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WE. KUK T /NEM T K & & Steinernema carpocapsae 3t YA ¥y & Bemisia tabaci #91% 32 & 17 DL K %t H [8]
B AR E . SRR, B (2842) C, BAEE (60+5) %, HMHEEREGLET,
LRAEANVENEREE KA, 2~3dARERT. FRKE S 2B AL SRR EFR, N
B I B AL £ 22416 50 13 10s/mL 3 ¥ 85 85 3 38 0 4 4 )8 i il BRI R 40 5] h 42.79%, 34.74%,
29.31%, *HE#H (1 840 2 8 ) Zh R0 A 44.58%. 41.66%. 39.61%. Bh7| 5% d—AT4% 4% 7T ¥
5% E AR EARARE, ZBFHR 22 0s/mL, B4 1000 5 5% d—A7 50 o i 5 i R & 1+,
B s Fu i B B R B 3A B 60.61%F0 61.55%. ] HUM T B 5 T ACE R BB I s AR
HFEHR WP, FEHEEA LS. 1. 05Lm  WAKET, BRERRELTEHH] 4 66.49%. 66.50%.
47.78%, K EEAREHERESI A 69.30%. 58.52%. 51.83%. b, wiifi/IN 2% ki I 4 s 3P B &
H— AR HIBR, BABIR 5% d—AT & VT B AR A (R BEE AL, PRFFHOMCT b 5% I8 VT DASR & X A
2 B B WOR .
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Control of Bemisia tabaci in Pepper by Steinernema carpocapsae

CHEN Xiangrong', XU Caixia’, HAN Dubin', ZHAO Ming', ZHOU Fucai'"
(1. College of Horticulture and Pant Protection, Yangzhou University, Yangzhou 225009, China; 2. Zhejiang Lvshen Natural Enemy
Biological Technology Co., Ltd, Hangzhou 310000, China)

Abstract: Infection of Bemisia tabaci by Steinernema carpocapsae was evaluated by artificial inoculation and
field control efficacy was assessed on pepper plants. Our results showed that the nematodes invaded into the
whitefly nymphs in 4 h and caused nymph death in 2—3 d at the conditions of (28+2) ‘C, humidity of 60%, and
humid pepper leaf back. The nematodes showed concentration-dependent control of B. tabaci. The mortalities
caused by 22, 16, and 13 nematodes/mL of the nematode-containing fluids were 42.79%, 34.74%, and 29.31% in
elder (third and fourth instar), respectively, and 44.58%, 41.66%, and 39.61% in younger (first and second instar)
nymphs of B. tabaci, respectively. The combined use of adjuvant 5% d-limonene SL with the nematodes
increased the control. The optimal result was observed when 300-fold dilution of nematodes was combined with
1000-fold dilution of the adjuvant, which exhibited the highest mortalities of 60.61% and 61.55% in the elder and
younger nymphs, respectively. The control was also significantly affected by the humidity on the leaf surface.
When water was sprayed at 1.5 L, 1 L, and 0.5 L per square meter in the field, the corrected control were 66.49%,
66.50%, and 47.78% for old nymphs, and 69.30%, 58.52%, and 51.83% for younger nymphs, respectively. Our
results indicate that the nematodes have the potential control B. tabaci, which can be promoted by adding
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adjuvants and keeping leaf surface humid.

Key words: chili; Bemisia tabaci; entomopathogenic nematodes; Steinernema carpocapsae

JHH B\ Bemisia tabaci (Gennadius) & i b HEE HU2 — o 1% MU I R B AR 07 108 BEE 7RI %
O3 WA R R AR B 5 e A R 5y AR S R BRI BT N AU, B S Pl 4 4
fY SR R SR A PR RO MR, RS L S I R 2B gAY E AR RS A LA B4 AR AT W ER A it
CB O L SRR FHANYAE T, A T S 2 SO A B 22, I Mk B & DD 30, S K
BetiorEom, MACE BV E, HATRA N EREE, AT LR E B LA S o T BRI
AR, MR BT PRI, (48— Ak R 2 B VA R AR R R, IR T B3 b B Ak
ik REEARIG XS o PRI, R B 22 A R BT ¥ 7 VRS2 219G

R 5 2k i i 2 AR KR 8, 20 4D 30 4EARH0A I 2 dupy a3 dupg o™, 20 it
20 80 AFARLAK, fEE . L. WUORAN.. PE. BIRESE [E AR B HUW IR 2 AR . AR AT
12 JeMLA J A0 5 SR B v 25 7 T (T e A 7 e e gt Fe U1 e T R R Dk s 0 Rt R0 1 T T 9 40
AR 5L AT BN, R G R S NT 26 L Heterorhabditis bacteriophora Bi Va bk = BE K4 Batocera
lineolata Chevrolat ENJEF/NFEH H. indica LN2 B AE8H Bradysia ordoriphaga F/NE& T FG2k HL S,
carpocapsac A24 BitG/NE W Phaedon brassicae Baly 2577 ¥/ IAF T 3 ORI M 2 iRl
Steinernematidae 157 /N 2k iR} Heterorhabditidae 25 )32, Jopd py #8548 3048 i o i m i e, figqe
16~48 h PYfd 25 3 B BRI sRMCEEE B, %R R S TN TR R IR, W RV 2 i
SR AR 2 G, DR R S AR VA T A T T Uk, X PR A R M AL &
e L, AN O B Grapholitha molesta (Busck)s A58 . ¥ t 45 Bk Phyllotreta striolata (Fabricius)
s AU B P R A3 B T ) R R,

W2k, —8L SRR L RS L, JEIAS T8 3 . Cuthbertson 251!
WHFCRIN, (2 AL H IS A AAE AR b, Ry BRI ZE T 260 (2 v T IR B HUT IR &k L Steinernema feeliae
St H R B AR AT BRI ), OO R L 2 WA I BUER B Ah, EMIRZ (. Rl
R B A ER . PR R D AR B IR B A R GRS R R, R P S
TEAT BRASUGA TR B 42 BT A WARE o A ORI FH /N A 07 G 2 LR NT 17 0 Ji 4 Hoxof BRABUIR R mL 1 2 ol 4
F R TR AT REA, - DU by i S Bk w0 S 7 P2 3 1T 1 T Bt o
1 M#RE5RZE
11 ki

AINEIEITICER L AL SR, WV LaE i R B EDI R A B A 7 A2~

B 5% d—FT R0 v s, B 2 B A i 1R A PR 2 ) A

T B SR HOUECR 47 N R 2 Bl 255 R A DR 4 2 Bt i S e b R R, AR N AU B R A
AR B 75 3 BN B (IR AL 25°CE1°C, AR 70%E5%, 6l N
18L:6D) .

BRBL: BT 15, HTE IR AR B g et T it o AR 5 3 A A, KB
a5 1.

1.2 NEHETIRZ HAECH

W3 ANEARZ 1 em M2 AURFRIGRRERIBN A T, 0 300 mL Z818K, $55838%), WMol pled bR,
RGN JURBEZ) S 6600 s/mL. 43 RS AN 0.33 025, 0.2 mL B 3 4> 100 mL et il
AR M RE R 22 16 1 13 1Js/mL ARV o
1.3 NEIETC L BT IE R B AR

RAE KB T HAT LY 80 Sy mU# He Ry B St Jabu et b, R ) I AR ok A S AR A, iy
[ b, BB A EAR 12 cm WBEERT IR o HI/NRUBE 55 3 70 BRI i W8 %5, AEsk i WA 2 mL,
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W% 2 J5 0 i (28 +2) C4F N AN B BE & S 5k th 2 Yead 72, IFRID . iR B4k
16 IJs/mL. 21t 16 Is/mL+Bh5ll 5% d—FrA500 1000 G AN EEE, REACEE 3 AR, RHAMEL RS
DRI AR B ks (3 R0 4 %8, RIRD FMIEES (LRI 2 %8, FIRD #5H020 ko UL B ARFY mA dLif
Jis LR AR A BRI 58 2125t iis 4 K HUPRAE R A AR G B 2y o WL R) B 2 h 45 RS0 ) mE 1 mL
ZENRIK,  DATRRE B Fr 2 T et o
1.4 /NEEHTC 2 BRI B 75 7R E A 20

KA B A A BT 80 kLA BB EEBURT F,  FIENR 0 WG R BRSO, o e i T ) b,
CEAEEAR 12 em BRI AL IRI6 B/ NG 2R B ALl S &R 220 16 AT 13 Ts/mL 3 NAbEE,  FH /s
S5 B W AE B A 1, Akt B iR 3 mL, WHEKVEN . AbEE 1. 2. 3 d 5 R AR R EL BE
T2 N TR 70, DRFFBOY P e, 7EsaR I 70 o (R OF I, OREEME A5 54T 20~30
ANNFL, DURIE R ORI PR T A o RER AT IR AR B0t 5 mL Z8087K,  DALRRR BbsH F 2 i
P .
1.5 /NERHTEC L AR FIEL A X 1R B SE T R B 52

AbPE TR 1.4 RIS 2 e 2216 Al 13 Ls/mL 43 35 B3l d—Fr 4 1000 I , W KAVEXT .
FH/N W3 2 2R A0 BB I T mE 25, ARkt Ak 3 mL, WE%)E 1. 2. 3 d WS EstT %,
1.6 AEIMEKE XS/ B ET K4 R H E)E § 5 2 A #20

RIS P HEAT, BEANX 10 mPe REAT ] 22 Us/mL 12k HUE 100 mL/m?, 4 M 56 26 Bkt
FAMWEE K 051 1.0 1.5 L/m*3 MEBL, AWK, AR 1. 2 3 d J& A& A B Sl s R RIHIE
WA PET-F . W EHE 3 .
1.7 BEFITEHH

TET-% (%) =0T HUMEL AKX 100%. FET-HDEARAE R : HUARSESE, AR EOARRT . RERIR % (%)
= (ZypT s — 25 5 d R0 /2577t IR X 100%; AR IEBTARE (%) = (RbFEX dt B % —
XTI TR 2D /(1 — X RIX AR 2 ) X 100%.

H DPS G A 24T B4k 43 1 A1 Microsoft Excel #4440 FE £ 4

2 ZFRESH

2.1 NEEETR S BRI E S RARR

2 IR RENE R Eh A Gy U LU, I ANBIFR) d—AT R e 2 HUAR G B I 18] S e (P<<0.05)
W2k AN, S AR AR ST sl , < Ja SRARAE R B SR R L S M mCR A, A
PRI SR8 g, KRR BE . 2k AUAEZY 24 h AR AT AR, TN B G Ze th 2y 4 h R Al 2 A0
By 8l A, IFAWHERY BRI S . il dua) LA P R DU R SRR AR A R AT AL
PR AN O/ iR AR R A AL, AR WG Ze dU AR B (R D

#1 FENEHEBREANEHEERNYE
Table 1 Number of B. tabaci nymphs invaded by S. carpocapsae at different times

pogii B 2 HUR N IR#7 U3 (k) Number of nymphs invaded by EPNGs at different treatment times
Treatments 0.5h lh 2h 4h 8h 24h 48 h 72h
16 1Js/mL 0+0 0+0 0+0 0+0 0+0 2.67+0.33 4334033  6.67+0.33
16 1s/mL+5% d—F7 4545 1000 £ 0+0 010 0+0 1.33£0.33* 2.33£0.33* 4.001+0.58* 6.331+0.33*% 9.334+0.33*

Ee AR 7 R e MR ZEF B (P<0.05).

Note: “*”indicated significant differences between the same column by the ¢ test (P<<0.05).

2.2 NEIBHTRR S R LS RAE TR

2 i b RN BT ERAE T A W BN . 22 I0s/mL 25 AN PR IS 3 d MK BV 8 0 v 6 7 R i K
T2 A B 44.58%F1 42.79% (3R 2) o MK B\IKI A0 T2 Bl A 2t A B (] 1) 2B K S B 1 T i 34,
22, 16 A1 13 Us/mL L HUARPE 3 d J5, JF BVIRES 47 NPT 7l @& A0 PE S 1 d (1) 1.28. 1.34 Fi1 2.42
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5o MK BB T R BE A 2 HOR FE AO42 m i SR80 L3, 22 F1 16 IIs/mL ZEHUALFE 3 d J5, HRky El
IR I PE T %53 2 13 Ds/mL 2 HUf 1.68 Tl 1.54 1% i 25 I ZET 240 W2 13 Us/mL 2k HLi
1.46 F1 1.19 £%.

F2 LHALEBEMEEHRMETE
Table 2 Mortality of B. tabaci nymphs after S. carpocapsae treatment

2 kg ZET-F Mortality rate (%)
N tod trati
ematode concentration 1d 2d 1d
(IJs/mL)
iy ficiie (T ficie i ficiie
Elder nymph Younger nymph Elder nymph Younger nymph Elder nymph Younger nymph

CK —2.71%£279¢ —6.861+2.33¢ —2.17£3.50¢ —8.26+3.72b —1.46+4.43 ¢ —10.874+2.05b
22 19.48+0.55a 25.71+3.06 a* 30.05t1.74 a 3349+183a 42.79+249a 44.58+1.19a
16 17.831£0.40 a 18.41£1.59 ab 24.39+2.20 ab 32.77£3.57 a* 34.74£2.75b 41.66+0.96 a*
13 11.58+0.87b 16.31£2.54 b* 18.14%£2.61b 30.88+£0.86 a* 29.31+1.65b 39.61£2.54 a*

T REE NI RS, R RSIEEE S AR RIS 0.05 ACE N EREE . BF R 7 KRB, [ A R RS
WPET L ¢ W7 57 B2 (P<0.05).

Note: Data in the table were mean & SE, different lowercase letters followed data in the same column indicated significant difference at 0.05 level. The “*”

after the number indicated that the death of the old and young nymphs in the same treatment at the same time was significantly different by the ¢ test
(P<<0.05).

ANTRI AR 5 2 AR B ES R s 47 RPET R AT E— B 22 (R 3D o mikELk duabs, #riy
I HUBET R T L, B RO ERR AR K, PP 22 Sk g s AR Pk A3, iyl A
WA AT R E R B . 1122 Us/mL 28 HRALFE 1 d, RIS UsE TR b il U 32.00%, W i
AR R, MAREE 3 d I, RS ORI e 37 BT R [ B B 2555 {H 13 Ts/mL 28 HUAREE 1 d, i
WA HIPAET - L s 47 U 40.85%, MHACEE 3 d I, ARESS BT R L mid 47 HUsy 35.14%, b Al
RIS LRI BB T 26 A A AR B 2 ) 22 57

R3 KEMBFIASAERBYEE R TE

Table 3 Mortality of B. tabaci nymphs after combined treatment with S. carpocapsae and additives

pisdil ZET-% Mortality (%)
Treat: t
reatmen 1 d 2d 3d
[t fii? [t (it fiEics (it
Elder nymph Younger nymph Elder nymph Younger nymph Elder nymph Younger nymph
CK 0.34+1.25b —4.86+1.98 ¢ -1.96+1.26 ¢ —6.87+£2.53d —421+149¢ —12.71£3.68¢

22 Us/mL+5% d—F#5 45 1000 £53  26.23+£5.36a 26.48+2.54a 40.24+0.88 a 40.35+1.78a 60.61+2.08 a 61.55+333a
16 s/mL+5% d—Fr &4 1000 f53%  19.13+£2.01a  20.67=1.04ab  26233+238b  30.07+£128b  5320%420ab  51.69%3.25ab

13 Is/mL+5% d—F1 &4 1000 £5HK 14.82+2.12a 16.961+2.45b 23.37£225b 22344267 ¢ 43.37+3.35b 44.52+3.44b

e RPEHR AT AHER, RPRIIARRFEERR 0.05 AP FEREE . SUr)am 7 RoRm-—4bB . [ @i AT 25 2L 5
R =R EE (P<0.05).

Note: Data in the table were mean & SE, different lowercase letters followed data in the same column indicated significant difference at 0.05 level. The “*”

after the number indicates that the death of the old and young nymphs in the same treatment at the same time was significantly different by the t test
(P<<0.05).

2.3 NEIRETR S RANBNFIER B 3RS BRI HIE R

2 HRINF 5% d—FriEMa 1000 A5 IRIBEE15 FH BE W S 3 s DRy UK FE T 2R o 28 UK FE T -4 Bl 5 T P 4 1R
WRPE BT R A AL B ) (BT BT (GR 3D, TEAHRIZe HUGERI ) R, JEA B A0 T e 2 LR R A
BN RS, 22 Us/mL 2kt + 1000 {53 B AL EE 3 d )5, Mk EL s s e T % b 16 Us/mL 2k i+
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1000 F5 ¥ BhFIAN 13 1s/mL 28 1+ 1000 F538 B 7153 3 7.41%- 17.24%, HOARE AT HAET 255 5l =) 9.86%-
17.03%. {EAHIRIAEE 2 dARBE R, JE0Ry mU Ay HROAE T 28 bt e A PRI TR) () ST 7, 22 T's/mL 46 2+ 1000
GBhFIALEE 3 d J, R B AT R I LA EE 1. 2 d A 34.38%. 20.41%, HUARESE BAET:
O 35.07%. 21.02% (£ 4)

CEOER 2 MR 3 VTLIE T, 2k dURIBh IS 18 F B8 2 2 HE moch Aok U R R . S BRI L,
22 1Js/mL & 1 +1000 {3 AR EE 3 d )5, mwddy OAVIRES 47 P T 38 LA 1 d 43048 1 T 41.65%F1
38.07%; 16 IUs/mL £+ 1000 firBBIAIALEE 3 d J5, b dONMIRES 45 SBT3 50 iR s 1 35.37%F1
33.28%; 13 Us/mL 1+ 1000 fErBBI AL EE 3 d J5, b JONMIRES 45 U PR T30 50 iR T 48.00%F11
12.40%.
2.4 HEREBIKE X2k BITH ERUE B A 20

TE S0 5 N HEAT 2 HUR N ARES T R I, 78 W P 3 /N IR BA 05 v 2 U AR N MR L, O HLER U 5
ST, OhAE HR) S RTINS, S oo A 3 S 0 BRARCH K, DASE R GRS R B . W TR I, 2k Uit
FH 0 S5 AR P R 0K B IR B, L 16 10s/mL RV FEEALBE 3 d J5,  Wh R s i 4 s R i
A5 P FE )7 20 57 i ) 47.78% K1 51.83% o 15 Jitl FH 2 HURIT 56 78 BRAR_E 7K mT DL S 25 45 = 6 Ry L1
8%, AR W E MWK R 0.5~ 1.5 L/m® (36 [ Y, Bl WE/K & 10 8y 2k & BTt s, mii sk i
ALL3dJ5, WK 0.5, 1.0 1 1.5 L/m® KB K BIoH0_E il 25 Bt 1E B 16 808 o HE 2 IR R T 17.72 %-
24.57%F1 35.54%, (K F5 HURIAS IE B VA ROR Lot A 4R i T 26.22%. 30.61%1 41.39%. Wi/K 1.5 L/m’
I, e U RS IE 7 A ROR B3 T I WK AR B (P<<0.05) IS 5 HL KB ¥ 50 R AN i
WA

R4 FEIBKE X R R B2 BB

Table 4 Effects of spray water volumes on the mortality of B. tabaci nymphs

M 7K BIEFIG A Correction effectiveness (%)
Water volumes 1d 2d 3d
(L/m%) — — ‘
#i1% Elder nymph  f&#% Younger nymph %% Elder nymph {4 Younger nymph %% Elder nymph ik Younger nymph

CK 30.95+1.76 ¢ 2791£3.18a 41.2942.80 be 39.471+3.44 be 47.78£3.11b 51.831+4.41 be
0.5 30.66+1.64 d 41.44£335b 40.25+1.79 ¢ 49.59+4.26¢ 48.67£1.70 ¢ 54.13+431¢
1.0 36.04+1.61b 4832+1.09a 49.21+£1.66b 54.161+2.07 ab 55.52+2.11b 58.52+3.39 ab
1.5 55.44+£2.65 a* 54.761+1.48 a* 64.361+3.47 a* 64.95+3.03 a* 66.49£3.72 a* 69.3£3.74 a*

e RPEAE R PIE AR, RTPRESIAR P EER 0.05 KPR ZEREE . BUVRT “*7 FRORIE - AEB L R I ) S R RIS K AT
TR (MR R R (P<0.05).
Note: Data in the table were mean=+ SE, different lowercase letters followed data in the same column indicated significant difference at 0.05 level. The “*”
after the number indicated that the death of the old and young nymphs in the same treatment at the same time was significantly different by the ¢ test
(P<20.05).

3 it

NN, W AR e 2 HUAE Al RS S PR B, R A R B A AT 2 A R S LA K
Wesh FEAZAMLE CIALTT AT B %) BEAZF 0 Y, B R U s v i 3R A, AR T
TR A A A A B A TR TS AL B 01 8 2% R ) i DA R R R G, B AR A 48 h AE T
WO AE , 25 3 7 RO AR R AR R AN i, S VR RO B BRIV IR . A AR AR
HWREGIR L WA UM, G R RS 25 CAf, IR R SRR, HIF IR
FEUF R RBEFR I, NSO G L 24 h Y RERS A2 OB B AUk Py, R ELAEAE 3d A4 AR SE
F oy, AHAER Y B b 7 o (IR BEIR R . B A R R SR TR RO Y, LR R E A
ST I A KA FE BT, TR N B 0 il 4 T e SRR N (R TR, 4R AR PRI R, I AR SCRE I 4
—
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F2 UG JR 2 R — Rl AR R BRI AR, HATRE B8 TR A7 Il /A0 & E s, B3
FE, RmAEN R, EAEANTREEIE, WEMEY. Y. ANRLE, SHELs, MHREERA
TR B N, W H bR SRR, AR T AT 2 b, R o SR A e
— PR, DRI TR R AMNR SRR F (R, 1T K 4 4 U R iR . BRI,
LS5 R B8 5 MR 95 J5 2t p) 7 i RS Y B e R LA A ), R O iR 2 R B A ) SRR R IR R R
AR, — BTG 19 C~28 C, T Heid AR — Bl 95%~99%28 [t J5i 2% o PR vk
JEE R P (0 BER e wy, IX AR T R U B SR, BRI T R R R, DR e A A
R A0 Oy, et SO T A I IR > T R T B A A TR R HU R,
P PO e, SHAITE RPN MR 7 S PO 58 2 ) R LAYk R 2B A
SEnEE

ARI R, AT b, R Y MBS, R BT, RN Bl 2
HURHARBRAE T, AR AR B\ 26 HS2 PR B B 52 M A8 /I o AELZE BROBBUES Th W 7K i P it 26 i, ] D3R
U E KN R B IR, R TR, T4 e 2 ROT T 1) SRR B R 45 O . DR
LAV OL R, A6 08 P4 AU f ok U, T BASE ) H AR ER SR Rk S WMLk de . 28 gk = n]
DLEREAE N G Wit 2 B, A& HGWIK, WiKJG M il d, DA md R N3, AT 42 w0 4
BN ELY(E

& & X
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