,
2020). i, BRIGHARE R4, AT LA ZORARAL A
LR RIERRILR, PRIPARARAERE

WM R A AR A, —A4 P00, 4hd
BT RR R 4B B o AR R AR FEAS [ |l XA T A
R, FEdbJrms VAR &R 1A, s B B (o
I A AR B A AR B L P A R A AR 2 1 AR
U (a4, 2024); 7EAERIHLIX 1 40T &4
218 (Kim et al., 2003; Z=3EMF5E, 2017).,

R — AR ZEPIE, PR 1~2 4
LN RS- I R W= i3 PN o L R e B S
FETEMMT T, AN K A= (546 B b 42 U 1) 2
BB B, Rl A2 B VA R R AR 1 SR A 3
TCE 2 SR HOPK [B] W55 175 38 2 K AL Bl 7 X5 Rl A5 38 KR
KRS (BEE%, 1998), HEdP{bE 5 dE]
AP A BE L E O 10 d 22 A PR R (akok Z
%, 20065 WEtaE, 2007) . FatE K4 £ AR
il A B A T T A B ) 2 A AR 3 A A fi
PEAS B R A R PE(S B % (Fauziah et al., 1987;
Kim et al., 1992). 158 2511755 0 52 4 il ak
gy, g FLELR G A3 X Ak 51475 70 B 3 R A R A
HAT R PERR H S e f5 i al i 34k 5
55 5 BAL S8 B PSR ZI R B, — Sk it B M ]
PO L3 FEAS, IR INEO- R KR T
sl BaEh (CPREZE4E, 2001).

WAL 4 AER B IR, 3% e 3 AR
BB, R A R RN R ) e, R HE
YRS (EAKEE, 2005); 2 HUB B FRK
TERSBHAR N, BB 8 T 25 10 25 7 JC 1 A 3 3
BRI, A A B2 G T 1 25 R (R A A
PR Zh AL Y AT AR S s, A R
AR B IG T A 2. KA A 4F ik 8 R 3 A s i)
R3-11 A, 12 A4 (B4, 2023), fH
WA ANFAFGE, W Maehara %5 (2015) & B R4
O B GBS ][R 2 SRk R, R b A Rk 2R
T T B AU o A SRR AR AR S Qs AN T v
Fy iR A BRI RT R M 4% 2R Ah B K
RIREBIM KA BLAh, HAE K4 5P A4 dUs
() 15 3 2 KRR AR IR S5k R A= ) Z2 6, DA
SO AR AU T I D — 20 3 B S e % 4 4
T Ak, IR 0 24 b - 98T R K TR AR
X AN BN BRAE 25 22 G5 1 B 1 R ) R i £ T
M (SRASSE, 2025). DHULINsEAAE K4 b7 A8 78
JE
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2 MBRFNLFE

b2 B I6 2 48 A it B AL 2E Rk 250 E AR
HEAT B P 0 — T R K, ELA Ak, PR &K
R E G TG KA A YR tE, W
BRI R B . 2 R AT, TR K AR B IR S
Berhr, fb2=Biiad Iz N o SR I W R
i BRI SR AR A R 5k E, 2 RER
Hot FEFp 2R R B2y R IR 2 — (B =¥
4, 2018), IR REME KA ZARN K ) w2
F (G55, 2022), W, e RAL2EBIG
o, R Y AR AR K A 4 A 2 R DA R B 2
VERE AR RO HW A5G 15 Yo /N fh i fe 2455 )
NF AT L2 el P b s 22 b 25 TR A TR 1 245 571
B AT 98 AR Al AT DA REAR T 245 P (fd 2 45
2022),

A2 B 36 A 4 K A 114 245 5700 AR 4l AR R AL AT
LRI A A 5 RIS ORI . 515 RE A 1 5|
PARE R A= i A a8 o6 G, AT JE vk 7
FAZR b7 O B AR (] B A 2% B, SR BB iR AA#E K
A= H Y 1A BRI BB B R AU KA i
4y R ARILIE PR, NI LR T . JEk 7 Nk
Frron gy, AR B RS KA B H Y.
2.1 #ZE35[FH

51375 700 B 16 A g R 2R X — BOR B Bl H AR
P AE™ (BrooAd %, 2014; KRB,
2017), ARG IFEY AR, KRBT LR 5 175 7]
KI5 AP AR S AR G B R 51ER . 5l
W0 R 38 o R I R U A A A S R Y e AR R
I AT 5 AU, A6 AR .
RAfE B R ERras (ERPAE, 2023),
2.1.1 ARG

L) 551 75 ) 3 8 B 53 R U R AL ) )
(Volatile organic compounds, VOCs), ZMEYTEH
SRR TR E a4 k&Y, Btk
A TR 3 TR (FER IR 4R, 1994) .
P 44 0 WA 5 R HP I S5 AE N S TR o A
WKW — KRR i, WaE RS WS
W AR A oy (S, 2019) . W HIAVHE
WIRFE R oI . B-URME . HHM . 1785
Wi B—A TR BT E s U X OB &
i 25 AE N A5 (Tkeda et al., 1980a; Miller,
2006) . FFHAEYI#E K P xt B BB 5 1AV kT %

HBR 2B w W BR HOR . XITESE (2016)
TEARALHL X B 3 FAE IR 5 175 7) . COB. SR ant
BE4% LAP, UHR #E47 57 /N A B R 517515,
LRl P H R AR A 32155, KR E R R
3FAEIIRS AR, UHR 515706 K32 gy
FIBEBORENS o RIS, FE 5 BT 45 % W) 20 53 1)
Sl b, WARSE 2 RN AE K A A IR 5
FRIAR TR BEWRCR GBEAESE, 2011),
2.1.2 BREE RS

B R R R B AT R B A AE T 15 3
ezt s, BERS IR Y S B U & 2R AT (W
ATRAE, 2023). BRI E BN s A b
KoL B RS G AT R, TR IRIhRE 2k
AR ER . REGFER . MEHFLR. A
CRE CRIAE, 2023).

H AT R AR R R R R R E(F
JNFR p i B A R P i el R T
1 A5 B 2 AL RE W 5] 1 B (Hanks and Millar,
2016) . HHETIKC L9 458 R A4FHR HBAF A
FArE g 400ff CRBE, 2020), Hrp&KAp
JRERPEREREGEERYNREGER: ¥
WA REFER2-T A HE-1-2 1 (2-
undecyloxy—1-ethanol) , fz#) & M BR Y A9 15 i 55
K- Monochamus galloprovincialis 11 % € K (Lee
et al., 2015). MAMEMM KA . s/ ERF
Monochamus sutor, 7z~ 42 {€ 85 K 4 Monochamus
saltuarius FIRG € 25 KA Monochamus titillator %5 A [
Apla s & BT R EE ) R B R (Allison et al.,
2012; Fierke et al., 2012; Pajares et al., 2013),
JR SR IIZ RS B R 2R ER W EZ A
YR B A5 FEER (Ryall et al., 2015; Kim
etal., 2016),

A RE . O BT WHESZ
MBS, F T A A 45 0 M=99 A | A-3
Al HYP-SH#J | FL-ML-OI %!, FJ-Ma#% . PA.
PE Z 5 BUFI Mat 225 BUS5 AN [R] 28 BY A 1754l 45 175
AR WA AHE] (Sweeney et al., 2014) . 5|7
FIFREAEAEAF B, A2 A M=99 B | A~
34 FJ-Ma—02 ) | Mat—1 01 APF- [ 0% (P
JUHESE, 2014), HARRERMOCADT R K APF- 1
75| 5 700 AR ) 75 4 RUCR T 1 R P U5 35 00 1) B A
ZZ% (BR%, 2019). fREAEAE (2020) fEi% 5l
XHEAT 1 3 B[] 5 |5 00 754 R 4 B X)Lk, 45
TR 3 g | 5 50 B8 A B 0 5 15 AR H 22 53 12
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=, Hi APF- [ BIG1ERIMRCR BT, HAPF- |
RIG AR R ARSI L B XA i
SR (FHEIDFEE, 20155 WEMSE, 2017; #
®Ah, 2025),
2.2 LR RF

3<|J

F o 15% Nk ke B TR RN . BT R
FIE R AE (1), FLIAFRE M A PRS2 ),
F WL R L 100 wg/mL 1 70% M B i L i KA BB R
A g SRR 7 P B R SR 3K 81.63%, 1T 1 000 mL M i
BEFLI R AR 1K 91.33% (K& H%5, 2006); W

Pk BUGRDRBRE M Sh, AR, &5F .
R B IA Tk, ) T4 EMO A AR Y i
il o Hp R RAGMEERE, ZHEAMAMA
WA 52 B A 2570 (EAG9E5E, 2011), 1
M RA BB T, AR5 PG BCR A
MR, R EA 2 BIR 2550 R R NA LIS, 2

BRILAEIRZE . B G2,
14 20 S IR A T 5
WE IR R (R TR )

WL B 255047
WE IR R B 6% HKA -
25% FA + WE UG ol 2 i

WA T2, Hl THBR B =<
PR AR RIS AT RS, o 5| kil
Il L BRI LA P o IR Al P 25 22 1) DA UL R L 2 TR
KM S5 o AR TR 2550, Jm SO R gk (@

Eﬁlél-?\

ik TR B | ST A TR R HBR S5 BT i B R ik

KBiazh7). Cho% (2017) WFSEEM], WEHKLE
B 36 W 48 K A B R T, B L R R B AR A
FREFHOR . Lee %y (2022) MR A FIM TiH255d
JE TR A 2GRV A R SR A B 225

R 1 RRIEBBGHIFIEMRBRELR

Table 1 Efficacy of different types of pesticides against Monochamus alternaius

e BRIy i bk it 277 3 Jiti 245 4k B DiREI €N
No. Pesticide name Formulation  Application method — Treatment method Control efficacy
, FLi s X B L BB R 3 81.63%
70% W ok ] 100 pg/mL ’
1 Emulsifiable Exhibited an oviposition repellency rate of
70% Quinalphos Forest spraying 100 pg/mL
concentrate 81.63% against adults
4% WEHK+15% 88 _ .
- FLH S B 1 00015 T2 48 h J5 B 80% LA Lok HUSCR:
2 Emulsifiable - " ! Showed over 80% insecticidal efficacy 48 h
4% Acetamiprid+ Forest spraying Diluted 1 000 fold L
15% Buprofezin concentrate after application
7L ) 3 dBRGE 75% L
25 LA o PRI HEE2 0005 U3 AR T5% UL
3 Emulsifiable Showed more than 75% control efficacy 3
25 g/L. Bifenthrin Forest spraying Diluted 2 000 fold
concentrate days after application
S0 BT 22 FLi T2 MRIGSEPR A2y 2y 5 KA 4 RAET- % 100%
0 = R ) 2
4 1) ) Emulsifiable e fat e Applied according ~ Caused 100% mortality of cerambycid
vermectin runk 1njection
‘ concentrate ! to tree diameter larvae after treatment
o P N 5 i 24 48 h 5 FEIH 90% LA b % HURUR:
S 0%V LA ARl FivEE 2 000 o] v 0060 i ooetieal ffenes 45 §
owed over insecticidal efficac
10% Acetamiprid ~ Microemulsion Forest spraying Diluted 2 000 fold ‘ Y
after application
BTE Jii 2 48 h J5 ZR I 90% LA b A% SR
109 WE H ik N LR i B 1 000 %
6 ‘ ] Suspension - ) ) " " Showed over 90% insecticidal efficacy 48 h
10% Thiamethoxam Forest spraying Diluted 1 000 fold o
concentrate after application
20% 19 HUMh+5% W
RRTE T2 48 h 5 L 80% LA L% HUCR:
R 20% AR Hi B 2 000 5
7 ’ Suspension ” " ! Showed over 80% insecticidal efficacy 48 h
Thiamethoxam Forest spraying Diluted 2 000 fold
concentrate after application

+5% Buprofezin
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48 %

4532 1 Continued table 1

FFs BRIy i Y Jiti 2477 5 Jiti 245 4k VIR EN
No. Pesticide name Formulation ~ Application method — Treatment method Control efficacy
20% Wk HUH AT . FE S 000 £ HELEWIAEZY )G 3 d B8R T 80%
i 5
8 20% Suspension . - . Diluted 5 OO:)' cald Showed over 80% control efficacy 3 days
orest spraying 1lute o
Flupyradifurone concentrate praving after application for two consecutive years
350 /L AEIBHk B S R4 0005 ZiJri 5 d Bk 80% A 1
i =5
9 350 ¢g/L. Suspension E - ) Diliiedld OOHO fold Showed more than 80% control efficacy 5
orest sprayin, ilute o
Imidacloprid concentrate proying days after application
) T FiFE 300, 400, _ \ ‘ y
20% HEALMRY el =Sl T 500 T2 3 dBIEFET R ES 5 T 80%
il
10 20% Chlorpyrifos ~ Microcapsule " - . Dil nd 300 400 Corrected mortality rates exceeded 80% 3
orest sprayin 1lute N N
microcapsule suspension praving 500 £old days after application
o
P ML 3 BT 80%
. 8% F A ]C[ - 1“ PR IE] M54 i B 300 fi5 Maintained over 80% control efficacy 3
icrocapsule
8% Cypermethrin p Forest spraying Diluted 300 fold days after application for two consecutive
suspension
P years
. HELEPIAEZY )5 3 d B T 90%
BUNESYSS N < . . .
. 3% WE LIk “I;I | . Y NE LT i Be3 00015 Maintained over 90% control efficacy 3
icrocapsule
3% Thiamethoxam p Forest spraying Diluted 3 000 fold  days after application for two consecutive
suspension
P years
6% ARG
i s s Ly 3 e )
i [cUre ==t S R4 0005 ZiJ5i 5 d Bk 80% LA 1
13 Microcapsule Achieved more than 80% control efficacy 5
6% Bifenthrin Forest spraying Diluted 4 000 fold
» y suspension days after application
thiamethoxam
EUiE =300 i 48 h 5 B Rk 66.79
— RORRIEA 5 KB 48 b B 66.7%
14 Microcapsule Achieved a control efficacy of 66.7% 48 h
2% Thiamethoxam . Aerial spraying 1.5 kg/hm? ) o
suspension after aerial application
- ol 20 A 51 S 25 kb 30 d AR A BTGB IB E 67%
o 6 m
15 Microcapsule - £ Showed 67% control efficacy against
1% Thiamethoxam Forest spraying 4.5 kg/hm’
granule Monochamus alternatus after 30 days
K53 HICRE 5
NS 255 10 d Bk 70% LA 1
50% N4 Water AT i e 6 000 £ L
16 Showed more than 70% control efficacy 10
50% Pymetrozine  dispersible Forest spraying Diluted 6 000 fold
1 days after application
granule
60% MELIFHER - 1K K53 HORLH] ELEPIEZ ) 3 BRI T 80%

e i Water p N LRI Fi B 6 000 fi% Maintained over 80% control efficacy 3
60% Pymetrozine-  dispersible Forest spraying Diluted 6 000 fold  days after application for two consecutive
flupyradifurone granule years

AL e 25 48 h J5 B 90% LA _F ok HUSCH:
5% WE HUk AR Hi e 1000 £

18 ‘ Soluble ” " ! Showed over 90% insecticidal efficacy 48 h

5% Acetamiprid Forest spraying Diluted 1 000 fold
Concentrate after application

e FTPEEESE SCHPEE R . Note: All data presented in the table were described in the main text.
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AT, PatERA M EBIE IS T 0 i,
C T kB 2R, ARG zLim ., flhe 2 5 FoK
R (KD B R, LR WL EHE 2L
IR ARAFE AP B i R s AR - WEBEEAFLIH 100
R B 4 K AR (BB 38 71.33%  (FhAE 3L 4%,
2001), 70% T hi b i FLi LA BAR (e A4
2017) . MeAMAZ ARSI, B EA MR, (KE .
FERCR SR RUE L PR A 7 rh b A B (B ARG 45
2010; sKRPES S, 2015). skMEFHSE (2011) ©F5E
FEH 20% 75 0 WL 28 22 7 70 N 8% S 546 TR T
e B TE TR AR KA B B B i R LT A8 8
i, P  XBERIAE (2021) 781
B X ST I 2 AR BRI, 45 RR I 3%
5 P PBRAY 2 L V7 50 T 6% B 2R A4 TR - 1 HL Mkl e =
T 700 5 22 A Bl e 30 ) 391 250 2 B0+ AR B 3R RO
AR R BAAE KR A 2= D IR B 2 R e 485 oA ikl
o i i X 1 S I ) A A 2 T TR Rl 2 R VR R A A
B, FRROER (ERKH %, 2022).

417 P ] 1B RO 1 ) K 22 B R ek 7R
DI R0 7 (EMESE, 2019), AWFREEHRUE
HH 19% WWE HUMWRARZE 493 700 P A S50 AU R K 27 il e 5
R AR BE R BE, B R KBE ok, WA,
AFIRR RO B A R . (BCEOR, 2014) 0 ILST,
TRAEIESE (2010) F5T & B 1% 198 BRI 4 Tk
FIFEAE A A S5k . RHRPORE . RO K S
o, eid 2 4.5 kg/hm®. SR, 107 B 4%
(2022) [WGETHor M2 30, WE HOMRAR (i 1
10000, (5YAE S AR L, HRM
B bl AR, TR R T 24 1 A
s 1 A & 11 G 0 N TS B 7 2 T e
Herp sk R . XHEEAREY (R DR RKER R
YY) A8 DL R A A R SRR R R
1 PF A R 84 (P BIUk 45, 20205 W DAk,
2023), IXEMHETHEE S E T — AR Z A )
R, AR FE AT i e skt B2 0 fa o

AN, HECR L= B G A KA TJ7 ik 28
BEXTRGH, P&l BB, n] g PR R R R
B PRI S R ER AR, (E TN
(IR VG 1 B 40 NI 1 9 S N TS NN L N 6
SRR, 25 FARME B A 24 AR &, 25l
25500 W 25500 5 2 A AR o B an BT 4 T 2R AR
K 4= B I P IR RE 2 B R A O (Sousa
et al., 2013); BT4ERE 2 194 FHALE] 5 H A 2 Ha5)

JRHUATR], B4R R R e TR,
SRR AR A W 77 e y— B T IR T 5% e Hph 284
S, EmESEOET (RIAE S, 2008). IEAER
KEWFFRRE T R W& ks, H
Wi A B3 (Su et al., 2020; Wang et al., 2023;
Ding et al., 2024) . {HEFXF4) Ak 2% By i 0F 50 4%
A, WIIRIESE (2024) SEIRE A EDEF S
Z - EIBRE L B0 AF A W R 2 700 AE SE BRIV b
15— 22Vl 2 M4 P in s 7R AR
YIBIG T, Qe B GRRLaE, 2025) . 4k
YA (CEmWAE, 2024a) 55,

3 WEHBIERTEREAR

3.1 fERAMNE

AT, AR X b 27 24550 % sALBE A A
58 BB AR e W A FEEAE A . X B R
TG Bl 5 ) S 6 25 A B R S T . 21k
2GRN SR AL AN 5 i — 5, #E 4R
= QN o o 352 1 305 B O 51 B | S R A
NiEEHTZ M (R RS, 2024), Jf BB HAE
FHPLER . a8 AR 5 250 Wk 2 IEACC &R,
{HL 5 245 7] 390 12 A B A () 222 AR DG E R o AR R
TEASCE ME R S X2 Y = fEE, X
FAE W i B FE AR g LA R R A 3L ]
BIEMEKER.
3.2 WEHFIBHAHRA

b2 Bl 16 N SR FH A B it 24 v J3E R it 24 7 =X
A REHUAS AR BT VA RO . BIAAE K AR A T4k 24 B
TR BR T W Y BB IE ML 2E 250, 3 75 FE 0 O
AR AIE GO TR . 258 JrikiEEe.
R4l WA 4 R A 1 A A SR B A e AR A, R Y
Jiti 245 B 8] 5 38 6 P Ak 0 1A s R R b 7 AR A
7B i 2 SO B CARmUEE, 20175 E U,
2025) . HUOZH RS, ARG R A Fh
TR 20 P8 U 2 T B, A B o) 24 790 ol PR o S e
o B A2 25 R AUR PR, 3K X i 24 43
MRIAEE AR AR A D%, BT
FARYE AR DL TS B AT . e R 2
DR RE, AR SE PR Ol B A 3 1 2 T T .
WL AR S . W KPR
R (W4KA, 20105 MuZARE, 2017). AT
W55 25 it 245 I, R T A 55 A Y IS 25 A B R o 1T
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I, R 2R RE NS 2 5 B R R R L BT
FR B2 A5 H AR X, IR BORERAERT A, (AR BRI
X A A ) R ) K B 2 1 ) A

3.2.1 KHLmESE iR

KL B JE A HILIE 2 0] 7 A TR) 2 a K TE
T8 AR O TR A M R X, BE
BN, Nae i aeR, LT AT
h (D%, 2021), SESETHIL CBH L,
“CHEBM+ BT AHL B RCR A (FKAE,
2022) . R 24 I D) 22 1R R AE A A K A B AR
W1 ORI ZA I, DL S K A T
(BEZAS, 19895 kE~5%, 2002). TE#EAT KBjHT
w2 HG 40% FAL SR FFLIM . 2.5% RS BR
FLih (5000 5k ) . WE H IRk fsg 20 2 v 751 A AL A
MR ET R % (%, 2013; TE 5a s AR
AR, 2023),

s 25 U 245 5] 7 S I KR BE S B R Rk
Wi s, I e 25 R 2 50 i R PR B R R (K
AT, 2016) . AHCGETN 254, Zhao 5% (2024)
TE T — i 76 B L 750 R il 32 2R 0 40 oK 7LV
(CWPU-NE) VI8 & mUA8 Ie ny i m e, 45 R 3R
B 60 d JE sk A %, I H T HAbfb %255, H
B ZR . 2RI 50 E T AN R 25550 (1) € B Ak
e BRIRE A ILNRE WG HEAT AL BB
TP KA, 2 A [ il 24 790 et AN () W55 978 o A i)
RIS 45 R R W 8% SR BRI BT . 48% WE
Wbl Ak V7 1) 8 o 245 390 T A 2 SEAE S R e R AR B IR 2
R (KR, 2022); FEBEVY, 8% S 44 R fil
AR IR (BF A0 Ry BE . Hsoht
FNEZRA B A8 B RS 8 PRI T 3% Wi Hu bl 1 A4 1
BRVER, R HELGE TR AT 2 M T A ] T
255 (FRek M S, 2022); FEVLVE, it 2%
WE TR BT R B IR A KA, AL R R
PRE SRR BT J 48 h B A55 66.7% ,  HFFLE AR
60 d Ll (BE I, 2018); MU, T ASH K
B Y BUAH AT R (R HESE, 20135 9K IR I8 55,
2016)

3.2.2 BT ELPR

B 1 24 3l A F R AT AL L BB R A
L Ry W A 1 P2 RN R R N
Bl 5 SE A SIS R R R ) T a2 A
Ly —Frit 2 or = (BRAIARISE, 20125 XBAIEI4,
2025); ZITIEREMSIE 25 BRI TR, A

B R ARIL &l e, [yl 20 % A SR AR A
B FE  AHH TEAETR 2t Tl 35U, HERE
K, HE&S N T RARR ., 5 EE T/
T FARARBIT I

TESEPRIRVE R, XHAME K4 G FE R R AR,
AR ZE Pk ) Rk 22 40 HOUE S AT T AL
24BiiR, HRUEE R AE R IR LA 30~50 em Ah,
HR PG 12 S PRAs L e FTFL, — M 1~5 LR S,
FTALIT S50 1 52 45° 1 Ja ks a0 25 70 7 AL
WAL RE, FFH B IREAL, DLk EIA SRR
b gl iR R (B B 4F, 1998 ¥ 15 MR 4F
1998) .

Ak, REAFIERA, W E 2B 7
BUS BAFRCR . Xlress (2022) 784 MHESE3 4R
T 5% BT 4E P R FLIMBPTIA KA, X 25 bk &
B 1121 3k R TR A, Z5RFE TR N
100%, Tt 5P RHAEF- 4 4716 28 95.64% . TE i
BT, Waerl (2022) f#HF 4E R E TR kT
W 7R 25 B IE XA K A Fh R sh A s, 56 2%
R 3% I YEER - PT4E R R TR TR
i 5 R A MfE B U 7 B AT Sy, (E AT 0 A A R A
GRIBEAL, i 4 R E SORIER A G AL, AT
ARSI AR B e B

HZE A PRRE NS5 7 BANMOR BTER AR B, A
ROR KNG R AR ON &y HURIIR . 8 FL 7 027
RS R I BRI O 1.5~2.0 m KRB, K
AT E T 10 em, 37 H 0.8 mm R AE kil
FLEE, JFRORBRL AR R B T R 2R B A s AR IR
AR SR S 25 AR 22 A 3, (HE AR5z
AR LB 0. i T e dn BoA s 2k
REE 15 Y 0 BB 2R RUOR 32 A1 B B B U R D B 5 )
REWER, HIETERSEL M, Biamn % &
FHCEAR A A . L ISR R

TERZERB T, NS A R
T5 PR e B PP S A U T 2 228 Kb R A4 A2 G A AR
B Z % (Oogita et al., 1998; Naito et al., 1999;
Soma et al., 1999). F&[EF % R R H i 17
TEZEALEE, (HHE N R 3.6°C, FEZERURZ I E R
AR, AR EAR T HEBAE ST HL CREMN
S5, 1994) 5 MR F e FH s w0 20 I 30080 2%
PR R A BSOS, WS T HR K 42
FeRES), (HEGEiRE . K. HENASIA
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REY (EEES, 1989; RIS, 2012),
EARK, A (A EE PR ) 14

AR, WREFIIA MR L R S R (B
WIS AREE, 2013)5 B H EAE HASBEAT A 5™
aoil, HERFCRIK AN A . E2W5F (2022)
>R 42% WA RTKGRVEA T Ris e K A B8 b PR
45 R R TEARNAE KA P 2550 R AR K 2 41 1R

ANHEA, HLAPWEERTK, BEAE
FI T e AH R R0 0 B Gy, U 24 B OR
0.75 L/m* - FF2E B8 A0 P 15 d A B AR AE T Rk
#100%. Park % (2014) fEEHEILT 2 W55 W
AR RS X RS AR I s AR AT T
ZRONFSE, S5 SUE 97 g/m’ 2 G 1] DL SE 4 15 il
AR KA, HABERETI; G2k Lee 55
(2017) X4 ZHE#AT T = ARl g, AR IESE
FERRE R 2 ZH5 T LABH IR ARG KA .

PREE (2019) 74 7k 28 2F 17 78 28 1) MR a3k
5, EEEEEE (ALP) . RH & (CHBr) . il
B (SOF,) 3FPEEZRG|, 25 KU =M EENY
REEH 2 H AR K KA, (HASTR 2450 b BE A [] K R
—; WL T RSB A 1S d DL, T 80 g/m i
P AN TT 10 d Al A [A] 4 KRR . BB H Rl
W)L YTEOB B . B KRR O T A T
i P56 96 P 1 R — b B Ol 2 2 R B AR 2 R kA T
)W AR E, BEREMBEHCRYIE, H
HR R IENEG R S0 (s fban . IR H kt)
) AR A (IBRmER . BAE . 2 20)
FEAR . AORWFFE AT % R A0 ] i — A5 Ak B BT
25500 At 25 BRAIOAS O ST A oA 1
VERIRR , DR A A 7 S e v 9 RIS F

4 SEMEraEREITEN A

At RAVE N EEEA R, HARF AR 1Y
5 1 AT 7 RCBE LB A A LR HUR HE— B & AT (Tkeda,
1980b) . H AT E XA RAFZEA IR HR, R
FUE YA AL A BB E AR, LR AEYIBTR
Efb 2= Bia RS A R A TR 2D
4.1 YIBRRE S ERE

W iE B BRAE R . R R, &
FEALFEARAT L . B A | ZEVRIAL B . R

SEFE (Kinn, 1986; SKEK, 2019; ERRIEAE,
2024) . SEGERYEBHRAHLL, PAERRG RS &
A7 AR 0 A AR % R AR 4R AR S f B, BT R
7 B g U Y I 2 BB 70 WA A A 4 M) 45 245 5
RN AT WA G , FETT 51T e B> B, Bl R
77 B JiE AP A Ak BRI T A Hh R K 4l He e R 0 AR
(I AR IR, 1996) o KB IEA L aS I fid 2% 24
N FT WAL GERAE KA B IR BCE B AR S B 4R 5 b
BEABIIG T MR ARR WSS | IR AL B d ]
AL AR e (SCER], 2014; AFicse %,
2015) o RREHy 3BT 16 -5 12 B i A 25 5 IR n]
R R B v A R A4 B A A
42 £YBRESLFERR

A7 TR R A S R R R B
Bl an 7y A v B A PR R L R R (Dara
etal., 2019; Mann and Davis, 2021), 5{bBiif
HHEE, WA RO R LG PEIE AR | PR S Y5 KU
Jir it e 4 22 4 i) 5 ) Ak A 2 AL e BT IR AN AT L
£ (7Y AES R A NG S R B 7)1 RN U AR e A P
R % Sclerodermus guani (Lietal., 2016; THH
R %, 2024b) , £ W Dastarcus helophoroides
(SRE TS, 2022; ERNUESE, 2024a) . FAH R
v % Cyanopterus ninghais (Wang et al., 2023;
Wang et al., 2024; T/, 2024) 5. SR,
TESEBRAE 7, A2 Biia AL W RG22 Sl A
FEZ AR S KREEY R R T2
P 7 AR S5 2 AN R 5 o R T — B
FBIR T I R R A 2 — (ABRFHEE, 2021;
AL RLAE s 2025) . Kim % (2022) AL T BRI A
T ERL836 X A S KA U R UG 1, SRR 1B
R LGB SR B p A R, X HARAE H AR
BB a4, S (2003) 72 R 2K
B R B IS5 A6 BOR 5 51 5 R A 45 5 B iR f 3 H
AL B, A R AL AR B SR RS X =
A8 25 A%k BR A 11 A58 1 T 405 A e ) PR 22 S
RIS Biin e R4, SRR LY by
TYifi 5iFE S GBI, 55 B ERE Y
MW AR A RO e (X =M%, 2005;
PRERWE, 2020); KK, PG SHAPHAEE
BARBEFERT R 2, WEFEE TR AL B A By 4
BORWIFE, A0k ORI 0T R A3 T 55 1Y 25571
SR I BV B R AR AR, 2 50 0 SRR
A= Wy ) il RIS Rt 2L, TR R A AT BTG
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5 HiLE5RE

P KA A D 3 P A 2 s 154 110 32 BB
I, X EMO A A2 A T B R (g
1=, 2019) . AL #Biia e s R . AR AT A,
e I8 A R A PR B K P T IO R
TOREAENT, TR EAME KA BIG RARE R Y
HEH AT . R, AR WRY, MHET i
RO S LA AR 2 A R PR, Kok
W5 AT LA J7 T SR 288 -

— R B 5 AR KU AR . A E
RET M 2R E S HRIBTRL, X T2
M (GnwEdbk) RYEREEIHTE . TE R YIBE DAL
HE%E . VA HRARA S RGN AR W) F A
W 2RI PPA A - (TS, 20205
AR, 2023) 0 RAKTIFRRGH M8 M2
SIS PEAGRIETY , S 25 500 B 27 22 4 (1 ] 4 A1t
Bl S

TR SRR B E RS A
L2 B R — [T, B2 v KUK H 4
(IR EEAE, 2022) o ASERR ATT RAAE K 4=t
9IS Ut AR AL S S FALRIOESY , JFAE
ilt b 72 Rk RO P25 PR BRI A0 [WAE F AL
FRZGFRIR R L IR ISR

R AE SN 245 500 B 5 2 B R RS AL S
REAL . AR 2550 B & RE s 1) k. AIRFE . (RER B
A7 1), SR IR R BTN | e A 4
SGRERNAL (ERCH S, 2022), LASAIHZK
MR A (Wang et al., 2023; Ding et al., 2024)
P 25 50 A R SRR v W, 455 TJE AL
(UAV) V6, &REHET Wb i oG v e il 5 722
T 255, 92 MR 8 3G 81 At X v Mt 245
FUREAE , RORRE R /0 24 7 Pt S PR e

DU NN R 25 A B iR (IPM) SEIE A9 A 51
b a7, AEPRa SAYPIG (nEEE . 2
B WPME AR, HX R ECE YY)
ARV S W [ FRA AR DT BA R (X =
WG4, 2005; RS, 2021). RKRWFFEAE T
PRI AL 24550 5 2R BRI A AR LS, Ak
Xof R A W e PR 24 50 St R, JF it
e Bt . RIS . P RRBIAAERT Y 5 A5 ]
TCAEMT R T HRAE R BOR LR, e A BRI A
Uf . ATRRSLAORANE KA XA A R

i b, RRFME KA B BTG 24 B SK
JEL LA, 1 SR Y nT R S 1 0 O e
Bl AE THESI L2 B BORA T “ap@uEfl”,
I A . WY BE AR IR AR B B E] L A
HANHAZSIB (IPM) HESR . X558 R
SEHORIZI T, FIRIA MBS SRR, §1E
P — s, RHE . XEPREE 05T 1 ] Rk By 1
Brwa, AN S e FERA AR BT I A 2 2 e R I I
JePRBE
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