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% DABphlkzbph2 5 - S pReE e Ll (EEaa kN 2 B EAE Y MEfE 280
TimaE A o RAMERSRS | AHMARZUERR - WhnssEs B S EPTrEERN
KA - PUBGR P/ IMERTIER . Ry - LIE E’zﬁ@%ﬂﬁ’ﬁﬁah@m@fﬁﬁé
[E R R AE 1T ~ IR LR BRI E LT e K E aary LS 2 — - BEERIINE
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FEUHA [ 487 2 A A IR FE RV T EEME » AN —(EIEELE TR » s 877 A [E]
SEHEE R 1B T BRI PTEENE - INEENVAEREERFE MY BN DTSR M S ENRE ~ B i
s IR B E R By F ACHE 6% DUEEME S8 A BA T SR B ARG N © ST - IR /KRR
ERRERL - FERERMSEEEEACAEE AR EHFEEAEK > 1%
BRAEERA R EERE > (effRRAREEHEAR AN FEMPESE -
%EZ\W‘%F B EEAY ISR - Tuﬁﬁ‘bé)ﬂ%‘r% TR RS > LEE
HA &  RCERFERE - Fa AR TG ERENIRE - FatHEE
S HETT5 1‘ﬁ R A FEA R a2 B E /ihﬁi&h? SEYEHEEA -
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FABERE - KR - & E - Dls A - JUEEME - (B -

7K Rk AT 1 e T R B aR e & o AR [EIRE & B A [E /KR A B I B AE
BRI 7= 220 - 2801 Y F an L taTdk(Nilaparvata lugens Stdl) ~ H %7 bk
(Sogatella furcifera Horvath) J B¢ Laodelphax striatella Fallen) ~ i3 % 4 A AR )
&% F1FE —{EE(Chilo suppressalis Walker) ~ Ki&(Sesamia inferens Walker) & HU &
5 H R EFIE (Cnaphalocrocis medinalis Guene'e) 55 » ¥ A /KigEEA B LUERES
HIEOR IR - I - e e B BRI EFE - Faa stttk E )
JAEITRAVBEE BI TS - Rt st R Ry £ EEE B HIAERY -

Dlas BT e T E T AR - KSR E S ia: 5 T K 7T bia
PRHTAYASER - B i as 2 /KRS o Ry KR B i B 22 H AR 2 —(Khush, 1979;
Bonman et al., 1992; Jena and Mackill, 2008) > £F RISt mES - EE S
Hyumas s KigmmfE - B ERRE B2 24 A n 8edr Y (4 (Brar et al., 2009)
ey ~ H e R R PR s Ry 22 B s /KRy 2 E 5 > N e E S A -
BIERE - B~ Eal IR ENKEREU R AT - BHRRVIEENTENE - BE
BUKIE RS A ZEIR - (afs T dE o REUKRAEERE - H N PIER
it 7 Ry BEVERAR(ES > 1986 5 =55 » 2009) » A PG HEE - —HIWEKREE
MEFEEA~6 X » A m] DI R & 5 ATIE R 2 RIS (ED - 1980) » —ALIRER{E1960
FARY HEEKN TEER - B E RE AIER30~50%EFHEE (T RE] - 1970 ;
b5 > 1966a) - Hofj@a & AN HFIGHRMES: - HiE AREANLE - NP
ALy - ZAE A LA IE R R R AR (AT R 2 > 1970 5 B > 1966b) © H1j721970~1980
ARSI R R 2 BB T =008 - I EACER SRl BRI (] » (E RS
KME NRER R R E (] K2 > 1970 5 #5 > 1986 5 15 > 1991) « {HFE19845F5K
ZEE TIAHEE - A biSes 2 Ky AR ORI 2 M o 0 1999 5 B
Fews 0 2003 5 =% 0 2008) o FEAL o FREEFIEAT AR AR HITSFE A E e 0 e
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TFRKIEEER Qe e - BEETE S FRE REEREML - 18~ 24%EER
(E[5 5 2002 5 BH > 1981)

B2 EREREHKERNVERTE - EEMIEN S - 82 HAlkik
BECE AN T EKEE RN aSER I H607E - TRE A - FAFRE -
EibreRd ~ e h T BHEAT R ER M - 758 LRI E o DIt TRy HE 5 4
Fl# e % - HIOSRREIER - (LIRS EriE(E > 2011) - fERIAKNELHELE
R 2 1% it e S MR A Ay /KIS a3 B R B 2 RUR RIBRE B AU R B ¥
N EIZERIFEA S EA TN - B TA N E e DIas M ErTERE -

FRIGSEIVER - BE M /a0E 2 (Integrated control concept)fF-1F 19594F
#ZE2 2K (Stern et al., 1959) - W& BlfE & M 2 ZE4H 4% (Food and Agriculture
Organization) IV 5/ NHIN1974FAE NI ERENER - BOEEWEHEE —EEY
EH RS - NEIRG R EVIRIGEEIREA R - FERFTA 3 & iRl A 1T
HIJT72 » RGEFFEVIREHEN SISO IRAAYZKA(FAO, 1975) - A1 » SeEEAYEE
EMERYEYE HE RN Ry B IHAVEE RS TEEOTHVE A » BN 2B E KRR
BV NEINE » ARG %E BERIEANESEERAMT o 2801 » RIET AR KR
AERRERL - FEERBEAREA LRSS K REFEEERFK  IF
B EFEENA RS EERE - BERRAERE R s EFEH AR M E e 148
JPES -

i

KiEmER AR E R
e ad
ZE AT LR B ST AR 1968 BHIRETT - FEF R sy Ft B B
RORIAFEAT(IRRD S [ Abiaff i - 1975F s Ebiasfa e M - A Thiasfite TE - &
FE SR (F8kah F) Z B e € - KRBl (Eakan %) 2 e R lirme
TE © 1973 R 19824 B B 56 —(ETtE e Z AFE (52 BRI 157) KRR (22 2 6857)
ufE (5 > 1982 5 Chang and Cheng, 1974) - Z1% » SalBaci RGP HER Abiss
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B TAE > hEGEE s HE MR 2 ffE » £5F2012)CF kb 2 K
ruiEETAAS(E - EAPRD - - AR RAERRRE S A 16, 21, 4RAME(ERD) - T EDT
kiR PUMERRCR - ARG E > SURE R H 25 - i faRs A S sy e s -
HRTEE T 2RI 2 Ml - 8RS - K262K B Mudgo ” Bph1EE A X IR9-602
bph2&A ; Z 26957 K Z Faim 1098 itk B BFER50. rufipogon » {HE bR A
ERHEE 275556 EAMudgo Bph1EL R4 » AlEE i B A TMEUR(Z 6758
FULINTEE L ) - Z2FRI175% - ZRAFE29E - ZA015E - SRS ST R 2= Al
29RFEARE A EAERTO. nivaraZ PlasER(BREE > 2009) « HATEZERE 2 BREK
R AET - ZF165% - ZRF119% - ZPRI105% - (EE#215% R 19257 Hbiaats
(&2) -

® L 2EFR/KEEERE - B R R Z S anfd

Table 1. The rice varieties resistant to brown planthopper, white backed planthopper and

smaller brown planthopper released in Taiwan during 1973-2012

: Released Response
Variety Brown White backed  Smaller brown
year
planthopper planthopper planthopper
Chianung Sen 6 1973 S R R
Chianung Sen 8 1973 S MR R
Chianung Sen 11 1973 R R R
Taichung Sen 3 1976 S MR R
Taichung Sen 5 1977 S MR R
Kaohsiung Sen 7 1978 R S S
Taichung Sen 10 1979 MR S R
Tainung Sen 12 1979 R - R
Tainan Sen 15 1980 S S MR
Taichung Sen 16 1981 MR R R
Tainung Sen 14 1982 R MR R
Tainung 68 1982 MR S S
Taichung Sen 17 1984 R S MR
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T 1 E2EERU/KREEERE - 85 R PR Z P an e (%)
Table 1. The rice varieties resistant to brown planthopper, white backed planthopper and

smaller brown planthopper released in Taiwan during 1973-2008 (continued)

: Released Response
Variety Brown White backed  Smaller brown
year
planthopper planthopper planthopper
Tainung Sen 18 1984 R MR MR
Tainung Sen 19 1984 R MR R
Taichung Sen Glu. 1 1984 MR MR MR
Tainung Sen Glu. 2 1984 R S MR
Tainung 69 1984 R R MR
Tainung 70 1985 MR MR S
Tainung Sen 20 1986 R S R
Tainung 72 1987 R S R
Taikeng 1 1988 MR S S
Taisen 1 1988 MR S R
Taikeng 2 1989 MR MR S
Taikeng 5 1990 MR S S
Taisen Glu. 2 1994 S MR R
Taikeng 16 1996 R R R
Taisen 2 1998 MR S MR
Taitung 30 2002 R MR S
Tainan Glu.10 2003 R S S
Tainan 11 2004 MR MR R
Taoyuan 3 2004 S MR MR
Taitung Glu. 31 2004 MR MR MR
Tainung Sen 22 2004 MR S MR
Kaohsiung Sen Glu. 8 2004 MR MR MR
Tainan Glu.12 2005 S MR S
Tainung 75 2006 MR MR MR
Tainung Sen Glu.2 2006 MR MR R
Taichung 192 2007 MR S S
Hualien 21 2008 MR S S
Kaohsiung 146 2008 S MR S
Taichung 194 2009 S S MR
Taitung 32 2009 MR S MR
Tainan 13 2009 MR MR MR

Tainung 84 2010 MR S MR
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7 208 BoKRateE i R 2 FOE(101 4 1 HATF)
Table 2. Response of the good quality and recommend rice varieties to three rice

planthoppers (first rice crop, 2012)

Variety Brown planthopper White backed Smaller brown
Seedling stage Adult stage planthopper  planthopper
Taikeng 2 S S MR S
Taikeng 8 S S S S
Taikeng 9 S S S S
Taikeng 14 S S S MR
Taikeng 16 R MR S MR
Tainung 71 S S S S
Tainan 11 R MR S MR
Kaohsiung 139 S S S S
Kaohsiung 145 S S S MR
Taitung 30 S S S S
Hualien 21 MR MR S S
Taichung 192 MR MR S S
Taichung Sen 10 S MR S S

=8 H FIAE b rE RS KR L E (S A Bph1 S bph2i MR R 2 A S - 157K
TE4EFES HIFE 2 51% /£ 4 (Agriculture and Food Agency, Taiwan) ° {E A EZ &34
IR/ INE - BEIEIE R B Bphl Kebph2fiiE AN 2 FH¥T IESE A R 55 =Rl A=
Y/ INE > T3 2R ERT 2 80% LA F » FLIEI R & L AR it B R 2 7K A i e A ]
REEC A LA ZPUHERRN(ESE » 2009) « A jH O & s RPER G R BRIt 2 &
MEETEET - BUEAETHR IREERmR) M ERE - HE YRR -
HEFE—VHEE -
—AkiE

DL ARIE B ST 1970 FFaaAETT » M H T ZH F RS B 2R3 A R R I T
fRIChR > 19710 1972 1973 5 BB > 1971) > FL&SR 52 FIEEEE K N E &R ER
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TR - (RIS E BN 1989 BN maa R o EE 19954
e e S Y PR 3 I N T EaPRHEC 77 (B > 1995) » AT K& S eE Fas
WA A TR Bt & el RIS FTEf 2 2 S dfm 20K » s 2 Putkss
RAEZ i Zadn BHE RS 2 275 o MEEETHERTT 22003 4 » NfERFE MR TR
SERFMH AR 1 (BREE - 2009) ©

P20 e 7 45 SR AT AR 3 A RIE 2 STl A S - PEAS R mTRE R —(LIE{R
SRR 2 FUAS AR - M A IE R R iR Rk e E E 28R - H

FrE— DR - B 1989 LIZK » 2/ 5 Bl 2 /K hg il B B & (RS
2009) «
FEEETHE

ZENHUREEIERE G 19784F - HIE B RS A TER (B A £ > 1978) < B
Z(2006)$1 ¥ BEORHEE mif A TP MR E - (EA SRR ENDLE: - 2
Hr I 2 2R O R 25201047 5 S A 3 B B A SR B 72 Pt (IRRI) U5 TKM6 ~ Ptb33
IR5685-26-1 ~ Darukasail ~ Balam ~ Gora * Gorsa )z Choorapundy 2% 8{[E ¥ i .1
PRV KR mTE - ST E b R EE B G R s 9T AT (TARD HUFDVSS
GEB24 ~ IR74 ~ Ptb9 ~ Tetep9645 Kz Tetep100462% 6 a8 BriE ELp 14 il 5 FA994F
S—HFEENTTEREEZ B G 2 & BRI RSl TR e MR
{& > B DVS5 ~ IR74 ~ Pth9 ~ Tetep9645 ~ Tetepl0046 ~ IR-5685-26-1 % TKM6257
B SRR B B e fEl BRI © 201 1~201 28 Y 1T A HA2 AR Y 7K A Fl S eg BT
S GitkieE - CHERZEREAIUESE(TKMG ~ #& 74  HETRE) -

KIEESBMBEMEEIRNRT
Dlaf)gaid AKRg g ERVIE edH 51 0 199041 —ELFAEPN) ~ IfR
Hi(Carbofuran) B 5% £F(Cartap) i A A R /A 2 E M —(LIE  2006~2008F 1Y F5 &
Mo E 28R E MR & (bIEE S In Rk E A B — TRV EgEE - i
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P HE R A RIE T ATE 400 HUTTEEME(E) © S50 > sEFethlany — biEt 1t
7 A 46054 %M (Cheng et al., 2010) » {F 1A e RIS FR HH ] — A RIS SR 5T
ST RH SET EE A2 2~ 220 I ZE R (B 1) » Ho P ¥ &5 B (Monosultap) A P 2 14 5
15 =& FA(Triazophos) X2 » ¥R [E & A bR e g i aa A R 5~ 155 Hi g M (L
2011) o HTHERAFAE > PRIH TR AV AEEAE TR R A B PR (KT 1 228 v o 1 e oy i B /KA
i 0V E R AT RIE(L et al., 2011) - 35 —(BUEAYRG SRR i A 2L 3 i (B A i %
M o (IR B A KRBV IS 2 7% (Spinosad) Il ZE AE 491 TRE AU ELEE IR (E12) - [t
Ah o B T ARIEDT AR B SV S JE K A= HEXR (Fang et al., 2008; Li et al,
2011) «

(B) China

(A) Taiwan ITaoyuan Sgiglg —: 1::)5

= Hsinchu Endosulfan | 55
= Miaoli Trichlorphon s 24
™ Taichung Isocarbophos |
M Changhua Phoxim |
23 ® Chiayi Methamidophos s 33
Fenitrothion s 46
Acephate ) 2
Triazophos |
Chlorpyrifos s 59
Diazinon p 4
Methomyl = 8
S-fenvalerate m 7
=8
hs

Fipronil

Permethrin 203

Cartay
P Fenpropathrin |
Ethofenprox |
Deltamethrin _pe—— 121
B-Cypemethrin | 4z
B-Cyfluthrin 155
o~-Cypemethrin = 16
Cycloprothrin m g
A-Cyhalothrin s 36
Monosultap | 220
! : . = 12000 Silafluofen |jwm 17
1 10 100 1000 Tebufenozide } 3
Fipronil e o
Abamectin | 3 . ‘ . ‘ ‘
Resistance Ratio ] 50 100 150 200 250

Chlorpyrifos

Carbofuran

Resistance Ratio

2= B B o B 2 3 e AR A FIRT G S8Ry i =i ge e LE - (EREEEE
Cheng et al., 2010; Dai, 2011)
Fig. 1. The highest insecticide resistance ratios of stripe stem borers collected from

Taiwan (A) and China (B). (Data adapted from Cheng et al., 2010; Dai, 2011)
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Spinosad
16.6
Permethrin
Cartap
Chlorpyrifos ® Hsinchu
B Miaoli
H Taichung
B Changhua
Carbofuran 2.6 m Chiayi
H Tainan
0 5 10 15 20

Resistance Ratio

2. = PG & AR BN A RN S s PUEEELD - (BRIEEFEE Lietal,
2011)
Fig. 2. The highest insecticide resistance ratios of pink stem borers collected from west

coast of Taiwan. (Data adapted from Li et al., 2011)

@ﬁ/x\[@f C RO R IEEEERIIREGSE - FAE 1980 RIS R 2 8 i e R A
b ~ FA BRI 5 iR ah s e B S5 BT 28 E (2 09 P1EEM:(Chung et al.,
1982; Dai and Sun, 1984) > &= P84 R AE BT/~ ° Matsumura®e A f220064F- 514
S EH R A HEREEBPMC ~ 23 )E - f 2 R IR H TS AR B A SR e e
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MR RE 7 B 3-5, 2-9, 38-7 1 Bil6-S %A TTBENE([B]4) - B Fg o 25 H A1 T B
HBPMC ~ 75 e B NEIEE AN S - REAEL2~13f% 28 5 ER R IR
FE A - HAS - Kl - 2SI & A e R 4 %%ﬁ%JM%%
gt » Hd DT Long Dinh ~ Tien GiangH U8 Raaige M s » LR EHETHoa
Ninh ~ Tien GiangHJ#&fédz(Matsumura et al., 2008) - 554} > EEzf)\’M1996~2006£E
A R G TR B AT S RV BB B B - B PR T M & g TR
2005 FEAGZFFA 28 1HHTEENE 2 Fh » HAIE (@ TREE 22 2006 ¥R 23 H Y DL
SEMEP (KA 10 (Wang et al., 2008) ©

Propoxur 46
MIPC 18
Methyl parathion 84
Malathion — 526
Tralomethrin 16
Flucythrinate | 3
Fenpropathrin
Deltamethrin
B-Cypemethrin
Tetramethrin
Phenothrin
Kadethrin

Fevalerate
Permethrin

377

T T T T T T 1

0 100 200 300 400 500 600

Resistance Ratio
3. 2B RIS - AR R R S PR aa e i e BN i = DLBEVELE - (B
FH#ELIH H Chung et al, 1982; Dai and Sun, 1984)
Fig. 3. The highest resistance ratio of the brown planthoppers against malathion,

carbamates and pyrethroids in Taiwan. (Data adapted from Chung et al, 1982;
Dai and Sun, 1984)
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S R
FITSLEIEL S EFFTE P SIS ICE S EFFF &
PEIT T LTI LFFFE S S T T ELELL ISP FIFTSE S
X‘t&‘b? & C}\&'&\&’b\&@’ \,»3 \Z}' '@_@Q‘ \&‘(b & \Q-Q\v'\\ \é}r{}\' ré.‘" O ’b\ﬂ 'b\&‘b\ $\ -i@'é“@!b ’;‘rb' '(‘0 &Q\Q\
0 & P8 R &QQF'&QQQ&‘QQ@\ & LN & e 4@\‘ ,\&Q\_ \'\\Q@Q&%&\\Q
g2 Imidacloprid g Thiamethoxam
& 150 134 2 15
S 100 91 o 91 é 10 80 78 -
g 5 6L gq %7 4 51 g 52 a9 %080 62565y g
2 50 24 33 g5 1, 16 23 20 15
k) 2012 0 3
D e i et et === 0+
G r LA 088D r >0 O rP88dAH OS8R A r.2 >0
TIPS EETETSECCLTIFE FOPFIETESTTEL TGS
F & & S TS S S & S S T T ST T F &
& P R A S R S &P & R N S SR R
W CEFFL SIS &R IV FELFIITS
F x 2N Q‘Q

AR

4. T E RS BPMC, 2558, faEhy BB R B SRR - (B
I 5 Matsumura et al., 2008)
Fig. 4. The resistance ratios of Asian brown plant hoppers against BPMC, fipronil,
imidacloprid and thiamethoxan. (Data adapted from Matsumura et al., 2008)

HA ~ K - 28 - SFFEIEEREHIEN 0 5 R B BPMCEL 5 2 frrn i 8214
g BB 2-1,693 (B AR ([8]5) - Hoh DUBR I Y 3 77 e 25
[EAPLEEME R > 319-1,693{%(Matsumura et al., 2008) © Tang et al. (2009)#E—5F|
M5 et SR EERE - FRPUE e 0 S REN 8
FAMPMCEEAEZ il - 55491 - HARME Y BE RGBS E REYE 1R PigE:
(Nakao et al., 2011) » KFEHEAIBEAREE FFHTIARIZTA 20045 89518414 (Wang et al.,
2010) «

BIAREEE > A IEESRA SN EREREETE - RILHB I E R
HAMR > H A A EIES o HE e IRk ) B 35 2 Cry 1AbEACry |Ac A #:
[9E7EEME(Han et al., 2008) - 20094 FE =T - EFREE - 2P FlE - 2HE
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BB SR e
H B e i 5 o S L R B IR P e T B A MR i E I OR R ~ Ml e = 2 A Py i
T2~ Btk B RV EGRIREEE - R 38 S B S R B R R
T o SERBUR ¢ 2 e H R EHER a8 L - HIURE Rbais ~ hifs

B~ BGRA ~ BREE  SEHEE ~ BEPR(EL 0 2011) -
.g 1000 - l\
<
(a4
o 100
g r_——_»_"'_—'—'—-
<
~—
RZ 10
é |
1 1

RO
ST PSS R o

S N <O
W 07 (PG T SVl S
2 ™ \N R N 2 N \
W © C e T P ® N o
B & (& @ & N 5P L
NN .e\ X .(\?/ . e‘) .(\Qx . e‘)
W Y Y AN Q\O
Q\('\\\\Q W Q\('\\\\Q N
B Imidacloprid ® BPMC Fipronil (48hr)

S5.a L H R TRER ST BPMC, 75 fe Bl as A BT aE ML - (BREEELE
Matsumura et al., 2008)
Fig. 5. The resistance ratios of Asian Sogatella furcifera against BPMC, fipronil and
imidacloprid. (Data adapted from Matsumura et al., 2008)

RFEIMZE 2 RAVHI R
H TSR A & & Ay B B A R TR (E A > DRI ] 26 0 B 4 2
ER U VERYEE AR E R & A i YRR 2 — - BITHYE s aE e BRI &
fil 2 ()R RIUIEE FH R RE A RV E IR B - () Bl s s M S I i3

s 3

iy i A BOR A AN R E RS HIRIDG 6 485 - (=) B 0 FR AV EERIE A > (5 R 2L
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BB B
DI T s AV EER ~ I BRI T E - (M)A HimlFat e E s - FEE

IRER R - (F)ERIRREENIE AT - FRILZN » SeEiE e ige ! E it
FERZER UM FERE - (—) M EE R A [F] 3 a A RS2y 2= BAE Rz

PE - Matsumura et al. (2008)AY5H & 45 SR ANEU R e R B H 25 TR e Y 2 T
EFA > FESUHEMZE3 645 (B3A) - DHVIE s i & G poKfeaht L 2
Ry RIEEE —(BIE(Li et al,, 2011) - EEEAHEEEREHAEZ L0658

IR E A A ERVRAZE - R EHE IR G EVRR A R 2 — i E &R
T AREEMARNAVEERE - Hiat A EGFERENA R FEFR 0%
CHERAE [ — 3l - AILOMREE R S Lo &t A ORIV EER - ()M aH e S
DR fife g I 2205 1 1 5 eI B B T T A (B PSR BE R AR 5 B e -

Ry T g n] AP A SRR /) - &R EwEE n] IV ER » B iE—
AR e e 10 & I [F] — SR EE T (D40 P e 4 st e B2 7)) A [RPER A B A MHIEF
R SE R (B0 A gl B 2 B R B I R e BE R EE AR A L L« (eI 1R —AbiE
o Bl 3 2B TR 1 0F & e PRaEr g BN H T SRR AR - H i [/ — S 4%
IR IR e A R BEE A B P (cross-resistance) > R By B /& B —FERY &7 > 45
A —ERERESR o WA EEEAE A EE AR EERRER - 53
A PR ERE LRI RE /N o EAFHIBITE B rik B a A TR hiEEtEny 1k
i > 5} [E] BB S L EEE iR FsREIH 75 (acetylcholinesterase inhibitor, AChEI) YR HAAL
HARP 102095 G511 (Cheng et al., 2010) o FHLIAVIER 88 4= 5 5 B =S5 R T
# 7 TARIE o Bhm A TARIE S = R AR DS MR BE 2R S 20065 o HE A5
(Methomyl)All A5 8. 4(EHYZC B HTIE(Qu et al., 2003)  LE S35 ft i 11 T E DT A
AV EBR I T BOE AT H aa PLEE M E T RIS BB FISE A T EENES -

Ah > HfERZ s B & G $iM(negative cross-resistance)ZE75] » DIFI[AE Fafi &%
MEH - HRTEHBYRASZ B YIS A xS R HICry LACEACTy IF - &l b B
dihydropyrazoles2{amides (33)Z(Pittendrigh et al., 2008) -
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T 3 HEER AN AV B SRR R S A TR B (5 [ B Pittendrigh et al.,

2008)

Table. 3. Examples of organisms where toxin pairs have been observed to cause

negatively correlated or negative cross-resistance (Cited from Pittendrigh et

al., 2008)

Organism

Toxin pair(s)

References

Insects
Drosophila melanogaster

Plodia interpunctella
Helicoverpa zea
Helicoverpa armigen
Pectinophora gossvpiella
Musca domestica

Heliothis virescens
Haemuatobia frritans

Nephotetfix cincticeps

Tetranvehus urticae

Plants

Cemyvza Canadensis and
Echinechloa crus-galli
Amaranthus hivbridus

Fungi

Ustilago mavdis
RBetrytis einerea,
Venturia nashicola and
Venturia inaegualis
Rotrviis cinerea

Myeosphaerella graminicola

DDT and deltamethrin®

DDT and phenylthiourea”
Bacillus thuringiensis (Bt) toxins
Bt toxins CrylAc and Cry 1F

Bt toxins

Bt toxin and gossypol

Pyrethronds and dibydropyrazoles®
Pyrethroids and amides?

AalT and pyrethroids”

Pyrethroids and diazinon'

N-propylcarbamate and
N-methylcarbamate®
Crrgano-phosphates and
synthetic pyrethroids

Atraane and tnasneg

Pyrithiobac and imazethapyr

Benzimidaroles and diethofencarb”
Bensimidazale and
N-phenvlanilines

Benzimidazoles and
phenylearbamates’
Trisenles and pyrimidine
derivatives/triflumizale!

Pedra e al, (2004)
Oygita (19614, b, c)

Yun Rie er al. (1990)
Marcus (2005)

Liang er al. (2000}
Carriére ef al, (2004)
Khambay et al. (2001)
Elliott e al. (1986)
MeCutchen e al. (1997
Sheppard and Marchiondo
(1987

Yaramoto ef al, (1993)

Chapman and Penman
(1979)

Cradamskr ef al. (20000)

Poston et af. (2002)

Fiogas and Girgis ( [993)
Josepovits eral. (1992)

Hollomon e al. ( 1995)

Lerowx ef al, (2000)

The following alleles, genes, or loci are associated with the respective toxin pairs given above: “para”
{voltage sensitive sodium channel); "R 2)DDT (dilTerential expression of one or more cylochrome

AA0s ) “yuper-kdr (super-knock-down resistance); ““kdr (knock-down resistance): ‘eytochrome P430;
‘AChE(acetylcholinesterases); "/ 3-tubulin (single amino acid changes); and /P450 sterol 14!-demethylase.
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Fig. 6. Information orientation for decision-making on pest management.
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4 B FE eSO & FAEE R B ES - 2002)
Table 4. The economic threshold of important rice insect pests (Data adapted from
Cheng et al., 2002)

Kind of insects Survey period Economic threshold
Nilaparvata lugens Rice booting stage 5-10/hill
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Rice milkingstage ~ 1020/hill
Sogatella furcifera Rice booting to ripening stage  5-10/hill
Laodelphax striatella Rice middle booting stage 10-20 / sweep
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Afterrice headingdate  1-2/spike
Chilo suppressalis After rice transplanting 12-15% yellow stem

Rice maximum tillering stage ~ 5-10% dead heart
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Afterrice headingdate  2-3% whitehead

Cnaphalocrocis medinalis  Rice booting to heading stage 1 larvae / hill or
3 damaged leaves/hill

=
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mE e

Fres Dlan ool I FH F e A% ool B AT RBIE - e fEE e b r B
TEZEIRIBUAENE) » R Ea AN SN2 NE DS GUEN) - £2 2 ER
ﬁ@&@%ﬁz@ FHid L BERETI(ELNE) (Painter, 1951; Smith, 1989) * £/KFH
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EAHSEAVI %1 (Kogan, 1982; Panda and Khush, 1995) - 7£ 4 R Ve H 257 &
i BEREAELENSH - PlakiniErI5E % BLF| S E 2
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ABSTRACT

More than 10 insect pests attacked during rice cultivated period. Among those,
sucked planthopper, including brown planthopper (Nilaparvata lugens Stal), white
backed planthopper (Sogatella furcifera Horvath), smaller brown planthopper
(Laodelphax striatella Fallen), moth borer, including stem borer (Chilo suppressalis
Walker), purple stem borer (Sesamia inferens Walker), leaf feeder, rice leaf folder
(Cnaphalocrocis medinalis Guene'e), etc. could caused indeed economic injury to rice
yield. Therefore, the former pests have be became targets for insect-resistant variety
breeding, insects insecticide-resistant research and the outline and practice for different
control strategies. Since 1968, varietal resistance to brown planthopper has been
conducted in Taiwan, and about 40 varicties have been released for commercial
cultivation so far. Because most resistant varieties carried with Bphl or bph2 resistant
gene in Taiwan as well as other countries in Asia, as the result, inducing the virulent
biotype 2 and 3 became dominant in the population in most paddy fields in Taiwan.
Therefore, we need urgently to breed the resistant varieties with polygene in nature to
cope with the virulent biotypes for ensuring the rice safety production in the future.
Screening of rice varieties resistance to rice stem borer and leaf folder have also been
investigated in Taiwan. Chemical control is one of the most important management
strategies of rice insect pests, however, it is hard to avoid the development of insecticide
resistance after frequent application of insecticides. Some major rice insect pests, like C.
suppressalis and N. lugens have been developed more than 100-folds resistance to
certain insecticides. Therefore, it is important to delay the occurrence of insecticide
resistance and insect pest population by monitoring the dynamics of insecticide
resistance development, alternative use of insecticides with different mode of action and

crop rotation. Otherwise, the young and professional farmers increased gradually, they
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enhance their cultivation area and would like to decrease the cost for pesticide
application. And, the rice production and market areas have considered the risk of
management, the enhanced the decision-making quality for pest management is more
important than past. We offered the pest management training classes for farmers to
become an expert, has facilitated many monitoring techniques, active gather information
at regular intervals, then compatible with agricultural environment, insect ecology and
the knowledge of economic threshold, to analyze the related information to make a

better insect pest management strategy and reasonable application of pesticides.

Key words: Rice, insect pest, variety-resistance, pesticide-resistance, decision-making.
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