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. oA #4518 08 18 2 988 2 Bemisia tabaci B A5 F B % 5674 W vH 9% 7 (Tomato yellow
leaf curl China virus, TYLCCNV ) 42 Z¢ i 44 wey 2 AUH] , KR 5 AL 4 22 & AL 35 A7 52 0k o #7 thAR
MED & A} 84 8B & 2 55 TYLCCONV 3542 3¢ 40 38 3-8 SR AR A P B R4l o 5 i AR R A £
L RANEEE A, SR TS, 5 ARG, BH EIRE R L L TYLCCNV 3542 439 7T §- 5%
SBIRMAR T TiE R TEAR RS TREER, $ a3 2E 15, TRNAEH(CAT) EXE
It & , B AW HALHE (SOD) Ae it B AL B (POD) 7 M 2L T )6 Mo T ALAL H 5 E 4 JIR
A ARAR L, B E 5 TYLCONV 3242 5 | d oh-S-@ mAisk F TEMES T R FBIKT 21.05%,
3. 7409 dBFTTEBRE G F5 5 B EEIKT 27.40% .26.84% #220.90% ; 343 F )5 49 1.3 .54 9 d B
S F oA R EEART 34.60%.14.30%.3.07% F= 15.19%; 312 4 5 49 1.3 .54 7 d BF CAT & 1%
SRR E T 3.0445 14245 1.6845F2 1.96 45 ; 2212 )5 7 d B POD & 3% 4K, 42 £ )5 9 d B
SOD E AR FH I &, A5 Tl it B E L3 Il B R B Bl i AR & BALBE & Mk
Foprm sy AIAS B 5 TYLCCONV #3642 %, JA#H 85 TYLCCNV 345 2 7T i S M4k A = A 4852
TRECE BT V0 S B K5 L, VGt s g T A B AGiE B
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Differential physiological and biochemical responses of tobacco plants to the
feeding by tobacco whitefly Bemisia tabaci and the co-infection
with Tomato yellow leaf curl China virus
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Abstract: To clarify the response mechanisms of tobacco plants to the co-infection of tobacco whitefly
Bemisia tabaci and Tomato yellow leaf curl China virus (TYLCCNYV), the nutritional contents, the accu-
mulation of defense substance and the activities of main oxidase in tobacco plants were analyzed and
compared after co-infection with Mediterranean biotype (MED) B. tabaci and TYLCCNYV by using rou-
tine physiological and biochemical index determination methods. The results showed that the soluble
sugar and protein contents in tobacco plants decreased obviously, and the polyphenol content increased
significantly; the activity of catalase (CAT) increased significantly, and the activities of superoxide dis-
mutase (SOD) and peroxidase (POD) increased firstly and then decreased after co-infection with B.
tabaci and TYLCCNV. Compared with feeding by B. tabaci alone, the soluble sugar content decreased
significa-ntly by 21.05% at the 1st day after co-infection with B. tabaci and TYLCCNV; the soluble pro-
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tein content decreased significantly by 27.40%, 26.84% and 20.90%, respectively, at the 3rd, 7th and 9th
days after treatment; the polyphenol content decreased significantly by 34.60%, 14.30%, 3.07% and
15.19%, respectively, at the 1st, 3rd, 5th and 9th days after treatment; the activity of CAT increased 3.04,
1.42, 1.68 and 1.96 times at the 1st, 3rd, Sth and 7th days after treatment, respectively; the activity of SOD
increased significantly at the 9th day after treatment, and the activity of POD decreased significantly at

the 7th day after treatment. The results indicated that tobacco plants could prevent whitefly from feed-

ing and co-infection with TYLCCNV by changing their nutrient components and accumulating defen-

sive substances or increasing oxidase activity. However, B. tabaci infected with TYLCCNYV could im-

prove its adaptability to the host plants by inducing fewer polyphenol defensive substances in them.
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T EAEYIAE 32 B Pk R o s ] S A
AR A A — RIS (45 5 | A Y B 52
JoT CHTRT R T PR 2R 00 B 28 175 A Y B
TPy T (Can 1 28 (s 288 S R A W 5T ) B AR PN T AR
(reactive oxygen species, ROS) ¥ 7= 4= F1FH 22 (Shar-
ma et al.,2012; IG5, 2012) . FHRE ) ROS Xf
He ok i R H A F A (Sharma et al., 2012) , {HAH
YR N 1Y 33 S AL S B (catalase, CAT) 8 4& fb ) 1
fk. 1 (superoxide dismutase, SOD) i A AL P (per-
oxidase, POD) M 4% bt H K ik 280 £k W i ( glutathione
peroxidase , GPX) & (R P B REA R BRIX LL 7 H 5,
HEAE ROS A H XML R 055, 3 =AY
IR BT (Kerchev et al., 2012 ;4% 4 545 ,2017) .
A A N SE AR BT R 298 H /T 22 B P v AR R AS
[R5 0 35 )3 PR 4 1 77 A (Zaefyzadeh et all.,
2009;Chen et al.,2011) . )M 12 e th 25 5 350k
YN BT RACEEG & AR, SR R A
N ROS 7KV, (H 45 it LA B AR 0L 0 B 4 e ad
Y FINA BT 22 5% (Clarke et al., 2002 ;de Gara et al.,
2003;Radwan et al.,2010) . Higt o] 0L, B HUCE &
I R A G AT 75 S A AR A B AR SO, BV AT 8
b el HOE SR T SRR AR o S AR b A T
T AT T ORI B U SR R 4y

JWA B Bemisia tabaci J&>¥-3% B ¥y &8FF, 2 —14
5% 40 Z B i 9 Fh &2 5 1K (de Barro et al.,
2011; Jiu et al.,2017) , HANAS i ik & A8 4 T AN
53 WA R X AVE ) 1 UG I T AR G DL XA R
Geminivirus N 319 300 RFHEYIIRTE , 4555 5% ML
R MRS LA E D Az 77l R ™ B4 2K (Wan et al.,
2009; % j=,2016) . FMEAK ELMEAMI [EA (E B
AR I 20 28 90 AR R I I AR IR E IR
A & 4 (Liu et al., 2007) , 1M X545 B MED Fgfh (B Q
A EY) T 2003 4E7E TR [ & 9 (Chu et al., 2006)
B S 7R 1 R4 (2R 45, 2015) T RG4S (Jiu et

al.,2017) X H:e £~y (Hu et al.,2011; Pan et al.,
2011;Rao et al.,2011) Y HOIFZ#THUE MEAM1
S DD OS2 0 o O 150 T Y A 3 A ES | 4 oYl
M R —, B AR S e 2 B 1 g5 ik (i
N4, 2015 ¥ERRAIIK A 42 ,2018)

VAl =X 01 e R L R L AT 3 o I A )
THAE 600 Z F A Y) I A= £F (Naranjo et al., 2009) ,
T2 75 ] AR DR A A B R ks B 5 1
Fo A ) i A R GEAE 2 07 1H BAE 0 45 3 (Walling,
2008) . AU IR T AR Ye nT e AR AR M 78 SR 44y, it
77 40728 HHBREA JR ) B A9 3% 5 i (Fang et al., 2013
Luan et al.,2014) , ¥4 25 i 5 Ak it 9% 35 ( Toma-
to yellow leaf curl virus, TYLCV) Y] MED B2 47 453
T ] 5 2090 5 i 32 A 9 %) 5 A8 (Shi et al.,
2014) ., A XM E-TYLCCNV-15 FAY =& 2
(] 119 FAE A AH C A5 238 (Jiu et al., 2007 ; Lu-
an et al.,2014) , $X 1M H BT A A & AR08 mURCE M
H 5 TYLCCNV 3442 4%, R4 TYLCCNV 443 Hl
A RS X} 7 SR AT A B A AR 5 A S 0 ) 2 57 L et
%o WUAFFE LIS 38 M Nicotiana tabacum R £},
18 2 e # MED B2 Ak mUBCE M H 5 TYLCCNV
TAZ YL AR TP B IR T s M A v s P s A o
i B A AN B B AT R AR R, A
A= A A A EE R AR AR R - LA s i - A B AR
HAEALER AR, G0 DU 5 5 75 B AR L
X EAEY S @ PR E S 22 5, DA i —25
T FF 3238 A M A LB HE 5 TYLCCONY MR e i3t
PERLHI S BE BRI AR
1 5 RFE
1.1 #F#

A « (BR300 00 5 A NC89, H VT g
E RN o & ST ol 2 L 710 M 1/ L 1 e 4
KRN E R R 2~3 i B AR 2
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BEARZ10 em RSERLZE Y, 198 BGE 1 M5 57
W, PR 5~6 F ELE A FH R0

M : TYLCCNV B Y10 202 4 ) DNA-A
FIDNAB R YL v bt AL B2 B AR P O 47 F
TR B AR AL . 2R KT H Agrobacterium 4y
SRR AR S AR L SRR E TR R
REFERAN L TE26°C .16 L:8 DGR T 8555 , e d%
HLAG I & 6 i R 9T 28 PCR G I 3IE 52 48417 TYL-
CCNV R MEAE R 2515

At B A . MED Faff i ®0k B T AR S0 =
201549 H HENT A ph £t Rt 38 AR A i P . 1) 5
SEAE AR 2641 °C XTI B 40%~60% | 't E 1
16 L:8 D, & 2~3 fCFH Bl ALY 15 2 54 DNA frid
(random amplified polymorphic DNA, RAPD) -PCR
R DU KA ERD RSl . eI R]—HER Pk 48 h Y
HiRy BN T80 . 457 TYLCCNV R ARR EUR
497237 Tiu et al.(2006) , BREHH7 PIAL A4 [RJHE v 0
Wy BN 32 T TYLCCNV {2 42 il 88 S8 25 bk I,
U AREE 48 h i R HEHT TYLCCNV A Bl

TR SANA < A 103 A PR IER, IR AR
YR AT BR A A s Folin By, A48 T A9 TR2 (_RE) JiZ
U3 BRI 7 5 % 52 W5 G-250 JEER (4128 i, b
T R LA 2 R0 A PR ] 5 SR AR 2 0 DY e (-
tro-blue tetrazolium, NBT) . H A 2 iR . AL QI Ay A%
WR, Pl R R A PR w5 HAR R 1R [
PR At . HI850R 15 2K 1 v R 2500 HIL , 18 B 1A
ISR AR TIT R A B R N4 54T WA i
T, AR BT RS AT FRA 7] PGX-330A-12H 6
MR FRA0 , T U SRR A BRA 7] 5 ABI 9700 PCR
X, 25 [ ABLZA T ;60 cmx60 cm [ 120 H JE i M %
TS5 B BUNFRAR A /) 5 I R 28, B 2 em JIRAR
2 cm BRI R
1.2 Fi&
1.2.1 @ mAipk ey 422 75 ik

TEMUAL T 5~6 Fr BLH B 35— 35 1Y) 357 38 AR A
PR T 3= AU, I S 53 R AR 485 2 R4
TYLCCNV [ 0 53 B H 5 2 1 57 3 00 A Ak i
I B 100 3k ARRREE 2 28, RIS AR A il 8 (H R
AR EXT R . 7Rige s 1.3.5.7. 9 d )5, R &
TBUET A AR R TS A, WACBE A R I 3000 T
VS TERE ATV U S 2 B i, 5-70 C R
AR P DU
1.2.2 Z@m A A2 e m e

AT AR R FH U B o i A T I, LA
B IR S XA (2016) 5k IR . B

B E AR 0.2 g, AR T RIS OB IR I T
ETZIEEIRAS N, I 10 mL Z81KIRG 5 , BRIk
F1, W /K B 30 min, $2EC2 UK, W SR BORT IE 2
25 mL I, 2RI TE R B R e A . TR
FEIR 0.5 mL T 20 mL ZI B4, i 1.5 mL 2818 7K
RA, 5 I10.5 mL B R 22 2R & 5 mL e i
PR I 8 AR5 TR 2T, SR Sz BN B T ik ks
PR 1 min, BUBRHI R, UL2s FAVEXT R, 7E 630 nm
PR T R . NP3 IR ER . LAERE
HlVERR L AR S A AT RS 5 i
1.2.3 @M TiEAE g S Een e

AT PR A R S S s i G250 YL Ak
(Z=542,2000) W05 . FREGHT i 538 A0 0.2 g,
BRI 5, B B U AR B 22 10 mL &5
LA I 0.05 mol/L B iR 2% #hifk (pH 7.0)5 mL,
TR2IJE ,4°C .3 000 r/min 2544 F #5010 min. W
1 mL IS0 THIELE N, 5 5 mL 2% Bl
W G-250 1A , L4 J5 i E 2 min, T 595 nm i
KRMEWIEE, A3 kER . A miEA
BAHIEbRHE ML TR S R R T A i
1.2.4 -E:@08 % A2 e 2

25w E 2% RIGEHEF (2014) 1k . FRHEL
B RS AR R 0.2 g, TR U ATE B | g B 4 (1Y)
FEAVERS 2 2 mL B0, A 80% HIBE 1.5 mL, iR
5] 5 PR §A 400 2.0 2 4F, T 25°C (150 r/min
FUFTHRG A FAREY) T 4°C 112 000 r/min 5%
PR B0 10 min, B IE AR 2R E 08 T,
“20°CARAF 45 o 7E 150 pL 2GR H A 1 mol/L
Folin M5 150 pL, #%5) 5 =i T ##E 5 min, FH0
1 mol/L Na,CO, ¥ 200 L TG W T, 5557, Bl
FE 10 min, TR K BZARFL LS mL, R4, SR
BEOCEE T WS, T 725 nm P T WO R
AREEE3REE . LIABR il EbR R T
RS 28 .
1.2.5 38 8 A ALEE & M6 T

B 1.0 g 7 3255 0 i e T BRI T B
JEE OB, WCEERE S T 10 mL 35048, A 4 CHivd
(9 pH 7.0 BERRZE /i 5 mL, IRAJ, T 4°C .8 000 r/min
21 T 5.0 20 min, F IR RI LB , F 4 °CLRAF
R, A 0 T A0 2 B T A A BT 3R A

CAT {5 0 7 27 X WA A% 55 (2016) J7 ik . HX
WA 3 32, A B YO Ak 0.2 mL . 0.05 mol/L
Wil 2% ik (pH 7.0)1.5 mL  Z&487K 1.0 mL, Herxt
RS R (A Ry 2B 00 G ML . T 25 °C 4%
T /K% 5 min, J5 A 0.1 mol/L H,0,0.3 mL, X
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ZEKZE T 240 nm P I E 4 min N IOERE Y
A . CAT I M A& v i fif - Fr 4 43 % 0.01 4>
OD, . FIZARAE R 1T P FAA

SOD ¥ PRl 2 2% X B A7 5% (2016) J7 ik . HX
5 A KU 0.05 mol/L B2 2% wh ik (pH
7.0)1.5 mL 130 mmol/L i &% 0.3 mL.750 pmol/L
L DUMEA T 0.3 mL A2 100 pmol/L EDTA-Na, I %
0.3 mL ; I 7 45 A Uk ATl W 0.1 mL 128 18 K
0.5 mL, X HRAE DLZE IR KA R G 5 TR ), 0 iR
BB AV R RO T A U IO 28 COLIREE
FEFE IV 9 min, N &5 A5, DARE X RE R S 1T
560 nm P N IE G REE . SOD i M LI i NBT
AR5 50% B B S A 1A TE MR

POD I Rl 2 2% MR8 455 (2011) T i, If i
YEAEM . B4 3RS, 43N 0.1 mol/L SRR Z% ik
(pH 7.0)0.8 mL.0.1% &8I A 1.0 mL . i 0.2 mL
}.0.1% H,0, | mLAEALEE N, T 470 nm P T
W2 MR, AR 1 min 3240 1K, 243K, POD i
PR LR SR LT i ODy,, AT 1ANTE PR AL
1.3 #ESHh

K H SPSS 18.0 4 (A A i g B s i e 134t
J; FH One-way ANOVA {246 55 4H [A] 1) 25 5 B 35 1 .

2 BERE5HM

2.1 ARAEEEE PR EES SN
55X} AR L, A mURCE M H S TYLCCONV 3t

1R Y T 50 S AR R R T R P A e ) R
AFRJE 1 d, ATV PR S RO IR SRR, 43
WA T 44.12% H1155.88%; Kb FR 5 3.5 d I, AT ¥ 1
BBt 50T IR 28 S R 2 AL B S 7 d, RIS TR
B R 30 S S BRI T 27.38% 1 22.819%; Ab B
J& 9 d, KEAg EURCES S B0 30 KA i P T A T
i AR BE L (AR B TYLCCONV AR YL 5 11
3 AR R T T VA R i SN IR 2 N I (R
1), M E S TYLCCNV HA2 YL b BRI 405 1 d,
FE R AT 2 i T AR EUBCR b B A
T 21.05%; AR YIS 9 3.5 7 F1 9 d, 35 AT i
Pior g R AR E (R,
22 FAEAENEERATAEERSENZN
550t REAH LL, ARk U SOH 5 TYLCCNV Ht
{5 e AT B0 A AR AT U S R T R
o MRy B S 1.5.7 719 di, 3538 A A Ak v T
VEPERR A R A I TR, 0 e BRI 1 20.53%
24.16% .19.89% Fl118.37%. A El5 TYLCCNV
fRULI5 1.3.5.7.9 d i35 30 AR ik H el i PR o
AT IR, B B RN T 19.87%.30.38%
30.91%.41.0% F135.43%. R¥ A5 TYLCCNV &
1R b BRIE 3.7 19 d INFE 38 A b v AT e 2
FI 7 2 2 0 5 IK T R s B AR, o BRI T
27.40% .26.84% F1120.90%; M FEALPRJS 19 1.5 B —
HABEEASTEERIARE (R,

F1 EMENERESTYLCONY £E2LHNERAETEER S SENTL

Table 1 Induced changes of the nutritional contents in tobacco after feeding by Bemisia tabaci and co-infection with TYLCCNV

eIt sl 1245 REL Days after infection (d)

Index Treatment 1 3 5 7 9
AR S CK 3.06£0.30a  0.96+0.25a 1.750.13 a 2.63+033a 3.84+0.33a
Soluble ¥ AR Feeding by whitefly  1.71+020b  0.92+0.14 a 1.67+0.25 a 1.914020b  3.23+0.13 b
sugar MM TS TYLCCNV 2 1.3540.16 ¢ 0.95+0.17 a 1.44+0.29 a 2.0340.14b  3.45+0.38 ab
(mg/g) Co-infection by whitefly and

TYLCCNV
AR EEXTE CK 453+0.09a  2.93+0.05a  3.85+02la 3.7240.06a  3.81+0.10 a
Soluble MR EUR & Feeding by whitefly ~ 3.60£0.15b  2.81+0.03 a 2.92+0.25 b 2.98+0.03b  3.11+0.06 b
protein MRk RS TYLCCNV H2 4 3.63+0.03b  2.04+0.10b  2.66+0.06 b 2.1840.02¢c  2.46+0.04 ¢
(mg/g) Co-infection by whitefly and

TYLCCNV
Z 2 [N CK 105.57+12.43 ¢ 151.03£12.43 ¢ 240.3144.62 ab 224.6248.94b 194.86+4.47 ¢
Phenol M AL Feeding by whitefly 269.81413.80 a 278.19+2.48 a 247.08+1.62a 249.51+7.08a 251.14+6.34 a
(ng/g) HAELS TYLCONV k{2

Co-infection by whitefly and
TYLCCNV

176.46+7.31b 238.42+8.94b 239.50£3.75b 242.48+6.61 a 212.99+9.88 b

F BRI EEARE S . VAR NG 1R 28 One-way ANOVA BRI TE P<0.05 7K V-2 5 i3 . Data are mean+

SD. Different lowercase letters in the same column indicate significant difference at P<0.05 level by One-way ANOVA.
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2.3 AESIERTEEE S S 2RI

55t REAH LL, ARk U K5 TYLCCNYV 3t
1R YRl FECEm AR R 2 R E TR . BRI
AP S5 S RS, it 2 R E s 25
TYLCCNV {2 Y hb P 35 ] G 3505 AR AR A 22 B
i TR IR AR (R ) . TERYAEFEE 1.3,
5H19 A, MBS TYLCCNV 43 44 i S 35
HRAE MR i 22 B 7 2 Sl (K TR EUBC T ABLAR L 40
BIFEAR T 34.60% . 14.30% .3.07% F1 15.19%; 1M 75 4L
RYJG T A —EZHERERABE(E D,
2.4 AEAIERT T EE b RN EEE R
2.4.1 x5 JA CAT M6 % v

55t REAH LE, ARy U S OH 5 TYLCCNY 3t
1R YL Y] T B AR A AR T CAT 36 PR iR I 3%
T (%2) . BRALFRIS 25 9 KA, M H; Bl 5 TYL-

CCNV {3 YL 35 AT G 3508 38 I AE PR T CAT 1 14 i
Fim TR B A R, 2R 1.3 517 d e
R B H CAT 395 P 43 53] 2 00 A9 £ o o 1)
3.044% 14245 . 1.68 45 F111.96 4% .
2.4.2 SF-EiE 8 SOD M 69 %5 vm)

50t REAH LE, ARk U SOH 5 TYLCCNY
15 e 18y ' B 8 AR AR AR rh SOD ¥ M S 3 S s B
AR B MRy B 5 1.3 F1 S d 357 38 AR A i
H SOD {4 4 3% v T 0 BE, T ZE B 5 9 d 53 A
FEFR h SOD ¥ M i Ik T X B . 4Ry mL 5 TYL-
CCNV HAZYL S5 1.5 d B MR A R H SOD i PE
2 TR MR R YL )5 9 d I SOD 1 4 b 2
ETXF IR MBS TYLCCNV A2 445 9 d iif 3
M AEAE R SOD ¥ 14 i 3 /a0 mUR A ik,
‘BAFIR] 1) SOD {22 AN .35 (R 2) .

2 EHMANERES TYLCCNV {2 3t i 1H o B A B g 1 A Tk

Table 2 Changes of the defense enzyme activities in tobacco after feeding by Bemisia tabaci

and co-infection with TYLCCNV U/g
Fetr Qb T 12YeJ5 REX Days after infection (d)
Index Treatment 1 3 5 7 9
CATEME A5 HXTHE CK 39.38+5.80 ¢ 54.94+450c¢  14.06:1.66¢c  95.25+0.61 ¢  135.00+0.61 b
CAT activity JRA) B 75.56+3.15b  132.00+£1.37 b 92.81£6.83b 161.25£1.23b  297.1944.99 a

Feeding by whitefly

HIRYELS TYLCCNV 24 229.69+2.48 a
Co-infection by whitefly

and TYLCCNV

SODiM: =S IXIE CK 4224039 b
SOD activity 4 EUHCE 6.41£0.11 a
Feeding by whitefly
JIF TS TYLCONVHHZ Y 6.54+0.22 a

Co-infection by whitefly
and TYLCCNV
POD{iE = xR CK
POD activity 44 EUCE
Feeding by whitefly

187.13+1.13 a

155.63+0.75a 316.31+2.76 a  295.50+2.53 a

5.58+0.30 b 4.94+0.65 b 6.29+0.39 a 7.2140.12 a
6.47+0.08 a 6.55+0.10 a 5.8240.13 a 5.85¢0.20 ¢
6.37+0.68 ab 6.54+0.00 a 5.95+0.11 a 6.72+40.20 b

251.50+95.28 b 386.00+13.61 b 539.00+57.01 a 559.00+110.48 a 546.00+77.51 a
504.00£50.93 a 539.00+57.01 a  220.00+£74.35b 255.50+66.68 b 383.00+39.13 b

JRFY IS TYLCCNV iz 379.50+10.50 a 462.50+64.65 ab 171.50+33.80 b 85.00+24.25 ¢  307.00+54.01 b

Co-infection by whitefly
and TYLCCNV

TP B B E RS . RIFIARR/ING FBEF IR 2 One-way ANOVA EEAG I TE P<0.05 7K3F-25 57 3 . Data are mean=

SD. Different lowercase letters in the same column indicate significant difference at P<0.05 level by One-way ANOVA.

2.4.3 5384 POD W& M 69 %

50t REAH LE, ARk U SOH 5 TYLCCNY $t
1R Y 1) T B0 AR A A POD I M S B ST IS R
ARtk B, MR BV 5 1.3 d 5 3 00 A ik
POD 7 M)t 2 5 X B, 43 S B 1) 2.00 475 1l
1.40 4% 5 MAEBCE AL BRI 5.7 F19 d 35 388 ARAR ik 7Y
(1) POD 375 P4 00 {2 AKX R . AR LS TYLCCNV
IAZYLE 1 d, 38 AR AR A POD T 4 1 2 & T

X IR AR AR YL S5 5.7 19 d B POD I 1 2 g
fRTXT R BRAE A EUBRCE AR S 7 d B 38 AR A
H1 Y POD i M 3 A B L5 TYLCCNV 247 YA ik
BETEAN, HoE Al S 3 B POD 16 1 22 S R
WE(R2),

3 it
YIS B R DRl A AR IR T — 2R3
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% T 05 B A BL D, LA 4ESr BB R0 &
J& . AE AT IE O F B E SRR B A R AL A HR
1, 2 A s SR Y A R b AR A L
s EL AR KRR, DR AR AR 3 SR I 1 el A
FEIAC2E B AL T —FP SRS . TSR A AT
PEEE R R AU K E B I EZ N R AR T
BERTRT VA M R 000 2 d AR AL AT P A PR R
A — B (R R AR b 25 DR RS RN AT AT
YIRS (BRI RRSF, 2012) o BREERHAE (2003)
W5 & B K\ Nilaparvata lugens WU Fy 3 7K
Je KRG A PN AT s R ) B T I R A 1 S A T
KR Zk /N1 Coloana cinerea }y E R J5 BN
AIVEPEREAN SR (A 5 S B e (B4 %5 ,2009) 5
XA %5 (2016) W55 & P MED b b mUBCED 85
JIKEAR G , FELRR Y PV P AR R 2 P 7 i KT
X B T MEAM B A8 by mUHCE mT 75 5 95 JTOR B
AT MR 1 S T 2R AR (2017)
WFFT 45 FE R, 5 2 FE ARy EUBCE URUS i nl
BHEEASTENE LI, AR S, Mk El
B ) H S TYLCONV AR YL 4R 175 0 AR A ik
AT YA PR RN T AR S O BRI R R, L
FEAR Y AL B 5 565 1 R R, MR Bl TYLCCNV 12
YU R P AT I AR e K TR R EVHCE A
AR YB3 .7 A9 d I AT PR B & i e IR
T EUBCE AT R, i R AT 2454 TYLCCNV /Y
RS A TG R MRS U | 3 AP AR B ks B Bl
AR SR, T 5 B R R v S T R A T
P B A R R R L e T P b ik /L LA
Bl AR B 5 TYLCCNV Ay3E{2 4y

15 AR T 38 3 7= A B R A ) R A
B A B s ) A K & B (Alagar et al., 2010
sk I A, 2012) o X B A% 45 (2016) BIF 9T Kk PR
MEAMI1 FI MED BaFh i #3 5UCH 35 , 8 TR 2
1y S i 2407 0T B (H MED e s mUBCES f5 ) 5
S TORE RE TP ™= AR B i 2y R AL A
(2017)WFFE S5 o , KA EURCE ] 5 R BT R
Hr A A S A T, ELSOR R R Ak
B0 ETHEBER T Rl . ARWFIE SRR,
S B K H 5 TYLCCONV 2 e fikiss 55
S 22 O BRI S T R s O ELBR AL RS A 7
K, MRy BV BT 155 1) A P 2 B
ST HS TYLCONV IR et ik . fbnl i,
#5457 TYLCCNV R0 mUBRCE AT 58 8 7 A= 50 i Bl
AR AT ) K 30 KR AR A B 8. Shi et al. (2014)
WFFE 4S5 B, #5417 TYLCV A9 MED B R4 ELE

1] SR ZUH0 1 SR A B A 3 5 AR 5T 45 SR AT
L1, 3 B 300 Lo T 3 Ao 0 WA B A U AR ) ke
I AR Ry B 55 A o B AL 4R e R B ARAKF
DRI 2 75 4 XU 6 75 1 I AR T

i EAEYAEZ BN R A R EY s AN R
[l 3B B AT 755 ROS (147 A= FIFR R X [ B il 7
EAVEHH R R & M 1 CAT .SOD . POD J £ 1}
% fL i (polyphenol oxidase, PPO ) %5 48 1L fiff HE A %%
T BRI [ 3, JEm 6 ROS [ i X AL A1
R A YR B (SR RS, 20165 R EEMG 4
2016) . 15 FHYITEZ B R R N E I, AN R
AR R i S ) v sk S A A i P % A AR
b, B X A As 4k BAT W Fh ke S0 IR I RAE, 2012) .
AT I, AR B T, 5 B B, R
AU & H 5 TYLCCNV IR YL EA T HH A
BEH CAT WM 35 T, i HLAHR YA R CAT I
PR I 28 TRy BB AR AR , APk H SOD A POD
T ) R BT IS R AR AR B . A AR AR
A3 g A AP T 1 AR R U M H S TY -
LCCNV S Y i FE 1 7= A i ROS [ F BT ALY
i RS A B RPisitE. 5o, RIREA IS &
P, JEA AU & H 5 TYLCONV 42 e s S A Bk
H1ROS 177 A 1 14 Wk 2 s T 0) A A, HLR L
SHI R A9 ROS 77 A i i 25 3 T A LA A AR
(53R . XA REREAD M ES TYL-
CCNV FAZ T HRAR R S A S T 5 AR Ay TR
AR Bt BEAT R Y BH (2 T 5 LAY PR BT 22 ROS 1)

iRz =X L HR 7R HCR e A P R PR AR R K
RMEV , IR MR T 5 A 45 PR LA S A )
B W o A i B A (5K 45, 2012) . AT BIF
TN, I 3 R A A ORS00 FA TR, I T35
B A TR TSN 1] L 470 240 L 1) 35 i, DA T (A 90 %2
F) &Y (Ng & Perry, 2004) . A [F] B AL R i AL 50 1)
2 5 S 3OLE TR AE W B A8 S b 77 A R AR TR
(Miles, 1999; %1 45,2008 ; Yan et al.,2016), MED
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et al.,2014) , TYLCCNV 7 4 #5 LA N 1 77 B4 14 5
WK SO EUREE 11 B 1 B A AR 22 00 X [
TYLCCNV MAFAE , 1 el AR R by VMR R 4 4, 3X 1T
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J BT | AR AR PN 8 SR T 2o f B SEU Al T
KA E LR A
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i) HAE & & (Jiu et al., 2007; Li et al., 2011 ; Sun et
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