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ZPITEHE & 3 e = AR A0/ g B 5 B SR R Y

BAN g A2 g R, kR KEW, EXE REEY, BEH
a2 TV K2 A A B 2 2 0, IR PR A 2 R A S R 2 s R S Se e, 22K 246133
PHHT TS K 20 2 5 4 dv Bl 222 B, &% 321004

WE XKW (Camellia sinensis) &I E EERILFEY . NT/NGE B (Empoasca onukil) & N EFRMH EEE Rz —, 0
¥ = ¥ 22 /N & (Stethynium empoascae) e /N T /NG - [ 32 T8 G 25 AR 0, (B Z0M A6 06 - i = 4 28/ 1) S 5 AL 148 B
o BTHRB I Z 4P RER, FWIEAT 515 KRR i =2/, B2 485 o AR AT A SRS (R e ]
25 1 0 g T SR X B N TR R AR, TR S RS (B SR AN AN B . B TS - (GC-MS) M 45 R 2R,
T8 AN R R R AR RO & B D, Ty S AR I S A R R R R AN SRR E W S . kb kA
B HT(PLS-DA)SE R, ZRMTEE R R B W R NRIYFIE. TR EEERLE BRIV, 17F IR LA R0 bt
HTRERCE EAE A . AT NIELS R TR, oK AN SRR R TT REEE  OR FE EE R 2R R X e e = A 2
W B BENSIECR . BERAYID B T 20168 I B RO W 5 5 i =R 2N R R, i e R A I T SR e

FRAL T BB AR

K
Biie

ANEUNGRIHIER, I RN, TR, AESEAY, e T IREFN 7T (PLS-DA), SUAHEGE-FUE(GC-MS), Y

BFY, 2EE, T, AR, B45%, REFW, BB, REEF, EE (2021). S EE AP0 0 = BRI 5] 7

AR RN, FHAZEIR 56, 559-572.

Z W (Camellia sinensis)/& 3% [H ¥ B2 FAEY),
ERETZ 0 4m, KA giid5 0004 (Cao,
2013; FHAIZE, 2015; Chen et al., 2016). #M &
— P R IR A EE Y ¥ DR (Tang et al.,
2019; #HEMFSE, 2020). ZM T NGNS
(Empoasca onukii)iAfi 4 [H % 7% X, HUH K8 K I
AT EUR K 30%-50%, RREFR AT ZRPIE, 2
N B R ) i b T (A R, 20185 X R,
2020). ISR E 55 el v /s g - R A 50— L
BN N RAR IR NG I (E. vitis) (4474, 2000).
FIH COIFIM16sRNATE R 73 Thrid AT %58, KK
] 25 el v P ) 8 3k S 5 AR IE B X — 3 (Fu et al,
2014). Wi HSEARAKEITIEE SN, REINE
P T [X /NG - ) At 44 9 /N BT /N (Qin et al,,
2015). i =2 /N g (Stethynium empoascae)i&

Woke H #9: 2021-05-08; 252 H #1: 2021-08-09

ANGRIH IR AT AR G, FE R B R A7 A2 %(20.0%—
77.8%), HABE T 1N & 28 /N (Schizophragma
parvula)fE L #5 R (#5515, 2009; #hEHESE, 2016;
S, 2016; 2 K4EE, 2020). REBAEETERE,
1B B SR 2% A T I = s 288/ e 1 AN B S LR /s 2
W PR AR A B V6 (R B EE, 2016). 7R HUERAS TS, YT
P FE 1 S Y% K& Y (herbivore-induced plant
volatiles, HIPVs), XS4 R A EDIHEFR N HAIR,
AL ORI R B AR AR R, AT S B[R] 4 B A
(D'Alessandro et al., 2009; Turlings and Erb, 2018;
Aartsma et al., 2019; Sanou et al., 2019). HIPVstt,
AENERER, REFHEDIAME AL, JH 1 FAEY)
A B R R R B B B A e B (A BT AE
2009; Xiu et al., 2019; Zhao et al., 2020; Ye et al.,
2021). DAk, 2R B AL B SR A BT R
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B A AR BRI AT

5 4 n] JE it HLEE & Y (volatile organic com-
pounds, VOCs)-5 ¥ 55 7 11 HL 44 52 3L id vH (Bouw-
meester et al., 2019). L RV EEIREZ — 5l /2
et R HERAT N, %5 R BRIEAM IR+ E MK
iT(Poveda et al., 2003; Gorden and Adler, 2018;
Bouwmeester et al., 2019). S#EME@MEL, diE
1) 2 Fh e UL T8 U 5 K P 2 ik B A (pattern) 2 —
PSRy E L gAY )7 3, AT RAERNEUE 5 B R R
(Bouwmeester et al., 2019). 2 HUE i L E #1280
FAS[E] BAEHE R AR 4y, 33T LA SR 2% R AR AR AR X
5 S M R R IR (Schiestl, 2015). filln, T X %
g BA — 151 1 HT(FRIeRT 346 R, 2009), 4
# W (Apis cerana) WK E R FIEAEH A — & W
7 (Liu et al., 2006). fHHF7TEo, SBAE T 2K 2
% A I S HE R A 4y AT 5| 15 v A SR AR RN A
B, B E T R AR RN BT 2 (R KA, 2020). B
S ALK AT AL, TEHE R AT Y 45 R A 1) B 48
Mo 4, 8 IF (Arabidopsis thaliana) et S B i
) 4% & ¥ (E)-B-caryophyllene ] 4111 #i] 4H 1% Pseudo-
monas syringae pv. tomato DC30001% % (Huang et
al., 2012); U I+ 4845 KW h o A AR 7 4 eT HE
Sk 245 th Spodoptera littoralisflPlutella xylostella
(Boachon et al., 2015); %K (Zea mays){t &< H
i J7 25 W) i B-farnesene f1 (E)-a-bergamotene X1 i
2% 4= % Cotesia marginiventris B4 38 Z1 11 51 15 %%
R(Schnee et al., 2006); %243 >Z (Brassica rapa)
A6 10 A7 SR HE R 100250 A 28 0k i 4 98 i (Cotesia
glomerata) (Desurmont et al., 2020). %% L., #7AWF
FUAI B R HE R R 8 T ORI 5 175 BB 4%
BAEAE FH, T2 B TEAE AR B AL ] o P 0 A A
il .

I A AEAT AOUEE, AT T AR
e = M 2N IR S RUSE, RIS A T LATE ey
FARET, BB SN EAT NI T E] . K
TS M- 7% (gas chromatography-mass spec-
trometry, GC-MS)EkFH (1745 K ¥ % AIFIY TE 52 A (1)
1T RME SRR, a-K i ST RERE . &
RE TSR . KR BAE 2G5 10515 %
N, KRR AEAT NP AE I AL . AR T AR TE 4%
R /N B /)N o i - e = s BN = E IR G R

MR, B AR/ B/ s ) A2 B i S 18 1Y)
HAR KR -

1 MRE5FE

1.1 SRIEHB R AE
WEHL24E A T R AT I AR FE AR 1, AW R oy 5 4 B

(Camellia sinensis (L.) O. Kuntze cv. ‘Wuniuzao’).
KRR E TR RN B TR . RIEMLBE R
el (2 182 B ) Hh A 2 A6 I A (R R i Bl Ry 5 7 L),
i [ S5 == I N IR AR T, BT A
Bt . RAE IR ZR I i /N BN GR i (DL fi AR e )
FRRE, fEFR BN EARR i BB AR R, REE Bk
Spe el P e B g 2R, A RIS S . AEARANL RN
BT S O] P — N (DL TR AR /N ) B A 1
P L G (P — A7 B A 2 Sk S 4 5 B I IHH A
Z MR ZE W), BRI RO, &
TEANN18 cmPBEER IR, 5555 2P ) 28N
WER L. FEARRL R OB T S L RERE, JRRER
AETC (PR | e R BT BLAR 99 em Y 3 3 IR LA G
XFo FUEAR SR I 10% ¥ g BRI oAb R E 77 . LR
B LU/, FTAT RS 2R A5 Am
16 RN I AR I BT, IR AR 1470
G HE/10 /N FRIE, IR FE N (2442)°C, AHXTIR BE R
(70+5)%-

FE TG I 7R R AL SR N Y TR A AT
RN RUR, X A S I BB R B F] (40
J%298%). LARAEEVEIE A, 4 AECHI1072, 107,
1070 grmL™" 3ANKEEBEFE IV BT R R 2 3
B mLE e T-IT DRI E R, DA B A
W2 T O R LA Do e

1.2 BNEFEITAHRM

A4 NI 58 B A 8 ) et i ol e R /) 2 AT A
AR L, RN A ERA 10, H
Y REMA R . R OR A E 240 J5, H/NE
ERBE LA, T Gy S5 A (BERE
AFiE2.59), BT HA N8 cmfBEERE 7RI, {F
NI R 2E 55 A (tea shoots infested by tea green
leafhopper, TSITGL). 5 BUJC H1 3 (191 27 5 {g JE A5 A
(intact tea shoots, ITS)ENXFIR, FFEAFE2.5 g.
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B B TF I 25 M 1L (tea flower, TF). AZAD
Ab A i AN C A BN, 255 RiR2FP AR, T3 E
27K R TR AR, RIS Z A0 /N 25 A2 AT
I . S5 BN I N FRES, 2K P28
e A AN IR F N, B2 R ISR MIE A
T, FRMAEH P RMIEN =05 g; F3RERN
2N T TR, 27K 7 g Kb e A A2 T M e (3R
1)e ZB/INKE 5 AT AT 43 48 5 AR = o 24N 1ot
FE o FEMT IR BETE o T TR L 7 B i) i e
AT IS0 5, T R (R 3EAT T 22 0T AT SK
BN, 2N IR = O B (R R R, HURE N R
BEBY, AR A — AN A, RATTC AL 22 WX AR IR
A G ARIRAT Ry, Wl 5 CAg B3k 4T EE A
AR BERR IR 5N S 2/ FEAR L AT T 5%
FHACFHAT o /NI N R IR LS 7E A B4 -
TRERTEES, HAEFR ZEFT LR ECAT, FEAT FH fi
FAHOAT ZEFF R, SOX B B 9% -1 8] 7 J5 3L
7 GP A AN ZEAT 3R B R HEAT 77 B (R 58 e Ak L e AW
SEILHNGRATON), & XX B 18] g R P B[] o A Ak
H R 522036 2/ i

F1 HEBHTTE
Table 1 Details for factorial design

Factor Level A Level B
Infestation I(-it—;althy tea shoots Infested tea shoots (+)
Tea flower Absent (-) Present (+)

Mating status Virgin mymarid (<) Mated mymarid (+)

1.3 EEZMEN

HUAE ) EFF I A AL, DA = B Sy o A A fgk B
FAYVE N R BURIR . R Sh AT R M, 16
PeFSIA A A(2 000 mL, EA% 980 mm)i I 44 7 N
G B ONAR BEACRY TR O A S A RN A A %
50 g, [BFEARPTER 2 CABS D 1% & (3 A AR 1) — Ui
(11428 mm)&EHedt = 1, = g R I 8
Ja W G AR 5 —im (11428 mm)iZ 4 tH <
H, A R G B2 B A (A 7560 mg Super Q). i
B (R & 8240 mL-min~ ) (BB, 2011). Hh
P12/ J5, 200 pl = & P e (60 B 40 ) Bk i W A
B, WG A2 mLIEASR AN, IIAN2 pLZEE CER(K
FEN107* gmLT RN bR, IRAI5, BT KA
(5°C)& o BRI E R MIPEUARIF IS IR EH .

FEFFEE: ZRREAEAE IR I i = e 28 NI 1Y) 5 R S BN, 561

14 HBEYMEE

A5 FH e 16 o O A 6 v (22 P22 R ) ) AU
¢ F A Agilent GC (7890A)-MSD (5975C) 73 1% &
FERY . B pLFERMBRBURIE, Aodmidhes; ek
¥ N HP-5MS A % £ 41 % #F (0.25 ymx250 pmx
30.0 m); GC-MS #z 1 &« 3B 1 0 5 N
280°C f1250°C; *E i M 50°C £ 190°C, it 4f iw ¥
50°C, fr##57r%, i LAEESr#3°CTH%190°C, 7
190°CIRFFS 51, W FIEIR3 4> Bl EIBS TR, HE
RE70 eV; SRR NEIP2IK; #N99.999% %
A MHERE 1.0 mLmin™ (B, 2011). SEHER
WA 43 (A R 3 22 NISTO8. L . M AN o (i 16
X L P 5 P, 2 R R R A A O SR A Agilent
A2 ARl B AR HE VS 2, ) A s oA AR D Rt R
X VE R 5 AT & M T o ARIE BN R 2 7 1)
T AR S AR AR 0 T AR LA, 5 R AL 4 1
X E B (Mu et al., 2012).

1.5 HNEIT AN E(YRZRTIY)

i 398 Y 17 A A REAT Y TE IR B AT 9 I E (Mu- et
al., 2012; RE K5, 2020). &0 ERIY G 5
AT K EE S N10 em, PR A190°, BN AR
1.0 om; YIRE P IR UGE BRI IO Inite 2
AURE. R UCRE (N E TS R) MR T
WA R RIE T AR E TR A,
TR A WS AT DR E T O P AR AY
AN S RIPIR S i W e IR o
90 mL-min~"; AT AW, BE YR R #R 1 5
NSRBI, NI Y T A B AR AT 2E, 7272
Xk FE b —EIFET1T5 embl b, PLAGERZk
IR, LS IC RN B AR, 2011). B
IR P AR EE AR P2 20 ) 0 2 20 Sk 288 /N o 255 J8 3] S
BRA 7 RAT 2 A BC MERE, [R50 70 S B ¢
DA PO HERERIEAT o AT 9 S MLAE JRIES [ SR A6 R REAT, B
YIEAFIE EJ7412 mib ARUT(15 J-s ) E R, 4T
N [ RE IS ] £5.9:00—15:00, I IR 28 /N AT R E T
5. PG N (2442)°C, AHXSIRSE A(T7045)%.

1.6 HESKITHR
F I MATLAB 4 (il A< 2018b) 3k AT 7 BRI ¥ i 7 2 7%
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#1o 18 HSIMCA-PHAF (WA 14.1) 3047 i B3 /)N —3fe ik
15143 #7 (partial least squares discrimination analy-
sis, PLS-DA). XZ/NEATNIIINE, BRI 22
INBEETE RS, D) 28/ e ) WA YRR A A e (R L 2 A
S N 1) R B VA I AT A B R
¥ A FIMATLABH A1 K

2 GRS

21 FERESHEEZ (R ENENTIIER
BIEEHIBL

I Sy B R T I R U S | S 2 e (R B
2016), 1HZW A8 X 28 /)N e (1) 5| 4 R DL 4 .
T-3HZ 2K R TR 5, BRI Ze W FE X 28 /) i
AT AR . iR RW], HHohFEIRE (0=7.425 1
x 107 )F1 22 AL AR 45 (0=0.000 3)45) 7] i 2 B4 27 A 4T
NI A AR AR 0T 28 /N (1) 51 5 RN A A ik
(p=9.661 4x107"°) (#£2). J7 Z /W R EIR, ZEWIE
A Sy S BA B2 152 BAEH (0=0.014 2) (1),
TEAb R, ZF AR AT IR 1] o o5 I iR SRS i AR ek
AR, BEAR AN 52 AR RS R T 2 2% AN AT BLZ,
T HZERAEA G EARS B A L HAEH (B1A). 1£
LA O E R 3B RN I g 6 7 3R AL HH BH 2 ) 52
HAEH(ENB). J7 2045 HR W, ZeMAExT 28/ i
B2 A AT N B WO 3 I B SR RNy, [R5 e oy 5
RERAEENZHIEH.

2.2 M EMNEFEMEI I NETE T ARG
I — D N 1 T AR AT T, 45 R ER,
& LH R 77 BN 1) 22 S5 A {2 % (p=0.082 0) (&12B; #*
+2 WA EN

Table 2 Analysis of variance table for factorial design

A 90 —

60 -A
O
[0]
£ 70
]
(o]
[t

60 7| -A Flower

-4 - Without flower
50 T 1
Healthy Infested

B 90 -

o] Ao
= | Tl
2 A
£
= 70
©
°
'_

60 - -A- Flower

-A - Without flower
50 T 1
Healthy Infested

Bl1 LA w58 BN

(A) AbZcitg; (B) TATHCMENE . iy S R AR AL 2T A FH ot 2
N HEAT AIRAREIR o S T L SR G I ) S (R
fir: #)

Figure 1
festation
(A) Virgin mymarids; (B) Mated female mymarids. The effect
of interaction between leafhopper infestation and tea flowers
on the parasitic behaviour of mymarids. The total time
represents the summation of searching, spying and spawning
time (unit: second).

Interactions between tea flowers and leafhopper in-

Group Sum of squares df Mean square F p value
Tea flower 4785.1562 1 4785.1562 42.5105 9.6614 x 107'%*
Infestation 3001.5563 1 3001.5563 26.6653 7.4251 x 1077+
Mating status 1531.4062 1 1531.4062 13.6047 0.0003**
Tea flower X Infestation 693.0563 1 693.0563 6.1570 0.0142*
Tea flower X Mating status 94.5562 1 94.5562 0.8400 0.3608
Infestation x Mating status 45.1562 1 45.1562 0.5274
Sum of squares for error (SSE) 17222.3063 153 112.5641
Total 27373.1938 159

* P<0.05, ** P<0.01
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FEPFEE: ZRRI AR Pt et i = e 28/ N I 1) 5 S S SN, 563

Time (s)
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e
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LI I

+ 11
I+ +

B2 MEPEA NSRS AAT it R ) A
(A) BNEZFEAT NI I E); (B) JRUER™ BRI () 53415, (C)
BB ns: AR, n=20, ** P<0.01

L+
+ 1+ 4

Figure 2 Time distribution for parasitic behavior of female
mymarids

(A) Searching time for mymarids during parasitism; (B) Dis-
tribution for spying and spawning time; (C) Distribution for
total time. ns: Not significant. =20, ** P<0.01

T3 DR T ML INE R 27 24T N CPEME AR EIR)

Table 3 Parasitic behavior of female mymarids under different conditions (means+SE)

3), 1M ¥4 B 1) (p=4.071 6x107"%) LA &z i 1 K (p=
6.589 3x107"%) 2 5t i 3% (KI2A, C; #3). TEfEREZE
A I AR A8 0T DUIE 2 B A A Lol 25 AR AT N I s
i K 35 (—4.500 0), {HZLN A3 (p=0.884 5, 95%
BI5IX A N[-14.695 7, 5.695 7]) (KI2C); 7E{dES:
R H N e A ) 2 32 T ME 6 1) 25 A2 AT N R A kA
F1(-9.050 0), {H&MN AN E 3 (p=0.125 4, 95% & (5
X A H[-19.245 7, 1.145 7]) (KI2C). e M-y
FR R, FERAE T DL 35 BRI AL 2o 77 AR AT BB K
(#91H9-14.300 0, p=5.626 0x10™*, 95% & 15 X [i] Ky
[-24.495 7, —4.104 3]) (KI2C), H ML a0 Hl
W B AR 51 iE A (318 9-15.900 0, p=
6.226 7x10°°, 95% E {5 [X [ 4[-26.095 7, —5.704 3])
(El2C). DML, 7ERFYERRH, FERTEXT 28/ i
HARENLIEIER, RIAGEI NG T ETA
MBS

2.3 ML ERXHMIEMFHERYESNTL

WA A £ E MR A 7 (Chen et al., 2020),
T 2% S 2 R 4 SO ks R i 28 /s i EL A B S 1D 51 45
TEH (FhE 5%, 2016; HHZE, 2016). MR AW 1L
Xof /N B HEAT 9 (3 A AL, 5T GC-MSH;
AR, BRATHE TR (TS) . oy E R
(TSITGL)RIZEMAL(TF)H FE R 2R S5 R%E
E HAFPFE LA 5y, Forh g RS RS 2 A 167k, 1
oA 3R, AR 4L 33F(K4; KEI3). 4-
P s-2-H . 3-Cil-1-F% . - 2. R-3- Ul lis . -2
-3- U R A= T AR -3- LI T (A7 1E T I Ay 35 A
i, Mi2-C. 22K 2-BRER . a-7KT N T A
2- BRI . o- PR IR FRE (R ) 2R A D5 AR

Spying and spawning time (s) Total time (s)

Group Mating status Search time (s)
Intact tea shoot + tea flower Virgin 69.75+2.12
Mated 62.50+1.78
Intact tea shoot Virgin 74.15+3.02
Mated 70.9043.12
Tea shoot infested by tea Virgin 57.35+1.67
green leafthopper + tea flower Mated 49.10+2.26
Tea shoot infested by tea Virgin 71.50£2.26™*
green leafhopper Mated 63.95+2.10*

10.00+0.30 79.75+2.26
9.85+0.28 72.35+1.88
10.10+0.28 84.25+3.16
10.50+0.34 81.40+£3.10
9.90+0.31 67.25+£1.70
10.10+0.33 59.20+2.15
10.05+0.39 81.55+2.36**
11.15+0.26 75.10£1.99**

** P<0.01
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RA RIS PO T AR AN AR R AR X (T S B AR R

Table 4 The relative contents of volatiles in healthy tea shoots, leafhopper-infested tea shoots and tea flowers (means+SE)

Retention
time (min)

Volatile compounds

Relative contents to internal standard (IS)

Healthy tea
shoots

Tea shoots infested by
tea green leafhopper

Tea flower

© N OO O B~ ON =

A WWw W WwWww  WWWWNNNNDNNNNDNNDD=S =22 a2 a2 A g
- O © 0 N O O & WN-2 0O O© 0o ~NO” OO P~ WN-=2 0 © 0o~NO O & WN -~ O

N
N

3.772
4.659
4.973
6.791
6.973
7.045
7.386
8.216
8.571
9.415
10.061
11.542
12.270
13.383
13.595
13.675
13.694
14.841
15.720
16.061
16.373
16.612
16.900
17.713
18.460
18.693
20.668
21.928
22.381
22.662
23.362
23.654
28.027
32.223
32.423
32.625
32.822
34.362
36.594
40.532
44.276
49.699

50.477

4-penten-2-one
2-hexanone
3-hexenal
3-hexen-1-ol
Ethylbenzene
Z-4-hexen-1-ol
m-xylene

p-xylene
2-heptanone
Anisole

a-pinene
Benzaldehyde
Phenol

Decane

Octanal
Z-3-hexenyl acetate
E-3-hexenyl acetate
2-ethyl-1-hexanol
a-phellandrene
2-pentylcyclopentanone
a-methyl benzyl alcohol
Acetophenone
cis-linaloloxide
trans-linaloloxide
Undecane

Nonanal

Camphor
E-2-nonen-1-ol
Naphthalene
cis-3-hexenyl butyrate
Dodecane

Decanal

Tridecane

Decanoic acid, ethyl ester (IS)

Tetradecane
Longifolene-(V4)
Tetradecanal

E-6,10-dimethyl-5,9-undecadien-2-one

Pentadecane
Hexadecane
Heptadecane

1,2-benzenedicarboxylic acid, bis(2-

methylpropyl) ester
Homomenthyl salicylate

0.6775+0.1432

0.1821+0.0261
0.1388+0.0163

0.1636+0.0303

0.0443+0.0077

0.0297+0.0048
0.0615+0.0105
0.0989+0.0142
0.0605+0.0074
0.0305+0.0046
0.0176+0.0029
0.0995+0.0176
1.0000

0.0261+0.0055

0.0501+0.0065
0.0704+0.0090
0.0552+0.0097

4.6679+0.3469

0.6500+0.0644
2.4906+0.2406

3.1843+0.2420
0.9410+0.1252
0.1685+0.0114

0.0849+0.0098
0.2588+0.0264
0.0915+0.0094
0.0952+0.0098
0.2073+0.0243
0.3178+0.0256
0.6841+0.0819
1.5707+0.1608

1.0436+0.1229

0.2721+0.0370
1.0990+0.1109
1.2977+0.1150
0.2599+0.0135
0.1241+0.0086
0.0891+0.0081
0.2182+0.0153
1.1579+0.1294
0.1029+0.0097
1.0000

0.3894+0.0406
0.1815+0.0268
0.0467+0.0030
0.5364+0.0388
0.3610+0.0406
0.3384+0.0304
0.1006+0.0058

0.8337+0.1178

0.4284+0.0374

1.0658+0.1013

15.7670+0.2817
0.4104+0.0497
0.0467+0.0056
0.5192+0.0615

0.0424+0.0048
0.2724+0.0241

1.0125+£0.1174
0.1193+0.0104
4.9586+0.3190
0.100 0+0.0116
36.3044+3.7347
0.0395+0.0043
0.1566+0.0081
0.2192+0.0237
0.7224+0.0835
0.4835+0.0361
0.1866+0.0158
0.2344+0.0224
0.1281+0.0155
0.8621+0.0459
0.0625+0.0079
1.0000
0.1098+0.0113
0.0307+0.0012
0.0275+0.0023
0.2798+0.0269
0.0922+0.0051
0.1625+0.0221

0.0437+0.0053
0.0411+0.0023

0.0353+0.0041
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Figure 3 The GC-MS total ion chromatograms of the volatile components from healthy tea shoots (A), leafhopper-infested tea
shoots (B) and tea flowers (C)
No.1-42 are the same as Table 4. IS: Internal standard
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1,220 28 R XL(2- L S 56 ) R AR R = R &
Be N AAE G R AL 5 (D). BRI,
FAE S R B AN E R R AR (RS, E4A);
HEIAY BRI BRSNS R A Rt AT
R, WAL DT E ORI e R ) R AR
T TR R E A (E4A) . MAHR & &S T
KRG, (RIS R Y (46.5%) B my, J7 B R
FERM(21.9%) B A 5K LB (K4B; %£5). HiE A
R, SRIH4% R 1) (38.6%) LL il e i, e 122K (7.5%)
A B R Y)(16.5%) Lo 5] 5 AR AH 2, (25 &
ST W FEHE A LU A9 5 fee e S RS A T 22 S K (1
4B). KM AL T, I7 & 2K (59.4%) M EHE KW

RS MR FIE

Table 5 Classification of volatiles from tea plants

(36.4%) i ELWY 2 Ty, 10 M AR 3245 KW ok LEAR I
(%14B). R, fEEEAAY . HuF KA MR AL R
RS BT W S AL

24 EZMESFFENRmERNZTEH B S

PR R Z AREARRR I 2 s, & AT R
/N LS (Lee et al., 2018). s/ 3iESr
Mregts T 8VERNEM E R o SE 2w gt o7k, mr
FRALE RIS B . 45 RN, iR & (latent
variable, LV)7] 25 91.8% H 2 &4 7 (R°X) M
99.6%F 4L B A4S 5 (RPY). R BEZEMY . Hu s 28RS Fl 55t
TE3E R EAG B 1) 23 [R) A3 A AR (1B A) o 1553 FHEK

Classification

Volatile compounds

Green leaf volatiles

3-hexenal, 3-hexen-1-ol, Z-4-hexen-1-ol, Z-3-hexenyl acetate, E-3-hexenyl acetate, 2-ethyl-1-hexanol

Aromatics Ethylbenzene, m-xylene, p-xylene, anisole, benzaldehyde, phenol, a-methylbenzyl alcohol,
acetophenone, naphthalene, 1,2-benzenedicarboxylic acid, bis (2-methylpropyl) ester
Terpenes 4-penten-2-one, a-pinene, a-phellandrene, cis-linaloloxide, trans-linaloloxide, E-2-nonen-1-ol, cis-3-
hexenyl butyrate, longifolene-(V4), E-6,10-dimethyl-5,9-undecadien-2-one
Alkanes Decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, heptadecane
Other 2-hexanone, 2-heptanone, octanal, 2-pentylcyclopentanone, nonanal, camphor, decanal, tetradeca-
nal, homomenthyl salicylate
A B ITS
107 - mITS 14.4% F
@ ] N TSITGL
§ TF 11.1% 1.5%
z ]
8 6.1% 36.4%
$ 1074 ° °
2 3
I
o 0,
s 21.9% 59 49
>
S 100 TSITGL 1.3%
519 SITEL 16 5% 1.3%
E
3
o 7.5% .
10~ B Green leaf volatiles
) : ) % £ B Aromatics
6\@ Q}\c? < 000 O'@Q
& & PN Ny 5 39 Terpenes
& v _ 5.3% W Alkanes
0@00 Volatiles 12.1% B Other

B4 FEREZSRS(TS). iy ZE SR (TSITGL)FIZE W18 (TF )5 K M Fh2E K o)
(A) fEFEZAS . IO A RIS AR R PR 2RI 4E; (B) A . Wiy T AR RO 2 A8 83 R ) o 1

Figure 4 Categories and proportions of volatiles in intact tea shoots (ITS), leafhopper-infested tea shoots (TSITGL) and tea

flowers (TF)

(A) Variations in volatile categories in intact tea shoots, leafhopper-infested tea shoots and tea flowers; (B) The proportion of five
classes of volatile compounds in intact tea shoots, leafhopper-infested tea shoots and tea flowers
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Figure 5 The partial least square discriminant analysis (PLS-DA) for volatiles

(A) Scores with respect to the LV1 and LV2 (the eclipse denotes the 95% confidence interval based on Hotelling T?) for volatiles
from intact tea shoots (ITS), leafhopper-infested tea shoots (TSITGL) and tea flowers (TF); (B) The biplot in PLS-DA (the dashed
line is a guideline for 1.0); (C) The variable importance for the projection (VIP) for volatiles (the number is the same as Table 4).
Volatiles with VIP=1 are shown on top, and volatiles with VIP<1 are displayed at bottom panel.
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W AT RERE . SRR T a2 AT A
L BASTRFAELE 73 P AR P 3 51 75 2 /N

26 itig
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ST MR O 22 4 ) BT VR RS, R LG Ia
(integrated pest management) () — 4~ & Z 7 i
(Wang et al., 2019). FIH 75 4V R ECLHUR E1EY)
VPG CAF B —E RN A . B, 7E R E
K 5.(Glycine max)i1A HLFE H AT 5] 5 55 2 Fp 2K 1K
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K FE AT AR AT AR B v (MR R 55, 2013); 4
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i /N ¥ (E. sophia) B A 2 ¥ il M #3 B\ (Bemisia
tabaci) (Tan et al., 2016). X T 5% [ /N -1 1) A= )
Bii v, T R I e = N e RO N B R N i
(Schizophragma parvula), it 635 F] T 22/ &
7 A5 e v A AR A7 PR Bl A B N T2, Sl Ao 2
IZEB IR (Wang et al., 2019). BARAEVIFTIE AT N
e I ity o i it — 5 B RE ) DR B, (B A AE — o A R
Wao Mo, RECEUE AT AEAT N 5 2R B R R I s
(% ©5E, 2020). 25 |, ZRBREEHE R DN /N 25 HEAT
DR T 1 B RN R R R i T LI AR B VR SR B A
BT

AW AR T 2R/ 1) 51 AR FE LR o A5t — D
Fo FATHEN, —J7 M, ZEMAEm e TR 54
MK, EYERARBENERIGE, 2&4ERN
W EZ 75, Sk A DAL B (TR
) AT RS B B AR BRI L PR (PR 42T, 2010). 11,
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N L S OK NN\
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10 H Volatile
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e > Ve &
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Figure 6 Y-tube olfactometer bioassay to determine the differences between 17 major volatiles from tea flowers and liquid

paraffin in attracting mymarids

The volatile numbers are shown on top panel (the number is the same as Table 4). * P<0.05; ** P<0.01
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Enhanced Attraction of Mymarids (Stethynium empoascae)
by Volatiles from Tea Flowers

Dan Mu'", Zehua Qi'", Qin Li" 2, Kexin Liang', Shaogui Hua', Xingyu Zhu', Mengijie Jiao'
Yuchun Rao?, Tingzhe Sun"
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Normal University, Jinhua 321004, China

Abstract The tea plant (Camellia sinensis) is an important economic crop in China. Tea green leafhopper (Empoasca
onukii) is the most damaging pest of tea plants and mymarid (Stethynium empoascae) has been classified as its egg
parasitoid. However, the mechanism underlying the olfactory attraction of mymarids by tea flowers is still elusive. By fac-
torial design, we showed that tea flowers could attract mymarids which are natural enemies of leathopper and accelerated
the parasitic behavior of mymarid. Tea flower specifically decreased the search time of parasitic behavior of mymarid with
tea shoots infested by leafthoppers. However, the boosting effect of tea flower was lost in healthy tea shoots. Compared
with health tea shoots, the types and relative contents of volatiles were dramatically increased in infested tea shoots using
gas chromatography-mass spectrometry (GC-MS). We classified the volatile expression patterns of healthy tea shoots,
infested tea shoots and tea flowers using partial least squares discrimination analysis (PLS-DA). Based on variable im-
portance for the projection (VIP), and identified 17 tea flower volatiles which could potentially discriminate the patterns of
volatiles in the three tissues. Olfactometer bioassay showed that a-phellandrene, cis-linaloloxide, trans-linaloloxide,
benzaldehyde and acetophenone significantly attract mymarids. Our work has preliminarily demonstrated the defense
mechanism mediated by tea flowers and provides novel clues for biological control of tea green leafhopper management.

Key words tea green leafhopper, mymarid, tea plant, flower volatile, partial least squares discrimination analysis (PLS-DA),
gas chromatography-mass spectrometry (GC-MS), biological control
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