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EPG Comparison of Sitobion avenae (Fab.) Feeding Behaviors on
Three Wheat Varieties

HU Xiang-shun, ZHAO Hui-yan, HU Zu-qing, LI Dong-hong, ZHANG Yu-hong

(College of Plant Protection, Northwest Agricultural and Forestry University, Yangling 712100, Shaanxi)

Abstract: [Objective] The objective of the study was to study the potential resistance mechanism of three different wheat
varieties at seedling stage to S. avenae. [Method] Aphid feeding behaviors had been ascertained using EPG technique. [Result]
When the aphids were feeding on Ww2730 seedlings, the time to 1st probing was delayed compared to those on Xiaoyan22 and Batis,
searching was interrupted before 1st probing, and 1st probing was shorter than that on Xiaoyan22 and Batis significantly. Duration of
pd 1I-1 on Ww2730 and Xiaoyan22 was much longer than that on Batis. Duration of pd in C waveforms on Ww2730 was longer
than that on Xiaoyan22 and Batis remarkedly. Times and duration of G waveform (ingestion in xylem) on Ww2730 were more and
longer. Times of spot G waveform on Batis were more than on Ww2730 significantly, but the duration was shorter than those on
Xiaoyan22 and Ww2730. Total time of E1 waveform, max longest duration of E1 fractions and mean duration time of E1 fractions
following E2 wavefrom on Xiaoyan22 and Batis were all longer than on Ww2730 statistically. There were no differenences among
mean durations of 1st E1 wavefrom on three varieties, but mean durations of other E1 waveforms on Ww2730 and Xiaoyan22 were
shorter than those on Batis. The other waveform parameters, include times and durations of F and E2 were all not different on three
wheat varieties. [ Conclusion] It is suggested that the resistance mechanism of wheat variety Ww2730 to S. avenae is a restriction
factor of aphid feeding in epidermis, thicker cell wall in mesophyll and secondary metabolites or nutrition unbalance in phloem in

seedling phase of the wheat. Resistance mechanism of Xiaoyan22 is thicker cell wall and more cell layer in mesophyll in seedling
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phase. The feeding strategy of S. avenae against the resistance of Ww2730 was shortening the second duration of secreting watery

salivation to xylem compared to the first.
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The EPG parameters of S. avenae on three varieties in 1st phase (Total recorded time is 12 hours)

4+ Z %4 Parameter Ww2730 /IME-22 Xiaoyan 22 Batis F P

IR AR B (np AIVRED) Count probes 17.44+10.42 b 31.60+17.35a 21.81+12.84 b 33514 0.0438
A3 (1) B 1] Sum time of np wave (min) 127.31+64.76 121.09+67.42 148.36+70.66 0.1077  0.8981
551 WOITFURFR SRR W 17] 25 Time to 1st duration feeding (min) 33.97+16.18 a 11.9948.47 b 18.00£11.61 b 3.9868  0.0253
551 IRFFERIBRAT AR L Probe times before 1st duration probing 8.33+6.34 a 3.65£2.37b 4.88+2.18 b 34651  0.0397
5 1 YRS (IS A 1st probe (from 1st C to 2nd np) (min) 28.35+8.76 Bb 71.54+21.27 Aa 77.66+18.76A a 5.3687  0.0080
Pd P IV HL Count of Pd 105.13+45.32 137.40+58.75 134.48+72.47 1.3060  0.2808
Pd %P3 FF 4L (8] Mean duration of Pd (s) 473+1.34 4.72+1.62 4.56+1.42 0.7374  0.4839
MITLERIEREIE 1 Yk Pd (IS A] Duration from 1st C to 1st Pd (min)  14.58+26.31 14.88+44.41 19.8+50.54 0.0852  0.9185
Pd II-1 1 FH4FFEERT ] Mean duration of Pd 11-1 (s) 1.93£0.26 Aa 1.90+£0.19 Aa 1.84+0.13 Bb 5.6439  0.0064
Pd 11-2 [f) P34 FFEEIN 7] Mean duration of Pd I1-2 (s) 1.36+0.28 1.36+0.15 1.34+0.15 0.0869  0.9169
Pd 11-3 [1J°F-3)3 8L} 8] Mean duration of Pd I1-3 (s) 1.44+0.23 1.48+0.18 1.40+0.20 0.6440  0.5298
E 32 R C % C wave before E wave (min) 142.95+100.14 149.23£94.71 144.49+114.31 13243 02759
C Y& B A Pd 5% 18 fg (8] B 5 18] SumC/num Pd (min) 1.60+0.88 a 1.11£0.18 b 1.15£0.33 b 33874 0.0424
F 9 HIRECKT 10 ) Count F periods 2.81+1.55b 1.67+0.88 b 4.05+2.65 a 40096  0.0248
F KT 10 B[RS R Total time of F periods (min) 24.17+22.68 22.81+26.75 21.37+38.81 2.0035  0.1465
G (KT 10 B)HS 1A Total time of G periods (min) 30.29+38.16 Aa 11.97+17.74 Bb 9.86+14.27 Bb 52411  0.0089
G WAL T 10 #)  Count G periods 3.50 £2.98 Aa 1.47+2.05 Bb 1.48+1.73Bb 6.1498  0.0043
G P IRHL Count spot G 33.69+19.13 Bb 52.00+18.09 ABab  63.43+27.71 Aa 7.1493  0.0020
£GPPI ] Mean time of spot G (s) 5.08+0.55Aa 5.09+0.41 A a 4.41+0.61 Bb 9.1845  0.0004
E1 ¥ X 5L Count E1 fractions 438+1.36a 4,07+0.95 a 322+0.75b 3.6403  0.0341
E1 ¥ 5 5 ] Time of all E1 periods (min) 44.01+17.29 Bb 60.68+20.61 Aa 57.46£13.86 Aa  10.5667  0.0002
28 1 X E1 YR FEFEEA I 8] Mean duration of 1st E1 wave (min) 18.01+14.32 16.11+11.08 15.14+13.24 19612  0.1523
8 E1 P4 1] Mean duration of other E1 wave (min) 7.98+435B b 7.46+3.28 Bb 13.98+4.86 A a 58974 0.0052
E1 # {135 K {4 Max E1 fractions (min) 19.15+12.93 b 33.99+23.19 a 30.80+17.60 a 3.7768  0.0303
TG E2 Y1 E1 3 )X EL Count E1 periods 0.75+0.88 0.87+1.32 1.44+1.71 0.8756  0.4234
7c E2 (%) E1 3% (148 18] Time of mean E1 periods (min) 3.77+2.18 3.88+2.46 5.09+3.21 1.3231 02762
PRBE B2 91 E1 31¥17K%L Count E12 periods 3.44+2.66 a 3.20£1.08 a 1.83£121b 4.0465  0.0241
BRBE E2 P01 E1 310 341N A Time of mean E12 periods (min) 11.89+5.41 b 22.79+7.33 a 22.35+7.02 a 3.7164  0.0319
E1 ¥ A7 51 E IS [R] E1(ET+E2) 0.11210.1041 0.1525+0.0987 0.1598+0.1321 0.6561  0.5236
E2 %K% Count E2 fractions 3.13+4.04 2.40+3.89 2.06+£2.26 0.2353  0.7913
E2 ¥ 5 5 8] Time of all E2 fractions periods (min) 348.5+159.16 337.15+159.39 302.15+181.22 03612 0.6988

FHNG TR 95% M EGRE N EREH, KNG TREORTE 99%INEFE L TR %

Small letter show significant differences at confidence level a=0.05, capital shows significant differences at level a=0.01



1992 eE VSN S 41 %

B W KT H e 2 AN Fl

KA WFLE Batis 80 G 31 EON 2 3 b sy T
Ww2730, {H P #1)5 s KPR /ME 22 22 S5 AR B3,
Ifif Batis #% G ¥ 19V 3 RF LI [A] H0A 2 35K T/ MIE 22
1 Ww2730.

LKA WFE Batis FIUET E1 SR REE#
Ww2730 FlI/ME 22 2D, M2 5 FBE i T ERBE E2
B B BTG R . a2 ASE R R S 22
Sty ZKEUWFLE Batis MI/ME 22 b EL B RAE
E1 PSR, BREE B2 9510 E1 B0 T2 i e 38 2
FHRT Ww2730;3 AN SAP RIS 1K EL B RFEE IR A]
G E2 PERBEM) E1 g PRI LA E1 Bty
SR E I A 2 AN 2 s Ww2730 Fl/ME 22 B
fils E1 LI I [AIB) &l 2% /D> T~ Batis. 22 KR 3
AR R B2 BEREL. B2 BRI TR R 25 T

(£) .
3 itig

RG0S BUR G CRIERE
MR 2 AT AERIER (np %) IR ZEK:; #pibkN 7
PTREE, WA SRS IR RAELE, WITE
IR TF e A 88 e ) i s ok DS A 1 R 4
21, W) C PR R A IR A e BT i,
El 3 (rilb/KysPhmEso SRR B4R, B2 % (
SR PR PRI R E TR, ) F 9
PR,

ATCEE RN, KA FE Ww2730 BRI,
g o VT S G et 1R G /M 22 B 22 min, LR
Batis M 16 min. 55 1 YCRFSZHIERTTIAIER K3 1 L
Jy/ME 22, Batis £ 4.68. 3.45 X, JFUARIA MG
55 1 UCRIER R RF S 1] 43 51 LUk /MU 22 F1 Batis 44
43 min 1 49 min, {HZIAP) R A7 FRERIREOZ /)N
12 22 2 KT Ww2730 1 Batis, 6B HE AP E52>
Ji, FRKEEOEE Ww2730 _EAR D A Pk,
Ww2730 BHAS KA IR I B I 3R AE R J, T REL
Ief HR IR I AZ AR AHOC . /ME 22 PR AL T A
i, LR G O BTEN AR (553 50k
) o FRKEHFADIEN Tm4d GREF—R/NE T
monococcum L.) b F1EFEA ) J AR T 2 7 &
SRIGERBET) S W (E2) 2 | FIAUE A IR AH 9%
(48 AR

KRG B AEROE SR, NPT B IR E S A2
VRE I 5 52 S 2 2 A Y A B JRE RS F I AR OG, Al

T 55 0 P 2 88 J A O o 2 KA I AE Ww2730 A/
22 F Pd I1-1 (P34 ) 42 3 LU A Batis B,
B Ww2730 FI/ME 22 4B S 0I 5, ) fegi ke
A H Ww2730 | C JFr B 2 4> Pd a1 )R
PR 2 R 5y 2 AR, T BB PR AN PR R
Ko BAR 25 5 AN 35, (H/IMIE 22 I PR A0 2 3 e K
FURB G P e B 45 R —B (AR5 S0k
xSl (Aphis fabae Scop.) [IRFFTE W], M
J TG 8 B AN TE AR IR, 1 WU A A R A
60% 1 MATEAR BRI, JLrlREL AR K RTmE:
P 1 3R AF A B S AT SR KA i A
Ww2730 AJFFECE M 21 T 75%, HECEIT
IFIE), BB KT 2 AN R AT A fnik
KA FCHLER ) E 2 aE, sk 2 GBS,
XA RESE Ww2730 X 22 KA BT R IR R 2 — .
AR IL R A B RRAEA IR, A&7 El T o i
ZIATRIZ R T TIMEE R, ARl —2 80,
E1 %5 ERRE E2 3, ISR AR s 1 BT SR B
R ECE T, AR Bl 95 A ERBE B2 B, R
ARIF AU EVER AR BT T W) R IR AU T K R, (H
BT I ECE 2, 7 Ww2730 A B I FiA )
BB 2 KA AMA  12.5%, 7EHE 2 AN AP B
AU VB35 T BRI B - Ww2730 | E1 318
UK BRAE B2 Y1) Bl SIS %, E1 PSR
b E2 P10 E1 IR~ 34 BF R] ) S i i) g /b o FE BT 1)
Tmd4 b, FARKAEWF VR B PIRE SAAR B B
SALHNER, BTET) R (B2) 2 AT A k),
i Ww2730 BT AL ] A Tmdad A1 A .
AR R, &8 FKEE (S, fragariae) 7¢
WENERIMEY) (hydroxamic acids, Hx) &=
INTZ SRR B 1 R B e 43 A M Y R 8 ) B )
FRT Hx EEARM/NE SR, AR 2 WHCE IR
BT WA TR R B EE I IR) (k2> SSED 15K
W23, KA Ww2730 B 1 IR EL N )R K
CHARRIIL S o2 AT ), Bl B0 KEE 3
AR, e BL OB R I ) SR B 2 A T
Batis. IXUETEHERTN, Ww2730 FIH1 R il GEAE e ST
PR A TS FRAS A
fE/ME 22 B, B R, BRRE B2 (1) EL
WU, HAb E1 B CPITR) S Ww2730 25 AN
B2, M EL SRR, E1 S l, R E2
P EL S 1A 5 Batis 2257 A2, HoKZ b
TEFRIKSE, BB /M 22 T LR Ww2730



7 34

BIRESE . AR 3 AN bRl EECEAT 0 1 BPG ELAR

1993

FRALL, AHSR RS o

F AT 2 UIAH G, AREe T 3 AN B F
PR ) 22 AN 2, A Ww2730 FVME 22 B F
PR BUR /DT Batis, R RRFEKETH O 4wl
T Batis XFEINUEHL Ty, A RERE— DA

E2 BMIKEL. B2 BB REA %R, S5/
AN [F) 5 R 28 (0 S 1 R ef B P ) R R & (E2) A
SO AR S — WK EA B R A I 1), A sk
LRI Mghinf .

A NME 22 K Z S HATE Batis M
Ww2730 P RIZKF, s RS 45 R —3. 1T H ()
TR 45 R W] /ME 22 5 Batis —FEEIF (455 0k
F) o BT TE A S 5 ARG RN AR A
1 FE DA /N2 A A AR 3 et T i) e R 3R 5 i)
2 A RRRERAE , B SCIT H deF H  E e ERR RS TR,
BRI — DA

ALEEWAEN ] EPG BEAH I 4 T AN Rl /N iy
Fefif dECEEAT R B A Y, S B AR IE R L
ST A)SE . A AR . Bk, BE
PTG TR 2 W — DR RIS o

4 i

Ww2730 PP KA L] ] e 3 A
IR, R4 R, ) R AEAE IR
ZIMIE 22 T TR BTF AL R B8 A - DA 4 i e A L, 4
W T K 2 KA 3 . Ww2730 BT Al fit sfems
SEAEE 2 YD IR T 98 D A6 A R IR A T 1) 2
IS 1A

Bt AR 4%t A2 R 1FE) T /£ E The Federal

Biological Research Centre for Agriculture and
Forestry #9 Udo Heimbach %t 4, Bio-test Labor GmbH
Sagerheide &9 Thomas Thieme 7t 4 ¢4 EL4K35-F, EPG 4415 m
Fa )14 %5| T Michel Hansen A4 459758, ®ILRMNRFHL

RFHHBRBEB N EIRT 05 K, 4L,

References

(1] P, B8, xRS, W2, N EpibE Mtk
LMbRLF, 2002, (2): 19-20.
Wu Y Q, Li SJ, Liu AL, Shi G Z. The advance of study of wheat
resistance to aphid. Henan Agriculture Science, 2002, (2): 19-20. (in
Chinese)

(21 PRIk, LG8, YRR, JRNd. ANEE RN 20 A A 2

B3]

(4]

[3]

[6]

(7

[8]

[

[10]

(1]

[12]

MBI, AR, 1999, 10: 447-451.

Wu J X, Jiang J H, Shen B C, Su X J. Effects of wheat varieties on
main life parameters of wheat aphids. Chinese Journal of Applied
Ecology, 1999, 10: 447-451. (in Chinese)

BT, VEEK, XIERA. /INZE RO 2 KA Bk KB & AT
PHALR S 22 (FUAREFAR), 1996, 10: 427-430.

Hou Y M, Shen B C, Liu S Y. A study on the resistive dynamic
making for the wheat varieties to English grain aphid Macrosiphum
avenae(F.). Science Journal of Northwest University, 1996,10:
427-430.(in Chinese)

TR BERT, mAhAh, R F/NE RO KA KR
HAVESR . SRR, 2006 , 17: 354-356.

Yu Y, Pang B P, Gao S J, Xia C Y. Effects of spring wheat varieties on
growth, development and fecundity of Sitobion avenae (F.)
(Homoptera:Aphididae). Chinese Journal of Applied Ecology, 2006,
17: 354-356. (in Chinese)

Tjallingii W F. Eletronic recording of penetration behavior by aphids.
Entomologia Experimentalis et Applicata, 1978, 24: 721-730.
Tjallingii W F. Electrical nature of record signals during styled
penetration by aphids. Entomologia Experimentalis et Applicata, 1985,
38:177-186.

Tjallingii W F. Electrical recording of stylet penetration activities. In:
Minks A K, Harrewijn P. Aphids, Their Biology, Natural Enemies and
Control. Amsterdam: Elsevier Science Publishers B.V.Amsterdam,
1988: 95-108.

Tjallingii W F. Salivary secretions by aphids interacting with proteins
of phloem wound responses. Journal of Experimental Botany, 2006,
57:739-745.

SRR, RN R, R RIER R R (EPGY BRI SR B 5 K e
HILRF, 2006, (3): 1-4.

Hu X S, Liu X F, Zhao H Y. Development and application of electrical
penetration graph (EPG) technique. Plant Protection, 2006, (3): 1-4.
(in Chinese)

Caillaud C M, Di Pietro J P, Chaubet B, Pierre, J S. Application of
discriminant analysis to electrical penetration graphs of the aphid
Sitobion avenae feeding on resistant and susceptible wheat. Journal of
Applied Entomology, 1995, 119(2): 103-106.

Caillaud C M, Pierre J S, Chaubet B, Di Pietro J P. Analysis of wheat
resistance to the cereal aphid Sitobion avenae using electrical
penetration graphs and flow charts combined with correspondence
analysis. Entomologia Experimentalis et Applicata, 1995, 75(1): 9-18.
Givovich A, Niemeyer H M. Comparison of the effect of hydroxamic

acids from wheat on five species of cereal aphids. Entomologia



1994

doOE kW R %

41 %

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Experimentalis et Applicata, 1995, 74(2): 115-119.

AT, PRESE, (DU, B A SRR /N 224 RN I
AT g WU RE. IR F4R, 2001, 28: 325-330.

Liu Y, Chen J L, Ni H X, Hu C. Effects of wheat seedlings induced by
jasmonic acid on feeding behavior of wheat aphids. Acta Phytophy-lacica
Sinica. 2001, 28: 325-330. (in Chinese)

Leszczynski B, Tjallingii W F, Dixon A F G, Swiderski R. Effect of
methoxyphenols on grain aphid feeding behaviour. Entomologia
Experimentalis et Applicata, 1995, 76: 157-162. (in Chinese)
Urbanska A, Tjallingii W F, Dixon A F G, Leszczynski B. Phenol
oxidising enzymes in the grain aphid's saliva. Entomologia
Experimentalis et Applicata, 1998, 86(2): 197-203.

Tjallingii W F. Membrance potentials as an indication for plant cell
penetration by aphids stylets. Entomologia Experimentalis et
Applicata, 1985, 38: 187-193.

Prado E, Tjallingii W F. Aphid activities during sieve element
punctures. Entomologia Experimentalis et Applicata, 1994, 72:
157-165.

Spiller N J, Koenders L, Tjallingii W F. Xylem ingestion by aphids-a
strategy for maintaining water balance. Entomologia Experimentalis et
Applicata, 1990, 55: 101-104.

AL, B8 R, Heimbach U, Thieme T, 2R, WIfHIK, 5KT°4L.

[20]

[21]

[22]

[23]

PUE /N ZE b —LeRpBRIK R AL AL R B (BPG). DHIERMAHECK
224, 2003, 3186 TI)): 22-24, 42.
Hu X S, Zhao H'Y, Heimbach U, Thieme T, Li D H, Hu Z Q, Zhang
Y H. Particular electrical penetration graph (EPG) of wheat aphids
feeding behaviour. Journal of Northwest Sci-Tech University of
Agricultural and Forestry, 2003, 31(Suppl.): 22-24, 42. (in Chinese)
RET, FRE, KgAK, £Xaa, D). NN E s
PLHIBETL. bR 4R, 2000,15(1): 57-61.
Zhang Z Y, Li S J, Zhang Y D, Wang X Y, Li S G. Comparative study
on winter wheat resistance to aphids in different developmental stage.
Acta Agriculturae Boreali-Sinica, 2000, 15(1): 57-61. (in Chinese)
Powell G, Hardie J. Xylem ingestion by winged aphids. Entomologia
Experimentalis et Applicata, 2002, 104(1): 103-108.
Tjallingii W F, Gabrys B. Anomalous stylet punctures of phloem sieve
elements by aphids. Entomologia Experimentalis et Applicata, 1999,
91(1): 97-103.
Ramirez C C, Caballero P P, Niemeyer H M. Effect of previous
exposure to hydroxamic acids in probing behavior of aphid Sitobion
fragariae on wheat seedlings. Journal of Chemical Ecology, 1999, 25:
771-779.

(SefEgmis BAME, BERUR)



