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The effects of long-time exposure of Zn’* on the feeding behavior of English

green aphid

ZHANG Li, SONG Yaxi , GAO Huanhuan, LUO Kun, ZHAO Huiyan "
State key Larboratory of Crop Stress Biology for Arid Areas,College of Plant Protection ,Northwest A&F University Yanglin 712100, China

Abstract: The aim of current study was to determine the effects of long—time exposure of Zn>* on feeding behavior of
English green aphid, Sitobion avenae ( Fabricius). We had stimulated the natural Zn®* stress by watering the different
concentration of Zn’* solutions to the wheat plants under controlled greenhouse conditions. The 1%, 5", 10" and 15"
generations of apterous S. avenae populations reared on those plants were used in the experiments. At the three leaves stage
(about 14 days after germination ), a single apterous adult S. avenae was transferred to the plants and monitored by
electrical penetration graph (EPG). The results showed that the feeding behavior of S. avenae was significantly influenced
by Zn®* stress. In particular, at the 1* and 5" generations , total duration and number of np and C waveforms were lower than
the control at the concentration of 200 mg/kg, while they were higher than the control at 800 mg/kg. Compared with the
control , at 15" generation, these parameters of S. avenae under the high dose were significantly increased. Moreover, for the
penetrating feeding on phloem, no significant influence was found about the duration of E1 involved in salivation and
number of E2 waveform involved in passive feeding. However, the durations of single E1, E1 followed by sustained E2 and
numbers of E2 were decreased by high—dose Zn>* stress. Meanwhile, the feeding behavior of S. avenae was influenced by
Zn** and could produce the accumulated effects under the stress of high—dose Zn*". However, the feeding behavior of S.

avenae could be promoted by low dose of Zn>". Based on that, the effective concentration was 400 mg/kg. The Zn®" stress

BEE&TE : HREAARAIEETE (39970112,30470268)
Yo B #7:2014-02-25; &iT B #1:2015-10-12
# MIRVESH Corresponding author.E-mail; zhaohy@ nwsuaf.edu.cn

http ://www.ecologica.cn



2 S % 36 &

have changed the feeding behavior of S. avenae since the 5" and 10" generations. That was resulted from the total durations
and numbers of np and C were extended and increased, while the number of E2 was decreased. These findings will provide

a theoretical basis for controlling the damage from S. avenae under Zn®* contamination conditions.
Key Words: Sitobion avenae; heavy metal Zn*' ; EPG; feeding behavior

VZHEEJE (10 Cu Zn 55) AW H IR JT R | (HIE PR 5T b 5 JR A i e — B (R,
S A — R R

FE I - 9 o 4 R V5 ) E R T MR R ST B 3 R TS K A TR, s e AR E
ik BT AW 53 Cd Hg (Cu Zn Cr 557 . EEIBAEAS RGNS G CWHEE A5 4, IR
ZIFE A B REAEFRNE A AR TS Y AU R 73 &, 3 258 b 5 A /R AR L
VERIE AR A ST sZma VA . BTOF T 45 R38BT, Zn  Cu [ Cd AE & SR H S e iy L3P AR K
MR B e R AR K R S A HNEZ T 4 @ I A R TE 800 mg/kg Y Zn* EHE R YU 1L I B
F H e E IR T KRk B AR A U R R S R TR I R A B A T A A
S AR AE AR

HZKAEW Sitobion avenae (Fabricius) | {2 43 A 76 4 T A 4% 22 X G o W yH G i E Y 69 re e, IE
A5 R W O3 ) 2 A o 0 4 SR P 2y Nz — b 2 KE Y R E  EE S EA T
R A7 o A A B R S R AT S R AL A AT 5 18 oA D AR SEHRGE 1 30 2 Py 25 7T DA TR I
HPFEIRGE 0 25 AR S 08 R R OC AR | RN T DLy 439895 Gy B R (AL IR R A,

HIFE A A AR (EPG ) & HI BT 2 B A TR Y — TR B R ) iy FH I AR R TP 5 9 B
SALAE R T ST TR A AR AR ZE BRI T T ARG B R AR ¥ R A R, 45
BV LN ERL E BFSE BN 2 FE A3 PR RN R BT Z A0 B B AT M B2 e . ARBTSER ] EPG HOR
BEH np P C W E1 PR E2 PEPUZESE T TR R BURE IR SR R AR AR 0 B O A A A
AE R I BB np 30 TERF RURERE Y, 3 20 DB, 22X S0 B A ) LB Rt P I 232 0 C (A+B+C) 3%,
IgF B Ry TR R B B A4 5, TR Sl W B A ) T TR T 2 0 B K VA P VL T R AR 3K 3 R Y
EPG JJE N E1 I ; 22 KA i sh W 38 3R i T S B A 02 B2 120 L AR SCTEASIRIVR B Zn™ < 1 Ak 38
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) 3 Bf e 2 35N SRR AR N A RS SR R 58, IR TR KRG 2F | B8R 1S AIAEAE 6 emX7 emx
8 cm MY¥RLEA T BEALFPAE 3 BiFP 7 N R A B R KB v, Y, 5, Saa IR
1:3:3 LB G VE G, A A8 PRt 250 ¢ 8597 (T8 . B SGRREEFRAA NI % iR 22 i A K Y5
KB ERTEK
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kg T-H -3 43 55 200 400 F1 800 mg T 428 Zn> , Wk FEMR I Trena 7575 Ye b IX 114 ) 25 2% SR VF 16 ok i
BE Y LAGE AR R AR B B 2818 K R Xt HR AR o O 98 225 S | DR vk B AF 800 mg/kg DTN, 1 4T 42 )
W RE 2B TR B BRI TR . YA A K E 14 H B[R — K AR R BA TE B R IR I AR R AR
A PRI A/ NAE AR SR A 2 U O AR [RIAERE ] — R A IS AT 7 55 3% 22 0 AL B /N A2 it
e AR AR R FRE A i E S 3R 15 48, 43RS 1.,5,10 15 FRAY B4k 24 /N P B JC 38 1 T
1.4 EPG ¥ Gdsk 55047

RIGTE 25+2°C B T H#EAT , HHRHL A4 H DC-EPG Giga-4 (17 22 UMK TR K23 ) o SeFRAR A /N
B TC R 5 S 14 H /NS B 43 0 SR F A {SOAE A F R 2 ) B R R R A L, AR S
FIMENMFE B SECET , RRYIUR 1h 5P EPG i0 5%, %45 8 h, BN HUH 20 Sk i &g 20 k2,
1.5 kb

FH EPG H 434 Probe 4.3 #1210 5% 1) EPG H A R I 04T 0 2R G8 45 Tids 5, 12 F SPSS17.
O BN AT BN ZR 5 2250 M , >R ] SNK ( Student-Newman-Keuls ) 7772 #5417 22 5 HOEE, 25 4b B R] A9 25 16 22 5 1
A P<0.05 7K,

2 ZR5HH

F2 KA WA A e T (R 0 LA ] S A S — B, K np D% C B ET BRI E2 A 9 R ARt
(RN
2.1 np IR EARFSE T E] Bk Bk

55 1.5 ARET, B GERE VR B A 1G INAE A A A A RSE A [R] 52 S b 5 B ke # H 280t 200 me/kg 400
me/kg () Zn* AL BRI | np A ] 5 35 08 /0 117 800 mg/kg 14 W) S8 & 5 . 3145 10 .15 AR, 200 mg/kg 800
mg/kg [ Zn* AEFRR np P AT A] B2 K FXHIE H MR E 2R, Zn® HRIE N 200 mg/kg 400 mg/kg .
800 mg/kg A A 10 ARTFUR np DA E) 2 3 & T X IR Uil &Rt T 48 Zn®" AL 35 IF B B T A A
A0 TF-HE R R AE P U R R ], 26 10 AR SR A

Gt np BEREIHIAT R (AN 1), 45 AR RE S AL BRVR B A RN AS AL RSN TR, 55 1 AR, R R B 1 5
T R E BN AR AR A B 200 me/kg 1Y Zn™ AL FRTR np 354 H BB 2 /D T IR 800 mg/kg 4 )
ETRHR 55 5 AR, S5XRAR L, 200 mg/kg 800 mg/kg Y Zn*t BEIN T np PHIE, Zn EELLAL A
KAFIF 10 105 , SR Zn™ W PRJE np % A9 5035 .35 2 T X IR, 800 me/kg 1 Zn® Ab S (25 5% B 3 s T L
fh =2l 15 FRETS5 X B H np D% R BRBOT R B 2 P np BERREERS RIAH B AR K 7EARTH

R1 FHHETEKEYE 1.5.10.15 R np FH 2SR B E CFEELARER)
Table 1 The total durations and numbers of np waveform of 1st generation,5th generation, 10th generation,15th generation Sifobion avenae

under the exposure of Zn**( mean+SE)

SR A AbFRYEFE Treatments / ( mg/kg)

Parameters Generation 0 200 400 800

np A SAFEERT [E]/min 1 77.50£2.99 bx 54.52+2.10 dy 61.48+1.02 cy 88.28+1.19 az

Total duration of np 5 77.6 2+1.42 bx 53.43+1.24 ¢y 53.09+2.03 cz 89.57+2.03 az
10 81.18+7.18 cx 188.60+4.21 ax 168.33+2.45 bx 188.69+2.90 ay
15 77.67+3.47 bx 193.40+5.99 ax 59.45+2.69 cy 204.20+6.48 ax

np A% 1 29.21£2.05 bx 18.67+1.20 cy 25.00+1.17 by 53.54+2.25 ay

Number of np 5 28.95+1.74 ax 19.67+2.50 by 23.33+3.22 aby 20.13+1.88 bh
10 28.88+2.78 cx 58.10+4.35 abx 46.47+4.00 bx 66.55+4.31 ax
15 28.82:+1.90 bx 23.93+1.67 by 18.38+4.49 by 41.70+1.85 az

NG L a,b, ¢ R 1928 5 BEME NS TR xy, 2, h R HAUKE 922 53 B (o = 0.05, SNK A 8i)
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AbFRV BT Bl AR ARSI np B2 5 B S0 S B I S IR B (A 10 ARET np D% HBRUCEL
%, g LNk, i 2R Zn® RS S ImICE HERE
2.2 CBH IR SRR ) B Rk AL

Xt C R EFFLEET RIFE R I (NZR 2) | Bl AR AR I, C iRt B iy AR AL LA AR ], 56 1 QAT
C W () BRI [H) e i 40 5 SE S, 200 mg/kg 1Y Zn®* U] 35 45 40 1 1% B[], 400 mg/kg 1Y Zn* Ab 35 X BEOE 1
F 225,00 800 mg/kg B Zn® WFIER T C PLHYIIT], 55 5 AU & A PRV B2 S X IR Z o) 22 S A 35, 240
10 fHT,200 mg/kg 55 800 mg/kg [ Zn> HGHN T C P EMH (B JC B 325 5 . 400 mg/kg AL 5 48 4R
SRR, 5 15 fRH, 800 me/kg (9 Zn* AbFH S C I A IA) 5 T LA = AL, i = 4 IR G e 2
5o R EANREE TSR AR G BAE 4T, 5 10 ARE C IR IR R o BB R AR Zn® b B I R SRR
() FIMEESE 0, 55 10 AR SCHEHAR,

ANTRIHHEAR Bt A 38 2 A, 224 A8 B A R OB R B R [ ) A2 A, 26 1 .10 AR5 5 C il
14 R TR AR TR A ], SRS 118 400 mg/kg (9 Zn™ Kb BRI C I M8 B 3% 0 F 5 R 56 5 ARk
[ Zn* REFRAT LA C % /0 T IRAAL M 22 AR 2, 55 15 0, C e duR B fbiaRi 52505 C ik
IS TRLARTA] XA [F] AR AR 2 A A B BN TRV BT | Bt AR B3 A8 (b i 35 5+ (H2R 10 AR C )
o2, UL ARG Zn® (RS AL B /D 1 22 4 A5 IOF AR IR 1 i, M R AR R ) Zn® AR B AAE K T
SR A4 ] ALY SRR, AT U2 A8 M (B 32 3 ™ J g BELAS . LS 10 AR A T 22 K
HW R IEAT A G EE AR

F2 EMETEREWE 1,510,115 & C RN RS ERLYE (FHEATER)

Table 2 The total durations and numbers of C waveform of 1st generation,5th generation,10th generation,15th generation Sitobion avenae

under the exposure of Zn?*( mean=SE )

28 AL JEPEHE JE Treatments / ( mg/kg)

Parameters Generation 0 200 400 800

C A BELEIT ]/ min 1 142.32+3.94 bx 98.99+3.36 cz 140.22+2.77 bx 164.40+4.53 az

Total duration of np 5 142.34+4.99 ax 165.14+9.29 ay 171.05+10.33 ax 169.13+8.36 az
10 141.96£14.21 bx ~ 253.99x11.52 ax 156.62+11.00 bx 277.45+12.45 ax
15 153.95+11.70 bx  152.49+10.47 by 144.40+10.51 bx 206.87+16.51ay

C IR 1 33.43+1.93 bx 22.07+1.37 dz 28.29+1.58 cy 55.08+2.32 ax

Number of np 5 33.07+1.80 ax 25.36+2.43 byz 23.83+2.69 by 23.44+2.04 bz
10 33.41£4.35 cx 51.03+2.90 abx 43.90+3.50 bx 56.98+3.03 ax
15 33.27+3.24 bx 31.61£2.61 by 25.03+2.26 by 45.00+3.21 ay

T /NEFEE a,b, o FORBERALBIK 122 5 01 NS FRE x,y, 2 FoR I IEAUKF 922 53 B (o = 0.05, SNK A48k )

2.3 E1 #EAgmtE

X E1 % PHFEE T o R B0 (36 3) 58 1 ARRTRA Zn™ WREE A3, Bl E1 I A REEE AT (] S B 8
JE AR S 5 S AR A A0 B 5 X R TRI TE A B 25 52, 565 10 ARIZ IR PRBES Zn™ YR (% T i i, 4540 2R 7]
ZR R EHYETXI, 400 mg/kg 5 800 mg/kg A FHEARZE AW E . 4 15 REBBHE L EREYS
55 1 AR,

Bl Zn™ W BE AL BRHEC A3 0, LR B2 B0 B1 I ] S B 6 SR R, 7E Zn® A0 BRERS 1 AR
BF, =R B (1) Zn® (L35 I8 UK X R I VA R ) 385 I T R BT 47 4, 800 my/ kg 11 Zn™ il 400 4 28 e A1X
{H A3 10 £ 15 825,400 mg/kg F1 800 mg/kg H Zn> il T 5% IR 2E I A B 35

5 1.5 AARHEERERR S E2 1Y E1 B0 S RF 22 i [l 28 A ka3 S 25 S vk S AR B2 3209 E1 I SRR [E] A7
A, 25 10 fRHF, 200 mg/kg 1 Zn* ZbFH 5 AOLERERE E B2 A9 E1 a5 HAL =4 B &5 B=4HE 22N
B 55 15 AR5 A A 8 It ) 5% A D21 | 400 mg/kg .800 mg/kg Y Zn** AL FHS 48 bR ] TC i 3 25 5 H —
HWFHE LT 200 mg/kg (1 Zn® APRSE (R R], DR EE 4 TR B A F IS 4 JE O HL 43 D A AR B[R], L2 4 A
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BERSE B2 OB SIS TR AN ] e P AL BT B AR A B0 2 AR S — s i@ e . F80E E2 BRI
[ 10 230G E2 95 5 AR B et S B RO S R O

R3 FMETEREWE 1.5.10.15 K E1 KA SIS ) P HhRER)
Table 3 Total durations of E1 waveform of 1st generation,5th generation,10th generation,15th generation Sitobion avenae under the exposure

of Zn**( mean+SE)

ZH/min AL AL PR Treatments/ ( mg/kg)
Parameters Generation 0 200 400 800
Hoph E1 %A SRSz A 1 12.78+0.58bx 12.81+0.56by 19.28+1.25ay 9.45+0.51cz
Total duration of single E1 5 13.700.56ax 13.18+0.84ay 13.65+0.66az 14.96+0.70ay
10 13.35£0.71cx 18.58+0.65bx 31.50+1.99ax 33.94+2.12ax
15 13.32+0.86bx 10.07+0.74bz 22.59+1.87ay 3.45+0.19ch
PEBE E2 1Y E1 BRI i) 1 41.22+3.13ax 25.38+2.62by 21.82+1.37bcz 17.53+0.48cy
Total duration of E1 5 41.21£1.63bx 53.53+1.74ax 54.83+0.97ax 35.97+0.68cx
followed by E2 10 42.76+6.87ax 44.60+4.62ax 28.49+2.61ayz 32.75+3.11ax
15 40.46:+4.39ax 15.22+1.82by 33.95+3.69ay 34.44+4.72ax
PEREREE B2 1Y E1 BRI ] 1 32.50+3.47ax 20.82+2.63by 15.57+1.81bcz 9.54+0.63cz
Total duration of E1 followed 5 32.51+1.69bx 49.49:+5.73ax 48.97+6.63ax 19.21£0.96cy
by sustained E2 10 31.90+4.01bx 41.06+4.43ax 26.60+1.86by 30.93+2.68bx
15 32.82+3.13ax 9.86+0.93cy 17.22+1.54bz 21.52+3.26by

NG a,b, o FORBEI AR BRSO 1928 5 B NG FRE <y, 2, h FORY HEAURE 922 57 B («=0.05, SNK K 56k)

2.4 E2 IR IREL

WFFE B2 B ECE: (anl& 4) 30,55 1 4RI 200 mg/kg MALERR E2 3 BL D H0 S Hofl =4 A W% 2%
SOHZHEZESA R, 555 LHT 800 mg/kg BY Zn* BB/ T E2 B IR UKL, B AN 4 b B 5 ) IR
MTE2E 5, 55 10 8, £ PRI B S5l B2 B 0SB AL B (R] 19 B2 ki Jo 22 5, 48 15 8,200 mg/kg .,
800 mg/kg 4 Zn>* A W38/ E2 P A9 NEL, T 400 mg/kg HI%E FEIAH R, d AT W, 400 mg/ kg 42 5 45 J@ i
KA WEB H A R R

W R E B2 IR R B 10, G AL BRAH S5 X RE AN B 3 25 5 4 5,10 .15 AURaE B2 P
A B AR 22 R S B2 PR AR, B 2 KE M S IR E W B2 T SR Zn 5
M), 1717 L 4 e X AT — 7 1) SR FRAR

F4 EPHETEREWE 1.5.10.15 R B2 0 HIURB CPEEARfERR)

Table 4 The numbers of E2 waveform of 1st generation 5th generation,10th generation,15th generation Sifobion avenae under the exposure of

Zn**( mean+SE)

R AL SEFRHRBE Treatments/ (mg/kg)

Parameters Generation 0 200 400 800

E2 I m~ 4 1 3.57+0.17ax 2.27+0.12by 3.47+0.23ax 3.77+0.26ax

Number of E2 5 3.40+0.27ax 4.33£0.58ax 3.670.44ax 1.40+0.20by
10 3.38+0.32ax 2.30+0.22by 2.31+0.22by 2.05+0.21by
15 3.36+0.28ax 2.07+0.16by 3.3120.20ax 1.60+0.16by

T E2 P4 1 1.93+0.07ax 1.73£0.15ay 1.88+0.24ay 1.38+0.14ax

Number of sustained E2 5 1.95+0.33ax 3.0020.47ax 2.89+0.48ax 0.40+0.18by
10 1.88+0.23ax 1.15+0.13by 1.20+0.14by 0.90+0.14bx
15 1.91+0.21ax 1.07+0.13by 1.81+0.19ay 1.30+0.15bx

NG FHRE a,b, ¢ R A BUK 1022 5 B NS T <y ZRhE UK 2R B (« = 0.05,SNK Kagiik)

A Zn® P E R IR AT . SRR AR R Y SR S I ) S X B R 28 S AR IR
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I AR 0 2 T IBCET ME BE AR B Y3, BIFSE BT i) B2 BB0R 9L 5 28 bR R B, AR B DR HE U
PG IR BOE AL L SO TR (530 B B35 25 5 . 288 A AR AR R T i < J )™ T B2 iy O AU O AT
2 JCHR R Zn® 240 B ICEHERE RGN, X5 AT KA A AR A T A IR T A
Mz —2

ARGt ) Zn® A 38 22 KA I o /N 22 I BURE i 700 11 Zn® DU HCA BRI PR . 200 mg/kg 19 Zn A1 34
J5 ARG TR np 221587 R KR PR A L9 C 3Bl 3 190 288 3 R B 19 5 AR5 48 o 1) AR 5 4 /0 T
M R HAT BRI R0, T 800 mg/ kg B Rk JEE Zn® Ak B 3ok WA I8 1Ay P 1) 60 HH BRI 2 i T30 B
R RO S s b 397 U S 40 5 B 3 7 I )5 OBOR B PR 518 A7 ., WEFE W) BCRICET Y 3
L PAYITR] LK P2 B2 P A YR A AR B (R AR IR | vl BEAI Al B B 458, 3R] BB DR o Ak 2 )
Zn™ G RLHIANTE T BF HUA N LTG0 Zn™ | TR R TR BE IO B B Zn™ A28 T AR W) IR 28 8, I A 490 M 4 A
A M T IR 4 T LA S840 T - £ 3 R A I IR] 3 O e S0 i Ak L 2 K i
AT I E AT T 2L ZEIE , AP (9 a2 fhe ol S P 0y e A T R 2 P Ll P 2 4 i e 741
1 D S0 i R DA BRI B AR T VR B AL B B B D ] E2 A e A S xR
TC 5 22 5 3 15 ARRT D B AT R T 4 8 Zn™ EIF SR AR RO S R I T A G e
G i B M AR B ARG RS AR AR R R D HRGE P B T IR A T o AR Al S A B A AL B Sy
TAEYABR AR EARA T THE— LI

AR, 5 1 R KA AT 48 Zn® WA T np B C A SRS ] B 4l ) 2 B 5E 800 I 3
IS, E1 R 3 JA8hR R & B2 MO MR i AU S A F . R IMHE R B Ra8 he 2 A
[7] % 30 400 meg/kg F) Zn®* b B A SRR FRIERE 14 FRF 11 R0 30V K05 068 BEORH 20 mmi 2D A5G ) 1 B
FH E1 A E2 PR BRI, o T e B2 AR A0 AN SR o 0] 5 2R B (E 8 B A OB S IR 1 B 280
HRD BVHCEEREIEN . BT RIDCHENR I 400 mg/ kg, Xf ZAREARAY ST FTAL, np AN C PRAER
10 ARTTAG3E N, PR B2 S0 E1 R E] (B2 8RR S 5 AOTTFIG B4k, b ml 0, SCEE AN 5
FOR 10 AR, X ATRESR A 400 mg/kg B Zn®" A BH 418 | 35 49 8 52 ey B A2 448 I R ORL , 3 A R 3 2
Wt AR BT 52 9 B, w2 WOUCHAF 9 K B 40 mig/kg X TR0 T i 2 A5 i R DGR B 2 A of i
A BT AR AR R A IR T S S T ik e < e TR LU R s /N B el 10 ARASIE
U5 PR BEE /INA DRI A, T REIN A2 B35t A5 | T AR R A BRI DR 3R oy > 47 DAy 1 9 42 o e R 1) i v A T
LA 32K 392 7368 07 J 3 PRI 4 T b 2% 0k S e B A 5 DR 20 S AR T Bk b — 26 W, I B e = AR S ngt
IR B 5 G SR PR3 — {5 B A AT T T LAl A A R A2 5 v SR 5

50 32 W B s MR 12 PT LA A A Bt SR B A T AR A AER 5 AR B 10 AT IR & AR AR
IOL BT BITAENA T R B A 30 5 NS ST PN 2% ol 6 1 LA L R DR ) AR AT 0 55 R A T ik — 2D OIS
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