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Feeding Behavior of the Small Brown Planthopper, Laodelphax striatellus
(Hemiptera: Delphacidae) on Rice Plants Based on EPG Waveform, Honeydew
Excretion, and Microsection Analysis
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ABSTRACT: Consistent with a previous study on the brown planthopper Nilaparvata lugens (BPH) (Seo et al., 2009), we identified seven
distinct EPG waveforms (np, L1, L2, L3, L4-a, L4-b, and L5) in adult female Laodelphax striatellus (SBPH) that fed on rice plants, by using
the direct current electrical penetration graph (DC-EPG) system. The shape of waveforms and the pattern of occurrence of each
waveform of SBPH were very similar to those of BPH. L3 and L4-a always occurred prior to L4-b. Periodical honeydew excretion was observed
in L4-b only. Microsection observation following laser stylectomy revealed that the tips of SBPH stylets severed in L3, L4-a, and L4-b were
commonly located in or near the phloem region of rice plants, but were located in the xylem in L5. Plant sap flowed from the stylets severed
in L4-b only, and its main carbohydrate component was detected as sucrose by HPLC analysis. These results and the patterns of EPG
waveform progress in SBPH suggested that feeding activities on rice plant tissue were relevant to each EPG waveform. L7 and L2
corresponded to the initiation of stylet penetration and stylet movement with salivation on the outside of the vascular bundle. L3 and
[ 4-a were related to feeding activities within the phloem region in preparation for phloem sap ingestion. L4-b was closely associated with
phloem sap ingestion, and L5 corresponded to xylem feeding behavior.
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Tgoltk, REA|L ofAlo}, Bolzel), £, v]ZRuA]
o} A=t 50 2 u| - ¥l 0w W(Oryza sativa), B.E2|(Hordeum
vulgare), B(Triticum aestivum), 2(Zea mays) 5 5= 3+
Hi} AlE0] 7)5=o|c}(Chung and Lee, 1971; Plantwise Knowledge
Bank, 2016). o= F5HOFAoF A H(Fh=, T, L)l
WS LY JulE (rice stripe virus)} HA2E 2 (rice
black-streaked dwarf virus)< tj7]jglo] 2 TS S0,
of 213t A% el A o] Harw x| oFout tiEAYA] 214
O 7 AEA A Y FERHR O5F WEiE & 4 QL
9] 9 3f}F=o]ti(Chung, 1974; Hibino, 1996; Park et al., 2011).
53], ghofA= o7t = vishs HEFH A
Y02 1935 o] AR ZE, A, a4 30-70%
S8 74 izt )l9len, 1960~1970 W o= Mgt
3| 7A&0] 5 - 6.5%°] D5t Chung, 1974). 20005
vE R olulg o] Aajela} Artael 790l A 4,663 ha
(20014), 14,137 ha(2007d), 21,541 ha(20093) 7} =g = Hf
QItHLee et al., 2012).

ST} Sreks W 2SR el £ £50) 7Y
(stylets)o] 21z} oF A 223K Brozek et al., 2006; Dai et
al., 2014; Foster et al., 1983). F2of = 288 JL&(maxillary
stylets)o] A &2 92| Ho] 2452 (food canal) 2} B} 4]
& 2(salivary canal)E P4 REEIL, v Kol = o A0
g 3 (mandibular stylets)o] 228 ;L& HEX o2 Gy
AOTA o] 5 Hi= oY s(labium)of A4k} Qlek XI5
Fol} MR 2L AR AT L B 2EEL
Fol= 5 324 ElFY(coagulable saliva)¥} <=8/ E}SY
(watery saliva), 7 79| BflS HHoh= 202 A A 9l

thMiles, 1999). 317 BFol2 35 H&slal 739 o5

(0 g oo
& ooy o)

el

=
& §olPHeE FE Ve YA L3 e AEA
ofl A wh o] -0 == el ] wistylet sheath) &2 A5 4] £

etk -84 ol ashehull, ATk 58 Bulstel
HALS B A o] 282 St oAsl| = 3t
Cf(Sharma et al., 2014). A} 2] el 4 7319] £2]el 7} e}
of BulgEL o5 FEA £EEY 7184 %

d L= ¢l

Ao, Al 25 Hio]g2ef h-2 HlA o) S 53} o] o]
FX]+= A o] B 2 (Hogenhout et al., 2008), 4d4] 345 32k
ol A =0] A7 4 w7l EAE dtehe Fa%t
ool ftk. ey 554 ol AEAl yRE A

& Sete & akelr] ol g7 wiioll, theke = i)
O] A o] A& et o] HiEH = A= 2
wEsAL, i) F5E 7919 AlE 24 AHoA A= Ui

Holole wrfuuls sk, iii) electrical penetration

ﬁ
o
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graph (EPG) 7142 414) 9] 5.2 TASIAL, iv) EPGE]
=7 ko] 722 ekstylectomy) 5L, O] AHE 42
= =

A z2)0] Aol 77 o] merE 9]

~

of ABA| 247} 2% BEUR Solat 47|75 P,
o] T EL Zhmbn] WEoI, T wE 19), wefaiet §)
A AzE} 2510l AABE S F4sHd) ol §3e Backus
et al., 2005; Joost et al., 2006; Tjallingii, 1978; Tjallingii and
Hogen Esch, 1993; Youn, 1998). EPG 7]&-2 11 59 AH &,
B, wiu] g, Zhol, Zx e, FA |, k=T A SollA] At
o] $k=tl(Backus and Bennett, 2009), E3}of A= B{of A
WH I Nilaparvata lugens)2] EPG &5 LE5I ¥ %
2 o wjjet 94 L o AS AHHEC] 24
(Youn and Chang, 1993) o], 574 59 Z@} FAlo] 73]
& e}, Ao 72 EERE yelo] 0 HANES
o] AR Ao 2 =231 Zlo] HIEItK(Seo et al., 2009). 17
2 o] &5h= o B -7} Bjof| 4] Hol= EPG 39 53 A
5 A Aats ob] /11l Al B EPG B 5=
[8-5kof o E - A A BES 4 5ko] fith(He et al., 2011).
whebA = Aol A= EPG 3155 0]-8-5kof BioflAf ofE
T AAES 5] St AE A LAE vHsH ] Sfal
A, -0 £74 EPG ug s el v} 7= in] i Eto] v
A& AL, B4, 578 EPG afgofl A -3 2k v A
Qhofl 3] £o] et 225 ESHI AL, A, Ze Rl 3

o R3E §53 Solo) g AR BAL Sech

>~
ut

o

Wi

o F= 2006 A= Bjokt HHEN 36° 39° E 126°
187) =of| A Zjzdsto] off o]l 7H/d <l U&= (Choi et al.,
1992) FHE Ho| A5 Algstus 2225+2TC, 5% 60
+ 5% RH, 34557] 15L:9D Ao A] ek =of] ARS3H3A) 2

AolM = AUieolA ofE dAE A s
a5}t 5
o o

9]
2 22} 241 59 ABF0] Yol A B 4B T A8 819



o E U] B0l RE of BT U4 Lof¥i(Kim
al., 1984) 3 - 4%17] GRS A-85}%Th

EPG A5 712 & &

1z

o H9] ¥ A A EPG 342 Giga-8 DC EPG (input resistor,
Ri: 10° Ohm; input bias current: <0.1 pA) (Wageningen Agri-
cultural University, The Netherlands) & £3f 7| Z%|¢lch A&
20 um2] 4 (gold wire) &4 -5 cm Zo| 2 A2 T3 R TS
H(electrode pin) 2] W 2] o] 4~8-A4) 2742 A|(watery silver
elue paint)Z o] 310 AZsHIT]. 74l ThE 3 & B2 of
7Rl SRS o] §5t0] £l FEPG B9 ZE
7)(amplifier)7} A2 % = F H(insect probe)ol] AZA3}3AT] B
SRE SEAIA Bal7l AelA] SHES Wo} 4REE e
ol 335l & AT 5 o o) v ot mels) xq
] O} R BAH3 om X 25 om) 0 2 412 F- o] 715 3
100 ml A& ef23 Y3 GHE $2 0 7 A Z ) Plant
electrode o] & ol AAE 2] (27 2 mm, Z 0] 10 em)

2 Y7FEeRAT Qek B A2 719) Yol Bl W1
3t
[e)

£ 5}9th EPG amplifier 9] gain -2 508 2 A A3t Al o A
zg o] AAEo] el fUTE 7l 5 o] gl
8 B7)0] B 2P AL -5 VEF+ 5 VAo
o= 2gslglc AFEE AT EPG PHEES 7Y
© & Y5017l Faraday cage ¢toll @31, S =EPG 413+
ZFFElollA] PROBE 3.0 42 E]o}(Wageningen Agricultural
University, Wageningen, The Netherlands) & AR8-5}o] %25}
31 BAE1ITh EPG A3S 2525+ 2C, AMEE 60 + 5%,
3

5 wo| Qi A S e

OB} 1S A4S S BRI EPG AL S-S 3417+
9 7| E3PH A Hlo| A stylectomy (Laser & Physics, Republic
of Korea)of| 72+l aM7|etz o B2 7z 24| d5=
WSt =7t Hojxl= Ze TEh Ao A EPG7E
el A7HE 7128}, 7h2 ) wher] Afekelsty] 9ja) o %71
o}gxiBof| oA Ee] 1521 2% ninhydrin 89 | mlE = X3}
7]E0|(Whatman® qualitative filter paper, Grade 1, @150
mm)E 7|9 FUeh AFFolol BolXl = Qo] ofnjicito]
ninhydrin ¥F--0 2 ¥RAIE]o] Hoy] 2o Lehliar]
sholeli AR AW HAS o)L B AHE 72819

CHBottom et al., 1978). 12|31 7F27} Boi Al Yx|7} tha 7

A7) Y2 A BE012 22 BT EPG

A
=]
715 0] B 5 27t ol A A4 EPG 935S 1)

STk A= Hu] A5 ZAloll 14 nje] ofE T IS o] 85}
A, A% TF MR RS GHE AT T Al

A R Y W RS S 2 42 A 14 ke
of et wjE g A ShE, % A M Lab 1
o X 7F27} Wl 7| 74K 9] Akt 7hsH] 2HA L A

H|0|X stylectomy®} OJMIEE &=t

uS A4 59 ool FRE 24240 L3, Lé-a, La-b, LS
sha sEolA 014l stylectomyE o] galo] Akaloir.
stylectomy of] F-2HEl 7HH|2hE Fol] 713 ©f Aol ek -3 2]
Ak oA S0jo] Felbo A ofng Selsiglon, 7
Hol uHal gl 1715 EAISHRlk 2 0] e Sl
W 222 W2 Zehd 3 Karnovski 117 2H(Polysciences,
Inc., USA)ol| &7} 4C oA 1Y o]4} A Z ). Karnovski
TANE A AS &, 0.2 M Milonig’s phosphate 2+zM(pH
7.4) (Electron Microscopy Sciences, USA). 0 2 1052 31 A
o] F+%131, 1% osmium tetroxide (Electron Microscopy Sciences,
USA)Z 147} 30 &t 22} a4siqict. S 39 AL
4C oA 3}% 52t 1% uranyl acetate (Electron Microscopy
Sciences, USA)2 QA% A| 85 50 - 100% ofehe: SAER
2A 07 g7l & oflek23F LR White resin (Electron
Microscopy Sciences, USA) &3o0(1:2 -2 1:3)9) IA|7 &
oF HEAH L 4T o] 1Y 5<F LR White resin®]] ZFA1Z1
3 embeddingd}ic). Leica Ultracut UCT (Leica microsystems,
Germany)of|A] F-2]2-5 o]-§-5to] 2| k-2 850 - 2,400
nm2] =A 2 AHF} I, AlEE= 1% toluidine blue (in sodium
tetraborate) (Sigma-Aldrich, Co., USA)Z gA13}o] 333513 n]
Aoz Wt

HEE ol RHE

o
HI
1z

Zlo]A stylectomy 2 2271 o H- -3 2] FoflA 4=lio]
oo A9, A Bl FR4h i) A9 Sehag
giA Aol g Qhofl Yar e B2 3 ASHA] o AdEl = 3
AP W3] Solo] ZH5| W wE Shoirh. S0k 1
micro-capillary tube (Microcaps, Drummond scientific company,
USA)E o] gake] 43¢ 3, e vfol ool War B4 w7}
A -30°C o4 W5 Bpsharh Sole) ge mepe) 37 5

Feeding Behavior of SBPH on Rice Plants 353



F42 A% Tof AAY §lo] high performance liquid
chromatography (HPLC) (pump: Shimadzu LC-6AD, column:
Alltech Prevail carbohydrate ES 5 le, 4.6x250 mm, solvent:
80% acetonitrile, flow rate: 1.4 ml/min, detector: Alltech ELSD
3300)2 248 3}tk HPLC A2 ulE 1310 A &% peak
o 82 %
(Sigma-Aldrich, Co., USA) 2] 8- A|7t} | walo] 5431

FFEZ(fructose, glucose, sucrose, maltose)

E=N =

Srfu] f1 A2 Fo S o B EPG B 5L HET
O EPG 11§ mj|¥l 418 ®i(np, N1, N2, N3, N4-a, N4-b, N5)
(Seo et al., 2009)°]] wek, &7 7] mH w1 o & HsgIct
(Fig. 1). HE P 5L B7T}9] Th2 8] PR 57
H AET S F7) 8l ol BT-9] 4 Laodelphax2] 3
Supyl A= o|-gstod mp, L1, L2, L3, L4-a, L4-b, L5 & ™
lArt. o BT-o] WE EPG W}3-& 31448 2 9| &2 5hy

B H 2] EPG 34 E(Seo et al., 2009) 2] EA 3} H]w s}
TS A=A = AdE ) mp (B np)oll= A<
o] “07)| 7W7hgH, - 3-& A EHA ez 29 L1 (HE
N A= Ag=po] F4sH AsstaithFig. 1). L1 o] %
= Tgo] EqfAlstaL oy KeFe] waEo] S9E L2 (B
TN2)7F et AL ThA] mp7F S SFRATE o E - L29] 21
20.2-1.0V R Qjofl A T2 W, BiE N2 [ E2- 1.4
5.7V HQIE zjo]7} QAT L3= B E-1S] N3&} f-ALSHA E
7HA £ mefo] mlaEo] eAbA o2 A9l £ ulg o] RhE
Aoz Yehhs g om 2 L2 o|% Yehdth(Fig. 1). of
B L39] 793 23 9 o] of ) iRl e T w2
HZ50] Uil St ekt FE9] 2 23t
(Fig. 1B). ZLe{u} BHE N3 9] 7-9- 3 &3} w3 o] oF-Eo
E& R maE0] ol F MRS o] Rl Sk} Slof
hret Faro] AA| Y= 2ol 7t QISITh T o Et L3
1350102 1.6 V QI 9 M{EEN3 9] Z£2-32-50V
& & 2ol 5 BTk Lé-a= RE=A] L3 o] %o Yehh=d] L2

N

lo fr

Z > vy HE = = ESIByiRe 5 L IS Z _ IAE
A o PR 2 F713k ek AT LT EPG S & of ula shao] WAL HF0] 0.7 - 0.1 VE FH5H
L1 A
. Ls (A)
0
5 T T T T ; |
0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600
6 L1 L2 L3(0.2~0.7Hz) (B)
M °
1 np 0
AT 150 160 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445
6 L2 (irregular) L4-a(0.3~1.6 Hz)
0.58
0 0.50
0.42
4 290 300 310 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945
L5(6~8Hz) L4-b(7~9Hz)
3.8 0.24
Wl
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Fig. 1. Typical EPG waveforms identified from Laodelphax striatellus. (A) Schematic overview of the seven distinct waveforms of L.
striatellus and their pattern of occurrence during a 1-h EPG recording. (B) Details of each waveform, including shape, peak frequency,
voltage level, and voltage amplitude. X and Y axes denote time (second) and output voltage (V), respectively.
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Fig. 2. Time of honeydew excretion (®) and initiation time of the
respective EPG waveform (+, L4-a; -, L4-b; X, L5) in an individual
Laodelphax striatellusinsect (n = 14).

ol A(Fig. 1A) HEL9] Nd-ao} H|S=gh A& H it 1e]
AL L4-a%l| A= 1 Zo] A A o' F ulaF Ato] o] oS
of uf-9- 22 M &g 7= m| A F0] T3 Ao vhEste] Lk
t}. [4-a T8 A AZL0.1-02 VEon Aoz =2 1]
50| Yefh= Wlk= 0.3 - 1.6 HzSithFig. 1B). WE+
N4-aZ o BLo] [4-g9} SAIY KZo] 0.2 - 0.3 VE o
TR AT 203 £ 9ES0.1-0.6 Hz=2 o @3 B}
2o 2lo| & Bk o @9 L4-b= WHEA] Ld-g O] F LfE}
WTKFig. 1A). L4-a B} Afdg=o] oK =943l 919 114
2 L4-a}t pAksh 218 o] A o2 & 1] 3.9] &4 RIE7t
7-9 Hz& L4-aR T} %9k7, ¥H79] Na-b (8 — 11 Hz)2} 7t
%] mefat i a e o] mi-9- f-ARSEITKFig. 1B). L4-b9] X
Z20.1-02VYrt uprato 2 1551 220l magto g
TE = TP O R ol ko ® WA u) 27 FAJE 1
¥ =0} 2 Z0 7F7F 6 - 8 Hz9}0.8 - 1.7 VI Th(Fig. 1B). o)1=
B E L N5 0] 13 HlEe} A 9] 6 - 8 HzoH 0.8 - 1.4 Vet
ol FARSETE L5 o] thE ahg Sl Hlsl Y
o] L2 1] 0.9-2.5 Wi & =11 X E = L3 A A A o0& =
2 EAS B

o el F= et e Qli=EPG g sielS 3t 2
I} L4-a, L4-b, L5 A T=220]7}F QL) 0 L4-boj| ATt 57
Ao g 72 Bu] Y=o W TKFig. 2). L4-aSt L5 N = 72
HH7E I o g v Holxl & A A o2 Hox|x] oF
(Fig. 2). ©]3= H{'89] N3, N4-a, N50|| 4] Zr2E48]7} Q1A
T AEH o0& Gojzl 7-9+= N4-boj| 4|7t T4 Seo et al.
(2009)%] Aol UX|5k¢Aet. £3], Fig. 22] 21 7iA|2f 2o]
L4-ao| A T ol AA Z27} #u)E H9e= Ay o |
o} L4-b —> L4-a —> L4-b —> L4-a—> L4-b7} RFEE|HA] L4-b

Table 1. Initiation time and interval of honeydew excretion
during L4-bin Laodelphax striatellus (n = 14)

Interval between excretions
(mean + SD)
9.49 £ 4.65 (min.)
(range: 0.83 - 19.78)

Initiation time of excretion
(mean + SD)
32.61 + 14.15 (min.)
(range: 7.93 —45.30)

L4-a | L4-b

Fig. 3. Cross-section of rice plant tissue and Laode/phax striatellus
stylets following amputation by laser beam stylectomy during
signal recording of EPG waveforms. The tips of amputated-stylets
in L5are located in the xylem region, and those of L4-aand L4-b
are located in the phloem region. St stylets, Pm: phloem, Xn.
xylem.

ofl Al Er|E] 2] E51AE Ao] Le-ao A U Ao R 245
th offdtoll A 7} ] Bl A2 L4-b7F A 2= AL 3
OF 334 $-2 W Tof| A ke oF 2025 T} 137 A= =7
HEE Ao 2 BAE It Table 1). 3 L4-bol| A 27}
F71H 02 BRlE= AR A Bt oF 9.5 RO = HE o
7.2 B} oF 2.3 A3ItK(Table 1). o] Al F5Y5<=
& FFol whet 2A Eebd 4= Al o9 YA 4
B Lol A= A vl asko] AR FFollA] Al
S QI N4-bO] A ZA AlFte] A=A, A 4 7]
o] Zolxl Zlo] HilE H} Qltk(Seo et al., 2010). o] 2jof| &= B
A5 At 150 YA A, e 27 ol whebk = EPG
uigo] depd o s A

L4-b7} o H12] 7] 41 ZFRLEu] ) Eak wRio] 9lar
O NA-bo} AL | wfiof] Al 4242 4] A15H= EPG
TG o g FAE K} et AR stylectomy £ F3l ¢
&3] Bo] ek ] AW fix|ep R ol A S=a o]

Hoxe

A mor fU

=

-
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Fig. 4. Sugar composition of sap from the stump of Laodelphax
striatellus stylets following by laser beam stylectomy during L4-b.
HPLC retention time of synthetic sucrose (A) corresponds to the
diluted plant sap collected in this study (B).

8% o, §28 49 ¢ 48 B4 Avpt Basiyrt
(Fukumorita and Chino, 1982; Seo et al., 2009; Spiller, 1990).
L4-bol A Zef off Bt -3 22 ¥ 22 EHS Wt A3t
Aol YAIsHAtHFig. 3). 531, L4-b2] 2 dof| HI=A] 1
L= A9 ¢l Le-aof A= Ee 7] -3 o] Zo] Fig. 3014 &
A Aol 9115 9lo] o5 sk o] Ak A4l
W o] FAE U T2 Le-aof| A =547 A9 ¢l

(Fig. 2) &el L 0 2w olo] §554 gsrdl
HHH, L4-bo A 8EH 2] 8 1 420 sucrose 2 4]
= cKFig. 4). B Al o] of AJE-2 sucrose’} -F-A st H
AN 17 - 25% (w/v) 2 5l 0] Q= A= HAlE Bf Q)
o{(Fukumorita and Chino, 1982), & ¥ oA =5 AL
w19] A 00 2 ARA Gk ofefFt ALE FHse] B
N EF7F L4-ao A AT HS 2 457 Hebe 1
Sl Bl A S84 Bhole B she 5 AT A4S
FH|lE g 0 2 A E I tK Tjallingii, 2006). Z1&]a1 ofj'd
0| L4-b= ARE-9] E2 (Tjallingii, 2006)2} #E12] N4-b

(Sco et al., 2009) X3} A% A 5012 Wolui= 42t
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,\ /

Fig. 5. Schematic showing Laodelphax striatellusfeeding on rice
plants based on EPG data analysis. L3and L4-a are required prior
to L. striatellus reaching the phloem sap ingestion phase (L4-b).

—

B2 SR =k £39] 49, 73]9] £ Fato] SahEel Al
A YIAIBIAL Qlal(Fig. 3) ofE 2] Al A4 uke s el
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Table 2. Putative stylet penetration behavior of Laodelphax striatellus while feeding on plant tissue which correspond to each EPG

waveform

EPG waveform

Name

Frequency (Hz)
of peak or wave

Voltage level
relative to L2

Voltage amplitude (V) of

Putative activities within rice plant tissue®

peak or wave

np Non-penetration
Ll 0.7-2.1 Penetration initiation
L2 irregular 1 02-1.0 Salivation and stylets movement
13 02-0.7 03-12 02-16 An extracellular activity near the phloem region, which
always precedes L4-a waveform
Lda 03-16 07-01 0.1-02 An 1n'tracellular aCtl\'/lty 1n.phloeTn region, which is
certainly necessary just prior to ingest phloem sap
L4-b 7-9 -03-0.5 0.1-0.2 Phloem sap ingestion
L5 6-8 09-25 0.8-1.7 Stylets activity in Xylem region

°All description in this column were derived from Seo et al. (2009).

Kl AT BT L4-b A AP o] EREE A ASAI 7}
TA] st ottt ol#jgh £ ey At WE et
T ZFFtKSeo et al., 2009).

2 ATE Tl A= o E EPG 1y H m] A vk,
Wk &5 72 AR £ EAISkGITE ek 7F vk ' 3
FH] TS SRl AL o)A stylectomy & 53l 2} w2t
oA offdt 130 ¥ 22 Y 5 Q1A & HA o] EE
OF AR A B S T 4= QST 2 A E Sl
A& o EF EPG A A W 5490 o AA s 8 2
= Table 20f| 20F A 2|5lGlth o2 & A s o8
Sho] oot A Al E ol tiet A B4 o] 7R A o' AL
=W offEHA A B % W 9 F5 AR 7% A

o]l 25 8 v} 5
2 4 9 Ao 7|

AL AL

TAFA(IAH S PI010452)

i rﬂ

Literature Cited

Backus, E.A., Bennett, W.H., 2009. The AC-DC Correlation
Monitor: New EPG design with flexible input resistors to detect
both R and emf components for any piercing-sucking hemipteran.
J. Insect Physiol. 55, 869-884.

Backus, E.A., Habibi, J., Yan, F., Ellersieck, M., 2005. Stylet
penetration by adult Homalodisca coagulata on grape: electrical

penetration graph waveform characterization, tissue correlation,
and possible implications for transmission of Xylella fastidiosa.
Ann. Entomol. Soc. Am. 98, 787-813.

Bottom, C.B., Hanna, S.S., Siehr, D.J., 1978. Mechanism of the
nynhydrin reaction. Biochem. Edu. 6, 4-5.

Brozek, J., Bourgoin, T., Szwedo, J., 2006. The interlocking
mechanism of maxillae and mandibles in Fulgoroidea (Insecta:
Hemiptera: Fulgoromorpha). Pol. J. Entomol. 75, 239-253.

Choi, H-.C., Cho, S-Y., Kim, Y-.G., Park, N- K., Kim, K- W,
Shin, Y-.S., Moon, H-.P., Park, R-K., 1992. A high-quality,
lodging-tolerant and high-yielding rice cultivar “Ilpumbyeo”.
Res. Rept. RDA(R) 34(2), 1-9.

Chung, B.J., 1974. Studies on the occurrence, host range, transmission,
and control of rice stripe disease in Korea. Kor. J. Plant Prot. 13,
181-204.

Chung, B.C,, Lee, S.H., 1971. Studies on the host range of rice stripe
virus. Kor. J. Plant Prot. 10, 85-89.

Dai, W., Pan, L., Lu, Y., Jin, L., Zhang, C., 2014. External morphology
of the mouthparts of the whitebacked planthopper Sogatella
furcifera (Hemiptera: Delphacidae), with special reference to the
sensilla. Micron 56, 8-16.

Foster, S., Goodman, L.J., Duckett, J.G., 1983. Sensory receptors
associated with the stylets and cibarium of the rice brown
planthopper, Nilapavarta lugens. Cell Tissue Res. 232, 111-119.

Fukumorita, T., Chino, M., 1982. Sugar, amino acid and inorganic
contents in rice phloem sap. Plant Cell Physiol. 23, 273-283.

He, Y., Zhang, J., Chen, J., Wu, Q., Chen, L., Chen, L., Xiao, P.,
Zhu, Y.C., 2011. Influence of pymetrozine on feeding behaviors
of three rice planthoppers and a rice leathopper using electrical
penetration graphs. J. Econ. Entomol. 104, 1877-1884.

Hibino, H., 1996. Biology and epidemiology of rice viruses. Annu.
Rev. Phytopathol. 34, 249-274.

Feeding Behavior of SBPH on Rice Plants 357



Hogenhout, S.A., Ammar, EI-D., Whitfield, A.E., Redinbaugh,
M.G., 2008. Insect vector interactions with persistently transmitted
viruses. Annu. Rev. Phytopathol. 46, 327-359.

Joost, P.H., Backus, E.A., Morgan, D., Yan, F., 2006. Correlation
of stylet activities by the glassy-winged sharpshooter, Homalodisca
coagulata (Say), with electrical penetration graph (EPG) waveforms.
J. Insect Physiol. 52, 327-337.

Kim, C.H., Chung, G.S., Park, N.K., Lim, M.S., Choi, H.C., Kim,
K.W.,, Jun, B.T,, Ye, J.D., Kwak, T.S., Son, Y.H., Cho, S.Y.,
Choi, H.O., Ham, Y.S., 1984. A new early maturing, cold-tolerant
rice variety “Odaebyeo”. Res. Rept. ORD 26-1(C), 58-66.

Lee, B.C., Cho, S-.Y., Yoon, Y-.N., Kang, I.J., Lee, J.H., Kwak,
D.Y., Shin, D.B., Kang, H-.-W., 2012. Change in occurrence of
rice stripe virus disease. Res. Plant Dis. 18, 402-405.

McLean, D.L., Kinsey, M.G., 1964. A technique for electronically
recording aphid feeding and salivation. Nature 202, 1358-1359.

Miles, P., 1999. Aphid saliva. Biol. Rev. Camb. Philos. Soc. 74,
41-85.

Park, C-.G., Park, H- H., Kim, K-.H., 2011. Temperature-dependent
development model and forecasting of adult emergence of
overwintered small brown planthopper, Laodelphax striatellus
Fallén, population. Kor. J. Appl. Entomol. 50, 343-352.

Plantwise Knowledge Bank, 2016.Maps of pest distribution.
http://www. platwise.org/ (accessed on 14 June, 2016).

Seo, B.Y., Kwon, Y-.H., Jung, J.K., Kim, G-.H., 2009. Electrical
penetration graphic waveforms in relation to the actual positions
of the stylet tips of Nilaparvata lugens in rice tissue. J. Asia-Pac.
Entomol. 12, 89-95.

Seo, B.Y., Jung, J.K., Choi, B-.R., Park, H- M., Lee, S-W., Lee,
B.H., 2010. Survival rate and stylet penetration behavior of current

358 Korean J. Appl. Entomol. 55(4): 351~358 (2016)

Korean populations of the brown planthopper, Nilaparvata lugens,
on resistant rice varieties. J. Asia-Pac. Entomol. 13, 1-7.

Sharma, A., Khan, A.N., Subrahmanyam, S., Raman, A., Taylor,
G.S., Fletcher, M.J., 2014. Salivary proteins of plant-feeding
hemipteroids - implication in phytophagy. Bull. Entomol. Res.
104, 117-136.

Spiller, N.J., 1990. An ultrastructural study of the stylet pathway of
the brown planthopper, Nilaparvata lugens. Entomol. Exp. Appl.
54,191-193.

Tjallingii, W.F., 1978. Electronic recording of penetration behavior
by aphids. Entomol. Exp. Appl. 24, 721-730.

Tjallingii, W.F., 2000. Comparison of AC and DC systems for
electronic monitoring of stylet penetration activities by Homopterans,
in: Walker, G.P., Backus, E.A. (Eds.), Principles and applications
of electronic monitoring and other techniques in the study of
Homopteran feeding behavior. Thomas Say Publications in
Entomology, Entomological Society of America, Lanham, MD,
pp. 41-69.

Tjallingii, W.F., 2006. Salivary secretions by aphids interacting with
proteins of phloem wound responses. J. Exp. Bot. 57, 739-745.
Tjallingii, W.F., Hogen Esch, T.H., 1993. Fine structure of aphid
stylet routes in plant tissues in correlation with EPG signals.

Physiol. Entomol. 18, 317-328.

Youn, Y.N., 1998. Electrically recorded feeding behavior of Nephotettix
cincticeps. J. Asia Pac. Entomol. 1, 147-161.

Youn, Y.N., Chang, Y.D., 1993. Electrical feeding patterns and
stylet movement of rice brown planthopper, Nilaparvata lugens
(Homoptera), in the rice tissues. Korean J. Appl. Entomol. 32,
208-217.





