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Fig. 1. The year-increase of insecticides used for control of
main lepidopterous insect pests on vegetables in Taiwan
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Fig. 2. Map of Taiwan showing the localities
of collecting diamondback moths
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EEREH  B-EREE 20 SRR BURICERIRIER > BER 8.5x16 e k2 B - R
DI B » M LMERE K Z MRS » HER 25~27°C 2FH\T » £ 24 ST BIETER
» FLABR{E #TiE (Probit analysis) *° RIEHAHPEEIER (LD, o fE3A4EHIFHH Malathion »
Diazinon - DDVP » Elsan ~ Phosdrin % Thiodan % 6 & » 5 HiA /DA 1552 10 £ -2
ZEE| o JEREEELSER Polysclence Corporation M2 silips 7 #7 FIEE # % ( Analytical
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Table 1. The chemical name and purity of the insecticides tested

Common name Chemical name Purity (%)

Malathion 0, 0-Dimethyl S-(1, 2-dicarbethoxy-ethy!) 96
phosphorodithioate

Diazinon 0, 0-Dimethyl 0-(2-isopropyl 4-methyl pynrnldyl 6) 90.5
phosphorothloate

DDVP 0, 0-Dimethyl 0-(2, 2-dichlorovinyl) phosphate 95

Phosdrin (Mevinphos) | 0, O—Dfmethy[ 0-(1-methyl 2-carbomethoxy) 99
vinyl phosphate

Elsan (Cidial) S-2-ethoxycarbonylbenzyl 0, 0-dimethyl phosphorodi- 95
thioate

Thiodan (Endésulfan) 6, 8, 9, 10, 10-Hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro 99

-6, 9-methano-2, 4, 3-benzodioxathiepin-3-oxide

o BREHSRERERARZET  ARFERERERAREERE  EHMS T EERTE
Ez R a8 R (Susceptible strain s L S-strain (%) » R L AEERETILES »
DERBRZE o RWMBRFELERCNERE REZEH N RRNEEERS 2SR » ZERT
AT IR SRR » SRR » RBEER 7T~8 UEH LDs, —K » EH LD;, R —ERESIE o
TEAFMREBERIET » BUEEKETRBESEMN o FIEMHFR (Resistant strain, ) R-strain
RBOPNEREREZEMNTREREE » HERES#SAH > BHESE » HiESss 3~4
RS S~9E LR —HIl B BB E A » S UBEZEALER H - MEHERIRS 3L LDy~
LDy, %52 Malathion % Phosdrin TIBEEIE » £& 24 /NFE W ETE 2 MEHERIR— R e 58
ANEE » BB ERRAR R HHREDD o SERRIENZFT LU MRSt » i g
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Fig. 3. The tendencies of resistance spectra of different diamondback moth

field strians to 6 commonly used insecticides
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5 Phosdrin B EHRBIEEEH %29 % 5 Thiodan BREFEREREMRRZ 2 E% o 4
Diazinon ZHZERE » RILUKERRERS » BRIEFERRFTETEENRZ 4% - Elsan BILJRL
MAZHERERE > BREHEZFERIEENRZ8(E
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Table 2. Resistance levels of several field strains of diamondback moth
to 6 commonly used insecticides
T S - B Degree of resistance
Filealzaﬁfffin Malathion DDVP Diazinon l Elsan Phosdrin | Thiodan
LDx? [RR®| LDy [RR?| LDya {RRb| LDg® lRRb LD;y@ ]RRbi LD )RR”
TE# % TF strain 6.61 4 050 | 6 073 3 029 | 6 005! 5 029} S
B % TL strain 1786 | 11 1.07 | 13 0481 2 072 | 14 009 9 048 | 9
KM% CU strain 3.0 3 045 | 7 1.82 | 8 020 | 4 005 | 5 030 S
B % CC strain 411 | 3 045 | 7 161 | 7 030| 6 0.04 | 4 024 | 4
W2 &% TM strain 2.67 2 — | — 1.021 5 — | — 004 4 — | —
EUL&% KF strain 10.71 7 057 | 7 1.02| 5 0.80 | 16 006 | 6 038 | 7
ElE% PK strain 8.71 4 043 | 5 132 6 025 | 5 0.0 7 — -
. &M% PL strain 10.71 7 052 | 17 073 | 3 034 | 7 005 | 5 025 | 4
‘EfMm% EL strain 1.18 1 —| — 098 | 4 —_| — 001 1 —_ —
16 M % FL strain 3.34 2 0352 7 046 | 2 011 2 003 3 029 | S
B2 R Susc_eptible 1.64 | — 008 | — 022 | — 0.05 | — 001 | — 0.05 | —
strain
a. LDsp [l pg/moth 7z (LDsy expressed in pg/moth. )
b. it (Resistance ratio) :Em%z%gili%lztrsii:ii
"
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Table 3. Susceptibility changes of field strain of diamondback moth after releasing from

insecticide pressure for 20 generations

B

Insecticides tested

LDsy (#g/moth)

TR 2
Susceptibility folds

Malathion
DDVP
Diazinon
Elsan
Phosdrin
Thiodan

|
|
|
l!
J

EOORHE L2 PR TE
FEfa & AR EE Ds, for the strain after
LD« for original strain releasing from insecticide
50 gina M pressure for 20 generations
10.71 1.64 7
0.25 0.08 7
0.73 0.22 3
0.34 0.05 7
0.05 0.01 5
0.26 0.056 5

a. R E (Susceptibility folds)

_ JRhAf %2 LDsgofi (LDsp original strain)

insecticide pressure)

£t (41 Malathion » DDVP ~ Elsan %) o B % HRBUB S TR
MERRBRURE 66 £ 11 B H2EMNTREBELAEHE - HETRSMEH Malathion
% Phosdrin FRFEZEHIEL > BYEZEANERE Malathion & Phosdrin Z Btk iR °

EmHEs (RE3)

ffi{k#%Z LDs { (LDs the strain after releasing from

SR
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Malathion % Phosdrin ZJ## LDy fEREES FiEiE 17.71 #g/moth & 0.107 #g/moth ° #
REFRELER ) HERRA T 5 ((fk » HIBERBERK # 5 18~19 #g/moth (3 Malathion
%) B 0.10 #g[moth (i Phosdrin /5%) ° MHPEHRAERN TR Z RS MEMAHELE » BIH
Malathion fRRZHEBRECHE 11 {% » #i Phosdrin @R ZMEEERCE 10EEE (RE4
) o

& 4. /FEIRHL Malathion @ RHET Phosdrin A2 Hilk H

Table 4. A comparison of the resistance ratio in diamondback moth for malathion resistant
strian and phosdrin resistant strian

LDg (#tg/moth)

® OB B % , # i Ik
Insecticid d o8 & £ KR 2 & H
nsecticide presse Resistant strain J} Susceyﬁtib]engtrain (R LDso/ S LDs)
Il
Malathion 18 ] 164 1
Phosdrin 0.10 \ 0.01 10
=X EAHSERE

HRER WA NRBEZERETR » TEIERBTIE LT o SR EE BB
58 » B G ILARH O fE > AL EREE 1 46 - SABR R LIPT Malathion 255% (fif8MA-R strain)
B HHNERRIINE 5 o MENSRBERERZHM Malathion [F5%FLERS MR A »

' 5. DFURRR AR IRGTEE R RN R g RE
Table 5. Resistance spectra of susceptible and resistant strains of diamondback

moth to various insecticides

| LDg (#g/moth) o e
o B %4 ] 7l 354
. o2 & & £/ W & ’ :
Insecticides tested i Susceptible Strain Resistant gtrain Resistance ratio

1k (Organophosphorus)

Malathion 1.64 18 i

Diazinon 0.22 0.67 3

Phosdrin 001 0.0y 9

Elsan 0.05 1.07 21

DDVP 0.08 1.07 13
HHE L IEHI (Organo-

chlorinated hydrocarbon)

Endrin 0.05 0.17 3

Aldrin 0.48 2.20 5

Dieldrin 0.36 2.87 8

r-BHC ) 0.11 0.64 6

DDT 0.19 0.88 4
Rk g (Carbamate)

Lannate : 0.13 0.80 6

a. FIENERESHRER Polysclence Corporation i mfiEe /-4 i Esg o
All insecticides tested are high purity analytical standards produced by Polysclence Corporation,
U. S. A.
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Fig. 4. The seasonal fluctuation of malathion resistance level in two field populations
(TL and CU strains) which compared with the changes of resistance in

the malathion pressed lab. rearing strains
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b » W NERABE 2 IR AR o HB R L 2 16T » B X FEBAL » MU= A2
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Fig. 5. The seasonal fluctuation of phosdrin resistance level in two field populations (TL

and CU strains) which compared with the changes of resistance in the phosdrin

pressed lab. rearing strains
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LS
INERAE A BRE R R A B EE A Y o MR B R R R BT E R R
o FERE 49 F£E 52 £ REMEZHE AR SAIT » FEEEHEL 4 BEREBBRERZER
aT18.19) 75 54 G 4ATE UG /N SEHREY 14 26 R B517E » 48 Diazinon » DDVP ~Dibrom » Thiodan »
CETIEBTIAGER » TR —EIRFZS - Malathion 8tH 49 IR ER B B EHR IR
ZEH > (HESAERIAPINR N ZIRZ BT R R > [RR M FTHEREF WA RFH *0 o (B Malathion
HERTFICRIBR R @b 16 LH 28R @ RANEERARHERBRBELAERBEZLKE ) =
TEREERTE S A B AE LfE F Malathion jh& © > RbHE/ DN REERERBHLERE= 1
2K o Phosdrin 7EHZE L2 TERIMERELE AT » BEMLEE 63 5 » (BT RE 50 SER AITHE F L
BiihpREE f > NILZEEME 2/ N EREE N Phosdrin ZE5E » BAIRE 15 F£ LU E o A AERAT
HZ 6 BREELE  EABREERG B EFARMBILE » ERAEAEI2FE2ZXA > WAH 61 FLRK
PR FEHE BB A/ A SRR e n > B SE 11 MR 67 S5 22 f » {EZEMERRBh A {E
Fz SEHIER BRI 28 MU ke 23 fEnT BRI 0 » TR E s e A B B0
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ELEEAHCELERENR U0 o MG LAY %EHY  ESEBME /N SkEt
NS EEEBREEA - MAREEREZ RS » A LTTEERERR L o 1l > AB—F 2B
G 20 B/ > —Fh ARG IR EHEER » HEARSEEZBEHBBEAERELZEEFTS
(27,29) o

i 2 N SRR BE PSR AL R R e > R 8 B A # B Malathion ~ DDVP -
Elsan ~ Phosdrin W@ #2527 hitk 2AREIE I(ZHE 2) > g Malathion HilE#is 2@
UL~ BROETR > BERSEERI 2SS > I — BB 2 2 H iM% (Cross resistance
) HRTER] o —BZZEHETIIR B AR T S A 1 5 3 PR T A P o 2
BIARELTUEE 00 o (A LRMEASBRGECEBEBENSE » 8/ EMES B EERT S
ZBIKEF) (Selection press) » (FIBNEALBHERY  KERVE2L BN Multiple
resistance) o JEAMES—RETIREZ 8 [ME 7% (Local strain) » ¥} DDVP #2iHE &
NERE (BHEL2RES) » LRFEE  HUAL/NERGE LY DDVP EEHE T HERIT
I o # Diazinon ZHi{k# Malathion ZHiMEMIE: » “FERBZ L EREELE » GIINEN
HRESRE Malathion ZHif%H (Resistance ratio) &8 11 % 7 » {E¥} Diazinon ZHi{:H
5 253 o M Diazinon HiikH:EF| 8 2k 7 Zi&MIH% » ¥ Phosdrin ¥k A& H
SHL4 > FEFRIINEZ WA BB FEEIE » FLEfIHIE @ B BLHT Phosdrin 2% 8 Diazinon
ZERZ A2 R SR o

# Malathion » DDVP » Phosdrin » Elsan HUP#eE 2 Mook » 7658 P97 5 S i S il
fefEE 20 1% » HEZ 1 (Susceptibility) F& Diazinon {803 (T2 4 » Mt EEEES
fEE L (BBE3) o BB ATHENSE LB SEAIE AP 2 H RN RIS R > 0 R RE Ik E 2
% » HRRERRZEWKE - B% > Ll Malathion BRERZHMETH » BY Diazinon 2 Endrin
20 FREEHRMTARSN EHERRER LB E(BE 5 ) RS ZHilk BEdRe
B o ILAEE S ER 1966 £ Ozaki ©9 345 Fh38 H /K FS BEM8EHT Malathion LI 1968 % Suzuki 40
R —ERE (Culex pipiens pallens) ZHESIEEHL o EERMEREERSE (Cameron
Highland) il iR RE i Malathion 5 55515 14/ N A5 » IREEEE ML 83 560 0 BT A 06 75 2 4
BEE O o RSB HERET R SRIRE ) » 28N SR A B BB (Resis-
tant mechanism) ® DETRFEEEZLEH - &4 (68) FEBUR I 23 (5 it/ N Ak 2 268] » A
TEE PLERZERRT 625 | fe/ N SO L £ B S RIRE ML VIR o

MRV RBIEEZ FEEMLIET » 3B RN~ ABERET » HEREE 2 R aE » 1
FRMERTEE » E—F 2 EE R EZEREML (BHE 4 RES) o FER TR b7 50 M Hi g
BESRINEER 2 #EBBLE » AREZHEHEZREATE » REEEE ZHEEEE (
Resistant gene pool) EAMREHS - REZEREFHBERZIEEE TR » REHEEEHAE
1#Z (Homogenous population) ##/5RE 2 (Heterogenous population) o {H7E B RijZZ#E> .
BET > HRIZBZEELTENERTEER 2%y Bk » —BEEEMIHE - TEH
FRERE  EREEWE G ERREMN  IERERESHNEES SIE o

BRI » E5 S G UFHBEITENERE TR RIZEN% (BT Malathion 75%)
e —E R A% Malathion % Diazinon 2335 o fERETME LR EH R 2 B 5%
& (Penetration rate) MBIEZ AR © » PLEUERLE  FRESES% DG HEE AT oy B4 5 40
[ o RIS BB Diazinon fRfS#fkl » ik R R S SRRy Diazinon {7z
R~S MR RIEMEEEE S (Cholinesterase fiif8 ChE) 2R » B/ E&% Diazinon &
EHEZRRTI R IE R B K ¥ ChE BHEURIE (Senstivity) ZIAERE 2 o 040
¥ Malathion AHHilE2 RE#EAE L4 Carboxyesterase 2 fF B @ 2 » HiERE T
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WEMEZE R CRABEBEMER » DU 7 Malathion f3457:2 Malathion acid o /N2 T /&
Bk RFFHRER o '
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Studies on the resistance of dianiondback moth,
Plutella xylostella to commonly used insecticides !

Sung-Lien Lee and Wen-Tai Lee 2

Summary

The diamondback moth, Plutella xylostella L. is one of ths most serious insect
ests of the cruciferus vegetables in Taiwan. Application of organo-synthetic insecticides
to control the diamondback moth on vegetables has bzen used by growers for more than
twelve years. Initially, when used at recommended rates, these insecticides were effective
in reducing both pest populations and damage to an acceptable level. However, their
effectiveness has been gradually decling after a widespread and continuous long-term
application as a result the pest population appear to be increasing rapidly. This is sus-
pected to be a consequence of the insect having developed resistance to these chemicals.
In order to understand the present status of insecticide resistance, the resistance spectra
of diamondback moth strains collected from various vegetable field of Taiwan was
determined by topical application using several insecticides. Most of the strains showed
a relatively high level of resistance to commonly used insecticides such as malathion,
diazinon, DDVP, phosdrin (mevinphos), elsan (phenthoate) and thiodan (endosulfan).
The multiple resistance of diamondback moth to quite a few insecticides was also found
in some field-strain. This phenomenon might be considered to be a primary obstacle to
successful control of diamondback moth by several insecticides today. The implications
of resistance to such a wide range of insecticidss, seasonal fluctuations of insecticide
resistance level in the field population and the future of chemical control of this insect
in Taiwan are discussed.
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