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Abstract: To.thoroughly investigate probing behavior of the tea green leathopper, Empoasca vitis ( Géthe) , on tea plants,
determine adequate electrical penetration graph ( EPG) parameters as reliable indices for measuring tea plant resistance/
susceptibility levels to the leathopper, and further analyze their potential correlations to the major defensive components in
tea leaves, 11 national or regional elite/specificity cultivars, such as Zijuan, Ningbohuangjinya and Huangguangyin, were
studied using EPG techniques. Various leathopper probing behaviors and EPG parameters were analyzed to evaluate the

resistance/ susceptibility of every cultivar to the leathopper. Major ( primary) tea leaf chemical components were determined
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using high-pressure liquid chromatography. Our results showed that; 1) seven distinct EPG waveforms (Np, A, S, C, E,
F, and R) with possible biological significance during leathopper feeding were recorded, and each waveform and its regular
emergence sequence were analyzed. The waveforms E and F, plus the waveform R (with unknown biological significance )
were considered to be the resistance-related waveforms. 2)) During the 5-h testing period, the numbers of probing instances
by the leathopper on cultivars Huangguanyin and Longjing 43 were the highest, followed by those on cultivars Zijuan,
Ningbohuangjinya and Jinguanyin, and the numbers on cultivars Tieguanyin and Anjibaicha were the lowest. The average
durations of waveform E on cultivars Tieguanyin and Huangmudan were the longest, followed by the durations on cultivars
Wuniuzao and Anjibaicha, and that on cultivar Zijuan was the shortest. The average duration of waveform F on cultivar
Huangguanyin was the longest, followed by the durations on cultivars Zijuan, Longjing 43, and Ningbohuangjinya, and that
on cultivar Jinguanyin was the shortest. 3) These 11 tested tea cultivars were classified into two groups via cluster analysis
based on the number of probing instances, and durations of waveforms E and F as indices; group I: cultivars’ Anjibaicha,
Wuniuzao, Zimudan, Zhongcha 108, Huangmudan, and Tieguanyin and group II. cultivars Zijuan, Longjing 43,
Ninghohuangjinya, Huangguanyin, and Jinguanyin. The resistance level of tea cultivars in group II was stronger than that in
group 1. 4) From susceptible to resistant cultivars, the total catechin content rose, and it 'was negatively correlated with the
duration of waveform E (P < 0.05); however, the contents of caffeine, amino acids and soluble sugars were not
significantly correlated with the duration of waveform E or F. It is suggested that the number of probing instances, and
durations of waveforms E and F are relatively reliable EPG indices for measuring tea plant resistance/susceptibility levels to
the leafhopper. Waveform R might be correlated with feeding-resistance in phloem, but needs further investigation.
Catechins seemed to be the key defensive compounds in tea leaves' against the leafhopper feeding. This study provides in-

depth reference information for further investigations on the resistance mechanisms of tea plants against pests.
Key Words: Empoasca vitis ( Gothe) ; tea plant; probing behavior; electrical penetration graph; resistance against pest
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SFHREBIT R GRS B 1L SRR 2 KR (K

4y, 5 TR EF AR R ST K 108, B4t iiﬁ |

FERIERMLE A5 6 A Bl o 10268 sl eI 43 % S}

By L EE A R4 S, XK 2 R SR 1 3108

EPG HIE SR AT A AT (£ 2) KB, (1) 45 1 % | il

TSRS A B F TR BEE

(P <0.05) 5 (2) 45 12 1 E BRI NP 357 0] I

i 5 T 255 (3)S U .C M R A 2 P2l > TR E N

GIESE SEE R =L S WU R P s el e )i ﬁii

R A 25 LA T Kb —— s
LA B R ICET I 9 SRR B R FERY Distance

D10 AN SR AT HE S O SRS S I 435 T ma meRNEIEE 11 A SRS AT H R K TSR
W 2E > B > T AL 108> 54 P b >4 i xHE
¥> % L—,;Q >%¢+>@%Xﬂ ﬁ: Fig.4 Cluster analysis diagram for feeding behavior of E.vitis on

11 tea plant cultivars based on average-linkage cluster method

F2 RER/NEITEEE 2 RER M _EFHRIERRBAE R E R E

Table 2 Average number of probes and average duration of waveforms by E.vitis on 2 types of tea plant cultivars

K GO ,A i S i chfi : TE rFWx" rRafx" r Np i

Troe Probe number Waveform Waveform Waveform % Waveform Waveform Waveform Waveform Np
ype A/min S/min E /min E/min F/min R/min /min

P S e

Al x?ﬂ&nuﬁ‘ . 34.08+2.96b  24.08+2.49h 7.44+1.3a 2.59+0.76a 39.9+3.02a 22.54+1.79b  33.46+5.27a 169.97+5.86a

Type I resistant cultivar

9 K

A U tt ine 69.62+7.36a  40.31+4.17a 8.52+1.25a 1.83+0.66a 21.02+1.85h  41.05+3.32a  42.12+6.09a 145.75+7.45h

Type 11 resistant cultivar

2.4 PR TR 2 B A RS B A G

ARG T 11 ASZA SR RS LAS R INHERR | 2 56 98 R A] i PR & it (3R 3) , 1T DL B> 2 it Aol
1 EGC Fl EGCG R & i mr e HA A 43, 8 Z A R 50% DA - 3 5505 T I B & 2R MR 43 LR R AL
R, W T PRI LR (P <0.05) s PitE S AN B LA B B TR i R SR RS RS Y
BRI 5 e, S B4 RS R IR 2, B S TR 43 AIEUE ) (P <0.05) (1 5) . W2k 108,
LRSI AT A MR & B TP B PR RN G I 1 (P <0.05 ) 5 HAB AR b 2 el ] i b o 2
SR (E6) s ARWFTER 11 AT SRR S T 2.8%—4.5% (% 4) , RAMR S i, AR
W Z 5 WBORE M S SR & i 22 57, RIS AR I R R it fe s, P& 108 R A ik 2 i i
E T EHSH (P <0.05) .

R3 NAFERBEHPILERSE/ (nyy)

Table 3 Content of catechin from each of eleven tea cultivars

fhF Cultivar EGC EC C EGCG GCG ECG 3 Total

2 BY  Camellia  sinensis
(L.) *Zijuan’
W H 43 Camellia sinensis

36.97+1.54a 0.53+0.09¢ 1.44+0.04g 19.48+0.51d 75.11+4.66a 2.51+0.51efg  136.06+£6.22a

. . s 21.12£3.15¢d  0.35+0.02¢ 4.97+0.88de  47.3+0.75a 7.26+2.5b  11.53+0.29def 92.56+3.97b
(L.) ‘ Longjing 43
TS
Camellia sinensis (L.) 26.53+0.57bc  0.61+0.08¢ 8.05+0.09b 40.16+1.87ab 2.58+0.39bed  9.17+0.75bed 87.12+2.76b

‘ Ningbohuangjinya’
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fnAl Cultivar EGC EC C EGCG GCG ECG S Total
T —
S Camellia sinensis g g6y 71cde 2.98+1.4D 4.8+1.2de 47.6+3.7a 2.96:0.93bed  8.28+1.43a 86.49+7.31b
(L.) ‘ Jinguanyin
B Camellia sinensi

Wi Camellia sinensis 50 20 s s70 5,651,078 5.95¢1.35cd  35.98+1.62bc  0.17+0.11d  4.54+0.34abe  83.11+6.26bc
(L.) ‘ Huangguanyin

2% 108 Camellia sinensi
EP*‘ Amena SIS 14 3340.24def  3.3£0.58b 2.96+0.12¢fg  43.53:3.43ab  6.72+1.23bc  7.81x1.41bed  78.66+5.43bcd
(L.) * Zhongcha 108
LT} Camellia sinensis
=4 ﬂ ametid SIERSS 57 91+0.46be  0.85:0.03¢  10.8+0.06a 23.04+0.49d  0.14£0.14d  10.34+0.31g 73.1+0.3bed
(L.) ‘ Zimudan
7 oH H %K Camelli
won Ok Camellia ) ) 06ed 7.3350.51a 7.24£0.85be  21.75:0.41d  0.1250.12d  4.09£0.07fs  61.88+1.37de
sinensis (L.) ¢ Anjibaicha
B4 B Camellia sinensis
E’tF"Y AMETA SIERSIS 15 3042.66ef  0.4+0.03¢ 1.4740.22¢  42.98+7.02ab  1.8+1.08bed  7.16=L.8g 66.14+11.93cd
(L.) * Wuniuzao
T Camellia sinensis
4 ﬂ MO SMENSS ) 4841776 0.34%0.01c  2.57+0.35fz  28.76x2.93cd  0.26+0.26d /2.75£0.73ab  46.17+6.04d
(L.) * Huangmudan

W% Camellia sinensi
BRI F Camellia sinensis ) o1 3 3510 031200 4.31£0.31def  36.32+2.36bc  1.42£05¢d  5.92:£0.56cde  73.21x4.1bed

(L.) ‘ Tieguanyin’

IIMTAA A S AR B R 5 EPG BUIPESR br A SGIE (375) , R LR BT 5 1) B AU I (B
W) PR P 2 AR (P<0.05) o LSRR S IR U KON B vl BT PRIMED (F 352) Dy 0) e S TEAH G
HRIKFN B Z A EHERR ATV PERE AN MES & 55 EPG B EGEROTEERAAR (E F B #B0A A
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Fig.5 . Content of caffeine from each of eleven tea cultivars ( the

order from high low to content)
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Fig.6 Content of soluble sugar from each of eleven tea cultivars

(the order from high to low content)
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R5 FHEIELERSEES 34 EPG FUIEIEREMEXYE

Table 5 Correlationship between content of primary chemical components of tea shoots with three resistant indices of EPG

EPG S8k HSEZREL R Correlation coefficient R

EPG parameter WIHER, Caffeine JLZEZ Catechin A Soluble sugar KR Amino acid
FIHREKEL Probe number -0.389 0.611" 0.056 -0.013

E # Waveform E 0.154 -0.731" -0.204 -0.262

F 3 Waveform F -0.284 0.617" 0.308 -0.225

oo D RORMSPER R (P<0.01) "R HHIEHE B (P<0.05)

AW 7 S, T2 A B 5, KB HR N i WO IR AT S5 5, R AN TS T T S B R PR
AT BTt B BB . ZHCW S RP L #E DB RTER R, EPG S S IR IR AR 19 2% BL Y, &3 % WA Np
D L B AS K 11 /NI 5 33 SR A AR /NG it W B RO i e R TS AT o A BEI0RFN Y FR A 5 1 ik
SECA W) AIEE(EL B AL, &35 SO E1 534 E1-A (E1-B F1 E1-C 3 M3 JBAT 17 1 WORERIE
FFF AR FNZE SR 5 A AT I BRAE B ), A DS AR HIR /N v fil) 375 I - 3 Y T8 RV 0 22 A e 1 s 2, S
D8 R VR A3 I B, A R R 5 v A (S ) — 3 KR A AR 6 Pl AR S i R A
PR AR, C A TR 302890 B R AT S U BN ) R shECE I ) EPG 43T L
BRI C R A 5 AR ] A 0.029%—2.39% , 6 /INT B ARSI R FTAF ( Fe ], 5 e X B
HAT Y 3 E S R, B B P B SRR T YR A AR B A e — Y F MR B A A ARE
HEIAZ  HUR 5 0E% F % SIS E R B4 DEiRAM > B Rregenst ) fn s s = A A
a5t BRI F I SEBE B I B0, B 2y Rt ) EE K PR F i & IAE B4 P B R AL
6], Njihia 252 FEL 12 R ORERT S F I AILAY Th P Ib i 528 1% % 3 1141 0375 A 5O P8 490 it i 47
KIS, Backus S5OV AEI FOPEACEAANMHNE R — R AN ECE AT . B BRI F i AR AT A
T B AW I, A0 B 8 n] R A A SR LA AR IR /N i B, O B TR,

R PSR S 1 A5 RO AR RS AL, 7R 4 AR ST T ES JR B Bl S F R A ]
S, BAE B4 D (F %) Z 5 s 76 1 U SRR ST TR I 11 BUA0 R A, R 22 At 18] LA 8P B L/ AR 220 2 AR
WFFE R BUUCR A BRBETE F 25 il 5 AP PRI F o B, — 25 F S s B, e —
AP B ITE 08 WS 10 AT P il FEX & B, F Ol SRR R RO AR i A ok AR XK
12 A] g RS R Y 20% T H. o, AR IR AL F-R” WY, e R Pt 2 BCE A S 38 | ]
FE—E FRIE I B8 RN AP BRI O (H 22 A0 & B RO BT AIK, Ve ol S A, ELAR I 2 2 3 SO B
W X, ASBIFFEHE , RO R A A B BCHR /NG i i 1T3040 B 35, 2 B A2 LR A 28 oA S, | B2 1 st ]
ZBHHE 5 1% A% 2 A B AR E it R SIS IR /NS e N T ARDEL B IR A TR B
HERE E1(A) E2(E) FTE3(C) , UtBH S E M1 F 3 HAEZE B PO se 81 #: 00 S U F B Fn R Py
A SRR 0 AR Ar s DA OE
3.2 HEF EPGE AR VEAL Z X - i i

AREFFEPL 1L A R bR, i 43 FF 2% 108 124 R 2235 1 4% J2 V0T H K AL e VR SR 25 i R
Bl T 0 A ZR N T B A R O & 0 AW | RN S PR IR A A A S e R R
T2 A5 2 2= i 4 HVE A R AP, BT EPG F A 10 5% i R i = B e O A S ] AR IGR 22 Al 4 e
PERIE R . ARFFERAE EPG S8 S & KSR (11 A Fh) I, o0k 2 2850 | REdE &
ARV ER KA A 108 EH PRI 28 TS A EOWE et 43 B TR E ST MeWE ., 4
M 2 4550 EPG P AR R, LA T JSM AR b L i ST A R B A AN T 30t S 359 7 300 8 3 /)
T NZKRA(P <0.05), 55 1 2800 E P NP PP 0500 & KT8 26, SXPIR AL S 3% .C A0 R I
DIz )22 5 B AR GR B KO . TS T 2B A U F R R BT IRFEERT AT DA E P34
FRSEIF AN 10 B R AR S R e P s 11 e s e e R 38 3000 B 3 2 i B LA ) B AR I A o A
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JIaZ B D I i s 2 T2 dh b b WORIR U, A B F AT R BT SRS (e dep 1, 4 1 3 i T
12 LIS TR RS i ol - 0 Rl Pt 2 T ok 38 90 B 8 22 i B A o) B AR BB 4 8 i e T 32 L
B, LR Rl . TP s o 20 258 1 2K

VL E B da bR, FEHCAC R R A B B AR I 2R R B RS b E RSt [l i, 3t
P s, Pkt s 2SS HEF R 5B > T 43> T BB G 28 > GLE > O E 20 T 28 B0l A s 4 P35 2 it
AR, B 5 52 M Wi 3 SRR SR B 55 0 - R > B> B AR LS 22535 20> P E> 25 108, 5]
W55 2 2 U AR MR RE 7 FR AR 2 55 0 e 43> H A4S 108> 4875 AR 45 IR — 3, 7E58 T2 a0l
b F AR ) s 2 A T A 4 TP AR L F B, s U AR AT REYIA LIRS E W) o el =
WAL 1T AR5 SR 5T, DT AT 28 ELAT P i 2 I T EL 4 W5 R B UL 2 UL 3 5 o B A 2 s A
% TS TE A 2R LA, 0 3 O P R R B R e O 0 O L4 O R UL T R A kAR
(BRWLE BLE) o ARWFGE i BPEHTPEAS R A RR B0 Np D91 et it A RO D i K I 5 A A
FEPOREAT 25 T RS SRR DB R R E A U R SR R D A IRIO I [R] Sh2 [ e
(9, Np Dl 1
3.3 ZRMBUIEIE S A BT AR S

T EPG SR PRHE A R AN [RS8, A M R ML IR 4 SR o, SR s 4t
SV BIRY) B B RARSCHE . LR R B R Z W) EZ M0 (HEAE K, L2 T8 129%—24% , Wi
MR, TR 28 R 0™ A et TR Z , R T E Y 2%—4% . AR ATV VRS ZS G A5 SO FIXURE | L K /b
SRR R KRR 5T 0.4%—4% , IR AAGEIRIUE, 5 5T 1%—4% . RO
T L1 AR S AIERR LS R AR A R Y 2 e HUA LR R B ARG A AR AL i Rl 2
[IAFAEZE S, DIGTVE A P LR 3R S o TR Al A ) & B Lo 3205 1 S5 ) B B BOCRT D (B 50) R it )
BFGURHOR , 5 RIERUBORI) B s £ PRIME I 52 TE A OGIRORIK B 8 25 1, B OB A BEAE 55 EPG 48 B i
KIRIIHT

AL 2 S RIS BRI A A3 S el ok ML A5 Y 2 B0 el 1 2 i S It 5 i 2 S AR OG,
BERRFNAS 2 W S WA AR OGHE . ARRAE > B oy R W] (R /N WA A B L P R RE RO S 25 2
By KRR LA R AR DGO AN W A S il 15 5 2 GG | S a0 U R R E AR DG, A AR
KB, y- BT R AT HL ARl R v TR Al R T 2 IR RIS 22 W WA B DN -0 T R ] g
MBI /N i WLICEL A7 Y SRR IN 3R

AL T AT APE RS 2 AL B Z IR BETE A — B 38 7 E ik —P3KIAIE . EPG SRR il
FHAT DA OS2 21 B e A ) b R IBCET R i WAL EA TR0 A0 5 P (B SR IR AR AT 2 L LRI 38
s 2 GUIRHOR AR 31 A T-BOm I A W A R 25 45, A BERE ST MU B S8 38 OBV A &R |
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