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/NERIR L EREIAE R - Da b BRI R ECEE G T RIR S - HIESGENE S 2 WS
WISV B IR - KR “HBEEGRARRE - "EGHH - (HB g =i
AR EFESRBEKRE#®IE - KA EFESER - 87 LR ERZ
R A HE - PR EUR R T3 B LR Y 2 AL B BRI A O RS R L R
FHER TR 72 o (EMGERRR R Bl L B2 BE IR & B2 B R I S iy Al SR - MRk )
B AL B T A b SR B+ (ENR S L SR EE P A I A ek L OR - Rl - B EY)
I ek 5 B IGIR » E REAYE S U BT i - AR AR VR RN RE B RIF Y
BIaRCR - CH A MuR e ~ AR RIS SEm B gR T ER S BEH - IRERTZ

BZHI : 20184E8 H 2 H
* SEEWE# o E-mail: cctzeng@tactri.gov.tw
"B fTERREER R T B R Y AR T



22 EMREERE 4

T RBURFSPUER] - IKERAERE ] EREZ NN & - HERRELgR IR RIRFR S REH] -

BB« BRJTE - SREISEREREL

e

BITREAE - SR RIEET
s E IR - (LB EEREESANEEA
O R T A R O B TR R S R
i FH P = 01 B8 R AR [R) o AE AL BE A - B 3
FH T & ~ o I B A AR DUEE T - SRR DT
B EEMANEE - BLS REBCRULZ 2R
o~ KAERE T EEL  BUAEYIEER Wk
WA - AR Lt ER - A
AV ZER T TR e FE B - A2 SR
AR B RIBGIERCR RS - HrhER Ty
(Bacillus thuringiensis > Bt) W% %
T~ RO e A e 5 - sz 2
HE © MJIEE Ram il - EAH
— MR E AT - B R
Ho2E W5 gt 1Y R AE R B
ME L mHER TRt E (e EEY
R BORKRAIEIEYIRE 2YE
D GRIED R -

B HiSeak R R LB A mi B - B
BHFmSERIER ST - GReTHPI S
HESyEEELEN TR A
AR LHEA (endosulfan) B ik SR & B8
M #%& » B 7 e B 0 3 3 0 &K
(Helicoverpa armigera) W% @R Ih » 32

HEIR A A B e A R i A A

He N=as
ERIR S ~

FEPUER ~ BOLIER ~ W I1EH

WHEMCEH A HZ B 5 W
G 8 % HE & W
(cyhexatin) » =K ¥&$ (fentin hydroxide)
il J#H 1T #F I
» Btk) & & B HPIE/ N
% (Plutella xylostella) Wf » LY UE
Y s LRGBS (dedes aegypti)
S H EEREERL (Anopheles gambiae) HE5E
o fR ) B B AL B R &R B AR BE A
(temephos) {REPIIAE &% @ AN FEALR
M A RBE  RENGEE R B A
GO R R T i B Ik R A S (L B
25 AL FI] (fenvalerate) ~ EEJHEE (cyper-
methrin) ~ FHJH%E (permethrin) B % Z H
PR EE AL 2 sl BN /515 (methomyl) Y
Bk E BB g (diflubenzuron)
BE - BEXGINBGIGIER R (Spodoptera
littoralis) W97 ") 5 [T EF D B BLAL
B2t ik B 25 AL M B A 32 8 (monocroto-
phos) & & B 6 R LK e (Spodoptera
litura) » AN {H {5 b 22 3% ek P50 1) 0 FH) & J6K
N BESERHEF M EGRE Y A
it T a0 2 DML B8R T X » 56
{TE:fk JJ B (Bt tenebrionis) HLJ & & W
{bgafE 37°CHIERIE S » REAIIBIIES
RiFF B HRBE (Cryptolestes tur-

. 7, =y = 1
cicus) TEEEH - BEERAEED -

(binapacryl)

(Bacillus thuringiensis

subsp. kurstaki



BRAGER AR @i 4h » B 0 TR B BRI PR
B R - BBIBEEER (strep-
tomycin) ~ % {R $f il 32  (thiophanate-
methyl + streptomycin) 525 B A7 fist 75 2 1))
HlER TR AR - BRI B BRI A
B R iEEE BES  (folpet) [z 35 3% F} (captan)
AR ZINHIER iR 2 Bkk )7
EAER  fEE LT (captan) ~ FHELSE i
(propineb) ~ & 7 (mancozeb + cy-
moxanil) * $EERIHGELE (mancozeb + met-
alaxyl) & =7x[E$, (fentin acetate) HEFR
Hx TEER - GEREIZ SIS -
B F A VEVIIRE » B8R T3 o e SR 56
g .

/NIRRT ORI E A
B A/ NS 3 EE R B IR T R DAL 2R SE I Ry
¥ HECHEHENGETE - Hilh
WFFTHE /NS M 26 1 o e e 1 7 A 8
M > BIATINERER (carbofuran) ~ ZREH] ~ B
V% (permethrin) ~ [A/EXYT (abamectin)®
T NRIEPIER S o RIS e R
wmA - HINERIEYE S - frAERh
B LINEA S DG L H AR S DEER
x o

TE 157 S s JEE i s B2 8 R B T B 2 SR
A s HR R ERSERTE 130 HE -
rrAL B BE R DUE PR 25 (dimethomorph) ~ 3
3% (imidacloprid) MHRJEES (acetamiprid)
R HREE - DIWl 4L % (chloran-
traniliprole) ~ %3 3% J& (fipronil) ~ 3 ¥
(dinotefuran) J% & 5o F% (pencycuron) £
AEERE ) o ARWFFEBk R hE Hhe

FRTERG RIS 23

B FH T it 2 AL 222 8 - DI & B
b/ NI R R R B R - T RR )
BR B L B R SR 5 B o B

BEZERNERUEET - 2 i B g
Pill & 75 58 B B BE TR & < B 3 S EAH I
ZBRAGR - FEHRAEYITE TR R CEEUE
&) RILFEFEEREE (Co-toxicity coef-
ficient)( > 3 9 121320, 21,22, 24,20, 27) s g
TNEEFNE G AR - DUREEE < SR
R EERNR G 1% < IE - HIR G %R LA 5
BARBE KR 120 W Rt JITEA (syner-
gistic effect) » FIREERNR &1 L 75 WL EH
RGN - TR & 3R < L R
BAE 80 B 120 Z[HIIf - FoRB e SERI A
FZ B ZE » R /EH (independent
effect) 3 LA FERAREUE/ A 80 I - Al
FOREER < FEOH BRI - i R S DU
(antagonistic effect)  AWF7EH HFEA(LE
SERMKHE S IR T 2 B b B2 < TR
BRI 2 SOR ~ R I BRIR & HAS
A VI EET & 7% ek SR DA AL B3 B &
R TR o it R

FORHEL 5 i
— ~ fEEEER
(—) &J1H -

Ll 5 #k I &

subsp. aizawai, Bta) ABTS1857 48.1%
(35,000 DBMU/mg) WG » &£ i LE

(Bacillus thuringiensis
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I EIRAH] -

2. [EHT#ER JTEE (Bt kurstaki, Btk) E911 60%
(30,000 DBMU/mg) WP » fga2 e 1%
HIRAFE -

() fLSasa

1. %% (lambda-cyhalothrin) 2.8% EC -
SRR ARAF -
2. B{PEE (deltamethrin) 2.4% SC » 151k
B ERAH -
3.3#%fF (dinotefuran) 20% SG » BEOE
MERAH -
4. \[JET (clothianidin) 16% SG » 5}
JALB R IR -
5. Lo K% (acetamiprid) 20% SP - HiEHE
IR R R IR H] -
6. 253EM (imidacloprid) 18.2%
HERITARLH -
7. FTE2YT (abamectin) 2% EC » FZHRMFE
A HIRAF]
8. [KIJE7] (emamectin benzoate) 5% SG -
BRF R R iy AR A H] -
9. i fl#2 (profenofos) 43% EC » FH 1
SHERAHE] -
10. Ffit2 (chlorpyrifos) 75% WG » {51
g T A R E] -
11. B #fr#s (chlorpyrifos) 50% WP » 224
R HRAH] -
12. Fg ¥ (chlorpyrifos) 40.8% EC » H1%E
KRB S e Sk e AR -
13. IR F] (carbaryl) 39.5% SC » il

SC » 2

FERHIR AR A -
14. 55 JLIE (chlorfenapyr) 10% SC » #f
HIRAF -

(2) LB -

1. BHFERK (azoxystrobin) 23% SC » &L,
BT RRDAERAH -

2. 75 5ifl] (difenoconazole) 24.9% EC » §
RV T BIRAH]

3. fF5F] (difenoconazole) 24.9% SC » %
FrER I ERRAHE] -

4. BEJ = (procymidone) 50% WP » A=)
LB TERAERAH -

i<}
[y

(1Y) FeAta g 7 & )

1B W% % AR 5 (Spodoptera
exigua SeNPV)
0.64% SC » FZRMEERGHERAF -

2. ALKy AR B (Bacillus amylolig-
uefaciens BPD1) 1x10° CFU/mL AL » &
IR A G RRA F] -

.M S E R (Streptomyces candidus
Y21007-2) 700 PCU/g SP » EH&E4EYFEl
IR HRAH] -

4. FhEREE (Bacillus subtilis Y1336) 50%
(1x10° CFU/g) WP » EZREVIRHLR S
HIRAH -

5. % K8 B (Trichoderma virens R42)
2x10° CFU/g AP » SEM YIRS 13 H
FRAAH]

nucleopolyhedrovirus,



(o) REEA :

FEIE-90 - JEHET BUREH
R ARNH -

AR

() PEASERINE -

BEP DIKMRE ~ G IR (2000
%) B o 25 2] B FR TR I o O
A5 BRI R I [ HE P U R B AL B E AR
HERIRIE G 1/2 BE 1/4 IREIRSG » ik
PREEIR B A -
=~ i R

EEEYEYRBMNEANfERZ
RS2 M R /NS (Plutella xylostella)
Sy i SRR (Spodoptera litura) %jj
w0 2 DU A2 A Lk} 55 2 AL a2 o
BALREE BN (25T ~ 70% RH -
L:D= 12:12) » $kiE e & 898 0t AV
HIE -

=~ A YpE TR
() /IS8 3 1 A

HERER » DIRAIE KRB ER
(15 cm®) » JBF3E 1 i3 A W R B A i
38 HIRHDUKER - 3R BN
Lk BETH LBERARK 9 cm
ZESRENY - FRERA 10 £ 3 @B/
SRR shER - B 25C ~ 70% RH ~ L:D=12:12

FRTRIRGREERRL 25

CIEFERET 0 KE 24~ 48~ T2 /NRFRREIEE
RCERIE Cabdy - BRBE > = KM > — 2 F T
fr R B SR e R SR B2
R R T B AL SRR R S B 5
— T IEE TR T B B 1 LA AR Y SE R
G -

() RHSUTR I A Pt 1 03K

[l (—) QEFRENE  BER
B EBER 30 L8 (B 3.5 cm» &
& 29 em) o BRER L 1 £ 3 )R
RHECR IS S & - B 25T > 75% RH »
L:D=12:12 2350 » #% 24~ 48~ 72~
96 ~ 120 /NFFEREH S0 SR 0 T e B 731
AR 120 /NRRZIG ElE E o PR A
ik 7 TR B L B i S 5 i PR B B
B RIE SRR -

9 ~ AVt R 0

B B3R E PR A T 1 AR SR 2R
&L - & Abbott’s formula fZIFFETR
© s DI E BB SE T3 Probit analysis
GrHT o SKREGAEE 72 /NRFRR P BESE R
FEME (LCso, ppm) » #RF 5 B 35 5 4R
B EAEN - BRI E R KA
3 [F] 35 AR B (Co-toxicity coefficient ;
CTC) » Wi IR SR &E T -

Bt LCs
Mix LCsq

= AXS LCsg+BxBt LCag .
(ATB)xS LCy,

CTC 100
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Bt LCso= fik JTJE & LCs
S LCso= {LEAEEAZER] 2 LCso

R ASHEATS < HFEFERE (CTC) -
ol Rl H FHIREE A [INERF] (170)] ~ H

ek [(MRTRAS (65) ~ FEHTISY 75% WG
(59) ~ BT fs 50% WP (35) ~ P i i
40.8% EC (64)] ~ Frhat 4900 [#FIK =
(66) ~ SHBIWE (11D] ~ Frfedi T R
B (108) ~ AT (125) ~ BHIEEE (97) »
WERE (115)] ~ PrAeESRE [FMEIT (33)
KIRYT (80)] ReR4r¥E [FFLIK (89)] -
o B e T ok T R A B RO S PLE A
19 AEREE YT ~ TR - B
75% WG ~ FHTFy 50% WP RTFE H £
40.8% EC » HER IR 7 81 JI7ER -

Mix LCso= Wit ZEHIE 584 Z LCso

A= FRJTETER & EERI R EVIRE (ppm)

B = (LA SE R 1E R & 220 P AR B
(ppm)

i e

EEHTRR S E911 BALERRLERTH -
MR RE RS CEBEBRR R
R AL B2 R ) & T 1) H 25 B8 71 B8 500G

R— EFFEIE B HEREBFIKEBREREAH/ NI IETX
Table 1. Toxicity of mixtures that contain Bacillus thuringiensis subsp. kurstaki E911 and the
full recommended concentration of various chemical insecticides against Plutella xylostella

.. LCso (ppm) Co-toxicity .
Insecticide — - . 1) Summarized response
Pesticide ~ Bronly Mixture  coefficient

carbaryl (39.5% SC) 491 0.67 0.63 174 Synergistic effect
profenofos (43% EC) 1.66 2.76 3.32 65 Antagonistic effect
chlorpyrifos (75% WG) 9.61 2.71 6.37 59 Antagonistic effect
chlorpyrifos (50% WP) 8.56 2.83 10.19 35 Antagonistic effect
chlorpyrifos (40.8% EC) 6.72 1.56 3.54 64 Antagonistic effect
lambda-cyhalothrin (2.8% EC) 0.67 2.18 3.00 66 Antagonistic effect
deltamethrin (2.4% SC) 1.68 2.62 2.32 111 Independent effect
dinotefuran (20% SG) 18.94 1.94 1.97 108 Independent effect
clothianidin (16% SG) 6.88 3.15 2.60 125 Synergistic effect
acetamiprid (20% SP) 7.41 1.36 1.50 97 Independent effect
imidacloprid (18.2% SC) 4.17 1.94 1.79 115 Independent effect
abamectin (2% EC) 0.011 2.76 1.65 33 Antagonistic effect
emamectin benzoate (5% SG) 0.004 1.41 0.26 80 Independent effect
chlorfenapyr (10% SC) 4.85 1.15 1.45 89 Independent effect

Y Co-toxicity coefficient: CTC=toxicity index for insecticide mixtures/theoretical toxicity index for
insecticide mixtures X 100. CTC > 120, synergistic effect; 80 <CTC<120, independent effect; CTC < 80,
antagonistic effect.



FEEHT#R ST E911 B LERRR S - K
BB IR & BERGABR R (R
BE B AL [F] 32 50 FR ¥ (CTC) » 43 B Ry i
ERF (145) ~ fiTRER (62) ~ FIHTFY 75%
WG (54) ~ IR 50% WP (81) ~ Faiffa
40.8% EC (76) ~ FE{&EE (75) ~ B E
(98) ~ #EHRfFEg (120) ~ ®A[J& T (116) ~ 5
VR (131) ~ a5 (110) ~ FIEIT
(45) > RWFT (93) ~ 5Lk (91) KRG
FEIR o BLEHEATER T EIR S HE N R EPUE
R S ~ FIEYT ~ MR ~ Fa i
M 75% WG FIRgHriL 40.8% EC - HiEx

Rl Ry 3837 Btig JIPEA -

FEHT#R I E911 B LR (FF
SaF] 24.9% SC ~ REFERY 23% SC ~ {54
F 24.9% EC ~ BEJREE 50% WP) - {KifE
S PR & BN 2 BERGREERE R GR
=) BB HER#RJIE E911 2 LCs
4380k 1.83~1.83 > 1.76 ~ 1.76 ppm » &
G HAZ LCso ks 1.65~ 1.76 ~ 3.04
1.50 ppm °

R #R JTE E911 BLEH SRR % M4
B9 3 (SeNPV) ~ WAL & ¥y & fU R
BPDI1 ~ i FI 8 32 Y21007-2 ~ filiBi AR

R - BHERDEECERBBKCERFELHNRE SN
Table 2. Toxicity of mixtures that contain Bacillus thuringiensis subsp. kurstaki E911 and half
the recommended concentration of various chemical insecticides against Plutella xy-

lostella
Insecticide LCs (ppm) Co-tox.icit%/) Summarized response
Pesticide ~ Btonly Mixture  coefficient

carbaryl (39.5% SC) 4.91 0.67 1.00 145 Synergistic effect
profenofos (43% EC) 1.66 2.76 3.73 62 Antagonistic effect
chlorpyrifos (75% WG) 9.61 2.71 6.07 54 Antagonistic effect
chlorpyrifos (50% WP) 8.56 2.83 3.93 81 Independent effect
chlorpyrifos (40.8% EC) 6.72 1.56 2.56 76 Antagonistic effect
lambda-cyhalothrin (2.8% EC) 0.67 2.18 2.77 75 Antagonistic effect
deltamethrin (2.4% SC) 1.68 2.62 2.65 98 Independent effect
dinotefuran (20% SG) 18.94 1.94 1.69 120 Independent effect
clothianidin (16% SG) 6.88 3.15 2.77 116 Independent effect
acetamiprid (20% SP) 7.41 1.36 1.55 131 Synergistic effect
imidacloprid (18.2% SC) 4.17 1.94 1.81 110 Independent effect
abamectin (2% EC) 0.011 2.76 1.99 45 Antagonistic effect
emamectin benzoate (5% SG) 0.004 1.41 0.39 93 Independent effect
chlorfenapyr (10% SC) 4.85 1.15 1.34 91 Independent effect

D' Co-toxicity coefficient: CTC=toxicity index for insecticide mixtures/theoretical toxicity index for insec-
ticide mixturesx 100. CTC > 120, synergistic effect; 80 <CTC<120, independent effect; CTC < 80, an-

tagonistic effect.
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Y1336 ~ #kAREE R42 FHMBEY
BE o ARHEEE IR SR & /R BE R
AEEA R RN HEEHEH&KIIELZ
LCso 233 1.91 ~ 1.05 > 1.05 ~ 1.07 »
1.05 ppm » REBEAHZ LCso By 1.95
1.02~ 1.01 ~ 1.10 ~ 1.10 ppm ©

BhEERR JITR ABTS1857 EiALER5% &k
B (EREE ~ Fris ~ s ~ InfRA]
FTERYT ~ %l JLIR) » ARHEE IR R & H R
R I o BERGR BRI (RTL) » BB S
Kz - BB FASERE S I ABTS1857 »
B 120 /NFRZIETTHR (%) BliE e

PR E (mg) > 575Ky 86.7% (4.9 mg)
80.0 (18.9) ~ 93.3 (4.0) ~ 90.0 (4.8) ~ 92.3
(5.4) ~ 100 (0) ; {LERBERURHEEIRENE S
FEE B 93.3% (4.1 mg) ~ 100 (0) ~ 76.7
(4.8) ~ 100 (0) > 96.0 (13.5) ~ 100 (0) ; 1L,
EAETIRCEIR A AR R 86.2% (3.4
mg) ~ 100 (0) ~ 80.0 (5.5) ~ 93.3 (4.0) »
92.0 (5.3) ~ 100 (0) ; {LE2ZERA] 1/4 FiR
BHEAFEER 76.7% (3.3 mg) ~ 93.3
(2.9) ~ 86.7 (5.9) ~ 89.7 (4.0) ~ 100 (0) ~
100 (0) » M EHATE 2 F9EE (mg)
F5780 118.6~52.7 714~ 67.1 ~ 763 mg °

R= -~ BHEOE B9l B ERARKERREESH /N2 a8 R
Table 3. Effects of mixtures containing Bacillus thuringiensis subsp. kurstaki E911 and the full
recommended concentration of various chemical fungicides on Plutella xylostella

.. LCso (ppm)
Fungicide -
Btk E911 only Mixture
difenoconazole (24.9 % SC) 1.83 1.65
azoxystrobin (23 % SC) 1.83 1.76
difenoconazole (24.9 % EC) 1.76 3.04
procymidone (50 % WP) 1.76 1.50

RO~ EHRFHDE B EMAEDER IKEBREREAH/NTE 2 MEBBR
Table 4. Effects of mixtures containing Bacillus thuringiensis subsp. kurstaki E911 and the full
recommended concentration of various microbial pesticides on Plutella xylostella

Microbial pesticide LCs (ppm)

Btk E911 only Mixture
Spodoptera exigua nucleopolyhedrovirus, 0.64% SC 1.91 1.95
Bacillus amyloliquefaciens Ba-BPD1, 1x10° CFU/ml AL 1.05 1.02
Streptomyces candidus Y21007-2, 700 PCU/g SP 1.05 1.01
Bacillus subtilis Y1336, 50% WP 1.07 1.10
Trichoderma virens R42, 2x10° CFU/g AP 1.05 1.10




fih R T ABTS1857 Bt 2R B
(FFFa Al ~ BEFERD - IRHEEIR IR G EH M
R I SRS IR (RA) » FBRA
a R FH B HEE IR R S B HSk
CRE R 100% -

p={1'3
-
Sl

EERDIA/ NS g ~ I~

k- By - RIS ACERRRE - WAKIE

B TERG RIS 29

FABEHIE A R AR 2 S8R - 53 B1E
ZERIERBERE HIHIT IRAC 1A [EELFRE
HEXH (IERA) ~ IRAC 1B HHEBEE (ffiTR
P&~ B iTAL) ~ SPBE T OEE TR IRAC
3A GEbRERSGEE (BREE - FWE) B
o T LRI 27 i MR IRAC 4A
e TE CGERE - W T ~ BRI
BE ~ 3R ~ R AMEMIPEEEE T mE R
ALFRETH IRAC 6 (FTE23T ~ RIIT) K&
IRAC 13 THE 7o A LR LK

RE - MFEFRDE ABTS1857 E(LBEEE R REBMARELE 120 NFRZRBUR

Table 5. Mortality of Spodoptera litura after exposure to mixtures of Bacillus thuringiensis
subsp. aizawai ABTS1857 and different concentrations of various chemical pesticides

120 hours after treatment

Mortality (%) / Average weight (mg) of survivor

Pesticide Pesticide ABTS1857 Pesticide concentration
Control ) |
only only Recommended Half Quarter

lambda-cyhalothrin 0/ 78.0 33.3/24.8 86.7/4.9 93.3/4.1 86.2/3.4 76.7/3.3
(2.8% EC)

chlorpyrifos 0/118.6 100/ 0 80.0/18.9 100/ 0 100/ 0 93.3/2.9
(40.8% EC)

imidacloprid 0/52.7 0/41.4 93.3/4.0 76.7/ 4.8 80.0/ 5.5 86.7/5.9
(18.2% SC)

carbaryl 0/71.4 23.3/32.9 90.0/ 4.8 100/ 0 93.3/4.0 89.7/4.0
(39.5% SC)

abamectin 0/ 67.1 0/54.3 92.3/5.4 96.0/ 13.5 92.0/ 5.3 100/ 0
(2% EC)

chlorfenapyr 0/76.3 6.7/ 73.4 100/ 0 100/ 0 100/ 0 100/ 0
(10% SC)

difenoconazole 0/75.2 -/ - 100/ 0 100/ 0 -/ - -/ -
(24.9% SC)

azoxystrobin 0/75.2 -/ - 100/ 0 100/ 0 -/ - -/ -

(23% SC)
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fE (7 IK) 55 - FIBATE EC (LA »
SC (KR&EH) ~ SG (KIEMERIH) ~ SP (K
TR ~ WG K53 BCHERIED ~ WP (7] 35
PERA) ~ AL (FLAREHT) ~ DP (Kr#l) - M
SRR AE Y o A SR R R
BEEAS % 7 R B LA AL B SR PR £ i T
BOR 0 B ERII ST FUE 2[5 55 SR B
70 LUF B HUER ~ 70-100 By 5& 37 AE
Fi~ 100 DL Retos JIER » RS Sk
By e 2> 220202229, ST SRR
WFged » %kl 120 DLE - A B i3 S 1E
FUZ 12820 ORI SE IR B R HE - fE Ry
FFAGATAE

JEE T ok T TR 1 A B i B /)
KRRV EE GBS R TR LR - [
BT ~ M sRAL ~ BT RS 75% WG ~ Faitr
R 50% WP~ FFHTfL 40.8% EC » {EHERE
EEEGEEER RN - SRR ECES
/N 80+ JBEEVUIEA - HrR R ARAL ~ B
Wk 75% WG ~ Bt 50% WP ~ Bz
40.8% EC » 5} IRAC 1B G HEIAESE
o SRR R R il - M ERES 0 HE
HEEE TR MRS H BRI - MR
M S ok T BRI & BRI A ik R RS AL
B K BEI. (dedes aegypti) J H MR
JEWL (Anopheles gambiae) » Wi AN EL
FLEm® -

AR SRS R T o B & PR i 5
¥ A RBERERBEERE - e
T~ fFHs ~ FEids 40.8% EC - Bl )y
BRI 2EESE TR - HAE AR 2
FLAE] (EC) BB - ji AL e i ok ) g B AL B2

B (FF ] 24.9% SC -~ BRFERK 23%
C ~ 5kl 24.9% EC ~ BEJEE 50% WP)
BE e - IR ELRR T B LR AU A
el (24.9% EC) G LCso fH * 2
BB AR IER 1.7 5 SRS
LGB 2 RS aR TR AN T
TR R R R R T R G AN
Ay Bl 2 70 0 U 2 R TR VBIR & O o e
O BER AR T 1 7 50 A B L Y > 8
PREABH - SR H 2SRRI AL HH 2 2
ST ERER ~ R DI MR A
GHEHE— SRS - BSIMNAFRRER B L
Vi I i 1S 1 00 71 ) O g B P S R D AR
o BRI ERIR AR - IR
JER (& 174 0 A 145) » RIEE
DG A B (AR - TR A
B~ WG IEIR - WIBEE) - LA R
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Assessing the Effects of Mixing Bacillus
thuringiensis with other Pesticides

on the Biological Activities of

Plutella xylostellaand Spodoptera litura

Fei-Ting Hu', Sheueh Kuo', Ching-Chou Tzengl*

Abstract

Hu, F. T., Kuo, S., and Tzeng, C. C. 2018. Assessing the effects of mixing Bacillus
thuringiensis with other pesticides on the biological activities of Plutella xylostella and

Spodoptera litura. Taiwan Pestic. Sci. 4: 21-36.

Current agricultural policy primarily focuses on safety and sustainability. Significant
progress has been made in the development of microbial agents, and these agents are in-
creasingly employed by farmers. Microbial agents are less dangerous and more specific
than chemical pesticides, and furthermore, these agents are harmless to humans, animals,
natural enemies of pests, and beneficial organisms. Microbial agents can also be used in
conjunction with chemical pesticides to (1) reduce the amount of chemical pesticide that is
required to protect agricultural crops and (2) achieve more comprehensive crop manage-
ment. The current study focused on developing methods by which B. thuringiensis can be
mixed with chemical pesticides. In so doing, our goal was to reduce chemical pesticide use
while still ensuring that crops are sufficiently protected. For this, recommended concentra-
tions of Bacillus thuringiensis subsp. aizawai (Bta) and B. thuringiensis subsp. kurstaki
(Btk) were used, and microbial agents were mixed with chemical insecticides (applied at
the full label recommended concentration or at half or a quarter of this concentration),

chemical fungicides, or other common microbial agents. Co-toxicity of mixtures involving
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B. thuringiensis subsp. kurstaki E911 and chemical insecticides (pyrethroids, neonico-
tinoids, avermectins, milbemycins, or carbamates) used full or half-recommended concen-
tration to P. xylostella were independent effect or synergistic effect. This indicates that
mixing B. thuringiensis with the aforementioned chemical insecticides did not lead to ad-
verse effects. However, when B. thuringiensis was mixed with organophosphate or chemi-
cal insecticides (at full or half recommended concentration) that contained emulsifiable
concentrates, antagonistic effects were observed; therefore, B. thuringiensis should not be
mixed with these compounds. In contrast, mixing B. thuringiensis with chemical fungi-
cides that contained emulsifiable concentrates yielded a mixture that was less toxic than
was B. thuringiensis alone. This suggests that, if the primary pests only belong to the order

Lepidoptera, strong control can be achieved when only B. thuringiensis is used.

Key words: Bacillus thuringiensis, co-toxicity coefficient, pesticide mixture, antagonistic effect,
independent effect, synergistic effect.



