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Electrical penetration graph ( EPG) of feeding behavior of Sitobion avenae
(Fab. ) on resistant and susceptible wheat plants grown under elevated

CO, concentration
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Abstract: Two wheat varieties, MY169 ( susceptible) and KOK1679 ( resistant) were planted in controlled chambers
under elevated CO, (0.7 mL/L) and ambient CO, concentrations (0.35 mL/L, as control) conditions for 30 d. Feeding
behaviors of wheat aphids, Sitobion avenae ( Fabricius), on seedling plants were observed and recorded with electrical
penetration graph (EPG). Increased number of potential drop waveform ( pd waveform) , prolonged total time of mechanical
stylet penetration ( total time of C waveform) , delayed initial time of 1st probing from phloem (time to 1st E2 waveform)
and extended sustaining time of passive ingestion were observed in S. avenae fed on wheat plants grown under elevated CO,
than that under ambient CO, condition. The change of feeding behavior of wheat aphids was probably resulted from the

change of host plants grown under elevated CO, concentration condition.
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20071, CO, BAEYIIEA VR RER AR B A9IR B E, B A3 I $h 3t HER b 54 A S RGP R IR
ZI R, AT B AT E

KRR CO, BT R BB LMW B 2 RS , AN AR S5 B 7E CO, IE W ¥R EE (0. 35 mL/L) FlfEHg (0.7
ml/L) 55T, X /NE CEEP AN KR P RE KR AR AT MEE R RMEKSE 10 FRAFHE
W IS S AT WS, RITE CO MBI AT R EF AE RFE R E RSN, B LR AR ARHAE
PR P R e I , e B AN R R . SRS R, X CO YR THRIAT,9 Fb C3 M4y P A T Fb
HEPIE R B R EESEAN, T C4 Y RS . Pritchard 25Xt 16 FiEHIM F RS CO, W X R4
BT BH :81% [yt B JERERS N, 19% ToA5 46! . Rogers 21! i1 Gaudillere F1 Mousseau'”' 1, % 3, CO, ¥k B F+ &5
TR SRR S ZH R B I . CO, VR BERG I S BUE Y H R G540 BB 3 , AT 7T RE XS AR R M B SR A
SR O A% B B B AT P AR R, (H X 5 T PR HROEAR D

Tl #5157 [l % ( electrical penetration graph, EPG) 2 McLean #l Kinsey % Bf, Tjallingii'® i#F— 2 ¥ H ok v
A 1090 WA ER RS L BEKNHE AR, EPG AT AR #bIC FRIK D4R R 04 EF E4
GURERIRAT AL, (R O EM RIS S bR — A B B L E S o ARYE R BB AL
PSRRI [R] R 2L 40 B BRI , 456 At SE B R , B AT AR R e 1 BHAE e e AL J2 R SRR AT S Bk
Rk, # BN SRR B R FAE AR ALY . AT, EPG R B R i £ Ao 3k B R Y
BCEAT J AT THFSE, W H W5 4F Brevicoryne brassicae'™ KiiF Aphis gossypii™ . K GHF A. glycine!™ |75 5 1F A.
fabae ™ JEHE Bemisia tabacit'™ JEZE FR B\ Trialeurodes vaporariorum'® 28 . XA ZR 28 EPG HARBFIE T
FRAF e Bt 5L DR B AR L% B 5551 57 J 2K 1 W) 40 590 56 IR LA A MR OB AT R o SRS RSB
FERRIFAS B AR AT N o BT T 2 KA 7E 3 AN/ M BB AT ™ . i Fix
FOR BB (7] 2 2 W 50m  X 101 8% B AU AT O, AT AT R 2F E M B 4P R B VA7 P Hu e R/ e i fr &
SR 45 B TR

FZKE W (Sitobion avenae Fab. ) I E/NE LT SR HE, B BEEIUCE MG E S, & Pl R 48 30 , 7
WEBEET F R AER . hTHER A, HRNE, G F™E, B IS 3R E RN A=,
R RIS R B, 2 KW 7E CO W ETHE T MBI n B E ME . EFH AW, BT EEMN
CO, W BE TN /INFE AR P B R A8k 5 2 KA A K R B AT R R TR . AR % A B i —
B NZ2 R EE R AN 2 KA I BB AT s AT 7047 o

/N (il KOK-1679 FI44 BF 169 2% WLEIRT: 5 Fh , Horp KOK-1679 # AR 3G & mbiss | i 7= fn Al i 3
AR I T B9 /N - AR ms WA il S B SR KA R 40 0% 169 [HH m sk i F 40
Wi/ R R A IATPRETLA BV R 15 > F/NGE 232 3 RO RO BB A 30 . AR SCLAIE % A Co,
WEMERRE T, B3R 2 N FCATFFENTER, B EPG £ RN Z KB W E M COME FAEKK 2 ~NEMR
i EREREAT AT THFS, RS CO, YR BE T iR % 22 KB WF B R AT S 2 i (1 7 BB ML , Rk CO, ¥R BE
T/NEGUE AR E E K AV BIG R BEEERKE
1 HREH=E
1.1 fA/hEEESR S CO R b

/N (AR B 169 F KOK-1679, iy i RV B =B 55 BeAE W) R P B X BT 4R ik . /N FD FFHHE 6em x 8
em x 10 em FJERHER D, YD JEFAR: I+ = 1:3:3 AN IEFRIE OO IREE SR N B IR . S SRR 4
ERE (B 20C , %1 18°C) JEMR(L:D =16 h:8 h) AHXFIREE ((60 £10)% ) . MIEEHERWFRER
K, HEWAEKE 30 BN HTALR,

iz IR E BRI B 1], TR CO, MK BE (0. 35 mL/L) FlfinAE CO, ¥ BE (0.7 mL/L)2 4~ CO, ¥R BEAL T, 2 Fif
INZE Gy BIFPEE B3 2 DMAFEIVREE CO, ML HREEFR48. LA Ventostat810 &I CO, ¥k BE Wl #5{X ( Telaire Company,
USA) e Fndzs il CO, ¥R BE , @ AR HE 45156 CO,<f4, HPG280H I A T34 (M /RIERBKE FAH )
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=S 8], B — 2B 2 3h 5% (closed-dynamic CO, chamber, CDCC) , %X, 2 REAR I s 4 iR I R 1
CO, W B IR B I8 B D3R8 4514, 7T F T RTS8 CO, W B A (b3 M - B R R s ™ o B CO, ¥k
EARFS, IR R M —2,
1.2 ff A s

ZREY b BERVAZBAEY R B BTt . AR SFREIREE (B X 20°C, & 18°C) DB (L:D
=16 h:8 h) AHXFREE((60 £10) % ) HOEIREEFRAN . R 3 LG , BOR/NFT H % 54s— B0 o AL
R TSR,
1.3 EPG Wy¥e#e igxk 501

LEIRRAEY 25 CHZFIR T #H17. KA DC-EPG Giga-4 HURHL A7 I AR (fiF 22 FL/RMR R 2=l 3 ) , 1 4%
RN — B TR ZZ W R 5 /N2 1 70 0 AR ) i B SOR e 1 B B AR A A i . B R AR R —
B2 ~3 om, B2 15 wm By 22 , R ¥ FHZK PP S rRAR IORS 72 357 B Ri B 5 Al b A e RS FEAE I AR K i
b, EREVER KRB A THT, 8 R0 R/ DEN EEEE 3 AT 5w, 1 kS 1 RAEY)
HAT 1 MEFR. BMECRREE TERSE SRR S ARG IESMNEEE ZmIC R, ZRERIUR 1h )5,
R B9 B FFLG EPG 185, E LT % 8h, g Rf HUC R E &R 20 IR, WF R R v, i HuAs B iy i BEL DA &
F & BT fErE Y H A S AR B B LR s R AR AR A . LAR [B] g Al , T 2 W 67 vii SR A Al i i s 1 38 2L L At 2
EPG W)k HIZE %, EPG iE®{55 @11 A/D £ (DI-720 %I, Dataq Instruments, Inc) Fl WinDaq Lite Acquisition
{4 ( Dataq Instruments, Inc) g 5% 2 6 i 6 2% & . EPG I %4> #7158 Tjallingii™™’ ) 77 1, {8 F§ WinDagq
Waveform Browser #({4( Dataq Instruments, Inc) #17. MRIBHBFENTHE LT, HEE—RIESEMEE
RS TR R T Z R T A (B 1).

EPG signal
& Ih
7 Probe Probe |} Probe
C / ..
! e B PR
ii&‘ . | i
i i % z o ¥ i
NI
- : fs J % -
} : E2
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1 EPG SRS S & (1h) )
Fig.1 EPG signal recording (1 h)
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EZ
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P A B AE Excel 1 SPSS13. 0 #F i ifAT . ASRABHH 2 T, BIRS CO,MRBERI/NZE SRR RN 3

ZREFHRRAT R, B IR XA 577 22937 (Two-way ANOVAs) o 2 PR/ TE 2 AR CO, W %%
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T B2 U BGE ] LSD S BT, A AL HE] i B & P27 B P <0.05 KF
2 H#RESH
2.1 FZRKEBIHR 2 F/NZRTE 4 PR H BRI

i DC-EPG REEICRENFE KEWFEIEH CO MBI COMBE T ARM/PER I EF , FER 1
H#) C.pd E1 E2 45 4 FBEACRAY

T I R F R 2 Fl/NZE i 4 Fhi B BB LA (3R 1) R, S X FEAR EL, BF AR finfy CO, %
BETAERE 2 N A/NE B C 3 E2 PRREOIEA BE 2R (B ENTH B SRR pd B15E9H B
EFWM(P <0.05), [FAWTTE COMAFRMT , ZREGI ARG R H BN EL 500 8 TR A
X B AR T, 224 A8 M B e o o RURRAP: A of H B 4 RIS BRI R B2 5

F1 EREYRRI 2 HUNERE 4 IR HIRBIE LR
Table 1 The frequency of C,E1.E2 and pd waveforms of Sitobion avenae fed on susceptible and resistance wheat plants grown under elevated

and ambient CO, concentrations

JnfE% CO, ¥ JE Elevated CO, 1E# CO, ¥ Ambient CO,
&% 169 MY169 KOK-1679 %% 169 MY169 KOK-1679
C A% Count of C 11.32 +5.56* 9.88 +5.16* 8.76 +£5.65* 9.52 +6.64*
E1 /4 Count of E1 3.42 +4.13* 1.50 +0.73° 3.56 £2.57* 2.65 £2.42%
E2 %4 Count of E2 2.58 £2.43* 1.13 +£0.34* 2.87 £2.41* 2.61 +£2.14*
pd M5 Count of pd 75.79 £31.79* 66.1 +38.25% 52.8 +34.94% 37.52 £22.63¢

PR 20 IKEE NHME + FrER; FATEIEEAE/NE FRFEREFEFEH(P<0.05) The data in the table are Mean + SE (replicated

20 times). Different small letters in the same row show significant difference between treatments (P <0.05)

2.2 ZREWHR 2 M/NER 4 FhEELEE K DL ]

KRB BFHCRANFE AN R CO BT AR 2 Fh/NE 4 PR R BUR R 0T AR 3R 2 fis . %
BPRCR AR E R B C 37, pd PR RIBEA BEER . (HRGERRINE CO,WE T &K KLk F
HE B EL 32 E2 R R B 2R )E

CO YR BEAH B ZCAF T , B i A e K B E1 A (] B33 R T Ui s f o (HAEIE W WBER) CO, %1%
T, HARAE KB EL SRR RIS BEE R . g CO ML, pith i M iE U B E1 5 i i [A] 2 25
BT R (R A A E U B E1 BRI R G B 38 2250 0 COMMAR AR T, Btk i Al U BE E2 5 i
[E] S8 3 R X R, (ER SRRk o U B E2 B R R G B 22 5%

®2 EREFIR2 M/ 4 A ER H IR E L

Table 2 The first time(s) of C,E1,E2 and pd waveforms of Sifobion avenae fed on susceptible and resistance wheat plants grown under

elevated and ambient CO, concentrations

g CO, ¥eJF Elevated CO, 1E# CO, ¥ Ambient CO,
%% 169 MY169 KOK-1679 %% 169 MY169 KOK-1679
C W3 UK H BRET [A] The first time of C 1175.10 +38.79* 1698.93 +56. 17* 2281.96 +56. 28" 1390.01 +52.81*
E1 35 WK BB ] The first time of E1 8217.03 £25.35" 12414.59 +78.67* 8359. 81 +71.52P 5918.81 +61.59"
E2 3 5 Yk H BB ] The first time of E2 10717.43 £82.85%  15144.32 +82.79* 9287.47 +81.57" 8457.98 £73.76"
pd B Yk BB [H] The first time of pd 3224.74 +64.71* 2357.47 +55.51* 3893.15 +62.01* 2909.04 +57.32*

FPREE R 20 RELEWIHME + SRS FTEIREAR/NEFHRRZERBE (P<0.05) The data in the table are Mean + SE ( replicated

20 times). Different small letters show significant difference between treatments (P <0.05)
2.3 EREWEE 2 M/NERE 3 R RS ]
XS 2 Ff COMKEE T A K 2 FfvNE EECE BT 3 T BUHpLE SR ) 2047 (3R 3) 3RHA, 7EAH

[A] COWEBET , ZBFTEPIA i /N B EBCRE R, C BRI EL S ie 8t B R B BEEZ R S IEW K
CO, MR BETAHEL , ZIFTE NG COMBEAE RPN F/NE BRSSP C B EL BERrLE B [H8A
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BEEESR ARSI E2 First b A B & K FIEHWKE CO,.

F3 EREWRE2 MUMNERE 3 FUREBEARE(s) L&
Table 3 The sustained time(s) of C, E1 and E2 waveforms of Sifobion avenae fed on susceptible and resistance wheat plants grown under

elevated and ambient CO, concentrations

S JnfE CO, ¥ Elevated CO, 1E# CO, ¥ Ambient CO,

%% 169 (MY169) KOK-1679 %% 169(MY169) KOK-1679
C B S} A] The sustained time of C 5162.15 +74.19* 4005.73 £65.58* 2313.55 +£50.22¢% 5140.00 +67.16*
E1 1 S} [E] The sustained time of E1 3413.74 +67.88* 2709.04 +70.97* 1706.47 +48.16* 1607.24 +59.04*
E2 {1 S} [E] The sustained time of E2 6797.23 +60.76* 6497.40 +66.25* 5456.39 +62. 66*° 4191.23 +61.14°

FrPBEE R 20 RER B « F3ER; FAATEHREAR/NE ZHEREFBE(P<0.05) The data in the table are Mean + SE ( replicated

20 times). Different small letters show significant difference between treatments (P <0.05)

2.4 CO,¥RBEFN AR IS AR X KA ST R B M 256 1E
CO, & BZ A i il A L[l 2 A R BRI Z B ANOVA 347 (32 4) B, 2 Fi/INZ Bl Flxd 22 KA R
BRIER EL BN TR E 255 CO W B E K E SRR pd A% EL 308 W BRI
(6] \E2 3515 UKt BRAC AR (1A E2 35 A [E] ; CO, ¥R BERN S R B9 B /R A A X 2 KA BT ICRE R EL 308 Wi
B[] L C 3 B[R] B 2 e, T HESHOILREE R
®4 CO,REMBHMXEMATEREFNR/MEHIKE ANOVA 517

Table 4 ANOVA analyses of the effects of CO, level, wheat variety and their interaction between CO, level and wheat variety on C,E1,E2 and

pd waveforms of Sitobion avenae fed on susceptible and resistance wheat plant

P
A lem FhFh Variety CO, FP x CO, Interaction
C /1% Count of C 0.795 0.267 0. 400
E1 %% Count of E1 0.024 0.297 0.413
E2 341 Count of E2 0.066 0.076 0.196
pd M4 Count of pd 0.084 0.001 0. 687
C P W PR A] The first time of C 0.766 0.518 0.253
E1 3 B Y H Bias)[A] The first time of El 0.493 0.015 0.011
E2 I B Y BURs) E] The first time of E2 0.249 0.011 0.094
pd U H BUETA] The first time of pd 0.261 0.458 0.943
C 3 BB} [8] The sustained time of C 0.380 0.368 0.038
E1 J B} [A] The sustained time of El 0.640 0.105 0.725
E2 3 BB} [8] The sustained time of E2 0.373 0.040 0.582
3 g

AR SCHE UL RIFR AL B 3 (EPG) $2 AR 2 (K WF Sitobion avenae £ 2 4~ CO, ¥ BE (IE# Ffif% CO, %
BE) A T A 2 AN/NZE bRl (85 %% 169 A1 KOK-1679) ¥ A BURAT N #EAT T LRI IT . S5 2R R, 297
TEPIA /N B RS R, B2 3, pd 3508 U BRI 18] 6 S8 3% 22 5%, (R B WK B EL 3 i a1 B
FxER IFH CEMBFFEREBE R TX . 8 RIEMME COWE T HEFRM 2 M Fh/NE MR 72
1, C ¥ ED 3 B2 S BUEIRBOC B34 225+, (B0 pd I H BUA IR BN B35 32 TR (P <0.05) . C A
pd BCE UK H B[R] G 2 25 22 57, (H E1 SR E2 308 U H BRI a) B 22 B TR . C A E1 Jdpge Bt [a]
ol 25, T E2 PR RIS R E K TXR . ZREGEMM COMWE AR 2 Rtk ZE L i
R EERRRAT RN, SRR A (pd B0 BB M2 T IERWRBE COAbBE ; 2 W5 e /N2
Fr ERIERE S 1] (C S B a)) B2 KT IEH W CO AL, a3 B B YU ik 1] (E2 358 Ik H BE
1)) 2 R T IE W VR B COL AR , 22 KA HAE W1 /N ZE 3] B R SR BB et 8] (2 e p S it [e] ) (2 3%
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29 &

KRFIEH COMHE.

EARERY : CORET R S E LSRR B J IR BEN N, C3 A 7 B BE S 4 L 528, A4 v A
S RN SR A AR R AE ™ o Ak R R IR CO MR BETHR AR UE T 47 3h i - 40 43 0% 1
JRUE R 7= Comnelissen 5T/ th K, CO, ¥k BE T+ MEAIR T At A (9 R3S 3t Birdk™™! o Pritchard
LRIFIEE CO LM T ALK A E RS B35 5 0, 40 ol R A 40 a4y St 2 2 HO i ™ . CO, %
BETHRARAE T M R B e SRR O, BP AR NP RS R B AR A S R R R B AN S Y
B B bR B A R R VR NS K N R v AR RS R TN
ARG, AT RE T EE R E IR COMBERM T AERK/NEZLRED , HHEZ R (pd B150)
BEWZ, BRBE R OB 5 TN T AR KERMM I 0 ¥k 2 C PaEsS R R HUK D BT 2RI 240
PR i B , R AR SRR AL R AP N —F R . EAPITERY, I E MR R GRS AL
AR TR AR RIEARE ' o iF AR 7= A o 3409 2 1 1 AR PP AR W BB A W AT O , B T AT g A 4 40
WP SRBUL B A5 B, 3 R e R R A B ERE X . ARIBATIR SR, EREAL R T
BrBe, ZEFEA SR O RIAIE COMBERMF T ARK/NEM N, % 8255 i PR B i 5 A, AT AT
i, A R R AR AT BETESR R CO 3R MR N E .

CO, ¥k BB IR A F IR A M A MR A A= ) R C3 44 (/b KRS KB M%) o
BIER S IR o CORMPVATIEA R KA R, KR CO, MR BETHRI AT 327 3 FAEM M6 A 1E
F A SRR AL S DI, & BRI, H B T ALUE M ST BN ™ . Bezemer il Jones £54 4}
Hr AR BB T K R, CO, H BESE finfeti 33 A ity o 19 29 P & REFRIR, 133 TR0 Bk 15% 520 Fifit
A A 17 R RBROK A A B, P e B3 47% o A B BOK LA B s A A S
BHMRERSFBE M C/N W, BREEYAL P RNEA SRR BRKER . CORETRE
SR YRR A B & B (I T B IESE) o J0AE 15 YA 13 R B 2R 5
ERBIN, PR B 31% Y o Dury ZEBFFTHE th CO, W BE B AR EE T+ AT LASR RS ARAR B 1 I B T
B YR PR 2 R A AR R X U5 L A B ST A FE P 4 Ponder SR 4RGE ARAS 458 I 1) 1 41 AE fk
AR LS AR, BTG e TR S o i o AR AP B R 20, € SO EEPOR, R 1
A A 2 T R R e S B, R4 ] 4 28 T DA S R 2 R R AR AE I FF E EHOR
EAEKAFEEBEREGK. N EPC RERAUEE, EREVERKE COAMTAERKK/NE EHE
FEBR LU IE # /A2 B 3 22 B 1) A4 BE R BE & RITR AR AL PRIBLR A E A CO MBS T AR R R 14
WEFRDRMK AR RN, S EE KB G EATE SRR E7E/NE M ERIR, RITE C PR
SR ER , H BB B R ECR B )7 )

Abisgold &5 {38 , BF B0 T35 FAEYEFRMERIFEIRR A HMEFT 9 o AbF AT LU 287 25 F 49 b
FYBREER AL, BB SR S E TR RIS TRA CO, TR BTt U 5 BB TR AR IFAR o AR R
B R E COL PR T AE RO AER) B & A B I R R BR ;s TR R VR E CO, 284 T A2 1K R AR B AR B 1
PP AR S B IE W E CO M T ARKMMIER ST 2R, R RA T 82 MR IE#) Bl ok
W B M E R FR BRI RIS T4 FWREE CO M T A K /N ) B3R B A L I o,
T 3 Z0AF H 1) B AR SR R AR B [ (B2 3 B ] ) 3 A o

AT LABE, i CO, ¥R B2 W] RESE T SN A 21 AR 454 L 1k A B SR SR AR A AR B AR 22 A, TR 22 1
BRI BCRAT AT [ HER N, R B K S R B CO, 3R 5EF HUR I (] R, 53X 4 ZOR R CO, 3R
BT RZ R R KRR , a8 R N E
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