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ili?ﬁkﬁiﬁﬁk A EFENEEE TYLCV. A4 H
FR AN HT S e

HHET BEA 2 OB K W OE 2 gl
ERE KEF" AEHT

(1. BT I AR 5 A IR B, M JRIE 1500805 2. REETT R B BAE Y AP B i, Rt 300384
3. IAC R AR Rk eE B, 2 430062)

WE . AW H R Z T IAH 2 Bemisia tabaci TAFPA £ RN R L F EE M FHE D B AXEFF
AAeF 2P, R A mtCOI B3 ik 3T A X F B F B M A TTA4ANR 89 %56 HNBFRMIFF T b
KA 12 /\}l%\ﬁﬂ’%kﬂ‘ﬁﬁki 5K A PCR # ) 3 45 o % 76 3% 1L w =} % 7 (tomato yellow
leaf curl virus, TYLCV) A2 R 2t A H 0L, 5HR A Z ekl @ x4 405 A G 7 eh3utk, 4R AW,
KR 04 1B B FPAE VA MED rfa'ﬂ’/ai & BT A A AR 9 93.33% , A 3 AP AR A MED A= MEAMI 4
FrA R A TR AR P A 36.25% 69 AR 4 TYLCV, £2 6 ANFPEE 480 2] TYLCV, L ¥ 54
FpEEA At 50% 69 AR 4 A TYLCV, £E 12 /\ﬂ’ﬁ‘#’ Lae- ) 2 Hamiltonella . 55 3%, R X AK Rickett-
sia. Cardinium = % 18 2% Arsenophnus 4 FF 1 ,HE A AN AR e8] 5 3 A 90.63% . 48.96%
43.75% F2 8.33% , i — F - & H R Bk /}Luﬁa\a‘ﬁ,ii)@fﬁHARC\HRC\HAC\HR\HC Fa
AC 2 6 NP R) R A | B e B 53 A 4.17%.28.13%.3.13% . 14.58% . 5.21% #2 1.04% ., T 4 % ¢
KT IR BAP B N LR 5, LC, AT 0.05~0.66 mg/L 2 1] ,»E ka4 & /) M & 44K, LC,,
AT 267.63~2 998.80 mg/L Z[a] , 4724 F) 2t 2 P 9 ANFPERGG IR A T 4 1A F> 08 Rk B>k
K> vk, i S 3 ARG A AR R A T 4 vk koo Uk BRle>wE kv
KA AR 1aAr; Fae R et R A (TYLCV); NEAH; bk

Cryptic Bemisia tabaci species harboring tomato yellow leaf curl virus and
endosymbionts and insecticide resistance monitoring in Tianjin
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Abstract: To define the cryptic species of tobacco whitefly Bemisia tabaci, as well as their host fitness,
virus transmission, facultative symbiont vectoring and insecticide resistance in Tianjin, the mitochondri-
al cytochrome oxidase I (mtCOI) gene sequences was used to identify 12 populations of B. tabaci col-
lected from three host plants (tomato, cucumber and pepper) in four districts (Wuqing, Xiqing, Jizhou
and Ninghe) in Tianjin. Tomato yellow leaf curl virus (TYLCV) and endosymbionts were detected in
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these populations by PCR. The resistance to four insecticides was also monitored in the 12 B. tabaci
populations. The results indicated that the Mediterranean (MED) species accounted for 93.33% among
the total whitefly samples tested, and there were three mixed B. tabaci populations with MED and Mid-
dle East-Asia Minor 1 (MEAM1). The rate of TYLCV-carrying whiteflies was 36.25% of the total test-
ed samples, and TYLCV was detected in six populations, five of which had a virus-carrying rate of
more than 50%. The endosymbionts Hamiltonella, Rickettsia, Cardinium and Arsenophonus of B. tabaci
were detected in 12 populations, accounting for 90.63%, 48.96%, 43.75% and 8.33%, respectively. Fur-
ther analysis of the co-infection of the four endosymbionts indicated that there were six co-infection
types, including HARC, HRC, HAC, HR, HC and AC, and the infection rates were 4.17%, 28.13%,
3.13%, 14.58%, 5.21% and 1.04%, respectively. Generally, B. tabaci in Tianjin was more sensitive to
abamectin (LC,;: 0.05-0.66 mg/L), but more resistant to thiamethoxam (LC,;: 267.63-2 998.80 mg/L).
The toxicity of the four insecticides to nine populations was ranked as followed: avermectin>cyantra-
niliprole>imidacloprid>thiamethoxam, and to the other three populations, avermectin>imidacloprid>cy-
antraniliprole >thiamethoxam.

Key words: Bemisia tabact; putative species; tomato yellow leaf curl virus (TYLCV); endosymbiont;

insecticide resistance

N0 Bl Bemisia tabaci & 0 F ix X AEW )12
A B 2 — AT 2 /D 600 A3 Fh A EAEY)
(Iram et al., 2014) , Xf BRIV 2 HEREY E N T
JEE LTI o KA EUSR 1 L I B A ) R
TR T AR AN, 3 R A4 A8 s 158 25 48 A
T R AR A I S A AERE R, R 2 R A ; itk
SN B 3 A B, B ) S A IR S el A
YIEIEA AR FFE & 09 A B A A RO (RE MR A A
Z,2018) o MK EUR— 20 o 44 BRI
BAWR, FA X 255 s i R = A/ NI AT 1 F=
Fh (Middle East-Asia Minor 1, MEAM1 ) il F V% [
Fi(Mediterranean, MED ) , 1.3 51| 4 B A1 Q U4
¥ Bl (Mahadav et al.,2009) . A [7] B 14 25 3238 [
Pk AL BERE ST B A AR 0 S B 25 1A AN (]
(Brown et al., 1995; Liu et al.,2012) , A L BA B 24 3t
A BRSPS HR R B A S5 B 450 3 R R 4
(Qiu et al.,2003) . H F, 3 [ 480F &l 32 2 LA MED
Bk 3 343 X o MED FlI MEAMI EFIR A %
H: (Wang et al., 2010; Pan et al., 2011; Tang et al.,
2020) o FKHETT AR ELE 28 MED & (Teng
etal.,2010) {2 A i R, SRAERE mi A/,
FEANRE 4 18 S 0 3 S A by mU B R o3 A 1B 0, 45 2 1l
(AR TR V6 T AR R TR IR

R T2 D TT LS Y 400 2R E , HRosUE
SR EERF Geminiviridae 3¢ 5.4 T AL M N 7% )& Begomo-
virus 52 16 5 e 1R BRI Y (Seal et al., 2006) . F
2006 4 LA, Fonti w4k it 99 2 (tomato yellow leaf

curl virus, TYLCV) A2 3% E Jf- 1t # 4§ 5 (Zhang et
al., 2009) , 3 [ 7 jifi 4 4F 32 F Wi ARk 2 6.67 71 ho?
(D RS b P2 DI o VAW A B 5 VR e A =)
KA U REHR AR /45, 2018) . Pan et al.(2012a)
PalAr T A 55 MRS EURMEE , o 18 RIS Y
TYLCV, J H MED Faf/ge TYLCV 9 LE B 5 55
TMEAMI [ff. 34K, i TYLCV 51 B 55
FER T RELL 2R K RS K GRS, 2010) , BIEA i i% L
DX ARy ELHE AT TYLCV 1B BUHE A i A 85 19 229
Biiif g SR SRR .

A BN A T L PR R 2 e X 2
TR M B AP S AT 24 P AN (R T A 2 )
(Karut & Tok,2014) . A5 T P b A= T 40 455 4% A ol
J& Arsenophonus . Cardinium .Hamiltonella ik R bE
A& Wolbachia | Fritschea . 5T 5 IR AR Rickettsia 1
Portiera“§ (Gottlieb et al., 2008 ; Tajebe et al.,2015) .
Pan et al.(2012b) 38 & X 4= [F 61 4~ K5k mURh RS 7
W, e BR i A bR AR B A N 2R T Portiera, T
Cardinium . Hamiltonella , 5T 5 I FRARFIIR IR B 5 G
AR e 38 N LU [ R e R P AR B 3 25 3 L T AR
TR @ AN Fritschea B« 58 W TG 1 35 25 5% o [ i)
Pan et al.(2013) A& SUARB EUH W FIRE LUAR AERIAESE
Wi B % Portiera fll Hamiltonella, 754, A B 1)
FEARDXF JR Ay EAL R 1 1 BB 7 LA 520, 4 Gottli-
eb et al.(2010) i 1 B 5¥ GroEL £ 1 & #8 PN H A= 1
Hamiltonella 7] L 5 TYLCV £ 5¢ & 1 B AE , 1M
Portiera FIN7 v IR FCAR NI TC L DI RE . NI T2
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Z 5k B 25 ek, InpREE S5 (2018) & B4R
¥y BB Nk SOk RO P 37 50 UKCIG{A | Candidatus
Portiera . Candidatus Hamiltonella .S24-7-OTU297 Fi
Prevotella )& i i 35 = THUSAPHE , F X 26y 3t
A A T R S MR UGS AL SRR AR M R R 2 —
DRIkt , P it P e A TRT A 485 2 55 10044 A AR Ry L P A 2
IR EE i

H AT, b2z Bia AT R 2 B 4 o mUse A1 2L T
B SRR AR LUSR A A A 25 10 K il L e 2k
(4388 0 R AR R LB 3 T A v ) T R A 2 —
(Basit,2019) o 4[4 B RS BT 24 1 W =%
B, A HLBEZS CHT RS AAUI SR e 3 R 2 5K
)BT PEZ 4E T (Luo et al., 2010; Wang et al.,
2010;Rao et al.,2012) , Yao et al. (2017 ) % & & 45 1A
Wy EGESE 10 4AF A THT 25 PRI, 2 BB AR mgi s
(RIBT I FR I P R R A BT 24 TR 25 A5 SR
AT AR FE M AP ) 2 T ka4 Wang F et al.
(2020) 75 L ZR 48 KRRy AT 24 P Wit 75 31 T A1
EOECT 7 S A TP s A 3 N W B g FIN E LA P
N G AR NGRS oA 53X TC B2 i) >4 b
SR TSR AC B AL R I B A T, AR 4 b
b 285 1 S E KOG . FETF UL, ) BH A b DX
oy TSN RN DL K BB 3 A0 P e A TR 0 S T
2 PR I — 2D 5 B IR SR 14 JE A, AR ST X K
7 4 HB DX 12 S HE R B A B R R 28 A T 5
X HAE AT TYLCV N 2R S 0 4700 5, I W
DT 4 Ffeds 2G50 BT, DA R T i R Tl 4R
Ky EUAS A RN T TRb 275 35 B 4 SR s P (i) 2
WA
1 MR E5FHE
1.1 #F#

AR A A - T 2020 4F [ R L7
T TR 4 A DX T B TCRIURL 3 i =
AF £ R AR BURPRE , JLARAR 12 -k mURP A
FEAFEELA 5 000 S B o 3 PR BEAE A mURP
i MED Bafl, A E O B2 Bt it e e A2 Jor 5 |
PE, KA T4 45 em 55 50 em  FL4E 18.5 mm A9
JeIRLb R 35 U R SR AR HE T AL B2 B
WFFE T N b, IR 3R AR B (26£2) °C ARXT
T (60£10)% JEF 16 L:8 D JGHEGRFE 3 000 Ix,
LR SR O 70 4%, RIS AR fr {2 e 2, °F
Y85 18~20 d BT —AX. ARAE MR A LRIEAT DPO9B,
p Hp [ R B2 B g AL T ST TR A, AT IR

JKIZ L 24 h 5, FIAEAE BLAR 13 em 55 10 em A5 57
P T 3R o PR A A - DA R 12 1R A
BEPRFP 4~5 K7 . THCE TR AR e e 2b W 35 U
IR & 45 Bt e AR R A Bl
WA E 1S, FHER B R A A A R
N RIS Rl A FE L ARTR A IR B i S ik
TR AKZE 23R ZE HORE AR, fr
Kt 4~5 e

257 2 19% 1R 5 H E BZ (cyantraniliprole ) & 77
7, 9 FEAEFBA ] 5 70% 1E HUIER (thiamethoxam ) 7K 43
BORLA B S IEIRV R R A FR A ] 5 1.8% BT 4k 4]
Z (abamectin) FLi, B HTRHE Y AR A BRA 7 570%
ikt (imidacloprid ) 7K Z3-H0RE 1, 7 3 H A A

L L 4% : KAPA Express Extract il 5] &, 3¢
Kapa Biosystems /A ] ; Ase | NI , New England
Biolabs /A 7 ; DNA Marker II fll 2xEs Tag Master
Mix, RARA: AR (A6 50) A BRA 7 5 HA 14k
[ 7= #r4li . Mastercycler Nexus PCR 1% , 7 [E Ep-
pendorf /3 ) ; DY Y-12 F L 5K A% , A6 501 /S — 14X 7%
J7; ChemiDoc XRSHEEIE 1% 245, 55 [ Bio-Rad 2>
A MLR-351H YRR 40, HAS =74l
1.2 Ak
1.2.1 A R A ey 52

K KAPA Express Extract i &0 RAER) 124
Ry EURR R 8 BT AT A T 53k B DNA $2HL, 75
Chu et al.(2010) J7 & X H AR A 47 500, >R
51 % C1-1-2195 (5-TTGATTTTTTGGTCAT-
CCAGAAGT-3") fil R-BQ-2819(5"-CTGAATATCGR-
CGAGGCATTCC-3") (M7, 2015) # 47 COI HH ¥
G PCRYHG, AT 5 | 03 o RAR A AL B (b )
BBRAFA M. 20 uL WA FR : PCR Mix 10 pL Fi
B30 A DNABIML | uL . B RUFS 1445 1 ul, A
ddH,0 #M R Z 20 pLo VR : 94 CHIZE Y 7 min;
94°C AP 30 s, 55°C iR k30 s, 72°C ZEffi 1 min, 3t
35 AMIEER ; 72 C LA 15 min, S PCR =4 i 11
Ase VN VI 4T mtCOI V), ¥ 1k fir 15 7= 4
1.2% SR W BE S FRLTK 53 B9, 38 4o BRI UG 3R e L5
S5 ARYR RV W e B/ NHEA TR LAY B R
Y8, MED BRI (1) meCOIFE R Fr Bl U A 2 A Fr
BL, 1 MEAMI (A ) meCOTREIN i BEASBERE VIIT
1.2.2 BB EAE A TYLCV 4= R 3 4 5 9 4 m)

KA 1.2.1 BB KR A L DNA AR 17 PCR
P, DU A B TYLCV AP A g g i .
TYLCV #a I A e 5PE5 9 TYLCV-61(5'-ATAC-
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TTGGACACCTAATGGC-3") il TYLCV-473 (5'-AG-
TCACGGGCCCTTACAA-3') (Pan et al.,2012a) , LA
G I B Sk AR Ry U S #E A TYLCV., by 4 & [
1.2.1, SR :95CHIAE M 3 min; 94°CAE 1430 s,
58°CiE & 1 min, 72°CZEMH 1 min, 3 35 MEFR; 72°C
ZLGEMH 15 min, FIFf3 PCR P24 1.2% B G BHEE I
LUK, 2537 19 3545 412 bp B SH5 | T ZR W12 0048
B TYLCV, AR BRI 7 s g [ 7 51 2
% Karut & Tok(2014) , W& R[] 1.2.1, {R Kk
B T oA A ff 22 5, Hamiltonella ST |
S FEIR ECARFN Cardinium 038 R AT 7= 4 K
/NG5SR 60°C./900 bp . 55°C/600 bp . 55°C/900 bp Fl
58°C/400 bp; W 2 ¥ 5 TYLCV A ) #4748 [ .
JIF 45 PCR =41 FH 1.29% B BE BEGEE I FEL R AG N , -3
b W 5 RIS AR N Fr Bt A/ INE) Aty S Tty 1
LA GRAPIS, YKy EURRE B 2 R SR A TR LA
LR TR T SCHE SR BRIC, 40 D E G Ham-
iltonella f Cardinium WHLAEH ,i0 M HC Y
1.2.3 JEm i n 2

Z:7% Wang R et al.(2020) J2 M5 A7 400Fy ml bt
PRI o F TR 25 R BT 2GR R AN EE
FHZE TR 7K B 4 P 24 550 (9 22 5 v B 24, BT 4
B R MRE 5579 0.0.02,0.04.0.2.,0.4 F12 mg/L,
S R R B 2391 R 0..1.267 .2.534 12,67 .25.34 FlI
126.67 mg/L, B HUB MR I 5331 24 0. 14 .28 . 140,700
F11 400 mg/L, Mt HLmbkyf 25314 0.,0.7 1.4, 7 . 14 il
70 mg/L, BUERK 2 4~5 ARG H W B S THCE S
426 mm YIRS, 43 1 R I RRETE AR 2R 91 v JiE
R AR 10 s, BRI 4 R E R R

TR FR Ayt R, BB 7% 26 mm . 55 85 mm 4T S 3% 55
B LE TS 1.2% SR IR HaR R 0 H
M BN TR, BT S R, S
FARS L 20~25 S, FARZEZE 11 W3t J A EL A B
BB R TR (26+1) °C MIXHEEE (70£10)% Dt
HEJEIU) 16 L: 8 D (355246 3557 , 48 h J5 K A 305
i B R BORIBE Bsk, A 2 0 R R R LAY
LC,, M H 95% BAF X (1] RPR AR HEDR , 2 95% &
R X EAESM N 2PN LC, 25 W%, Pk
BB RABEIEH AT RIET . BrEAEE=247]
of J S ) b 1 LC, 25 39 %o 28 PN AR ol R 1
LCyo HUPEZK V42 B0 XUUT 45 (2010) F 1fE 2E 1751
a5 IR RS A M SRR 5 3<PU R A5 BU<S £ M ik
PEREAR ; S<BUMAREL<10 5 AT s Lo<bitEf
<40 15 R AE KT s 40<BLPEATE<160 155 R 5
IS s B 16015 R 5 A4 L
1.3 FEHH

FH PoloPlus 2.0 &} (Robertson et al., 1980) i
T8 4T -

2 BERE5HM

2.1 HAMBEREFHEE

XPRFRETT 44X 12 A FhHELE 240 S AR BLAY 45
FELE R, REETTRR UL MED B ok 3, ik
AR BB 93.33%, T MEAMI B (i 46 10 A4~ 44
BB 6.67% (1), 76 124N RN, i M
AR B TR RN 7 I F At R MED A1
MEAMIIREAFIEE, MED 5 MEAM 1 B2 L 655351
H17:3.2:3F019: 1, HAx 9 AR A MED Faff

12020 F RETEMEBRHES REEEF TYLCV IR
Table 1 Cryptic Bemisia tabaci species and TYLCV-carrying rate in Tianjin in 2020

. N FaoR i r o LA el TYLCV MAE 4t
Fiie A Proportion of crypti ies/% P t f individual
Population No. of individuals P TYPUC species/’ rercen a.ge of indvidua’s
MED MEAMI carrying TYLCV/%

37E & FIEE Tomato population from Wuging 20 100.00 0.00 60.00
7E B IVFIE Cucumber population from Wuging 20 100.00 0.00 100.00
B TE HUURIEE Pepper population from Wuqing 20 100.00 0.00 0.00
P 2 S AP Tomato population from Xiging 20 100.00 0.00 100.00
P 25 VR Cucumber population from Xiqing 20 100.00 0.00 55.00

H BRI EE Pepper population from Xiging 20 100.00 0.00 30.00
N & FRHE Tomato population from Jizhou 20 85.00 15.00 0.00
i &5 JINFPE Cucumber population from Jizhou 20 40.00 60.00 0.00
# M BRI FE Pepper population from Jizhou 20 100.00 0.00 0.00
T F& A EE Tomato population from Ninghe 20 95.00 5.00 90.00
T A Cucumber population from Ninghe 20 100.00 0.00 0.00
T B EE Pepper population from Ninghe 20 100.00 0.00 0.00
St Total 240 93.33 6.67 36.25
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2.2 REMEMBEIES TYLCV IERS

X REET 12 AR EFPEEE A TYLCV 5 BL Y
K25 0, Hodh g 6 SR ERKG NS T TYLCV,
HA SAF#EHE S 50% B9 MRS TYLCV; Bk
AW, HEAE TYLCV WA AR B o A A S 8K
[136.25% (F 1) MRIFIEATIHT, 2k A 767 X 11
3ANFIRERIHER TYLCV, & AN e | 2 IR FE R0k
HURP S B4 100.00% . 55.00% F130.00% A4
H TYLCV ; 1M 2k [ &M X A 3 4 Fhie 35 2 A6 1 2]
TYLCV ; 3k FH i35 DX 2 iR A e JIOR e o 54
60.00% F1100.00% - MMAHE TYLCV , BRI
A D B TYLCV; >k B 79 XA 3 ik Fh #F A
90.00% [ MAHER TYLCV , F04y 2 ANFREA K 5]
TYLCV(E1).
23 RETEMABRLEALERFERLSHT

Xof B — P A R SR T L B s SR I A
12 /4~ JR0 BB R o 2LAG I 2] 4 Fh P 2 A= 1 Hamil-
tonella ST 3L IR ECAR | Cardinium M ZHEH & , A
FIIR IR O 55 [CAR N Fritschea, JTAG RhEY IR T
Hamiltonella , &Y R 7E 50.00% LA L, Hodb A 74
FREE YA 100.00% , 4R GLE8 90.63% ; T A
oo B 4 R T 87 v IR TG B Y R AE 12.50%~
100.00% 2. [8] , A2 i 5 75 i FREF B 4L 324 100.00%,

TSR 3y 48.96% ; T AT R AEYIERYL T Cardini-
um , 45 PP RE YL RAE 12.50%~87.50% 2 [7] , Horp*
TA] B JTCRPRE SRR L 8 8 5, o 87.50% , V- 131 JER Gy 3l
43.75%; 12 PP U 4 AP T R ME s
PIIEAE TR, 430 P 5 S TICRPRE | VG 7 BRI R | T
T 2 Sin PR R T IA) B I RR B R R 0 B R
12.50% . 12.50% . 12.50% F1 62.50% , *F- ¥ J& 4L 3R g
8.33%(#2),

XF 4 P e A= B P IR RGBT A,
TE AP RETh & A 6] B Y Hamiltonella . 7% HE TR
J& LS IR ECAR R Cardinium (HARC ) IANA, 5
HER SR 4.17% 5 12 4 Fh R A7 7E [R) IR I e
Hamiltonella , 7. 7 UK AR F Cardinium (HRC %) 1)
AMA, R BRI 28.13% 5 A AE 7 0] 25 T Fh
B % I [R) BF Y Hamiltonella . 2% HE T J& 1 Car-
dinium (HAC ) (A, (5 0 SR 3.13%
TE 5P EE & B0 A 5] BB G Hamiltonella 157 56
KGR (HR D) iy, 7 S AR89 14.58%
TE 4/ FhRE v & A [R5 JE& e Hamiltonella #1 Car-
dinium (HC B (A&, o5 B S A A%k 5.21% ;51X
ETHIA] S8 IO A9 1 Sk AR e I 281) ] i Ja e 2%
P& & TN Cardinium (R (ACRY) , (5 A S A
R 1.04%

R2 2020 FREFEMEMEAFBFRLANLERBERL
Table 2 Endosymbionts harbored by Bemisia tabaci in Tianjin in 2020

Hamiltonella |5 [t ZHERE)E 5L 7 7R IRIK S I Cardinium 511

ﬂlﬁf Bt Hamiltonella  Arsenophonus Rickettsia Cardinium
Population Number
percentage/%  percentage/%  percentage/%  percentage/%

75 TR EE Tomato population from Wuging 8 75.00 0.00 100.00 37.50
7 A Cucumber population from Wuqing 8 100.00 0.00 50.00 37.50
BTE BRI Pepper population from Wuqing 8 87.50 0.00 62.50 75.00
P F AP EE Tomato population from Xiqing 8 100.00 0.00 62.50 12.50
VU R Cucumber population from Xiging 8 100.00 12.50 62.50 25.00

BRI Pepper population from Xiging 8 100.00 12.50 75.00 37.50
T Tomato population from Ninghe 8 87.50 12.50 50.00 50.00
T A Cucumber population from Ninghe 8 50.00 62.50 12.50 87.50
T B EE Pepper population from Ninghe 8 87.50 0.00 12.50 25.00
N R EE Tomato population from Jizhou 8 100.00 0.00 25.00 50.00
i 2% JIVFIE Cucumber population from Jizhou 8 100.00 0.00 50.00 62.50
i BRI FE Pepper population from Jizhou 8 100.00 0.00 25.00 25.00
J3T Total 96 90.63 8.33 48.96 43.75

2.4 KREWEMHEMRZAELNER

T 24 T 20T T 41X 12 M LR e A 7
J1 5 B, LC,, 7E 0.05~0.66 mg/L 2 1] , Hirpxif
T B TR A 25 T d iy, X T Tl e i P AR A 75 T i
0, PR3 oM A5 2500 0 o & N U B 1 172

6.60 1% 5 1 HRUE XTI 12 e i) 2 g DO ok 51K
LC,, 1 267.63~2 998.80 mg/L 2 [fi] , 152 Py Sl Rh A
FHEE , PR EUEE 2.26~25.37 Z 18] ; J U R BE R X B
w12 ARG D R LCL, 7E 7.71~54.69 mg/L 2
[E] , o0 78 7 2GR P 8 ) ey, X i P R
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HEEE ) SN, P PO B o3 ) ol 25 9 SRR
(1) 7.34 155 F1 47.68 4% 5 Mt HEobox B A B 1) LC, 7F
5.67~359.49 mg/L Z [ , vl i P BRARRH A 0
T TIOR3 0 3 i, Y29 0 % INBRURR e
(4 1/3 5 X6 7 T0] e AH AP 04 0 W e A1, 2 38 N UK
FRHEDUIER) 17.48 15 (F3) o 4HT 4 B 255705 A [R]
DXFNEF ARy BRI A B2 ) & R, s oA

TE BRI | U7 F A A | P 7 BTURR AR | P 75 R
PBORIRE {00 e A A o T B JTURB R 3] H 3 i o
AR RGP 3 ST X O SRR Lok 4 Bl 245550 O i
ST HH TR IV Ay ] 24 2% > R o e > b, ek o>
WE H I 5 T o SRR AR | 7 RSB AR T PH SR
i 3 ASFIRERT 4 B 2470 (19 SEUROK - Ay B 4 7 R >
WEE R T4 0 P> 1 %

R3 RIEBTUEME LR R XS 4 T2 7 B4

Table 3 Resistance monitoring of Bemisia tabaci adults to four insecticides in Tianjin in 2020

255 T P BUPEATEL(95% CL)
Insecticide Population LCyy (95% CL)/(mg/L) 7 Slope£SE Resistance ratio
(95% CL)
g2 MED-S* 0.10(0.03-0.26) 11.08 0.182+0.168 —
Abamectin  Z0IE B A Tomato population from Wuging 0.66(0.32-2.41) 3.52 0.133+0.144  6.60(3.20-24.10)
7 8 IR EE Cucumber population from Wuging — 0.12(0.06-0.24) 4.16 0.102+0.095  1.20(0.60-2.40)
IS B EE Pepper population from Wuging 0.18(0.08-0.42) 9.12 0.133+0.130  1.80(0.80-4.20)
T F i Tomato population from Xiging 0.22(0.15-0.34) 1.67 0.122+£0.121  2.20(1.50-3.40)
T 5 AR Cucumber population from Xiging 0.13(0.02-0.50) 5.32 0.112+0.110  1.30(0.20-5.00)
T BRAUIEE Pepper population from Xiqing 0.37(0.26-0.57) 141 0.140+£0.132  3.60(2.54-5.55)
T F A Tomato population from Ninghe 0.07(0.04-0.12) 5.64 0.267+£0.220  0.70(0.40-1.20)
T RAEE Cucumber population from Ninghe 0.05(0.02-0.08) 0.77 0.153+0.132  0.50(0.20-0.80)
TITHARFIEE Pepper population from Ninghe 0.61(0.24-4.58) 428 0.133£0.137  6.10(2.40-45.80)
#] N A ANEE Tomato population from Jizhou 0.20(0.06-0.73) 4.44 0.154+0.151  2.00(0.60-7.30)
i M| 85 AN EE Cucumber population from Jizhou 0.55(0.20-4.05) 8.54 0.133+0.148  5.50(2.00-40.50)
I BRI Pepper population from Jizhou 0.18(0.06-0.65) 13.835 0.154+0.153  1.80(0.60-6.50)
TR MED-S* 1.05(0.65-2.49) 8.85 0.092+0.240 —
Hgfte IE AR EE Tomato population from Wuqing 10.14(6.54-17.49) 10.08 0.215+0.214  9.66(6.23-16.66)
Cyantra- B #IUREE Cucumber population from Wuqing — 14.04(9.92-24.88) 3.43 02070217 13.37(9.45-23.70)
niliprole  EIEBAFFEE Pepper population from Wuging 12.67 (7.88-33.39) 5.83  0.269+0.283 11.05(6.87-29.11)
VU5 FAFEE Tomato population from Xiging 11.66(9.92-14.11) 0.16 0.219+0.227 11.10(9.45-13.44)
T4 i IR Cucumber population from Xiging 7.71(3.73-18.81) 25.03 0.210+0.228  7.34(3.55-17.91)
PUR B TE Pepper population from Xiging 9.09(5.06-27.31) 17.29 0.232+0.255  7.93(4.41-23.81)
T AR Tomato population from Ninghe 23.74(15.13-41.99) 3.47 0.255£0.195 22.61(14.41-39.99)
T R RE Cucumber population from Ninghe — 11.64(9.67-14.56) 237 0.229£0.239 11.09(9.21-13.87)
T HARFRRE Pepper population from Ninghe 11.49(7.57-24.19) 7.59 0.221+0.237 10.02(6.60-21.09)
# M AN EE Tomato population from Jizhou 14.96(6.35-43.14) 433 0.212£0.171 14.25(6.05-41.09)
#i] ] 5 JRFIE Cucumber population from Jizhou 18.95(6.87-81.58) 11.21 0.237+0.183 18.05(6.54-77.70)
B BABFEE Pepper population from Jizhou 54.69(26.10-222.33) 5.19 0.216+0.155 47.68(22.76-193.84)
BEdiE  MED-S* 118.21(41.89-265.08) 921 0.387+0.173 —
Thiame- 3% A FIE Tomato population from Wuqing 984.99(555.48-2 262.80) 1.47 0.345+0.128  8.33(4.70-19.14)
thoxam 7 T JRAIEE Cucumber population from Wuqing  467.83(166.22-2 695.15) 11.4 0313+0.123  3.96(1.41-22.80)
BIEBHEANEE Pepper population from Wuging 756.90(383.17-2 524.36) 245 0.278+0.122  6.40(3.24-21.36)
H A A Tomato population from Xiqing 267.63(58.32-949.00) 11.24 0.321+0.124  2.26(0.49-8.03)
T4 iR EE Cucumber population from Xiging 2 998.80(967.15-155220.00) 3.97 0.313+0.116 25.37(8.18-1 313.11)
PUTBAFIE Pepper population from Xiging 1391.62(917.380-2478.24)  1.21 0.379+0.138 11.77(7.76-20.97)
TR Tomato population from Ninghe 941.28(683.99-1400.34)  2.71 0.456+0.169  7.96(5.79-11.85)
T A EE Cucumber population from Ninghe 1041.70(431.91-5618.30) 237 0.261+0.114  8.81(3.65-47.53)
TR BRI Pepper population from Ninghe 371.94(242.20-630.64) 1.68 0.290+£0.124  3.15(2.05-5.34)
i M 2 AR EE Tomato population from Jizhou 1 027.60(471.28-5 915.30) 0.74 0.586+0.284  8.69(3.99-50.04)
i TR EE Cucumber population from Jizhou  1692.32(1 114.31-3 090.51)  1.71 0.557+0.211 14.32(9.43-26.14)
BRI E Pepper population from Jizhou 1 831.60(614.98-47 572.00)  4.94 0.366+0.148 15.50(5.20-402.44)
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el P L Rl HAEATE(95% CL)
Insecticide Population L€y (95% CL)/(mg/L) X Slope+SE Resistance ratio
(95% CL)
Mgk MED-S* 20.56(9.08-104.00) 0.63  0.111x0.117 —
Imidaclo- X3 %M Tomato population from Wugqing 66.29(30.26-301.71) 0.81 0.133£0.129  3.22(1.47-14.67)
prid I HANEE Cucumber population from Wuqing 5.81(2.95-12.05) 6.48 0.125+0.129  0.28(0.14-0.59)
B BRFNE Pepper population from Wuging 44.13(13.41-3 869.82) 5.43  0.120£0.105  2.15(0.65-188.21)
i AEE Tomato population from Xiging 17.77(6.73-88.09) 637 0.227+0.186  0.86(0.33-4.28)
P B IFIEE Cucumber population from Xiqing 10.15(3.63-27.91) 7.08 0.162+0.133  0.49(0.18-1.36)
VU BRI EE Pepper population from Xiqing 16.29(7.92-63.04) 626 0.145+0.143  0.79(0.39-3.07)
TR Tomato population from Ninghe 359.49(245.47-602.64) 216 0.508+0.231 17.48(11.94-29.31)
T KA Cucumber population from Ninghe — 47.71(22.08-221.11) 338 0.192+£0.158  2.32(1.07-10.75)
TR L Pepper population from Ninghe 9.91(6.11-17.18) 2.83  0.149+0.136  0.48(0.30-0.84)
M 2 S FHEE Tomato population from Jizhou 196.55(99.36-610.55) 8.72 0.413+£0.197  9.56(4.83-29.69)
M RN Cucumber population from Jizhou 90.86(35.50-635.80) 120 0.167+0.149  4.42(1.73-30.92)
PN BRI EE Pepper population from Jizhou 5.67(2.72-13.39) 6.71 0.133£0.144  0.28(0.13-0.65)

* T 7R R REURRFI A 76 KT A B A B AR P I 5 T = N R A, R A AT R B 257 . * indicates sensitive

population, maintained in Institute of Plant Protection, Tianjin Academy of Agricultural Sciences. They have never been exposed to

any insecticides.
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ARHFFELE F B, 2020 4R A4E R 4 4 X R4
[ 12 KRRy ERR R R L A 9 SRR MED B, A
3N FPEE A MED [eURf il MEAMI R AR & & 4,
MED Fa A A o B 4 U~ 14 119 93.33%, & W1 H i
FHE T AR B B LA MED B2 R 32 H A A D R
MEAMI BafhfE7E ., 5 2009 4E KT LA MEAMI &
Fh A 3 (Pan et al., 2012a) A b & 4= T AR KAAE1L .
M A (2020) R XSH:AE (2020) 4301 - 2017 4 Fl
2019 AF X R T AR Ry EURSFP S R TEA T W, 341 % 30
HA MED [, A5 78 R 4 1 HH A mUET N A i
T I A e p oG ) MEAMI B, 2 3 45 8 19 8T
R, X RE SRR S G 7E L b Fe g i X L
KUK, PR S R 2 70 R I DL A A TR) , S 3
T4 M A R B IR A7 E MEAMI R (U4
2010) . I, A5 75 28 AT e B 2 HAT AN [A] P
SRR AR ASORAERE S, LABH A S T AR R LB
o3 A0 0 e A5 B

MED P& i 3 . MEAM [e i A7 5 5 (1) 14 55
At 11 (McGrath & Harrison, 1995) . ¥4k, KETH
HE A ELBE R L MED il 3, ffifS TYLCV 5 )
W R & AR T, 2009—2013 4EE A R I TY-
LCV 5| (R #0078 R HE T 45 b4 A & A ORE K B
85,2010; FHAE,2014) o ABFFERGEI 12 A FRfE
A 6 NP TYLCV, Horp S AR 8 2 50.00%

(AT TYLCV, Y45 36.25% HH A B4 14
e TYLCV, A7 EIADRE , ot L AR s sy
TYLCV W/MEE R 2, kil i 4 AT A e A
3N FPEESE A TYLCV, #5 47 > 14 EL 6] 4 60.00%~
100.00% , 5 A i M i R AR A I E) TYLCV, &
T B AL T AT A3 TYLCV, 235 it i e
A 60.00% F A TYLCV, ¥ 1553 F 90 42 14 5
R ] BB SR AR I 2 37 R FP I BB A 06,
XK F , REETTPH AT 2 A4 XA AR Ry R
HF TYLCV B/ Fe B4 5, AT 53k 2 4> X ARy L
L2 MED JRfP —E KR . KB e inak s i
PR Z L TYLCV Rtk S 22 A5, REER i w ikl
55 B0 2 & IR LA R B 45 (i #3445, 2016) .
JHA EAE A TYLCV A& 4 1 ME — EL A R (Kheyr-
Pour et al., 1991) , X} H:ERFh IS RY W47 B R 7K
WA BB 7 TYLCV 51 5E 59976 27 95 #Y Al 32 A
LAl

HiT, © I8 A B AR TR 2 A R
J& . Cardinium . Hamiltonella . % /R B 58 [G AR | Frit-
schea ST 5 IR FCAR FI Portiera 25 (BEHEH S, 2017)
JEy EUMEAM 1 BEoffd i {35541 Hamiltonella FIST v,
KA, MED [ 80 W #EH Cardinium . Hamiltonella .
AT T J8 AN ST 78 R A& (Héleéne et al., 2015) . AHF
FEFR B U T KR TN A R A T R G A
I B2 DX R Ay LS Y G N A B AL HE Hamiltonel-
la SESTIR AR | Cardinium F1 3 HEWE @ 4 Fh , R IRE
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i ECARFN Fritschea WA A I 2], Hod MED g sk
Y1 Hamiltonella N7 5O AR | Cardinium R HETR
Jeg o AT T DA A RT3 PR A b S RN R A AN
[F] T AN[A] , 45140 Pan et al. (2012b ) i 35 BF 57 AR A3
A AR TR A R R B, ok A E 19 B 614
FhHEERIERYL T Portiera, 221~ H [a) B RE Hh BT 7 Ik
[CAK . Hamiltonella F1 Cardinium .50 Jg& 4% 55 i 7] J8%
Gy MR IR EL 5w AR 2 A AR FIRE rhpl A3, oK
KIS MEF B A Fritschea. Karut et al. (2020) F5%
R IAE T BB IR 4045 (9 10k L MED Fafh 7 A iR
IR B g AR EJER & B Hamiltonella, ZRWE5E & B0
R AETTAN[7) 43 A 1 DXO6F (A BN AR A — 2 Y 52
M), JH v R TR TR R P 7 DRI TR DX A A L
PRI F] , Al 3 CHEARAG N . Pan et al. (2013)
5T 45 R B4y EL MEAM L BRI AEFREE A ST e,
R I B e f 8, 3R 51 100.0% , 111 25 3 A A 14 57
o R PG AR SRR e R A AIG ; EH IR P ok & 3K Hamil-
tonella, T — ShZI R RER) Hamiltonella B UL 2R H13K 5]
5, N 83.3% . ARG K BLEF X N LA T Y 2
e I AN B 55, AT e A [F) 2 3 SR b A B A
K. Su et al.(2013)## 5% & BX Hamiltonella . 5T. 53, X
[RAA | Cardinium F1 25 e TR & N A 75 008 mUry
R AR AT — e R e LR N AR TR Y
SR BAEFP R P B SE 4 o 37 s IR TR e
JoB IR 1% U 9 G A — 3% I e 0 2 o 8 i e o ik
HEF T TR R O R O BRI A R
(Ghanim & Kontsedalov,2009) . A8 5% H3k A 74
T DX IR BRI RE AR B 7 30T DX ) 2 73t
B TR IRYY 1 s R G, DRI, T A b
R BB P AR TR AR R e — 2D R T R
BB IR KGR — e 2%

A BUR L 24 P32 B SR EE 75 R L
W 2457 45 Z2 Fh R 2252 ) (Wang et al., 2017) . M
A (2020) 1 6 R T 23 XA 2 At Rt A L
FPREUE T PTG PR Wi | 2 B2 P Xt nT 24 1 25 AURK
XL Pt e W R R L 2 TR R AT Bk 7 A —
FERREERBUME . ABFGEY R T W I b BN 7Y 323
Bl , 2 SR 455 s At A HEFE N Y 4 11X 12 4k
PP AE T BT 4k 1 2 Aot A . AR R 0 RUT 4
(2010) by e T LA Wy H o 8 /N Fh X6 BT 4 1] 2 Ak 1
BUBIKTE , 1A Ak T U BEAKSF-, 3 A B
B IRt |, 2R B BT 24 1 25 4752 B 3R R T A
A R AH R T SRS R R U2 24 55 B Bt
PR RS , AT A 3 FH 24 70 R4 TR I TR A e

FH o 1 HRUWR D)X R T T A ey s URR R 9 25
BEAIG, X S (2015) X6 R HETH 2T DR A mUR
UMW I 25 53— 2, vT BB Y MK it FH A 2%
25 O, DRI st 2 TS 0 g A M A S 24 5 0 A TR
SEAPRE . R LR mUGT T W 4 A 24 5
PPk, A IRt AR A T LC, dE e TR 4R 3R
XA R LC,,, B 5 # 1Y 116.20~544.68 1%,
R P BB FR P i a A 52
HRL , POPEREAE 0.28~17.48 Z [A] . 1% % W U Fh
BELE 2 INRIFR AR (R R Atk bk A AT R e s, W]
FE -5 TR 38 A {6 b O B 96 R A T S O
A, 2007)

25 LT BRI T2 002 AR mURS R A 4
I RE S P A TR T AT 2 M S AR RS 150 2 X R
By AR TR (A BB s i et o AR R T A
A5 TYLCV i Ol A5 i , Bl 4 B b it FH 24559
Xk A A b Bk 35 M AR TYLCV 5 R )96 220
FrEdR R+
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