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resistance and Inheritance of Resistance in Laboratory-

selected Strains of the Brown Planthopper (Nilaparvata lugens Stal)
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Cross-resistance and inheritance of resistance in laboratory-selected strains of the brown
planthopper to various types of the insecticides were investigated. The fenobucarb-selected
(Ry), carbofuran-selected(R.), and diazinon-selected(R4) strains were 50.3, 49.2 and 5.8 times
less sensitive to the corresponding insecticides than the susceptible strain. Both Rs and R,
strains were highly resistant to the other carbamate insecticides, and moderately resistant to
cypermethrin and deltamethrin, but nearly not resistant to fenvalerate and the or-
ganophosphorus insecticides except malathion and phenthoate. Moderate resistance to mal-
athion and phenthoate in the R and R, strains was obtained at the rate of 13.0-12.0 and 8.5-
7.5 times, respectively. The R4 strain showed low levels of resistance to the carbamate, or-
ganophosphorus and pyrethroid insecticides, but negatively correlated cross-resistance to
fenvalerate. Resistance of the brown planthopper to all the test insecticides was inherited by
partially dominant autosomal factor(s).

KEY WORDS Brown planthopper, resisiance, fenobucarb(BPMC), carbofuran, diazinon,
cross-resistance, inheritance of resistance
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on the rice yield, large amount of the various in-
secticides have been inputted to suppress the brown
planthopper (BPH) population, which might result
consequently in resistance to the insecticides.

Since Nagata and Moriya recognized first the
scanty lethal activity of r—BHC(LindaneR)on the
BPH in 1969, several scientists reported the in-
secticide resistance of this insect. According to IRRI
report (1971) and Heinrichs (1979), LDs values of
diazinon and carbofuran against field strains of the
BPH had increased 3-7 times. Chung et al.(1982)
also found that field strain of the BPH in Taiwan
possessed about 300 times and 10-18 times resist-
ance to malathion and isoprocarb, respectively. In
Japanese strains of the BPH, resistance to the or-
ganophosphorus Insecticides had developed nitially
during 1967-1969, increased slowly during 1969-
1972, and enlarged sharply after 1975(Nagata et al.
1979, Ozaki & Kassai 1982, Hosoda 1983), whereas
resistance to the carbamate insecticides had gradu-
ally accelerated after 1979.

We have surveyed resistnace strains of the BPH
collected from several localities in Korea during
1982-1983 and 1986-1987. The BPH

showed only 2-7 times and 2-5 times resistance to

strains

the carbamate and organophosphorus insecticides,
respectively, compared to the susceptible laboratory
strain. Besides, resistance level was not abruptly
changed throughout test periods.

We cannot, however, be at ease, because the BPH
migrates from the south part of Mainland China an-
nually, and is unable to overwinter in Korea. In
other words, it is impossible for us to control resist-
ance level of the BPH in original habitat. Further-
more, resistance level of the BPH may increase ac-
cording to enlargement of insecticide use in China.
For that reason, we should make preparations
against sudden incidence of the BPH resistance.

In this paper, we report cross-resistance patterns

and Inheritance of resistance to the insecticides of
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the carbamate and organophosphorus insecticide-
selected BPH.

MATERIALS AND METHODS

Brown planthopper strains

The brown planthopper tested was reared on the
7-15 day old rice seedling (Chucheong-byeo) with
plastic cage (26 X 30 X 20cm) at 25 + 3°C. The
insectary was llluminated for 16 hours in summer
and for 24 hours in winter.

The susceptible BPH strain had been maintained
for 6 years without exposure to any insecticide in
our laboratory. Ry, R. and Ry strains were derived by
selecting the susceptible strain with fenobucarb (50
% EC), carbofuran (10 % WP) and diazinon(34 %
EC) for 14-18 generations at a selection pressure of
30-70 % mortality. Selections were performed on
the 4-5th instar nymphs by spray method. The
treated hoppers were held for 24 hours at room tem-
perature to determine the percentage mortality, and
surviving hoppers were collected and utilized for the
production of the next generation.

Female of the each selected strain was coupled
with male of the susceptible strain and vice versa to

obtain reciprocal F, hybrids.

Chemicals
As shown in Table 1, 18 insecticides were tested
to investigate resistance and cross-resistance. These

chemicals were supplied by pesticide formulators.

Toxicity test

The BPH adult, within 5 days after emergence,
was asphyxiated with CO, gas for 5 to 10 seconds.
Each dosage of tested insecticides in 0.2 and 0.1 4
of acetone was topically treated to the dorsal thorax
of the female and male, respectively. Mortality was
checked after 24 hours of application, and probit

analysis was also carried out to compute the LDs,
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Table 1. Insecticides used in the present study

Chemical

Types/Common name Chemical name purity( 9 )

Carbamate insecticides

Fenobucarb(BPMC) 2-sec-butylphenyl methylcarbamate 98.2

Carbofuran 2,3—dihydro-2,2-dimethylbenzofuran-7-yl 75.8
methylcarbamate

Isoprocarb(MIPC) 2-1sopropylpheny! methylcarbamate 98.5

Carbaryl(NAC) 1-naphthyl methylcarbamate 99.0

Metolcarb(MTMC) m-tolyl methylcarbamate 98.2

Organophosphorus insecticides

Acephate O, S—dimethy! acetylphosphoramidothioate 85.2

Chlorpynfos 0, O-diethyl O-3, 5, 6-trichloro-2-pyridyl 94.0
phosphorothioate

Pyridaphenthion 0,0-diethyl 2, 2-dihydro-3-oxo-2-phenyl= 98.2
-6-pyridaziny! phosphorothicate

Fenitrothion 0, O—-dimethy! O-4-nitro-m-~toly! 96.0
phosphorothicate

Malathion S-1, 2-bis(ethoxycarbonyl)ethyl O, O-dimethyl 90.9
phosphorodithioate

Phenthoate S-a-ethoxycarbonylbenzyl O, O-dimethy! 915
phosphorodithioate

Diazinon 0,0-diethyl O-2-isopropyl-6-methyl 98.7
pyrimidin-4-yl phosphorothioate

Monocrotophos Dimethyl(E)-1-methyl-2-(methylcarbamoyl) 71.1
vinylphosphate

Pyrethroid insecticides

Cypermethrin (RS)~a—cyano-3-phenoxybenzy! (1RS, 3RS ; 1RS,= 76.4
3SR)-3-(2,2-dichlorovinyl)-2,2-dimethyl =
cyclopropanecarboxylate

Deltamethrin (S)-a-cyano-3-phenoxybenzyl (1R, 3R)-3-= 99.2
(2, 2-dibromovinyl)-2, 2~dimethylcyclo=
propanecarboxylate

Fenvalerate (RS)-a—cyano-2-phenoxybenzyl (RS)-2-(4-= 96.0
chlorophenyl) -3~methylbutyrate

Organochloride insecticides
Endosulfan (1, 4, 5, 6, 7, 7-hexachloro-8, 9, 10-trinorborn-= 96.9
5- en-2, 3-ylenebismethylene)sulphite

Other

Cartap S, S%(2-dimethylaminotrimethylene)bis = 91.0

(thiocarbamate)
with computer (VAX 11/785). b 2%y — (Xi+X3)
a X1 - X({

Degree of dominance

The degrees of dominance(D) in hybrids between whereas,
the susceptible and selected hoppers were calculated X, = logarithmic value of median lethal dose of

by the method of Stone (1968) as follows; the resistant strain
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Table 2. Changes in the LD value(ug/g) of the resistant brown planthopper strains
along the number of selection®

Strains Generation
0 5 10 14 18
R; 1.21 17.49 4408 51.20 60.82
R. 0.34 2.60 6.28 13.58 16.72
R4 12.59 34.89 60.82 72.39 —

¢ The brown planthopper was selected once for each generation and each sirain was tested with the same insecticide
used for the selection.

Table 3. The LDy, value(ug/g) of resistant and susceptible female brown planthopper strains®

to carbamate insecticides
Insecticides R¢ R. R4 S
Fenobucarb 60.82 (38.5)° 61.69 (39.0) 9.02 (5.7) 158
Carbofuran 18.52 (45.2) 16.72 (40.8) 2.13 (5.2) 0.41
Isoprocarb 53.71 (44.4) 4652 (384) 5.73 (4.7) 1.21
Carbaryl 40.69 (17.7) 44.61 (19.4) 7.20 (3.1) 2.30
Metolcarb 4159 (33.3) 29.62 (23.7) 759 (6.1) 1.25

* This experiment was carried out with 18th to 19th generation of R; and R., and 14th to 15th generation of R,.
¢ The figures in parentheses are resistance ratios.
(LD of resistant strain/LDsy of susceptible strain)

Table 4. The LDy, value(ug/g) of resistant and susceptible female brown planthopper strains®
to organophosphorus insecticides

Insecticides R¢ R« Rq S
Phosphoramidothioate
Acephate 1853 (5.2)° 12.73 (3.6) 8.42 (24) 3.56
Phosphorothioate
Chlorpyrifos 24.41 (1.7) 42.62 (3.0) 3847 (2.7) 14.11
Pyridaphenthion 16.35 (3.5) 17.16 (3.7) 26.78 (5.7) 4.67
Diazinon 31.66 (2.5) 4401 (35) 72.39 (5.8) 12.48
Fenitrothion 85.97 (3.1) 82.45 (3.0) 11386 (4.1) 27.73
Phosphorodithicate
Malathion 337.84 (13.0) 220.74 (8.5) 275.80 (10.6) 2592
Phenthoate 238.24 (12.0) 148.57 (7:5) 384.03 (19.3) 19.93
Phosphate
Monocrotophos 5.03 (2.7) 9.55 (5.2) 8.17 (44) 1.84

* This experiment was carried out with 18th to 19th generation of R and R., and 14th to 15th generation of R4
* The figures in parentheses are resistance ratios.
(LDs of resistant strain/LDs of susceptible strain)

X, = logarithmic value of median lethal dose of D =1 perfect dominance
the hybrid strain 0({D (1 partially dominance
X3 = logarithmic value of median lethal dose of D =0 intermediate
the susceptible strain —-1{(D (0 partially recessiveness
The degree of dominance was categorized as fol- D = —1 perfect recessiveness

lows;
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RESULTS AND DISCUSSION

Cross-resistance

The LDy values of the laboratory-selected BPH
strains to the carbamate and organophosphorus in-
secticides over the succeeded generation are given
in Table 2. After 18 generations of selection, the Ry
and R, strains were highly resistant to fenobucarb
(50.3 fold) and to carbofuran(49.2 fold), respect-
ively. Resistance level in the Ry strain, however, was
not significantly increased (5.8 fold).

The increased rate of LDy, values in the R; strain
was extremely steep during the first five gener-
ations, but was sharply diminished during the next
five generations. After that, the rate was dully in-
creased. Similar resistance pattern in the R, strain
was also obtained. The R4 strain did not reveal typi-
cal change because of low resistance level.

Several investigators (Lin et al. 1979, Chung et
al. 1982, Miyata et al. 1983, Kassai & Ozaki 1984,
Ozaki & Kassai 1984b) reported that resistance de-
velopment in the BPH varied with types of the test
insecticides, which could not allow to presume resist-
ance level in the BPH. Based upon our data, high
frequency of use of fenobucarb and carbofuran in
the field might develope resistance more stable and
faster in the BPH, although this mechanism could
not be explained exactly.

The LDy values of the four BPH strains to sev-
eral carbamate insecticides are shown in Table 3.
The R; and R. strains exhibited high resistance level
to all the carbamate insecticides, but the Ry strain
showed a relatively low resistance level to those. It
has been well known that cross-resistance is readily
acquired in those chemicals with same categories of
molecular structure (Lin et al. 1979, Miyata et al.
1983). The present result also revealed that resist-
ance might be easily obtained within the insecticides

having similar molecular structure.

Korean J. Appl. Entomol. 5

The LDy values of the selected BPH strains to
some organophosphorus insecticides are given In
Table 4. All the resistant strains showed relatively
low resistance level to the organophosphorus in-
secticides except phosphorodithioates like malathion
and phenthoate. It 1s of interest that the Ry and R,
strain showed a relatively high resistance to mal-
athion and  phenthoate among the or
ganophosphosphorus  insecticides. 1t has been re-
ported that resistance mechanism of the BPH was
different according to types of the insecticides. Re-
sistance to the organophorus and carbamate In-
secticides were due to increase of esterase activity
and acetylcholinesterase insensitivity (Chung &
Sun 1983,Hama & Hosoda 1983, Miyata et al,
1983), respectively, but not owing to mixed function
oxidase and/or glutathione S-transferase. Dal &
Sun  (1984) reported that resistance to the
pyrethroid insectciides was mainly due to esterase,
and subsidiarily mixed function oxidase. According
to our experiments (golng to report), however, the
Ri and R. strains showed 6-8 fold increase of
esterase activity. And, Miyata et al.(1983)
suggested that hydrolysis by carboxyl esterase was
one of the resistance mechanism in the malathion-
resistant BPH. To consider that carboxyl ester bond
is coincident in the molecule of the test carbamate
msecticides, malathion and phenthoate, 1t s pre-
sumed that carboxyl esterase might have a signifi-
cant role in moderate level of cross-resistance of the
Ry and R. strain to malathion and phenthoate.

The LDy valuse of the selected strains to nerve
poisons are given in Table 5. Only a slight or no de-
crease In susceptibility to the pyrethroid insecticides,
endosulfan and cartap was observed 1n all three re-
sistant BPH strains, except resistance level of the
carbamate Insecticide-selected strains to cy-
permethrin and deltamethrin. The negatively corre-
lated cross-resistance was shown in R, strain to

fenvalerate, and also reported in the BPH and green
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Fig. 1. Log—dose mortality lines of resistant and hybrid (F) female brown planthopper strains against three insecticides.
(O—— : Resistant strain A—-—A : Susceptible strain

A\ A 1 F (resistant female X susceptible male)

@--—@ : F (resistant male X susceptible female)
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Table 5. The LD, value(ug/g) of resistant and susceptible female brown planthopper strains® to pyrethroid and
organochlorine insecticides

Insecticides Ry R. R4 S

Cypermethrin 25.03 (11.3) 1056 (4.8) 3.37 (1.5) 2.22
Deltamethrin 37.75 (6.3) 4315 (7.2) 12.67 (2.1) 5.98
Fenvalerate 19.16 (2.9) 9.34 (0.9) 2.71 (0.3) 9.85
Endosulfan 9.15 (1.7) 8.74 (16) 419 (0.8) 5.45
Cartap 21558 (1.1) 180.58 (0.9) 23716 (1.2) 19247

¢ This experiment was carried out with 18th to 19th generation of Rrand R, and 14th to 15th generation of R,.

¢ The figures in parentheses are resistance ratios.
(LDs of resistant strain/LDs of susceptible strain)

Table 6. The LDy, value(ug/g) of the female hybrid(F) progenies between the resistant and susceptible brown

planthopper strains

Strains Fenobucarb D* Carbofuran D Diazinon D

R¢ 60.82 (38.5) — 18,52 (45.2) - 31.66 (2.5) —
F(R¢xSn) 26.89 (17.0) 0.55 4.47 (10.9) 0.25 21.96 (1.8) 0.21
F(RinXSp) 27.14 (17.2) 0.56 542 (13.2) 0.35 2128 (1.7) 0.15

R, 61.69 (39.0) — 16.72 (40.8) — 4401 (35) —
F(RerxSa) 25.39 (16.1) 0.52 7.14 (17.4) 0.54 29.33 (24) 0.35
F(RemXS) 16.93 (10.7) 0.29 9.45 (23.0) 0.69 28.24 (2.3) 0.30

Ry 9.02 (5.7) — 2.13 (5.2) - 72.39 (5.8) —
F(Rg1XSa) 8.92 (5.6) 0.99 1.50 (3.7) 0.57 50.59 (4.1) 0.59
F(RomXSh) 7.14 (45) 0.73 1.19 (2.9) 0.30 5558 (4.5) 0.70

S 1.58 — 041 — 12.48 —

¢ Degree of dominance : calculated by the formula of Stone (1968)

¢ The figures in parentheses are resistance ratios.
(LD of resistant strain/LDs; of susceptible strain)
¢ { : female, m : male

rice leafhopper by Ozaki et al. (1984) and Ozaki &
Kassai (1984a).

There were some differences in cross-resistance
pattern between carbamate- and diazinon-selected
BPH against 3 categories of test insecticides,
suggesting the discrepancy in resistance mechanism
between the carbamate- and organophosphorus-re-
sistant BPH, as imphed by Chung & Sun (1983),
Hama & Hosoda (1983) and Miyata et al.(1983).

Inheritance of resistance

Log—dose mortality lines of the susceptible, F\ hy-
brid and resistant strains are illustrated in Figure 1
and 2. The lines of the hybrid progenies of all the

strains were close to those of the resistant strains re-

gardless of the sex. It 1s proven that resistance gene
(s) locate(s) on the somatic chromosome.

The degree of dominance, calculated by Stone’s
formula, were 0.54-0.70 in female and 0.45-0.80 in
male (Table 6 and 7). It was coincided with the re-
port of Chung & Sun (1983), that the degree of
dominance of the organophosphorus Insecticide-re-
sistant BPH was 0.39-0.48 in the female and 0.34-
0.44 n the male. It means that inheritance of resist-
ance of the BPH is partially dominance. But, they
sald that inheritance of resistance might be con-
trolled more than one factor. Therefore, the number
of gene(s) which relate(s) to resistance mechanism
is not clear. So, further investigations is needed on

the resistance mechanisms and exact mode of action
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Table 7. The LD, value(ug/g) of the male hybrid(F)
progenies between the resistant and susceptible
brown planthopper strains

Strains LDy D
for Fenobucarb
R¢ 45.24 (25.4) -
F(RrrxSm) 18.62 (10.5) 0.45
F(RiwxSp 23.35 (13.1) 0.59
S 1.78 -
for Carbofuran
R. 8.00 (29.6) —
F(R, ¢ XSa) 391 (14.5) 0.58
F(RemXSr) 4.06 (15.0) 0.60
S 0.27 —
for Diazinon
R4 61.66 (4.9) -
F(RasrXSm) 50.27 (4.0) 0.74
F(RymXSy) 5266 (4.2) 0.80
S 12.54 -

« Degree of dominance : calculated by the formula of
Stone (1968).

¢ The figures in parentheses are resistance ratios.
{L.Dy of resistant strain/LDs, of susceptible strain)

°f : female, m : male.

of action of inheritance at the molecular and bio-

chemical levels.
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