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(1. AFERH R =S BE, =T 572024; 2. WIRRHE KAk avBler SR 4 Be, WE 411201)

B OE Ol B R I SR o B R E R B A SRS R G ) AT AL G T
B AR AR 2 VR b R U R e 2 7 SR T v 2k A7 7 LB AS S . R AR 1o B A o S R A B A [ A
#£5% DNA ( Environmental DNA, eDNA) AR @ BRI, 18 =5, MYRIEREN TP
Bost e 5, Seaixt B AR E Y AR iR . AR — R %4 749028 TR, eDNA HiRFEA(ZH
T 5 B R G I R T R B A A b R I B AR SCRER T P ANk A
RMER eDNA HARHFR IR, WRADH T4 eDNA BB S REMEALE] . SRR . YRS rEs)
YIRS AR, DINGER PCR (gPCR) | 5 PCR (ddPCR ) ZE 54 MB AR, FF454 i B 28 R )y
Mk, EagiR THAERH Mol ff AR E SO s g R B0 . T 281, SRSk eDNA HiARBE
% AR H AR REROR LR, (HEEAEFAE R DNA AP RRR . 25 8] 5 F00E B 2 . il (b R IR R
& BRI PEAR 56 35 LU ROE SRR RE IR 2, ATH R 29 LR HUBHE ) AR OO, AR A 53 10 3R
TR 36 20 AR R FE S B IR R, S8R E 1L DNA ZIBMEHRIE, )23 < eDNA #4;
I A A PR B N T Rl B XU T S5 R AR AR B, 38 A0 T e i A 1 3l W) eDNA il
FBHESE S 5 AP HORS W W 5 [ G0l A W) 2 AR R SR A DR R S

REIR  FhidFE A, A5 DNA (eDNA) ; KMol E RS ; 5 PCR; R i

Application of environmental DNA technology for monitoring
agricultural and forestry pests

. 1,2%* . 1, 2%x* 2 1,2 . :1,2
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(1. Sanya Institute of Hunan University of Science and Technology, Sanya 572024, China;
2. School of Life Science and Health, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract Early detection and precise monitoring of agricultural and forestry insect pests are fundamental for food security and
ecosystem health. Conventional surveillance methods are often constrained by limited sensitivity for low-density populations, high
operational costs, and heavy reliance on experts in morphological species identification. Environmental DNA (eDNA) technology
enables the non-invasive detection of target organisms by extracting trace genetic material from various environmental substrates,
including water, soil, air and plant surfaces. As an emerging molecular tool, eDNA has demonstrated considerable potential for the
early detection of invasive pests, surveillance of cryptic and low-abundance populations, and tracking of migratory insect
dynamics. This review synthesizes recent global advances in terrestrial eDNA research for agricultural and forestry pests. We
systematically analyze eDNA release and degradation mechanisms, sampling strategies, species-specific assay development, and
core detection technologies, including quantitative PCR (qPCR) and droplet digital PCR (ddPCR). Furthermore, statistical
approaches (such as occupancy models) are summarized alongside representative applications in the surveillance of agricultural,
forest, stored-product and invasive, insect pests. Although eDNA-based approaches substantially improve the sensitivity of
detection, their widespread implementation in terrestrial ecosystems is hindered by rapid DNA degradation, pronounced spatial

heterogeneity, lack of standardized protocols, incomplete reference databases, and challenges in quantitative interpretation. Future
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research should prioritize establishing standardized multi-substrate sampling frameworks, expanding DNA barcode reference

databases for major economic pests, developing airborne eDNA continuous monitoring and portable field-deployable detection

platforms, and integrating artificial intelligence-assisted risk assessment. Advancing these frontiers will contribute to a robust

theoretical framework for terrestrial arthropod eDNA monitoring, facilitating its application in precision pest management and

agricultural biosecurity.

Key words terrestrial pests; environmental DNA (eDNA); agricultural and forestry pest monitoring; digital PCR; early

warning

AR T AU oA KA RS 5 AN 2KTE )
BEAX F R AR FRES , AU E
BIMED %4, B REOR A ZHEER |
IR Y AR S R G A5 ST HE (Pysek et al.,
2020; Tahmid et al., 2023; MRJTAk5E, 2026) o
gt ATE i, i F dUE AR BT
PR FIL 4 000 24458 (Lietal., 2025) . 8
M, BPAhd | B E . AEERD . FR
FAMARFNROCIT TS AL 58 il T Bt , % ik A7 1E
FENTHRAK L 3% R . IR S
B A MR B RMR ( Khrimian ef al., 2008;
Lodge et al., 2016; Chen et al., 2017; Ahmed
etal., 2022; 1R, 2023 ) , LA 2 IR
B AR X L T I B
Ko B, Carleton 55 (2013 ) XTAESCHMAE TR K
PIRAUBIE SR, RIER AR IS 0 S5 AR 4R
2, AR 25-40 BRAE AR T IORE )5 AT SE B AR
(7 B SR, HAOE R = B Tt S &
Keky, B, g AT e, REER
oA e TR, DR TR R E B RLRE

I 5 F, ¥5 DNA ( Environmental
DNA, eDNA ) VEN—FIg %8 00 7AW 72 T.H.,
e Hom REUE | AR R AE Mm@ S5, 1E
BB IE EAY AR (Smart et al.,
2015; Wangetal., 2022) . H Ogram %5 ( 1987 )
PRI 0 B U E YY) DNA I 15 U 57
eDNA WML LK, ZBARTEK AR EY)
(Jerde et al., 2011 )F1¥EHsh%)( Thomsen et al.,
2012) YE LS & e b A3 LLZ A S JF H
B VER—FIER AT T H, eDNA AR T
B HARAEDR, BV A I MR L 2SR
K KGR S B S B b SR LS L F R, B
R . ARN T A SRS B 5 4F L

( Taberlet et al., 2012; Bohmann et al, 2014;
Johnson et al., 2021) .

U3 H ARSI 5 A T R, RS
TR ) AR ER T (Jerde er al., 2011 ),
eDNA HARNE Ry —FhIRR AR H A T A
B A% S 45 7% 3k fA ( Barnes and Turner, 2016 ).
EAER, FE R R 4 (Valentin er al.,
2020 ) | SARFhIEULSE ( Tournayre et al., 2025)
FITAMUAM (Kirchgeorg et al., 2024 ) ZEA1H
RAEFBL I, eDNA EARTF IR R E AR R
GEINEBE . FERE IR, RS R 5t
o FE 2 T R | AR L A LR
R Rz SR AR AR L, R, 1B . RN %
WA PR A2 B S AN T . R L BER . AU
3 W 2 B S A W SR 2 R R IR Y
FL[A| 8% ( Torsvik and @vreds, 2002; Andersen
etal.,2012; Valentin et al., 2018 ; Williams et al.,
2017) . JAEREA: eDNA BT MG, Bl T
HAE AR TARIR R N R 228 i BRTE
AR H W e RS L AT T 2 Y
P, fli A BB B A S B =, AN
I eDNA W E 4720, $RIBUTE & PCR 3
WHEERE R, FEHTIEZIEH TZ2uhH
870 R A A = Y S i e I N

( Goldberg et al., 2016; Kestel etal., 2022) ,
[FIE , BRAT ) eDNA LR SCHRAY 2 R A T G4
B AT (2024) FITHRERAE (2026) f
TR eDNA AW 22 FE 0 W K el 5% U5
i, Minamoto (2022 ) MZ WA R45 T K
KEVEYIH) eDNA BORKJEIIFE, 1M Kestel 55

(2022)ESRVHE T eDNA i RFER L R G 1)+
MY ARESEZA TP AR Y S E S
W7, AB AR X i 24 9 BB AR R A TR >
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AL RGBSR R

BT, ARG O T RiZEASE T eDNA
PR SRR AILE . SRAESRIG | ARB AR S LAY
NHZER], e IR, JE—2 )\ DNA SR
SR AR, f TRl A T Bl eDNA W
MHEEHES, BAEMPIARIFREA B DNA
G5 5F BT H . PR Sh A Z (8] iy i ¢ &R
DL R B KRR EE RS oW R R A L
FAOM AWy VAN B A R S A B AR 4l 5 6
RHE

1 AEEERER eDNA $ A Hid

1.1 eDNA EX S5EFRFE

5% DNA (eDNA ) 245 E M 13 L
IS PR EEREA TR SR U | JO 538 H AR MA Y
ALY SRR . B T REAS T R A S T
AW DNA FIFAE TN R B 7 4R |
S HEI ) SR AL 5 AL 5 ( Smart et al.,
2015; Wang et al., 2022) . it EPIRETL
2N DNA, FRA Rt LR R AT
(175 SR PR, HARIX SR A A= ) Z FE 1 (Rees
etal., 2014; Tsujiet al., 2019; Lynggaard et al.,
2024) o G FERES YR a0 E )Y
eDNA AR RE L BLER X B — B0 AR A
HEE 5 A, SEREY R X TR K- %
2B ( Metabarcoding ) HJPFEAl ( Deiner et al.,
2015; Alberdi et al., 2018; Chen et al., 2022;
Milian-Garcia et al., 2023 ) , M B E KL S
T A2 R A AR AR R PR AS 2 1T B R B
XU ( Bessey et al., 2022; von Ammon et al.,
2025) .

1.2 BEEEKERLE eDNA HITANBER

SE AR ARIKAEAS RS AL, fid
Wi eDNA (AT AL EAA Hoph kR ) ff B R
fE o KAEFREE ) eDNA FEHbRALTL | BN v i
K HARY Y B E R, R B
S FALRAE , SRR SR ) K BE B i f e )
WAT T 7K Az eDNA B 928 Rk, Lk
IC R X515 B B RSk F ( Deiner et al.,

2016; Menaetal., 2021; Macheretal., 2023;

van der Heyde et al., 2022 ; Gutiérrez-Lopez et al.,
2023) o AR, BhiA:A BB Z G — iR sl iE 2k
J, AR T DNA 431 o) 5 1 50 ) ik
BN e B SR T PR R T, 28 K 4 i 2 ) 2 ) S
M5 R M 4> A 4F fE ( Thomsen and
Willerslev, 2015) o XFhos 5 Btk mARFR &l T
eDNA [ HUUE , (HBIRT T hli4E eDNA 5
)73 ) e AORS I o

1.3 TEEBTEWRTE eDNA $2

R A S A 2R T A R R R
M FEGORAN B, IV NRGZE eDNA Y E %L
G, BEHSIE & — o i i) RUBE N BRIE B P Fh (5
B RS T RRE . AP X U A
445 ( Zhao and Andermann, 2026 ) DL S iR
Pk pg R 5] ( Ritter ef al., 2018 Kirse et al.,
2021; Lunghi et al., 2022; Cevik and Cevik,
2025) o FRIM, T HERE T A i U R ) B PR S
F S E LR 2R PCR §718, HHGRZIM
25 R S5 SO (5 A5 SRASEASE A P e/ NPl 22 3 1T g
IR A R4S H 455 ( Mathieu et al., 2020 ) ,
B XoT AL ) 2 T R 1) A A 5 ] SR A DU B AT 2K
PRAMEX — A& ( Goldberg et al., 2016) . HH,
FIHTE MR EM T eDNA  ( Kirchgeorg et al.,
2024 ) | FEY T ( Lynggaard et al., 2019 )
DL R R UG R (e L. HE Y . i
K2 ) B95E In] & % ( Lunghi et al., 2022; Ryan et al.,
2022 ) C I PR WS DU OL A X R X AR
AT R DX S ARG R R, TR R A
F B TELEEBHEHE R (Johnson et al.,
2023) , A RRMCIE S AR A S T f A
T2 H AR ( Andersen et al., 2012;
Leandro et al., 2024 ) .

1.4 235 eDNA $5 R

RAEZSHH eDNA FEMRAL (BLE AL
JKEEIZ) 1/25000) (Ipetal., 2026) , {HE
HAEMCE | Wiz | SRAB K RATAE A A Bl R
(2R B AR . A3-Dh ) s A B iokiE , A7 2 A 5
R TF B (Rogeretal., 2022;
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Bohmann and Lynggaard, 2023; Zhang et al.,
2024 ) . 47, 7255 eDNA W EEH AR FZ N
PRI : Bl e A ORI T D DUARERL B AR Bl 4% )
5 T iR A Gl MU I 7EdeE i 25 N &
4 DNA ) ( Mainelis, 2020; Garrett et al., 2023;
Johnson and Barnes, 2024; Qianetal., 2026) ,
TR A A W ) 3 SR T O A
( Kraaijeveld et al., 2015 ) , iX M5 £Lsh4) Wil
PE T IS ST Al ((Utzeri et al., 2018;
Clare et al., 2021) . HHT, 25T eDNA il

JE I A0 I3 55 s — BT I R
TR A 1S TP REAARUER 5 RS T 5 — 5w
P T R 23 8 3 Hh A e B S0 1 R T AR 4 4 0K v
0 ( Ficetola et al., 2015; Johnson et al., 2019;
Giolai et al., 2024 ; Lynggaard et al., 2024 ; Mikko
etal., 2025) . P& =AAMEHEXMFHA (4
GRALIF ) 5, 25X eDNA Ak A BT
SEEUNET A A Bl A 20 B B 23 6 )
—A&4k( Krehenwinkel et al., 2019 ; Nousias et al.,
2025) (KEl1: A-E)

A BSPREE SRR B HEdh RTAL 2R C FREIDNASRH D SR E ez
Field sampling Sample pre-treatment Environmental Molecular testing Data analysis
and sample preservation DNA extraction

Y

E 1 & DNA R TERETREE
Fig.1 Schematic illustration of the workflow for environmental DNA (eDNA) detection

A, BPARRAESHEGORAT . TERPAREEFREEREA (UK, LI . 2335 JROAA I UR S4B, MRS HTAREE . XFFR5
FEA AT AL PR | IR PRAF S35 65 C. eDNA $2I. 7EBL B S8 % E4T eDNA $2 544 D. 7r 74l iid PCR
5 qPCR SFHARXT H b Fh DNA AR Y 1S s B Bl b o XIS R IS . 0 5 TR .

A. Field sampling and sample preservation. Collection of environmental samples (water, soil, air, etc.) in the field and
subsequent preservation for downstream detection; B. Sample pretreatment. Preprocessing, low-temperature preservation,
and transportation of environmental samples; C. Environmental DNA extraction. Extraction and amplification of eDNA
conducted either on-site or in the laboratory; D. Molecular detection. Specific amplification of target species DNA using
techniques such as PCR or qPCR; E. Data analysis. Recording, analysis, and visualization of detection results.

2 eDNA SYEERESHEARE
% B

21 RERRPNEZRIARERRME

ST AR AL SRAE TR S e R A DR AT
FAR R IRAME 2L cDNA Rl a1 5 R B
JE R DR X R AR A S R S P A
JERRmER R, BT &R mE s L1
FHY-= WENTORFER (E2) .

TEAB IR ] SR A SR T T, e R AR
AR B R R | i s AR A, BE
%A AT 3 1 3 P A% L ¢ 4 i R R i 5

i fEYIR ( Goldberg et al., 2016; Young and
Hebert, 2022; Allen et al., 2023; Kyle et al.,
2024 ) .

7z T e DNA I FIE UL AF A ili A2 eDNA Fie B
WP T 2 — o BHTE AT . IR, Wi s
Beid b, SR as ORIty | RIS &
S IBEORE o R IR ) ) 53047 32 8l BB SRAE
(& ARV S R AT I8 ) 5R) P ) TR T4
SEAE, PO B RSB RIS,
IR E O R IR B B SR T R R
( Métris and Métris, 2023; Kirchgeorg et al.,
2024; Kyle et al., 2024; Sullivan et al., 2025;
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Tournayre et al., 2025) . X T REB|IFIHEA,
i L AV E T IOK CEEEL CTAB LRAFI ik
PRI PRAE , DAt A% PR I AN A MU 4T eDNA 1Y
[%f# ( Hinlo et al., 2017 ; Minamoto et al., 2021 )
SR AR I 25 SR e S R, A
SEAR AR B R AR T AR DL SR R AR AR DR AT R
ZEXHEE (Liang and Keeley, 2013; Minamoto
etal., 2015; Hinlo et al., 2017; Moriniére et al.,

2017) o SR, YTk AE LA E H eDNA Wil 72
KA EAT GRS AN A IR PR AR . i T
= G — AT AR , =ik 95% AR CHFEAE R
FEBETT AR A £, B e A S g0 2
BOCUERFERT . BT ) et Bk iy n) it
( Dickie et al., 2018) . B4k, HHETRERI ML
eDNA BF5EA)3 5 BT AR ARK A b g 7K A 2R 9
D, 6 FIE BR A MOl 3 H i RS R R T

[Sources and characteristics]
Epidermal shedding, excretion release
Water flow/homogenized distribution

[Source and characteristics]
Decomposition of corpses, root exudates
Spatial heterogeneity (Vertical

IKARERIE TSI I
KA A=Yy i I 5 7 ) (55 BRI/ A ) R PPAL ) (I RF TS RS )
Aquatic environment Soil environment Air environment
(Aquatic organisms monitoring and (Pest survey/Biodiversity assessment) (Migratory pest warning/
early warning) Atmospheric biology research)
RIS 5] DRIZSHE] DRIESH54E]
KW . HEM PR FURGHR . AR SRR Wi /AR
KRG/ B A et (FEEMRHE ) WA | ST R R

[Source and characteristics]
Aerosol carriers, molting/pollen
Extremely low concentration,

3. M/ BT R B
[Common sampling methods]
1. Vacuum filtration

3. PR3 RTL
[Common sampling methods]
1. Stratified drilling

distribution characteristics) rapid renewal rate
[ FERARIE] [ FRARIE] [ FRARIE]
L Hz g (0.22-0.45 pmPfiE ) 1. 7ME A L. R SORAEAS L ahid IR
2. B EE 2. HY AR Tk 2. FAYURRER B SR R

[Common sampling methods]
1. High-flow air sampler active filtration
2. Gravitational deposition or natural

freeze at —20 °C/—80 °C

are usually employed

(0.22-0.45 pm filter membrane) 2. Plant leaf swab method diffusion capture
2. Centrifugal enrichment 3. Rhizosphere soil wash
3. Silica/ion resin adsorption centrifugation
[PRAF 5 b3 [PRAF S Ab 3] [PRAF S Ab 3]
HABRAFH ( ALongmire’s buffer ) HEEE TGS, R ST B SR IR AR T ARAOR AT
Hr, B BIFE-20 °C/—80 °C F &k TR B TR S R A B TFFPCRIGY Y FE AR
[Preservation and handling] [Preservation and processing] [Storage and handling]
Place in a preservation solution (such as To inhibit microbial activity, drying Immediately preserve by rapid
Longmire's buffer) or immediately methods or intense lysis treatments freezing or drying

PCR pre-amplification is required
to enhance the detection limit

v

v

NG AT )
Standardization and biological analysis

2 AEIFENFH eDNA RESFMRETE
Fig.2 Workflow of eDNA sampling and analysis procedures across different environmental matrices

K2 R TKkAR . IERIZS R0 3 FhEREEA B eDNA ORI (R EBivE . PRI . RIS ) |

RAETTE (CHAIE ., 2B S i s ORMES Bl g% ) | IRAF S A BER M (IR TR AR )
DL R S A e — bR AL 5 A 1 5 BT
The workflow illustrates the biological origins of eDNA (epidermal shedding, carcass decomposition,
and aerosol carriers) across three environmental matrices-water, soil, and air-alongside their corresponding collection
methods (such as vacuum filtration, stratified core drilling, and active filtration via high-volume air samplers).
Furthermore, it depicts the preservation and processing strategies (low-temperature dry storage),
culminating in unified standardization and downstream biological analysis.
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WAR R =, A% PR T o W o i 1)
] et 5 B X R PR EE /7 ( Prosser, 2010; Smith
etal., 2017) .

22 SIWERERWRNATRML

DNA $#2EBU7 A8 Bk e T T ilF PCR
PG REE SR E SRR . B TRl AEF s
ML) oL 22 A B0 L W8 12 B4 i (R =X
e, HE 58 MR8 E—iE, Hit
P T 58 Wh 201 L 2% 150 200 1) A i 4 55 2 ot 2 R
MIRE ST . BF9ERT, TEBS BB AW 2R
Wrh, PERGR T £ RE 25 7 4 HAE R BT 250
i 2 (Deiner and Altermatt, 2014;
Djurhuus et al., 2017 ) ,

BEXT I s O A5 2 4R T i BUE A
7, AEGIIA DNA $EGE (InBRe £k 22 h ik
) BAREREAEEE, (04 &) 5t s W R AE B kL
WAL B o R S MU (Angk
B, Bead-beating ) YRAY A DNA $F2HURRE
FE A% TR 1) JIC b 5 SR A O A i R ORi 25 54, AT
TEAL PR A ) A A A5 B = 1Y) DNA P71,
B DR AT 2 2 3 U 5 A S Pawlowski et al.,
2022) .

5 ZAHXINE, K3 KAE (2021a, 2021b) £
X fE FAEYI R eDNA FEAS, SR T “BiEs
FE I AR 2life” PP R BOR R . X AT
o BB IREE 24D B, BAT AR, AR
oo ZHRTEAR W F SR RIEN T, Ik
TR M KR R T B R AR RS Y
BT (BEaRAF, 2021) , TEARER KRR A A K
LG Y 2 22 155 PCR AN 7 i R B 5

WAL, T IREAEAC (e I AU )
Hr eDNA J3Afi 1972 8] S Bt & , S i # b
A oAk Ak 35 o A e e e R Al S P 1Y) S8R
IR R BT A TR AT, T I d M EAC 1
REL, 7B EREILREYLRZE, W2 £
i A Y 1 1 )7 51 4 5 ( Amplicon sequence
variants, ASVs )( Hestetun et al., 2021a, 2021b ),
[, 7R BT FH I8 2 2% mhii 4E4F DNA 158
AR, JRfE W B R S 2 E 1 A AR e Tk

( Mauvisseau et al., 2021) .

3 eDNA #fi|l 5 HEKAHE AR
3.1 SRk DNA SR SRR %

Bilid: 2 HU e DNA K 3 2R 2Rk DNA
( mtDNA ) 1N 3804, P LIAn i R &
Rl T (COT ) REM N 1Z, BT
eDNA (A I AR S 59 1 0R = 5 B 51
YIRS T & ( Kestel et al., 2022 ; Bustin
etal., 2025 ) , AT 3850 E LA IX 53 1 3 2
SUBSANERE , T A G 2L TR
UEAERATE (Hebert e al., 2003 ) o 1ES2BRM
H1, eDNA W HFRY™ 14 i B B — M 45 il 78
80-150 bp, FFSFMEYICIRE K EFEHIZE 20-30
bp, DU R A /N BERRIE (Kestel et
al., 2022) . 40, Valentin % (2020 ) 7EACI
A2 E HBEA MW Lycorma delicatula W5,
i I AR ER 42 AP Co 1S, 3T
T XY R AR 92 bp 1 PR R S
I RE R R, 6B AMITER B X S T s T
CEARBAME" BRI

RS R, i PCR (qPCR) 5
TR W B PCR ( ddPCR ) 2 H AR Y
ST FBL. qPCR AR Hh AT AH XS i
T T RBUBREA Pk i e, R, 7EAb 34
TR BN (an X I B R ) ARG AR RE
AW}, qPCR MY GRS 2T, MWFH+F
FEAGB T A2 . MIEEZ T, ddPCR A i 7%
T AR O W SRR 22 43 8 BB A~ A T
SEVRR AT B AT RS RIS 43 A7 i
SEPRTC TR AR E R 2 45 % 2 18 ( Hindson et al.,
2013; Doietal., 2015) o XFhIEFHS7 fU N
KRR Y HHRE , BT T ddPCR AR5 B il
Uit g AR AR ARSI PR ( Limit of detection,
LOD) , Feillii FHFIREE . JREIMSREARE R
(9 L B4 ( Baudry et al., 2023 ). Doi 25( 2015 )
T LEAFSEUESE , ZEARIR BE DNA 45445, ddPCR
AT A5 5 HbRFh R RN A ) f 2 )
FHE T S PEA DG, AR EE R 2 W E
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fi& T qPCR. Al HIT eDNA B HRLAE = 2
AT H AR B n A YA YA T o (AN
BRIGT. ACHCE™ ORI ), A R R B A
AT S AT S AR, DARRIRR AL Y 2
TR SRR (Li er al., 2020;
Troth et al., 2021) .

BIXF9E e B (B 11 AR 5 N 2
T MO 52 % FAIE P10 A5 T 7 38 R e e il
o Hr, AN FERY Y ( Loop-mediated
isothermal amplification, LAMP ) i Rifijd 4-6
AT MG YITE 60-65 °C T LRk 44 ; Bl
g % & B ¥ #% ( Recombinase polymerase
amplification, RPA ) #AKRNi# % K 30-35 nt
51, 78 37-42 CHOMRA A TS558 70-
500 bp F By Py 1S (Higgins et al., 2019;
Jietal., 2025) o FiRERESEHEAM 02
Wri®#t 4% (Lateral-flow dipstick, LFD) , A[{E
30 min PN SE B R OROKG g R 0 B 37 B IR
( Trujillo-Gonzalez et al., 2022) ., SILIFAT,
CRISPR-Cas R G5 Aik— K a7 s i) R
HUER T 20 DG, i BRFIH crRNA A
TR H bR R S P A, — BEs G, fEa]
G Casl2a SFXIREGRY “FADIE]” W6k, B
ffAR ZR TP OB AARIC B EE DNA 5%, M
M A W B AR S R R A . X R R T
RPA/LAMP HfiBlif¢) CRISPR il ik , RV 7EA4 50
qPCR 52 B [T %) A0 ot 4 A7 5™ o o fie ) A A
Hh, MRORBEAGE Fli F2 21 7 AU B4 45 5 Williams
etal., 2019; Weietal., 2023) ,

32 EEHBRNS KN E

A0 VR RIS = R S = i S <
eDNA 7 54 ( Metabarcoding ) HRSZEE T M
AL — A [ S AR A T B A 3 AR R R AR
H SR A A s DR o, slOR ML) g 2
frEshzs vk, 456 i HS iy
SR, BT AT LA S A 38 B R il il A R R
T 10 23 ] 7 o M A R 5 R Y B8 (Roger
etal., 2022) .

eDNA 7% 55 TU i B4 i A% 0 Bk FE T an oy

Vg T B IR Y 31 A Ay v A R ) W o R
W, R A P05 B A B e A T R 5
PR DA SRR BA Y

Bt P A T v G PR A D A AR
T o A AR B O, SRR R e |
I PP 42k S ANRADF S o WS, SR DADA2 5
Deblur 555754 d I P AR | X 43 B AR
PrreAs w5 PCR PR VR, Az il a3 [|] 73 B
Y387 52 5% ( ASV ) $#fiE# ( Callahan
etal., 2016) .

Iy TR ZURBE P XS K R B
ASV JFHI HxT 2 B RS 25 K A LA 4 o B
By o XF TR MR, £ FE R R 5

( Barcode of Life Data Systems, BOLD ) i
GenBank 2 %0 WS H BRI, FERMUERIE S
JEE AR T X S B P v AR B 5 AR A Y B
TR,

R PR IE 575 M i e . 2 i ke
SERUR , AR SRS . PCR &5 AR BE
Xf BRI DR PUNF SR BR BT b S s g,
AR A 2 G BRI B s R H AR (A E A |
) P8, JFCE & B F B B LAHERR i
BRAR DN P 1% 2 B IR F AR5 5( Xing er al.,
2022) .

TETE 45 5 LR A G0 s BOE e Y
“PIFP-REAT FREERE, AT T o 2R
(tn¥Ah=F & B . Shannon F5%0) LAVEAS Rt

Aty B p MM HT (A Bray-Curtis
SR . EARFRIMT PCoA ) HLAHT 25 b6 1 (1)
WK 22 5%, b da s 3 R J0 A A% Jm S K S 3R 5
A Fi)CEE (Bylemans et al., 2019) .

3.3 MERINRA KRR R YT &

TCIE 2 B AR S A I 3 2 2 W 2 2%
TEAS W, it eDNA R H 45 S #0032 2 Wy Fb 17
TE—DNA B AR 4019 1 25 B Be bl
GINES N S N &R ¢ il i o S 2 D
B, BF5E G 5] A BB ( Occupancy
models ) 55 DU-3ri2 5 [ IH A ZEHESE . 78 DLy
HEZER | BREERE 5 e DNA 1 FHAEAS 0 45 SR A



+ 1210 -

R HEE 2R Chinese Journal of Applied Entomology 63 %

BB S5 [) TP i LSS AT, T I s A2k
W0k A EAEY AT AR AR R SRR R,
255 I i SEBRAS I S, 2h A 3T H A HR7E
H #r XA )5 36 >R ( Lahoz-Monfort et al. ,
2016; Vastano et al., 2024 ) , M#ELLZR . £
A7 ARSI 127 A BH M B, ABEARN  258 5 H Am 7
FLSCAFTE MRS s [, A TEAR BE PR XURS: 358 1 1Y)
T 5T CAnsME RT3 AR A R #% ),
REfFEA~50 PCR “FATHE I HMEGE S, Bl
REIE 2T TR D S A M R, A
BIRSIAHES T eDNA Wi JA &7 A ff) 2 75 460
£l DNA [1] /55 B 15 B 9 H 35 R A A S 0l A e

4 eDNA N HRGI5LIEHAR

4.1 KHEERIS

TERHESRG T, eDNA FRBEWSHE 1 i
IR AW | WEEK S 2 ROk R B
AT, AAEYF AR R A R P £ 1
T 4 H 4% . Lee-Rodriguez %5 (2024) LIRZE
T RSB By B\ Bemisia argentifolii 1 — &
Wi Tetranychus urticae kR, FF&k T HYI#
AT % /K R B 4R eDNA 4545 TagMan qPCR S
W7k o SCUERIA, 208 5 | PR R B
W RS, H TaqMan qPCR A9 H R B
BEITH M PCR, A JHIEW] T HY K 1 eDNA
AT IR A Bt SN 35 U R GRS

RSP R [FZE I, Chen 55 (2025)
BT eDNA % S AGH AN i [ - R Aol < fig
X UL W5 B YRR TT R T R Ge il ot
i 3 SR A UL T AR 2 O 4 HUHL 3% 1 B E R
eDNA, Z54 H EMER CO I FIEMSHHdE
e, JOREf S ) 163 APl (ALHE T e 72 Fh
KL 33 ) o MG REE A, S
T RS RECER i R T, MR AR R
e R BV BRI T 2 R 1) 2 455 S . 1LAb, &
X B N T A B M SR R, Li AF

(2025) RGN T RFE . IEIEL G M DNA 2

WTZ, WIEH T XENELH Grapholita
molesta MM/ NVE O Carposina sasakii 33X PFf
LR YRR IR | R R T

4.2 #RAE R U

MOl 3 R S AR L MR )2 B
R ZERIEES, — EURAESMI R E S &
XX —Jf s, Valentin (2020 ) QBT T “I&
H#3%”  (Roller method ) , EIE A H B
VRN BT SRR A M BT 48 o, TR RRUR S A
T W SRR K R RS DNA, BF
ANSEIEUERA , X Fh R eDNA & EH AT A ST
SR QPCR AN, IS A 2 25 s T A
G o AR B S S i — R, R
FEAE B HIEE eDNA 75T 5. 52N
B RSB KA, (R F B E A H =
—JA, WROR T RTINS SR R a8 L 5 S e i
WG 5

FE 7 LR 5 00 55 22 0 A 25 2 A S Tk
T, HRAES (2024) FIH] eDNA ZAIEMHA
X RE TR R AR (N TRR . ZeARMR A R AR R A=
MO Bk AR B R AR R A, R
G IR 25 O B R AT BB ) SR, ) g
2 Ffi 2k B #0465 43 2K B IT ( Operational
taxonomic units, OTUs ) , HIZHFLERA S
WE T ARG T 5 B i 2 2 A G
AL, A TIRR I s g,
Geller #1 Partridge ( 2025 ) Xf kb T #8hxX KA
eDNA g B 5 5 7 BROR A 15 75 25 JCH M kA2 K
AR . SRR, FE M AR ID S B R
e AU i 2 DX 33, 98l 0 KR eDNA B B4R T AL
T EAZERYEF Adelges tsugae WG5S, Hix
o Bt e B N TS A% A TR S, BCIESEEL TR
b H A FR A B 1 ) S B S Y R

4.3 CHEFEEFREN

G T 0 HF B R HER 1 | R R
PE S BT RE A B W= BoK AR G5 2
TSGR T B BB ET XA BE K2 % Trogoderma
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granarium FIAERE L B Trogoderma variabile 47
FRHEN BRI A (R IEIESE, 2025) , BAESERR
FHH 5 2 AU B T4, ELET X PRHR 4
SARHE Ay AR HR0) R A T 52 PR il T L A
TS R YR R B AN . Wi . HLOn L HE
PIAERL E AT B DNA 22 BE3E TR 1 sl O A A7
A, FFRAE— € I [R] Y RRF PTG IR o Vastano
G5 (2024 ) LU BRAGEENE T S BE R 48 X 4
308 3 X RER A it HEA T i S et DR R IR, 52
TR ERMILE eDNA [FE R, 4538 5F%
B, BMEAERAUK-FROF RIS 3T, Hix DNA
URB ISV R B PO RS B ) | B NV -2/ € 3 L)
HE— 254 BB R XU, HIRIESE T eDNA
BRIt b 3 R PR i 2 vh A T AT
SR, it 85 P 23 RN SOR T 28 XI5 L XL
F . Trujillo-Gonzéalez % (2022 ) EMAFIH
RS B AR B i e b, RGEFAL T
eDNA HORIAIAT1HE . HARERE, ek
PR X B et B T B R PR R TR A
BT IS UESE 22 PR T 0 2 i R 5 A R AT ™
MR LTS YA B, SEREAR ) 22 X555 X —5E
TE & PR 1] A7 b w1 B, SR T TR i
eDNA 1 I v il 5 A% 25 75 Gl bR E PR A KL AR
( Standard operating procedure, SOP ) [ 538 Pk,

4.4 RUNEUHEEHREEN

SR AR YRNE HHA RKEEZ | 38 N RE )
SO O SR, — B e AR, B
B E R A 25 A A 40k o 7 H R I R 5 [
BRI HOEEE T, eDNA AR IE R HEE AT
BB BEREAE

PLABRIEWE Y Y R AR AR M ——
INEERE T U Aethina tumida 5], Ribani %
(2022 )1 YA I TP AR ) eDNA SE3E 1 Xt
A AU AR R APEIR & M. BFoE R, ik
ZHRMKBRAK 2 0.000 1 ng/pL, R AR I i
RFL4 PCR 5IMIMRR . 750 HIBEKRAEM 1
EEFERM S, BRI BiR DNA,
LI A AT 445 SR 5 R R B A A i 91 SE B
23 W) 43 A 1 B — 30 5B Gom 0 M e A A A A

P, 2T O R A R S B VA, 3
WA T B A 2 4 W D B AR 5 A 4

5 eDNA HAHIEHREERER
R

5.1 BhAE=H eDNA BMAEIGEH EEHLE

eDNA F AR i@ M -3 | FEY FRm e zs <%
S S L P R BUR B i B W I, ki A 5
(8 SR WA A AR U B L T AR A | R R A
JEMIRTI R %8 . SR, B TREZE R4 eDNA
WA A e W , B AR AE S B o FH R AT T I A5
BRI . SHEBARER Z | ks bRk
I DA S A BRI A A T IR BRI

5 2% [ 5 TP 5 2R W R A DR i
SAEIREE (AR . TR . SRR K ENSE)
W ME eDNA T fili A= 3 5 H A s 25 £ A
(Kestel et al., 2022) . SCUFAFGRR, Rk
LHMEIGT 4 d J5, R RE R BARR G ES L
PR AR TR 5 AR HOL 98 R DU 5 BRE A 0 %) %
eDNA #5 R IE % 75%-100% ( Allen et al.,
2021) , AR I I TR AN RAGE A RURSS

PREN A S AR Z . YRR A
T S 1 BE RO = T R Y R R S 3 e, B
HIl, VFZ EEAMRE HUR AT s 2B Y
CO 1. 18S. ITS S&bnifE FRICAS T HI7E 3= i £ i
EHF R R RS H, BRI 2 BRI 7 4L
It PTG AR A5 0 A 1) 3 2H e i e T 22 e
( Moraes Zenker et al., 2024 ) .

EAIE IR S QIO RE et Al 7 Nl A B
G AR (4 MY EmE . SR HE
WA ) A5 K AE R G0 LB SR 5 s T 58
Jok HiER A ( Zhao and Andermann, 2026 ) .
M T2 58— AT BRI, AN L6 % 76 R
FEARRL . EAETE . BARERE & ASV 1 g BIE
BERE PAFERR G L , AN 55 T 8da 1
B ) AT Lk 0w R RS BT R D BB PR 1
FSFEARTG YN (Bell etal., 2024)

S BRI IE 0 AT B B Ay 2wl . B
Hii, Aepoll eDNA BFFEAL 47 eDNA SCHRAY
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2y 4%, HWPE g . WA
B A FAEWE . RS . RE
B A THT I B /3 RS (4R 7 L R R 9 7R e I
SEHIX, eDNA FEAR B SEUEMFFEFIE H O HI AR
FEZ (Kestel et al., 2022) .

52 BubZRESZSMGMAGR

NI Rk, B A s AR RS
LRt d , IEMLL R =A% 04 B R L 48
DU R B , in s E i A 5 L eDNA W I AR (1)
J% JE RN FH ( Dickie et al., 2018 ; Tournayre et al.,
2025) .

52, HWESEEECSSEIOENGRE

FE el 7 i) 1 5 ¥ DG I B K e /& eDNA 4
ARt H b A 1 0 S o AR BRI R 2%
T, eDNA MIFRINMERE (84% ) W& & T4
HUJE4 (36%) (Allen et al., 2021) , Kk
o7 JIN A T o) A TR I 56 2 0 7 B AN A ARG,
A LI EHEBET Cin silico ) . RINEAIE (in
vitro ) SIERNIGIE Cin vivo)  “=Ai—K" Mk
HEVE A BB 7 A R R ( Kestel et al.,
2022) .

FARER T H, NS RN T E Y 1
(LAMP) s EAIEFR A MY 1 (RPA) 50w
TENTIR4CA (LFD ) & CRISPR-Cas R4}
W V) EUE S BORRON AH 2 G K T AN A2 A= 44
PEFRLI) 30 min N EFAMILSEAL G IEE; R( Boykin
etal., 2019; Williams e al, 2019; Rako et al.,
2021; Fang et al., 2024) . [AEF, BIAFETYY
KAFLFH ( Oxford Nanopore MinlON ) F{# #5 2
MFHZE ( Krehenwinkel et al., 2019) , )
Boykin % (2019 ) 2/ “WARLEE" ( Tree
lab ) ME&. 7EMC O RS RE . O KRH
KgAK | RN RAEY
SR BCR B VK 64T 4 A kg 5 g —
PR Rk, A AR4 A 30 R B AG SE  AE
( Trujillo-Gonzalez et al., 2022) .

522 KMETXAREEERRM B 3N
& RliAER eDNA W2 S B R N [X
YRR o, WAHR AL S N TR, %
]t I ABLEE+ B 3k 2 SR b+ Jc AW im i

SR ST AR AR PR R ) o 38 3 R AR 7 X RTAR X
OB A AT B e i i 25 AORAE A | Rk Bl B AR
I, SOMI R | RiEHEI A S AR R
TG, AT S AR ES Sl A S B RN A2 4 A o
B R B 3= 42 ( Bell et al., 2024 ; Johnson and
Barnes, 2024; Tournayre et al., 2025) . FEILIE
fitlh b, WA AR PR IS LG Rl i e 4 R
SRR P By A A B R AR A T R TR AR AT s A R
¥t (Kirchgeorg et al., 2024) , REEF|IAY & EIE
JES 38 o T N WL W 24 58— e i 2 XSk A
W rpey o PR A 2R I 28 i A 8508 T i fili 2 eDNA
125 (B S BRI, SEER RS E Wi iy
FE T SAIE RS S A T I
523 WMENEANRIES S IREETEESEM
BRR  oDNA R4 EDI AL A FTHE 2
For i 45 R B ARR g | T PR DL RE AR B A
e ((Tournayre et al., 2025) . HujZEkG
" eDNA B TERAER T SR EAN 15 FOCHE AR
RS SE A D AFAE— ) 0, X
il 24 7 AS [R) K 0 AR 55 AL RS 22 18] 040 0 P
( Dickie ez al., 2018) o [Aitl, Al mx & bR
BEIT L Al =TT B e S AV R A e 7w A
AR | KRR . eDNA 4ifbiRE . 59k PE
Ko TR B 2 2 i R AR E AL B AR R
AT R — 2 eDNA K 3RAS 1
FLR 2 % 48 VUB T 9 =E B, S50 I (S B
RIEM A . B AT 0 £ s 21T P W R UE
( Kirchgeorg et al., 2024 ) . iHif5] A IR
A5 DU S ME SR HEAR | HERRTY M 500 R IEIR %
BT, ¥ F1E 5 BOEr R kA
H, W4, BERPEEESEY AT IR, &
Wi E M eDNA 3 REHRE SRR WET 5,
S N4 F-A5 e H 2) H [R] 3 2 T KRS o it
2 B A B 4 A SILES B, fiff e DNA R KiE
RIEF T B R
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