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INTRODUCTION

The brown planthopper, Nilaparvata lugens, Stidl (BPH)
and the white-backed planthopper, Sogatella furcifera, Hor-
vath (WBPH) are still keeping status as serious destructive
insect pests on rice in rice-growing countries in Asia.»? And
insecticides are playing an important role as major control
measures as well as varietal resistance and cultivation method
and so forth.

Development of insecticide resistance in these long-distance
migratory rice planthoppers has been documented in Japan.
BPH has been developing insecticide resistance for the or-
ganophosphates and carbamates after the late 1970°s.%459
WBPH has been also developing insecticide resistance after
the late 1980’s as well.”®

The earliest topical LDy, of BPH and WBPH in the tropics
were determined by Nagata and Masuda® for the Philippine,
Thai and Taiwanese populations in 1977. It was reported
that those hoppers collected from the tropics, especially from
Thailand was generally more susceptible than the Japanese
populations. Endo et al.!® reported that there was no
significant difference on the topical LD;, of BPH and WBPH
between Indonesian and Japanese populations for the organo-
phosphates and carbamates in 1988. However, there are
only few other reports comparing insecticide susceptibility of
those hoppers collected in Japan and Southeast Asian coun-
tries. In this report, we described insecticide susceptibility of
BPH and WBPH collected from Southeast Asia during 1989-
1992.

MATERIALS AND METHODS

The planthoppers were collected from Japan, Vietnam,
Malaysia, and Thailand. More than 50 females and appro-
priate number of males were collected for each population.
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The collection sites and date are shown in Table 1. The
insects were multiplied on the rice seedlings ( Variety: Reiho)
at 25°C under 16 hr photoperiod. Topical application was
conducted by anaesthetizing the insects with carbon dioxide
and treating individual insects topically with 0.05 4l of
acetone solution of insecticides by micro-topical applicator
(Burkard®). Treated insects were maintained in a plastic
box (11XxX8x3.3cm) and fed with rice seedlings. Mortality
was recorded 24 hr after the treatment at 25°C. LD, were
calculated by Bliss’s formula.!? Each test was carried out in
2-4 replicates using 15 females for each concentration. The
insecticidal tests were conducted on 3-7 generations after
collection. When LDy, of several insecticides were measured
on 3rd and 6th generations, the differences between these
LD;,s were less than 1.6 times.

The insecticides used in this study were lindane, p,p’-DDT,
malathion, fenitrothion, diazinon, monocrotophos, carbaryl,
metolcarb, isoprocarb, fenobcarb, XMC (3,5-xylyl methylcar-
bamate), propoxur, carbofuran, carbosulfan, etofenprox,
deltamethrin, fenvalerate, and imidacloprid. Purity of these
technical insecticides was higher than 95% except monocroto-
phos (73%) and carbosulfan (91%).

Rice seedling dipping method was adopted to determine
LC;, for buprofezin'?: 20% buprofezin wettable powder was
dissolved with 0.02% Rabiden® (spreader). Rice seedlings
(5-10cm) were dipped in buprofezin solution for 30 sec.
After the seedlings were air-dried, their roots were wrapped
with wet cotton. And 3-5th instar nymphs, mainly 4th-
instar nymphs, were kept with the treated seedlings in a test
tube (2.6 X20 cm) at 25°C under 16 hr photoperiod. Mortal-
ity was recorded 3-6 days after treatment to calculate LCs,.
Number of insects recorded at 2 days after treatment was
removed from the total number of insects used.

RESULTS AND DISCUSSIONS

1. BPH

Topical LDg, for BPH collected from Malaysia in 1989-
1990 and Japan in 1989 were shown in Table 2. There was
no significant difference in LDy, of the tested insecticides
between the two Japanese populations (NA, FU). LDy, of
organophosphates and carbamates for these Japanese popula-
tions mostly coincided with those reported by Hirai (1994)*
for BPH collected on another location of Japan in the same
year. LD, of malathion for the Malaysian populations (SP,
BB, AS) were significantly larger than those for the Japanese
populations (NA, FU) with 7.4 times difference in LDj,
averaged for each country. LD;, of diazinon and carbosul-
fan for the Malaysian populations (SP, BB, AS) were also
slightly larger than those for the Japanese populations (NA,
FU). But LDs of the other insecticides were almost the
same between the Japanese and the Malaysian populations
with difference in LDj, less than 2 times. However, LD,



83

Journal of Pesticide Science 26 (1) February 2001

01 £q no patred sem uizojoidng 1oy Anjiqudaosng (,

‘(wdd)uonnjos urddip jo uonenUaOU0D IPIONOASUT FUISN PIJB[NO[BD BIdM SAN|BA %)
'Pa1sa) 10U (¢ -dul] uoIssaiFa1 jo adofs umoys a1am saIngig

(6861 7v 12 ouezey) poylow Suiddip Suijpass

"sasayuared Ul UMOYS dIM SIIWI| [BIONPY %S6

¥'C 0%-60) v (4 (1'6-T°S) 0L 67 (€6-6€) SV a4 (81-21) Sl — (urzajoxdng
L1 (€1-¥'L) o1 €¢ (11-99) €8 9] ($9-6¢) 6 — — dJeId[EAUd
¥'C (8'6-8'S) €L — 61 (L'8-0'¢) 99 — — uLyRwelpqg
ze  (€1-060) 11 e (I'1-8L0) €60 v (I'1-78°0) L60 61 (8C-91) 7T L't (Te-T0) 9T xoidusjoig
9T (T1-6'L) 86 8T (T'8-9¢) L9 9'1 (€z-01) 91 81 (0¥-07) 0¢ 9T (S’L-9%) 8§ uej[nsoqie))
(4 (€€-70 LT I'e (€T7-51) 61 L€ (I'v-827) ¢¢ 0¢  (I'1-€9°0) 260 0¢ (6'1-¢1) 91 ueinjoqie)
43 F1-s6) 11 ¥ (0g-61) ¢ S'¢ (ev-0¢) ¢ 9¢ (61-01) €I 91 (sz-11) 91 qiedqousq
(4 0z-11) 1 It O1-v'6) Tl (43 (81-71) <1 — €« quesoidos]
£y WL-¥9) €9 LS (11-8°L) €6 9 F1-11) €1 It r1-6'6) Tl TS (6'8-L9) L'L qIed[olN
L'E F1-1°6) 11 0¢ (I'L-9%) 9§ 0¢ ($'6-09) ¥'L €€ (6¥-¢€) T¥ 6T (Ls-0v) 8+ [A1eqIe)
(137 (z6-€9)  SL S'¢ (0c1-06) 011 ¥'¢  (061-0C1) 0SI 8T (0s-0¢) Lt I'e (1v-82)  +¢ uouizerq
¢z (o61-0T1)  0OSI ov  (0L1-021)  oFl Le  (0€Z-0v1)  OLI v (0€1-18) 001 6T (bL-6v) 19 uorylonus
L1 (0gL-0vE)  OLY 7 (00€1-08S)  08L 97 (00L1-069) 0€6 ST (091-L6) 0TI 9] (66-¥S)  SL uoryle[eN
'l (og1-9%) oL €1 (18-9¢)  ¥¢ ¥l (0z1-08) €L 0c  (00€-0S1) 00T 4 (ov1-78) 001 laaq-dd
el't  «(01-69) '8 0T  al€1-¥'L) L6 @81  alI1-L§) T8 @€  al€1-8'8) 11 <0€¢ apI-¥6) Tl QuepulT
(0661)SV (6861)dd (6861)dS (6861)NA (6861)VN
BISAR[BIA ueder 9pIo1103su|
8/87 Q1

‘0661 Pue 6861 ul eisAe[eN pue uedel wolj pa1os[od 1addoyiuerd umoiq ay) jo Ajiqudeosns apronossuy 7 9|qeL

"Apanoadsar ‘1addoyiueid payoeg-onym pue saddoyiuerd umoiq ayi paseoipur sem HJgm Pue Hdd

0661 930 ‘BIsAR[EIN ‘18I9S O]V MSV Hdam
6861 92 ‘BisAe[e|y ‘Ye1od Suriqag MdsS Hdam
6861 ‘Inf ‘ueder ‘eyonyng Mmnd Hdam

7661 "1dy ‘puepiey] ‘ung ueydng HL Hdd
7661 "1dy ‘weuisrp ‘Suei) ney DH Hdd
7661 1dy ‘weuIp ‘SuelD udl] oL Hdd
7661 "B ‘WBURIA ‘TOUBH VH Hdd

7661 1dy ‘weulsip ‘Suny rey HH Hdd
7661 ‘Inf ‘ueder ‘ojowewny M Hdd

0661 93 ‘BISARIBIN “IBIS 10]Y SV Hdd
6861 920 ‘eiske[e]y ‘Iesog yng q9g Hdd
6861 92 ‘BISAR[R]N ‘YBIod SuBIQaS ds Hdd
6861 "deg ‘uede[ ‘eyonyng n4d Hdd

6861 ‘Inf ‘uedef ‘ryeseSeN VN Hddg
Pa103][00 3)Bp puB AJN[BOO0T] uoneindod 109su|

‘1addoyiuerd payoeq-auym pue zoddoyiuerd umoiq ay) jo uonendod parsal

I 2198 L



84 AApsrast H26% $1%5

T 13 42 1

of malathion, diazinon and etofenprox® for the Indonesian
population (Bogor) determined in 1988 were 1/12-1/5 times
as large as those for the 1989 Malaysian populations (SP, BB,
AS). This remarkable difference may suggest that BPH
migration between Indonesia and Malaysia is not frequent.

LC;, of buprofezin determined by the rice seedlings dip-
ping method'? was 3.4-15 ppm (Table 2).

LD, for BPH collected from Japan, Vietnam and Thailand
in 1992 were shown in Table 3. LD, of malathion for the
Japanese population (KU) was almost the same with those for
northern Vietnamese populations (HH, HA). LD;, of
malathion for the Japanese (KU) and northern Vietnamese
populations (HH, HA) were significantly smaller than those
for the southern Vietnamese (TG, HG) and Thai (TH) popu-
lations. However, LDy, for the other insecticides were almost
the same among these three populations.

Nagata and Masuda® reported in 1977 that LDys for the
tested organophosphates and carbamates, except for metol-
carb, of the Thai population were remarkably smaller than
those of the Japanese population. However, LDy, of the 1992
Thai population (TH) were almost the same as those of the
1992 Japanese population (KU). Furthermore LD;, of TH
population for malathion was lager than those of KU popula-
tion. Patterns of insecticide susceptibility of BPH in 1976~
1977 and 1988-1992 were shown in Fig. 1. LD;, of malath-
ion, fenitrothion, diazinon and carbaryl for the 1992 Thai
population (TH) were 21, 16, 12 and 12 times as large as those
reported by Nagata and Masuda® for the 1977 Thai popula-
tions, respectively. It indicates obviously that BPH in
Thailand has developed remarkable insecticide resistance to
organophosphates and carbaryl during 1977-1992.

2. WBPH

Topical LDgys for WBPH were shown in Table 4. Nagata
and Masuda® determined the earliest topical LDg, for the
Thai populations of WBPH in 1977 and found LDg, of
p.p-DDT and organophosphates were significantly smaller
than those determined for the 1976 Japanese population (1/24
times, 1/5-1/12 times respectively). Endo et al.'® also
determined LD;gs of the 18 insecticides for Indonesian popu-
lation (Bogor) in 1988 and comparison with the 1988
Japanese population showed higher susceptibility of the In-
donesian population for p, p’-DDT (1/5 times) again with
other 17 insecticides being equal each other. LDgs of
malathion for the 1989 and 1990 Malaysian populations
(SPW, ASW) were significantly (4 and 7 times) larger than
those for the Japanese population (FUW) with the LD;, of
the other insecticides being not different among these three
populations.

LDs, of organophosphates and carbamates for the 1989
Japanese populations of WBPH were 17-28, 7-9 times as
large as those determined in 1976 by Nagata and Masuda,?
respectively. As reported in Japan, WBPH had not shown
any sign of resistance development until 1980.® But, it has
developed marked resistance between 1980 and 1984.7819

Table 3 Insecticide susceptibility of the brown planthopper collected from Japan, Vietnam and Thailand in 1992.

LD, ,ug/g

Thailand

Vietnam

Japan

Insecticide

TH

HG

TG

HA

HH

KU

(290-490)" 3.22

360

(270-580)V 2.4»

360

(340-820)» 2.8

450

2.5%
2.6
39
2.6
2.7
42

(81-140)V

110
(60-97)

2.82
2.6

4.2

(29-64)V
(34-55)

91  (78-110)" 3.92

130

Malathion

34
2.1

(92-140)
(42-55)

110

2.5

130 (97-190)
(32-46)
(8.1-13)

29
3.7

(80-120)

(25-36)

99
30

77

2.5 43

(99-170)
(22-31)

Fenitrothion
Diazinon

48

34
2.5

43

39
10

(22-31)
9.9 (7.9-12)

26

(17-24)
33 (2.7-4.0)

3.6 20

1.8
3.3

29

26

3.8
5.5

7.4 (6.2-9.1)

35

89 (7.4-11)

2.8

6.8 (4.6-9.1)

Carbaryl

(12-16)
(22-30)

14
26

8.9 (7.6-10)

20

(13-24)
(19-27)

17
23

3)

8.8 (6.8-12)

(8.7-13)

Metolcarb

5.0
34

23

44

(17-23)

33
2.6

(10-16)
9.0 (7.2-12)

13

2.4

9.1-14)

12
9.6 (6.2-15)

Fenobcarb

Propoxur
Carbofuran

9.4 (7.8-11)

4.2
2.3

1.4 7.8 (6.6-9.1)
2.8

2.7

34 (1.0-5.4)
0.90 (0.72-1.1)

1.6
3.8

2.3

2.3 (1.8-2.8)

2.0
1.5
2.6

3.7 1.3 (0.87-1.7)
24 13
33

1.8 (1.5-2.1)

13

1.8 (1.4-2.3)
69 (5.4-8.5)
27 (2.1-3.4)

29
22

1.7 (1.4-2.0)
6.0 (4.7-8.2)

22

(13-23)
12 (0.99-1.5) 32

17

(8.6-45)

(9.8-21)

3.0
29

53 (4.3-6.5)

Carbosulfan

1.1 (0.74-1.4)

1.0 (0.84-1.3)

24

1.9

1.6 (1.3-1.9)

(0.68-1.5) 1.9

1.1

Etofenprox

(22-44)
(18-28)

Deltamethrin
Fenvalerate

28 (20-45) 1.6

1.9

(20-39)
0.093 (0.071-0.12) 2.3

2.0 27
0.10 (0.082-0.13) 2.3

(18-35)

25

2.8

(26-54) 22

35

0.092 (0.068-0.12) 2.0 0.090 (0.070-0.11) 2.4

0.16 (0.13-2.0) 2.9

Imidacloprid

3 not tested.

? Figures were shown slope of regression line.

1 95% fiducial limits were shown in parentheses.
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Fig. 1

Fenitrothion
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Variation of insecticide susceptibility of the brown planthopper.

Table 4 Insecticide susceptibility of the white-backed planthopper collected from Japan and Malaysia
in 1989 and 1990.
LDs, ug/g
Insecticide Japan Malaysia
FUW (1989) SPW (1989) ASW (1990)
Lindane 11 (9.9-13)» 552 32 (25-45Y 212 17 (13-21)» 2.4
p.p’-DDT 62 (50-79) 2.7 36 (29-47) 32 46  (35-63) 1.6
Malathion 51 (44-59) 4.8 220 (180-270) 3.1 380 (320-460) 3.8
Fenitrothion 42 (34-51) 2.7 35 (29-41) 33 64 (49-96) 2.1
Diazinon 40  (34-47) 34 16  (14-19) 5.1 12 (9.9-14) 33
Monocrotophos 30 (24-3.7) 24 27 (2.3-3.1) S8 —3
Carbaryl 46 (39-54) 34 34 (29-40) 438 7.0 (5.6-88) 26
Metolcarb 16 (14-19) 5.4 9.6 (8.3-11) 4.4 11 (94-13) 3.6
Isoprocarb 49 (39-6.0) 2.7 12 (9.8-14) 4.8 48 (3.6-6.0) 2.5
Fenobcarb 19 (16-22) 4.5 7.3 (6.3-8.4) 52 9.9 (8.4-12) 4.2
XMC¥ — — 12 (9.8-14) 34
Propoxur 2.2 (0.83-3.5) 1.1 50 (4.2-6.0) 34 4.1 (3.3-50) 27
Carbofuran 2.7 (2.1-33) 25 1.1 (0.92-1.2) 5.5 2.1 (1.8-25) 33
Etofenprox 1.5 (1.3-1.8) 3.1 1.7 (1.4-22) 24 3.1 (24-39) 26
Deltamethrin 34 (2.6-46) 1.7 6.3 (5.0-84) 25 10 (7.4-14) 1.7
Fenvalerate 12 (8.6-16) 1.5 14 (11-19) 23 19 (15-25) 2.4
Imidacloprid 0.21 (0.16-0.28) 2.1 — —
1 95% fiducial limits were shown in parentheses. 2 Figures were shown slope of regression line. ¥ not

tested. * 3,5-xylyl methylcarbamate.

Also in China, Mao and Liang'¥ reported LD, of 11 insecti-
cides for Chinese populations determined in 1987-1991 were
almost equal to those determined in Japan in corresponding
years. Patterns of insecticide susceptibility of WBPH in
1976-1977 and 1989-1990 were shown in Fig. 2. The 1989
and 1990 Malaysian populations showed increase in LDs, by
52-340 times for the organophosphates, 4-15 times for the
carbamates and 52-66 times for p,p’-DDT as compared with

the earliest topical LDg, determined for WBPH in the tropics
with the 1977 Thai population.® Thus it is evident that
WBPH has developed remarkable insecticide resistance to
organophosphates, carbamates and p, p’-DDT in the tropics
as well.

When the results on these two hopper species are over-
viewed, the tropical populations of these hoppers seems to
have developed remarkable degree of insecticide resistance
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Fig. 2 Variation of insecticide susceptibility of the white-backed planthopper.

between the 1970’s and the 1990’s provided that all of the
Thai, southern Vietnamese and Malaysian populations form
a single population, the tropical population. We may have
to change the conventional concept that BPH and WBPH in
the tropics are generally more susceptible to insecticides
compared with those in temperate regions due to less chance
of exposure to insecticides in tropics.
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