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Abstract The purpose of this study is to analyze the growth characteristics of imidacloprid resistant brown
planthopper (BPH) on the two rice varieties (BPH resistant variety, Chinnong and BPH susceptible variety,
Chuchung). The mortalities of resistant- and susceptible- strains were 2.7% and 100% after 72 hr treatment in
the recommended concentration (RC, 20 ppm) of imidacloprid, respectively, and the LCs, of resistant strain
revealed 17.8 fold higher than that of susceptible strain. Moreover, the resistant strain revealed the cross
resistance against four neonicotinoids (acetamiprid, clothianidin, thiamethoxam and thiacloprid), but not for
carbamate (fenobucarb), pyrethroid (etofenprox) and sulfoxamine (sulfoxaflor) insecticides. In the comparison
of development characters on life table between susceptible and resistant strain for two rice varieties, the
resistant strain which was reared on Chinnong variety showed low nymphal period, female longevity,
fecundity, net reproduction rate (R,), intrinsic rate of increase (r,) and high doubling time (D;). The results
indicate that the cultivation of BPH resistant variety would be an effective strategy in the imidacloprid-
resistant BPH management.
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S FTHChoi, 1998). HEF= HE| Z7]o] AbetaiaL
WL (Nilaparvata lugens Stalye $2U2E ¥&3) & Zol e wolHo] Ao 7 A2 &S F1 A8 7
Hoprlo}, =, A7 5 B ARG Ll EEs) Foll= HT A (hopper bumye do7|H, Fejd &
A B ALkl Qlo] A S = tEAS e A ol M= B vho]# 2 Rice grassy stunt virus (RGSV)
2, FdllX e 4958 A Rl 6dETE 74x Aol Y Rice ragged stunt virus (RRSV) 52 mj7iste] 2 1]3)
£ FE Jo® 484 AtiKishimoto, 1976; Cabauatan et
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$FcH(Endo and Tsurumachi, 2001). 2%7]ol= DDT9} %+
2 719404 AFAE HAE S8 =EReY, ol
Al vaA 540] Astaldt w2 EG ARALE <
3 AejAl] dge F= AAZ 197030 o]F ARl
FA 52U THNagata and Moriya, 1974). ©]% 712149} 7}
Hi o] EA| 25A1 71 o) & dlA|ste] B AMEEIS
U, Ada Ao wge wAle] a8l ZAE 9l
o}, o]of o]2fdt ThH-g Bkt Thest oFA| (o, FE| R0
&, e YAE e s, 2FAFZAA(GR), HE9HE)E
ol A ML= AL, HEF WA FHLAHA L85
AtH(Uchida et al., 1985; Gorman et al., 2008; Matsumura
et al, 2008). Z&u} i A=Al a3 Fgoz Q)
O] AEA7E EA 2715 E A Aol
BAlo B2tsl glon, A2 v QUIEIGA L] Y AL
SOF AUAY 9 2R olx] A A A7} oF]E
I 3= AAo|tk(Matsumura et al., 2009; Heong et al.,
2011). ¥et ofz} 20084, =, 9=, Y&, AxYAo},
2Hg|o]Alo}, Elol g, Bj=E, HIEHOA AUdES S o
HE AFo] o]u|tE 2 2 2] = (imidacloprid)ell A3+ o]
YeRH Stk o] ER1EArH(Gorman et al., 2008;
Matsumura et al., 2009). 53], = T FEHS <
A o7 olntF R 2 =l t)3t Bid ¢ A gAde nlg-
Az¥ek BA7F 32 914 (Cheng, 2009), 19963+-E 2006
WA7kA], Wang et al. (2008)2 o|v|tiEE22e|= AT =
AHE a7 flal S 87 A ellA 427 o] WE T A
8] B8 Ax) 200535 w)$- =& o] A
o] T A ellA YEPHTEAL skdith. &2 2012-2014
st E AT disiME Al wEhA Aol 230~
20300 LS AoH, o) UK FURe] FEES oA
AR BB 3] e TR AEAE ARSI
SOOIl A] A g viE ] FESE 5ol
Ao 7 #A3lT Jrh(Zhang et al., 2015) .

HE 0] ofAA] 2ol T ThE S d Wt B= W
A F5 54 2 Eo]th(Bonman et al., 1992). A
S7FA 28709 WES A FAAE B 3o
(Fujita et al., 2013), S-2UztllX= 1977 #E T 234
F7AHBPH resistant gene) bphls 71 FLE UY305,
1986 bph25 7K1 AXU7HY 3P & HxE e
3L Ol% hphl = bph2E 83 A5H ASSTHS T
o FENE AF7F ALE, el S| bph2
T2 =YE AEUTH gAY FEL ohE
(2005 &A1), THE’(20099 §4), F1E2011d |4
501 93, Bphl F3A7F =UE $E1006°(20109 +4)
7F ek, H2ell= opH = E fef € Bphlg F3AE 7t
2 <ot 7b SAFJATHRDA, 2010). Z2u}, o]4] | Fot
HE2e] A F5o0 ek e Aed el Hsl=

1o %0 4
o e

A st EAL QloY(Li et al., 1999), M2 A
ARE 7171 9] /o] o713 8753 k.

FH =) wET Jeke] HGdE E91 g A o
OER 2 E § Y QEIE x| AlF A9 =2 A
F4L 3 HQI ol T T v e g
St vig7e] PR At AYS A1 T 5 AATHMin
et al., 2014). 2y FA] Aui= 3L Q= B F5 o] A
g4 wE o] st AP Feurs
mu| gk Aot} weha E oA
A A wE ol it AEA 7
FoolMe A wdF s g 59, ARG 58 24
3l o3 AEE EYE AHES
wE el A FE7ke] AHeE] 54 elstaat

STt

R
ANEZ2E As ¥ 45N

ojtHERZYE A wiET AT 2015d 9 &
o} ARdoA AR AFS TSt Tl ARSEIEA 8
3] ASAE Aelst T8 A7l AlES ARSIt A
Al THle AR F<1 H R ontEREeE IS
HAAFER 346t 29 7+ A Ao, A2 w5
£ gAY FH5E] 1/44)(5 ppm)ell A 2 63] AA8EA,
1728010 ppm)oll A 18], E2Z2 FHFE(20 ppm)elA] 13]
AAEATt kA HETF AT SEsdSed &
ER T d Bt AFAl wEFRA] e o AR
4 AES ARSIt

AN

SR =EAlE-e] AEd FRl H wAA Y AL 9
gl AR Sl dAl Al T vl Y AE o] =AS
Imidacloprid (10% WP, IUL%, Blo]dIFAL]A2E),
Acetamiprid (5% SL, A2, §73%F), Clothianidin (8%
SG, £48], @& Wo}12), Dinotefuran (10% WP, 241, &
#ekE), Thiacloprid (10% SC, Z@ 4, vlo]AAFAo| A2
), Thiamethoxam (10% WG, o}Ele}, AAELZ 2] o}F)}
Fhal[ o] EA] Fenobucarb (50% EC, BHAL, @74 %), Fdl&
Zo]=A Etofenprox (20% EC, MWIE, &7%), AZAN
Al Sulfoxaflor (7% WG, Z~EH0|E, BEHol12) B5F 9
<ol

AEAE2 HET 3HSS o83 WFEIANLE, o
W2 Zhang et al. (2014)¢] HE7]3A% (rice stem dipping
method)2 §-83I1.20 WL v 2t oldl WA
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T A oA B e AT s
T A FAF bph2 B5r, Shin et al., 2012)5 ©]8-35}
AL, B gk e F5S SE a2
A1 20159 Affste] FEeE AEXUTHA FAHHE RS0
o Ztzke] WA E Wopr|olx] WolAlZ] § FEg FES
ol-gato] 257+ 719 39 o] oY frHE

FFE7)7kS 2t Hakek ofd RS A7) W frE A
Age] 1k Y Aol 2 w7k W @
dsto] oFF F717He AR ZF A1
HEolom, kAT HWETE S ol
2k e
AlollM BEog $3tek o 1785 W FE7t

Al FEaL, R Fl S5 w7 Y
AEHOE FAFUAL, 7 Al HolA F3ket oF %
nsl GrE ARSI OH, AE|7ke] v 7
2008010k, 2E|a kST, APYE, A5, A
T 9 g E ol gl AYREE 2Tt A vy
¥ Meyer et al. (1986)7} #|t3h
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13.0 (IBM Analyticsy2 ©]-8-3}¢] probit analysis?} t-testS
Tt

=}

Z1 o pE

=
O|O|CIEE2=2|E X&)y HEFo %X HS ZA
oFAIRRgol| wE wiE o] AF W FEoIA Y A-8Y
zpolg Holr7] Qs 2y fFEAA TEE Falo ©
noEEzde A3y ATS e, I A =S
AT AR B A HET AlEe ovtE R
Y= FAIE FHFE
B9 APEL 2407 T 0.0%, 48M7F T 1.3%, 1247
T 2.7%c19 e A AT 2407 $ 97.3%, 48A17F
F 98.7%, 2N T 100%2 F AE7e] 2 AolE By
FATE A2l 72217 F A ARSE(LCs)ell A= 7
FAAEL 25.51 ppm, AT 453.00 ppmO-Z Aot
AU7E 17762 E2 A wgs g1 Sl
(Table 1).

-

o|OICHEE=ZE|E XMy HEFe uxtx ey
olmtE R = A A HEF e 7R A
TFE S WAL S Lotr ] flate] vl QU RE
wo|=A oA 53 FhhlH o EA|, dE|ARe|EA, HE
APIA] ZH ol tistd B=378-5 A8k Ul LU =E
oA ofA Al & 72A17 X 9] AFE-S acetamiprid
(25 ppm), clothianidin (16 ppm), dinotefuran (100 ppm),
thiacloprid (50 ppm), thiamethoxam (10 ppm) 22}l tjs}
of ojvjEEZeE 4 /HES 90% oS HALu,
A& NEolAe 24.6%, 67.6%, 100%, 5.4%, 16.0%=
Bt Bo|gd vhsh 2 2 v QYFE o = HAlE
Zroll= gadd] A EdE ol T3 10, dinotefuran
B olrtE R )= A A HE ol tiate] WA g
S HolA| eUThFig. 1). oltEFRZ = A4 Fol
&t dinotefuran®] th& A3 WHg-2 BiE T ik op}
ES G E (4phis gossypii Grover), B 7F0|(Bemisia tabaci
Gennadius) 59| dlFNH%= B17} =S tH(Prabhaker et
al., 2005; Wang et al., 2008; Shi et al., 2011). Meng et al.
(2016) dRtH oz | QUIE|mo|=A] HFAle] FAA
43 7121 cytochrome p45001] €]t &l &521-8-2] xjo]oA]

Table 1. Mortality in recommended concentration, median lethal concentration (LCs,) and resistance ratio in LCs, of Imidacloprid

resistant and susceptible N. lugens strains after 48hr treatment

N. lugens strain Mortality (%) in RC® LCs (ppm) Slope + SE df 1 R/R
Resistant 1.3+298 453.00 1.27+£0.24 2 0.053 17.76
Susceptible 98.7+2.98 25.51 0.82+0.14 4 4.871 1

YRC; Recommended concentration
YR/R (resistance ratio) = LCs, of resistant / LCs, of susceptible.
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Dinotefuran WP
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Thiacloprid SC | Thiamethoxam WG

Fig. 1. Mortalities of susceptible- and imidacloprid resistant V. lugens against neonicotinoids insecticides for 24, 48, 72 hrs after treatment.
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Etofenprox EC

24hr ‘ 48hr | 72hr
Sulfoxaflor WG

Fig. 2. Mortalities of susceptible- and imidacloprid resistant V. Jugens against the other insecticides for 24, 48, 72 hrs after treatment.
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3:0

AT}, #4152 84 (Molecular dynamics) 2]
Eato] gl 7ol Q FollAY] ojntEE e
inotefuran®] A4 HH 2ol & F =0 P24
Jo] ZJolol 2]3F CYM6CMI Tl oj o] At o] 2}
o] QIgh tiA}ARE-9] xfo] wjitoltal BTt HE o)A
o 57 opAlol] gk A3 W] xfo]7} Hulj 7pFolof A ¢}
sYgt zpolo] ogt A= K} o] AFE T & 2
87} vk vl QUIE o= A ol FhatH o] EAIQ]
fenobucarb (500 ppm), ] 22| =AH|Q! etofenprox (100 ppm),
AZ AL sulfoxaflor (14 ppm) HAIE sl < 24
AAE AAAATAA 89% ool AFES HIom,
olmtER I E A3 WETlAN WA IS IIT
T fI3ATH(Fig. 2). webA, AR a5l thet WAE 2s)
M WA EPdo] W o] wAAREo] WAHE I S
o S v} HETY] olmtER ZYE AFe] FRlH
O V| QEFE 0| AT AFA AR AL
THE 7121¢] A5A1 8] ARg-o] niA|akele} AbR T,

o

o 2 o
r

(A T e

2 o B o

O:

olo|CtE2=E|E MEY M HET MEY Ho
Mol g £4

SHAIA G el AT FEOl o HSELS
Udolr 7] fJ5te s oMt ER Y= A A BiEF
A BT R RSkl ¥ F5 WET AR FER
st A FER FAHE st ARyt o
noER2e = A3 9 A sE AT 74 g 4
SEZR Aleh o} Hglel ok FES 3lEH|e} AW HE
ste] 7|7k AJEES 2o S A B QITH Table 2).
A& wiE 7t 2 vl vlate] 1ol w717k
o] o 1d A& AU, AA 571N = TAHCE
FolstA = sktt. webA SFAIA Y A wE 19
k5719 ©Ee FIFL vA= AR AdEH. FF A
o] 739, Saxena and Barrion (1984)2 ¥ §HE o]&
ato] A3 AR8E AS AF, A FFO Bl A
FZoA HE o] HAAT 7t AA e AstEo] fE
dhgol] 2] o] AUATHL Hstgith, e 2 dter s,

EA 2

oL =

N
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Table 2. Developmental period for the nymph stages of Imidacloprid resistant and susceptible N. lugens strains feeded on different

rice varieties, Chinnong and Chuchung

N o Developmental periods (days + SE)” Survival
N. lugens strainRice varietiy ¥ N. o
Ist 2nd 3rd 4th 5th Total rate (%)
Resistant Chinnong 60 19+026a 25+06a 23+05a 3.0+£06¢c 39+0.8b 132+1.2a 71.7
esistan
Chuchung 60 22+0.5b 24%06a 26+05b 2.7+£0.7bc 4.0+£0.6b 13.9+1.4ab 85.0
S bl Chinnong 60 29+0.5¢ 25+0.7a 25+0.5ab 25+05ab 3.8+0.7ab 14.2+£0.9b 80.0
sceptible
useep Chuchung 82 3.1£0.7¢c 25+06a 25+06ab 25+0.6a 3.6%0.5a 140+0.8ab  86.6

? Chinnong is BPH-resistant and Chuchung is BPH-susceptible variety

®Values followed by the same letter within a column are not significantly different (P > 0.05, DMRT).

Table 3. Adult female longevity, fecundity, first reproduction day and reproduction period (Mean°&SE) of Imidacloprid resistant and

susceptible N. lugens strains

N. lugens strain Rice variety® N chgg;;/)lty Fecundity First rfgé}?guctlon lgzgf)%d(ll;;;(;r)l gr%aelzeg/gdsa;
Resistant Chinnong 19 164+638a 124.0+78091a 3.5+ 1.50a 9.0+2.65a 7.0+3.74a

Chuchung 21  159+4.78a 146.9 £63.69ab 3.5+0.87a 87+£1.23a  92+3.49ab

Susceptible Chinnong 17 193+853a 191.9+118.05b 33%047a 82+0.39a  9.4+3.75ab
Chuchung 21 19.8+5.51a 200.1 +102.02b 3.44+093a 82+0.68a  9.6+3.49

» Chinnong is BPH-resistant and Chuchung is BPH-susceptible variety

® Values followed by the same letter within a column are not significantly different (P > 0.05, DMRT).able 4. Life table parameters of N.

lugens strains

Table 4. Life table parameters of N. lugens strains

. . - Parameters”
N. lugens strain Rice varietiy?
RO Iy }\, TC D‘
Resistant Chinnong 35.9+11.05a 0.13+0.010a 1.1419a 26.99b 5.22b
esistan

Chuchung 68.2 + 13.44b 0.17 £ 0.007b 1.1811b 25.37a 4.17a

. Chinnong 69.7 £23.29b 0.15 £ 009¢ 1.1641b 27.94b 4.56b

Susceptible

Chuchung 69.9 +16.23b 0.16 £ 0.007bc 1.1734bc 26.56b 4.33b

9 Chinnong is resistant and Chuchung is susceptible variety

Y Ry: net reproductive rate (female/female); r,: intrinsic rate of increase (female/female/day); A: finite rate of increase (female/female/day); T:
mean generation time (day); D,: doubling time (day), Values followed by the same letter within a column are not significantly different

(P>0.05, DMRT)

Q1 FAgu ek AR FErllA Aol gl & &
o, o= Choi et al. (2015)01 HE o] FE7ke] 7t
NES ZARE B3l A2 A W F54 57 1=
zolel| AL okths Harel UX|sigich Egt k%o
AEEL 2lEHol JEs A WET AToA 7P %
UI(71.7%), FHHANA 71 4 BE+ Alsel 7H8
EUTHB6.6%). oI’Fe] AH=E WET oo g T4
of oAl A FHo] FHHor HAose AL T
F dem, 7 AU Py FUF A ZaskE
A ztsi,

ol
PN

r& g

£ 4otk AREE ARA BE T AlBo] 124.0-146.971]
2 74 AE9 191.9-200.17 2 @R HUt). w3k AF
7)e} ARRb |7 M = AT 7ol AolE B & gl

JackknifedH ol wah Table 49 A EES ZHAsIatt. 3
sHA 7] A BT Alge] S AIET Ee
A BT Ao vlasle] £F7HE 35.9, AR
Z7HEE 0.13, 7177182 114192 7P 99k, vi47]
ZHD)e 5.2242 7P den, 1 ¢ AyFEdie
parameters7tl] F-2]4 zo]E HolA] 29kTh Liu and
Han(2006)y> on|thZ222|= A3 ¥E2058 A3
Ae] A-2-8]E(fitness cost) 54 ATE 53] A3 AlE
o] 7Hgdol wlsl FFAEE, S5, A, Falkgol W
ATIL B S0, Jo et al. (2009) etofenprox A

B0l E(Myzus persicae Sulzer)2] S5 ZAE
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Ealo] A4 AT £35S, WARASIIE T Ht
AN 7178 7R AR BT T Yok ul B4 2 0 2 49
A ettty ByET Axdo g ojmuEE=EE
A WET ATS % —’FH AEo] Hlate] urg @ A2
T AP EFFNA L Z=rt

tH(Kim and Youn, 1987, Park and Song, 1988; Hwang et
al., 2002). ;1311/]. h=h )\] 3 oﬂ}q‘_: Al lc-):a:] (xq 3HA] )glr _%jgbq
#F)E 74l parameter FHEC F23k 2olE B 4 ¢l
At} Choi et al. (2015)y= 24 B F5¢ dEHNA A
g4 B FE5= Bt }%}—rﬂ IOk, -3k&o] E=qhomn,
A—]7‘- ;%]_,__%1: io]-gb]_, Q] Xﬁﬂﬂ ‘EqOH/H‘“ 7L/\1\é 7:“
3 HSEAY 22 PES ol HEAIEe XS A
QFgH vt Stk B AFolM= v AE7} obd frHE AHE-s)
oL, HEFe] AEd EAL Holx & S| A
A QIS TS 5 7] el HEnizt Aol kst
I e oEH ¢, BiE AL oA e o 3-
At o] 2 5 A-gAo] WE 4 3 (Hwang et al.,
202, 94 AE7) A 38 kel sk A9
ol ARoM = B % T 9lo](Tanaka2} Matsumura,
2000) B Aol ARE-E B tﬂ T Algol ZEHe 4§
P& 7= viAlsh] o H Tt

=

otx1|I1ng HE T2 MEd F5oe 2
= olvtdERzE A
A

w Mﬂ ol BEslel 2 AHH 54 248 Bt
o SPIAPS FEAPI ABIAE A7) w23 o
St ABHoR oetERIs 7

%9 G sk TP A WET AT E
Ay H EE Dol JE5Ho] BAHOE f9
spll Sk 3ol 4 gtk el sg Fi o
B3 il FHOENE oni R U ElohE4
5 oplol tisle] AYAe F5ste] weslu, W A%

4 A
q F20) AR Sl RO PA Vg Ak 2
WA B8 ¥ Aoz DR v HETe] 454
Aapg Al welsh ABAEY] ) thE W A9
Fxo) A 2718 THY W, 3] BT B A
WY 52 ARG FB O k) 5l 09 AR @
w7 ulg 209 Aow WeHEr, B

A AEH Vhe) AR FFS
P 5 AFAPY FED
WA A o2 Bk Ty
F3) o)y o] EHL gusel 4
s,

owpz

ToME 1719
Ao, oFAA
ol #A Tt
OFA] A& WET A
4o 7 A7t de

(e}
3%J
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2ol 2

B Al w2153 FEALAFAHE: PI010917
2017H A-aR el Q)& AU T
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