| Fae x| Mi4d M2 (2010) .
L“I;he Korean Journal of Pesticide Science Vol. 14, No. 2, pp. 175~182

Comparison of Insecticidal Activity and Feeding Behavior of Nilaparvata
lugens by Root Uptake Times against Fenobucarb and Imidacloprid
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- | Abstract | ~

Two insecticides, fenobucarb (36, 12 ppm) and imidacloprid (0.7, 0.4 ppm) were treated on rice seedling roots
by root uptake method with different dipping time (1, 4, 8, 12, 16, 20, 24 hrs). This study was performed
to elucidate the correlation between insecticidal activity and feeding behavior of Nilaparvata lugens using EPG
(electrical penetration graph). EPG waveforms are recorded for 4 hours and classified into six waveforms. In
the correlation between root uptake and corrected mortality, both insecticides showed higher corrected mortality
as higher doses and as longer root uptake times. In the analysis of waveforms, N. lugens showed longer non-
probe time but shorter phloem feeding time at a higher dose. It was also showed the same result as longer
the root uptake times. Therefore, it showed the correlation between insecticidal activity by root uptake time
and both EPG waveforms (non-probing time and phloem feeding time).
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A S
M E Mol 23E ERelo] FHOE A4S Sk 239 7
3 P52 getow BT olaig), 17149 HAE o

WY Nilaparvata lugens Staly= Bj9] AL Yz oa L3to] BEFYE- ofefstal tHMcLean & Kinsey, 1967;
g—g—o}oq T|S|E ofr|8 ®ut o]} WATAREAR] hopper  Tiallingii, 1978). A41&33X]¢l EPG(clectrical penetra-
& 4o AAA 93jE Fi dlFolchBae and Pa- tion graph)= 1-31°] ~~3%9] o g AARE met o
thak, 1970; Shepard et al., 1991; Qiu et al., 2004). %3}, APHoR BHEE T TAHEE dFsted o
ZHAH O 2 grassy stunt virus®} ragged stunt virusS of ufQ S.23t Axjo ]Bﬁi(Splller 1988), McLean and Kinsey
k] Blo] £A1L el Ao EA ltkSogawa, 1982, (1967)7} Alternating Current 7| 2412 o|&3to] ZLE 9|
Velusamy and Heinrichs, 1986). FRYFE 13 ©]F, Direct Currents 083+ BHo] Tia-
llingiiof 23| WA= o} AA7HA] T2 AMEE L YIk(Tiall-
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7, 10|50 2e F2Y 718 /1A 23 4AH5
el B2 A7t o]Fo)FriKhan and Saxena, 1985; Kim-
mins, 1989; Youn, 1992; Lei et al., 1996; Jiang et al,
1999; Seo et al., 2009).

HELY) 35S B2 A7AEd o3 EuFch
Velusamy and Heinrichs(1986)= 422 2 EPGE ©]43}
o Y3 33 A4 &S T Aolg By, oF

£ d7AEe] o8 5 1t YT Aol dig A+
o] 533t Cook et al., 1987; Hattori, 2001; Kim et
al., 2005). =3+ 7#4(Silicon)2] Bt ¥ Ag 3. Hkgo
3t A= EPG7} o] 2 E %t Goussain ef al., 2005).
Iy HEFOA ARG e gAY = AT
Aol whe 2|9 G dafAe Ast Bad b
7k AQ) ik thit AFAS] Sl A FufrtFol(Seo
et al, 2007)8} E4olZ A E(Nauen, 1995; Seo et al,
2009) FolA EPGE o]8-3tof HAA =g vusr|e
81t} Kwon et al. (2008)-2 Emamectin benzoate®} Pyri-
daben®] FHEAo] TE GulhRolol 4ABE HBE B
g o o otk

Fenobucarb®} Imidacloprids =] $E8]30] 1A <kA)
2 52 5 ofQJtKCPA, 2009). Fenobucarb-&- 7huj|o|E
A AARA 73 JEFA T £aA0] 9lo] AE B oF
Alofl AEsto] Feth ZEAUR Eo7H AAASHE
FEE F= FH2EHZOHA A4E Asfste AFEES
ettt} Neonicotinoid#) 242l Imidacloprid THE %=
ofxt g Eof & =1 JRojPol Fof AHEY Fo|FY
g, £3] FEA 5ol T5Y f w2 YAEILIL Qe
A0 R dHA QIthMinamita ef al., 1993). ZEAYE &
ol7bd A% HEE Wefste] HAAEE YoA At o]
27 8} (Nauen and Elbert, 1994; 1997), E3t ol g &8
TEAE Asste] A5a8E UepdrhMethfessel, 1992;
Tomizawa, 1994; Tomizawa et al., 19953, b). F A=
AFEAol £ FA=A HELE HIRE 1R} Sr85
o HA o AEET Y FAEOIT

2 A= Az tE Z87)12E& 7H FA 2l Fenobu-
carb@} Imidacloprid& ] ] Aj7to] wtg wig-ro] 4
FET HASHBAEPG)E ol8slo ARRE HEE
AT ABBAE B ekt

33 YA ed sFaelA 1993 & £ who} &
AARE9 AS ARSIk WETE 35 5ot Al 2
AW(Oryza sativa cultivar Chucheong) W25 7|38 &
BFAE AMS-E7](25%30%45 cm)E o] gdte] A k& glo]
CoALg Bglon, A ASRAL S 25 £ 1T, 3]
16L : 8D, AUEE 50~60%2 A5tk

AR

Aol A8 fAlE WET YAEo R AR Sl
AFZ9] Fenobucarb (50%, EC; 2-sec-butylphenyl methyl-
carbamate (BPMC)) 0.7 ppm, 0.4 ppm} Imidacloprid (8%,
SC; 1-[6-chloro-3-pyridinyl)methyl]-N-nitro-2-imidazolidi-
nimine) 36 ppm, 12 ppm ZAI3t] APl ARG,

B0l

ARoldy A 297 ¥ SR B9 H& Aol 37
& 3239 A3AE oAABER F5ao] 4 g -
Fenobucarb (0.7, 0.4 ppm), Imidacloprid (36, 12 ppm)<]|
B HRO BYE 1, 4, 8, 12, 16, 20, 24X7F U FAAZE
& gejoto] JABGe Aol A & Hele S22 EE
ejo] Eof golgdE 4 Sl dAE Aol #32 oAl
T4 Bl g &of ol RYAFW(IS5<15 em)d] YL FF
5 et HE1LY JAPES FAE A2 2447 5
of A7bd ATy ATE ARG AldE T HEF
AR AFE 1004 FFGL xR o2 S3siglon,
AT ¥ fRo SHeT Askick

aA &3

HZ|(EPG)E 0188 MAmE 24

s 239 BYEH HAPFE Tiallingii(1978,
1985)9] DC A|2dlE U5 WA WHOoR S2g A4St
17 232 243kt 829 A2 47 18 ymel 24
(Goodfellow, UK)Z 3-4cmE BEF 52 714 20k A
T4 9= HolE(Silver conductive paint, RS, 101-5621,
UK)E e 23313 7o) 428 34 Giga8 DC
EPG amplifiere]] 235t} ThE &2 A5 Hel& &
of dZsto wE7} LSS & o 327t AA=H] o
o] 7| SHEE 1c}. Amplifiere] AES 5082 At
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R o] 2E A3} 9J8f a2 At Faraday
cageQtollAl asglct. QRola e 2hay Ade RS
Aeld & WETE ¥ Qo Lol WSS g 3}
T 4ARE E9F F1E ST AgelA e 2714e e
PROBE 3.0 &XE¢jo}(Wageningen Agricultural Univer-
sity, Wageningen, The Netherlands)E AFg-sto] njdo] &
oF W Zul BB Seo ef al. (2009)9] WL 9-L5}o]
7o) T4y WA A7 EReTFig 1) BE EPG
datal= AE A2 3 447 FoF 2AT ATE A1 BA
st

AA HAE sheAl Yoty $fste] viE1e R )
€ FUsIAh wETE AN A A7 F7 & Adel A

FRaL, 7hz2e] Hu) 8kl filterpaperol] 2% ninhydring
Ot Eol| =0 1 mlS =X8GT, FHH filterpaperE

£719 oo 79 1 Z=27F dold AR} EPG
recording time?| A| &S 3olstgnh ohollA AIFHE EPG

e HEFO Lagdlt gAdsua 177
B2 71 99| filterpaper v}2 2 50 LED
7| thigo] 1 o] LA 719) Fokeh. o WL BE A

1 2 ofu|AkS A58 Ul 942 Rosen (1957)¢] Nin-
hydrin methodE -2-83}4t}. Ninhydring opu| At} wt
S3Hd o] &)7] ujigol filterpapero] =7t "ol &
IR ol SHIBlS

EPGE o}§3t 7158 WS ¥ §Ro|A 2 A7
= 142 RFSIG O, 7t A FEE 103] vre)
STk AR e 14 g A4 =4l o
252 o H 42 =

Gt 3 A F 447 B EAT AL
ArkFig. 1). HP7 AJ4BF | Apol= EPGHE Y F 7]
74} T, H80 2 N4-auty 3t N4-butgo] £gsl7] 714

A A7k0] B2 DMRTAAWHORE 9022 0.05%
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Fig. 1. EPG waveforms of Nilaparvata lugens on rice seedling.
(A) np; Non-penetration, (B) N3; An extracellular activity near the phloem region, which always precedes N4-a pattern, (C) N4-a;
An intracellular activity in phloem region, which is certainly necessary just prior to ingest phloem sap, (D) N4-b; Phloem sap
ingestion, (E) NS5; Stylet activity in xylem region, (F) N6; It is specific waveform to react insecticide.
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& Aol F 71EAZH2408) S 2} ghofl A 1t
o] =g A3} A7k A4St B3 71EAT 5 2 gt
o] gtolte Uehd /jAIE&E BEEE TSt oA
AAYE A7t 2polE vlastget. YAk o of
79} EPGHFE 7H9] A= Excel 2007 Z 21 (Microsoft
Corporation, USA)ofjA] A4 HE& o]&dte] EA319iT).
da ¥ o3

EPGE o|§3te] 7154 oA wE-ro] Hagdss o
T3 R oA = @o] 9tkSeo ef al., 2009; Kim
et al., 2005). o|23t AFE Tl w7 JAlutgol o)
M Bol 43A Jou, AAR FAE Aetis of IE
ot ta o) wet mEF HAYFE RANE Ate
Hug b gl

2 A A= Fig. 10|14 E= vle} Zo] HojlA wEy
o JalqFol W2 1S 6749 EPG By og FEIY
t}. Kim et al. (2005)2 HA3%5S 67] oz TEY
i, Seo et al. (2009)2 77/} Hgo 2 LEEGITE E AF o
A<= Seo et al. (2009)2] A-olA FAIH 77 23(np, NI,
N2, N3, N4-a, N4-b, N5)& F=sto] B4R, A<
Ao 234 Fo710] N1, N2 532 2 Addx g2
ek oottt

HELY] HAgE w2 gtFolA N3gg2 Aoy &
A, Nd-a, N4-bFg-2 A fho] =gs8tge A Yetite gt
H O 2 N3, N4-a, N4-bu}-2 A @7e) wad ozt o
SE| A, Al AT B E 91352 N4-both. N5T}
g2 EPRS BHH myolr.

EPGE HEF7L AAR 4L 8t 8tA] eAE &
tet7] ojgrh AR Haa FANEE U] HaiMe
AFACE FEFY 4 AL HolAR A2 F AE2AY
T4 AAE elstar 1 of yepd Bty rReH g
A BT 4= ATk (Seo ez al., 2009). 3HA|T £ AF o)A
o} Zro] ofggt Wlo] ool gk wie 1HE A2A Y=
B np) o2 LA desla, 7|Ee BA/RuE 7y 2
AR AAREE Bt

AEEH 9 Sl 7hgdt ofnlicAl A WHQ Rosen
(1957)4] Ninhydrin methodg o|-g-5to] A5l vjd 17}
A/EE HAlster g Wystant. 1 dx AR A
AAIZE] 7 2ol Ae HEZL ER1 HAAT, A A2
FolA= FZY Eu|7t 1A okt

249 A4y e AR, JARoIRY dAE T A
2ol A, ARAIZHE galatel(l, 4, 8, 12, 16, 20, 244]
7h Aest & HgAEeu ahgate] JAE vla £A591
t}. B 8- XZ Fenobucarb®} Imidacloprid®] # 25 =2} 3
ZJAZEe]| wE HETY] np T HAAGEY] JUDAE
RAFE AIKTable 1), F AA|7H) HI3 AFE BHom,
7+ 24 Fenobucarb 0.4 ppm, 0.7 ppm A&} A] 0.8133,
0.8770 2] Imidacloprid 12 ppm, 36 ppm A|2)A| 0.83%4,
0.83942 2 ATHAE Vet ¢ltk(Table 1). 232
np 10| BE5E A Uethh= ¥ np 3] dojAH
BAMEEL 2 Spte AEE BARh olHE A
& FH71Fol(Seo et al., 2007)2t B0l 5 E(Naven,
1995; Seo et al,, 2009) A= v|<Ft Hako] By Hf Qlch

¥ £ HE Fenobucarb®} Imidacloprid Aol A5k
o} AA A7t mE wEAte) 47} T E 9P(N3, Nd-a,
N4-b)7} 2GAEE| AAFAE 2ARE Z3W(Table 1), F
OFA7} vl4:3t A3 BY.onl, ¥ZHE Fenobucarb 0.4 ppm,
0.7 ppm A Z]A] 0.8864, 0.8361 12| Imidacloprid 12 ppm,
36 ppm A4 0.8342, 0.8139¢] =& AWIAE et
Uth(Table 1). AHFHE AJAAZRE A4 AR|A7to] Aojd
TE gopyon, 4382 F/RHE Byt vETY AW
B G4o] #d 99 F AR 24 339U N3 332
Fenobucarb 0.4 ppmoflA] BE A 7H oA wg& &4l
8 4= 91%iAIgt, Fenobucarb 0.7 ppmoj A} 24A17F F2] 4]
AZEE Agt BE JAATHAA S & T 4 YA
th. 28} Imidacloprid 12 ppm 2.2 Hx|A|7to] uel A g
Al ol B2 AIZE ghgo] el Fgla, #al A 87t of
e e FA & o gt Table 1). E3F N4-a 94
2 Fenobucarbol| A= Z-& A|7H| AR E1& & 4= ISIA|
1, Imidaclopridefl A= A 9] ER1E& & 4= §lSich A2
AAakgd ¢l N4-b #3-& Fenobucarb 0.4 ppm & X]o]| A
ok 18-S 89] 319911, Fenobucarb 0.7 ppm, Imidacloprid
12 ppm, 36 ppm A= A & 5 AT

7129} AFolA Imidaclopride= E5& Adfshe 44 A
2777} 20hy HTETHChoi, 1998). 1|1 E4olE
AR E tfajA 71&e] ezl AFAGED A4S Ad
ato] Al Ae, ot Wgel osf AT HFARA 2
L31= A Aty B gk o7} 9)ck(Nauen and Elbert, 1994;
1997). & A o|A] ImidaclopridE #2]3t A[@-tolA EPG
oy B4 BolsHA N6 #Hgo] Yehde &l & 4 U
+£Hl(Fig. 1F), |2 Bd17} 7150l 3% BRA, oF
Aol efal| nte]7t =HHA L31E& A2 A7t 253 EPG
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Table 1. Comparison of EPG waveforms by various root uptake times treated two insecticides against Nilapavata lugens

Penetration phase (Min)

Insecticides Time Corrfected short
(hrs) Mortality (%)  np 2@ N3 Nda N g 2 N5 2@
0.0 144.9 109 22 19 150 368
4 33 1378 73 18 13 104 395
133 1322 105 17 10 132 39.1
Fenobucarb 12 26.7 1430 08133 87 09 07 103 08864 325 08520
(0.4 ppm)
16 333 153.2 54 00 02 56 203
20 56.7 176.6 25 02 01 28 172
24 745 226.6 07 00 00 07 15.7
1 0.0 1102 20 02 00 22 59.8
4 10.3 1336 23 00 00 23 452
6.7 164.5 14 02 00 16 8.1
Fenobucarb 12 333 1706 08770 18 02 00 20 08361 56 04287
(0.7 ppm)
16 411 197.4 12 03 00 15 5.0
20 56.7 2228 07 00 00 07 32
24 933 2447 00 00 00 00 40
133 126.1 13 09 00 22 25.1
4 203 159.9 13 10 00 23 3.5
_ . 367 1708 01 00 00 Ol 0.6
fmidacloprid 12 46.7 189.1 08394 00 00 00 00 08342 05 01718
(12 ppm)
16 483 183.0 00 00 00 00 13.9
20 54.5 1863 00 00 00 00 137
2% 60.7 199.6 00 00 00 00 0.0
0.0 1477 05 00 00 05 49
4 333 156.1 03 00 00 03 17.7
411 162.2 01 00 00 0l 13
Imidacloprid 12 56.7 1700 08394 00 00 00 00 08139 00 02094
(36 ppm)
16 61.1 193.1 00 00 00 00 0.0
20 58.9 186.9 00 00 00 00 0.3
24 833 273 00 00 00 00 0.0

@Correlation between corrected mortality and np (non penetration) time.

®Short sum is N3+(N4-ay+(N4-b) of Phloem phase.
©Correlation between corrected mortality and Short sum time.

@Correlation between corrected mortality and N5 (xylem waveform) relationship.

o sl2= AZ€ A7t £-2157]9] non-probing 23 1]
28 YL Holpr Aoz ok

Fenobucarb= cabamate#|o] 45l 43|24 AChE
B Ashstel AL H3A
2 BIEUHKCPA, 2009). Yoo ef al. (2002) HjET
7V b= A3 71RO R A acetylcholinesterased] A
Qlthyl B 3191, Fenobucarb UAIE Wo| A ace-
tylcholinesterase”} B} T Alth7F AU A o & AgA

(acetylcholinesterase)

S BolA "k Bttt old EAE HA3HA 8l7] 9
A HET WA Aol AHA A ¢ &9 HaUh 9l
o} 2 9] AxloflA B0l Fenobucarb 0.4 ppm
A S HEA ) Al A e s
of A Ae] ¥ Fok 23 =AY, WAVt M
o2 e, 4340 O FY0mA ATY WBE 2
o £ 9L #oR UnHg

Atoll A B0l ME YA BE oA Aol A

N >~\4 >l
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A& ABRA Y ATte] v ZA vepdE Roj3a gtk
FAE A2A Y= AL 7157 s ARetA] &
& HoFE slue] wigoltt ofd Adbs AFA Ao ut
= guriole] HABE ot vlE(Seo ef al, 2007;
Kwon et al., 2008)oJA % Z& AWE HoFa 9t
EPG AAA s 4 thgt Ao = ARgEoFt 4]
= F2EE U A4 89 dart dold d+= 9§l
ok BlAY A2 84 FEE F 9718 BAL2 green
leathopperol| A 2 458 Yoz on, P-4 7|7t
ZAAATHLiu and Takahashi, 1991). Khan and Saxena
(1984)9] A1ATo|N= AP EFMA A ESET
Sogatella furcifera®| A3 441& A 511 salivation 7|
7+ A1 probed) = 28 A © WA WA 019}
2e AT AR 713 Hols AdAgEY vk
WAL AGENAE EREQItHCampbell ef al, 1982)
Kimmins (1989)= W] tgh 4 E55 A3 &
Foll digt A4 5 EAolA A EFANA o B2 Al
7 A4e BoiFglotal B aqick 2 AYoAe #ie F
Aol mE oA A Al AR QAL BEL AR A
AAzke] thzTo] Hlg] @AE] EFolte Zg SIS
(Fig. 1D) flollA RiE o) 9] At} npi7lA| 2 v A
AEoly Mg AEe] disf AR A7) FojhE
A A2 A= Felstgirt. o] AL fAA o] W 4]
P& A7 A e A=A G BT iR g A4
ol AdAgEol oFAl Bt wdo] ’6‘—9—01":]' A& sk
ot &3, 45440 ppm Cartap)E AFAZ ¥ 17
o AB|EIE Wl Nephotettix cincticepsw AT 44]o] &
7Fedtctal K% ¢l ow(Kono et al, 1982), A=A A
o mE Fuj7pRo]e] A FFol that vao A e dizo
Bl A2 7-e] A Aol LS Flststh(Seo er al,
2007; Kwon ef al., 2008). 2 Ao Ax Z-e Antg stol
4 Atk
£ Aol A AT 7o) AAlg Al=stele B e
LHIN3, Nd-a), AAA A NA-b)2 oA A2 Al 1247
o|Folli= BE ATjFolA] sfgo] TAEA) gttt 18U B
TE oF2 7 AR 2 Al TolA B, EEE
A4 sl gAY, A BE Azt ol vehdE ERIE
4 St Table 1). o] AT Saxena and Khan (1985)+=
A ol neem oil2 A F}9E o, V. virescens®) A4
o] AToM ETOE HiF = AL RIS Aupot TS o
T AU 7159 et AAsho] ks & Al 32
A& A=A g7 Hnp), 715 FAE Wol SAHN2, N3;

2 AYAAE Bas) g, AEAA AANADYE 3
Ueg HolFAUTh £ AYY AN BojFRo] A

HAA7 ABEE QA 1, BBRE HNSHE A7
o ATE HAAZIET Aok A% Y4 Brbsde
AL AT 4 9k

AzA o2, B AP SHNSS EPGE o34
o] ool et AR AkE Deldte] WET YAHF
515 248 Rotch £ Agelq %) 44 A2 EPGY
PAS & 4 Ao, Aneld BFol EPG E 24 A
A AR AATF(NA-b) FXAIZk] BAglo] o)
$ 2P0 dehbA kgl UehA ok RS g 7
Ae AZA g SepS A7) Ae] o E4E 44
S g Ako] Zojae Blstkge oA AaHeR
HASH) g AZHNa-b)o] Lol n, & A2A) g
A7np)o] Aoid4E AFHE $ob BIstct. v}
A HETE vl ARHoE FEste g oplsnE,
W7o FEES olAUcH, YAS %) AR o
o HTE AT BUY 4 UOw, LY FAT 7IEL
AN 45 Y& Aoleh £ AP E FEAY 93
S olold M4 £ U AFELE HUT 5 U9
o B 9 A&AT] Y F7142 972 F9) WY
o AAH WA WS A5Y T 4 U AoR ArEd,

>/ &/
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