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Aims and Scope:

The Journal of Biosafety is a quarterly peer-reviewed
scientific international journal focusing on important biosafety
issues concerning human—-dominated and natural ecological
systems. It aims to publish papers on global biosafety problems
related to biological invasions, transgenic organisms, application
of chemicals and new biotechniques.

A goal of Journal of Biosafety is to provide a forum to
exchange information and promote sound biosafety and
biosecurity initiatives connected to sustainable development;
publish new research in biosafety; provide information on best
biosafety practices and pertinent policy issues and to provide a
forum for biosafety and biosecurity information exchange in
China and abroad.

Manuscripts in all areas pertinent to biosafety will be
considered, including:

@ New theories and hypotheses in biological invasions, the
characteristics, ecological processes as well as the
consequences of invasions in all kinds of ecosystems,
interactions between alien and native species, reactions and
mechanisms of ecosystems to invasion, new technologies of
early warning, monitoring and integrated management of
biological invasions;

@ Risk assessment and management of new organisms in
agriculture, generated by transgenic or other means, the
communication and management of risk assessment theory,
methodology, systematic analysis on risk assessment;

@ Acute as well as chronic toxicity of agro—chemicals,
resistance mechanisms in pests (insofar as it touches on
biosafety aspects), and the technologies for safe environmental
use of agro—chemicals;

@ Risk assessment theory and biosafety procedures of the
new technologies, including biotechnology, nanotechnology and
radiation technology.

JBS will consider manuscripts of the following types:
@ Review Atrticles
@ Research Articles
@ Biological Invasions
@ Agricultural Transgenic Organisms
@ Agro—chemicals
@ Biosafety of New Technologies
@ Scientific Focus
@ Technical Communiciation
@ Policy Forum
@®Book Reviews
Occasionally, the journal will consider comments, and
letters to the editor. If relevant, the authors of articles
commented on will be invited to reply. Comments to articles
published in other journals will not normally be considered.
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Analysis, development and revision of the national list of
invasive alien species

LU Yiqing', LI Feifei®, JIANG Pei’, WANG Cong*”, PAN Xubin**
! Foreign Environmental Cooperation Center, Ministry of Ecology and Environment , Beijing 100035, China;
?Beijing Botanical Garden, Beijing 100093, China; *National Agro-Tech Extention and Service Center
Beijing 100125, China; *Chinese Academy of Inspection and Quarantine, Beijing 100176, China

Abstract; Listing invasive alien species is an important tool in their management. Currently, China has established four editions of
the List of Invasive Alien Species of China, Main Alien Foresiry Pest List of China, National List of Key Invasive Alien Species for Man-
agement (1st), and List of Key Invasive Alien Species for Management. Under the framework of the Biosafety Law of the People's Re-
public of China and the Management of Invasive Alien Species, the list of invasive alien species in China should be analyzed and com-

pared with related lists, such as the list of quarantine pests. This study discusses the methods of establishment and revision of future

list of invasive alien species and provides specific suggestions for the management and application of the list.

Key words: quarantine pests; risk assessment; establishmentt and revision; list management
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Table 1 Comparison between the lists of invasive alien species and quarantine pests

' Species | I I v \ Vi AUl Vil
PR Eupatolium adenophomm 2f5—3t The first batch (2003) & Yes  J& Yes J& Yes T No &= Yes 1% No J& Yes
1 H % Mikania micrantha —4It The first batch (2003) JE Yes  J& Yes J& Yes & Yes JE Yes 75 No J& Yes
25 DYETBE Altemanthera poloxeroides — 55—4It The first batch (2003) EYes JEYes HNo HNo HNo T No 7 No
JKEL Ambrosia artemisiifolia %f5—4t The first batch (2003) JEYes JEYes THNo HHNo JEYes T No 7 No
FE# Lolium temulentum ZF5—3t The first batch (2003) &= Yes 1% No 7 No 7 No &= Yes  J& Yes 15 No
HAEKE Spartina alterniflora 25—t The first batch (2003) JEYes JEYes HNo A No HNo HNo &No
KHLHEE Chromolaena odorata 5 —tt The first batch (2003) J& Yes & Yes J&Yes JEYes JE Yes 1 No 7 No
R £ Eichhomia crassipes 55—t The first batch (2003) 7 No 2 Yes 15 No 2 Yes 15 No 7 No 7 No
115 i Sorghum halepense 5 —t The first batch (2003) 75 No = Yes 15 No 75 No 75 No 75 No 75 No
T % Opogona sacchati ZE—HL The first batch (2003) HNo i No T No B No J&EYes A No S Yes
TEHBAA KR Y Omeella acuta 25—t The first batch (2003) HNo fEYes JEYes HNo T No 7 No & Yes
LI NE K/ INEE Dendroctonus valens 55— The first batch (2003) & Yes & Yes 2 Yes & No 2 Yes 15 No & Yes
5 [ 1 gk Hyphantria cunea 5 —3t The first batch (2003) JEYes & Yes & Yes 15 No JE Yes 15 No 2 Yes
AEM KRR LE Achatina fulica —4It The first batch (2003) JEYes & Yes T No JEYes J&Yes HNo 7 No
T 7FME Pomacea canaliculata Zf—d1t The first batch (2003) EYes EYes T No ZYes HNo HNo & No
FM A0 Rana catesbeiana 2f5—4t The first batch (2003) &= Yes  J& Yes 15 No 2 Yes 15 No 7 No 75 No
28} Lantana camara 25 4t The second batch (2010) JEYes JEYes BT No JEYes HNo HNo & No
=B KEL Ambrosia trifida % 41t The second batch (2010) JEYes EYes HNo HNo HNo HNo 7 No
K Pisda stratiotes %5 41t The second batch (2010) EYes EYes T No HNo HNo HNo & No
nER—FEAE Solidago canadensis 5~ The second batch (2010) & Yes & Yes & Yes & No 7 No 7 No J& Yes
PEFEEE Cnchrus cchinatus % 4t The second batch (2010) HNo HNo HNo 7 No FEYes & No 15 No
RICHS Parthenium hystcrophorus 2 41t The second batch (2010) JEYes & Yes HNo HNo B No HNo 7 No
1034 Flaveria bidentis 5 — 4t The second batch (2010) 2 Yes 4 Yes 7 No 75 No 2 Yes 15 No 7 No
+ 35+ Chenopodium ambrosioides %5 4t The second batch (2010) 7 No 7 No 7 No 7 No 7 No 7 No 7 No
HIVE Amaranthus spinosus % 4t The second batch (2010) JEYes & Yes fHNo HNo HNo HNo 7 No
JEIEZE Anredera cordifolia 2 41t The second batch (2010) HNo fZYes HNo HNo HNo 7 No 15 No
FEA A Y3 A /N e Leptocybe invasa %5 —3lt The second batch (2010) &= Yes 1% No &= Yes 1% No 75 No 7 No & Yes
KRG Lissorhoptrus oryzophilus 25 4t The second batch (2010) JEYes JEYes BT No A No JEYes &Yes 7 No
AR Solenopsis invicta 25 41t The second batch (2010) = Yes 2 Yes JEYes & Yes & Yes JE Yes £ Yes
5 [CJREEHR Procambams clarkia %% —4lt The second batch (2010) HNo HNo HNo HNo HNo HNo & No
SR AT Cydia pomonella 5 4t The second batch (2010) JE Yes & Yes & Yes & No J& Yes & Yes & Yes
S EBREE Linbmyza trifolii 25 4t The second batch (2010) EYes No T No T No 7HNo FNo 7 No
FWARFER . Bursaphelenchus xyloplfflus 5% —4lt The second batch (2010) J& Yes JEYes & Yes i No J&Yes T No J& Yes
WA WY Hemiberlesia pitysophila %5 4t The second batch (2010) & Yes 1 No & Yes 1 No & Yes 1 No & Yes
M. H Brontispa longissima 25 4t The second batch (2010) &= Yes 15 No &= Yes 1% No & Yes 15 No B Yes
JXHKE T Amaranthus retroflexus =4It The third batch (2014) ““No B No HNo HNo B No HNo 7 No
B L6 Aster subulatus 2 =41t The third batch (2014) HTNo HNo HNo HNo HNo HNo & No
=Y EFEL Bidens pilosa %5 =31t The third batch (2014) 7 No 7 No 7 No 7 No 7 No 7 No 7 No
INFE L Erigeron canadensis 25 =4It The third batch (2014) 7 No J& Yes 15 No 7 No 7 No 7 No 7 No
I THIE L Erigeron sumatrensis =4It The third batch (2014) HNo JEYes fiNo HNo HAHNo HNo 15No
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R
F Species 1 I 1 v \Y Vi Vi Vil
—AEEE Erigeron annuus %5 =4t The third batch (2014) 7 No 7 No 7 No 7 No 7 No 7 No 7 No
{RILEL Praxelis clematidea 5 =Ht The third batch (2014) JE Yes & Yes 1 No 7 No 7 No 7 No 7 No
H#EH: Xanthium spinosum 2 =4It The third batch (2014) fHNo JEYes HNo HHNo fHNo 1 No 7 No
B 424 Ipomoea purpurea 25 =4Ik The third batch (2014) HTNo fHNo HNo HNo FHNo FHNo No
KANBERERT Cenchrus longispinus %5 =4It The third batch (2014) ZHNo JEYes HNo &HNo &HNo HNo 7 No
ELPU TR Trachemys scripta elegans %5 =4t The third batch (2014) JEYes JjEYes HNo FHNo fHiNo THNo 7 No
IBUNG B Prerygoplichthys pardalis %5 =4It The third batch (2014) i No /& Yes 7 No T No % No T No 7% No
LM AREENRSE Pygocentrus nattereri %5 =4It The third batch (2014) HTNo i No fiNo HNo #HNo No 7 No
Je BB Ak Oreochromis niloticus 5 =Ht The third batch (2014) 75 No 75 No 75 No 7 No 7 No 7 No 7 No
LK Rhynchophorus ferrugineus 55 =4It The third batch (2014) JEYes JEYes B No FNo JEYes T No 7 No
BT WM Corythucha ciliata 55 =4t The third batch (2014) JEYes B No ZYes HNo T No 7 No & Yes
PRGN Phenacoccus solenopsis 5 =Ht The third batch (2014) = Yes & Yes & Yes 15 No J& Yes & Yes  f& Yes
FUARLE/ NS Quadrastichus erythrinae 55 =4It The third batch (2014) JEYes fiNo JfEYes #HNo J&Yes T No J& Yes
K8 Amaranthus palmeri 2 DU The fourth batch(2016) JEYes & Yes HNo HNo HNo HNo 7 No
FEF R b Phytolacca americana ZEPUHL The fourth batch (2016) HNo JEYes HNo HNo HNo HNo A No
N 25 Mimosa bimucronata S5 UUHE The fourth batch (2016) 75 No & Yes 15 No 7 No 7 No 7 No 7 No
FIR& e Ipomoea cairica 25 DU The fourth batch (2016) HiNo J2Yes 7 No 7No fiNo FHNo & VYes
VG Solanum aculeatissimum 25 PUHtt The fourth batch (2016) “iNo B No HNo 7HNo B No HNo 7 No
WAEHN G Solanum rostratum S5 UUHE The fourth batch (2016) 75 No JE Yes 7 No 7 No 7 No 7 No 7 No
FIERIK Sicyos angulatus 5 VUHL The fourth batch (2016) fHNo JEYes fiNo 7 No A No HNo 75 No
FEATH] Ageratum conyzoides ZEPUHL The fourth batch (2016) fiNo fEYes fiNo fHiNo 7 No A No TNo
FARMEHE Bidens frondosa S5 VUL The fourth batch (2016) #HNo HNo #ANo HNo #ANo 7FHNo 7 No
Y734 Avena fatua VUt The fourth batch (2016) %HNo JEYes HNo #ANo #&HNo #HNo & No
JKIG . Cabomba caroliniana ZE UL The fourth batch (2016) HNo JEYes HNo HNo HAHNo HNo 5No
B Gambusia affinis 25 PUHt The fourth batch (2016) “TiNo HNo B No ZYes f"No T No 7 No
EQpN" Periplaneta Americana S5 P04 The fourth batch (2016) 75 No 75 No 75 No 7 No 7 No 7 No 7 No
T E /N Blattella germanica 25 UL The fourth batch (2016) ““No HNo HNo HNo HNo HNo 7 No
ToAE RGN Ceroplastes rusci 2B PUHL The fourth batch (2016) HNo 7 No fHNo B No ZYes No 15 No
WL Carpomya vesuviana ZEDUHL The fourth batch (2016) JEYes HiNo fYes fHNo J&Yes & No & Yes
B2 e Opisina arenosella S5 UL The fourth batch (2016) 73 No 75 No J& Yes 15 No 7 No 7 No 7 No
PAR & Sirex noctilio 5004t The fourth batch (2016) fHNo 7 No JEYes THNo #No 7No 7 No
BT Cyclachaena xanthiifolia % No HNo JEYes HiNo 7 No JEYes T No 7 No
TS E Lactuca serriola 75 No 7 No £ Yes 15 No 7 No & Yes 15 No 7 No
A A Leptinotarsa decemlineata 75 No JEYes JEYes B No A No JEYes f&Yes & No
FEIMBEIE MR Liriomyza sativae 75 No JEYes JsEYes HNo FHNo fHiNo HNo 7 No
HAA T Matsucoccus matsumurae 7+ No BHNo JEYes fEYes AHNo HNo HEHNo A No
L SR Spodoptera frugiperda 7 No fHiNo JEYes fHNo fNo #&HNo No 7 No

L (i EAMSRA R AL S (YO 5 11 AR A A BRA PR b 44 5% (5 —

k)Y (2012,52 Fifr) 5 1. ¢ TS BANR AR Y Fh 44

SEY (2022,59 Fl) 5 IV . (IR FE FEANEMO A FE AW A Y (2019,45 Fi) 5 V< 5 100 FloEEESNE AR HIFR 5 VI (GBS R IARG RE A 4R
YY) [2021,446 F (J&) 15 VI (MR AT IR EEVEA T A W40 A AT UK 44 53 ) (2022, 31 ) 5 VI ( A2 AR A e VAT 3 A 44 ) (14
i) A4 E MO R AEAT T A 5 (190 Fl) , 2 TR B 1 O RTER S,

I . List of Alien Invasive Species in China ( Four Batches); Il . List of Alien Species Released by the Ministry of Agriculture ( the first batch)
(2012, 52 species) ; Il : List of Key Managed Alien Invasive Species (2022, 59 species) ; IV : List of Major Exotic Forest Pests in China (2019, 45
species) ; V: "List of 100 worst alien invasive species in the world" ; VI: List of Quarantine Pests for Imported Plants (2021, 446 species/genus) ;
VL. Distribution of Agricultural Plant Quarantine Pests by the Ministry of Agriculture (2022, 31 species) ; VIl ; National List of Quarantine Pests in For-
estry (14 species) and the National List of Hazardous Pests in Forestry (190 species). Yes: On the list; No; Not on the list.

3 RFIMRENEFHRZ B/ ZRFETTEIY
3.1 MRPEINSENEHFZ R/ ZRERH

b BRI — 20 & BRI AR Ak, FR [
SRRANRYIFAWIG N . 3T 10 45K kA AR

YA 56 Fft, 0 20 122 90 4 AUHTIE AR W) M &L
(9 30 245 (F 52 1E S, 2020) . MASAS 45 B0 10 8
IR P2 3~ 5 44 SCHRTT 23 R sl B oMok
AT A4 5 44 5 EEE/ dh AE E 5 SE B T
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EMTRZARREE R ILHE, MR AR Fh 2 sl 4
SR HIETT R Al H B 7 BT,
A IR 2R DLAE S A0 G b7 2 T AR I R i
SE B AN RA T A AR BUR B A A (M
452017, EERAE 2014) , KA EXF AR AR
YT 22 B/ 4 SR 1) BRI 3 R ) A 2R AT B 4 T Y T
il , A U b J T A0 ok AR R 44 Bk RIAH G
FE, UGIE B & Rk, WS, b T R4 5
B4 SR R X A1 ke AR 4 Fh Ry 22
A, KBRS Rk AR PR G & A R FE S O, B8
W28 RS TPA X6 AH DG 44 B K 44 SR EA T B 1T (MR
W 2017, FEREE 2014) ., 2021 4F 2 H Rk
FFEB . A SRR AR AR g 5% B8 A AR
Ry RAR B O TF BN R HE— 25 s Ak P Fh A A7 B
P& TAE T RI5E AY) | BRI R Ak AR it £
FI P |« LI E w20 R A S ok AR R
FEflt FEAR U K B AR B A A X
B, SR shAINSR AR RS 0t 3 A 22 A I ]
FUH R E AR AR AR L e
ERESENT . ARG EL TG, IR AR
2, BRIV AR A5 57 A 45 SR AT R R, BT 4% 44
SVE AN ETb =y R AL VT A IR RSN
ORI XL,
3.2 FRINRNED TR TG

(e N PR [ A= 28 4k ) BRI “ A i
E W P B S S R H e R R
BRI ST B A OCHR T Y K i
A2 A RIS R A P A R I 2 1 IR B 4%
", 2022 4E 8 A 1 HEGEAT B (AR AR P Fl
IS/ SR E < B L B AR
LA RS | A SRR (M) AERIEE ol 5
S AR RN 56 R YN A R A AR PR W AE
Bt SRS AR RN & A YO T
At e 3 IRV | B Bsf A 00 T 41, 48 HH N X i, 4
IR o Sk AR RS PEAL 2R AR
ey N A N R R S R N d A VA
SERHME T R R, s A1 58 35 X A0 Sk AR P R
14 JRUBSE ATEH4) (986 2, 2020)

XA A AR W Tl SR A3, AN 2 87 B 1 51 A 44
By 2 S RN SE BB % T D 2L 43 A 5ROk A AT RE
O3 AR AR B o T R XU PEA 7 R T R
B PPARIRE , T 2 25 G e Ve 3 A W 0 PR A 1o AR

TS IR YR A W) 2 R A A K DA K&
COADBRET RO (ERRAE,2014) I IS A
DX G TR 4R A B0 1 ) 48 BRI, Pk
Fr2 B/ 2 s W BRI B[R], 44 B/ 4 S A B
VST SRRy €T E g N NP VR A SUP N
[vi) 5 BRI S5 N B 42 B, R ol S X1 A T 2 WXL
W S5 B A, A AL EB A R RN R
YiFh e A L 5%
3.3 ZB/ZAFRFBITREEIEN

FEXE AR AR YT 44 B/ 4 5%, IR E 1 5
AEIN AL B 2 SRETT ZR A RN o %) 300 B B
FRIGNK A AR W) T 24 B/ 42 53 30 3 AN 7 30 B0 44
B/ 24 SRR G KU PEA e VP LA o A%
FA RIS IUAE TR, 535G 44 B 2 58 W) 3R (S 7%
) IR B/ 2 s (IR A TFRIER (AT
FATFAF (BITI) | WM 5E i 45 B/ 44 5% 1 il 45
Vo AT FE F B 32 48 B AR DA i FE AT RE
AN 7 AR K s R A A B s AT REE, X A
FAL R BRA T AR YR R A R o A
BOE o JER AT R, v i 2 KRS A A 50T
FITAER, AT R Aok AR W) Fh 44 B/ 2 1T
MBI EERIN R HOR SCRr . L AR 4R T 44
LVE 00 Wk DS i -3 UL (B N VR DR S
LR W E R KA LR, %5/
2 SR B AT ATLRA) 7 X6 VAl 445 SR ) 4 DG R0 G 1
oy ABZ G BT LG I, T 4 b 1
TERATHUE LT B IR [] 5, [RII £ 44 B/ 44 SR Y
N 7R BRI S it By B0 T 68 AR R A5t A5 R Y 4
AN, S AL RN I BV 58— HEAT AR AL Y 42
JEE B
34 HEXBHR/EREE

FRE SR AR 4 B/ 44 s ) BT 0
IZAE S E PR N AR SC 4 B/ 24 sk BN 2 T RO
Kb v AE ) AR 47 2H 21 ( European and Mediterra-
nean Plant Protection Organization, EPPO) il % T #b
SRR 5. (EPPO list of invasive alien plants)
FIIEZ 44 B ( EPPO observation list of invasive alien
plants) (https : // www.eppo.int/ ACTIVITIES/ invasive
_alien _ plants/iap _lists ) ; & [E AR 5 X 3k ( regional
lists) A1 ( state lists) #EAT T 50 45 BE (https: //
www.invasivespeciesinfo.gov/subject/lists ) . K I, 76
Z B Z S HIETT S R T, i AR A E K 41212
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I RE ISR AR W 24 B/ 2 S 09 05 18, 25 244
IR RTT i R [ SR AR R 4 R 4
R RGN, R, [ A SMEBEVEA A 4 5%
CL A FR |, B SR X Y T 1T T o 12 b
ARSI R AR YR 43 B/ 20 S e TR P (B
85,2022) o FFIpRS [ BRAN SR A AR ) R A B £
ARIT LA, s [ [ PRaf SC AR A AR W b Bl 12 585
SITHEAE, A5 R E AR A RSk
NIRRT AR B 2R, e IR A AR
| PRIGR BT BRAZ AL, RIS, DA S o) 3 [ A %2
FEPE R B AR IR T B, A R T 5 T3k 1
SRR PR AE P TR A 4 B TR SR [ B 7, i
PEIR AT 5 F [ 22 A ) 2 4 DR B SR I SRSk A
RPN s
4 SMRNEUMZR/ BRNEESNHA

(AR NN E AW 2 i) RO R AR
M BRIP ) IR ALE T Al AT AT 5 3
oA SR A RE SR AR o 42 B/ 4 S RS, B
Ipidio FER/ 2 SRR INR AR Y o 5 42 66 2 7 1]
PREOFET o PRI BRI 44 53 9 00 FH A B, AR 30 572
Prig O AT HEAT E RS FE RHETT, A S H E K
PRl BRE PR A H W) 2 sk H8 ) (GB/T 37801—
2019) il A I ) A HE A RILE 2 | R 97 A28 T A1
RARYITNA R 24 R HIREF

N TR SRR A AR W) b 4 B 2 55 1 18 AL
ST Z N AT o A4 S 5 B APk
AN EZYIFE B R | 583 4 5/ 4 SR RHERRE B
RN ALEE SR AR R IR BEE A A R AR
s A T AR I R IR 9%, I 5800 ) AR G K gl
WS S8 A6 4 W/ sk BT Tk,
R A T O e 2 A, DR B B/ 44 SR LA 4
AN RIS IR = AL B AN R AR

b4 5/ 2 5% 9 2 AN, AT B e 22 B8 I 4
K AAZPITIE IR, (45 44 B/ 24 SRAERS 1 SP R A
R B R AR URAE

S 3k
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Study on the national plant biosafety governance pathways in the UK

JIANG Lihua'*, XIAN Xiaoqging™, JIA Tao’, QIU Minghui', ZHANG Hongbin®*

'Institute of Agricultural Information, Chinese Academy of Agricultural Sciences/Key Laboratory of Agricultural Big Data, Ministry
of Agriculture and Rural Affairs, Beijing 100081, China; Institute of Plant Protection, Chinese Academy of Agricultural Sciences
/State Key Laboratory for Biology of Plant Diseases and Insect Pests, Beijing 100193, China; *Rural Energy and
Environment Agency, Ministry of Agriculture and Rural Affairs, Beijing 100125, China

Abstract: Healthy plants are the foundation of life on earth, and plant diseases and pests are major threats to global food production
and security. The UK attaches great importance to plant safety management and has started laying out relevant policies earlier, mak-
ing good progress in building a risk prevention and control system. In this study, we conducted an in-depth analysis of the UK's ex-
perience and practices in strategic planning, governance systems, institutional construction, technology research and development,
and international cooperation using literature review, analysis, synthesis, and comparative research. The UK government has incor-
porated plant biosecurity into its national security strategy, coordinated the system of plant biosecurity organizations, developed inter-
nationally advanced safety systems, constructed a plant supply chain with biosecurity guarantees, promoted deep integration of indus-
try, academia, and research, and vigorously developed national science, which is an important reference for China’s biosecurity
construction.

Key words: plant biosafety; biosafety in the UK; plant health; biosafety governance

PTAER | VW i Schistocerca gregaria Forsk. ., R, 4 BRAE W) A= W) &% 28 345 ™ IR ( vk e 7 5%,
L ST Spodoptera frugiperda (J. E. Smith) /N - 2022) , JEHEAHLUETT A AN ARGIGR , ik R E A
RN R B RS UE R AR AR i SO B R RO 40% , 1512 2200
ERRZARE T I BB RRE AN LS T (PR NRIEAE AN E,2022) o 2022

Y75 B HA ( Received ) ; 2023-08-18  #3 HHA ( Accepted) ;: 2023-10-11

ELWH.: BXE A LT T E (2021YFC2600400)

TEE®AN . 2, &, ARF, HEFT @ SSRNE A ENFTE, E-mail; jianglihua@ caas.cn; %R F, &, B E R, FFEF @ sk
N4 A R 5 B2 E-mail ; xianxiaoqing@ caas.cn

* [ % Tt 7E # (The two authors contribution equally to this work)

* 1 15 1F # ( Author for correspondence) , 7K % %%, E-mail: zhanghongbin@ caas.cn



- 216 - W (PIESC)  Journal of Biosafery

EIRRES

FE3IH 29 B BREERRSHBE S A 12 HERN
“E PR H 7 B RAR S O LAY R
o F PN R HUALR ™ B 6 4 BRYUR 3 B Y 8K
SO 42 THAE i U ) T R AT R 26 B K P
(FAO,2022) .,

e [ UM g BE E AR P A2 B A A AR 2
SIS P RS S I S e VAN a5 B IR AN 1
PR e 1 bR SE AP 19 4 4 B2 9 4k
PR fE T F s BRGS0, v T A AL 4
PRBE AR HE N 5% 5 Ak 1 HE ) (R S Rl 0 5 e
73, FE5 R BT B A LR X AN Wy 22 Ak 0 Jgl i 5 K
NRBERFLE REARS S, W T IWBUKF
ENVANYN TSR (SR E L% e s e v N N 2 T
Ife 77 2. A AR 40 2 4 ) 13T, 2022 4 B3It 44 A 4
KR L E IR HAE 3.48 AZA IR, H W HRE
ik 1600 i, H g 100 2 FhGE 1 WK AR AE ) 7
R (R A, 2022) o PR, GRS BT 8 [ Y
TP IR R NI E Y 2 2k R A A
AR S R S, AR SR 8 B [ i ) AR ) 4
AR IRIEH, o3BT T Sk [ 7E SO L) 3 BAA &R
BEFRE HORE K R PR G VE 55 T T 2850 5 0%
LI Ay AR DG ABURAIE 58 5 MR il e # 3R E2%

1 XEEYZEHEIRHNTERE

A A 10 85 I b AR 1 IR AR S K& UE
iy [ bR 7 2 T8 A2 0 R A2 YR R ™ Y
JEIA . JEGETE, 1971 (B YR B 22 Rk ) —2021
ECRBE R PEE) ], 37 &0 U BN ETRS
e, T 30 a ) A A B R RF NS 5,5 20 a
KA S HUE T 19 58, Horb 2012 4 SR
RS foe o ™ H % 0 [ A b 1 S A Frawinus
chinensis Roxb. A By fi0 3, P Al F 05 44 Al A
P TE % [ 325 B AR SR T 30 150 AC 38R it 2k
R AAZ BN BUE T 28 AR AR ) 22 42 T B Y TA
N, B SRS [ BUR A 2014 4F & (R E 9 2
W)& 4% %) (UK Plant Biosecurity Strategy) .

BEE T 557 ) i A L NS iE S 4R e, Tz
IRAARAE W, e B AR R T 2R,
B R )t BRE T I 9% B H 25 G
1.1 FHREWEES

Y, S AT ek S i A ) B XU, 53
BL, X5 1200 Z A 3 AL W) FR SR SEAT 1P AG  JOF
FEXT 700 Z R0 A FAE Y FIE AR T e it — 2D WF o

I O AE R, 3X 1200 Z2 R0 AT 3 A2 9 R R
PRAR A 85 g HL T S0 SRR 1) B, 160 Fof
o B AR 7, 130 Fp HL e e 3 R A BB
7V, 90 Fofti R A AR A AR BE L 165 Fifi
FRU EL S A WU R T AR DR A 4 2
( European and Mediterranean Plant Protection Organ-
ization, EPPO) B2 BRECYE ZE g 55 T 90000 A Fh
Al Mok FAEYI PRI A SRR, 45 B R 4
PR LB R AIZE R (A AR R A R el R
TEW TR S AR A R BR B 4 R AL 5 TR R e 5
Ml S ] 1 A A0 o e 7 5 DA S R e 3 R A
(VEETTAF,2022) .
1.2 KEHEANREAHES

B 5 1 A ) EE A B 3 B0 E AR
o A ] DL i s AL R R O g vk, A e [
T I AR A, S0 Pl B AR A [ IR 1R
SIS, HEAh T, S R A R T A 22
DERCIR AR T3 [ A 0t 52 5 22 T Y 50 A8
(A48 2001 4 3 [5] 2 i 1 5 52 i Fof 3 ok, P 428 5% A
UNCTIRVAR

A EF LY A IR A AT L i 2 A Oy U K
Z A B35 52 S i A0 AR ) SR P 7 DA
FESNASE T2 R RS PS5 2R 5 1
WK ERE RAE LA 1860 J1 t AH Y FA X5 b1} ik
R I SN Wb ol N i NS S S e S
I, B4 A K 100 ALl 1 3 FER AR L H i B
(ELETE D 8 P il 3t DX ARG A o L) 3 1Y DL
AR 5 R R E T TR & EEE A (Gov-
ernment Office for Science & Department for Environ-
ment, Food and Rural Affairs,2015), H T2 E 4
b B AR IO TR S O MR R AY B
Gy NPT e [ S AT LAXURS: Ay S5 il vy M 4 o 2
YefpA e 4, AR R AR ) 7 St A ) 1 52
Sy BRI, KAIG I 1 A 22 2= U I A
1.3 SETHMEFRESTE

AR T R A A B R RS L Sy
A FE LRI RRE RE R T AT G M DX SR T
ARG, 2021 4F BRE FEAR B S AU (FAO)
AT — 103 5 T M 728 A RS AE ) Akt B 52 o 1) B2
ZiRdE I, U E &Y R T —L84 F Y%
FEVE R B A A, NZL AR S W Rhynchophorus fer-
rugineus F. 5O SCHE | VD TSN 0 AR
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T Agrilus planipennis Fairmaire, Fnl gE i — A0 1
A A WA ACHT b D KU, B 2 0 i [ s
Vi, i Gt — B A ) DR 3P SOms, O T Jie B 22 wF 5T
(FAO,2022) , A #I R A2 BB 1500 J5 565 B i
BV N R s R - IR R PN W 76 AR o
AR RRARAG S, B ] 2 g 2R R S AL AL T
FENGUA T 600 A Fffi HUF LI 2 50 a Y4Bk
SYATIE L, 45 5 B, 2% 38 Hb DXCE DL 4 L O L
SERIRRAEZ) 2.7 km 13 1) 1 AL S R £ R T (a1 4
B X — Y HOE S 2k A % U1 6 & (Barford,
2013) , [FIFRIFSE 75, g R AT S04 RO 22 0
7 10% ~ 16% AT 35 5 T 3t J30 ) 9l ™ 5 )t ] 77 1
25 6 fC N (Fisher,2012) , S A5AR AL 22955 1R Al
R AE IS B AR LAY, A0S i LR 4
AR 24,

2 ZEEYMRERERR

e [ BUM 5 BE AR A= 2 4 SRR AR
LA TR EFE G, SR HE T — R T Y
AWy AR OGEUR , AN oe 38 [ KA ) A= W) 42 4 1A
B AR )2 e N [ 2 4 ) H B A O
HEAT RGNERT
2.1 REEVREIEEKRE

2014 4F 6 A, S [E FF 8T A& dh AAAR 55 5
( Department for Environment, Food and Rural Af-
fairs, Defra) & Afi (5 EAH Y 4 1) % 4 800 ) ( Plant
Biosecurity Strategy for Great Britain) , i1 553551 19
SR Y AR AR P S A T DR dr
K], RS 9 HUE Bl i ( Department for Environ-
ment, Food and Rural Affairs,2020), Defra ¥} 1200
Z2 B s 1L T 2 S [l o ) KURS: R AT 3P 4 T4
I S ] A A B XU 5 32 ) (UK Plant Health
Risk Register) , i A3 & XURS: 70 AT % 52 UK il 28
AT DA 22 8] V) 388 ) i L XU )
T H ( Department for Environment, Food and Rural
Affairs ,2017) .,

2014 4 12 A 18 H, S W BUF B2 I 2 &
(GO-Science ) M IAEE B b AR A 5553 kA T 9%
754> 3 L ke o ol e i 5 R I S
B . s Rl2HE 11) (Government Office for Science &
Department for Environment, Food and Rural Affairs,
2014) o e m AR A T TR R SR R e ) A ik
M I )2 A R AR MR 1 (RO B A SR BT

AR FERIS A7 ) FAT B2

2016 4F KA 14 S [ S A8 ) it BRE AT 52 51 2020
ARG 55 A i 7K - ) ( The Vision and High Lev-
el Strategy for UK Animal and Plant Health Research
to 2020) #y B g 5 81 & I F1) I 3B /Y AF 5 F0 IR A 42
AR SEBLSE ZR GE b U | BN 1A 2 T
B S AE A G R 1) REURUHT ) B A J A i T
Wi 07 ( S e e AR 7, 2020)

2018 4% 7 J, Felw KA (3 B [ A W 2 A i
1% ( UK Biological Security Strategy) , 1% fi¥ W 22K &
SIS T il 2 22 4 XURS: By 1k A 0 4 4 XU
021 2 A DR IO Xof A ) 2 4 XU 56 4 A5 THT Y
REJ7 B, U R X AE P XU ( Home office,2018)

2021 42 [ [ 55T 5 B8 (UK Research
and Innovation, UKRI) & i 1fi [ & 2 10 4E (4
Bl2AE 57 % ( UK Plant Science Research Strategy
A Green Roadmap for the Next Ten Years) , & 1 MAH
YRI5 5 Q0B B H b, 32 H 08 G 1
AT SRCRIABE )t 5, ST M DN | 977 42 0 BEL BT AR 4
g HUSE A AR AR = BhAILRI (UK, 2021)
22 REEYREREBEHAA[LEN

e R W) AR W A vl B R A B IR 55 R
(UK Plant Health Service, PHS) 1 3¢, iZ HL 4 3%
FE| AT B A R S 55050 D0 =2 BUR  BUR B
IF ACE IR 22 ARl PR R = 5547 BUAR FI AR
Ze UM R, S 1 A ) Akt BRI 55 JRy £ 3 A SE AL
{a FREAE R, B DR AE 42 I3 Bl oA R OR3P A ) £k B
FIR 30 FH D] T Sk ) A A £t e I 55 Jeg s B B
TERY 22 5, ORI 30 05 BUR FEBOR B 5 LAY T $2
T, RECA Rz HE . S %) A28 (UK Animal
and Plant Health Agency, APHA) i 3¢ 4\l Fil [l 75
DU A AH DG B,

TESEAS 22 JE[E PRI A AR 35 55 38 9 5t
A A (BRI E SR ST H VR R A [ K
NHEGEUR I 00 5T b (1 4% 1 189 XU 3 A R B 5
il o

TERUR L, R b BUR 5845 BRAE W) i B 4
B ISR A RO ORI E A S AR T A
IR A B 1 B 7 1t A S A P b - 19 25 0 T4
e [ S AE A A 2B 97 o7 ARl A el 245U Y A G A
B EUR A H AR B ES FIAR L 2= 51 2% B BT MOl 4R
Sl AR )RR A B
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TEDIE 22 T3As 22 MOl Ry £ 58 BRAR U Y BUOR
il FAA M 55 . F3h 2% H SREB ( Nature Scot) 57
HARPREE R4, T3 22 RO 7 JR) (Scottish Agri-
cultural Science Agency, SASA) J& 7% 2 BUR 4l
AR A 22 3% J) ( Bureau of Agriculture and Rural Eco-
nomics, ARE) N J@AILI, 5 57 4 b N bl 22458 A
AT,

Aol Ze 5125 1 52 5 [ 1) AR A0 Akt BJE (Il 451 38 )
SR T MR G R 55, 98 [ 55 R ELTE
S [E PREE R S A 555 AR 2R D1 e Y dE
FNSCRET il ARk IR HB B3R, Mol 22 51 25 34X
FETLEBUR | J3A% 22 BUR AR - BUR JE AT 5 35 A
P A8 B (MR 45T ) HRRE
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75 TS AR A%, AT RCHs AR % T A7 A 5
oSS AR Y B (TSR IR, 2021)

T B 45 5 T, 9% [ BRS¢ 36 0E 104
HENT SR G KA I J ELIG ) B2 5 G AR TR A i 34
S A TUSA A Yy R LR AL 4G 9 [
I 388 2ok ) S ™ A AR ARG R O, 2 1E
R 1 s g e AR AR B AR A 7
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3.2 HIBREXEENZERE

FEor MU BAT BB B2 BRSOy 1 i AN W
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TR AAR T, S BRG0P, DT 32 3 42 <) o 7
(4 H Y AR RRA T —— T KRR R4 A
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FE AN TR SO, TSR ) 850 T s i G T K24
95% I 4E 5 FE ) J@ 1 60% 1Y BV AT EC TR | ., ks, A
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o 2020 4ETFIR, SEEDRBEAE 5 0 12 H g«
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Yy s a IR . e E T R A REIE 3, XF
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8, T NG ARM 2 REREE MY, 5
FEVR AT A B IT X 22 B E A B3 1 kA A Ol
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GRS R GRS SE I T IE 14000 TR A 4
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FCURER AN SR RS RS . BRI - TR
LT B T A Y B 2 A 2 A AR ) i B 5 R
Y 2 AR UE B IR
34 JTizWEREE

o [ BURF AR 5 QTG ) Hhs - Bk

S5 RRPE 5 RIS R 5108 2021 4E 3L [E Bl
A IR TAEZ — (XN AE,2019) o 2022 4F
10 A, S EBFFE5 00 37 3 KA [ bR 1 o HE S
6 FE PR 2 UKRI O i B B4R o),
B TS 505w A BkAE W A W 2 4 i [ B 21
21, A T AR AU (WHO) B B R A 2 41
(FAO) BURAMEAEMT (AG) KR A0 i AR )
FFHEHZLEPPO) 25 s %) A8 4 (g B ) R5UFHT 1 8L
F1RY DXL Py ] o 2 MDA TR 9] i ok ] o e 0 i I
¥4 ( International Plant Sentinel Network ) #7184
L KUK DA, B 7 (] oo L 4 B O 47 D 1D ¢
PG, R TRV 2 16 BRALAG vh =2 A7 AR AR
RSN S A I R IS AR AL A ) e A2 TR
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FEE. [ B ) 5S8R R Rre v iy, HoE A e B gt & SREBCEA SR S, AR ST $URT 45
BRGS0 g S S R B AR R L B AR A, [ ik |l AR, U A AR
ST G S M S AROR s SR AR R (GC-MS) 5 Y BUMEL3& 4, 0 52 M S s vp 5 SRS g 7 52
WE AT RN B AR A, [ 255 ] FA b SR S5 e I S M R 175 4 3R 3 81.11% 5 PARAIAR SR SIS0k il 2
i 29 FE R ERSY , Hidr,0.500 mg - mL™' 9 2-1E RAEPKIE 0.005 mg + mL ™ (7 -2- CLARBEF 0.050 mg - ’*’?jﬁ“gﬁﬂ
L™ ) IE B e D T | e S E B R T AT R, [ 298 AR SR S BT 1 D e I S i R B R o
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Analysis of the attractant effect and main attractant compounds
of Broussonetia papyrifera on females of Zeugodacus tau

JIA Pingfan"***  ZHANG Xiaoyu"*>*, JI Qing’e"*>*"
'Biological Contorl Research Institute, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China; *The Jiont
FAO/IAEA FAO Division Cooperation Center for Fruit Fly and Control in China, Fuzhou, Fujian 350002, China;
*Key Laboratory of Biopesticide and Chemical Biology Ministry of Education, Fuzhou, Fujian 350002, China;
*State Key Laboratory of Ecological Pest Control for Fujian and Taiwan Crops, Fuzhou, Fujian 350002, China

Abstract: [ Aim] Zeugodacus tau has been listed as a quarantine pest in many countries. The females feed on the polythalamic
fruits of Broussonetia papyrifera. The aims of the study were to determine the attractant effect and main attractant compounds of B.
papyrifera fruit to Z. tau females. [ Method] Trapping bioassays were used to determine the attractant effect of B. papyrifera fruits on
Z. tau females. GC-MS ( gas chromatography-mass spectrography) and Y-tube olfactometry were used to identify and determine the
compounds in B. papyrifera fruits that induce behavioral responses in Z. tau females. [ Result] B. papyrifera fruit could attract Z. tau
females effectively, and the attractive rate was up to 81.11%. Twenty-nine compounds were identified and isolated from B. papyrifera
fruit odor. Among these, 2-pentyl-furan (0.500 mg - mL™"), (E)-2-hexenal (0.050 mg - mL™"), and heptanal (0.050 mg -
mL™") were effective at inducing attractive behavioral responses in Z. tau females. [ Conclusion] B. papyrifera has the potential to be
used as a female attractant for controlling Z. tau females. 2-Pentyl-furan, (E)-2-hexenal, and heptanal may be the main compo-
nents attracting female flies.

Key words: Zeugodacus taw; Broussonetia papyrifera; attractive rate; food lure

BV S8 Zeugodacus tau (Walker) , JRFRRS )N Walker 1849 4F 15 YCHRIE T b E AR 2, B0 )12 0 Al
S R RS R SE AR S, SRR T H T REMNS N ER, EEEN SRR E
Diptera SEWEH} Tephritidae % RS20 & Zeugodacus HOBTHA shEE CENE Y B A e

Y75 B #A ( Received ) ; 2023-06-25 33 HHA( Accepted) : 2023-10-26

HELWH: IAEA CRP T H (D41027)

EE®EN: TP, B, LR A AR T . KLE 25 FH G, E-mail: pingfanjia0920@ 163.com
* 18 12 {E# ( Author for correspondence) , Z= & , E-mail: jiqinge@ yeah.net



3 4]

BV LA R 2RS0T g S S e 9 5 AR S 285 (5 i o3 - 223 -

[ 55 22 A B 5290 by R 3 A 6 5 (ol 68 R R 42
2018; Jaleel et al.,2018; Liu et al.,2022) ., F.5E
i L e 7 B 5 4 B R ) O 2 IR BB
BRS04 S Bt T (ke IR 17, 2018) . E A B
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e A fe AT T ) A A ) S e 2 5 et Oy 53X
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Aladdin®,
1.4 MWRLS|FETEmEIER

SR FH 2 P54 12 00 30 A SR S X i 0 S e
HEGIESER R RS IR Jia et al. (2023), HX
45 3% 26 d §E I SC R ME B, BT v 7356 %8 (30
emx30 ecmx30 em) H1, FREL 1.2 HP R R SR SR K
10 g, A il 754 4% b Rl 52 B 10 mL JCTR 7K
AT —A~ B o AR, A HHER SN
HAE 5.7 em %548 250 mL FERHIL, 76 2 om = B AL
PINRRE BT — Ak difL, ZEA—A 2 3EHS 173 K
FER 2 mL B4 (EAR 1.0 em) VS ik U E (B
1EHEA G W A kIR ) 5 BRI, TR FLAL B X
B3 em &b, 3 —AN i ifL S5 0 AU GE 7
T P A A AL S O R R
PR SN TE B K 54 25 53 132006 8 P 7 )
JCE 8 h (9:00-17.00) J5 B | [EA, 35 2508 1
T, FUKAE AR 2 h JG B TP A s s
3085 110 i 7 S e b ORI, TR R (AR % = 1A
W B P S K< 100) o BEARIR 6 N EEAE
1.5 MWRIELZESKNESK D77

R FHAAH 1S - TS (GC-MS) B AR X Fa
SRS LI SR AT 1 0 I 68 N T A,
BT ES I Jia et al. (2023) . KEBAFRI 1.2
FF TR AR R SRS 5.0 o, A 40 mLL THZS gEAE
S, I AR BB B £ 40 °C 1B R/K 6 T i
10 mm,@Jﬂ*Hifﬂlﬁﬂlﬁéﬁ%ﬁﬁlww 50 min,
3% 45 F - Shimadzu GCMS-QP2020NX < J5Hk Y,
Rtx-5MS (30 mx0.25 mm ID, 0.25 pm) {4354 &
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NS, WA 2 2 1, 3# 1 mL » min™" 2
FHE AR EE 40 °C A8 5 min, A3 °C + min”' )
BURFLZE 50 °C AR 3 min, FFLL 5 C - min™' 93
FRIFE 150 C &5 LA 15 °C - min~ ' FHE 250 °C %
B 5 min, FUSER JERE TR 250 °C 5 K2R
& 250 °C ;MSD & 250 °C . EI HLEJR , L F i
70 eV ; B FURIRE 230 °C ; S8 Bl 35 ~550 amu,
U AR 150 °C, X5 & FH ML NIST 2017
R R, 45 G AT N TR AT L o IR B 1 5L
FARIEAL A Py LXT 55 SR FHAR R, BT 335 (1 1T S8 4L
R Z 7 VA A TR B e FE AW LA, IR TR A
— NIRRT
1.6 FIESCHEE R TR R MR 5 B IR 51T A IR BL
it FHEACGHE IS 9 Y U IELBE AN 358 15 | JE g I S
WE AT Ry SO B A M Ly, Y B IR A AACHE
28 TR Tk RS RS MR % (2019) , Y B
MR ZR G0 B 6 3R I R R 2R AR KO L T =
THOBRIENE Y BB AE | % P RE A . A R
USRS S, Y BB FE K 20 cm, 5
M 20 em, &£ 60°, IN4E 3 cm, FREEFE &N
1 SR P SR b 23 B AR 4 D7 14 (K 80 em, B
28 em, 15 30 cm) Y TRUBEEE A FIBR UM B B B AR
IR 25 B P D 4 ] 1 A 35 N 8 4 %o 7 B0 ohfe
VEREAT MR T, FE R IFOM S ok 8 74 B2 A 46 A
—E R EMZA (2 ecmx2 em) , 55 1k M B 2850 R
TR AR, TR, 76 IR B 51 AN,
MRS B, B AE b BCE —A 30 W SOBAT
TRUESCER RENE 375 i B 2 AR 35 5 R GS 7E Y R Bl 1
BRI, H SRS B ARFA 10 #1150 mL Y
2 ALY, 10 mL .08 [ R BY R ER 46
A 50 mL B0 R 35 Rl T R R ZE AT
T 2H T B M 50 mL B0 A IS T B SN
280 AR TR, BT, FTHF 50 mL B
M a T A Y BUAE R (M Ak A TS
SR e, BUGRI AT, Y B GE A RS RS
min , 25 B R PRI IR sl 2 00, R — 4
MEHL(20 k), DA 2 2R 46 41 2 1E A 5 H 2 <
TP, R B IR T YOS TR AT 30
min DA IR MR AT il ER 7E 9:00-17.00 11
BRI AT, RS P R A A e A
4 RS FE 1933457 (5.000,0.500,0.050 ,0.005
mg - ml™! ), VIR AR A A X BR

FHRSWR 5 53 31 WE I 2001 L 32850 15 550 43 531
JNFER IR A IERAR (2 emx2 em) |, 5 min J5 B
1 I S AR O L, L% 30 min A ME BRI AT O
IV, B SR R Y R EE RS 3 em MM IR
T R R AR — D 3 om F52E 30 s FUMME A
RHOESE, 43 HI7E 10,2030 min BHREEE0EE 30 s Jf:
05 2 MV Rz 20 b e e pg Bt o 3 ORI
SFAE A AL PR AT R AR, R TSR A A
[Fi) PB4 E 1) 7T 0 L (SO 8 9% = S5 17 fE S
X100 VEPE % = A 0RFREL ME HUE K< 100
1] 9% = b FLE ) A R0 R R M R X
100 5 T kE AR 90 = % BEUEF 19 A7 00028 43 Ko 250/ W 1 S 2
x100) . FE2H IS0 i o R R A — W B e
JEHY Y BUSRAE FR IR JCK S B vk T,
F 70 CHEFT N THE 20 min, BHG & H ., —4lit
Wy SE ) AT B Y TR B R A AR R, I
TR R AR 0 S %o 8, DR AT R HERR AL i
ZERYFENR , AR AU A 4 1,

1.7 HIERQES S

{1 Excel BB, H] TPM SPSS 21.0 4K
1T8HE5 M7 . fH Origin version 8 22 il A1 X 2 ¥ i
FE i FH Inkscape B2 E R B R,
GraphPad Prism version 8 4481143 #7 & Kot 24 il i,
P, FR R SR 5| 5 B S g el i 5 Y A
WESEAAT A S Nz I 3 BN A T BC XS R J7 (X)) A 3
(McNemar's) .

2 HRESW
2.1 PR LxT gl LR g R A 5 E R

g SRS ) i %) SR 3% o) g ST 52 e M e 0 5 14
Rk 81.11%, o # & T X ALY 4.44% (X° =
68.710,p=0.000) , ] I, F&) B 5 ST R 1 5 g
R R A SR A 51
2.2 MRRILEZESEX S

R 1 FE 1R, R GC-MS AR R SR
WAR KRR S 2 29 b &9, Hodh B2k )
PRI (10 Flv) M B B b 5 (58.46% ) 5 Bk
Y (8 A AHXT & it 17.61% ;1572 (2 ) Fh2 sk
LT EREIE (3 ) (M EARRT & (13.64% ) &
Fhide 2 (3.94%) ;2 Fl g 2 9 I3 19 AH XS 5 &2
(1.42%) R TAL 1 R 22 R 2P T (2.13%) ; 2
A 1R AT 5 i (2.52%) & T2
(0.28%) .
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Table 1 The compositions and relative content of volatile compounds from the fruits of B. papyrifera

P B B ) CAS %i 5 PR %L iERORES Y

Tf Retentio.n time CAS Cjﬁﬁfﬁds Rejtention Relative
/min number index content/ %
1 5.48 66-25-1 TEC Hexanal 871 23.87
2 7.68 6728-26-3 R -2-C % (E) -2-Hexenal 940 1.84
3 8.52 111-27-3 IECAE 1-Hexanol 966 1.69
4 10.19 111-71-7 IE M Heptanal 1014 3.52
5 13.67 18829-55-5  JX-2-BEJiTE (E)-2-Heptenal 1102 1.75
6 15.04 3391-86-4 1-3)45-3-B 1-Octen-3-ol 1137 1.85
7 15.27 106-68-3 3-2l 3-Octanone 1143 2.52
8 15.47 3777-69-3 2-1E S HE KR 2-Pentyl-furan 1148 2.13
9 15.72 10405-85-3  JZ-4-TF-H (E)-4-Nonene 1154 0.48
10 15.88 105-31-7 1-CLHe-3- 1-Hexyn-3-ol 1159 2.01
11 16.13 124-13-0 1L/ Octanal 1165 0.61
12 17.22 61142-36-7  3-£.3k-2-H13k-1,3-C — i 3-Ethyl-2-methyl-1, 3-hexadiene 1193 13.16
13 17.30 470-82-6 ¥ EE Eucalyptol 1195 3.79
14 17.79 122-78-1 K Benzene acetaldehyde 1208 0.42
15 18.04 16747-50-5 1-Z3-1-F IR % 1-Ethyl-1-methyl-cyclopentane 1215 3.25
16 18.51 2548-87-0 JX-2-F 45 (E) -2-Octenal 1228 13.32
17 18.98 17699-16-0  (E)£:Mi7KE% (E)-Sabinene hydrate 1241 0.59
18 19.97 83212-30-0  6-FFLHHH-4-FE 6-Methyl-hept-2-en-4-ol 1268 4.29
19 20.19 78-70-6 F5FEEE Linalool 1274 1.76
20 20.36 124-19-6 F-# Nonanal 1279 4.72
21 21.66 29803-82-5 J-1-F He-4-(1-F 3 23 ) -2- IR U Jfs i (Z) -Para-2-menthen-1-ol 1316 0.15
22 22.04 557-48-2 S, -2 ,6-T- 48 (E,Z)-2,6-Nonadienal 1327 1.02
23 22.30 18829-56-6  JLi\-2-T-J%ME (E)-2-Nonenal 1334 7.39
24 23.45 10482-56-1 alpha—ﬁ}fmiﬁ? L-alpha-terpineol 1368 1.48
25 28.13 62016-37-9  2,4,6-=H E-E4E 2,4, 6-Trimethyl-octane 1521 0.23
26 34.74 16387-18-1 KR 2-Z 5T i 2-Ethylhexyl pivalate 2313 1.28
27 35.93 104-66-5 1,2- 2% 2 %¢ 1,2-Diphenoxyethane 2534 0.46
28 36.37 84-69-5 487K — Hfi§ Diisobutyl phthalate 2616 0.14
29 38.76 80-07-5 XU A Bisphenol A 3058 0.28
70 — 16
60 12
50 — 1 23
b |
40

FHAT B 53R Relative intensity/%

5 10 15 20 25 30 35 40
WA Time/min

1 HARRSEEL MRS BN E TR EE
Fig.1 Relative intensit ychromatogram of volatile compounds of from the fruits of B. papyrifera
BT ] R S X MBS K 1 RS X R R Y — 2L

The number on the peak chromatogram represents the compound consistent with the number in Table 1.
2.3 FLSCHRBERXS 7 MIER MRS MITARE AU, S5 R R W], R, -2, 6-F R | 2-1F I Ak

Wk 2 FroR SR Y BAMESEASCINR T 7 A EAT R | S -2- I NI IE R BE 0 2 S e I
RRIE A SRR P B0 %) P I S R AT SN HUR IR BEAT R R, HeH, 5.000 mg - mLTT IR,
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-2, 6-T- I WS e 1% 5 | L R IV S g Ml PR 1Y S ke AT
RN (X*=12.414, p=0.001) ;0.500 mg - mL™" Y
2-IE R HE R L 0.050 mg - mL7 W R-2-C MBS S

J2-2- O
(E)-2-Hexenal 7 A
IEF R
Nonanal ]
21 L K
2-pentyl-Furan
2 THE |
(E)-2-Nonenal
2K |
(E)-2-Octenal
IEpiRE
Heptanal
R ME-2,6-F A
(E, Z)-2,6-Nonadienal

80 60 40 20 0 20 40 60 80

RN ZE Response rate/ %

R-2-viiEe |
(E)-2-Hexenal
IEERE
Nonanal
2-IE k|
2-pentyl-Furan
R-2-TIERE
(E)-2-Noncnal
PR
(E)-2-Octenal
g

Heptanal
B -2,6-F: I
(E, Z)-2,6-Nonadicnal

T T T T T T T !
80 60 40 20 0 20 40 60 80
[P %: Response rate/ %

(E, Z)-2,6-Nonadienal

0.050 mg - mL™" [/ IE BEE Y BE 5 |6 R W1 S5 i H s
AT MR (X* =9.104, p=0.004; X*=5.032, p=
0.033; X*=5.785, p=0.024) ,

2-2- CIR R
(E)-2-Hexenal B
IEERE
Nonanal
2-IE AL R
2-pentyl-Furan
J-2-FNRE
(E)-2-Nonenal
J-2- AR
(E)-2-Octenal
IEBERE
Heptanal
R R-2,6-T- 1R 4

T T T T T T T 1
80 60 40 20 0 20 40 60 80
J% ¥ % Response rate/ %

JR-2- L IE
(E)-2-Hexenal D
i
Nonanal
2-1E R HE R
2-pentyl-Furan
R-2-EiEE ]
(E)-2-Nonenal
[R-2- N
(E)-2-Octenal
IEpERE -
Heptanal
JR-2,6-F EmE |
(E, Z)-2,6-Nonadienal

T T T 1 T T T 1
80 60 40 20 0 20 40 60 80
%% Response rate/ %

B2 miEsScHRbERRY 7 f L &R T A KR
Fig.2 Olfactory-behavior responses of Z. fau females to seven compounds
A:5.000 mg - mL™';B;0.500 mg + mL™';C;0.050 mg + mL™';D:0.005 mg - mL™", [ HEcd g B E AR il 22 . A8 (R T FR R AL B 2R
V1 o AL ST M T 3, 0 SRR TR RN TR AL 1Y i L SR LT A3 * B ROMRZ RO (X)) KRR TE p<0.05 KT R R A,
RN BNLRLRTT (X)) BEIRTE p<0.01 K 1225 38 15 /e 2 ol 0 S g M B 2 o i 65%
A: 5.000 mg - mL™'; B: 0.500 mg - mL™"; C: 0.050 mg - mL™"; D; 0.005 mg - mL™". Data presented as mean+SE. Dark orange bars showed

the percentage of Z. tau females in selected treatment group, blue bars showed the percentage of Z. tau females in selected control group.

* 4 The significant difference in response rates at 0.05 level by Chi-square tested; **

at 0.01 level by Chi-square tested. The total response rates of gravid female Z. tau were more than 65 % in * and

3 itieE%R

S i M L R R O B 7 A e o L TR
KAB R EHY) b, A Y <R e g 1) 5 08
{735 3 1 ¢ K Z ( Benitez-Herrera et al.,2023)
PR, TR = A7 ZCAY M RS 15 RO B0, ml K
JK Cucumis sativus 1. 55 %5 Vitis vinifera L. Eyay
Psidium guajava L. 5552002 3 SCH0 N TSR T
BCE R IO S i A R OBR mT 5 4 2 AR
S g e L ( Cornelius et al. ,2000; Mangan & Thomas,
2014) o ASBIFTE & B, R A 2R S0 g SV S g el
FA WETNARCR , 228 FIR IR R i 3 S0 5 4
T S M P S A RS I 80% , PRIt AR SR S
B Ry v S S e P RS T AT

SRR GE WRUGE A T IR S AR AR ) 5 e A
MREEAIL 8 R A7 3T BE 2 (14 A ) ) W7 5 2 9% (Wang et

: The significant difference in response rates

** group.

al.,2022) , MU 5 BRACH AR FIET, SE0 X —
RIZ 09 i 4 3% B0 JF A B 2% ( Brévault & Quilici,
2009) . WFFERHA, B VS 0 E O 47 7E B AR 5 1Y
23 7780 (Khan et al.,2011) . {HBFFEA BRI,
FERF AP K St 1) A I S5 i M e R A R 2 P 41 €5
SR 3P 22 S R A AR 5 6 Y 28 LA FH 3
) AT ik — 2D 5T

FIE | S S i P A 3 A AT oA R ) R
AP AT, DA A A S T AR ) Y G S R
(MRFEA,2021)  HAT X S5 A 22 B R A 4,
22 HAT REAE il i S i i R B A AR K OR B TR Y
B IS (Shamshir & Wee, 2019) , 3l %, 520 Y
OHE E 5 3755010 1 53 32 8 DN B A A 1 4 e P i a3 v
i , RV T R IR B W IRA Y 1 Ak & W e A RO
S L (PR 48, 2021) A1 248 Bulbophyllum
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HI ) 7 B TBE Methyl eugenol (ME) |\ %
Raspberry ketone (RK) 522/ Zingerone (ZN)# %k
PRARE N 2 1 B A 52 5 4, AT 5 | A /N 55
TN e 45 S e Eh iR B 1) S T
0 (7E BUE 4, 2013; Shamshir & Wee,
2019) , S ME R IR 1) RAR IR A )
BDHE , PRI A3k ZE A ) A 48 R AR v i 2 i
5 | i IV ST e i e A7 Sy S AR 0 Y F 5
(Jaleel et al.,2018) . ASWFFE AR 8 SR S 45 4
SR SEE T 20 R G, o, B i -2, 6-F
WIS S -2- T4 S5 ) FLAT P I S 2 ——
BN A SRR, I AP I, -2, 6-F 0
WA 7 B A R B R IR A W) B AT T e AT
HINARES , ABIFFE L 5E AT Sy B T 3 ke B
T4 FPRERS T S R M S E e AT SOV AR S
For A FE 3 A eS| R R I S e e e 1) 20 Y Ak
G, BRI, TS 1 RN B W A ) AT
TE R | R Y S HE 8 1) 47 0 S L A 5 40, B
VISR T S5 i e PR )22 W R ) ) R A AL
G SAE N AR SR R R T Ho Al A B
P2 A5 B W 25 5 M) e T S B AT oA SO0
BE g AT R
FERRIEROLT 5,0, -2, 6-T GRS I T
T S M Y R sl AT O SO 5 (LR R B2 I, R
3825 | R I M ST e P ) ) A O SO, T I )
JoT AT RE T AN 2 T IV 52 g 0 e 3R g A SR S 119 2R i
AW, Webster et al. (2009) WF5E 28, % 10 Fp
RENS 5| B 0 Aphis fabae ( Scopoli) B kEAT A
EWIR G, mixf 2B G ARG B 51 R8RS
() B2, -2, 6-7F A AN A B SR S04 i
AR AR AR B LY, I B B I, -2, 6-
T R T OR T 0 pi 7 S g ke R R AR SR S 1Y
JEA SR, -2, 6-F ARIEAN ], B -2-C M
2- 1 IR | 1E BT AR A% 5 | S 1 V. S e H 1
ATy, U 3 A o v R 2 R I S5 i M e U A
RIRSERRFEAL G, [-2-C s I RE A5 5 i 4&
B Wk Chlumetia transverse ( Walker ) F1 & H %
Apolygus lucorum ( Meyer-Diir) B9 filt £ #3052 i, HL
RE WS 5 WP 2 1 s ) 1) 47 SR BN, O RE 8 2
VAR ME 1R 2% 5 W (TR 425 20125 5K i 0 AF
2011) o TEAE /NS i i o F R 0 D55 1 5 00 v, 5
J2-2- CL I T R Y 35 412 AR /) S5 e fE o fh £y v £

T PR (R 28K 55,2018 ) 2- 1T 3 56 WK i %o 34 32 2R
W8 Drosophila suzukii ( Matsumura ) = 4 3K 3¢ 1
(Cha et al. ,2021) , i 7E 7 5. (0.5 Megacopta cribrar-
ia (Fabricius) BUE KGR A R ESERE
fIVE ] ( Lahiri et al. ,2020) .

W5 EAN R B HL AT Sy Sy 22 5, BF 5
AT IF A5 BRG] 55 175 7
R 1 1E B T BE A% 2 i 15 4% 28 L 2K Mk Phahori-
maea operculella ( Zeller) ;=Y | 11 =% & Bsp 2> i Th4%
R 2R PR A2 2B N (Ma & Xiao,2013) . ¥f1E
BRI SR BB BN R 150 AR IR 4% 8
PR AT R, 345 3 RUBIA 1« HE -7 BOR (Ma
& Xiao,2013) . AHBF5EH 4 Fhfb-& 5] R F 5L
i ) A DA S A T] Ay e I S i ) 90K )
SOLERIMHE LRI T 2%, R G 4 Fiik A
WA 4 v S S E LR AT S, IR 45 G A 0 e I S
WIS SEAE Y A - ROR SO REA AL
T P S i OO TR B 18 5

S 3k
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'K R F R, B H) N 434025; PG KRR R EFE LA TRBARFR PO,
# A N 434025, O REN TG AR R R Ak By, @ 3k FEH 441300

FEE . [ B0 JERITH BRI R R S g AR TR AE K R EF B TE A, [ D7k ] A R AR
SERRAERE N IR IR PG 2040 b A Fp R A i 38 TP 7 SR S AE 4 Fhar £ R sE e, (458 )™
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Effect of different host plants on the growth, development
and fecundity of Zeugodacus tau ( Walker)

ZHAO Changwei'”, LI Chuanren"?, YANG Yuting'”®, AN Weibin’, WANG Zailing'**
"College of Agriculture, Yangtze University, Jingzhou, Hubei 434025, China; *Forewarning and Management of Agricultural and
Forestry Pests, Hubei Engineering Technology Center & College of Agriculture, Jingzhou, Hubei 434025, China;
? Agricultural Bureaw of Zengdu District, Suizhou City, Suizhou, Hubei 441300, China

Abstract; [ Aim] The objective of this study was to investigate the impact of cucurbit family and Solanaceae on the growth, develop-
ment, and reproduction of Zeugodacus tau. [ Method] To construct a two-sex life table of Z. tau on Cucurbita moschata, Cucumis sa-
tivus , Benincasa hispida, and Solanum lycopersicum and assess the adaptability of Z. tau to these four host plants. [ Result] The pre-
adult survival rate (87.96% ) and fecundity (361.26 eggs - female™ ) of Z. tau fed on C. moschata were significantly higher than
those fed on C. sativus (80.00% and 288.34 eggs - female™', respectively) , B. hispida (72.03% and 84.80 eggs - female ', re-
spectively) , and S. lycopersicum (69.69% and 76.55 eggs - female™ , respectively). Moreover, the intrinsic growth rate (0.10)
and net reproductive rate (90.63) of Z. tau on C. moschata were significantly higher than those on C. sativus (0.08 and 74.37, re-
spectively) , B. hispida (0.07 and 35.62, respectively) , and S. lycopersicum (0.07 and 26.03, respectively). [ Conclusion] Z. tau
was able to complete its generation cycle in all four host fruits. However, C. sativus was the most suitable host for Z. tau.

Key words: Zeugodacus tau; host adaptability; two-sex life table
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Table 1 Developmental period, pupal weight and survival rate of Z. tau on four hosts
Host st instar 2nd instar 3rd instar Total larval Pupal stage/d Pupa weight Pre-adult
/d /d /d stage/d /mg survival rate/%
MR 2.10+£0.04b 2.08+0.10b 2.71+0.07b 6.74+0.10b 8.31+0.06a 14.59+0.54b 87.96+3.23a
Cucurbita moschata
K 2.12+0.06b 2.14+0.04b 2.84+0.11b 6.98+0.15h 8.39+0.03a 13.75+£0.47b 80.00+4.00b
Cucumis sativus
A JK 2.41+0.10a 2.58+0.05a 3.22+0.03a 8.49+0.09a 8.42+0.17a 10.78+0.83¢ 72.03+4.47¢
Benincasa hispida
LAk 2.14£0.02b 2.14+0.02b 2.98+0.06b 7.16+£0.04b 8.29+0.04a 16.28+0.34a 69.69+4.62d

Solanum lycopersicum

F P A E e hREDR W) — S8 5 ARG SRR bootstrap ( B=100000) R A4 7E 0.05 KF-22 5+ .3

Data are mean+SE. The different lowercase letters in the same column indicate significant differences at 0.05 level ( paired bootstrap test, B=

100000) .
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Table 2 Longevity and fecundity of Z. fau on four hosts
L e S
Host preoviposition  preoviposition OV]p,OSInon Fem,.alle Mal.e Fecundity Hatching
period/d period/d period/d longevity/d longevity/d rate/ %

)N 20.71+1.23b  36.77+1.05b  50.25+6.06a  101.36+15.23a 141.89+10.22a 361.26+23.11a  80.81+0.27a
Cucurbita moschata
# R 21.20£1.76b  36.58+2.57b  44.13+8.04b 70.78+18.55b  84.61+9.55b  288.34+23.56b  79.21+0.16a
Cucumis sativus
EJIN 25.24+1.59a  41.37+2.17a  32.76+7.38¢ 43.08+8.22¢ 57.53+8.42¢ 84.80+11.0lc¢  67.61+0.18b
Benincasa hispida
PELL A 23.75£1.0lab 39.75+£0.68ab  34.64+6.42¢ 47.92£12.66¢  39.31+7.17d 76.55+9.64c¢ 72.58+0.19b

Solanum lycopersicum

B R AR R | TR — S 5 AR ] /NG FEREF R 8 bootstrap ( B= 100 000) FE BRI TE 0.05 K22 5 3%

Data are mean+SE. The different lowercase letters in the same column indicate significant differences at 0.05 level ( paired bootstrap test, B =

100000) .
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Fig.1 Age-age survival curves (s,;) of egg, larvae and pupae of Z. tau on four hosts
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Fig.2 Age-age survival curves (s,;) of emale and male of Z. fau on four hosts
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Fig.3 Age-specific survival rate and fecundity of Z. tau on four hosts
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Table 3 Mean of population parameters of Z. tau fed on four hosts

aFE AELE R R I EAR JEI BRI IR AR 1)
Host Intrinsic rate of increase Net reproductive rate Finite rate of increase Mean generation time/d
FJK Cucurbita moschata 0.10+£0.01a 90.63+8.25a 1.10+£0.02a 49.89+2.24ab
WK Cucumis sativus 0.08+0.01b 74.37+4.47h 1.08+0.01a 54.50+4.51a
2 )\ Benincasa hispida 0.07+0.00b 35.62+6.21c¢ 1.06+0.05a 56.92+2.05a
PEELAN Solanum lycopersicum 0.07+0.00b 26.03+6.88¢ 1.06+0.01a 48.41+1.07b

R TR N B hR iR A — P B S A [ NG T RERZR A bootstrap (B=100000) FRFFRLIETE 0.05 /K28 57 B3

Data are mean+SE. The different lowercase letters in the same column indicate significant differences at 0.05 level ( paired bootstrap test, B =

100000) .
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Fig.4 Prediction of population dynamics of Z. tau fed on four hosts
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12 PR B CRT H Q&) 1 % e R AE

R, EREE, #OH, XPHE BRI, XN, R
"EREXRFAR TS A M 5107305 2 MEXRFERE S A M 510730

SE [ H ) AU K LR Sinoxylon (R ) B3R EAS (- 08 00 R AT A WU 2 R s A
FIRNEAEIEAS AR L), A LAV R S L o ke UMK 2 Ko 5 5 o Bl T A A 1 R,
SCIF T A3 S UMK 25 5 5 R AE BOIF S , L 00y i 8 U 2 0 8 2 i SR L B R B [ 7 ] B
80 [ 12 AR A SR 12 UL I 2 % B o ) BB X K 2 AL SR 2% 2T £ UK 25 3 3 S
A2 T UK 2 /NSO B D B OUBI 2 A UK 2 | = MO 2 OB 25 5 76 A %jﬂ(f;fg*;)“
T A T XU BEAE R IR0 42, Sk A A 0T i A4 TS 25 0 AR L o B B 0 290

5 T Ho 2 A 6 TR K 12 U ZEHEAT LA AT . [ 4552 ] 12 b OUBK 22 1R PR M 4.0~ 8.6 mm 2B (L ]
3T S RO T Y 35531 S 4 i T R A M B S5 MY 0 B 1A L 914 = 45 R R = 0 R U 7
FIE A (b 2 s AT 1 ORI R AT 40 A (B R R0 | 7 37 R0 TG 0 5 45 4 U6 LA RS A 90 1 13 12 UL 2 1
RKF, | L UK 2L i e 1O RV L A9 RUBIE A A B AR I L B30 AT ARy 3 (1 2 A2

EEA UK EEIR ; TR AT Ko, KaER

Identification and key characteristics of 12 species of
Sinoxylon ( Coleoptera. Bostrichidae)

WANG Xinguo'* , WANG Junfeng', HUANG Yan', DENG Xuehua',
HUA Zhanyi', ZHAO Jupeng®, JIANG Zhihai'

| Tochnolopy Center of Huangpu Customs, Guangzhou, Guangdong 510730, China;

{Techhology Center of Guangzhou Customs, Guangzhou, Guangdong 510730, China

Abstract: [ Aim] Sinoxylon spp. (non-Chinese) , considered quarantine pests in China, are prohibited from entering the country.
However, species of Sinoxylon are morphologically similar and often difficult to identify accurately. This study seeks to address the
difficulty arising from a lack of images that document the morphological features of these beetles to facilitate their quarantine identifi-
cation, in order to servie as a reference for their quarantine identification. [ Method] This paper analyzes 12 species intercepted from
imported logs and collected in China, including Sinoxylon unidentatum, S. anale, S. ruficorne, S. sudanicum, S. epipleurale, S.
transvaalense , S. divaricatum, S. ceratoniae, S. senegalense, S. crassum, S. succisum, and S. tignarium. The analysis focused on the
effects of the length of the body, side profile, shape of the antenna, dual teeth, setae, and marginal tubers on elytron declivity, a-
mong other key characteristics. [ Result] The body length of 12 species of beetles was found to vary significantly, ranging from 4.0—
8.6 mm. Herein, the lateral view of an adult is presented. The antennae of these beetles can be categorized into three-fingered and
trilobite types, based on the ratio of the club length to the width of the second segment. The morphology and position of the two
spines also varied. The setae on the elytra declivity can be classified into three types, namely bowed, erect, or hairless. Combined
with their body length and other features, this work provides a key for the identification of these 12 beetle species. [ Conclusion] The
antennae types of the Sinoxylon beetles, the morphology and location of the double spine, and the types of setae on the slope can
serve as the primary characteristics of these beetles.

Key words: Sinoxylon spp.; character; quarantine and identification; Bostrichidae
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MUK % & Sinoxylon (¥ H . K& B &
Je— AR SE F BN A R AL, A TR iR 2y
50 Fifi (Lesne,1906) , F& [ 10 57 B WU K 26 8 B 1R
A7 4 Bt (Hua, 2002) , H A i) 2 Bl BAR RUSUBRK 2%
Sinoxylon anale Lesne F1 H A XU 2% S. japonicum
Lesne , X458 %4 Vitis vinifera L. Fii Diospyros kaki
Thunb. . BR ¥ Ziziphus jujuba Mill var spinosa
(Bunge) Hu ex H. F. Chow Z#k Juglans regia L. .
FE#E Sophora japonica L. ZEW Koelreuteria paniculata
Laxm. % Z A SE 3 5 (£ R4, 2013; R 1
FEFIFRFASE, 2008; VEKIHMVFBELE, 2019; 5K#%
JGAE,2012; #475%,2005) , BUBK 2SR R LE
FUERE WA AEARBIAR TR, B 2 AT B A T
EC TR, I, SUBRK & S5 B 1 5 T8
A 5E Ty R A S5 A, 2 9 A 00 B A B (i 45 5%
2008; REDEAF,2008) , TR HR AR HY
JRE G, R E T 2007 A BUBK AR (ET E
i) 5 A BESSEAE IR PE VA T AW 2 5%

FE R XA BB & s B HUAG 2 48 7 B 0T 5%
FIXHEE . 2245 T MIBR A7 34 (1989) Fe oLl 1 K
RGP R & S. mangiferae Chujo; b5 , Bk 75
FeRNZEA T (1992) B 1 H R B A 4 FhSUR
% JEm B, G5 S anale, S.
conigerum( =S. unidentatum, T [7)) I S. japonicum ;
MRaki 8% (1992, 1993, 1994, 1995, 2000, 2001 , 2003 )
TER ARSI AAC FE BOR RS E il T F- ) 1
R A Z R al, i B i BUBR 22 8 A AR B

sexdentatum , S.

MUK 2 S. anale BAEXUPH 34 S. conigerum . = XA
WK% S. senegalense XU 5% S. flabrarius FIZL
FARUB 3 S. ruficorne; WEH MK AL L E(K
BPHE BRI S E ) (FRAE 2, 2011) 2% Lesne
(1906) HYZE A, #iR T 38 FhRUBC 2%, #2441 13
FOSURR 22 (R (R 18], Horp 8 Aok 45, R
TR FNZEHEAE (2006) X Lesne EAEH 38 FoSUR K
B TR R R BIIE 2R UG F R 5 et ) B
TEA %R B 5T 24 3Gk vh (BR 5, 2009
Wraki#,2011) .

UTAEA , F ] 11 7 A AR O 1) U 2 s
EL L, 2018 442 [ 171 52 Al 48 2R BUBR S 4 B
14 Fh 1213 Fpc, SR, FT A SR LU 2 A 7
SIPE SR T5 3R . Lesne PR T 100 Z4FH7,
bR 7 SCF IR A AR — SE R B T 2 R IR —
SR X A3 T AR 1) B AN 08 M AN L
HH T 8B 3 OB 2 22 ] 1Y) 22 S50 A, ORI 1 4 i
AOTRT A T P M AHESR %5 5, DR G, AR SCAE X 12
FIOSUBK 2 @ B OB S ml b dnd T 12
T B He A B A IR R R S SRR B (Herp 3 ol [
W UHRIE ), LA 11 32 A R BUBRAK 4 T B 1Y
6 S RN UL AT SE A AR
1 #BE5FE
1.1 kiR

PEARA DL 3R 1, 32 Ay v 3 g DAL ARG S =
AR AR PR A TR R

F1 AR KERERRRE

Table 1 The specimen of Sinoxylon beetles in the study
F% No. F2 Species KU Source B/ 3k Quantity Ak H W Collection date
1 BRI 3 S. unidentatum JN4H Ghana 8 2017-01-09
2 FRISUB 2L S. anale ENHEJE PG W, Indonesia 9 2009-12-23
3 LU S. ruficorne FERIF| B Sierra Leone 9 2018-05-09
4 TP RUBA L S. sudanicum FIEE India 2 2006-07-16
5 XU 2L S. epipleurale HZFJE T Tanzania 4 2014-07-22
6 JINEE UK 8% S. transvaalense S JE . Tanzania 3 2018-06-09
7 [R5 DU K 3 S. divaricatum FERILF| A Sierra Leone 4 2018-11-22
8 F XU FE S. ceratoniae 28 Togo 1 2014-03-28
9 ZMERUBACEL S. senegalense X EEE Gambia 1 2012-07-22
10 RO % S. crassum i Laos 4 2020-12-08
11 B NI &% S, succisum 4N Ghana 1 2018-11-07
12 T WU & S. tignarium fFE $:/H Guizhou, China 3 2019-05-20
1.2 (UEEFiRE&E 1.3 HEFNE

%[5 2% 7] Stereo V8 3774455 (47 CCD A0l
R 8515 i 6155

MR B T L0 TSRO F I 1, 75 B
TGN B, s M R, 500 2 5%,
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SURFEAAIRIRAT . X TARA B Z MRk 4 7h
MERRA 5 36, 0 TARA KR AT 5 K19, i 4
HRbRAS, BRI

2 FHRE5HSH
2.1 FEKX/N

U & 28 A A B /N AR AR AR (T
WS 8 2 B M o R A ) | BROBUBR 3 4.3 ~
5.5 mm,F14 4.88 mm;?l‘ﬁ{wﬂﬂitéﬁ 4.2~5.5 mm,
45 4.81 mm; 2L SV 35 5.6 ~7.1 mm, F-346.25
mm ; I FFOUR K 2 4.5 ~4.8 mm; P4 AU 5% 7.1
~7.8 mm;/MESURK & 5.0~ 5.1 mm; [ 45 SO
&N 4.5 mm; T BUBHKEE 4.0~ 4.4 mm; = JIROBUBR
K5 7.0 mm; BT DU 2% 4.3 ~4.8 mm; B% 50U
K% 4.6 mm; HAUPHK 2% 7.0~8.6 mm,

AR 12 ol SUBR A & KRBT 70y 2 28K
AR5 KT 5.6 mm, QITFDBUBR & 21 F XX
A B ISR 2 RO AT 2% AU 3 5 /N A
RIS E 5.5 mm DU, 00 BSOS 2 A USUBE
&5 FUA 8 Fh

2.2 12 MR EE B HA9 MmN

AIUTET R, 12 FhBUBCR 2 T8 B R /N X )
B SR A, 00 A A e S A AN [R]  E s A R A A
P AR AR 3k M 5 5 150 1) 1 5 1 100 A A AR [R) A5 AR
A6 s O TR W] EDBUBR A TR AR A 10 AR 1L, e K
SERAR 57 HE H AR A M 1, Rl AR B fih
FRIEIR

8545 e LRI T R, KR 2 EL A R 1 R
Wtk R, PP B — 45 B R ke (T 1C) 5 4%
TN 2% 58 2 WA B R LT EAZERNA 5 4
ot , BRSO K 2 (B 1B) 1 G0 2 (B 1F) |
I A SO 4 (&1 LE ) (IR PRSUBC & (& 11) Fp®
PORUB K 2 (B 1K) 5 738 4 AP ol ok 55 19 97
RARURRK R A 3 MR, B, 3 MR RKR
N—F(E 1A) 5 = HRBUB %5 (B 1D)  Hr 2 sU
Kk (B 16) FgF UK 25 A 3 M5, B
55 , (HRAE AT UL 5 /MR SO 2 A 2 858 o8
Z(ETH) AU K 2R Mg LR T 2 A+
TR P KN LT 5582 (K 1)) .

1 +ZHFIERIC E R M E R
Fig.1 Lateral view of 12 species of Sinoxylon adult
A AU 5 B RO &5 CAHBIXUBH &5 D . =IO 25 E WV SUBHK 22 F - /) SOSUBKR 85 G IT4 o BUBILK 32
H e /OSOB 5 1 5P RO & 5 T - BLSUBRC &2 5 K« B9 DU SUBR & 5 L T BUBIC 32

A S. ruficorne; B: S. unidentatum; C: S. anale; D: S. senegalense; E: S. divaricatum; F. S. ceratoniae; G: S. epipleurale;

H: S. transvaalense; 1; S. sudanicum; J: S. crissum; K S. succisum; L: S. tignarium.
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U B2 fl A R 77 A 58 E A1, ol 3 2 fil A K
ATy Ay = A5 RN = A 2 RS A AR XU K
B ERUMK 2 L AR OO A | R T SO 32 05
FHOUBR 2 A P9 OBUBR 22 fl £ B2 & T — 4R 8, T
ANEPIE SIS AN DIT T SIS A iTE- SVT T SIS AN -
B 2 OB 2 F2% T BUBK 22 fil /1 42 )8 T
iU

AR Al A A T RS L (b/a) BT KT
3 (E2A),3 MR LB AL, BE 5 2 ITEEE b
RF 3B ER o (FTIRAHIT AR )
WHEAILARZEA, 3 AR T4, F i L BOL W s W =0t
AU fd F A A L — BN T 2.5 (B 2B) BT 2 9
JEANFETEAE 3 AMBETIERS S BT 1 =M
TE T 2 B8 BT 3 R A T 3 i L vk 2% £
UNIEIEES

B2 WHKERERHRMALER
Fig.2 Two types of antennae of Sinoxylon beetles
A =ARR B =R e bR 2 WRE
b2 IR ;e A EK,
A; Three-finger shape; B: Trilobal shape. a: Length of 2nd segment of
club; b; Width of 2nd segment of club; c: Total length of the club.
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Fig.3 The shape of dual teeth on the elytron declivity of 12 species of Sinoxylon
AT BT, a~1 2305 ML XU 8 95 OB 88 £ SUBHC 8 /M3 OB 88 = IR SUBHC 8 T 2% SUBIC 2

S0 BB 8 SROSUBRK & OUBR I 2%

OB B 5 VT OB & T XUBUC

A Dorsal view; B: Lateral view. a=1: S. crussum, S. sudanicum, S. ruficorne, S. transvaalense, S. senegalense, S. epipleurale,

S. ceratoniae, S. unidentatum, S. anale, S. divaricatum, S. succisum, S. tignarium.

N gk

Serrated

A B

WL =] i 1) e st
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Fig.4 The feature of elytron declivity of three species of Sinoxylon

A AR 2

;B T AU 3

;Co/IBERUBR 2

A: S. anale; B: S. epipleurale; C: S. transvaalense.
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Tablel Key to 12 species of Sinoxylon

1 BHENTEWK, fts =15, M L E5RWNAEREEK

1 AN IR
2 ftm=1sE
i =0t EY
3 AELEREETmEL, FEN
F L BRI ERMmER
4 DR, BR4H 1T

TR HOR , BRABRZUSMNRL, 2/ o
5 SUREDR, BRE S A AN, EEUIRPHE /" 7T
SR S , BRELEBTEHERE TR v evveveereeeeeereereeneeneeneas
6 WHMMEMEEK=FAT, TR BE/NFRS -
SRR T 2 B8 RAK ; SRR 2 [BIBE R TR v

7 BREETREESZ L, B/ a5

PRAEEFNEHEEZ b BEBPRST oo
8 RIELHMAHNE, LERE, NEFBE—EH, LAES

o EHAEENE
9 NmLIHRIEMFK

ST EZRRITEBLIL cvvveeeermmereeemmmrmesainneneesinionens

10 AEK—RKRF 5.5 mm, BERA W@ SMERL; 275 F M

R —A/NT 5.0 mm, DRRA QAT 576 T Wl s 3h

11 NERBHGBEMEIF KNI, ER TR — D

HERBHEANE, ZARBERETRE oo

3 Wit54&ie
3.1 WHKEER R AT

FEXS AR HDBUBA 32 8 B HUHE A7 4 5 i) 23
FH BSOSO 22 8 Fh 28 e B AR R RS (B
#2011 RZSRAZEHAE,2006) , FEXAF R R
R 2 4% B S 45 8 11 4k BB 16 4% 5B 20 S
55 24 SRR B 2 T ST PR R R g Y A
2 W FOR R e KT B A (R A R S
TR KRBT MR SRR I R B 2 s L
R o SR AR AR A AT AW EE FN I £, T it 2
KR FEAH B 2 19K IR KT I i 1l i) R
PR FE A RUBR 2 A S DUBR K 2 iR R 2
FE A FEAN SRy e R IO 1) /N UK 2 A% U
KB LT AU 350 H AR SUBCR 2, Hof i 2
WA LEAE 3 B R sk, I T AR ke
K7 EHREAE , J5 R B — S SOk BUBRK R R Rt
HERHEAR (RIS d,2009; BEaE#,2011), Mt
— SRR R LR IE S, A T iR R &
Y B h SCHR , 2 IR SC R “1e second article dépassant

A 2 kK & S. ceratoniae
35 kK & S. divaricatum
Z kK % S. unidentatum

........................................... I k¥ E S, sudanicum

=Rk & S. succisum
AR K & S. crassum

............................................................................ 8

.................................... IR & S, transvaalense
............................................................................ 9
........................................................................... 10
........................................................................... 11

2 g MR K & S. ruficorne
BT kK & S. tignarium
WH K & S. epipleurale

.......................................... Z A K & S. senegalense

en largeur la longueur totale de la massue” SRR A X
SRy M 27T B R R Y SR X I 2% S Ay
2 WA T BT R IR
PO IR Lo L OO 2 Bk U & 7 L
SIS SPIPERITIES S VIEN $i TIIEANGPIY
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Bdfor %G /1SE WK Z 01 Bt 2% 2 11535 m)

it AE, BRvKuK, skkEfE, R, 58 B, PR
A R K F A FE R PR A KX 430070

B [ ) MG/ 552 Bdfor SD , BFSC HOXRE /NS WBI0E R PRI (6,25 5 (95 00, 7 2 sk g
B2 ST INTENLE] o [ 78 ) MR SR T SR Dimfor JE PR, 25445 /N S 8 5 PR 4H R0 NCBI S5 128 |, 97 1%
/NS Balfor HEDAFF 81, 36T A W15 LA 43 BT R0 S BE T P 0 5 I | XA/ SRR TR R P (2 RS
STRE , FIFH RNAG A IR Bdfor S5  IBCHCR AR /INSCHBIR R (2 ST FO o, [ 450 ik ETevRass

05 0 LA /NS Blfor, LRI 10 for B 115 3 PR EL HUBHUCST 08 HIOHE ST it V3 SER 1Y) for 2B 1 %jﬂ(f;f;*;q)“
Pl AT 1A STKs Z5HIBRA1 2 1 CAP-ED 253 AN, K5 /NS L 4 — 5 9 28 M 2 i

A ) 58 6 3 €6 A ORI RE B, SHEAT 48030 ST BNF | /NS0 T4 458 €, 30 0 € R TEREATIIOE 2% | AT I 025 ), g 25
ERRAPE L S PSR A T IO RT , HEAT AT S ST /N S T € 4 AR R, IRVRE AT €5 ) 9
ASRAPE, BRI, ZERLI LR Bdfor 5, SORH 3T RE B R B0BES . [ 4536 ] Bdfor $5WHE/IN SO R LR (2% ST 4T M, 3K —
SRR TF R R D AR AR AR T AR

4RI /NN Bdfor SEIR ; WERMER €225 ; RNA T4

Effects of Bdfor on associative color learning of Bactrocera dorsalis

YANG Haocun, WEI Bingbing, ZHANG Guijian, QIU Chenxu, GUO Tong, NIU Changying "
College of Plant Science & Technology, Huazhong Agricultural University, Wuhan, Hubei 430070, China

Abstract: [ Aim] In this study, the Bdfor was identified to further explore the effects on associative color learning of Bactrocera dor-
salis. [ Method] Based on Drosophila melanogaster gene Dmfor, the Bdfor was screened out from B. dorsalis genomics and transcrip-
tomics database in NCBI and then performed bioinformatics analysis. Meantime, the behavioral bioassay on associative color learning
of B. dorsalis adults as well as RNAi silence experiments were carried out. [ Result] The B. dorsalis Bdfor, which contains a STKs
protein domain and two CAP-ED protein domains, was screened out successfully and the amino acid sequence of this gene was simi-
lar with that of B. latifrons, B. oleae, and Ceratitis capitata. In addition, the results showed that B. dorsalis has the ability of associ-
ative color learning. After pairing green or blue with sucrose, and yellow with water in petri dishes for reward learning, the tendency
of B. dorsalis to green or blue was significantly increased. Meanwhile, pairing yellow with quinine and green or blue with water in pe-
tri dishes for punitive learning, the yellow preference of B. dorsalis decreased significantly. However, this ability of associative color
learning in B. dorsalis was significantly reduced or disappeared by RNAi experiments. [ Conclusion] Silencing Bdfor impaired the
color learning in the flies which offers evidence for developing new management against insect pests.

Key words: Bactrocera dorsalis; Bdfor gene; associative color learning; RNAi
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& Bouton,2001; Wasserman & Miller,1997) ,

Foraging ( TFK for ) F& N g W AE SR G SR M8 Dro-
sophila melanogaster ( Meigen ) "1 #% & L ( Belle et
al. ,1989) , B DREZRNE , GLAE R FE BE B0 A At
ST HENR 5 SR R 2 2] FE 2 5 (Anreiter
& Sokolowski,2019) . H:H | for 18 i 4 5 B H K ik
M 2238 i NO-cGMP-PKG 155 ZUk ) cGMP 4K
PEEE I (PKG) |, ¥ B B 122 I 17 0 (Mery et
al.,2007) . ANPRJE AR R HCRE R S O AR
G, PR B A TP RR R Ol S W T AHER R
I7E T AYRE S v e 4% 18 1Y 7 1] LA e o TR
i ol R PP IR 2 > BE ) A8 22 A MR T i i R Gk

Sfor ¥EE2E 2 HE S (Mery et al. ,2007)

1% /INSEWE Bactrocera dorsalis ( Hendel ) , ¥ 44 4
TS JE XH H Diptera SZ ML Tephritidae S
SEWRJE Bactrocera , ie—Fh 2 B HEFE B EF 250 4%
IR ER (Jayanthi & Verghese,2011), H.7E 2 3£
SN RO, 4l BB E TR SN IR (X2 AR,
2016) . /NI ATYERE iz IR T R, E A
(B HE YN | BRUH RN R V-7 25 4 X, H i3l , H A
/g e AR 22 8 ( TR, 2020)
HAARJE B A7 VG T Y EORE ) 5 L B IR
ME, 25 R G T i B T P E R (Clarke et al.
2005) . Wang et al. (2022) FERF5E 2SR U {6
Pt v A B, A AR i e 000 DI ol A il Ay AR
PSR RE 52 0 (et 407 0 €8 % A7 /N SE g i e 5 1, B
X A7 /N S 0 2 o] PR L g i g D AR
5T 38 1o 7 e AR /)N S8 Bddfor R ¥ 31, X FLilE AT
A E B2 43 BT 5 [ B e AR /N S e AT R R
PRITAEG /NS0 1) 3R 38 1R B €25 2T 47 O B Bdfor FETH
FEF AR AGPERT, RIS = 6 B R AR PR 0 2 > Y
FEALH, ARG/ NI B R B iR ki 2%

1 MRS
1.1 #ikER

/NS i AR v ARl R AE AR ) REB A B B 1R
A A ARSI = PR A O O i AR E I R 50 R4
AR N RIRE, R R SR T2 B R JE (30 emx
30 cmxd0 em) o, {8 AT FLRHI 3 ( BERERY © e
B BRI LN 1.0 £ 1.5 ¢ 6.0) IR E
25~27 C MM 60% ~80% , 6 AW 121 ¢ 12D,
1.2 #%/\5K48 Bdfor MR S5 £EWIERFDIT

P 2 6 2 A ST PR A /) S s PR 20 B0

454 NCBIL R e, LB B o SRS SRR Y for S
A Dmfor , i 196 #1 BL B B = B9 mRNA #3112k
“Bdfor” , [Alit, F A NCBI #4825 & 5L )7
B AFARL E 0 9 HE 3 BT Fh A Dmfor 32 R TR) T8
G, T EAT1S Bdfor PR FEIR R 2 (B 3B 4 ¢
. KRH MEGA 7.0 {447 8 73, 1 e il
Clustal W 75X JFAR 3R 1P 9047 Xt 40 Ar , I Bk 5
BT IR IG S E SR R Gk
AR, Bootstrap HUFE(E R 1000, FFHEAHXT R R
T B FR L B Dmfor 25 31 A Bdfor 25 117 31) JF
GEZN:A0E YN

1.3 #&/NE4R Bdfor M5EPES dsRNA HIE R

3 SO ARG 7N ST i e A R AT B RNA R,
HLARHEAE W TaKaRa 23 @) A8 RNA $EECLI A, #
PR 26 143 T4 NanoDrop 2000 i % JH: ¥ i 1 o 4
AR 2 5 1) & ( ReverAid First Stand ¢cDNA Syn-
thesis Kit, Thermo) Ut -F#E47 5 5% 5% 6 1 cDNA

834 Primer 5 AT 5 149, LA cDNA AR
#E4T PCR ¥4, R i #2 )% 4 98 C 5 min, 98 C
10s,55°C 30 s,72 C 40 s, 30 MEH, 72 C
10 min, ¥ 3479 H TaKaRa 23 & ) pMD 18-Tvec-
tor PEATHERE-FALIRES . X BTN (b Bt g
BHEDFHL A ) | IR I UL, i Biokdit 2
BRIP4 A e H A9 Bdfor #E17 HOXE, 25 6
22 S BB 22 W T T — 28

AN IE 5 ) B AE ) DNA BEARGES T PCR 3
14 A T7-DNA i T7 Polymerse ( Thermo Scien-
tific) RNA BE B4 8 dsRNA Ff-4lifk, SR 5 IR
B Y NanoDrop 2000 5 Hifk i & & &
%1000 ng - pL™',

14 BNEIRERMEEEES)

B0 AT /)N S i 1o e e ) B T % €6
WEEOHA PR (Li et al., 2017), S0 Wu et al.
(2007) fEHEAE 15 em 5 2 em, JFHTA/MLIYETE
b 11| RN e e 1| 5 o o R
oete WESEAMANE 1), BAUER Adolbe 21—
2§k -1 (red-green-blue, RGB) {0 5 =05 (i il — 7
21 -7 — 22 ( cyan-magenta-yellow-black, CMYK) E[J fil
ORBRAEE (R 1) . ER/NIMPIME 4 d HUR i
KW TIRES . Seib AT R ah M B ) 25, 4
TIEL 15 S A /NS e A R A 1 i PR A 50 miL
OE T IFEES T BT 1 /NL, AR e A
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CO, S . SRR i CO,HE A B0
B IR N R UZ 2 S s RO BDE Ky 5%
LA, 15 min 5 USSR A [m] 2068, DX 30 P 1 L £57)
RSN A e £ R a1 2/ (1 RS

TRIGLH 53 0] DAk (e RN € R 25 R, LA TE b
B il Ry AR S, B X BRI, 43 S I
100 wL B9 1 mol « L™ B RREMHE 7 Y Ui 7 1 060 206 5
o/ e 1R 4y I A0 B IR 20, 76 2 A8 T A
100 pL JCEE /K I IR ST X B AE 2 (o 5 A58 53 LA
KIS A 100 wL TEKIFIRE . FitE
NS IR AEAERG SR ML &t/ 5 L 43, BUET TREME
WZE 5 min J5 H COKHRL 7 I B K ik, i%
SEEAT 5 RS I ) T A7 /)N S W R 2 O 5 75 3]
— AT IR RERE R 5025 1 1E P 15 min J5

SR A7 /N S A N () B DX PN I i, i ol
“YIGRIG" o 2 P A4 E R 10 1K,

257 (CAS %55 130-95-0) NERY R, LU
2.16x 1077 mol « L.7" 45 TV T8 0 AF 2% 1 T 34 560 UE ARG
ANSEBRAEST 4 2 | BRI A R R L 2 ik
W HL IR 2 (0 A 2 P S T R A TR, A B
T A Mk, X R 20 Ak B 5 2l 3 06 XoF 1 4 A [
(Zxrelec et al.,2013)

B1 ABAARE

Fig.1 Experimental setup

®1 KEKREMAHESH

Table 1 Color parameters for experimental apparatus

g HEAA B AR SN G 8 % 4l T —TRLL-# - R BRI R R
Colour Virtual wavelength/nm RGB color model figure CMYK color model figure

H 4 Yellow 580 255, 255, 0 10, 0, 83, 0

%4 Green 520 54,255, 0 59, 0, 100, O

W {4 Blue 440 0, 0, 255 92,75,0,0

1.5 RNA F#f for 3%\ LBk R 1B & 5 SIS0
BRI\ 0 O A i 3 30 FH S A e S ( WP
USA, Nanoliter2010 ) {F 4 dsRNA ( 5.3k 7 §f &=
1 L) PRI, LIS 1wl dsGFP X i
M, 2 d G ERRIR AR BRZ AT 10 Sk, 480Gk
# RNA #E47 RT-qPCR K2 36 U1 BR AR, A4 b B 3
AEE RN FEF A 95 °C 305,95 C 55,55 C
30,72 C 31 5,40 MG, UL a-tub (5 R4,
CP115864.1) 1A NS BE K, R STk i 1 51 490 )7
HIHAT5 1A (2 2) (Shen et al.,2010)
TEREG/INSEIE Bdfor BEULERGEE 2 K, FRREST
U BRI AH [R] A0 22 il 2 > FAE T 24 20 50, 50

K2

LT FHAE 1) T 8K Bfor (1447 /1N 52 68 0k i 1R 6 473K
B, Ko FR AR 00 2% A P[] 06 2 — B, 16 P vE 5
dsGFP (A7 /NS e i s AT 000 . 3 Il e 45
A7 /)N S R A5 AN [ 23 DX 3P 1 L A3
1.6 HFE/EBSHHF

RT-qPCR i 56 5% i CT {40 X} & & ¥k, i A
2N TR AL B Y dsRNA ULERFCR ,
IBM SPSS 20.0 3 #E 47 1 25 Pk 43 B, 1 50 B8040 ol
FHARSTAEA ¢ K555 o i Tukey HSD 72 8 L
5, f# ] GraphPad Prism 8 3K {4F4: &, % o~
A bR, BE K P<0.05,

WIEETASIM R ERF

Table 2 Sequence of primers in this experiment

51 FH 3% Primer application

5|¥) 4 F Primer name

BIYF51(5'-3") Sequence of primers (5'-3")

FHH FLRE Gene cloning Bdfor-F GTGTAGCAACCGCAGATTC
Bdfor-R TTGTTCACCAGTCCCAGAT

SER G E = PCR Quantitative real-time PCR q-Bdfor-F CACCAACTTCGATGCCTAT
q-Bdfor-R ACTCCCACTTGTAGAACTCC
q-a-tub-F CGCATTCATGGTTGATAACG
q-atub-R GGGCACCAAGTTAGTCTGGA

dsRNA & i dsRNA synthesis T7-GFP-F TAATACGACTCACTATAGGGAGACAGTTCTTGTTGAATTAGATG
T7-GFP-R TAATACGACTCACTATAGGGAGATTTGGTTTGTCTCCCATGATG
T7-Bdfor-F TAATACGACTCACTATAGGGAGAGTGTAGCAACCGCAGATTC
T7-Bdfor-R TAATACGACTCACTATAGGGAGATTGTTCACCAGTCCCAGAT




. 246 -

HEM B A R (R HES0)

Journal of Biosafety $33 5

2 HBREHWR
2.1 Bdfor §7ik 5 F R M L3

FUFA 15 B2 43 B, PCR 5 B R )5 56, 0F
I 7 34 A /NS Bdfor , 388 3 Xt 22 5 PR R At
13 T for IR M Z TR T 50 AT HER 4397 (
2) A5/ S Bdfor £ 15 A 3 Ao Rk B HL [
MUSEWE B. latifrons ( Hendel ) | #UHE SEWE B. oleae
(Gmelin) | Ho H i SCWE Ceratitis capitata ( Wiede-
mann) ] E/‘J for %H%%E*@,ﬁé% IEI%LE"J%%%‘%B‘Q
R R, HSXCHE 6 b R BT R
733 TS HAB P A 2R 250G R B

i H

Coleoptera

2.2 1%/NZE4E Bdfor BB RSFIES AT A0 THRETR
{1 Bdfor 8 ¥ 51 55 UM | Hb v 76 512 g
Be SN 2 Fh 5T HAA i 64 for 2 F1F 51 (PKG)
PEAT 22 FLE R o AT (18T 3 ), A /0N 552 e RSB S g
iy i S DA R SRR SRR Y for £ 1 R BE IR <T, [H]
WS 3R 96% ,93% Fl 87% , ) 547 1 A serine/
LER I 2 4 effector do-
main of the catabolite activator protein ( CAP-ED) %%
B, 33X 2 A S5 R BRI B/ FZ B R P2 T 1Y
WA, DL SRR B 1A /N S Bd-
Sor JESBRE LG Dmfor W RITRIEN

threonine kinases ( SKTs)

XP 018783661.1 Bactrocera latifrons

XP 011214536.1 Bactrocera dorsalis

XP 036214623.1 Bactrocera oleae

XP 004531354 Ceratitis capitate

XP 005192107.2 Musca domestica

XP 013116049.1 Stomoxys calcitrans

NP 001334731.1 Drosophila melanogaster (PKG)
XP 034101389.1 Drosophila albomicans
XP 038111362.1 Culex quinquefasciatus
XP 021700790.1 Aedes aegypti

XP 015838070 Tribolium castaneum
T AKM 12346.1 Apis cerana

L NP 001011581.1 Apis mellifera
NP 001037051.1 Bombyx mori

2 14 TEHM for EHBLXER
Fig.2 Evolutionary relationships of for protein in 14 insects

B710 bootstrap 1000 AMEH B B 5 R ( KR 70% KX L)

The numbers represent the percentage of 1000 bootstrap replications ( above 70% showed) .
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2.3 BNERBERAREHBES

PAZRAE g 26 PF R, EAT I PR B0~ ~) B 45
RULIE 4A , FKIINZRAL, JC W 5 k22 5 s R 4L 2k
HIT, /NS B XT 2 (5 A B KRy 34.00% , B (5,5 ]
WIZRIE X ek @R E B2 ETt, 152 58.00%

LA /NS B 1R 22 AR 0 (€ ) A 2 1 0
W, BT PR 2 > RO S5 R LI 4B, REREI 25
G/ NI E IR 0 W (LR B B R i a3

)| %[ Before-training

100 100
A B
80 80

60 60
s ns

40 & & 40
2 i i ¢ -
0- T T 0- T

FEEFINE
Choice frequency of green/%
W AR
Choice frequency of blue/%

o

) 53.00% , &3 = FYIZRAT Y 37.00% (P<0.05) ;7K
VIR AE VR J5 X i i R Y o B & 2 5
(UIZ5HT37.00% , YIZ5)533.90% , P>0.05) .

DLEE €0 F PR, 28 7 o R AR, —
Bt Je AT A5 ) 1 60 24 o) K 0, X 00 25 R
K 4C, XTRRLYIZERTIS TE B %22 5, 5 W4 Ak
5 4 A7 /N S T B €8 R R O 60.70% , 1B IR T
YR 69.86% (P<0.05)

= 45 After-training
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HEEFHR
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S
o
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Fig.4 Choice frequency of green (A) and blue (B) in B. dorsalis during reward learning, as well as Choice frequency

of yellow(C) in B. dorsalis during punitive learning
ns: T FEMZES; © . P<0.05; " . P<0.001,

ns: No significant difference;

2.4 Bdfor 3@ /INLIREE R BB IT AR

dsfor 5t 2 d J5FIH RT-qPCR A6 I #0 br 3 (K]
Bdfor BJAIXS i, 45 R R A L T 14T dsGFP
XS BREH TS dsfor AR/ INSE R EHE HL Bdfor 3%
T S)

5T dsRNA JLER Bdfor Jo , X4 /N SE g pEA T %
JAh PR B € 2 20 K, S5 AR B, X B v AR /N S i
FEIGRIE XT ah otk i 25 BT iR, /5 /0
SERRFE Y ZRAT G X G R R T B 22 5 (K
6A) . FELLIE N S5 R Bl a2 2 i e v
X RELUAH B, UK Bdfor 51 /1N 52 M8 7 1 25 1T ) XoF
WOMERFER TR EER(E 6B),

UUER Bdfor J& , X A /0N 52 B 00 A7 4 1) M 20 4 2
1R, G5 R FETESS dsGFP XS BRAL A /1N
SR TE I 255 X6 ¥ €0 1 8 0 3 R AT, T FE TR
Bdfor B8 YN ZRAT IS , X B0 2 B R0 D 3
Z5(#6C) .,

3 itig

BT B H B (0,2 2] (R 5T 22 4 v A B e | gk
G R, HAT, A AR MHE dUR A BB R T
Bifa 2 2 47 h ¥ A TE 2 (Anreiter & Sokolowski,
2019) , ELHAY NO-cGMP-PKG 155 5 2 Bk 2 44 1 2%

* . P<0.05;

. P<0.001.
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Evolution, distribution characteristics and influencing factors of
alien invasive plants in Beijing
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"College of Life and Environment Science, Minzu University of China, Beijing 100081, China; >Beijing Biodiversity Conservation
Research Center, Beijing 100076, China; *Beijing Milu Ecological Research Center, Beijing 100076, China

Abstract: [ Aim]Invasion by alien plants is a prominent phenomenon in Beijing. However, the spatial and temporal patterns of this
invasion and the factors influencing the diffusion of invasive plants in Beijing remain unclear, which poses a challenge to the formu-
lation of relevant management measures. This study aimed to clarify the dynamic rules and socioeconomic factors characterizing inva-
sive plants in Beijing to gain informational and technical insights with which to formulate countermeasures to effectively prevent and
control invasive plants. [ Method] Based on the existing literature, monographs, and related database information, a database of
alien invasive plants in Beijing was constructed, from which we analyzed the composition, invasion characteristics, and negative
effects of each alien invasive plants. Furthermore, the temporal pattern and spatial distribution were examined and analyzed for corre-
lations with social and economic variables influencing invasiveness using the GIS and SPSS software. [ Result] A total of 101 species
of alien invasive plants in Beijing were found and analyzed. Compositae was the dominant family, with most specimens being annual
herbs native to the America. The main routes of invasion were found to be either intentional or accidental introductions caused by hu-
man activities. Propagation and diffusion activities mostly depended on the abundance of seeds and the wind dispersal of seeds be-
yond human control. The specimens were found to compete by occupying the niches of local species. More than one-fifth of the alien

invasive plants were the focus of national prevention and control. [ Conclusion] The changes and distribution of invasive plants in
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Beijing were not only found to be limited by their own invasive characteristics, but were also markedly affected by human activities

related to social and economic development and urbanization. These findings underlie the importance of preventing further introduc-

tions and either eliminating or controlling established invasions in a more comprehensive manner.

Key words: Beijing; alien invasive species; spatial-temporal dynamics; driving factor; countermeasures
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Table 1 Distribution of invasive alien plant families

# ik et # i Ea]|
Family Number of species Percentage/ % Family Number of species Percentage/ %

Z9F} Asteraceae 28 27.72 P12RL Marantaceae 1 0.99
R Amaranthaceae 11 10.89 W AAEF} Pontederiaceae 1 0.99
ARAFE} Gramineae 10 9.90 SEEL Urticaceae 1 0.99
K5%F} Euphorbiaceae 8 7.92 N ZEF} Cactaceae 1 0.99
T8} Leguminosae 7 6.93 FF#l Caryophyllaceae 1 0.99
HiEl Solanaceae 5 4.95 Rkl Phytolaccaceae 1 0.99
TFAEEL Cruciferae 4 3.96 Z B} Moraceae 1 0.99
TELER) Convolvulaceae 3 2.97 AR Umbelliferae 1 0.99
% 2%} Scrophulariaceae 3 2.97 TJE %R} Lythraceae 1 0.99
M2} Onagraceae 3 2.97 BWEL Anacardiaceae 1 0.99
iR} Chenopodiaceae 2 1.98 Rl Vitaceae 1 0.99
2% R} Malvaceae 2 1.98 V& ZER Basellaceae 1 0.99
WES B R} Oxalidaceae 1 0.99 P EL Cucurbitaceae 1 0.99
LORF Rl Nyctaginaceae 1 0.99
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Bt Bk AR AE Y, Horb 25 Fhab 3 a4
H 7R 24.75% ;18 FPAL T 7535011 3R] & A 7Y
(EBAFY T, 5B 17.82%,

B[R] AZ AL SO0 LI 1, HOHEAS A= D s, AR
ZJa IR AR AR B W P . X He R
AR B BE, O @K B 0] 25 B e K, A AR AR
HECTRR, BEA R A K BT B 2
Ji , B TE) 25 B /N A ) AR B AN DR B 3 5 DB Bt
H AR MR SRR E

BRI R T 2 W a5 R R R R B Be AR AE D)
PR B) 2 A B 35 2% 5 (F=73.548, p<0.01) , %
BB B AT S AR A R A, 25 A e 2 (A
2) ., G BN, @R BB Ak AR AR ) Fh L
(0.71 Fr 4571 W 3 v THABWK B, 3 (0.41 Ffr -
) ®(0.30 Ff - 471) (©(0.43 Bl - FT) BB
AESEAINSR AR A YRR 2 B, S D (0.01 Ff
AR (@(0.02 F - A7) (D(0.09 Bl - ) B
Bz, BRI, 1840—2000 4E 24K A ZAH )
NGO N
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Fig.2 The annual average number of invasive plant
species in different time stages
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Different letters indicate significant difference (a=0.01).

P AR R R G R s e kR Tis
i AE R Kt RN s
B ISR PEE BRI B | PR 4k I
KB EE A (R) BREEWN T ERIEM G, 5K
MBI 6 = b AR S I 2 55 A O

R2 ANEEYRITHESEXZMETFHEXE

Table 2 The correlation between the cumulative number of invasive plants and various influencing factors

At Pearson FH5&1 At Pearson FH2&1:
Variables Pcarso'n Variables Pearsu.n
Correlation Correlation

i 2 FH AR AL Number of historical events 0.253 ™" Wizt s/ J7 t Cargo transport volume 0.808 **
i s F A 23R Cumulative number of historical events 0.987 ** Rk teia i/t Railway freight volume 0.892 **
HAEAN/T7 N Permanent population 0.843 ™ N HERIZ B/ JT t Road freight volume 0.804 ™
IR 1/ J7 A Urban population 0.871" KB VEE /T t Water freight volume 0.732*
R ANE/J7 N Rural population -0.857 " Bz ttis &/ t Civil air cargo volume 0.732**
FAEN#EE/ (N - km™) Density of permanent population  0.839 ** I PTIZ /77 t Pipeline freight volume 0.904 **
XA 77 B/ {¢ T Regional gross domestic product 0.670 ** BRI E N B/ JT km Railway operating mileage 0.930 ™
5 —r= b 7= BB/ I8 GDP of primary industry 0.923 NEEEFE/ T km Highway mileage 0.783 ™
5 ek A = BB/ {2 T8 GDP of secondary industry 0.734* PR ACIE B/ 07 km Inland waterway mileage -0.109
55 =7k A 77 BB/ {CTT GDP of tertiary industry 0.653 ** E BRATLLE < International route length/km 0.786 ™
HEH E1 /{28 Total import and export 0.654 BB () R/ 7 km Pipeline oil (gas ) mileage 0.773 **
ARAMBCHENY BT AR K The total output value of  —0.460 **

agriculture, forestry, animal husbandry and fishery in-

creased by compared with the previous year/%

= KM 3 (p<0.01) ;¥ MK EE (p<0.5)

™+ Extremely significant correlation (p<0.01); *

2.3 JEFEIMRNEEITEE
23.1 ZESHEE 101 DPARMEYEI T
A SN2 3 s, Hd Sk AMRAEY) F 5 B

. Significant correlation (p<0.5).

N XA RIS AR L) 8L g 45 X
PR L A RAEYI R B, A RIFZE I SRR AR
T R A — I PE X, IR IX X
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B L IX 25 5 ] AU AR 00 DX, =2 B 40 A % Sy A
JRIL AN Z | e D R SRR 2 | AR R S Y AR
fiE, WEAN, Sk AR S A T B R 5 R Y DX B
HIREZR I DX | P 3R X T 0 X B A 55 1 DX A6 5 v s
A/INTERR DX, 5 28 BE A A XN TR] 236 = X
Jo UL X114 327 b P A B S R AT

16 101 FRAEY) 1,30 i (29.70% ) ALTE HL— X
I3 71 FHEPIEZ X (=2) 5341

WS XA AR AR HE ), 28 FRTE 2 ~4 4

X0, o B8 DX A3 A R 39.44% ;14 FhAE 5~8
XA GAT 7 X AR 19.72% ;5 =53k 29
FIAE O A K UL B IXA 341, o5 5 X 53 A5 ) Fh gl
40.85% , BEATHIX I 2 246 FH(9 Bl RS
i) B3 ) FARR (2 B A, fERELL T
DI A4 1) 29 AR FR 9 Bl B K 5 e T
Bt sk AR, AU —AF R AR £ £ %
SR, B M R G 5 X A A R AR
PEAR AR FEIL S B T RS 0 3 1k

®3 ALRISRANEEYY M= ES

Table 3 Spatial distribution patterns of invasive plant species in Beijing

SARA R
X ER L/

District name Richness ofalien

SRR RAEY)
R/ (B - km™?)
Density of alien

invasive plant invasive plant

Sk AR
B/ (A - km™2)

Density of alien

P YN
X Fut B/
District name Richness ofalien

invasive plant invasive plant

& F X Changping District 37 0.03
WIPAIX. Chaoyang District 34 0.07
K %X Daxing District 26 0.03
TR X Dongcheng District 30 0.71
P51 X Fangshan District 54 0.03
F A IX Fengtai District 45 0.15
WP X Haidian District 63 0.17
PAZE X Huairou District 37 0.15

713k 74 X Mentougou District 41 0.03
%75 X Miyun District 52 0.03
4+ IX Pinggu District 29 0.03
el X Shijingshan District 23 0.27
J5 S IX- Shunyi District 30 0.03
M X Tongzhou district 27 0.03
PEIRIX Xicheng District 30 0.61
FERIX Yanging District 52 0.03

232 ZPEHAWHEFMEK MM AR
Préiit (£ 4) R, & XA RMYEZ S HEHEANN
R S A R AR OC 5 AR A B R R I

TS, SR AR el i BR S BELR B T
TR S i A A b 5 3 R BE SRR G

x4 NEEVMEESEEZWMEFHEXE

Table 4 Correlation between invasive plant density and various impacting factors

AL Pearson KM . Pearson #H1H:
AR iy
. Pearson X Pearson
Variables K Variables .
Correlation Correlation
INEVIiDN Population 0.295 HEHLE X Cultivated land area/hm? -0.556 "
HAEAN/J7 N Permanent population -0.121 AHRHL D 7= {H /12 TC Total output value of agri- -0.472
WSS/ T Permanent migrant population -0.256 culture, forestry, animal husbandry and fishery
FAENERE/ (N« km™) Density of resident population 0.934 ™ Fel# Garden land/hm? -0.546 "
HBIX A= 7= EAE /2 TT Regional gross domestic product 0.353 Mt Forest land/hm? -0.556"
L1 FL Green area/hm? -0.303 B} Grassland/hm? -0.317
LRI 5 H Green coverage/ % -0.823 ™ R M T b Land for towns, villages and -0.529*
RAEYFEFNEFR Crop sown area/hm? -0.463 mines/hm?
A2 10 iz %6 . Transportation land/hm? -0.595* TRIB T KRB F . Waters and water conservancy -0.480

facilities land/hm?

AR 3 (p<0.01) 5 * MK RE (p<0.5)

* . Extremely significant correlation (p<0.01); * . Significant correlation (p<0.5).

3 itig
3.1 LTSRN EBEMHFLERNEREE

HIRE ARAFER B 5T, 75 42 [ L 2=
YN B 42 R L A AT 2 A R AR AR 1 32 A
P2 (Pysek, 1998; Wu et al.,2010) , 258 £ H—

SRR B3 808 2, AN, 25 5 B 1, AT
S PRI R 3 B 05 2 4 I 40, SIRBUER BT T, K
. Ambrosia artemisiifolia L. F1 =24 K EL Ambrosia
trifida L.(RHES 2019; TG4 ,1999) , RAFR
T 22— 4R AR R T ME N 5 W6 52 5 16 5l
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SISl DX A% R AR R — R R AR iR Y 3 I AR
KR, SERHE YR B A K, 1 &
R, By il 2o M AR R R ) A M AR A R
(BLA955,2020) o SEAETE AU &, FEAHE ) R 4L
w2 HAMRN 5508, Hoh— 484 4R AR RO
) BLAT O B AR T A, R B PR S8 O B A A S
L, FFAETE e R L 3, BT LSRR AR AR ) v 7L
AAEP IR — AR A G IOR L

FPIEAI R A AE D Y 32 7= b, — 2 Sk
RIR S MR SR AR 53 A A% Jr IR DG B R (X
=55 ,2022) YR B RESE I UM SR S AR A
SAF ALY A= B, 56 U5 S Ak A ) 1) 445 B Y
Bl , M SR AR AL, ELBI AR 5 il /D RS2 4
XSEAEY)— BRSBTS A AE L2, L RE
TR, LAB e 1) H e T AR B, HEB AR 3B Y
AR A S HE R R G, IR PR 3E
ST E R TR S RIS, S eI AR
) rp ER M TR RS, ARPIFIRIE AL T R 1E
BT, AR B Sy 3 5 AU R R AR
ZERER X REIE K A PRI A AR AR D 1y
JL DR BT A T) P 30 BH B 5 ) 22 S PR, Il A
RN

NEWEIZIRA R AR BT EE N
R AELIERRTZ ol e ik, B8
HNNTHIFRIN KA Y xR LB A 25 H
T AR TR, AT SE R B R Y
i, ki &R S AR R, KR 32 Eichhornia
crassipes ( Mart.) Solms , i1 & K — 8 # 1£ Solidago
canadensis L. AAE R W F AP 51 3, 20 & & 3] F e
FERIR IR AR AE AT I b, 3 1™ E e (1E/D
¥,2012) , ORGP EZREEEAITG S50 bR
A7 i AN BT W A LA S B Al T AL R A X T
XA AZ ) ME LV RO B R KRG A
K, FBUL T MR R (Mack et al.,2000) ,

SR AMAEYI AR 5 0 B B i) SR
FERE: B 3E o 1 % A 7] 43 ( Maron , 2006) . JL-F-
A HPRAARIE YR B AT 25 90 5 G — ek BE 7 Ak
Kim BTHAR, R B A BE e £ 52 I Bl 25 (1 He 55
2017) o /NIRRT BEX K AR HE, 9K
PEREY HOE 5 S% Eh N n] LU o Ry AR
PUFPHRE A DR IE 1C , FE AR B (B T 5
W%,2010) . F AR 5B 55 0 R 7 3R 9208 a] 5

Bl FLA sh i 52 B e N AR KA FE S X
15, ( Del Vitto & Petenatti,2015)

AN ALY 1) 16 5 PR A9 Boak &5 20
AERFEZI, e BB 1) 5 S AR
FE Y REAE 5 A HAE ) 1) o S v U 35 55 o A
YIRS, AR ZEARZ Y FEEARAR H
FZANRTIRIIN AN RS, @ RAE 5
VR4 23 2505 CHEBT AR A ) , 15 B Rl e, — O
T AR AE Y™ i, 8 R R RO M2 Bk
TF— AR A E A S R B S
e E/NREE 20235 2 K0 5,2016) , A, D
o NI R 2 R0 R s S o1 1 o ] 2 4%
FEPR (A ok 5 2023) , B E SR W R S
MAEF (I EE,2017)

AR AN W) B B 4 1 — A T AR B 2
(HE AR ) M b4 507, 31X 2 44 sk P Y AR
R S A I — A B 0 P [ R 7 4 1 A T
1, LR ARAE Y3 BA R ZL 0 AR A ™ 8 1 &
FE, AR, N AR Y L PR O, AE XU
TN RAAR #a 5o A il b ) 58 AR 1 25 4R 43
RFR (VRIS ,2015; J™¥545 2017) 2 RTER A
1RAE ) Y B
3.2 LtFEARNEBEYEEHERZMET

N ARBFE]E BN Ry 5 AR B M4 56 ( Castro
et al. ,2005) , A= [R]BE A, S0 S AT 4 8 Rl RE TR
N O 7= ARG S . Dr s AN
LUK AR 5 SCE T HARR R TR AN
(IR AR S, UERA H FT ARk AR AR KRR
LRI LA S2FFEM ARG (Essl et al.,
2011) , YEEA 7 52, SR AAZ BP0 0 A A= 2 B
S TAR & RE 3 AP B, SRR HLIX U I
X ISR A5 | B[R] Bh A AR (2B IR U0 55,2022
JUVEAE,2021) o MGEIE TP A 2298 Z % % 1840
AT B, AR ) 1 08 AR KL 252 i 4t
SRR RE M, NS0 Bl B o =y AR
ABAMRREFEEAMR T, J 5 i ek 28 38 KPR
il T NS B0 1% 8B 0 i DX G 3 i A (2
45,2020) . 7E 19 thad i3] 20 22, AR 2L
SR AR FY T R, R 1840 ARAR —
U 5 P EJFRCT 52 AR RS AE
BheE R 5 S NGS5 , Nz 1979 4E )5, thE
FIPNLE DI & N (IO P N K N 23 5]



53 4]

TR . JERUSR AR RS S0 AR SR 0 P R - 257 -

T4, DL B IOR AR #E T Sk AR AEYI Y
A2, 2000 4FJ5 AR AR SE , il e B T Be A
)% AR A SR AT P N5 A B BE B AR B BE A7 7 —
AN (Essl et al. ,2011) R EILHERE EH
AEA 25 SR B X 2 bt 2 22 5 AR S A R A G
I EURR I 1) 325 i) 2 15 AN W 5 38 , A 0 A e 2% A1)
(it BB RYIRE ) SE I E & A B R N
SERATASAHAL T L — B BN, SRR A A4S 4%
il ( EHiSE,2022)

et AR A RAE S 8 A #6 ey b, Sk AR
Y FEAL & X 85 B oA A 2 DX
B R AR R IX B X G L XA R ] S T bz
e, s NTE S 3 X AR K, B
U FH b & T RS B AR X A e R AL A
PR ERRGA T B AR, AN kAR
PR LA 0 A PR R RE IR AR SR R
B TEIAR E FEY (KA %, 2018 ) 5 /R IE IX.
IE 28 i Bl T A i X8, A3 Bl BB R (K
AUESE 2022) , N B EE R 7 B R AR Tt
S DXHTH, 2805 Bl 5 R 4 B £ B 9 A1 ok A RAR
YIRS DAL B SR ™ IR (Wang et al. ,2011) , JL
FoRH PR 2R, AR N0 Bl 1 R 38 2 B A G
P, HACE AR YIAE TR 53 DX A5 1 B985 0 — 3
(M= Fw4E 2020 FHE55E,2012) , i AR ALY Fh
5 i e 1 X R IO DX, W) LI 9 245 RO ], T
RESE R N TR S I R AE AR R sy AR FEROK,
HARMIFA G X T 45 HL X AR 9 Fh 9 5 8 2 A o
O A S ) s T i 9 B
B KA, R B IR AR X P X,
TR (2017 ) 7 A4 1 N 9 A2 A 9 53 A
¥ SRy 2k B A AR Z A X8 T AR s M AR R T B
JE 5B Ja, LR AW 0% = X B L
X 5 R4 XM B e T AR 22 SR A K, i 4 SR Ul A
ANIVE 20/ IN TR XIS PN (R A P B80T o 4, T AR/
AT RSN 3501 S PR A 1, 52 e DBl P Y 3 A A=
B4, RS A o R S 1 mT DN — 5 fRE
FRE A B A AR (22 B 55, 2023 5 Urbanowicz
et al.,2018) . HHLFIEL b 55 5 b 5 40 A 75 PG &
TR DX, AR %% v O R 3 X P 3%
DX A5 s DX IRt AL 7 2 AR X AR, T DL o
AR 7 55 A FE R0 s DX S WU Jey | 2 T R AR A
1RAEY R

AARAE W) AT 388 5 A ATt e AR D A A LAk
BRI B, RO X -9 DI E (Ren et al.
2021) , WAL AR o0 A f] LV JE st H
SRR Hb 1 25 (8] 53 A1 % B 55 A ARAE ) 19 43 A1 3 W)
B HERRIX B L X 13k Y8 DXORN 2 25 X R 37 i 5K
HAH AL L ES WG 2 WX (5%,
2020) . AZEIE BNl AT R X LR OR-AP XA HLAF )
A G E AR Y AL 3 AR XY
M2 R AP R B R G ) S A B b i
AR
3.3 LtENEREYHEHITREIN

FIASAEA ETH FIHEE S XY BORE YA
1ZBYFEA Y BE ( Theoharides & Dukes,2007) . #H
XTTA R AR B G 7T LA, 52K F5E i 3
MABE R,

T 2 B 45 0 R A= B B A7 25y B, T SE 3
T BF P B AN T A% R R R EE A T, bRt A
BRGSO AG P Sy U ST O AR 2 58 A A Al
e BLINRE QSR L Y/E R Y et R A
ZIPRAET ) IR AT X 62 | i TR A
AR F 52 i g, 2 T 510 5 1 R
L R 5 | R R AR R RHE Y, AT
B A, 3R TR AR i A 5 AR T
b, i R b MU Sk R AR XU

JnsR AN AR FE DA I A 5 W, e ) 2 A
TFUE X HERIX B X Gl XA AR AR )+
BRI DX A AR X PO X A st XA AR AR
Wy B R Y X T A AR AR ) B 1Y 43 A1 5
A BT S AH HIR BRI 4 VS fE R
DB HEA T FUA , il 2 B A %o 1 I 4 4 i, <2 B

P AT X E 5 A0 o AR AR W AR A5 2R
SRR FET AR ARE Y TR 5 () 16 35 TR B RN
TRAEfEF M TR A PPAL T8 R R b o) B %) S 9 R
SYBRUE , B E A ST IR AR AR ) BT A B i

hsg B 5 AL BUE BRSPSk A Y n At 25 )
i, ISR AR RS IR & 4 AR 2 A
AT A SR, 8 T R FERE A R, A G
Tl FRE 2 A — e TR AR R B ST
FIREHEEN T AN SRAEY AR, BT 0 i AL )
2R T AR AR R, AT A AL
TRZ BT B EE S | AR S SO SE b AT
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Study on alien fish invasion and fish community status
in Huizhou West Lake

YU Fandong'*, WEI Hui'*, XU Meng'*, FANG Miao"*, SHU Lu"?,
WANG Xuejie'*, HU Yinchang'**, GU Dang’en'*"

' Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences/Key Laboratory of Prevention and Control for
Aquatic Invasive Alien Species, Minisiry of Agriculture and Rural Affairs, Guangzhou, Guangdong 510380, China;
*Key Laboratory of Alien Species and Ecological Security ( CAFS) , Chinese Academy of
Fisheries Science, Guangzhou, Guangdong 510380, China

Abstract: [ Aim] To understand the species composition and alien fish invasion of Huizhou West Lake, a fish resource survey was
conducted in February 2023. [ Method] The Jaccard similarity index, similarity analysis, and non-metric multidimensional scaling
(NMDS) were utilized to analyze the species composition, abundance differences, distribution patterns, community structure, and
community similarity of alien fish in Huizhou West Lake. [ Result] A total of 21 fish species were captured in this survey. Sixteen
native fish species were found, including Cyprinus carpio, Carassius auratus, and Hypophthalmichthys harmandi. Five alien fish
species were recorded, namely Prerygoplichthys pardalis, Tilapia zillii, Oreochromis niloticus, Sarotherodon galilaeus, and Labeo
rohita. Alien fish species accounted for 45.36% of the total catch weight and 44.18% of the total catch tail. Additionally,
Pterygoplichihys pardalis and Tilapia zillii were observed in relatively high proportions in terms of weight and quantity among the five
alien fish species, suggesting the establishment of a significant population scale. The similarity analysis results showed that the

" similarity" level, indicating that the fish

average Jaccard similarity index value of Huizhou West Lake is 0.62, which is the
communities are relatively similar at various stations. The clustering analysis results showed that at a similarity level of 78.73%, the

fish community of Huizhou West Lake can be divided into four groups; however, statistically significant differences did not exist be-
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tween these four groups ( P>0.05). [ Conclusion] Overall, the fish communities at each site of Huizhou West Lake are relatively

similar. Huizhou West Lake has been invaded by Pterygoplichthys pardalis and Tilapia zillii, which appeared at each analyzed site.

Therefore, corresponding prevention and control measures are urgently required.

Key words: alien fish; spatial distribution; community similarity; Pterygoplichthys pardalis; Tilapia zillii
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Table 1 List of fish in Huizhou West Lake

H Order i Family

J& Genus

Fi Species

SIS Clupeiformes R Engraulidae

5 J& Coilia

L2285 Coilia grayi

##J% H Cypriniformes 1%} Cyprinidae

i J& Xenocypris

#J& Cirrhinus

5% @ Labeo

F )R Pseudorashora
PHkE Misgurnus

ik} Cobitidae

FEfE R Abbottina
)@ Hemiculter

#IJE Carassius

#iflJ& Cyprinus

)& Aristichthys

fikJ& Hypophthalmichthys
18 J& Megalobrama
21808 Erythroculter
1)@ Culter

el Abbottina rivularis

4 Hemiculter leucisulus

) Carassius auratus

4l Cyprinus carpio

8 Aristichthys nobilis

fit Hypophthalmichthys harmandi
I %M Megalobrama terminalis
WFFIZLA0 Erythroculter Recurviceps
L1 8 JFLE Culter erythropterus
FAMEEA Culter alburnus

B Xenocypris Davidi

# Cirrhina molitorella

FEWTIE PR Labeo rohita

F M Pseudorasbora parva
Pk Misgurnus anguillicaudatus

#51 H Perciformes mifaEl Cichlidae

AR Tilapia

{nFImg 2 |k . Sarotherodon galilaeus
JEX B HEf Oreochromis niloticus
FRF AR Tilapia zllii

i H Siluriformes 5%} Loricariidae

2%} Bagridae

T O#5JE Hypostomus
WS Pelteobagrus

SIVEEF ik Prerygoplichthys pardalis
T Pelieobagrus fulvidraco
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Fig.2 Differences in biomass of alien fish in Huizhou West Lake
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Fig.3 Differences in the abundance of exotic fish in Huizhou West Lake
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Table 2 Similarities of fish communities in various point groups
BEE 4 ﬁ,ﬁéﬂﬁﬁ%%ﬁ%ﬁﬁ ﬁ%ﬁéﬂ)ﬁ%‘%ﬁ% P LA YL Jaccard ?FHMVI*E@Z
Sample point group The onl?f numbcr of species ﬁ'ﬁl T}'lc U'nly number Number of shared Jaccar'd similarity
in the former of species in the latter species index
SI & S2 2 3 10 0.67
S1 & S3 1 2 10 0.77
SI & S4 3 6 9 0.50
SI & S5 2 4 10 0.63
S1 & S6 3 4 9 0.56
S2 & S3 3 2 10 0.67
S2 & S4 3 5 10 0.56
82 & S5 2 3 11 0.69
S2 & S6 6 6 7 0.37
S3 & S4 1 4 11 0.69
S3 & S5 1 3 11 0.73
S3 & S6 3 4 9 0.56
S4 & S5 3 2 12 0.71
S4 & S6 4 2 11 0.65
S5 & S6 5 4 9 0.50
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Fig.4 Cluster plot (A) and ranking plot (B)

of fish community in Huizhou West Lake
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Toxicity of various insecticides against Tuta absoluta

ZHANG Zhike” , LI Yuan, ZHANG Ning
Ningxia Key Laboratory of Plant Diseases and Pests Control, Institute of Plant Protection, Ningxia Academy of

Agriculture and Forestry Sciences, Yinchuan, Ningxia 750002, China

Abstract: [ Aim] Tuta absoluta is a type of worldwide invasive pest that causes destructive damage to tomatoes. To provide a theo-
retical basis for the scientific control of T. absoluta production, we determined the toxicity and control effect of various pesticides a-
gainst T. absoluta larvae. [ Method] The toxicity regression equation of each pesticide on different instar larvae was calculated using
toxicity measurements. The efficacy of each pesticide on larvae was determined from 1 to 21 days after treatment via field efficacy e-
valuation. The control effects of various types of pesticides on tomato leaf miner were comprehensively analyzed. Further the control
effects of various insecticides on T. absoluta were compared and analyzed using indoor toxicily tests and field trials. [ Result] The re-
sults of indoor toxicity tests showed that the sensitivities of azadirachtin and emamectin benzoate were the strongest toward 7. absolu-
ta. Azadirachtin exhibited the strongest toxicity against the 1st instar larvae, with an LCy, value of 3.22 mg - L™". The toxicity of em-
amectin benzoate was strongest against the 2nd—4th instar larvae, with LC,, values of 7.1046, 7.5663, and 4.375 mg + ™", respec-
tively. This was followed by chlorphenamide and ethyl polybactericide. Beta-cypermethrin and methoxyfenozide also exhibited high
toxicity against T. absoluta. The sensitivities of imidacloprid, thiamethoxam, and nitenpyram against 7. absoluta were relatively
weak. The results of the field control showed that emamectin benzoate had the best control effect and persistence, with control effects
of 74.11% , 71.42% , and 60.03% on the 7th, 14th, and 21st days after treatment, respectively, followed by chloramphenicol, eth-

yl polybactericide, and beta-cypermethrin. Azadirachtin exhibited good persistence, and the control effect of azadirachtin was greater
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than 50%, 7-21 days after treatment. Methoxyfenozide, imidacloprid, thiamethoxam, and nitenpyram exerted relatively weak effects

on T. absoluta. [ Conclusion] Emamectin benzoate, chloramphenicol benzamide, and ethyl polybactericide, which have good appli-

cation prospects, could be used as the first choice of pesticides to control 7. absoluta in production. Azadirachtin and beta cyhalo-

thrin could be used alternatively.

Key words: Tuta absoluta; pesticides; toxicity; field efficacy
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Table 1 Toxicity of different kinds od insecticides against 7. absoluta larvae

27 Hi iy ﬁmmam; /rﬁaé?zﬁ( x2 HIE R 95%%312@
Insecticide Insect Toxic regression Correlation Chi- LCs/ 95% confidence
age equation coefficient square (mg + 17! ) interval/ (mg - L! )
5 H 1% 1 Y=0.8852X+3.2118 0.9301 1.7497 104.7476 46.1684 ~398.6150
Thiamethoxam 2 Y=0.6519X+3.4670 0.9260 0.9231 2247317 75.4049 ~555.0928
3 Y=0.9244X+2.1749 0.9127 1.6913  296.4312 123.2525~308.9589
4 Y=0.8705X+2.6729 0.9261 1.2517  471.1952 167.9854 ~756.6555
SR FH it e 1 Y=1.3836X+3.6815 0.8158 1.7885 8.9753 0.4390~18.1736
Chlorantraniliprole 2 Y=1.2158X+3.7810 0.9173 1.0562 10.0619 0.5592~20.6587
3 Y=0.9234X+3.8541 0.9563 0.4859 17.4159 0.0069 ~ 56.14464
4 Y=0.9200X+3.6931 0.9470 0.5253 26.3359 2.8683~50.0619
1R 1 Y=0.8235X+3.8483 0.9800 0.1323 25.0377 9.5428 ~99.0403
Rotenone 2 Y=1.0380X+3.4850 0.9609 0.4621 28.8084 11.2968 ~56.2358
3 Y=1.0307X+3.6545 0.9541 0.5582 20.2069 8.6748 ~98.1462
4 Y=0.9845X+3.2862 0.9595 0.3277 55.0467 13.7811~70.0382
W4« ki 1 Y=1.0124X+3.0624 0.9856 0.1549 81.9914 32.8304~158.3475
Abamectin monosultap 2 Y=1.2157X+2.7138 0.9630 0.4816 75.9597 34.8606~ 105.7750
3 Y=1.5397X+1.9236 0.8490 1.6434 99.5381 46.9472~284.0512
4 Y=1.3277X+2.2501 0.8113 1.9449 117.8162 49.2356~564.0458
R G B B 2 T R H Rk 1 Y=0.9219X+4.3488 0.9370 1.1052 5.0859 1.6831~21.5049
Emamectin benzoate 2 Y=1.2493X+3.9362 0.8200 2.2873 7.1046 3.8549~21.5546
3 Y=0.9656X+4.1513 0.9900 0.0993 7.5663 2.0695 ~34.2270
4 Y=0.8625X+4.4471 0.9795 0.4166 4.3750 1.8180~14.5973
[T 1 Y=0.7099X+3.7712 0.9429 1.0605 53.8209 18.6407 ~ 88.3737
Avermectin 2 Y=0.9366X+3.5098 0.9293 1.3659 38.9945 17.188~116.5487
3 Y=1.7160X+1.9332 0.8477 2.0201 61.2595 34.0497 ~331.5993
4 Y=0.5645X+3.8457 0.9055 0.8957  110.8632 26.3303 ~208.2589
A 1 Y=0.4786X+4.7569 0.9724 0.2033 3.2206 0.4931~10.3987
Azadirachtin 2 Y=0.5228X+4.4428 0.9172 0.9000 11.6335 3.1378~25.3687
3 Y=1.2285X+3.5738 0.8152 1.6678 14.4862 6.7144~185.8483
4 Y=1.1844X+3.4565 0.8254 2.2124 20.0996 8.1275~92.1658
S € e 1 Y=0.8519X+4.1030 0.8937 1.5070 11.2950 3.8056~ 123.3229
Beta-cypermethrin 2 Y=1.2543X+3.3605 0.9314 1.1443 20.2797 10.0082~48.8718
3 Y=1.3719X+2.8790 0.8200 1.2598 35.1626 17.4347~62.6171
4 Y=0.5925X+4.0803 0.9374 0.4742 35.6681 8.481~196.1311
P E B 1 Y=1.0605X+2.8735 0.7517 3.1043 101.2232 40.852~278.5815
Nitenpyram 2 Y=1.0572X+2.9657 0.9700 0.3263 83.9847 36.1086~237.6525
3 Y=0.4774X+4.1501 0.9520 0.1254 60.2735 17.2055 ~ 83.4949
4 Y=0.6213X+3.6034 0.7979 1.2904  176.9722 32.8954~398.9212
LHEELZAWER 1 Y=0.8761X+4.0892 0.9148 0.8972 10.9568 3.5208 ~ 69.8903
Spinetoram 2 Y=0.9139X+3.7505 0.9316 0.8056 23.2939 9.5739~65.7559
3 Y=0.9213X+3.8199 0.8975 1.0837 19.0957 7.3736~67.5871
4 Y=0.9811X+3.6597 0.9120 1.1365 23.2395 9.8221~88.3771
FH S L T 1 Y=1.4879X+2.7338 0.8249 2.1720 33.3518 1.6817~69.3978
Methoxyfenozide 2 Y=0.9965X +3.8698 0.7878 1.7657 13.6210 1.2923 ~31.4030
3 Y=0.9213X+3.8199 0.8975 1.0837 19.0957 7.3736~68.1489
4 Y=1.1790X+2.7623 0.9914 0.1401 79.0760 17.0198 ~ 162.8675
i, sf Bk 1 Y=0.4515X+3.8472 0.8992 0.5101 357.3110 158.5905 ~409.2790
Imidacloprid 2 Y=0.8413X+2.5021 0.9747 0.3759  931.7463 540.0797 ~ 1858.3579
3 Y=0.4957X+3.3327 0.9048 0.3387  2308.2707 867.0396 ~ 9687.2090
4 Y=0.5213X+3.3563 0.9797 0.0667  1423.3786 329.5764~2158.3678
2.2 HEIFAIE R RER 1 B A R R i, 255 7 .14 KRBk

ANTR) 28 700 6T 3 a0 o 3 1) FH R B VR SCRAEAE R 74.11% 1 71.42% , 56 21 KA 60.03% , 3
—EM (L), AR A RFH ZIERTAE R SRR 2 T 28 15 3 o 3% 0 ek - ik LA AR B
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PIFFRICHE , B2 7 d A B R SR S H 2R H E G i 2,
FZ AW R, 2w T HAB 2G5 U2 o8 H
JIR 2% s ) G A R Y R, 24 )5 56 7 14 R B AL
BN 67.55%F1 61.83% , 45 21 KB RE T 50%,
FI BT R B RCRIRERS M 5 & R A L B2 2%
TR 2 FRADLIGR 8 TR 288 2% 7 e 28 ST 4 i A 3R R
WG H ] TR AR, 25 )5 568 7 R A B R053 i R

69.64% 1 56.55% ; FE 1) 5 A% MU EPBR 2R A9 o 1k
XSS (A 2554 714 1 21 KB B T
50% , FPRUPERCAT , B2 JE 55 14 121 KRB RS A
YR B By 355 3% B0 e 4 114) 24 7)Y 40 35 o 24 1 25 O
PRk 2 S A I s R A AR AR 1 0] 8% L 7 Y AUl
T LA 3 0 ik 28 7% H ) s e b 1 RO 0
e Yot e 7ot P I %) FE [ 7 S8R X 8 55

R2 ARZFEER R E R A H B B2
Table 2 The field efficacy of different kinds of pesticides against 7. absoluta
Z5J5 1 K 1 d after application ZJ5 3 K 3 d after application ZjJ5 7 K 7 d after application
P25 LIYRP#1EE-S Bk LYRPBEES Bl LY RPEE B4
Insecticides Decreased Control Decreased Control Decreased Control
rate/ % efficacy/ % rate/ % efficacy/ % rate/ % efficacy/ %
1€ L% Thiamethoxam 26.39+6.94abc  32.61+5.33a 7.87+3.96defg  29.54+3.47efg =9.72+5.0led  45.83+2.08cd
A HOKH LR Chlorantraniliprole 21.30+2.45abc  27.02+7.98a  48.15+1.85a 60.23+2.86a 34.72+1.39ab  67.56+2.65ab
f MR Rotenone —1.39+8.45d 5.84+12.61lab —5.56+5.56fg 19.32+4.30fg ~ —-37.50+15.77de 32.44+5.75e
FAT2fi. 3% LB Abamectin monosultap 34.72+1.39a 39.28+7.44a  30.56+2.78abc  46.97+1.5labed  =9.72+5.0led  45.83+2.08cd
AL K R 4R Emamectin @ 7.87+£3.96bed  14.76+8.66ab  43.06+9.72a 56.06+8.44ab 48.15+1.85a  74.11+2.87a
benzoate
P4 % Avermectin 3.70£3.70cd  11.43+£5.95ab  21.30+2.45bed  39.77+2.86bcde —14.81+£9.80cd  43.45+3.62de
EIBE R Azadirachtin -14.81£9.80d  -6.42+13.56b —1.39+8.45efg  22.35+7.20fg 12.04+7.23bc  56.55+3.62bc
A E 361 Beta cypermethrin 30.56+2.78ab  35.94+5.55a 34.72+1.39ab 49.99+2.62abc 12.04+7.23be  56.55+3.62bc

-14.81+£9.80d
25.46+6.23abc
—1.39+8.45d
-1.39+8.44d

JAWE HUH Nitenpyram

HZ AW F Spinetoram

FH A LRI Methoxyfenozide
Ak HLpk Tmidacloprid

-6.42+13.56b
30.35+10.87a
5.84+12.61ab 16.20+11.12bcde 35.61+£9.49¢cdef -19.91+18.08cd
5.84+12.61ab 12.04+7.23cdef

-63.43+11.24e
38.89+5.56ab

19.64+0.89f
69.64+3.72a
41.07+7.70de
47.92+2.08cd

-9.72+£5.01g
34.72+1.39ab

16.29+1.89¢g
49.99+2.62abc

32.57+6.47defg  -5.56+5.56cd

CK -10.19£10.92d - —-31.02+4.56h - -103.70+16.14f -
Z4J5 14 X 14 d after application Z4§J5 21 X 21 d after application
Canwsl R A Bi sk R A Bz
Insecticides Decreased Control Decreased Control
rate/ % efficacy/ % rate/ % efficacy/ %
E 1% Thiamethoxam -94.44+14.70d 30.20+0.88e —-183.33+25.46ef 14.77+3.58¢
AU R Chlorantraniliprole —5.56+5.56ab 61.84+2.42ab —-64.35+18.57abc 50.56+3.60bc

0 JBEHH Rotenone

B[4k 2K HUEL Abamectin monosultap
F 2 BT 4 R R R R L Em-
amectin benzoate

P 4E P 2 Avermectin

EIBEZE Azadirachtin

(RIS EAETR Beta cypermethrin
e WU Nitenpyram

LHEZ AW E Spinetoram

FH A LR JUE Methoxyfenozide

Nk HLpk Tmidacloprid

CK

-64.35£18.57cd
—-68.52+15.82¢cd
21.30+2.45a

-50.00£9.62bcd
—-14.81£9.80ab
—-19.91+18.08abc
-98.61+£16.02d
-10.65+13.23ab
-41.67+12.73bc
-64.35£18.57cd
-179.17£24.41e

40.78+5.78de
39.33+4.37de
71.42+2.38a

46.02+1.59¢d
58.50+3.72abc
56.61+6.64bc
28.75+1.59¢
59.95+5.07ab
48.92+4.02bed
40.78+5.78de

-108.80+20.61bcd
-103.70£16.14bcd
-32.41+8.83a

37.24+2.54def
38.68+0.22def
60.03+1.19a

—-121.30£17.74cd
-55.09+14.26ab
-63.43+11.24abc

—-161.57+22.46de
—-87.04+24.50 abc

-112.96+18.79bed 35.95+1.26ef
-90.28+14.50abc 42.70+0.39de

- -232.41£27.51f -

33.39+1.31f
53.29+2.29ab
50.72+0.72bc
21.35+1.13g
43.81£5.02c¢d

[ 5B AN RN TR 20K 25 57 .3 (p<0.05)

Different lowercase letters indicated significant difference at 0.05 level.
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A5 At vE g 4 L kB A OC, SRR 4l LA
Fb , i 1 41 B 3 B IR (TR B RN X %, 2022 ) |, B
PR Gy 55325 | SO v 0% 4l 0 A0 8 A X 358
i, SCH WA (2008 ) Hi3H , EBR 26 KRR EUIG i 4
RO TSy L 2 U, A 5% H [A] Bl skl R
KB VPR B R EAR X455, (255 56 7 .14 I
21 RAYBTEII T 50% , FERltE il BN 2 21
2R R & R AT St P IR AR 25 2 — (R ik 4
2005) , EREBE R GAL T BRI AT, B0 T 4%
il v ) (PR E 4, 2011; Coudriet et al.
1985) , H X KB BUBE 1A%, A R T R B R Fh R
B3 K ( Sabiiti & Muzeyi,2005) , WAE 32 = di FH 24
FNFEAR M A 77 v Bl i T 3 v 88K

PrAE RIS HUR G BT 2 B 2 R R h B
BICEA AREE (HRIFEE TR ) N EEEY K
AR S TEARO T T 2803 s ih (B 05 4%,
2021 ; X364 ,2014; F e E5%,2015; T F%,
2010; BAEIEEE 2011) , ASWFFE Y, HH & 3 T 4
R R X T i v i 1) 5 AR R AE A 25 )
HXE 2 ~ 4 ¥% 4 o B ) e, HO LG, 4 i R
7.1046 .7.5663 F11 4.375 mg - L', H. [T 8] B 850 b +F
A B T, 25 05 5 714 R 21 KB AT Bk
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BT 6 2% BRI X 2 n vk I 0 2 ) e 1 2
Heh (ZEMELESTF ,2022) 5 53 A BIFFEHRAE , HY a2 ST 24
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NGEEPS
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Effects of sublethal doses of chlorantraniliprole on the enzyme activity
and field development dynamics of Lissorhoptrus oryzophilus

YANG Chunlin', HU Qiang’, LI Honghao’, XI Yadong*”
'Leshan Plant Protection and Quarantine Station, Leshan, Sichuan 614000, China; *Bamboo Diseases and Pests Control and
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Abstract: [ Aim] This study aimed to understand the sublethal effect of chlorantraniliprole on rice water weevil ( Lissorhoptrus
oryzophilus Kusehel) and to provide reference for the scientific and efficient control of L. oryzophilus Kusehel using chlorantranilipro-
le in rice production. [ Method] Using the overwintering L. oryzophilus adults as test insects, the median lethal concentration ( LCy,)

and sublethal dose ( LC,5) of chlorantraniliprole to populations RW-Js, RW-Gy, RW-Mz, RW-Zy, and RW-Lc were determined by
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measuring the sensitivity of L. oryzophilus to chlorantraniliprole. The effects of sublethal doses of chlorantraniliprole on the activities
of various biological enzymes and field development dynamics of Lissorhopirus oryzophilus were studied using indoor measurements
and field investigations, respectively. [ Result] Significant differences were noted in the sensitivity of different L. oryzophilus
populations to chlorantraniliprole, with the LCy, value of RW-Js population being 13.45 times that of RW-Gy population, reaching a
moderate resistance level. The synergistic effect of the detoxification enzyme inhibitor PBO on chlorantraniliprole was significantly
RW-Js, were

with the most significant change observed in

greater than that of TPP and DEM. The activities of the three detoxifying enzymes in the resistant population,
RW-Gy (P<0.05),

multifunctional oxidase ( MFO ). The activities of several biological enzymes in the L. oryzophilus treated with LC, dose of

significantly higher than those in the sensitive population,
chlorantraniliprole increased first and then decreased, and the activity of MFO was significantly higher than that of the control
treatment throughout the entire measurement period (P<0.05). The LC,5 dose of chlorantraniliprole had a certain degree of impact
on the initial, peak, and final stages of L. oryzophilus occurrence in the field. [ Conclusion] The activity of detoxification enzyme is
possibly related to the sensitivity of L. oryzophilus to chlorantraniliprole. MFO is the most important detoxification enzyme in the me-
tabolism of chlorantraniliprole in L. oryzophilus, and plays a major role in the development of resistance. Sublethal doses of chloran-
traniliprole can delay the growth and development of L. oryzophilus larvae, pupae, and first-generation adults, shorten their lifespan,
and accelerate their extinction in the field.

Key words: Lissorhoptrus oryzophilus; chlorantraniliprole ; sublethal dose; biological enzyme activity ; detoxifying enzyme inhibitors ;

developmental dynamics

SPRANZ TINS5 3b A= W) 22 e i 1™ 5
M), 2 NS THI Mk e ™ B 1 AR S U 2 —  E e 4
THFE BN 3 B R Ry 28 B 450 2k (R E A
2023), FEKGW Lissorhoptrus oryzophilus Kusehel
JEESH A PR E R R EALO YA
AWy (AR N R IE A Ak AR AR, 2020 ), BN R
Je A BB 9 100 Fh PR AR AEH) Z — (Tin-
dallkv & Stout,2003) , FEH7/K G H IR T 26 [ 25 75 7
F 7R 37 dk ,E%{JII N B A7 Y Oryza sativa L.
Pl X 3 47 % £ ( Mohammad-amir & Godfrey,
2014) , AFEK G s HUBCE A T R AS -, 4 U
EKAEHRE , R M KRS 2 BEOF i A K28 A
WIS (FE/NaRAF 2018 ), AT RS AACRE ™ ™ , 3
A3 HLIX EL R T A8 R E\ Sogatella furcifera Hor-
vath FYZKAR S K (P3O, 2006) TR
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A€ 24 A HOOR LG Tk A T L — R R A O
AL A2 R R R S R R A T T AT B
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role ) & T —FROBUIE e 288 o 280 1 1k A% e ), L i
S R T AR, SR AR B e 4 N 55 e i
BERETIC, UL PR 40 B AN e WS A , 2 T B0 U g5
& A5 RIS (JEIRIEFIFE B2, 2008 ; Teixeira &
Andaloro,2013) . 5 HUA HI e 0 830 H 531 H |
KOG E 3 55 2 HOAT B ) B P R8O8R (i
KR A, 2019), Bfi 5 — AL 85 Chilo suppressalis
(Walker) FEKRHSEERHAFEZ K m ik, KREAE
7 i ] R A Y g ) 40 4 ok vy 1 m 1 A
FREE L RS (Sial & Brunner,2010), H ﬁﬁ, &
A LU RO T AN g AR R SR
Spodoptera exigua Hiibner . /N1 Plutella xylostella
(L) 850 G HCAR T B ™ A 1 AN R K P R4 (9
WE5F, 20175 JFRAE 20225 R GEAE,2021; Lai
et al.,2011a)

A BRI T T )5, s g B a) 4 5 32
BRI IR BN R DL TE B A 1) B 5 & (2
23fli%E,2005) , %50 B RESL A B AU AR K ORF (BT
2y R U B O A3 HOTR) B A RE ) (SR
4 2017; Vojoudi et al.,2011) , T fif 7% B3] % 3
RV R AE RN 3 PP I 285 ORIl A 24 XU A8 2
(1) X8 (Desneux et al.,2007) , FHIPIHLIAR BB 151
B E DO AN 2N i B St N LI VI B S T s
FICAFID 2R, HE v fif 2 Tl 28 G0 PR 37 2R 48 2 o
BEIE W L A ,2014) o S EBE I A R
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R A A U A W) T2 X6 B U P ) O i R R
i RE R 2R AR B R T AT D 3 B 24 1
PEACAR PR SE A R ) (A 6055, 1997) o A4
Tity 2% 0 fife i ol A TR 2 £ B IR DR Y 2R B A T g
RALEHERYIE S J5 T A A5G AR T, W T AE
AR AR AR B A AROIR 2 O 1Y B R R B (Zhu-
salzman & Zeng,2015) , 18 i W i) G 336 4 A Ak ok 5
TR HFR) X T U S BBE AL, E 1T T
F R 2h S A LR A A S A N
FOITRESE 2008) . CARZ WESLH] A R
P g P o AR ol 7 o A A ol % M R A K R R R 1Y
WFIE (BRF I AR, 2017 S0 K AF,2022; S op4E,
2012; JVRAE,2014)  BEFEXT R 2R AR H
T OR UL BOHE ) e 58 H A Y I i 5 Ml i 7K S Y
VRPN A= Wy il 6 1 8 O S A SE TS . AR SE
FETE T30 Al DAY S50 71 5 S o 4 Y I i
AL BRARE K G R A, 3 Ar LA PR £ B R i 55 1l T
PEAAR SRR FH ) 5 R 2 5 76 o) P S ke o T
i Xof R K G F AR ZRSE RS AL, SR Bk 25 24 3 ol
FHA BT BERE BB K S AR 24 7 2D
R AR S HARE,

1 ##R5F=E

1.1+

L1l BEKZ R 200 g - LM SRR R R0 (36
[l 6 5228 Al ) 5 BABUEE T /8 ( piperomyl butoxide,
PBO) MR — K5 (triphenyl phosphate, TPP) JIi T ¥
TR Z 15 (diethyl maleate, DEM ) ;98% % Jii &2 B .
98% . VU TR (ethylene diamine tetraacetic acid,
EDTA) \98% LiE & 1 .99% T ISR ( sodium
dodecyl sulfate, SDS); Triton X-100, a-Z, ik Z5 g (-
naphthyl acetate, a-NA) .a-Z51; 1-54-2, 4- fiHFER
( chlorodinitrobenzene, CDNB) |[&#% B £k X Al FE 2K H
Bk, 2% T 3 55 15 G250, T = %, NaH, PO, , Na,HPO, .
NaOH \85%TM& \37% 54 ; — i S5 ( dithiothreitol ,
DTT) , 7 H & 1tk Bt % ( phenylmethylsulfonyl fluoride,
PMSF) R4 e H K (glutathione, GSH) (i J5 Y
4 [ 11 ( nicotinamide adenine dinucleotide phosphate
NADPH) ,

112 X 0E S NEE I AR K R Wk
T 2023 44 7 1520 HR P9I AR s 1058
XAz LA (RW-Js FfRE) | 38 AF X 5 9 B3 (RW-
Gy FEF) 17 P X AR F4R (RW-Mz i) A EL AT

PelSH ( RW-Zy FPfE) Ak B2 W (RW-Le FHEE) o
F19.00—21.00 7EH# B 3 d UL /K FE IR, LA
TR AR K R, BT 50 mL &.04
Hh ) [R] Ak SRe B AR it FH AT A A 245 1) i K R A [
S A TUREE (26+1)°C DG L: D=14: 10 4
XFMRE 70% £2% 13545 11 ( £/ EE,2017)
1.2 EYNE

R TR 45 SR K G 2 T I i P T i )
1 g - L'AEER, F 0.1% TritonX-100 FBE e
WeRE, TAE MR 4% 4 1.25,2.50.5.00, 10. 00,
20.00.40.00 mg - L, L 0.1% TritonX-100 J =5 [
Xof BE BT B AL FRAE K 2 HH A 30 3k - I, A
AhPE 3 RS, 90 Sk AT A R0 E B S
BB ) 77 PBO . TPP 1 DEM LA P9 T 12 41 B¢ 10
g L'WY HE, B 0.1% TritonX-100 5 B A 100
mg « L7 Y TAER, LA 30 6 700 T A R ¥ 0K
b A R ) ST 9 ) R A VR R 0l 0 o)
FIFERTA 250 A B 100 mg - L',

FHRBUE (4 2012, FH RS 2014) HE
FFENTFEIME KK E S om AYHT EERL7E 25
HR T 10 s Je U BT (25 °C,2 h) A E A
PRATIELATAY B TR ML 5 43 e AEAH R o B8 1Y 25 v
B3 s JAE T WKAC W 2 2RI, AR5 K
A FRFEFRILT N TR [ R (26+1) °C D6
WL:D=14: 10 MXRE 70%+2% | 1757 48 h J5
Gt a5 b P H T BB TR, I A [R] A B R K 52
FAET WA ESE T3, Horp RT3/ % = (BET-
HE/ AR R x 1005 A2 IESE TR /% = [ (Ab3E
FET- 3R 25 FARHIRSET- 3R ) / (1-45 FAXTHIRAET-3R) |
x100,
1.3 THEFIESHFREBENBKR P EYER
IR R
1.3.1 fE#FBIE NN E  RIRBRM (carboxylester-
ase, CarE) T PN « 43 AT SBO8E 7] s S HU HH gk
Jp AT A4 7]+ I SOAE ) it S R R Y e A B VK 52
F R 3.12.24 48 .72 .96 h Wi e PV Us 5 I ik
A-80 CUKFEDRAF 98 1] o FRIBR TR Tl 1 I o 2 BB RE
IRAE(2017) W5 s, B VR AL 33 R e 7K 5 W ol
Tymss e get A 1 mL T BERR 2% ik (0.04
mol - L™, pH =7.0) 7E VK& 5514 T VB 584351 9%
4 °C,10000 r - min~"B5.0> 10 min, b 3EBAE £ 0 i
Wkt g, A RE AN 0.45 mL #ERR 22
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ARG . BRSO P T e T e K 5 A A R T 1 % T ) % 7 2 25 5 i - 277 -

.50 WL A7 0 1.8 mLa-NA ¥ (3% 107
mol + L7 , % 0.3 mmol - L' % EWE) ,7'1&51‘3/5.”5:":
30 CILH 15 min, A 0.9 mL 3% (1% &% B £
W 5% SDS i =2+ 5, B, BCELA) , X
HRZH 7 B4 5 0 26 1E S 4 50 L i, 43 66 B
THINAE Do (H, FEAL L 3 R T, B & A7 3
Ko HIE o-ZRMbRifE M ZEIF15 H - 28 A8 i,
SEBFRE RS T CarE B HCTE 77, LA AL
FVAR ZR g2 s A 2V VR B AE AL T mmol a-2%
P X 7 8 it i — AR AL (U - mg ™)

AW K S-54 ¥ il ( glutathione S-transferase,
GST) i MEM A€ : 2 18 Wu & Miyata (2005) A5 45,
IR AR AL PR R K 52 F BB T B B S 2% b,
A2 mL WIARBHREZPW (pH=7.0, F 1.0
mmol + L™" EDTA) 7EUKI 55 F F il 780 51 %, F
4 °C,10000 r + min ' &5.0 10 min, b AE A A0
R vk 45 . LA CDNB SHJEY) , 1) 5 2 I A 4R vk
HIA 2.4 mL 8§ R 2% #h ¥ (66 mmol - L™') 0.3 mL
GSH (50 mmol - L), 0.1 mL CDNB (0. 03
mol - L™") 0.2 mL FFRIIESH , 7 BIVR AT, 78 27 “CoKi
FAF NN S min, S EEETHINE D, (8, X HEZL L
0.2 mL WERRZE M AU IR , T Ab P 3 WK A, g o
AT 3 WK, I D, (E AR (A RS
A GST Wi LT 7, ARG AL R N A & rh R 22 sw 41 40
B EBEIE D, [EAE 1 0.01 X157 A4 Bl o — 4
MG 1AL (U - mg™') o

Z e EALEE (mixed function oxidase, MFO) i
PN E . 2 M8 Yu & Nguyen (1992) By 77k, BUA AL
PEAREK S W B B TS AT AR P I A2.5 mL
VS W R 22 WK (0.1 mol - 7', pH =7.8; & 1
mmol + L' EDTA 1 mmol « L' DTT, 1 mmol - L'
PMSF .1 mmol - L' PTU 10% H ) , vkKiB 5%,
4 °C 15000 r  min~ B0 20 min, b5 T BERR 22 vh
TWHRE 10 VR MR E R vk is & . U kR
JA 0.2 mL XFASSEAR B ik (4 mmol - L7') 0.8 mL
%% M (pH=7.8) .1 mL NADPH (0.5 mmol - L™") .1
mL FENEHR , LAAS I NADPH A 5FIR, F 37°C {HiR
JK¥ 30 min J5 A 1 mL HCL (1 mol - L") 2112
N A S mL E45AH 10 min, BHET)Z 3.5 mL
55— N, A 3.5 mL NaOH (0.5 mol - L")
FEYFAEH 10 min, B 3 mL NaOH W2 H 466
FHMAE D o5 (8, BEACFE 3 WA, A F ST 5 3

UKo IR il A 1 A 7 T 2 0 45 H X i B R 1y
A I E B P AR BT i, TTAE MFO LE TR
77, LA A S0 A 2 g 222 ve 20 2B 1 g 03 B A
J 1 prool Xof i 5 R Py XoF 3 1) Tl o A — A T ) B
fi(U-mg),

1.3.2 Ry m@ELMNE WLRAHITER 1.3.1,
1 E AL A (catalase, CAT) |3 & AL ¥ B ( peroxi-
dase, POD)  #i % 1k ¥ 5 fb [ ( superoxide dis-
mutase, SOD ) ¥ Pl F g 50 @ il A= Py ok 5% Jor A 7=
ARSI AR B A T A | 4 A 2 1 5L ( thiore-
doxin reductase, TrxR) i P AL R ERHHE A
B A 7 A a0 6 7 0 R 7 v i R
WA G UL AT AT, CAT 1M B SO B2 5
HAE A2 1 wmol B H,0, Fr i
—ANEFE S AL (U - mg™") s POD JEPE BN E N
T e HEVE R EAL 1 g I BT 5 Bl
— G JTHAL(U - mg") 5 SOD {7 P L7 5E S
R A ZUEATLE | mL RO 0§38 50% B
Jv s Bl o — DG )AL (U - mg™!) 5 TexR I P
BARLE R B2 v 21 SV B 4 Bk AR B 1 nmol
TNB e i i R — WS B (U - mg™') o

133 ZameEllzE HARSENETES
18 Bradford (1976) >R 7% D5 i 1 . l— S H 28
A IA 0.1 mL £ A 0.9 mL 25 1% 7K |5 mL
F e G250 1, SR A R E 2 min, 7E
595 nm AT IE MO, LA i 25 F1 AR
HEHIVEPR L oK R D B AR 15 i

14 THERAFNESHXREBREFEKEAHBDEL
B SRR

141 REa %A P AR L BT 6
BEFL 300 73 ORI R K A HL ¢ (0 Bl 45 s 3
SEH AT a0 M o A% PR T (TR K RS A AT 42 B il
HILA) KR R B A 2115,2023 4E 3 A 15
Hiff,4 A 21 HBH, %447 (33.3+16.7) cm X
16.7 em , HtkAAA, T 4 A 27 H LS SR
LC, I WAL PR 1 hm® B4k iR KA, IR
a2y XTI, 5 A 1 H R A R IR A FH [R] FF K
SRS O 8cE, HE 8 H W i A A4
HT-BOT R

1.42 FEEFE R AL (BEK
85,2020) , B AL BEBEIL 5 AN T, B RE S A
15 DOKFR, WEE I R B R AR, 4e 3R N AR K
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S RG2S R 5 em 2EAR N 1,
A 40 H M5 AT IR, 0 Sk IR TEAR 2 Y 4
A PR AEK T 4 U
1.5 HUES AL

KT DPS 48 b 3 28 G2 %60 A= Wil o K gk A 7
F RS IR S mUE 2 LC,,  LCys  LCy S A
KA, AW S DU 2 £ 15 ] Duncan [GHT 52 1)
2T 2581, K Microsoft Excel 2007 % f4:
PEAT ] B SR R A

2 IR TR G W RW-Gy e o) 42 Ha 4 R Tk Jie
AU, 1.C, \LC,s \LCy, 4351 240.0406 ,0.1914
1.0728 mg - L™', RW-Js Fft B X G2 o 2 FH gk e ot
BB, LCyy  LCys , LCsy fH 43 511 24 6.5499 9. 5244 |
14.4378 mg + L7, G HUZE B e b RW-Js R )
LC,, 5 & RW-Gy FPHERY 13.45 475 HiAy 3 Rk 4
PR e e S R 2 Y T M ) SRR A 22 KK, LG A
T FEIH4.3543~5.8624 mg - L', £ [ Ui, B
B R 16,5499 19,5244 14,4378 mg - L7'HY

2 ZBRESR WA AL FAG K 4 T RW-Js FPRE A M1 48 h )5,
20 SRFRABEXEASRENTHENE 40 BREIE BE TSR 4Y B R 10. 56% | 24.44%
TRV R K % FR R RE X Gt Y e 0 BURRME 48-89% MBI 10% \25% \50% (K 1)
F1 SHFERABENEKEZENEN
Table 1 Toxicity of chlorantraniliprole to L. oryzophilus
ik ) 7 AR R EL LCyo LCys LCso p
Population Toxicity regression equation  Correlation coefficient — / (mg + LY /( mg * L‘l) / (mg - L‘l)
RW-Zy y=4.1374+1.3500x 0.9861 0.4893 1.3781 4.3543 141.2752 0.0003
RW-Mz y=3.7542+1.7758x 0.9853 0.9547 2.0977 5.0300 133.2483 0.0003
RW-Le ¥y=3.6192+1.7978x 0.9916 1.1356 2.4712 5.8624 235.7657 0.0001
RW-Gy y=4.9725+0.9012x 0.9939 0.0406 0.1914 1.0728 327.0120 0.0001
RW-Js y=0.6711+3.7334x 0.9505 6.5499 9.5244 14.4378 37.4005 0.0036

22 MESEEHIHFS SRR RBENELSSER
Pt 1) 550 5 S e R Y B i ot ) 3 3k 45 2R Roxk
FEK S B R S22 52 WE 1, 45 SRR, A TR g
il 351 55 S8 HL R Y Pk e 2 A B A P RIS AR L 3
ot 17 ) 750 Ach P J SR R HY T M X AR K S Y
LC, YRR T B, B 1 50 % RW-Js FREE (BT
FREE) Y 14 850/ i #c3ik , TPP . DEM A1 PBO (134 5%
B0 9N 3.56 .4.43 1 5.50 1% ; 4F RW-Gy Fitf
(RRUBFPHE ) 1 14 250V FH e 59 , 35 A 5003 0l o 1.

31.1.73 F12.53 £ ; %F RW-Zy .RW-Mz f1 RW-Lc¢ %
3 ARSI BT R 2,14 ~ 3.76 A, Rl R] 22
SRR, EEMEHF TPP XF 5 ASFEK G H B e 38
BAEE R 1.31~3.56 4%, DEM XA [ Ff ) 3i4
AR R 1.73 ~4.43 £, PBO HOBERLAE 55351
K 2.53 ~5.501% , W [ — Fefr il 4100 6 550 XoF AN [ei] Ao
MBS E AR FE W] 0 22 5 Horh PBO 5 & s R
Pk Fie 1 o R334 4 FH A S /&5 T TPP il DEM,

157 F B IEHEEE Chloramphenicol 2L
O B G H K AL T M R — 4B Chloramphenicol & DEM
%D 14 B3 SRR W & BERE = 28T Chloramphenicol & TPP
3 g B & 42 B & W1 B T B Chloramphenicol & PBO
Q -
—
i 1.00
s 3.56
+ 4.43
§ 73 h.712:42 & 5.50
& . ER376 100 ., :
[24] 6% | ] 1.73 = 2.53
x e [ O T | ] T by
RW-Zy RW-Mz RW-Lc¢ RW-Gy RW-Js
F ¥ Population
E1 B S SRR RB RN ESRER

Fig.1 Synergistic effect of enzyme inhibitors and chloramphenicol
TR P TS 94 7 3 s TR A ) 4 ) 575 S ek 25 P I e 1) 14 B ) B 28 A5

The numbers on the top of the bar chart mean the synergistic effect of different enzyme inhibitors and chlorantraniliprole for each population.
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23 THEHEFESRFRBEINFBKEPRSE
E R0

it BE S PR DU E 45 2R (3% 2) AR BT, RW-Js FhEE
TRPY 3 Fh i 75 Tl 05 ME B RW-Gy FRE & 35 1
(P<0.05) , Hrr MFO 1& MR LA W 3K 1 1%
DA b BRI () o G A Y T e S 1) 25 S R
fif TR BTG PEIE A 96 RW-Js FRRERS K 42 1P A th 48
SFHORHBERE LC,s A 5 A H 5 , CArE i 14 B Ak
Af ] B GE EFh#H 7E 3 ~48 h P I 3 T X R
(P<0.05) ,AbBRJ5 72,96 h HE K Fa i 2 | 5%t g
PR T E (P>0.05) ; GST i M Fifi st [1] (38 i 52

J5 FRER S AP 312 h BES 8w Tt
M (P<0.05) ,24 h 55X ERA R E (P>0.05),
48~ 96 h J5 b AR, H 2 7 8 & #F oK F
(P<0.05) ; ZIReAfb B H 7 3~48 h W& L Ft
a3 72 .96 h JE BT T R ABAT B E T X R (P<
0.05) o ARl 58] + G2 A 2% H e LG5 9] i Ab 34
J& , RW-Js FEERE K G T B AC PN 3 7o fige 45 il 1%
A PR — G U Y T A P AT, L it 5 B ) 1
TG i 328 W ik /) | G v 22 3y R A il S T R
% KR Ik 33.78% ~63.60% .,

R2 FELEFAKRENBESEHILEN

Table 2 The specific activity of detoxifying enzymes in L. oryzophilus under different treatments

BAf7 Unit. U - mg_l

IRIRBRRS CALE

Qb3

Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy Ff RW-Gy population 0.3810.022¢  0.595+0.032¢ 0.442+0.027¢ 0.5730.020c 0.6470.021b 0.527x0.032b
RW-Js Fiii (4 B8 ) RW-Js population (CK)  0.518+0.019b 0.751£0.036b  0.663+0.047h 0.8070.012b 0.924+0.048a 0.734+0.014a

RW-Js Ffrfif+ 58 HO 2K FH ke RW-Js+chloran-

traniliprole

0.874+0.020a

1.210+0.050a

0.922+0.019a 0.891+0.012a 0.963+0.035a 0.797+0.041a

RW-Js FIEE+ %00 26 H Bk i + SR IR R M 4 0.420+0.021c  0.574+0.031c  0.530+0.040c  0.641+0.033c 0.712+0.051b 0.445+0.031b
7l RW-Js+chlorantraniliprole +carboxylesterase
inhibitor TTP
b BWEH BK S-#5R5H§ GST
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy F¥ RW-Gy population 10.69+0.32¢  6.81+0.21d  8.98+0.74b  10.94+0.09h  9.88+0.34b  10.58+0.37b
RW-Js Ffiit¥ (X #8) RW-Js population ( CK) 12.55£0.67b  10.55+0.67b  12.48+0.53a  15.96+0.59a 14.78+0.27a  15.05+0.39a
RW-Js Ffrfie + 580 Hu 28 F Bk Je RW-Js+chloran-  15.77+0.55a  13.12+0.41a  11.16+0.33a 9.82+0.39¢c  7.43+0.39¢ 6.57+0.18¢
traniliprole
RW-Js FEE+ UK BRI+ S DR H K S-5585 11.35+0.32¢  8.77+0.09¢c  7.77+0.55b 6.78+0.25d  5.71+0.32d 6.94+0.38¢
T RW-Js+chlorantraniliprole+glutathione
S-transferase inhibitor DEM
Qb B LIt A AL MFO
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy FH¥ RW-Gy population 1.09£0.02¢  1.11x0.06c  1.04+0.07d  1.13+0.06c  1.18+0.09d  1.21+0.08d
RW-Js Ffti¥ (X #8) RW-Js population ( CK) 2.2840.06b  2.34+0.07b  2.51+0.17b  2.38+0.11b  2.60+0.18b  2.52+0.13h
RW-Js FhBE+ 400 25 B Bk RW-Js+chloran-  2.83+0.03a  3.19+0.09a  3.59+0.12a  4.38+0.12a  3.52+0.12a  2.96=0.16a
traniliprole
RW-Js ﬁﬁ¥+’%£z§ﬂﬂ@ﬁﬁ+zﬂj BAILEE  1.03£0.03¢c  1.25+0.05¢  1.78+0.13¢  2.11+0.08b  1.96£0.09¢  1.96+0.09c¢

7] RW-Js+ chlorantraniliprole+multifunc-
tional oxidase inhibitor PBO

PR S E R RISV R ARG PR R 22 5 3 (P<0.05) .

Dates show as means+SE. The data in the same column with the same letters mean significant differences ( P<0.05).

24 THEEFIESIHFPEBREITEKEBRPE
AR

bR IR TR 25 2R (3R 3) KB RW-Js R
FEK G AR DY 4 PRI EETE £ 5 RW-Gy FpfE TG
FH2E5(P>0.05) ; RW-Js FHERG K 42 Y Rl i 28 S o
ARG LC, A AL B 3 .12 h CAT 36 43 51 42

= 17.99% .26.45% , 5 % I 22 5 i 3 ( P<0.05) , &b
PR 72,96 h LT RE R % 26.59% (37.83% , RN
SEIAE IS T POD 1 M AE S HUR H BERE 1L.C,, 571 2

AEPRJE 12,24 h B35 TR (P<0.05) |, HAx ]
B 5 X IR Z 6] JC W 3 25 5% (P>0.05) ; SOD i PE7E
FHURFBEN: LC, R AL H S 3~24 h PN HEXT HE 42



- 280 - AWl AR (h3E0)

Journal of Biosafety %33 %

5 3.25% ~7.92% , ik 8. 2 5 (P<0.05) ,48~96 h
ST IE 2 N 3 (P> 0.05) 5 40 U FY B g

LG, FHE AL BEAIRGE K S F TexR 6 P 78 384N 5 S
BN 5 X IRTC 3 22 57 (P>0.05)

x3 TELEBAKBGRRIPEELLES

Table 3 The specific activity of protective enzymes in L. oryzophilus under different treatments

BAA; Unit. U - mg’l

W RAL S CAT

Qb B
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy F#f RW-Gy population 11.23£0.47¢  10.83+0.33b  12.73£0.35ab  11.50+0.32a  10.84x0.10a  12.08+0.46a
RW-Js Ffifif (X} ## ) RW-Js population ( CK) 11.67£0.41¢  11.57+0.43b  13.77£0.57a  10.09+0.49b  11.47+0.38a  12.82+0.23a
RW-Js Fife+ S U8 e RW-Js+chloran-  13.77+0.49b  14.63£0.52a  13.07£0.61ab  9.22+0.49bc  8.42+0.26b  7.97+0.17b
traniliprole
O3l &L POD
Treatment 3h 12 h 24 h 48 h 72 h 96 h
RW-Gy Fifif RW-Gy population 6.7120.46b  6.92+0.20bc  7.11x0.17b  7.30+0.21a  6.52+0.32a  6.81x0.16a
RW-Js Ffff (% ## ) RW-Js population ( CK) 6.89+0.29b  7.25%0.13b  6.93x0.09b  7.17+0.18a  6.81%0.20a  7.09+0.12a
RW-Js Fffif + 58 H 28 F ke RW-Js+chloran-  6.58+0.17b  8.28+0.21a 8.96+0.15a  7.34x0.29a  6.97+0.17a  7.23%0.15a
traniliprole
Qb B ALY B AL SOD
Treatment 3h 12h 24 h 48 h 72 h 96 h
RW-Gy Fl#f RW-Gy population 79.39£0.98c  82.07+1.47b 78.43+1.65bc 79.71+0.56bc  81.33+£1.04a  83.24:1.04a
RW-Js it (%18 ) RW-Js population ( CK) 78.67+1.37¢c  81.88+0.94b  80.47+0.98b  81.47+0.83ab 82.25+1.19a  81.25+1.20a
RW-Js Fffie+ 58 H 28 F ke RW-Js+chloran-  81.23+1.48b  85.63+0.55a  86.84x+1.18a  82.84x0.95a  83.52+1.28a  82.52+1.28a
traniliprole
Qb i A FR 1R R TrxR
Treatment 3h 12 h 24 h 48 h 72 h 96 h
RW-Gy ## RW-Gy population 0.767£0.027a  0.780+0.017a  0.823x0.023a  0.803+0.012a  0.746x0.023a  0.743+0.019a
RW-Js Ffifif (% #8 ) RW-Js population ( CK) 0.746£0.030a  0.773+0.030a  0.847+0.038a  0.813+0.012a  0.697+0.047a  0.830+0.023a
RW-Js FhiE+ 50 BUE k2 RW-Js+chloran-  0.75320.021a  0.850£0.021a  0.850£0.046a  0.793x0.052a  0.843£0.027a  0.767+0.030a

traniliprole

R I EL bR RISV R ARG PR R 2257 B3 (P<0.05)

Dates show as means+SE. The data in the same column with the same letters mean significant differences (P<0.05).
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3 g
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2011 AFE T IRAEPUNIAS SR LT | P VT 45 b 30
KRG Az (T 2= FT 42 2013) DUk, | R
FH ot e S L 52 T 24 7] — T2 12 M DX R 7K 4 HE B 45
B FEHELG ) (X A4 2012 X243 2020) , Gl
RH B R B S ERE KW — E A&
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A; Overwintering adult; B: Larva; C; Pupa; D: First generation adult.
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Adaptability analysis and risk assessment of
Centaurea solstitialis in China
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Abstract: [ Aim] Centaurea solstitialis L. is a very dangerous weed that is classified and controlled as a noxious weed in areas such
as the United States and Australia. At present, the colonization of C. solstitialis has been found in Xinjiang which shows a tendency
to spread. The purpose of this study is to provide theoretical basis for early warning and control by Adaptability analysis and risk as-
sessment of C. solstitialis in China. [ Method] MaxEnt model was used to predict the potential geographic distribution of C. solstitialis
in China, and multi-index assignment was used to to conduct quantitative analysis for the risk of invasion. [ Result] The potential
habitat area of C. solstitialis in China reached 32.96% , of which the areas of high, medium and low habitat were 11.21x10* km?,
34.16x10* km® and 272.28x10" km®, respectively. The comprehensive risk assessment value of this weed was 2.01, belongs to high-
ly dangerous. [ Conclusion] C. solstitialis could occur at many areas of our country. The results provide the necessary theoretical ba-
sis for establishing a long-term early warning and control mechanism of C. solstitialis.

Key words: Centaurea solstitialis; potential geographic distribution; MaxEnt; risk assessment

T 28] Centaurea solstitialis L. N5 F} Asterace-
ae RIS B Ambrosia 2255 J5L7 T MU e 741 L it
b DRI APl VU 38, B 1 i) LAY AR 5 19 5 4O
B, A R A AT U FAAE Y, X A TR
TRbI R BB R 2 B g . HAR " AR R R
AT 5 | Y BB BT A K A A9 ( nigropallidal en-

78 B HA ( Received ) ; 2023-07-28
E£WMAB. #x % Z 95 E (2022HK120)

cephalomalacia) , 5 #% “ ML IE %% ” ( Callihan et al.,
1982; DiTomaso, 1998 ; Kingsbury,1964), HFEJ, &
B E S EURIN 2 K A5 M IX 4 91 A B A 3 A
FERI N LA4E ] (Rice,2003) . T E4F kK, R 45 1
FR AW TR MR S A SR R 2 A7 24 rh A i L ]
ZREF T HAE TR EH R A L IX, 22 R A A

#% B HA (Accepted ) : 2023-12-30

EEEN: TP, &, EmAKEN, R 7 H . MR, E-mail: elyuansz@ 163.com
* 1 15 1F # (Author for correspondence) , F 127, E-mail: 253348110@ qq.com



- 286 - W (PIESC)  Journal of Biosafery

EIRRES

i) I 1% B8 S ) ) A v A XU A T 2240
(B MISE,2017)

A LR B A SR A E A AR A
Hh s R ) — B e VT B A T, BE 8 1
EAFEY AR EFAY B, A
AW s RS I ETE TAE, HAT, i FYE E A
P T80 4 e 73 A1 9 A= AR B BT Gower
52 DOMAIN £ 7 (the domain model ) | J& FFi )
L B 35 4% 57 GARP BE A (the genetic algo-
rithm forrule-set production ) | 3& T 4 Fi X} ¥4 455 [H
A 250 L R B CLIMEX A58 7Y ) K e T Je KA 11
MaxEnt 4% % ( maximum entropy species prediction
model ) 55 ( 58 45 ,2020; Carpenter et al. , 1993;
Hirzel et al.,2002; Phillips et al.,2006), H
MaxEnt [RHRAE R 321745 R A8 MIrd A /)
SRR RTEML AR B Z AT BT T AR
P LRGP AL S5 AT ST 4, 1 2006—2013 4R (8], F1l
H MaxEnt % 4 1) WF 52 50 2R 2 8 T 5 ( Merow,
2013) . EAN2EE WA A MaxEnt BEEISF & T ZFf
A E VIR T A B O A WE ST, 8 RO I L
FIAREE W2 G4 Acanthoscelides obtectus Say Bk )7
WM 8% Corythucha arcuate ( Say) . Bk W 4 58 95 B
Phytophthora ramorum Werres, De Cock & Man % b
BIF Rapistrum rugosum (L.) AlLZE B FRAE 2 F0)
Y B A fe AT SERY 3 R R 22— (BUKGESE,
2015; WHEAITERE, 2021 % B4, 2023; V4%
4520225 TR RIS, 2021) o A Ik, AR B g o
MaxEnt 5510} 880 2 8] 75 3 [ 1) 9 78 73 A X R AT T
0, LI g ) Y OB B4R TAR SRS AR
1 RS
1.1 EF MaxEnt K& EHEDHT
L1 A 8 v B A o0 A O ORI T
PIANA T 32 B STHR G B 126 (7K M
4 ,2017; CABI,2021; GBIF,2022; Maddox et al.,
1985; Uygur et al.,2004) , 2< Bk 5042 0 48 158 101 45
J& SRR RS A B 11238 %, B bR B
AZ| ArcMap 10.6 A4, F] H H: Create fishnet T
HA X B ORI | 70 A7 45 1A% 9 e 58 23 A1 KK
3, YD P A 22 2% o0 A B I A HIL I B
— g%, LAHEBR S 8] I PR A R 3 1l 1) 4005 A4 1Y
SR AR 769 2% o3 AT I T il AR R A AT
1.1.2 FEAEEE AT 19 DAY

AR FORVE F Worldelim X ¥, 25 [8] 73 HF 24 5 mi-
nute, FRIREAR 5 22 [H) 4710 58 9 25 )RR DGk, Ry
P AT A P e AT A T i B b T RE S T A
52 2% HICHBIAR B X R A= Uy e A8 1 4 7
BE, FIH MaxEnt 3.4.4 FAF % 7] U124 59 45 A8
XTSI TR )N, LAS R BT R (A B AR 0 28
i, SPSS BT o1 kA K A 48 i 54T Pearson
AHIC 23 A, LAKS: 56 B4 358 DR 7742 5 22 (A 1) 22 o 4k 2%
P, XTIl =0.8 B PR AL AL AR B STIRIE 4 =i
1, AL bioll fete 2V HIRIE biol9 fxi% %
KK \bio6 H5c¥% 3 f AU B | biod it HE 2= 19 1% |
biol8 fxlEF=FHK biol2 4F /K AF 6 A W) T ik
A TS AR
1.1.3 MaxEnt A & FEHLLEE 25% 17341 5
VE AR I 09 75% 53 A si VR R ZR4E , A
YRR EL (replicates ) B 0 10, A s 7R
B w28 ( create  response
curves ) | 2 il A2 5t 5 2P JJ Y) B ( dojackknife to
measure variable importance) , T 2% S0 F  Logis-
tic” A8 A ase” USRI
1.2 HEHFEANXEITLTE

WA F AV E R IR ARk R s
85,1995) 4 B S Y [ N A RO Py BTESE
P P, ZEMNRETEENE P, ALRER ] RENE P,
R Py 36 5 A —S 8 hr DL KIL T By 15 4
AR PR AT A ATEAG AR R 1 A XURS:
R

AR KR 25 2% (R) MITHE AN R =
VP xP,xP,xP,xP, Hth P, =P, P,=0.6P, +0.2
P,+0.2P,, P, = Max ( P,,, P,,, P,), P, =

“ Bootstrap " ;

YP, XP o XP XP XP,. P = (P, +P,+Py) /3, %
SPPRE 2.5 <R<3.0, Il F fa ;2.0 S R<2.5, Hi fis
K;1.5<R<2.0, TGk ;1.0<R<1.5 ARFER (15
4 2023) .

2 HBREHWR
21 BEEERTMER

Pz i T AE ¢ fiF il 28 ( receiver operating
characteristic, ROC) T [ 1] 1 (area under curve,
AUC) MEIRISE R AL 25 #EAT A, AUC fHIUETE
B2 O~ 1, B(E BB PRI 42 -5 T 1) 4 o
PO 2Z 1] B AH S B AR ) W g e i, i
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ORI AT . WnE 1 TR, LR AUC F1{E R ik
0.932 , TN 25 A hy IR BERG

R ] 7E TR AT AR A X P 25 R n #] 2
Jios o FEAE TR P, | H R BEPE T
[N IR Gl [ 2115 R o =) S e S el e Y e A
ORI Tea I TR S A I N = RN (= P
RS A TR N SET DT BEM E R L
J7VG AR ULV W VAR AR A DR R TS A,
Z, W R s R IS A XA, e TR RS
A X B AR & HE AR 1.16% \3.54% 1 28.25% , —
B AR, ATRE & XT3 B 1 AR & 2 0F 4 i s R iy
LTI,

EAGY

[ 4@k =k

I eEsx AE [ 5
L — AT BLX S

Bl cEsx [ 8 BRX. BELNR

RBAE . R TR E I8 A 5B B RS PEA - 287 -
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B1 Fik#EITIEMZ&(ROC) K #Z% THEFR (AUC)
Fig.1 Receiver operating characteristic (ROC)
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Fig.2 Prediction of potential geographical distribution of C. solstitialis in China

22 EHEHEANHXKEITMH

221 pAFER(P) WIEENIMATTERE X
TR ERE SRR 22 | B R i E Bk 67 A E K Ik
o IX A A3 A diaE e sk, TR B AT {7E B s A i 1
], e BT 4 (1995) IR E Bm o, L1 N A o0 A
AR RN T 20% , P, WRAE N 2 43

222 BEBEFW(P,) EREGIYMEMER 8
H S 5 0 ELHCOR S H3 2, B ik mT 7 B 700 ~
10000 A, ~F- 41 54> S AR B 7 7 4= 38 ~ 45 R fh
(Maddox, 1981) , Ff ¥ J£ ) %5 B W] 35 29000 A -

m” KRR TAE 1 a PR ZE, (A BT DUfE +
HRSE 10 a 30 KA ( Callihan et al. ,1993; Lani-
ni et al. ,1995; Thomsen et al. ,1996) , B /2 & EL A
TR TE AL, 16 1R A HLZE 5 I8 B3 A R TE AN
TR R R IR AR AR A B BE Y 2 52 2 (B Kk W
%,2017) E AR A BT AT 7, BRAT A Bl #0 2 k
B, B B AT DASE i 58 4 ) A S 4 i (B an A
R AR5 ) R BH AR A HIAE P A= 1K (Spencer et al. |
2011) , BEAG T, i H 4T R 7K B A 98 s ARG A 48 2
7 1600 Ji' ~5600 J3 3 JG ( DiTomaso,2001) , [F]HT,
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YT IR, ZRaF I8, Py (IBTERNE
Pra ) AE 3 77,

IR, 87 J0 8 R i e [ LA e A7 T AR W)
FERRA WA SCHRE . Py, (J& 76 0 FE AR 2 M A
FEWRALRR A ) IRAH 0 73,

PR BRI SR S R L R R A 59

Hi X 51 K % X6 4 (Onzpr, 2023) , P,,( E4hE
MRREE) WRAE 1 73,
223 ZEMEZWAFEEN(P,) WHEHHEW
YENBETE Medicago sativa L. . K3 Hordeum vulgare
LSRN v i 75 Byt B, 3275 4 1 7 it vl BE 2
0 2149 i 5 )% 1] B 57 5 ( Hassannejad & Ghafarbi,
2014; Pala,2020) , it A] B B Baccharis vanessae
R.M.Beauch. 5% 10 X Fh i & s 46 ) ( CABI, 2021)
Py (B2 FAEWR RS ) WUAH 3 77

AR A AT A , 2021 4FF & K22 FiAE IHi
BUR 54.2 77 hm? , B MR TR R 42.33 J7 hm? {1
F 150 J7 hm*, P, IRAH 1 4%,

F S H i 1] BTt R 7 it 12
L7 M2 AR, Py (2 FAEDI R D £
TR E) WRAEN 0,

224 fHEWTREP,) FREWEMNOREALIRE
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WFoE & B, o B A 1] DUE R AFTT 10 a
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P (1535 71) WAE 3 47,
225 EEEE(P,) BEH EELA T
&, AHMT5S T, EEEH I, SR %E T
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L 78 35 R 50% , Bl A R 22 47 A MO T s
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FOLA A F AW o KA R P AR, Py (ARBR
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Ultrastructure of chemical sensilla on the antennae and mouthparts of
the larvae of Tomicus minor ( Coleoptera. Curculionidae: Scolytinae)

LU Guoyan', ZHU Haidi', YANG Pei’, YANG Bin', LI Zongbo'"

'Key Laboratory of Forest Disaster Warning and Control in Yunnan Province, College of Biodiversity Conservation, Southwest Forestry

University, Kunming, Yunnan 650224, China; *Yunnan University of Chinese Medicine, Kunming, Yunnan 650500, China

Abstract: [ Aim] To investigate the type, number, and distribution of chemical sensilla on the antennae and mouthparts of the lar-
vae of Tomicus minor ( Coleoptera: Curculionidae: Scolytinae). [ Method] Chemical sensilla on the larval head of the last instar T.
minor was examined using scanning electron microscopy. [ Result] The larval antennae of T. minor have only one segment that bears
six types of sensilla, including sensilla basiconica 1-2 and sensilla twig basiconica 1-4. Both the maxillary and labial palps consist
of two segments with five sensory organ types. These were identified as sensilla basiconica 3, sensilla digiformia, and sensilla twig
basiconica 2, 4, and 5. Sensilla basiconica 1-3 with multiple surface pores may play a typical role in odor sensing of chemicals in
the larval gallery. Sensilla twig basiconica with tip pores should be interpreted as having a gustatory function. Sensilla digitiformia
with a smooth and nonporous surface were presumed to be sensible to sound production in Scolytinae because only one sensilla digi-
formia was found on the lateral view of the maxillary palp. [ Conclusion] Chemical sensilla on the larval head of the last instar of T.
minor exhibited a low abundance, a simple distribution pattern, and an unchanged concentration on the tips of the antennae, maxil-
lary, and labial palp. The findings of this study are expected to provide further scientific data for a deeper understanding of the feed-
ing and related behaviors of the larvae of T. minor under bark.

Key words: Tomicus minor; larvae; antennae; mouthpart; chemical sensilla; ultrastructure
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K& YT VRS /N8% Tomicus minor Hartig S J& T 45
W H Coleoptera 22 HiE} Curculionidae /Ng% W F} Sco-
Iytinae YIRS/ NEE & Tomicus , £ %4345 F RV K i,
G A DN T AL SR AR, U H A 2 T 754
2R Pinus sylvestris LRI EHN P. nigra J. F. Ar-
nold , & B T P 5 A A= A A2 B 2K (Vega & Hof-
stetter,2015) , 7EF [ P4 g M X, B30 UIRS /N 5
VMG /NEE T. yunnanensis Kirkendall & Faccoli
WEBYVIRS/NEE T. brevipilosus (Eggers) [ &% =
M P yunnanensis Franch. , I EAT AL 2 3 s
(H#E, 20115 Liu et al.,2019), BNEG4EH9 4 AT
H—5 H ) BESTOIRS /N a0 R 2 il 22T K E)
QRIS ORI | i B RS R T, AP S
BRSSO B, AR AR B R AR AR W
11 A T A—284E 4 7R AR g d ) 2 il 2 i
AR (EET)  IT 67780 Bh A0, X —id i
B PR X | AR TR S A, R H B B R SR B
STCIE M RS ) B DA I G 5 A A S S
(I REE, 20125 MHRE,2011) , REBT YIRS /NEE IR
FHUE AR BUEIR K 8 ~20 em, HE AL UK BN
PEAEEYUE B LR PN, B2y 14~ 21 d B AT
1k, A0 5 4l T A 5 FE b0 1 A — Mk AT
7B SR E R T HUE, FUUE S BEE 4
HUR A A 1 R T B W T, 9221 0.5~1.0 4
HURH 2B 7Tl R i, P4k il d 5
THOEHT B AR 6 SR BA (R, 2011) AT L, FEEEAS
REERET, BTSN & 5O IR AR BT, (035 Al
HuANgIy 50 R AR A AR Y B AR
AT B 5 2 NG5 /D ek iR EE LR
AT (I AE O 2078 ) A C (Vega & Hof-
stetter,2015; Werle et al.,2019; Wu et al.,2019) ,
XA/ e RO AR BRI 5T B A S A
RGBS (06, 2020) 5 11 5 2 ) 7 5 N
FRE A2 ERE R A A 5 W 5T, R 3R IBCE
FIFTERWL R AL E (Vega & Hofstetter,2015) , {H
FHECT AL, 423k JC R BL A B R B RE A A2, N
ZAEGUIE A TE FIBCE A s )4 B R A HE 0 4
ST 25 FhAE B T R A A AR
FEARC AR B D RIAT g, A B R e I e E 4 B
AR, XWRRRMEERITTUIN /N5 h
B A% T AN AT sk B BT (I, 20205 Vega &
Hofstetter ,2015)

SRR, 2y R A 2z A R AR
TERFR RS il A T ST T TR0, A& 4 4t 5 4b
R GE AT AR IR B A B HAE ) Ui 2
FAKAT N b HA EEAR N, ka0 R sk ik 4
(Alekseev et al.,2006; Eilers et al.,2012; Morrison
et al.,2019; Vega & Hofstetter, 2015; Zacharuk &
Shields, 1991) , HH[, & T/Na WA #H Z R
Hugly e Sk AT B WS, AU 2 7 AN N )
Ips subelongatus Motschulsky Fll z #2 )\ 15 /Nak 1. ty-
pographus Linnaeus ( Shi et al.,2020) A%+ % Cryp-
torrhynchus lapathi L. (Yang et al.,2019)  JHHES
Eucryptorrhynchus scrobiculatus Motschulsky Fl A& 15
HES E. brandti (Harold) ( Yang et al.,2017) I X E
f5 % W Hypera postica ( Gyllenhal ) ( Bland , 1983 )
&, R XS AR A% Sk MR B A —
SE WY R | (EAEATT A9 4l He Sk R AR AT A7 TR 15 22 22
5o U, Alekseev et al. (2006) & F—Ffiki /Nag Ips
sp. [ 3k #8241 A1 WL 58 HfE (olfactory cone) | B I
i HE R SR R P SR, HL 2 B R T B IR
A BEUE 21 ;500 Shi et al. (2020) kKPR, 7%
WA\ /NEE RN A2 K/ NG 38 03 A A B IR A
HEI I AR HEIE A FAOE A, i AT 88
189 A HARAHHEIL A 3 (0 vs 14) FIA A HEIE
AT 4 (4 vs 18) AU AR, Z &R HTIIAE /N
Y RESTIE TR A AR RS AL, A iz 4 He B
A B ICE AR LR 4, XOnT IO 1) B 3R S il b b )
VERYLTAE X 5 H HTE R 0 /NEE S AR e /N
KRR, T RE S HAEGTIE A R R A5 R
77 A EFYE (Liv et al.,2019; Vega & Hofstetter,
2015) . PRI, A SCR 44 v 7 AR BE UL T
GUUIRS /N AR A Ay R SU0RT R R0 L A
A A AL 2R LUBIA TR B A &)y B B
LA BRBFIHR HERL22Hh
1 MRS
L1 KARFESERE

IR T 2 g A it o T 4R U e LAk
(103°47'44"E,25°39'52"N) , ¥ HiL P4 9 B ST DDA /)
a FEALTR TR R AR AR BRI DA /)
TR LT M, F 2022 4 2—3 ARz EN
A AR rp T B [l S =, AR [ T3 N 7 R )
Hu, AREN RSk ST B GG RE (BRAFBRAE, 2021) KA
SUUIRS/ NEEA 5 3 IR %1 ) 0~0.59 mm, 2
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1% 0.60~0.90 mm,3 # 0.91 ~ 1.28 mm, HEHCK T 5
JERT 0.91 mm B4 AR AR W 4 e B BF5E 0
%GR 4 CUKFRAAT R,
1.2 #mblEsHE

B AR &Iyt PKFE YIRS, T80 7 A I 1 I8 4K
MEEFRILA, 1E A BCAT 2 h, BR R R AR 1Y 44
JB, B BEARTOA 0.1 mol « L™ A BERR 2% il i
(pH7.2~7.4) AT 5 T VR, TE UE 3 I, ik 1
min, £5 H5 VB A 2.5% [ 22 5 P ) 181
H 4 CORFEP R, T BT, BEAT A 16 B2 i 7K
(30% .50% .60% .70% .80% .90% . Je/K L8 ) ,
—BAEE R K — K, R 30 min, FJE, FERILEE T
IRl B, R R B AR i 5 L A A
| Gressington 108 %%(ﬂfﬁﬁ{i(%ﬁ)%ﬁ% 100 s,
F:45 R HEE G Sigma300 HL 494 b 1B (7R =)
FTUREE AR L ER 12 Sk I Ry 7 &V,
1.3 RS2 5HES N

S R A 1 SN RIE S R AE AT 4328, JFAR I8
Zacharuk (1985) . Yang et al. (2019) ,Shi et al.,
(2020) BT dkam 44 . I Tahdufilsn R SR T &
D53 AT SR R i 2D o0 A R 2% R Y B
I N o AT RO 2o, e K S
FIB G Image J ( Version 1.53¢, hitps: // im-
agej.nih.gov/ij ) AT | BEAP SR 2= DT T 10 IR
Y ER A E R AL B IIFE Adobe Photoshop
CC 2018 HtAT BT A Bl it 5 o Hr 4 6T R 4
4 ( Version 4.2.2  https //cran.r-project.org/) o

2 HR5H5H
2.1 HELEBEEREREME
BEHTUIRS/NEE D HELER R RDE , LA — Ry
AL LAY TR 2Lk, ELA 5 1 BT 1 450 S R
DR EANERNIE A — X, HE A SRR ([
1A) , i HELACH T A g O, i EE Lk
W FJE NS RS RIS A, FIRAT
SR g R — M TR AT R L
T TR 00 L2 W, 9 TR DI k28 R 3 s 2 4 A
H 3T RIS, BRIk 4 4 12 R, T TR
ARy A 12 AR B s, 30 0 K /N | e o7 &
] AN U3 K, b AT e — e 3 Bl WA T S a2
g, BAN kgt rEH ., ES—x, T b
J&Z )5, 2 = AR R w7 U1t 44k
TR R TR | gk R 1, 2 T ) W R

B R A T8RRI 2 fREDE A, il H
TGN LSRRI MBS R, TSR —XE T
CLEI = 5| B SR - VAN IR NS R o
NES By, NS AN 9~ 11 R aRH: O HOIR
W, TSI 2 Y, i IR AR 0 A A T S R A
HoR e, RA IR EMIEH, FTE—14, 0T
Tz A BT T oA A 0 1 B IR s Al e
JEERAN TGN, FIEA 2 7, Hh Bt R
HHI B AR RS B e, TR A EY
FIFEFE . Hh T B I B R S 340 ol 407 e
FIMLIRIERSS , 5 A SCHIF I8 Y 5 O R AN K, IR AR S
& IR YIR /NS S R B il R AN T B
J R P A3 A AR [RI R RS A~ e
22 #HHMASOF ENLFERES

HR IR 2 1 SR TR 2 B JHE 2% 1 L %) 5 i Aoz
BBl T SRR IS0 A IR o R 3 2
HETE I 4% (sensilla basiconica, Sb) | A& K44k & 2%
(sensilla twig basiconica, Stb) Fll$§JE JE#% ( sensilla
digitiformia, Sdi) (B 1C~E), Hrp filfy b4 2 2%
6 FREES , 2 I A HE I B 1 ~2 FUR RS HE IR I 1
~ 43 N 3285 PR, 4y B HETE s 3 3
TS A R R A RG0S 2 4 5, FIEBAUA 2 24 4
P  AUTRHETE S 3 DL SR RS 4T s 2 .4
5o BULRT UL, KRS AT AR 2 FIR Ry 4 TR IR 28 4
SEfA SRR 2 L A 0 SR A | A Rk
AR GBS A SOEGR TR AN T

HOR IS TR, BT, T 20 e TR B 1
(Sb.1) .2 (Sb.2)F13 (Sb.3), Sh.1 FHEM fili f 52
TAT 6 | FE W IO As | Bl s B2 K 1) v 38 Ak 28 ¥ A8
JIN, FE A A T H B 43 X, B — 43 S T
BORMEIR AR EORDRE | Bl AL K & B L AN
B NG 1 43 WAL, B L AR, — A 11 2] ) 2 Sk 2 5
10, FLAE 2 (32.0+8.4) nm , 73 WA FLIU S BL— 3 ik
NIEAS T, H X INGAR ¥ AT R RE IR 5L 28R A0 43
W, FLAE (156.3+£50.7) nm, % B AL T il £
HruL R, W G T A R R, A — ok o i 2
FH—A(E1C F2A) . Sh.2 i T— AR M
FE DY, DAL 25 o 5 20 T AR A0, Ty X, IR R T
ARG BT — A o3 WAL, AT E FLAR [ (42.8+
8.1) nm] 5 Sh.1 LA ZEL, Wi J5 & [ (404.2
72.0) nm WA Sb.1 19 2.5 155, %48 T Sb.1 1Y
G AU AR TE Ml A B il A — A (1B 1C L
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2B);Sb.3 SME 5 Sh.2 2L, KA, SR HHLRS , FE AT
TG st o Ry B, EL R AL AR 2 BT S AL
FLAE[(28.9+6.7) nm | Fl—A~43 W FL [ (269.0+
74.8) nm], ZEEEAUIL T T SRR 545 iR Y
ey B B — Al A — A~ (B 1ID~E A
2€),

FRAHHEIE B8 - SME U, (H 4 AR i B 2
AR, AT 4l RS A AR AN HE TR 8428 1 (Sth.1) (2
(Stbh.2) .3 (Sth.3) .4 (Sth.4) #1 5 (Sth.5), Stb.1
B AR A 1 (B TR MRS Py J8%s 3% 1 6 T AL,
A TR A — BH 0 MR 116 ot A LA — T FL
TZIRARAN A3 A0 7E fik 3 35, B4R Sb. 1, HLAV T Sh. 1
f9 A (& 1C 8 2D) 5Sth.2 Fib JE 3R TS A B G | ek
R EDGH  TOAL, K EA — BIE ) N EfL, FLJE
G RIZLZAR, /A0 TRl L SR R A
Uil , A AR E W BCGRBCON TE R IR 2 .4
(8 5) 3 (K 1C~E K 2E) ;Sth.3 A7& T—4
W] (%) IR TR P R 2 % 273 A2 ] A A0 56 ol 2
iy, vt A O e L B — UL T i R

UL F i £ 3635, Sb. 19 B AN, g — fish A ) 200 o
fHE N —A (] 1C 8 2F) ; Sth.4 FME L —FL 58 Ak
TEAE— AR I 7L oS vl oAb A — AL, A2
SR — BN AL L 28 3 oL, AR R IR
AR B A A SRATFNI s 200 i 08 1) e SO 1 fie
f b SR F % Sb.3 Sth.2 Sth.4 1 Sth.5, F
TAGE A 14~16 1, FIRAA 14~17 4, & T 5
ZHURIT TR 20U Al L 5 FE e A i 2578 (141 1D ~
E B 2G) ;Sth.5 ZME AL AR, 1H 31 75 58 4K W 4
BRI, H A3 A0 A7 D\ 1) Y 1, 3 R a8 v A V42
FE—L, YRR AL — TR [T o0 SO — B B AT
[UIRE R AR 2 B AR S T SRR T IS A0 g 15
R R RS IS Sh.2 IR, RS
Sh.3, B EM LB EA 3~4 A~ (E ID~E A
2H) .

BICIEES AN U8 T8 sk | 1 B 7 — AT
A ARG N, SRR 1 (26.9£1.5) wm , BEHT5E (2.6
+0.3) wm , {5 5045 S0 08 P9 T g — SR
AHE—(E 1D K 21)

B 1 #EyiisE/NEEsh RS AR AL
Fig.1 Front view of the headand its sensory appendage of the last instar larvae of 7. minor
A SRR B M TS C i D TR B TIBAUNT ., An. il f ; Cls JEFEI4; Cly . JE 3 ; Fsu . HB I ; Li J§ ; Lp: FIBEH;
Lr: BJR s Md: 50 Mp: RS2 Mx: T 55 Sb. 1~ 3 HEJZ RS 1~ 35 Sch: BT RS ; Sdi 48T JRAS ; St BILIRAR ;Stb. 1~ 5 KM HIB ISR 1~5;
HELRAESE XN DX IR A RCR I, HEIR ;A =100 pm; B=10 pm; C~E=5 pm.

A: Front view of the whole head; B: Front view of maxillae and labium; C; Front view of whole antennae; D: Front view of the tip of maxillary

palp; E: Front view of the tip of labium palp; An: Antennae; Cls; Clypeal sulcus; Cly: Clypeus; Fsu: Frontoclypeal sulcus; Li: Labium;
Lp: Labial palp; Lr: Labrum; Md: Mandible; Mp: Maxillary palp; Mx: Maxilla; Sh.1-3; Sensilla baciconica 1-3; Sch: Sensilla chaetica;
Sdi; Sensilla digitiformia; St: Sensilla trichodea; Stbh.1-5: Sensilla twig basiconica 1-5; The dashed boxes show the magnified area

in the labelled letter in the followed figure. Scale bar; A=100 pm; B=10 pm; C-E=5 pm.
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HLTYIAH/NEE 40 Ak A A0 O 28 RS B IR A 4

Fig.2 Ultrastructures of the sensilla on the antennae and mouthpart of the last instar larvae of T. minor
AHEIBIERER 1, AL ZRIZALE R ORIE B HEIE B 2 C MBS 3, C1 /R IZAL B AR I D R AR HEIE s 1 E AR RS 2,
F ARSI A 35 G AR A 4 RSB IRS 55 L 3B ; 11 G Skon AR 3R I (1 40U AL , PR Sk R Rl AL
Sh.1~2 HETEIRAR 1~2;Sdi: FTBRAR ;Sth. 1 ~ 4 RKAYHILRAT 1-4, HHIR =1 pum,

A: Sensilla basiconica 1, Al shows themagnified view from the white-dashed box; B: Sensilla basiconica 2; C: Sensilla basiconica 3, C1 shows

the magnified view from the white-dashed box; D Sensilla twig basiconica 1; E: Ssensilla twig basiconica 2; F. Sensilla twig basiconica 3;

G Sensilla twig basiconica 4; H: Sensilla twig basiconica 5; 1. Sensilla digitiformia; The black and white arrowhead shows

the secreted and surface pores on the sensilla surface, respectively. Scale bar=1 pum.

2.3 ZHMAFMONF[BBPNMEES
MU/ VAL S B i A0 D A B4 3259
FhE%s  Sb.1 .Sth.2 Sth.4 Fl Sth.5 fE7E W] WAL
CEBEAE (K 3) . TEflff I, Sh.1 F1 Sth.2 1Y
B g A BAEE , LT AR AR B 1
JEAS ] B0 2 AN TRl Horb Sho1 B v 8 748 1k 55
K, AN L(E 3A) WK 3B) FZ s X (A
3C)3 Fl, =FH MK G R 66.7% .16.7% F1 16.7% ;
Sth.2 [R RN 2x H BRAE XS FR R« V7 R 43 S B8R 5

UL A 12 A RS R R B —B, 5 L 8.3%, TE T
SRR L, Sth.2 Sth.4 F1 Sth.5 BT 2 143
i EILF A AL B = F R AR 3h, A8 5
Y IR IRAE 17~20 .55~65 Fil 14~ 18 >, Fid i & |
25 A HES R Ay K % B D I A g
3A.B.C) . S350, TER — KRBy A AT S
fE 4R |, Sth.2 Sth.4 1 Stb.5 AYEE L AXT R,
WRHME 182 NG H AR (R A X R
E(ERLD),

B3 #ipiihEgRmMAafOfRSnNMER
Fig.3 Individual variations of the sensilla on the antennae and mouthpart of the last instar larvae of T. minor
A~ C il £ B8 S R AR A s D - S0 0 B IR s F - T TR A0 4 B LA s F o o T A AN R SR M OB 2
Sh.1~3 4IRS 1~-3; Sth.1~5. KAYHEIYEDS 1~5;Sdi I ERS . HHIR =2 pum,

A-C; Front view of antennal tip and its sensilla; D: Front view of maxillary palp and its sensilla; E: Front view of labial palp and its sensilla.

Sh.1-3: sensilla basiconica 1-3; Sth.1-5 Sensilla twig basiconica 1-5; Sdi: Sensilla digitiformia. Scale bar=2 pwm.
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x1 HEHVIHENESHMAFIOR[RBRFHLE BEREKE

Table 1 Types, morphology, andquantity of the sensilla on the antennae and mouthpart of the last instar larvae of T. minor

y iy =N .
R 7= s34 1t L St S
T She Sit Surf Porosit Ti Basal /A~ Length
ypes ape ite urface orosity ip cocket Quantity  /pum

HEIE R 1 HERR, BL i £ Gk ZAL [iF88 AN 2 16.5+2.3
Sensilla Coniform, Antennae Rough Multiparous Bifurcate Unobvious
basiconica 1 straight
HEE%AS 2 HEAR, BT i 4 ikt Z AL il FIE , % 2 9.0+0.7
Sensilla Coniform, Antennae Rough Multiparous Blunt Circular,
basiconica 2 straight shallow
HEIR IS 3 HER, BT VN HLKE ZAL Bl R , i 4 4.2+0.5
Sensilla Coniform, Maxillae, Rough Multiparous Blunt Circular,
basiconica 3 straight labrum wide
RIEHEIB RS 1 R, BT il A bjitic AL LIl BT, & 2 6.1+0.3
Sensilla twig Coniform, Antennae Smooth Uniporous Concave Circular,
basiconica 1 straight wide
ARAHEIE s 2 R, BT fil A S Bitic TiiAL FLRBIMBE AR 19x1 4.5+0.7
Sensilla twig Coniform, NIEi Antennae, Smooth Uniporous Capitate Unobvious
basiconica 2 straight maxillae, labrum concave
RAHHEIE R 3 HERR, Bar il s b/ii1 0 7 AL fifi B , 4 4.5+0.8
Sensilla twig Coniform, Antennae Smooth Uniporous, Blunt Circular,
basiconica 3 straight lateral wide
RIHEIB A 4 HEAR, BT il ff1 L U b/iiz 1 AL BB 111 4 VN 57+4 1.3+0.3
Sensilla twig Coniform, TJBZ Antennae, Smooth Uniporous Circular Unobvious
basiconica 4 straight maxillae, labrum concave
RWHTREESS S R, B UL TR et TiAL YA AW 161 4.30.5
Sensilla twig Coniform, Maxillae, labrum Smooth Uniporous Longitudinal ~ Unobvious
basiconica 5 straight groove
TRIB s B SR, T b1 % 111 5 biRis ek, 98 2 269x15
Sensilla S} Finger or Maxillae, labrum Smooth Concave Smooth Microscler,
digitiformia platelike, flat wide

T W BE X R b 22

All values are meantstandard deviation.
3 it K% Sitophilus oryzae ( Linnaeus) ( Speirs et al.,

255 R0 R B i SR W) = (8] 5 Ryl & 1)
—FpE IR X WS R R E AT,
B ZCHRC 70N AR R R IV EHE BTG
PR T HAT HE (K% 20205 Vega & Hofstet-
ter,2015; Visser,1988) ., 57K, L8 E R4 H
FEE A TSR B A R A5 2k
JEERIBRAL 2255 SRz 48 5 4 I S
AT MR R %) ( Zacharuk & Shields, 1991) . Jif
FHAAHE BT AR AR 0B T RS /N Rk AR %
4y ST T PR AT AR, & L4y Sk
AT 3 25 9 P b2z Bds , il i LA TR B 1~2 Al
KA IRAS 1 ~4, T WA HEIE R 3 8RS
FURRYHE AR ES 2 4 A1 S, FIB A HEIE R 3
FIARRHEIE RS 2 4 F1 5, XL RERAY2EAT LS
O3 AT 535 MR 15 /NEE (Shi et al.,2020) | =AZ N\
/NE% (Shi et al.,2020) 1% ( Yang et al.,2019) .

1986) {4 i KR WA [ JEH B R AFERAF A
chinensis (Forster) FA8& K4 Monochamus alternatus
Hope . # 85 K4 M. guerryi Pic . ZK4: Apriona rugi-
collis Chevrolat 5 (008 K4 A. swainsoni ( Hope)
M= BE 25 K24 Batocera lineolata Chevrolat | (1451l
N ,2016; Xu et al.,2017) A HES ( Yang et al.,
2017) RHEHNES (Yang et al.,2017) & fE -4 H
(Bland, 1983) 45 7% £ 5 2 B0 19 1  F RS Hugly o
AR (McKenna et al.,2019) , [ 11778 1 i
ANIE], 4R, Sth.4 FERE ST UIAY /NG 1Y B TR A
12~18 >, i fEA T FOE )R 2 K4 (BFKHN S. th.
6) MR\ /NGEFT A2\ /N (PR S.1.b.
5) BACAH 1~2 4>, HZE, X ToES R m e
T > 1 22 A i B B da g e 8 R ( Giglio
et al.,2003) fU H Bl ( Behan & Ryan, 1978; Rus-
chioni et al.,2019) JCHE(EEUR 4 ,2021) 4B
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Bl (Eilers et al.,2012) Z MG R KA 225, Hilan,
Giglio et al. (2003) ME T 10 % 16 J& 22 F 2L H R}
UG &, A gl S B AUE A 2 R bR,
Gy SRR S FNHE I A | BT AN A A6 T 5
I, WAE T IEAAL 5y A B Bk 1~32 Fo~
61 A 4T AR [ AL 32 43 A 6 WA T JR 4
L BRI 0~106 F1 6~190 4>, #&ASKEFE
BRI 1 L e SR 0 B I B R R o A
B TR B, Ak 2 AR 4R P oA, 3k AT e 5 e A
T AR R R B A DG B W BT IE N A
BRLA JE B0 o) G B B LA DA A S AN ] sl 11
(Yang et al.,2017; Zacharuk & Shields,1991) ,

— Bl SRR 2 T AL B B L DA B
ST TR AT R WNZ R Y D B, an k2
ZAL I IR B (Y BT 2% B T ot L B AL B D
ALY, W IR AR . 458, T RE e ELALAR |
CO, JBIZE T (Alner er al., 1981; Keil, 1996;
Zacharuk & Shields, 1991) . %F FREHu U A4 /N8 2k
Uk, A R filfy TSR R R i A 8 PPk
T AL AR (HETE RS 1~ 3 FIURAY 4 o 1~
5) R 1 s R LIRSS (P8R IR ) . Hirpr,
Sh.1 i Sb.2 H:[a] A 7Efil |, X 5 28R h
BER R AR R R 4h W il i BAXA Sb. 1 —Fh kI Jk
PONIE], Hik 2 Sh.1 F XA 43 AL, % 1543
WFLANG I 2 I ) vl BB AT S BB MM IR 29
JR2h A, 2 2L T D K B D\ i A 3 R g8
2, Sh. 1 A GE e M58 | W o F AL AR Y D g
Sh.2 AT g A MELoE FR 52 25 o Sb.3 A WL TN %20
R Y il , Hos BEAICT Sth.2 A1 Sth.5, B A&
NI NN B2\ NEE HIES SGJH
B R A5 R B ARARL, LA A L5 45 B N A L
Stb A UL F ik I, PR HC 3R T U LA R T s (LA M)
FafL , EE L SHIEL A RFEHIERN S.b.2 T
2010 S.t.b.3 DEE R KRR S.t.b.1 AL, e H ]
REELA fil b FI R S8 Th R, BEXT 08 N bE  ERSE R
Y B N (Eilers et al., 20125 Zacharuk,
1980) ; Sth2 F1 Stb4 BEAFFE Tl ffirh, oA T F
SRR s 20 10 i 40 , 7 8 i S LA AR TR M1 s
BATAEMAR R WU R S0 L, AT L E S E
Fefol 0 J5 7 v EAT 2 AL, HAGEHESAE TR
SR 20 ity i , o2 FIr A T S0 T B 20
o R 2R Y H S HE 5 RAR I IE &2 34 A

NN =2\ /INEE I S.e.b.5 1 T E AL R
R S.1.b.6 AL, Sth2 AT HE K IR 5 B, Stb4
HWLHE AR E o SthS BTG A 11 49094, Fernandez
et al. (1999) I\, Y4 AT fESE i AR 2 B RFLAG A
A TR R ORAS T, A58 AT WL 4¢3 AL Y
FEAE, Sth.5 HMNE 5 RR Y 8 45t Melolontha melol-
ontha LGN WRITE LS 4 (S4) 251, TEM W%
BRI, S4 A 4~5 IR IEFN— A4 MUK (Eilers
et al.,2012) , % JEF] Sth.5 W & = T H A k4R 2
BYAEI Stb5 R AE FLAT HLAR AR 58 1 B D RE
Sdi WHEFR A&, JLTF- o34 T B A #3 H B
HOpy R S AT E R R KR 1~ 61 A
(Beutel & Yavorskaya, 2019; Giglio et al.,2003) ,
Zacharuk et al. (1977) H&E S5 ES, & B H &
A AL ) A2 BZ AR HA 1Y Z2 AL B A Bl Btk
B JEE AT — S AR S 73 SRR 5, X S L 8 i i AL
PR AR . B S Y A BIF ST UE S AR T
R WE ERAK A SR, A 042 ik 77141 3 4
WA B 7% 18 SR T DI RS /N &k 4 Ho A 3% e S0 18
N 22 /) & R B RS 5k A 7 R 45 Bl TR
(Hofstetter et al.,2019) , £ Sdi L A —Fh ML=
Bl X RS HARIRE D)
4y S SRR 1 A5 R A8 IR A7 7 S AR ] 1Y
S AR b AR BLAE T SR R R A Y
Stb.2Sth.4 A1 Sth.5 ., #£ BN JE A0 L B S
T2 1~2 4 WAL HE W —ME 22 AR E, AR
PG AL AR B RN T O R
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The first report and risk analysis of the imported plant quarantine pest
Ceroplastes rusci in Hainan Province, China

LU Chaojun', RUI Kai*, ZHONG Baozhu'

" Coconut Research Institute, Chinese Academy of Tropical Agricultural Sciences, Wenchang, Hainan 571339, China;

*Institute of Plant Protection, Hainan Academy of Agricultural Sciences, Haikou, Hainan 571100, China

Abstract ; Ceroplastes rusci (Linnaeus) is a quarantine pest for import plants in China. In March 2023, an outbreak of C. rusci in an Areca

catechu (a species of palm) plantation in Nanbin farm, Sanya City, was studied, which was the first discovery of this insect in Hainan

Province. To elucidate the risk analysis level of this insect in Hainan, qualitative and semi-quantitative analysis methods were performed to

understand the risk of C. rusct in Hainan. The results indicated that the R-value of C. rusci in Hainan is 2.56, classifying it as a

particularly harmful pest. Based on the analysis results, active prevention and monitoring and early warning systems should be implemented

promptly, and emergency plans for prevention and control should be formulated and initiated. Based on the risk analysis criteria of forestry

pests and the risk analysis results of C. rusct in Hainan, suitable risk management measures have been determined.

Key words: Ceroplastes rusci; Hainan Province; risk analysis
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(B IFAF,2017) o AWFFEE AL —3F M X
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PEEE  ASWFFE T e 1 JC AL S W 7 165 Fi 19 XU 1
O3, DAS iz s ) B 4 B S A AR B
1 FZieREH I EEESNEEEK

2023 4F 3 J AR E AR R A = R M DX g
4¢3%(18°22'17"N, 109°10"46"E ) T F A 2 hm® B3 K
10~ 13 a BYREMERE TT R A 7EFT A I A 2 YA

F

1 EIEREH

FEbR b 45 0% B i A Bk R D BoRE AL R
BT HORSE, 2023 485 1 17 H Abstshll 2zl
SHHEOS TR SR i e AL R

TNIEL 1 7, ToAE R I 7T fe AR 25
T AR R A R | R E AR, 5 B
PGES o AR AE IR 8 RS AL 1 T TG AR R i
FPECTAG, B 7 ICE B 5 AL 2R A IR
TETHC, Xof 7 Sl ™ H, JC AR R W AR el N A7
TEACE & IR, A () % 30 2 0 g e S ] s 5
FF T 5 At o (2T Wk AR B Y Aspidiotus destruc-
tor Sig. 55 ) FAE

SEERMAER
Fig.1 Damage symptoms of C. rusci on A. catechu
AJEFEM B SEFZET CAAHFMN D EHFE MR EAEFTSIU R BN ; F . A R34 O L 7 fe 3%
G Sersnik It m G E , (B A b L0 sbk H SR B IR fa T, (5 R Py DA el g

A; Damage to leaves; B: Damage to stem; C: Damage to petiole; D: Damage to leaf sheath; E: Sooty mold caused by C. rusci.

F: Co-damage by different instar nymphs and adults; G: Co-damage with red spider mite, which is the pest in the circle;

H: Co-damage with A. destructor, which is the pest in the circle.
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oy L, FLAE Ry 7 350l 2 A R A 4 1 T 1 (3
KM, 2022) o T AT B ME TR, X BRI
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2022) , AL A PNASCR AR

TEAC I Ry 3 0 B A A AR TE
M AT IR R ARG H TR o 1T B ©X 23t 7 Ml
(LA ) i il 1 PR, A TR SRR M A T
BB R AT, IZHARE 5 BRI is 1 A
2 HAl T B I HOE 5, AR (POl AT 35 A2 40 XURR:
OIATEND) (AR HER 2 Ry o
FoRZE 122 ,2016) KU BUEAS PEAH A R | i AU E.
AP HROTREVE R WA feHF v a7 B M A &
e S B A X B R R A, B 4 TOXURS:
T, BT R KU DAL T8 R A D 3 I EE Y Al 5
Syl X, FUAR RS L e MY L a5 R L E
R, DR JRe JC A 2R B g 7 e 8 19 XU A 23 A
X AR T AR Ml 2 4 A R B AR SR 1Y B
il FAT B
2.2 FEEHH

HRAfE Ol A T AR KURS: 0 A U ) (4

WK AR ER AR 22 R SR HOR ZE 5143 ,2016)
G54 TCAE A R B 1) 3F 32 G PR BRE i F
RS, 25 R N3 1 PR,
3 ZRREMETEINEESTEMEITE
3.1 AENE P MREESENER WITE
HEMZ P, A .
P,=P,=2.50

pP,= y P, XP,,XPXP,y XP,s =2.67
P,=0.4xP,,+0.4xP,,+0.2xP,, =2.20
P,=Max(P, ,P,,P,)=3.00
P,=(Py+P,+P,)/3=2.50

HFrE WL 51 R 18

R=./P xP,xP,xP,xP; =2.56

32 ZHFREMESENRKEER

HRAEM AT 35 25 0 KU 53 BT 4 9 R 53 s o
0< R<1.50M{KJE fE [, 1.50 < R<2.00 J G
B ,2.00< R<2.50 A MGl ,2.50< R<3.00 A%E
BfEk, TTAELREE N TEMERE R (6N 2.56, J& £ f&

WA E LY,

4 RXEEIRIETE

R MO A 5 2 ) DRUS: 43 A o D), TG A6 2R 35 ey
VA B B4R G IS AT 38 A5 0, 107 SR BRURH 1z ) JXU s
I . (1) s BTG, B o AE
SRy 742 T 22 O U 20, TR PRI L 1 S
93E DX A 0 B8 8 G, TS HOR ok M A 411 408
Wi, (2) SE VAR R, B T TF R AL S
W TEVERE I 3 A R P AP kA i SRR B
ASVR A IFAE A 7 EL RS W R 3 W ) T
. (3) TFRPLART I WML R, ARG
TCAE S A ] PN AR DA 58 8508 ARG 5 R 1%
A A LR S S R R L B AR SRR SY R AE A L
HEAT BT AR Bl P R R BB A5 I KRB A T
B S BMIE T AR TF A ST, (4) Inse 4t by
GRiG TAE, 456 T bR IE I aF AR s O, B
XEFAE P AT B RE I, Bl A 52 - TG A8 SR 0 o iy
PR P RS 1B 16 7K s A HEHE ) 4838 1T mT DLk
SEPFIR R IE I, IF R R B BOR 51, P Bl
LB EGE—B i TAE ULl 1 By i i 55 BA
i, ¥ At AR R 55, T8 B BT + B AT+ 1 4
JUERITHR P G b g TARIR R



53 W VAT IEST RS I MEAT T A W) JC AL SRR I TR R AR B H UK 23 A - 303 -
®1 TRREHEEEEOREESTTEHIERE S E
Table 1 Risk analysis and evaluation index score of C. rusci in Hainan Province
N2 fBhR)Z2 PR s 174 WKHE ALE
Criterion layer (P;) Indicator layer (P ,vj) Evaluation criteria Grading basis Score  Weight
VEEE 475 15 B Distribution RS 34 % B Distribution 4 M <5% The dis- UM T EMIX Only 2,50 AL
in Hainan (P,) in Hainan (P;) tribution area within the prov-  distribute in Yazhou District, Equal
ince <5% Sanya weight
A AR T B ARA O] AETE Possibili FEMD S RILER T RE SRR #hE 250 ZFEL
£ Possibility of introduc- Lty of be intercepted (Py) PEREE A E AR EEYE  Easy to transport with plant Equal
tion, colonization, and dif- #BK High possibility in host tissues and products weight
fusion (P,) transporting, products, and
carrying harmful organisms
BRI % Suviv- =40% iR PADMESET Difficult  3.00
al rate during transportation to die during transportation
(Py)
A Adaptability (Pyy)  ZFH B8 5 0038 M AR SR SR SE B & K 1000 K, H 3.00
High reproduction and stress  HUii 5 The eggs laid per
resistance female was up to 1000, and
the resistance was strong
FAAYHLRE Dispersal a- A &3 1ee o — Average FER BAR IS 25 AT 1 2.00
bility (P,,) diffusion ability Diffusion by wind and young
nymphs
TEHFR G VR Adapta-  =50% TEHFH 2 B XK AT {745 Can 3.00
bility range in Hainan (Pps) survive in most areas of Hainan
VR A BIEZ VT fE E I Potential  EATHMMATE T g5 EABTEMNTTERMEKL 250 04
Potential hazards ( P;) economic harm ( Py, ) RN T 5% ~20% Introduc- 7% 5 F1HE T When intro-
‘ tion can cause mortality or yield  duced, it can cause massive
loss between 5%—20% fruit drop and death of plants in
severe cases
AP HTHBBTEE T WERHRE LS e KERAENSSERAESZE 150 0.4
Potential non-economic haz- Wi H1 %% Moderate potential 14, H-EL5 | AR B ARG
ards (P3,) environmental,  ecological,  XHdiFVE B Tmpacts on
and social impacts ecological diversity when occur-
ring in large numbers and im-
pacts on tourism by causing
soot disease in palms
B EMEE Official a-  HIKEBEMYRZENEE - 3.00 0.2
tention level (Ps;) W) Tt is quarantine pests for
import plants in China
ZEXF T EEM % F Bl 25 Hosts number =10 TFEMMISHEL 10 F More  3.00 SR
Importance of the affected (Py) than 10 host plants Equal
host (P,) weight
ZHFFMMB Area of 24 Distributed W EREM T A RE 3.00
affected host (P, ) throughout the province A Fh A The hosts areca nut
and coconut are planted in the
whole province
REFERKETMME SN EE, B mA FEBF EMREEEAS 3.0
Special economic value of High economic value and sig- AT Z WA KR Host coco-
the affected host (P,;) nificant social impact nut and betel nut are impor-
tant income sources for Hain-
an farmers
T o P 5 T Kego P UERE Difficulty in BUZ R AT SR PEAI, i, Wil LMD Expert i- 250 AFHL
Difficulty in management inspection and identification MEXA IR E On-  dentification is required Equal
(Ps) (Psy) site identification reliability is weight
low, time-consuming, need
expert identification
B AL HXERE Difficulty in - BT EEARBERIE Cannot be & FL 1L 2% B 36 B — B 2.50
control (Ps,) kill use conventional methods Conventional chemical control
effect is mediocre
AR5 Mk B Difficulty in e- R 2 A B Poor effec-  FRUPE K s ® E&U&, 5 XEAR 2.50

radication ( Ps;)

tiveness and high cost in erad-
ication

B Tt is difficult to eradicate
because of its large amount of
spawning and fast reproduc-
tion
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First report of invasive pest of Ceroplastes stellifer
in Hainan Province, China

HU Xinyu', LI Caifeng', WEI Jiufeng”, WANG Fang'*
"College of Life Science, Hebei Normal University, Shijiazhuang, Hebei 050024, China;
*College of Plant Protection, Shanxi Agricultural University , Taigu, Shanxi 030801, China

Abstract; [ Aim] In 2022, a harmful scale insect was found on Psidium guajava in Xinglong Town, Wanning City, Hainan Prov-
ince, and on Syzygium jambos in Limu Mountain, Qiongzhong Li and Miao Autonomous County. Herein, we report details of this
pest to provide a reference for its quarantine identification, monitoring, and control. [ Method] The identity of this scale insect was
determined based on morphological observations. In this regard, we surveyed the relevant domestic and international literature, and
reviewed the basic information and morphological identification characteristics of this scale insect. In addition, we performed a risk
assessment based on the risk assessment index system of China for this pest. [ Result] This insect was identified as the quarantine
pest Ceroplastes stellifer, which is an invasive alien pest that has caused extensive damage of a wide range in fruit trees and ornamen-
tal plants. This is the first time that a risk-invasive pest has been found in Hainan Province. In this study, we provide details of the
taxonomic status, distribution, hosts, morphological characteristics, and biology and hazards of C. stellifer. We also compiled a key
to the species of Ceroplastes in China and determined a comprehensive risk value (R) of 1.72 for C. stellifer. [ Conclusion] C. stellif-
er is a moderately destructive alien invasive pest in China, the spread of which is evident in the tropical areas of the country. Accord-
ingly, heightened levels of vigilance, along with a strengthening of investigation, monitoring, and quarantine measures, are necessa-
ry in these areas to prevent the further spread of this pest.

Key words: Ceroplastes stellifer; Hainan; risk anaysis; key
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2007) ., FET 2007 4L A REMIIA RN
LA FEE A R A T AR 44 5% ) (R RN
FEALANE AL FE,2007)

L BRI R T 1871 AEEM 2R Cypripedi-
um L. EROR I, 5 Rl S 7R BRI I 9 R 7045 b 9
KBRIE , K E T % W) Bl B R0 5t 2 Taka-
hashi (1929) F &5 2R Mangifera indica L. I/ ¥
(5 B3 2014 4F A B0 0 B U7 3R R KR b IX.
I, A4 (2014) KT 2= B 44 P8 DU i 1X.
FIFT IR NG 2 58 Schefflera octophylla (Lour.) Harms
b WIS TESMEE(2022) RGEE T A LA
FME Bz R St T BN B s BT
W BT E 0B 4N () 7 BA M, HR
ZRAMAL T B, A AT RE B A AR 5 1%
YWMTERFE A E 4 B4 JRAEY) , A4 2 5F A A AR
FFE S (FEHBE) Syzygium samarangense ( Blume )
Merr. et Perry 45, AEIZL T 2022 4F 2 H A 7E
MFREAE JT T T X4 PE R A M Psidium guajava L. 1Y
MR BB R I, T R A UK B, 2022
AR 7 F AT B v A L BB L B A B
Syzygium jambos (L.) Alston PR A, A CXF
LA RS B S A 5 A T B ARIE AR
Yy G 5 B Vo B A AT A 43, O Sl 1 v
FEL 5 0y S P A R R R, LA A i b ) 2 |
S K P RIS

1 3

A LA R

2744 . Ceroplastes stellifer ( Westwood, 1871)

P4, stellate scale, glassy star scale, glossy
scale

544 . Coccus stellifer Westwood , 1871 ; Vinsonia
pulchella Signoret, 1872; Vinsonia stellifera ( West-
wood, 1871)

Sr2HAr . 238 H Hemiptera , JiJ5 3V H Sterno-
rthyncha, 7 X H Coccomorpha, B B} Coccidae, fi§ i}
WA} Ceroplastinae , #57J& Ceroplastes

2 SHEFE
ARG A )z, A AR ERE 58 A [E K
Mo XA 43 A 5%, H 2 76 #GH H [X ( Garcia Mo-
rales et al.,2016) , HIRTEAR 22 R S5 L X
IR 53 A i I8, B UL 24 Y i 5 (KB 2 4%,
2014; Fetyké & Kozar,2012) , ZH2AFEARZ, Eid
SR A FAEYIA 22 B 40 480, FEEUE W EH A Y
FIRABT[ 228} Orchidaceae S 4E FUESE Dypsis lu-
tescens (H. Wendl.) Beentje et J. Dransf. SR FAL
W4 EZE BT Cocos nucifera L. Eit#E Citrus sinensis
(L.) Osbeck %] ( Garcia Morales et al.,2016), &
R E R AT 5 BT 1 (R R4S,
2014 ; 74145 ,2022; Garcia Morales et al.,2016) .

®1 tRHEENEFENSHBSFE

Table 1 Distribution and hosts of C. stellifer in China

X Area SRAEHE Collection sites 2% Hosts
TP Hainan  J7 77T %BEEL, B b BE05 1 1% VG B 22 EE 11 Xinglong Town, Wanning KA1 #BE Psidium guajava, Syzygium jambos
City; Limu Mountain, Qiongzhong Li and Miao Autonomous County
=R Yunnan SN AL ISR, LM O B P B BT T L PR R REEESE Rk SN B Bk R AR AE Man-

QNN S5 PE T Bl B AT I B B A B B B P AT Nabang Town,

Yingjiang County, Dehong Prefecture; Hekou County, Jinping County,

gifera indica, Schefflera octophylla, Syzygium sama-
rangense, Syzygium malaccense, Ixora chinensis

Honghe Prefecture; Ninger County, Pu’er City; Jinghong City, Daluo

Town, Menghai County, MengLun Town, Mengla County, Mohan Town,

Xishuangbanna Prefecture

£ 75 Taiwan

b AR VA Garcinia subelliptica, Mangifera

indica, Syzygium samarangense

3 FEIFE
3.1 tREBEN ST

W R A A BB R B AR R Y RS 5 | e
K 3.0~5.0 mm, BEFEHHR M, KR PR —FL A
MBI 8 B A 6~T AT Ah e Hh i
AT 1A, B4 3 A, B T B

(1), ot AR REDIE 2 RE, KK 0.8~
1.4 mm, 5E 0.6~1.0 mm, ARREHA U WAIATSE, BE R
TR RS AT S8 S5 itsif , B inig

YR ARASRRAE WL 2, (R T, A7 H AR
LR, T RHEIR R A, TC AR X K i
LASHE LA, A 34, 2RI fE TR IX 2
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HMOURTS T, 1B OBUFL R A = FLBR A, AR
AR E 3R, TR 134, BEE 1L
R ATRIZEE 2 AR, RGBT, BT s S il
BRI A 4.5 MK E, TR, )l
AR, 2B, 1/ EATTMNE A 7~ 10 AR
T PRI BT, AN, 4r 6 T, il 7
~9%F, /N, REOCT LG, HE B A, U B
B, TR R, I Te/ e . 2L, ZHEF X
3. TR B SR IX . TR
FURREL R a7, B 1 B8 2 2 A L ALIRFE

1 tHREHRHESE
Fig.1 Ecograph of C. stellifer

I mm

2 tREBENEEFIE
Fig.2 Morphology of C. stellifer
Lo 2 AU 3 5 IR B 4 R E 55 AT 6.1
TR T TH 8 Al A 59 A 10 XUALIR ;11 = LR 5 12 TR,
1: Adult female; 2: Multilocular pore; 3: Tibio-tarsus of metathorax
leg; 4. Marginal seta; 5: Spiracular pore; 6: Cruciform pore;
7. Stigmatic spine; 8: Antennae; 9: Dorsal seta; 10: Bilocular

pore; 11; Trilocular pore; 12 Anal plate.

3.2 FEHHENSMERSE

WEWY IR Ceroplastes £ FRIC 5 2 144 F | 38 &
18 3% 15 B ( Garcia Morales et al., 2016; Wu &
Wang,2019) , FREC 051 JE Y fh £ 2 4E C.
actiniformis Green ZLWEFEUEWY C. centroroseus Chen .
FBEAY C. ceriferus ( Fabricius) | B 47 15 Wy C. cir-
ripediformis Comstock MBI C. floridensis Com-
stock | H A ik iy C. Jjaponicus Green . & B W C.
kunmingensis (Tang & Xie) T-HRMEMY C. magnificus
(Green) BRICHE MY C. murrayi Froggatt Hf 4 I C.
planus Wu & Wang, T4 ffi B Wy C. pseudoceriferus
Green ZLHEWY C. rubens Maskell JGAE RIS C. rus-
ci (L) LR C. stellifer (Westwood) | P XLt
HEEIY C. wishuangensis Tang & Xie, %22 by [E b
I B P R R

4 EMEMEE

LA I M A A R SR A A A AR
RO ARk A R TR A LKk, EAE
Wy 187 K SR Bl BB T s , T B U 2
SR B B S e U T O MR HE
BHGE AT AEAE R B L R R R
R 3 AT 138 FAH) , 16 = i i 1 BAe AL Ixora
chinensis Lam. % £ 3K 185 ~250 3k - ™! s —AER
LA, 1.4.8.10 ATE M A KB 1 2
HAMANEERRS (FE04,2022) .

AN R 2R LR R e B B IR
FHY Calyptranthes thomasiana O. Berg, % >4 i i G
Yl B PR 3 Rk BR8Pk 6% (Malumphy et al.,
2019) ; BLAh X ELPE BN, v E 675 R = B
FARAF LT EY R G H (TE9345,2022; da Costa-
Lima et al., 2022)

5 Rk
HRARHAETT 55 1995) 1 45 526 MBS P4
SERA R RIVEA, I 3, Sy T -6 Ay S 7 o K
WA BTEBRIR 7 IE RIS A MR BRI OMIT (% 3)
A A — R AEARIE
P, =2
pP,=0.6P, +0.2P,,+0.2P,,=0.8
Py=Max(Py Py, ,Pyy)=3

p,= 5P41><P42XP43XP44XP45 =1.89
P;=(Ps+P,+Ps)/3 =1.67
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Table 2 Key to Ceroplastes species in China

1 R T A BE B B R R < oo e 2
BRI AT A IE B BB B IR ART <+ v v 3
2 RIIR2FPEA, —FhE BRI —FPF BT e e 3 C. rubens
SPTHD 1 FPZETY BT cveneememeeeneen et et X 3 ZEE C. stellifer
Il R T N A b et T LT T P P PP 4
(R T B IR BRI TR +ovcveveeemrnementen ettt et sttt st sttt e e 10
4 FITMER, S TTRIBE R BT DA ccvovvrerrrrren e 5
ST S TRIBE R IEBITE AT - ververeereoeeoseseereesesteee e e ettt ettt 6
5 ARITTRI L R 2B T cenenee et e B C. murrayi
IR 2 FPEBY —FP IR —FP F AT oo R K C. magnificus
6 BTEmMAELRBIERTEE AIRIAE, MG oo 7
LRSI T LR BRI B TP 85 ATIRAG, RIS AMET Y oveveeeseeseses et 8
T BRI EE 28 ~88 I «vvvreerrernni i 7 C. ceriferus
EITRIEGEE 9O~ 180 AR «ovvrverneri 14 A H- C. pseudoceriferus
Ry = T B P P PP a2 5 C. cirripediformis
= I R T S T P 9
O ETIBRIBTE 2~ 3 D5 LR cvvvemerrmemte e 0 SRR L EEH C. xishuangensis
BITTEREETE 5~ 10 /D 5 FLIR < vvvveerrerermereee et ettt T Ao R EH C. rusci
10 BIESITRIBEAEEE, HEH 4~6 HRIKGEABBIHET oo B K 3% C. japonicus
BIERITRIBERAREE, H B 8 RIRGEEIGPHBERIFBIT v vvrvrrr e 11
11 AR T MR A R AT 2 2 FLARR , T LRIRTUT BT ERAS rvvvvvooeensnsesnses i BRI C. planus
B T MR RO B BT 25 B LIRS BT LRBRIGALHOTE G —-rvvvvvvvssseeesnssosssssss s 1
12 BUERETHIIETS D FLIR  covreerrrreee et 4118 @ #E4) C. centroroseus
BT E T MTUTEL D FLIR  -c- v cvvrememroeememenene et et et et et sttt et et e et ea e st ettt et ettt ettt e et 13
13 JUTEE TR T ZH - ovevvevverernneninniiiiiiiiiii i s iedatiatiiia it eaeaaes SR @ 5 C. kunmingensis
JIUTETEEIHE soevevverremmoeesreeeesttnatetttiiittieetttetttnnsetanesscnnesssnnnssscnncassnnons o N sk C Sloridensis
x3 tRESHNEFENRESTERER
Table 3 Risk assessment index system of C. stellifer in China
J%%5 No. PEHIFE R Evaluation indicator T AEL AR P Assignment basis ME Score
P, [E P04 1E I Distribution in China A H7 [ () A T FR 0% ~20% The distribution area in China ranges from 2
0% to 20%
P, WTEM 26 Potentially harmful fRFEHIR FEFFEL VAR AT/ WifEHEY) Encroaching on cash crops 1
such as Mangifera indica and Syzygium samarangense and some endangered
plants
Py RN HAUKEENAR F AW LR n] RE A B , MBI P A i oA LA U0 % 4% 0 0 Y 4RI The virus 0
Ability to carry other quarantine pests may be spreading, but there are no definite reports at home and abroad
Py ESME R List of quarantine pests in other BAREE AR VY BRF H A N3 1A % A4 Argentina and Mexico list it 1
countries as a quarantine pest
Py, Z EZF EFZE Number of affected hosts species 525 af 32 =40 Species of affected hosts =40 3
Py, %A F A E X Planting area of affected 375 %% FAE I L =3.5%10° hm? Planting area of affected hosts =3.5x 3
hosts 10° hm?
Py ZE T EMIEAERIR K The potential loss A3k ™ FE#1E No serious damage 1
level of the affected hosts
Py HIKBYAIH Frequency of interception A #FRAIE Occasional interception 2
Py B TR P A E Y A The survival B85 PAETEF>40% Survival rate>40% 3

rate of pests in transport

Py [E 4N A&7 Z Distribution abroad BLEEN7E 58 N E Kk HulX 434 Currently known to be distributed in 58 2

countries or regions

P, [ PN 1936 AE JE Bl The suitable range of China = R A TS E A 40 4f Distributed in Yunnan , Hainan and Taiwan

P,s  fEHEHETT Dispersal capacity FEE SRR T Fh BRI T TR Mainly spread through the 2
plant fruits, seedlings and insects crawling
Py, e % 78 MEBE The difficulty of inspection and 9058 5 J7 W B0 I 48 1 5@ 2ok fE okt 05 5% R B 7 b5 45 BE 4T %8 58 The 1
identification method of inspection and identification is more reliable, and the morpholo-

gy of adult females and slide specimens are used for identification

Ps, FREMERE The difficulty of pest control xR, FELATIBE R E It is difficult to eliminate harm, mainly to prevent 2
P, HRERMERE The difficulty of eradication ME R BCXERR R Adult females are more difficult to eradicate 2
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