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Main physiological variation in tea leaves fed by broad mite
Polyphagotarsonemus latus (Banks)
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Abstract: In order to clarify the changes of physiological and biochemical indexes, tea injured by
broad mite Polyphagotarsonemus latus, the reactive oxygen metabolizing enzymes, volatiles, physiolog-
ical and biochemical indexes of tea leaves were investigated by the method of indoor routine physiologi-
cal indexes and high-performance liquid chromatography. The results showed that the contents of chlo-
rophyll, carotenoids and soluble sugar were decreased with the damage by P. latus increased, and signif-
icantly lower than the control group. The tea polyphones, caffeine, catechin of the leaves damaged by P
latus were increased compared with control group. The serine, glutamate, theanine, proline, citrulline,
and y-aminobutyric acid in the severly damaged leaves were increased significantly compared with con-
trol group, rising by 52.00%, 48.67%, 63.16%, 500.00%, 107.41%, and 100.00%, respectively. The con-
tent of epigallocatechin gallate of the leaves damaged by P. latus was increased significantly compared
with control group, and reached to the highest in the lightly damaged leaf, while the content of epicate-
chin in the victim leaves was lower than that of healthy leaves. The reactive oxygen species of the leaf
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damaged by P. latus was changed; the activity of ascorbate peroxidased, dehydroascorbate reductase

and monodehydroascorbate reductase were declined with the P. /atus damage increased; the activity of

glutathione reductase were declined, and the activity of glutathione reductase was the highest in the

lightly damaged leaves, which was 1.24 times of the control. The variety of volatiles was released from

the leaves damaged by P. latus. Fourteen aromatics were detected only in the leaves damaged by P. la-

tus. The content of volatiles was increased with the P. latus damage increased.

Key words: Polyphagotarsonemus latus; Camellia sinensis; primary metabolite; secondary metabolite;

reactive oxygen metabolizing enzyme; volatile

7K Bt 2k W Polyphagotarsonemus latus (Banks)
SR 22 BRI 255 VR R | 255 SR, Syt S S G
U 2 R 25 X R KER i 5 X 1) T S ol ™ Ry
FE XMW Camellia sinensis (L.) O. Ktze , B # Capsi-
cum annuum L., 7 i Solanum lycopersicum Miller
K. Glycine max (L.) Merr Jiii ¥ Solanum melongena
L. 5530 B 70 438 114 BB , LA 25096 0 Wi 2%
PEICEE T, e 7 A PR S i B AR
J&, A RIS | AR K G2 B 1k, 32 3 25 AT
D 63% Fe AT, TR MR A A R BT (R T
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case L. 32 3| 2% M 2t o 3 5 10 25 B0 38 Il i
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TR T 50.5%.46.2% M1 51.6% , e A R G A
H B 52 25 A8 1k ; Grinberg et al.(2005) & B85 /I Cucu-
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HRGBA R 55 (2006 ) RAE 7 ke - 4452
JEARTR 53 44 Ab 38 - Al T IE A% B A7 3 (2 3 H]
R 7 TEAR<1/3) B A2 5 (1/3<52 F BV 7T
<2/3) EEEZFHCZHFERBYM FER=23), th
{0, & 2 1 ) 52 2 I8 Lichtenthaler (1987) il Lin et al.
(2009) 1Y 5% o B2 AV VR 5] B R AR
H LTI 80% TN 8 mL, it B 7E R AL 48 h, B 1
FHe A, 52 H 663,645,470 nm AL 1 G RE
RS REE HagERa HERb 58 MR
. HMEEARER

AP R A B (2R
2000) . FREUEESD S g BT 500 mL 25w i, A
100°C ZE 47 7K 100 mL i FR BF 5 W 5 mL, Wk 7K 1
nF S min J5 B PR A BRI L B AT 2k
FACBR WL S mL, FF IRV A5 i 21K 22 %)
BE RS Rd uE . B 25 mL T 250 mL & a0l
IR KRR R 2 FE A . O BRI 1 mL,
FILRE 248 N A BB  10 mL, BIZURE AT . FE
AU FHER NI 6 min, U B EER . 1 em
LU EAARAE 610 nm AN 7 WO BE [Tk FH i 2 A il 4
PRifEf e TR RN S, AN 4R E
122 FWxFERARMZHAE TN ZE

FREL AR HET4E 1.0 g BE#F )5 B T 500 mL e
i, 4.5 g BAREE & 300 mL kK, Tk K i Hin
12420 min, P S min $E 30 1K, =2 #5855 7 B
PR RIS IE , TR FE A 500 mL 2R, R H G
gk E S 2208 IR . W—&B 401l it
0.45 pm JEAE, U8 TA7 R A6 A o

i B 2 1 ) R FH B — ) R T ik
(GB8314—2002) . HUAW 1 mLF A 25 mL 755l
1, i pH 8.0 A B2 EE 2% #h 4 mL F1 2% 11 Efi — T
0. 5 mL, FE KA THN#A 15 min, RRAHEIE M
ALK ERZE 25 mL, iUE 10 minJ5 H 5 mm 6
R, 7E 570 nm Ab DL %S FHERAES L, I OB .
A Z R EARAE I 2, 1500 B LR B
ALPR3 R E A . EFERRALS R FHE LR A sh i
I 22 PR A RTR R R N R E
BRI S, A3 REL

25 22 1y I 52 R FHAT A1 R K Hb (1 (GB8313—
2002), HURM 1 mL7EA 25 mL A58, 4 mL
JKANS mL A A PR RS WL, st IR A, P9 pH 7.5
IR ER 2% vl 2 20 B, 10 mm LA FR7E 540 nm

W LRIEAES L, I RS, A 2 By dil Ve h
LATER W&, B3R ER,

LA R B R A L R ek, BuAl
J5 ARG 1 LI 1% 75 22 K/ B3 M 30%
W IR/ LBV, FE IR N IRV 5 min J , 78 540 nm
A UARBGRAES: L e OGRS , DL LZS R VR
Mgk TRILAR B, B3 RER .

JLAS R A 53 B WAk 25 20 e >R FH R A £
TRk (BN, 2010), JLARA S UFERILEE .
REBETILER FILERRE TR REETIL
RERBETREEEE TR SRR SCRH
VWD K  #% 5 {543 #£ & ZORBAX SB-C18 ODS,
5 pm, 4.6 mx150 mm; Ji ZHAHT A H 2% VK 12, B
R ZNE T A T mL/min, HEE A 30°C, K05 KA
280 nm, JEFE I 5 uL, B FE YRR, Wi 2l 4H B 7E 16 min
W EH 6.5% ZePERR BE AR AL 3 25%, 25 min [ F LR
A, P10 min, B3 IRER
1.2.3 3kt G B AR SR M0 M) T

I3 2 A8 R i i[5 i 28 B0 ik b,
2 mL $#2 BU (pH 7.5 Y 50 mmol/L KH,PO,-KOH ,
1 mmol/L Z, —Ji& P4 £, .0.5% i $7 38 X-100.,5% A
VSR TR 205 TR MM S ) ) AR/ i DR, FE VKT F
VAT FHVKZR B HL 15 000xg R #5000 10 min, |
T VO TS PEI A2 (Chen et al., 2005) . 348464
fit} (catalase , CAT) \HL 4 ML IR i A fL W) T (ascorbate
peroxidase, APX) | Ji S T 34 Ifil B2 if: )51 # ( dehydro-
ascorbate reductase, DHAR) . 73 it H KiA 5 i ( gluta-
thione reductase, GR) . 51 Jlii & 1T 3K Il iR 18 J7 fiff
(monodehydroascorbate reductase, MDAR) 45 Jl| 7
240,290 265, 340 340 nm &b W 52 W G B, 4% 1R
Chen & Cheng(2003) J7 LT B A FIEEG . A4b
P4 ER
124 FAZEBELE M RS FAE NN

P22 PR CR AT 2 B AR SR O R T, R
AHE TGP SR « (3 4TS HP-5MS (30 mx
0.25 mm IDx0.25 pm 5% ) 5 283 0 i 4505 EAE
IR RE SR 230°C 5 Bk AN 433, ifF AR 1 L, A Ik
1 mL/min; (3% - 503542 H A 250°C 5 85 U5 ik
J& R 230°C 5 B 116 77 X0 EL; - FREHE A 70 eV,
2 7 IR 280 50°C &£ 45 2 min, L) 5°C/min T+ £
180°C , 4445 2 min, $5 LA 10°C/min 12 230°C , {§: 5
5 min. i NIST.WILEY %5 7548 Bt B0d e a4 T
IR R , S5 R E FE A YA 4y, JF R T
FUR—A03% , ISR ST N IR , 51745 A3 A X
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FEHT . B3 IRER .
1.3 iR

K SPSS 16.0 B A X B s 4705 255087
I H Duncan F#T &2 i 22 36 47 A PR (E] 1) 22 5 8 3%

2 BEREHM

2.1 FHMEE A ENEMIER S =R
BRFE b RE RN B A2 I R A AR Y
BER TN A, EM R SRS 2 ERE
(1 00 VR 32 T B AIG , A TR A2 E TR R R, R
343.41 mg/m’, SRR F AL T 53.33% ,(HA

Az BB R RRELEERARE, BE.
RS A2 I R SR a FIF SRR b i 5
e R oA L34 i 25 R R AE b B R A2
FIA| 22 R B 35 4 R a S AR 51 3 R
k% T 23.62%.49.69% F1152.87%, M4 & b & - 806}
WY B 25 R T 28.23% .54.44% F154.64% (% 1)

AN 32 FRREE M (2SS N R AT
SR 2 R W YRR 2 E R R A
WTRAANR , 7 L B 27 T A I eI, 43 U2 97.71 mg/m?
F14.09 mg/g, {5247 FEREERFIP R LUS , of B
A N RN S AN R A W AR A
(£1),

R1 SR EXFRM F R E R

Table 1 Effects of Polyphagotarsonemus latus stress on leaf metabolites

flt B
Healthy leaf

8779 Metabolite

REE s E HEZH
Light damage Moderate damage  Severe damage

WA 4R B Total chlorophyll (mg/m®) 735.00+33.59 Aa 519.87+79.89 ABb  361.04+19.64 BCb 343.41+2.31 BCb

7Y 4% a Chlorophyll a (mg/m*)
Primary  IH%4%2 b Chlorophyll b (mg/m?)

543.64+22.70 Aa 415.21£39.21 ABb 273.48454.09 BCc 256.21+1.54 Cc
192.20+11.01 Aa 137.94+10.34 ABb

87.57+6.23 BCc 87.19+0.96 BCc

metabolite &% N Carotenoids (mg/m?) 149.76+7.66 Aa  120.18+24.60 Bb  105.39+6.40 Bbc 97.71+£2.46 Be

AT PERE Soluble sugar (mg/g) 8.91+0.64 Aa 7.18+0.19 Bb 5.04+0.10 Cc 4.09+0.19 Cc
AR A5 £ Tea polyphones (%) 14.70£0.25 Bb  17.63+0.64 Aa 16.67+0.24 ABa  15.07+0.32 Bb
& JLZK 2 K Catechin (%) 10.47£0.21 Bb  12.83+0.65 Aa 11.60£0.35 ABab  11.70+0.31 ABab
Secondary 544 L2 Free amino acid (%) 3.6040.03 ABa  3.67+0.23 ABa 3.06£0.10 Bb 3.86£0.03 Aa

metabolite iiHERH Caffeine (%)

1.72+0.01 Be

2.83+0.25 Aa 2.30+0.12 ABb 2.67+0.07 Aab

F PR bR R . [RIAT AN TRIR /N TR | 378 8 Duncan [RGB S R 22 TS 30 7E P<0.01 71 P<0.05 7KF-25 5

# . Data in the table are mean+SE. Different uppercase or lowercase letters in the same row indicate significant difference at P<

0.01 or P<0.05 level by Duncan’s new multiple range test.

2.2 BEMEE A BT FRR A A B 82 N
221 EZALRSELEHENR

2P 2 2 S PR RE A2 AR A TR
T ERIRR R fEREZE R
FI IR B K, N 17.63%, g2 EN
IR, W E S TR A AR ZF R S
SR SRR E . AW EE LR DR
X HRA BN, FER B 32 IR B K, o 12.83%,
W R & e B2 H i B IR T H A4
L, 3.06%, 5 57 3 R i e B R e T
R B AR F M B2 AN B R
FEAN [A) 32 5 A B ik R v i 5 2 00 3 v T R R
A TEREEZ E R S s N 2.83% (3R 1) .
222 RABMUHd T

TEUF B R LIRSy R vh e IR 22 5 1R Ay 2R
RRPR JHER VAR p-Z 3 T BRAE 2 F M Fv
1) T A R P 38 S S N, AR R A7 A

SRR, 790 0.38% .2.23% .2.48% .0.06% . 0.56%
F110.06% , %5 BB 430 Sk & 14 0 1 52.00% .48.67%
63.16%.500.00% . 107.41% F1 100.00%., K4 % R
THEEREZEY RS, DR T RS AR
KO RR AR EE R A2 i S e Rz ) 2
ANE . INEAPRTEAIRZ F 0 7 i) & s bl
B R (R 2) 6
223 ILEE@ASH T
FRILRREEFREEFILE R S mfeh E2H
A R AR TERR I B, 23R 1.60% F110.26%,
MR ZE i B & TR . RIEE
FILR R KB TFIREG & AR 2 F e gt i
Yo 2N e 2 AR, N 6.34% , 3%t iR
W 41.52%, RKKETFILERZMEE RN S
TEE R A7 I A A I TR T A, Bkt BR 3 )
R 25.55% F115.79%, % FEM i RILA R G &Y
TR, 7F 8B A7 R AR, o 1.13%(F£ 2) .
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Table 2 Effects of Polyphagotarsonemus latus on the leaf amino acid and catchins composition of tea %
S5 47 Tndex et %TE%% sz HEZE
Healthy leaf Light damage  Moderate damage Severe damage
HHERM sy  RAER Aspartic acid 0.61£0.02Ab  0.63+0.01 Ab 0.60+0.01 Ab 0.70+0.01 Aa
Amino acid  J34{H2 Treonine 0.12£0.02 Aab  0.11+0.02 Aab 0.09+£0.12 Ab 0.13+0.02 Aa
comPposition 42 475 Serine 0.25+0.02 Be 0.30+0.03 ABbc  0.33+0.04 ABab 0.38+0.02 Aa
225 R Glutamic acid 1.50+0.05 Cc 1.91+0.04 Bb 1.87+0.05 Bb 2.23+0.06 Aa
XX A Theanine 1.5240.05Cd  2.20+0.09 Bb 1.98+0.04 Bc 2.48+0.05 Aa
Jifi % Proline 0.01£0.00Dd  0.05+0.01 Bb 0.04+0.01 Cc 0.06+0.01 Aa
JRER Citrulline 0.27+0.02 Cc 0.42+0.04 Bb 0.36+0.04 BCb 0.56+0.03 Aa
-2 5T TR y-aminobutyric acid ~ 0.03+0.01 Cb 0.03+0.01 Cb 0.04+0.01 Bab 0.06+0.01 Aa
ILRZEA Sy FRILRREE TR 1.91£0.35Bc  2.66+0.12 Aa 1.60+0.01 Cd 2.37+0.02 Ab
Catchins Epicatechin gallate
REEFILARRE TR 448+0.04 Cc  6.34£0.13 Aa 6.00£0.06 ABb 5.94+0.35 Bb
Epigallocatechin gallate
RRETILEER 2.27+0.03BCb  2.57+025ABb  3.14+0.20 Aa 1.69+0.02 Cc
(-)-epigallocatechin
72 JLASE L-epicatechin 1.48+0.04 Aa 1.18£0.10 ABb  1.41+0.07 ABa 1.13+0.05 Bb
JLZEZE D, L-catechin 0.30£0.01 Bbc  0.48+0.04 Aa 0.26£0.03 Bc 0.37+0.02 ABb
TR Gallic acid 0.38£0.00 Bb  0.54+0.03 Aa 0.38+0.02 Bb 0.32+0.01 Bb

PR R YRR AR . RIAT AN R N R S 2878 48 Duncan [G & 22 A6 B0 7E P<0.01 F1 P<0.05 /K V-2 5+

% , Data in the table are mean=SE. Different uppercase or lowercase letters in the same row indicate significant difference at P<

0.01 or P<0.05 level by Duncan’s new multiple range test.

2.3 FH&EAEXFZAEEERIHEENE I
CAT IGYETE A2 F it oA I T R, (& b 3]

#5R 53# ; APX  DHAR I MDAR i M fifi 5 % 3

FRBE R IR L T RS 78 8 32 F G PR, 34

fRERRE M H 23 SIAR T 44.09% .39.05% H132.69%; GR
TEVERAN 32 R MR ST R 3 7%
2 Fm Fr b, o TN RS CHAR AL, SRk
HR 12445 , i BRI ER A I TR (3R 3)

R3 FHEE BRI A iE RS R R0

Table 3 Effects of Polyphagotarsonemus latus stress on the leaf reactive oxygen species umol-m™-s™
TP ft Rt J REZE ThEZH HEZHE
Reactive oxygen metabolizing enzyme Healthy leaf Light damage Moderate damage Severe damage
1A AL A CAT 33.68+2.95 Aa 32.42+1.84 Aa 32.00£1.52 Aa 28.63+2.95 Aa
FrIR iR i S AL Pl APX 225.70+18.89 Aa 186.60+17.02 ABab 142.17+6.49 Bbc 126.18+23.82 Bc
JiE ST AR 4 )5 DHAR 11.37+0.67 Aa 11.29£0.91 Aa 10.49+0.93 Aa 6.93+£1.27 Ab
AW H KA S GR 10.83+0.29 Ab 13.42+1.18 Aa 6.96+0.73 Bc 4.50+0.17 Bd
PP OR N A R MDAR - 139.12+3.54 Aa 105.68+5.35 Ab 113.7016.44 Aab 93.64+4.82 Ab

PR AR R . [RIAT AN TRIR /N TR 3 |38 8 Duncan PGB S R 22 TS 30 7E P<0.01 F1 P<0.05 7KF-22 57

3% , Data in the table are mean=SE. Different uppercase or lowercase letters in the same row indicate significant difference at P<

0.01 or P<0.05 level by Duncan’s new multiple range test.

2.4 ZEHMIRE A EXFRIM FIER WA S BRI
M RZRAL G Y& BB IAG I 2 20 Fh%E 4 W)
SR AR L, 32 3 R AT A O BRI 45 A
Yy, e RAEARE R 1,3, 8-XT - i =M A
PEAEIE VAN o- 5% B D-Fr5E A T
(+)-p- T h i 5 1 P 52 5 I R v S A R %

W2, o, Hirh 1,3, 8- X - faf = MU 4% BE
ZHE M A B, B-B I | a- IR 3B
T i B 7 R R IR R L TR A A R B4R
B R R R (R 4) . ZEFM Y
Jo R B A2 R IR S Rk A, DA
WY 19.7% YE N2 8 B A2 FE M i 22.77% .
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JE S S G A L AGHI B Sk HE A ) 9 Bl
FOrP L | CR--3- TR IR A SEE & BEAE A2 i

Wi 3%

EREEINGRMTZE AL T, - . 1R-3- M i

TS FH M BRI AR S E A
R FOB T A T ERE VT R B DE-3- 24
BRIE AN 2- L 5-1-C M-I 3L A R K ) Hoh C e
i B 2 AR BRI AN, 5 3 R A 9L

R4 TR A B FRIM 7 S HEL WA S R

Table 4 Volatiles from tea infested by Polyphagotarsonemus latus

TER 2 A R E] (F24) . MR R B
B B R T, 75 T %

K3 g, 04 25.61%

I H R e AR AR TR ARG TN B 2 MR W), B
R HEE 2 E IR ST R AR g, 2R
M S R S M R R, O 1.90% s B A )
IR BRI R 52 5 i v s A (R 4) o

%

HEE LY

Herbivore-induced plant volatile

R REZE
Health leaf Light damage Moderate damage

2 E

HEZE
Severe damage

AL G Y6 48 Terpene compound synthesis pathway

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

FAWAZR m-cymene

B-% §)ifs p-ocimene

3-EEJf 3-carene

1,3,8-Xf-Hiff =4 1,3, 8-p-menthatriene
SAALTFFERE(MEMETY ) Linalool oxide (pyran)
F14% Fenchene

K% Longifolene

FAAYA Cedrene

F171 ¥ Caryophyllene

4,9-F:¥5 — M5 4,9-cadinadiene

a-1EWEM# o-farnesene

S-FEFAI M O-cadinene

F A AT Caryophyllene oxide

(+)-B-ZE M (+)-p-himachalene

I 3, 7-dimethyl-6-octenal

R AEIE Neral

D-#7 4% D-limonene

LA Cedrol

a- LY o-ionone

S-48 231 p-ionone

BT Total
N& % A S & 4% Lipoxygenase synthesis pathway

1

2
3
4
5
6
7
8
9
2

5
oy

C.fi¥ Hexanal

THRCHE Hexyl butyrate

Jii- 2. 12-3-CL 47T (Z)-3-hexen-1-ol,acetate

T-1#% Nonanal

TR-i-3-CL 4% e Butanoic acid, (Z)-3-hexenyl ester
LRI -3-CL 4758 Hexanoic acid, (Z)-3-hexenyl ester
it -3- 4 A IR EE cis-3-hexenyl isovalerate
2-2.3-1-CUJ#-BE 2-butyl-1-hexene- octanol

#E[i% Decanal

1 Total

FEHR A &S Shikimate synthesis pathway

1
2

ZHI% Benzaldehyde
7K A% S Methyl salicylate

B3t Total

ND
2.20
7.42

ND
0.80
0.74
1.05
0.61
1.41
0.46
1.84
0.70

ND

ND

ND

ND

ND

ND

1.87
19.17

ND
ND
4.64
16.67
1.92
0.34
ND
ND
0.81
24.39

1.09
ND
1.09

0.58
243
7.49
0.65
ND
0.50
0.85
0.54
1.20
0.38
1.96
ND
ND
ND
0.20
0.54
ND
0.24
0.33
1.73
20.67

0.23
0.69
2.34
19.85
0.80
0.45
0.41
0.21
0.90
25.27

1.90
1.10
3.00

0.42
2.29
8.45
ND
ND
0.78
0.88
0.74
1.41
0.58
2.30
0.72
ND
ND
ND
ND
1.08
ND
0.55
1.77
21.97

0.71
ND
2.54
22.59
ND
0.61
ND
ND
231
28.76

1.62
ND
1.62

0.51
3.10
8.28
ND
ND
0.63
0.47
0.64
2.19
0.65
291
0.78
0.58
0.29
ND
ND
ND
ND
0.51
1.23
22.77

1.01
ND
4.00
15.30
2.67
0.96
ND
ND
1.67
25.61

1.09
ND
1.09

ND: A UL F . ND: Not detected.
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A BRI CEAE T A WSO8 G RERY
YER, L R e e A iR B R, AN
H AR TR A B R S EREE AW 2 E
B B IR T /L 33X 55 X1 257 4 (1994) W 5%
IR AR P o 3R i 57 B R B R T e I ) 285
AV o RIS 5 5 U2 5% B o T 0 1Y
TEBUARL (AT, 2012) , fH SRR 52 35 56 A
RIAEAA—F, RS2 5% L0 R 3 10 R AU i
HE RS ERA THEHASEAH . (Bvaristo et al.,
2013) . WIAARE =Wl R PR R A P A K
KB MBI E L E IR, AR Th A i
Wil 2 A% R0 il Ay R R R i 0 2L, — Ty T ]
FE 2 T 2% Rl o 5 11 2%, AT DA o W AT
VB SR B A D P SPERE O i, D) — D T AT RE
JEPRA R RE G5 = PR D R RE R AR
JAZ B, AT VA A A B (X ZETE 45,1994 ) .

YA AR = A Sl B A ) TR AT A T 2 R
o xR AU DGR FE B B AR EREFEM
S B I o RS AR A2 W AR A R T
AU =, A A B B E )
iRl . ARG, ZEM SR AR 2
Ty F B0, G0 R A2 R R G s X 5
BRASZ 15 Z2 B 1) AR AL R AL, (22 DA, 2011) , il
MERR A LAS 2 & e 2 F b I, X S5 X287 45
(1999) & BUBT IS B i Ao HLA oy 1 1 10 T 8 a0k
i A< 2 Wy IHERR Y 25 SR AR &, TR R AT 2 o
B RN 2% 22 W HLAT W B )25 T R LS5, 5 i 5
HE, ZWIY RS 245 & T R L, TR AR 5
THALTRI 28 6, 63 U A K & B A 1
Fo BEAN, AP G R 6] 255 BEFER 86 1) 17 B0 AN
U R o AT OG T L S E R MM A, &
Ji 22 0 B bl B A AR S T, BN T A0 A
Ve B X A MR BRI VE T LAl o rh 22 R O
QIR AR VAR R -2 TR & &
MR Z FERE LIRS TS 25t A X 6 F
SBLIR B () TH i e = A 4 B Oy (X 2898 %
1999 ; RAEA 45, 2000) , I HI LRI HRE A= & B R
T BEARAT F RS . AP SR
REBETILERRE TIREESZEM i g
e BRI Fr 34 b 2 R R S S TR P
KR, RILA R ZE M & KT
5, {E 3k X 55 BT 6 1 4 FH o 5 it — 2 09 . (R
XIWE TS (201 1) AFFR R, REETFILAREE TR

T T [ A Sy 2 A fil) 2 X5 AR /NS 1 Empoas -
ca vitis (Gothe) A ERIFRFHEEAEN

A PR 3 P S A T ) e 2k v LA R
R AR RR R P 0 6 1 4L, B 1 2 RV E T A= Tk 1y
PPk 2% B Ay 3B (A P T M S A il e 2 A
b, PUIR I R it A Bt | S S I R i
b SE AL S | SN S BT R A G M Y B R
52 H TR B IR SRR A 3, A T R4S it il 1 42
WSS R R . A e H A S il ELAT i 2 L P TR
AN 32 S AL B I I RE | 2808 A 2% B i
R s M RS L T RE S AR A PN I PR AR
ARV, AT AR P A8 3 1 S T AR, 2 2%
LR IR, A RS (LN, X AT 2
F T W H G D il A skt 8 v ke R R E
TEARE N 5 RS B4 6, A2 A R TUTE TR
1 (Mueller et al., 2000) , It A48 e H- A0 i i 3 14
Bl 2SI 2 FE EE IR 2 e T = Je BRI A a5, A%
W2 2% Mt 2 Sk IS, 0 e CAT UG F R, 76 3
PR T 1 s A b B A (faf i, 2012) .

ABFFE T, 2R MRS AR = 65 SRR Y
AR R DA 7 2, 3K 5 32 A R E iy
FERP 1 /N FfORE TR A5 & ) L T R 25 2 i 46
FEARL, 5 86 3 2y 7 808 BRI ) ke W A i o 2% 7 1)
SEIC A (FREE,2010) o A6 2= 6 5 AU 1| /N Fif o
TR R RGN A3 B CE AR, i E R o 6
A A DIEIN T 140, i 5 PU [N B 4 )
T 6 7 (FR3E,2010) , U2 1952 5 T2 2]
HAE R YR, X 525 (2009) W5 1 3 B A
FHH R ARE LY RO — 3, Bl — e YE
A2 EFREE TR, 5 37 A 5 R W R il B
Hr i & BHIE S S Rt 2 . FYITE
Z B R S B Ja R RO R M B,
ABTIREZ — SRS | HE B B KA, A e Az
FEIRMBEIL B-% s L CIR-I-3- Ui L T A H
P o= W S 5 | R EHE ), BRI il 32 3
FEEE B MG, Her -2 i B 5 175 RO A
IINFEZZ G Phytoseiulus persimilis 1 (Dicke et al.,
1990) , 7K ¥ % H BiR HA 5 5 5 F) /M 221 (de Boer
et al., 2004 ) FliN M 45 224 Neoseiulus californicus
YEHI(Shimoda, 2010) , & H 1K A7 IR HA X R olR
W% Anystis sp. BAT W5 1EEH (F81%,2010) .
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