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The relationship between physiological indexes of apple cultivars and resistance to
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Abstract; To reveal the relationship between physiological indices in apples and resistance to woolly apple aphid ( Eriosoma
lanigerum Hausmann) , and provide basis for breeding resistant cultivars. Apple cultivars with different resistibility were
selected through field survey, the physiological indexes and the changes of them damaged by E. lanigerum in the apple
cultivars were studied. Result; In the uninjured branches, the contents of soluble sugar (r=0.99) and protein (r=0.86)
are positive correlated with the hazard ratios of woolly apple aphid; amino acid contents are negative corrected with the
hazard ratios(r=-0.96) ; total phenolic compound and enzyme activities have no significant relationship with the resistance
to E. lanigerum. After been infested the sugar contents in Fuji and Golden Delicious increased by 1.4% and 7. 0% ;

protein contents, amino acid contents and total phenolic compound contents decreased in all cultivars, the rates of change in
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total phenolic compound have obvious relationship with the hazard ratios(r=0.94) and the phenolic compound decreased
by 23.5% in Red Fuji; the SOD ( Superoxide Dismutase) , CAT ( Catalase) activities were increased in all the injured
cultivars, the rates of increase in CAT are positive correlated with the hazard ratios(r=-0.92) , and increased by 91.2%
in Zhaojin108; PPO ( Polyphenol Oxidase) and POD ( Peroxidase) activities have no regularly changes; in Golden
Delicious all the four enzymes were increased. It is suggested that the resistant cultivar has high amino acid contents and
low soluble sugar, protein contents. In the injured branches of resistant cultivar the amino acid were decreased obviously
and the phenolic compound, soluble sugar were decreased slightly. Enzyme activities have no significant relationship with

the resistance to E. lanigerum.
Key Words: Woolly apple aphid; apple cultivars; physiological indexes; resistance

SERUANF Eriosoma lanigerum Hausmann J& T E Hemiptera JER 2 M ) Pemphigida, B FhE A 5
1787 AFHSE TR I, 1801 4FA% ARKYH , BUAE 24 BBt FA SR IX 2 FRIE T 1914 442 A AR B
J& XA BB G R TR PR SRR RE A R R, 7R T AR e B4R
F 598 RSB AL, B 2 AR, 2 AR R B A AR S, T AR R R e A
R AT L3 B R 15 R R A ZE Y BEE UM SRR RS MARAS e B fa S E MY
J% PR Raritan ( 78 XJ 39 52 4 8 51 M B 5% ; Royal Gala (52K 47 ) | Court Pendu Plat J& T 808 5 Fli ; Aotea
Winter Majetin . Twenty Ounce ,Malus 6 IrishPeach . Colonel Vaughan HA#4iE" . Frpfh%E @t A T4ERD
SR MO T O R AT A B )R B R PO TR IR I B 108 AYBLYE, A B 108 Pk
e, FR R A, & R R Sy SR AR T I AR B A B AR R P SRR R A B R 1 R D S
XSRS R B a PR B, B R S AR H AT TAEDT S R B, B A AR A ] 5P 2R
A AR BRSSP WF RO DU AE—E G AR, FLvh ] v MM &5 o 5 S0 R A I A9 R R 1 2 AE AR G T HLE 5%
Yy o/ B ) LA ) REAT A TSP R AR A0 £ 3 (ELI0F B AL IR T TG M S S SR T O E R DL e S W i & i
SRS 3 (A DG A B B 10 T ELAS [ A= 4 2 S SRR A 45 0 0 B X S SR A I B M A 25 I 1
TP, I A SCTE R Rt — 2P e 13 R R 2% DL R A8 30 0 /5 A BRAR AR 1 28 10 22 5, LA
AR S SR AR PR bR -5 RSP SR AR PO Y OC 2%, B 5 PP G PR CE AN [) AR 22719 Y A2 BRARAE, W I B 1 &
PO RARE it Fh 2 BE RS
1 #R57EZ%

1.1 [H{a[#

2011 4F | 4k 2 e A4 E T B R R £08 - a0d IR 108 AR DR TR A X G, TSR A AR K
XS SRARBE R A AR PEAT VA, S BITELL S 1 B0 R 108 S R AY 16 45 A 4 BRI S 2R Bl v
AR B BEAL I A 12 B, 0 SRRk, AT 3 K, MU LT AR

JERIFR (% ) = (SR HREL A5 SR B x100%
1.2 bkt

AVA A SR BV S b asCoR Bl B Al B 10 B3, BT IBOR (A h R B S R 4 8 8 A 1 AR AR RS, B
BRI 10 DITE . 5300, BB RERY 1 A AERCRAE Xt IR ki P OREE AL A T oKk &b, 4 il
2 9 RS SE 2R AR IR UK AR P =70 °C IR AT
1.3 Wik

AR A 000 SR RO L (% | BB IR % ik  SOD | CAT ¥ I s SR AR B 14 5 3 AT ek &l 5 S iy
T2 2R FHAR AR 2 i A5 B0 8N 5 PPO  POD {7 0 R FH AR A 22 1 vkt s A e s, DA A e 4% A
4K,

http ; //www. ecologica. cn



17 ] EVGAE A5 AR A PR bR S DU R A B A OC R 5179

1.4 Hdsabr

AR IR SPSS statistics 17. 0 0t A8 AR {4 | v it e ) 25 53 5% FHXB 5 387 52 A0 22 Al B R 22 0 22 53
BT 5 [R] St 1E B 5 0 A 2% 2 S SR FHBE XA AR T ARG 5 5 A D SR P OUAE f A S 437
2 H#R
2.1 3 IR ol ) SRR O A LR

Eﬂrﬂiﬁ]gﬁfﬂ,3 éﬁlﬁﬂg@ﬂgmmﬁ:élﬁ il 3@%%&%*%@%!&
+61.7% .45 53.3% W HH 108 43.3% , ZyJEAESE Table1 The damage of the Eriosoma lanigerum Hausmann on the
WRIRCRET B >4 71> 108 5 %0kkgh i —3°) three cultivars

2.2 Kﬁﬁ%&ﬁﬂyﬁ;ﬁ%ﬂgé\% fAP Cultivar R %R Damage ratio/ %
SUE b G IO IE R B E A g L Red i 61.743.65 b

o I‘ﬁg)ﬁﬁ/‘\gi’;}ﬁ%ﬁ E77$,% %é *""ﬁk 456 Golden Delicious 53.3+4.25 ab

PRI o L W B TR 108 (3R 2) . IRHBOR #4108 Zhaojin 108 43.3%3.11 a

PR RS FURIERAF AT OGYE (71=0.99, P=0.09) R BR T T b MR 22 ;IR SO s B A LN 7 B

PAE 5 4 R SRR — W 108 TR REREE (Duncan’s AWM R, P<0.05)
1.7% LU+ A O TS b 458
TR R, A5 7.0% .

R2 WERBUREFFEARMTALESELTN

Table 2 The contents of soluble sugars in different kinds of apple cultivars damaged by Eriosoma lanigerum Hausmann

e AP A i Soluble sugar content/% TR A %
Cultivar Uninjured Injured Increase or decrease rate
215+ Red Fuji 1.39+0.04 A b 1.41+0.06 A b 1.4

45 Golden Delicious 1.28+0.08A ab 1.37+0.03A b 7.0

HA%E 108 Zhaojin108 1.20+0.03A a 1.18+0.02A a -1.7

[T R R B R RS FRERR 28 5 B3 (FEXTREAS T K, P<0.05)

2.3 OR[FESER SRR R AR i

HEFHRARY 408 LIEWES T RO S &P E R T W 108, i 2 55 m & & BN T 4
SRR 108, AHOCHE A BT & B, 25 10T 7 f 5 IR R L IEAHOG (r=0.86, P=0.34) ; IiF B & 5L R % it 5 /%
WFRAEAEARDE (r=-0.96, P=0.18), BAEE 5,3 FhpE AR 5% 8L oA 28 2 B e & e B R R, AR
JE R B RAK A 415+ (34. 8% ) >HRHH 108(6.9% ) >4 56 (3. 4% ) , 215 + T Mt W i ; P B S 2L MR R &%
WK N I HR 108 (30.4% ) >& 5 (12.9% ) >LE 1 (10.5% ) (F£3) 073455 108 TR s, 45REM, 8
P55 J5 AN 5 SRR it e 5 S R 1 et N R L B B R R I B A R

®3 HERBHREEFAEAMEOR.SERSETN

Table 3 The contents of protein and amino acid in different kinds of apple cultivars damaged by Eriosoma lanigerum Hausmann

FEEF SR/ (mg/g i H) FFER A/ (mg/g fiEH)
L] Protein content Amino acid content
Cultivar % e T e
Uninjured Injured Uninjured Injured
215+ Red Fuji 69.73+2.22 B b 45.46+2.42 A a 0.19+0.01 A a 0.17+0.01 A a
45t Golden Delicious 55.78+0.86 A a 53.87+1.31 A b 0.31+0.01 A b 0.27+0.02 A b
RH3 108 Zhaojin 108 55.14+1.37A a 51.33+£1.43A b 0.79+0.04 B ¢ 0.55+0.03 A ¢

2.4 R[ESER SR RE A S B
2R A KR ) R IE R 2k P A B i S LRI R TE I AR e, W SR A I S R A AR R
By S B R, RN A0E T (23.5% ) >4 (22.0% ) >WE 108 (12.7% ), F 1% 5 g R 5 1F
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HRNE(r=0.94,P=0.22) , &5RKN], PG H 54 A A UE B & R TR (A2 B A R I (£ 4)

R4 WERBUREEFRSHHEHEETL

Table 4 The contents of total phenolic compound in different kinds of apple cultivars damaged by Eriosoma lanigerum Hausmann

S b S i Total phenolic compound content/ ( mg/g i 7 ) b TF R AR %
Cultivar IE% Uninjured 55 Injured Increase or decrease rate
215+ Red Fuji 5.02+0.12 B a 3.84+0.09 A a -23.51

458 Golden Delicious 6.49+0.15 B ¢ 5.06+0.06 A b -22.03

W47 108 Zhaojin 108 5.60+0.17 B b 4.89+0.05 A b -12.68

2.5 ANIRISEIR il 75 0 2 4 A
EAPR A K, IR H R SOD R PERR, IR TLLR L MR 108 8% /5, SOoD i M BT (1),
ETRRARUC 25 (14.7% ) SLUE 1:(12.1% ) >HiH 108 (10.4% ) . fEFHIE A5 B 108 SOD

IR Z R

O EY¥ B gE
250 - 500 -
450 |-
C) )
S 200 5 400
%’ j‘%’ 350
150 300
8 8 250 A A2
8 g
% 100 & 200
3H 3
e e 150
) a
S 50 o 100
wn Ay
50
0 0
EL Al 108 4108
s 09
Ba
2 201 <
\U) 8
k) Ab £
= >
2 15| Bb 3
Q <
: Bce 2
< a
; 10 - Aa ﬁ
Ab
) Aa Hé; Aa
g &
S Sr
LEL &I IR 108 AR5 &I 4108

B1 ¥REFEIFWMEARERBMEEA SOD,POD CAT PPO &
Fig.1 Differences of SOD, POD, CAT, PPO activities in the branches of different apple cultivars
(A) SOD {&#E; (B) POD {&{k; (C) CAT{fth; (D) PPO itk EIHF AR A Bl IE] /NG FHE KR 225 B3 (Duncan’s &2 225 P<
0.05) ; MIFE MRS PR R 2ER B (BOWHEA TH%, P<0.05)

WA4E 108 IEF A5 POD Wtk (B 1), & T4, #FE 5 POD & MEH A —, & 7t
4.2% 218 1 AR 108 BTR R Hrh SR 108 R REARIA 37.2%

o BRILLE & CAT WM, 5 3 DA Bl W B (K1), BTSRRIl . S 108
(91.2% ) >&5 (53.8% )>4LH + (45.9% ) HHBWPRE BERMIE (r=-0.95, P=0.20) , A5 &Y

http ; //www. ecologica. cn



17 ] EVGAE A5 AR A PR bR S DU R A B A OC R 5181

4R 108 LIl 3 .

IER LR LA, PPO WM (B 1) W & T4 4 108, #F )5, &5 PPO {514 [ 220. 8% ,
e . ML+ R 108 23 5IFEA 13.0% .16.0%
3 ii5%R

TP RE N B R AL IRy, R R IR 2 FH T SRy S LR E i e E ™ B R
JRR = 1 LB TR T AN STA O A 2 R R R ) (R R
3.1 HSYIPT R

Bryant 258155 2 B0, A AT DL IS 3o FAAIR 7 540 & i R4l 2 th 19 /5 E 7). Haukioja BIF2Y 261, KW B
AN AR IR A T, I AT DA Ao AR O S LA T DRI AR AR N A AR R R TR
A R AR, ASCHIFT B, SR I AR A R T i M R S R R B IEAE (r=0.98) B E
JELUE Al TR S N, S 108 TR B ERTG M B L E >4 > IR 108, 45K,
SERB A T R S SR A LA S VR S AR A AR KA R B, MR E S T R B 2
SHAE A2 E T E ) B,
3.2 SSLMRFNER (R S BT R

AP R AR A PP R SRR, 1 o SR LA A2 1 B R T R AW nT LG 2o R SR 1 R
o E B fEE T XMRIN AR N X 2 KA W Sitobion avenae R4S 4545 W% Rhopalosiphum padi HIHTYE
g s ECR AT S SR A L]0 L Ciepiela % BIAC/INZZ I o (2 1k 5 0t B AR L R R A0 7 G 3L 1
BLEASE S B SR ST L B, W 1 G S A5 A BRI R (S IR R R N R, DL RS
W R E A SA R N TR BRI S R — B R AR R, B T A A
i 14 55 SR R AEAEAR DCE A E R B4 0 0. 83 F1-0.97 ., W16 F 54 SRR S5 N /R i B LR 14 T I
H e & B AT, K 34. 8%  WFST R UIHLY) 2 3 I 1R N 2R (A BTG PE T ks S B0 R A
RS MR —FUE RN, SR S SRR P SR AR A K T A T AR 1 7 2, 1IN S R
B TR, 2T UE W, R R P T S R R A A I — R PR LY L S E RS 108
AP TR P B 1) R IR T R o S SR A AR L TR 1
3.3 W2 SHYGPT R

LR A AR 5 S AR A0 75 A 2R 46 v i) 2 2040, B AT T DA Sk sl i ] 2 VR FH AR AR 3 U fE 0
W s AR SR R R B A B A A T R R S MR A B, AR A2 A SR (R i AR
JEE S Aot A 5 S SR, AR SR A T T AR KSR ST A I 2 TR A R o R A Pk ) T
F8 PR B2 R A B A — R, AR A SRR, IE R R A P B i i e
BOCER HPE G AR R IR R AEEA CVE (r=0.96) o SHIRINLTE T Ml BE R (23.5%) , X 7]
e SR ZERYHNEZ —, ZFEG BB 8 NRABIG, v] GE 5530 540 0 1435 B AL e e E R EG
5, BA G A B s 4 1 AR AL B R 6 20 7 I 25 R 177 S B0 & 2 R, Rossiter 2R 1E, b
J4IAE (Quercu ubra) MR 52 FHEART i B il A0 A W0 0 B B REAG 5 101 24 8 A B A I, I Ak B 1
R,
3.4 Pt PERGE S RGP

TEHEETEBR RS 3 A E 2 (SOD POD CAT) AT ZLHN I 45 A H EEXT LA 43, PPO 7EAEY)
A E P AR EEAEM DY . Constabel % BUET A= 3850 32 405 % J5 ' A9 PPO TG PETH ) B 28 S5 e
W AR S B IS5 SOD \POD Il CAT BTG ME L BN shAAR46 ) DRI, A4 A3k J LRH B AR i i 408 37 Bk
A EYIL M H AR SR TE M DB SR Z B E . ASLI R, IEE R T 4 B S S A EFR AN
FEAER RAH G, (3255 J5,SOD | CAT #E#:Y BT, Horp CAT AR fb 2R 5 B S A7 R A OCHE (r=0.98) , B
108 CAT itk F T3k 91. 2% , W] CAT 7EMHR 108 AP FEFAE ] ; POD  PPO T M4 AR — ; 45 4 Ff
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Wi R BT R 2 R HABR e A @ RE S . A LS AT AT R 22 53, 3 T RES WFFE X RO TR A
5, i ELARY) 32 5 i R A2 A 15 8 35 I B 5%, DRIt i J6 DA A 75 P 1] -5 il A A 7 T JR Pt — 2B
SRR A B SR B 5 BRSSP A W VPR Y R R Hh BT A i L B R R R]
VEPERE R U W R R R R, S T T R T R S R T R A B
AV Pl X S R AR S AN WA A (HL A2 5 B o G L, TR A R B i T R IR R A F O
KU VER RS e R A W e A B . B2 AR RSB [ | 5] — b A ) 7E A 5] 639 674
B AL AR, A RCE R N T 2R 2 AR ILA O U R S . i T RE S RO RIS A
A8 ELR 9 A 25 4 A O T ELTE BUE AR TR B B £ SR I P R 8] DR, AR ) 32 56 )i A AR AR
A A AR ], i 0 A5 AE 3 A 3 07 X LA 38 3 TR R U A ) Tt i) BRI D7 T A T SR A B
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