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[ ZE] [HMY VR ARRWKRE Zn*" 3T, & KEEF Sitobion avenae A58 L F S50 B A AL M A O
F A AR N ST RN BE R K SRR IR I AR FE RSN A o T LEE S R 4 JE T R HUR R st 5 a0 Ak 4 52 i 4 4L B
WARYE . U ikY AARFWE Zn™ (0GR ,2.5,5.0,10. 0 mmol/L) P /NE 4 H e ol i 35 22 KA i K H R
oL HIE By JFo JFy AR AR E B ] ARy 3R A0 AT 2B Zn® T X 32 KA I A A A% 2 S50 P AL B RS M AR N BB A R

TR, [45R]) Zn™ G, 2 KSR AR 7E AU BE (2. 5 mmol /L) B 40 B S K w85 vk 2 B (5. 0~10. 0

mmol /L) T 55 Xk B I 2 4457 S0 5 o B o 0 0 38 | P 098 SR ) PR 3 K R 38 I 1K Tk R, LR Zn® T VR 3 Y B o R
i, Zn®" X2 K AE W Ay a3 E Ak SR (CAT) 36 P A 40 1 /5 AL 10. 0 mmol/L Zn*" b 3 )5 . CAT 3 ¥ g 25 K+ X H A
2.5 mmol/L Zn*" 4b# ; 18 S fb Yy (POD) 1 P 78 45 48 22 K45 19 2 [ A7 78 8 35 25 5% 52. 5 mmol/L Zn™" 23 )5 . 8 A 1k
W1 AL (SOD) 1 P e %) B8 B2 FF 35, 10 5. 0 Al 10. 0 mmol/L Zn®" 4b 3 &F 1 j5 , SOD 3% 1 % %) B 8 25 R AR B 2. 5
mmol/L Zn*" 4bHEHY F, {40, F F. . F, E@)‘ﬁﬁ’ﬁ@'ﬂﬁ((‘ara?ﬁ'r'#ﬁj%?xﬂﬁQ Zn®t Qb FRJE A RN R A
B TR RIRE Zn® X E AR S ®EmEE:F L F.F RERKRETRNMED RS & FYHE }FIJ
37.1,42.9,47.9 pg/mg, HEF R # . anl It X EREY R EC B A ERIERE R B, S RE Zn*"
B R EARVR B Zn® T Ab B
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Ecogenetic effects of heavy metals Zn*" on the aphid
Sitobion avenae (Fabricius)

ZHANG Ao,ZHAO Hui-yan

(College of Plant Protection , Northwest A& F University ,Yangling ,Shaanxi 712100, China)

Abstract: [Objective] The effects of Zn*" on aphids and their descendants were analyzed to provide a
theoretical basis for integrated management to lay a foundation for further studies on toxigenicity mecha-
nism of heavy metals. [Method) The aphid Sitobion avenae was fed on wheat leaves treated with low and
high concentrations of Zn®*" ,time-special life tables of F,,F, and F; were made and effects of Zn*" on eco-
genetic parameters,enzyme activity and protein level were subsequently measured. [Result] The develop-
ment duration was prolonged at low concentrations (2. 5 mmol/L) while shortened sharply at higher con-
centrations (5.0—10. 0 mmol/L) ; the net reproductive rate, the innate capacity of increase and the finite
rate of increase of aphids were reduced dramatically. Activity of catalase was inhibited,and was significantly

lower than control after treated with 10. 0 mmol/L Zn*" ;activities of peroxidase were of significant differ-

ence among generations;activity of superoxide dismutase under 2. 5 mmol/L Zn*" was much higher than
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the control, while much lower under 5. 0 and 10. 0 mmol/L Zn®" ,and the differences between treatments

were statistically significant; activity of carboxylesterase increased in most cases except F, with 2. 5

mmol/L Zn®" . Protein synthesis of Zn**

treated aphids was enhanced and protein level increased signifi-

cantly from control to 10. 0 mmol/L Zn*" ; mean protein level from the first to the third generation was

37.1,42.9and 47. 9 pg/mg respectively,and significant differences were detected among generations. [Con-

clusion)] The detrimental effects of Zn*"t on aphids have been inherited to descendants and the toxicity of

low concentrations is inferior to that of higher concentrations. The changing pattern of all the ecologic char-

acteristics proves the evident responding process of aphids to a range of concentrations of heavy metals.

Key words: heavy metal; Sitobion avenae ; ecogenetic parameter;antioxidant enzyme;protein metabolism
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CEREROVS ZREIN SENEIN SRCNEIN S URERIIE SN
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o, EBRERELEYIAEHL T FERIR L, KRET
SEUIRE Y T A2 JE X K & Bombyx mori B 1 5%
M, R BB R R N e d R HE AR R
G T X B8, HBE T 5 Jm B 1 R B A 1 0, 4 R L B
AR HRR R TR Y., REREEY TR,
5 XA BB SRR MR Boettcherisca peregrine 4 B A .
TRt DD P R M A R . £
SELL AN N o AR A T ¢ R )RR O P R SR Tk
I Ak i (SOD) A1 ied %Ak U Al (CCAT) 15 VR4 Btk 1Y
P4 S LA o R R PR Ak B A o g
PMNIT B 2L HF 5 R IR, BB ik Spodoptera litura
4y HUR R Wi i (CarED 37 4 58 B8 IR & Ni B3 40
il T A N Ry e HH FTR AT R
Z 2 W T T 4 Jm e B HURRORE B G i R R EE M AL
VL o X 52 [A) 422 52 el () A PR R RO OCIEAR S . A
K 4 B N 22 A W A ARG S S PR A T
PE R B A A S i S L DL R 7 AR
BEPERON (9 73 T HLER A O T A s S ARBESE
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IR

L1 # #
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ZnCl, (G Hral) W 5l Sk i o4 Bl Ak 27 25 i ), 25
B KMEE 2.5,5.0,10. 0 mmol/L Zn*" Wi %%
Mo
1.2 ZEKEGFRFTELIE

FH B 428 35 L i 3R (B4R 15 em) FAE /D
A AR N T URAE GRE 20 C/18 CLOLH
14 h/10 hy A XS EE 6026 =5 %) AR K, B3 43
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e 35 5% ML b i) 5 22 K8 I 10 G AR 4G 28 0 e i L AR
1 d, i3 R0 2 1 5 e i I
1.3 ERMRINSFEMENE

A3 BT BEORT 4% Ab B 2E KA 2 mg. B A
1.5 mL B Eppendorf B.0> &, A 0.5 mL B
28w (PB,50 mmol/L,pH 7. 0) Fl/b 77 b, vk
WO . T 4 CoKA NS 10~15 min J5 8 #
BHEBEOPLE LM CL12 000 r/min &0 10 min) ,
HCEVEW 2 A 0.5 mL &0 d, —20 CIAAF4
M.

CAT ¥ 7 R H Liang 58 (9 7 1, — /1~
TG B (U 8 R AEFRHE S5 T B3 80 40 % 1 pumol
H, O, BT i 1§ &t ; POD 3% H il &2 R A Cakmak
U I 1U 8 SR FERRUE ST B 43 Al N Al
JEHE R B 0. 01 B T 75 1 i £ 5 SOD 7 4l a2 %
PRI = W [ R AR, 1U 2 SCh TE R fE 2%
R B B 4 ) 20 R = R Ak R 50 %0 B T
T (0 5 CarE 36 #:0 2 RH] Van Asperen''" [ 7
2 a 2508 2R (e NA) RS 1U 8 XN br vfiE 4%
E R B8 N AE B 1 pmol o NA FT 75 (1 il 5, {f H
Beckman DU 800 %8 4b/ A WOt 73 5l 43 B 11 3k 47 #
G BE B A . A Zn® ik BE AL BT Wl T 2
JE 5 AN B,
1.4 EARWERSSENE

A RHEBCR FH Sambrook 2 . HHA
Ji & BN %2 SR A Bradford ™™ (5 2 i AT, A4 I

T A bR e 2k, B AL P 5 RE R L BCE .
1.5 H\HH

i/ SPSS 12. 0 8447 WK 5 J7 22 53 #7543
BrabBemi iy & 2 2k, MWRAREES, KA
LSD il 45 X 43F- ¥ {8 , 3 KF-24 0. 05, fii J] Mi-
crosoft Excel 2003 AbHERAEHE AR Zn* R )E S
BN EBBAGE S Z B XL R 7 >0.95 18
FH Z 0] B A
2 R 550
2.1 In" NEKEFESEEFSHNEIE

M 1AL, ME Zo® RN, F, \F, {3
KW TRAL, B Zn* B S T EHZ B AFE R E
FIAHSE R G 405k 0,965 7 F10. 981 7) ;3 F; fR 37
KA TS F xR, 2.5 mmol/L Zn*" kb B 5
M EF fF, fAFKEE.5. 0 mmol/L Zn*" &b J5
F RERKEY, LT X B K; i 10. 0
mmol/L Zn*" b PR )5 &AL KA T B0 18 i 3
G50, AT ERM.2.5 5 5.0 mmol/L Zn*" 4b
HERKEGW TEHLREZER. HR2ES T 10.0
mmol/L Zn*" Zb 3, R Z B AR E Zn®" WP S,
KB IEAR T 1R — o 8052 0, DL 4 o
B TR S A M B R TE 2 0 S IR B T T R
Zn® " a2 A I 0 B AR R il HOR AN K
SR BPAET 8 T 2 B AR, AR Wk Zn® " By
TR AW AR R

®1 0" RBRERKEY T.R .Rm 2 HER

Table 1 Changes of T.R, s Rm and A in S. avenae with Zn’" treatment
Znt )/ T Ro
(mmol « L") F, F, F; F, F, F;
0 16. 888 aX 16. 792 aXY 16.273 aY 58.7 aX 56. 8 aX 56.1 aX
2.5 19.021 aX 17. 833 aXY 15.074 aY 42.6 bX 24.0 bX 11.9 bX
5.0 18.131 aX 15.123 aXY 15.753 aY 18.1 X 9.1 cX 9.6 cX
10.0 13. 378 bX 11. 850 bXY 10. 640 bY 7.6 cX 2.5 cX 3.1 ¢cX
Zn2t ) Rm A
(mmol « L™1) F F, Fs F F, Fs
0 0.241 aX 0.238 aX 0.237 aX 1. 273 aX 1. 268 aX 1. 259 aX
2.5 0.197 bX 0.178 bX 0.164 bX 1. 218 bX 1. 195 bX 1.178 bX
5.0 0.160 bX 0. 146 bX 0. 144 bX 1.173 X 1. 157 ¢X 1.155 X
10.0 0.148 X 0.077 cX 0.107 X 1.159 dX 1. 080 dX 1.113 dX

TE RSB 5 AR AN /NG i3 RoR R R Zo® " A2 0] 22 5 0 3 AT 898 5 b AN T R 8 38 0K FoFe Al Fo R Z ) 25 57
# (LSD 4. w3 KFH 0.05), TR,
Note: Different lowercase letters following number denote significant differences among concentrations, different capital letters following

number denote significant differences among generations,using LSD at «=0. 05. The same below.

MR 1A, Zn®" b B 5 , AL KA T
Ry Rom M2 KB Zn® " e 2 B39 ning Fee %, HL2S 2%
T 00 B DL Zn® T O 22 A I ) 2 B RE ) R R

H R B T A (5 B v R RN R R K
PEREAG . Zn® " e BBy L FhRE A2 20 19 B A 4 Bl
2,10.0 mmol/L Zn* " ZbH 5, H R, \Rm f1x ¥
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FEALTF 2.5 A1 5.0 mmol/L Zn*" 4b 34, 3¢ W & ik )&
In* MERET SN EBBREFSENF KT
R E Zn®" . 24 Zn®* " ¥R 0~5. 0 mmol/L B,
Fo 9 R, A A S 3 BEAK, 10524 Zn®" 25 5. 0~10. 0
mmol/L B, F () R, Al A BEWEH /N1 F, JFs 9 R,
A B Zn®" W BE TR 1 2L H S Fy IR G AR
FWIIF 46 52 B W38 B ARMR BE Zo® " BRI AT X Fy AR
AU 7 A v B R ) T — B[] 5, o HROG) A I ik
JEW Zn®" 7R A T 8 AR B Y I8 N, b B vk B
Zn®" W38 R . W IR 22 KA I A B R R A B v
RE » X H AR A K B R RE 3G G 7 A B RS I
[l —WREE Zn*" AbBEJS L F) JF, B F; AR KA I
TEFRE.F, AEKEYN T REFHT F AR
(F DDLU Zn®" X2 KGR 2 mC &5 85
RCHEFEEHNCETH R ERGHEFLF F ALEK
B RowRm f1 A 27 AN F, HZL i 1000

mmol/L Zn*" b3 f5 . 5§ F, fAM 1L, F, REKE Y
1) Ry Rm FI A A/NESGK B &5 2 RDE . &
KA IFIRXT Zn® " W3 7= A 0 75 5 4E A P AE B
FRRE AL Zn® " B2 F AT A AN T GG 2
2.2 In" MEKEFRELBEEENZW
K28R Z0 X FUF, fF, AR 3 K& T
CAT 1P M AE T BAE [ — £ de, 41 41
FEREBE Zn®" W B 3 458,10, 0 mmol/L Zn®"
PR S, CAT I M & 25 I8 T X5 BRI 2. 5 mmol/L
Zn* b PR, AN W EE Zn® Ab RS . CAT 3 #
EF.F, MF, AZMERAEFE. 4 2.5 mmol/L
Zn* S CAT MR K F. > Fi > For M4
5.0 1 10. 0 mmol/L Zn*" At B )5, CAT iGPEFE W
JFi > F. > Fo B S W Zn™ X 22 KA CAT
T R AR e AR R

xk2 0 REBEEZKEW CAT 1 POD E T4 ( EHE T RER)

Table 2 Activity of CAT and POD in S. avenae with Zn*" treatment (mean + SD) U/g
ot CAT POD
(mmol « L™1) F. F, F; Fi F, Es
0 2 798+4. 64 aX 2 68943.65 aX 2 615+3.67 aX 615+£7.91 aY 630+12.95 aXY 61043. 54 aX

2.5 2397£49.02 abX 2 114+4.47 abX
5.0 2 265£43.95 beX 2 0755, 24 beX
10.0 19904534 X 1523%4.30 X

2 580£130.40 abX
1 353%8. 31 beX
1376+£34.43 cX

71045. 43 aXY
146047.71 aXY
44047.68 aXY

1620414.74 aX
129046.40 aX
1 020£6.60 aX

50047.45 aY
34047.35 aY
360+11.22 aY

M1 2 A 0L R Zn® " 3 % K A5 1 POD i
PRSI TC B 25 5 (% 2) 3 Zn* ' A3 5, POD 1%
HEFRERKREGZ AR EES HEAR R
F,> F, > Fy Ul WA AR 0 A Jig 22 A8 oF At 4
WL AL R 3B POD X Zn* 15 FEAEH C 46 inid
N I TF b R FE X A LR R AE . FL ARE K
BiF POD 36 ME LT X I BB N Fy AR HF 1R 52 3
' A E ;4 2.5 1 5.0 mmol/L Zn*" b L F,
RE KB H POD & 4 & F XF B, 10. 0 mmol/L
Zn’" PR F, AR POD Jf AR F X4 JLF, AR0F 4 vk

JE Zn®" G BE POD 35 PES & T XL A T, JF, AR
KA Zn*" ihia 1 8 F O LB HHE I

ME3ITFLIFEH,2.5 mmol/L Zn*T ibH 5, %
KA AP SOD 1% M0 g 71 & . vl ge & i
A Zn® T g A B HE A S T s R s 24 5.0
F110. 0 mmol/L Zn*" b 5, Z K& & N SOD
PR R Go bl ™ HE IR, B % PR B0 BEAT 2.5 mmol/L
Zn® ' AR EREL, B F, L SOD 54 R S A fig
EEELW R ER. &R —WKE Zn™ b5,
SOD {&E7E Fo\F, Ml Fy A2 257 A 3% .

* 3 T REEEKE SOD 1 CarE BT 4 (EHE LFRAIR)

Table 3 Activity of SOD and CarE in S. avenae with Zn*" treatment (mean= SD) U/g
Znt / SOD CarE
(mmol « L™ 1) F, F, F3 F F, F,
0 12 423427.35 bX 12 328418.65 bX 11 656+11.46 bX 4 683416, 39 aX 4 709414, 88 aX 46434927 aX
2.5 14 161416.47 aX 13 847+24,38 aX 14 023£20. 81 aX 4 617+10. 49 aX 5 983410. 42 aX 6 433+15.60 aX
5.0 7 245410. 82 X 8 126419. 06 cX 7 45249.04 cX 59004 14. 54 aX 6 3507, 14 aX 546745, 24 aX
10.0 7 075418, 40 cX 6 89547.56 cX 7 188412.93 cX 6 20049. 03 aX 6 550410, 30 aX 501748.63 aX

M 3 BRI LA . Zn® " A B S LB 2.5 mmol/L
Zn®t Ab R F, AR CarE JEYER AL T X RSN F) UF, |
F, (0 KEY R CarE §F M 345 T X1 L R [ ik
JEZn® S T W E E S UL Z B Zn® fhaa

Ja A KA AR PR B AR N CarE 35 1 LA 45 3
LT AR AP AR . 2R — WK EE Zn® b PR
CarE {&tE7E Fi F, M F, RZEZFARE. T,
F, & KE YK CarE [G1ES Zn®" W B Z A7 1E
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2 IEAH X OE RGP 43k 0,963 3 A1 0. 919 0),
Bi CarE 7% ¥ B Zn*" ¥ B JF @ ifi 35 5, 10. 0
mmol/L Zn*" fb B )5 . F, A2 K&K CarE 3 M
MET 2.5 F1 5.0 mmol/L Zn* AR, Al T 5
WP Zn® TEE KGR N R, F 3 CarE 1Y
P4 VR A P55
2.3 In" MEKEWENEARSEN T
4 WoR.Zo" WS 2 KA IR N B T
B T R R KA R A B A R
FEAZF) Zo®t B0 J5 Y B S 00 RN ORI . SRt Ay

Bra& B, ANRVREE Zn™" X KSR N E AR & &
A W F R0 L,5.0 Al 10. 0 mmol/L Zn*" Ab ¥ 5 5
A B B T BB AL 2.5 mmol/L Zn® 4b B, i
WY Zn®" W BE B S 2R BTG R G N IR
5 0 KAF W R VE R . Zn®T B S L F
F, F, AW & A B & & 355k 37.1,42. 9,
47.9 pg/mg. F F, \Fs RZBEAR S EER D
ELRINF. > F.> Fo RIS 2 KAE AW
RIEM Zn" B R EAT A RR G & KE
UF 1 PR 4V 3 58

® 4 W HBREREVEAAZARAIENTAL(FHELRAER

Table 4 Protein levels in S. avenae with Zn*' treatment (mean= SD)

pg/mg

Zn*"/ M Fi % & Protein content Zn*t/ & F 5% i Protein content
(mmol « L™ 1) F F, Fs (mmol « L™ 1) Fy F, Fy
0 32.0£0.79 ¢Y 31.240.46 cXY 33.1740.93 cX 5.0 38.4+0.81 abY 43.07+0.65 abXY 45.6+0.53 abX
2.5 36.4+0.33 bcY 36.3740.50 beXY 40.3740.74 beX 10.0 36.6+0.28 aY 49.4740.96 aXY 57.8%1.02 aX
s B THRZUA SR AE L {2 POD Hl CarE ] 7E 52 3] 180
> i) \ N N . N .
DLJS PR 3 1 5 I B i) e 45 AR AP AR T S A AR i
3.1 EXEEFESY IER AR RS T EZEAR. R4 CAT.POD,SOD

RUFFTLERFW, I’ A5, F KAEW T
T B (2. 5 mmol/L) B3 X M8 %k K, & ik B
(5. 0~10. 0 mmol/L) i W5 X A8 & 3 45 %5 s R, W Rm
A BIBE Zn® " v BE (38 i BE AR, L34 B 0 A% 1 %
B, PR Z B aR 2 . — MRAF AL T L B U7 4R
0 3k ek 4 T M 3 R 2 T RE K A Y BB A L A N K
fEA Y RS AR, LRI R 0 AR B RE A
S F Y R R AR R 0 A A
JoT b EGE ) N A FE T R T R A R
B AL A ekt B A O R TR R 4 S Rl
VA SN W S I N TR 5 VA A AP N ) B P S
Zn® " X A W AR S AR 2 SRR S i 5 vk B
WA G B Uk BE Zn® " X 22 K A5 I 04 5% i T K
3.2 ImEMEREMNE

L B R T S 3R G A B AN R R A BE 1
foF ORI IE R A KR E KA B RE Y T8 5L PR R A
FE K B EEAEH . R AN A d 3k eT LLE
it & Fh Pt A ARG (U SOD,CAT ., CarE 28) (/) 4F JH 1fij
B, CarE FER: MR BREG AR A5 H L K08 it o 4
o 1 fire B PR k¥ A I ELAE D B A Y
TR EL A RS R S R R T AR T AR SR
oL Zn® T QS 22 KA CAT 16 M W] AR F X i
POD I M F ff 32 2040 1, 7 Jil 25 AR 9 % i 32 i %
B R [ RR BE 935 1 s Zn® " ¥R R 2.5 mmol /L i,
SOD {if 1 & 3% /55 T XF B8 ; CarE 9 15 5 0 3% 3 & T
X B YA B Zn® X2 KA WER N LSRRG R S A

I CarE % P R [R] M BE Zn® " K 22 K45 195 i AN [ 1
FRMIAFAE 22 5 A0 Zn® WA VR0 Ry 3R 55 5 Wk 2
1) 5 ik A7 A OO 28, VR EE Zn® T b 3R IT 7 AR Y B
ORI RE E AR AR B Zn® " AL FRaE . Ak . Bl
R R A KA AN PR AL R XS Zn®" hid
FA) 325 V7 E ) A B 5
3.3 EHBRNKH

B He w3 o 4 R A B PR A A o T 4 R
i R s R, LR B 7R B 0 BR R Y
AR, 7E 3% Cd, Cu, Zn W38 1 25066 2 B Culex
quinque fasciatus FH M E Cd T ZH WM E HE
H Orchesella cincta RN, #A 15 KW 48 &
FIgeas ™ . AR, Zn’ " A S 2 KB IR N
TS A T ORI R Zn® X A KA
F R P9 ER B R R 22 S L 2’ ok
e AR BT AR G 8 I IS A R 2 K Y
PRAPVE R . I Ah 2 K I A N B 1 B B
AR A A T 1 o ¢ B 1 o A o R i L i
NE Zn®" e, H R, 22 KA I 1A N 2 1 B A A
MRS 5523 2o WA S5 48 456 8 0 AR 5T
AR E AR SR A O AT E I — DT E

AT, Zn® T X 2 KA SR F 2Rl 25
FOFTE AU R, BRI Zn® ' b 21 AY 45 ] H AR
WEE Zn®t AbE TR HARE RN, ~ L E LR
41 Pb.Cu.Zn Mn ST W EEICE R R B & E TR
TR 4 AN B ., i) BB 5 Ak A v 0 B SR R AR
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A1 AR EZ I HLH K AN BUR T Z W E £
o HE PR ST O T sk 2 BIL A 2 7 A7 AR S H A ey i
YER HAT M AN TSR . AU 2 KA I e 32 3 4
J 3 I AR 2 3 A 2 2 M B A TR R AR
& R AR A AT TR L AE X 4
I8 7 HLEL DNA S5 15 4 57 (6 28 16 B 38 1 A
TR Y HARBL R BEREAT IR AR . Ah . h TR
HUR e S DL R AR B 2 R A T
J0O0F B HUT A A% TR o BRI G Ak T A
B B A it — 2T .
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