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Effects of Eriosoma lanigerum ( Hausmann) on physiological indices of different

apple cultivars
WANG Xicun', YU Yi’, ZHOU Hongxu" ", CHENG Zaiquan’, ZHANG Ansheng’, MEN Xingyuan®, LI Lili’
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Abstract: The woolly apple aphid, Eriosoma lanigerum Hausmann, is native to eastern North America. It threatens the
survival of apple trees by infesting shoots and roots, ultimately resulting in decreased apple production. The woolly apple
aphid has spread to most apple-growing regions of the world and is now an important pest in apple production areas. The
following control methods have been tested: chemical control, biological control, agrotechnical control and host plant
resistance. However, chemical control causes resistance, residue and resurgence (the “3R” problem) , biological control is
constrained by climate, and agrotechnical control wastes time and resources. Consequently, host plant resistance seems
optimal because it is safe, effective and economically viable. Some studies have shown that physiological indices can

indicate the insect resistance of a plant. To reveal the relationship between physiological indices in apples and resistance to
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woolly apple aphid, we studied changes in soluble sugar, protein, free amino acids, total phenolic compounds and defense
enzymatic activities in five apple cultivars damaged by E. lanigerum. The five apple cultivars studied were Red Fuji,
Golden Delicious, Zhaojin 108, Qinguan and Red General. Red Fuji is the most sensitive cultivar and Qinguan the most
resistant. Golden Delicious, Zhaojin 108 and Red General demonstrate average resistance. To examine physiological
indices, one-year-old injured branches from the lower parts of the trees were clipped and frozen with Drikold. Undamaged
branches were treated using the same method as for the control group. Results showed that the soluble sugar contents
increased in damaged branches, except in those of Red General trees. Soluble sugar contents in Red Fuji increased by
13. 7% . Protein contents in the four cultivars besides Red Fuji decreased. Amino acid contents increased in all five
cultivars, increasing by 68. 8% in Red General. Total phenolic compound is an important defensive substance against
aphids. The total phenolic compound was increased in Red Fuji, Zhaojin 108 and Qinguan after damage by woolly apple
aphid, and the rate of change of total phenolic compound in Zhaojin 108 and Qinguan was about twice that of Red Fuji. The
Superoxide Dismutase (SOD), Peroxidase (POD), Polyphenol Oxidase (PPO) and Catalase ( CAT) activities in Red
Fuji were markedly lower than that in Zhaojin 108. The SOD activity was increased in all five cultivars. Activities of PPO
and POD were increased in all cultivars except Red General. The activity of CAT in Golden Delicious and Fuji increased by
110.8% and 45.5% , respectively. Plant resistance to pests is closely linked with the defensive enzymes exhibited by the
plant. It is suggested that the contents of soluble sugar, amino acids and the activities of SOD, POD, PPO and CAT affect
host selection by woolly apple aphids. Changes in physiological indices in different apple cultivars are associated with

resistance to woolly apple aphid.

Key Words: woolly apple aphid; apple cultivars; spring shoots; physiological indices; insect resistance

SERLWT Eriosoma lanigerum Hausmann J& [F3# H 4 8FRL, )44 M 0F B 05 4p0F & E NS 2 %
Az — ) SRR IR T O EAR AL, 5 — A R R G M, R A R OB A, 5 B K Y 32 15
AT AR X, SR AR RE R R i b3R5 BB TE b F &R 3, M 3oy L AE ML e sk BT AR
C1 A A S 5 5, b 5 BT AR, e A5 A 34 T 55 L S5 il M A B8 2 9 SR 4 e o T £
WG TEREF AL 2 TV IR Mg 38 5 A JoT ¥ ) e AR AR S A A2 B IR, 5% WA 2% 1) K 43 RE SR A%
B M R A LS SR T 4. 1% —38. 8% 1) X R OSSR Pl B R, B R LR AR R A
TR PR AL AR I ) — U R it , AR RGE TSR AR A AE IPM (Integrate Pest Management ) L[ i & 2
SR HAEAF SR GF EARK LT G ET My FERE, 5 R4 bk in B AR A 7K
P AEFREIXB G R TG B Al T AR B AR A A R Rk R I8 8 ARl 30 Al &R L 2k 1 Tl
HIF jin67 B R AR = AR R IR R AT P SRR S F RS o A REAN ST EZ AR —E
FIFRICTED AR AP B SRR PO B AR S A DG SR S SR A et () BT T i SRR Y B
PERGHE Y SR ¢ A B E RIS, B R o AR A 3t LA K 977 0 e il 3% A 1% 28 A AR | X 48 7R 3
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1 #REF*

1.1 Mk

T 2011 455 AR B A K e rg A WE T H B 9 e SCRBERURE £ B2 4 40
WA R 108 LUK ZEAE 5 AN LD 16a ISR, RS SRR E 10 A5, 55 HUR 6f R R S SR A i )
WIEEMN | AR, AR DA 3—5 A IR BOR B S E (R BT BUE 7 M BLAE DX I8 veid s
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TR X D IR X ARSI 1.7 °C ., 55 AR 2 °C e A SE 500 19. 8 °C L AEFIR 3237—
3477 C ., 4F H BRI%L 1919—1980 h, LI 230—240 d, 4EIRE T B 740—800 mm, I6 X N 5 N3P 5 5 Fif
32 B R AR i 16 R 20 32 R R, A0 R 108 LD R F s AR AR,

1.2 SEETTik

AP A R SR P R L €3 BREUERERE 0.5 o BYRRIR AT A KGR o A 15. 0 mL Z848K , Tk
M 20 min, BUH R A IEE] 100 mL A5, B9 2 205, BRI S B2 HOR 1. 0 mL i R 35
5.0 mL, PR SR A5 , ZE9 KB & 10 min, BUBA AT, 78 620 nm BT, DIZEIBKAE R EBURIE N2 A
PEAT VR R Y B B AT S 2 SR Folin-Bidk  FREEEEE 0.5 o BABFER AN 2 mL Z205/K F i A
BERPBIFES | B R A0 5 6 mL 2R AR /K 43 Yk vh gk 21 B8 045 T, 4000/ min 8500 10 min, B B WIF E A E 15
ml K5 5E 255 PR B 10 AR A, B L mL 32 BUGRIN 5 mL Folin-FHAF H T EIRFHE 10 min, FIA
0.5 mL Folin-Bif3f £ , 37 BI#E4) , IR AREF 30 min J5F 500 nm 4k b8, DLZEIRAKACR BEORAE S 25 F kAT
P, FIERR I SOD CAT i P &2 R FHAREY /Y 5 15, WA e 3 5 6 I 0 5 SR FH A i s 5 ek 3
PPO POD 76 PEI 52 R AR e ZE M ik ms A el sh, L BN E 5 A 4 1K,

1.3 ¥

BH b SR FH SPSS10. 0 B A BRER A i A XS 1 3007 2 A 22 AGr I B DRI 3R T 25 4 T RN AT REAS T 4655,
2 GHRE5HSH
2.1 AFPERGFTEEE S RN ES

T B3 1 TE R 46 T VA M A e L *1 HERBUREEARMMATAERESESN

. — e L A e N Table 1  Changes of soluble sugars in different apple cultivars

CDRZE W 108 DAL e i il i 1 i LR 1, B :
" o . . damaged by E. lanigerum
o B IR L TR AT A R B T, TR P
i T BALE/ %
15.6% FEbAS AFT R B BT, L0 L RER o g Chane e
e . = ™ . e IE# Uninjured #3E Injured
%‘J:}I‘,;H\:rhélmﬂ:_tﬁmmgﬁj(,ljjiu 13.7% ’ﬁ%‘ AR 1.17+£0.01 A ¢ 1.33+0.02 B d 13.7
i TEDREAS AR 108 LA KRR T PERE S R A L 1.1420.02 A be  1.2420.01 A ¢ 8.8
SRR YIRS & 5 R B S R A DG Fiit 1.06:0.05 Aa  1.16+0.03 Bbhe 9.4
2.2 K[ﬁ]i%%ﬁlmgabﬁ\*ﬂﬁ%@ﬁﬁ%gg%%& 45 108 1.09+0.02 A ab 1.12+0.04 A b 2.8
S % J— N =N e é it . +0. . +0. : =15.

TP F R R R R 2 RIS EE J5 R RNG TRk
H AH T = B A e AT 3
RT A 4 A Bh U 2R & 2 = T RFERIE (Duncan’s BEMENE . P<0. 05 ) . S E IR

T IR 108 BEH)E, A E TR EAMEE  generznns (A TRE,P<0.05)
IS LTS, ETEN 29 1%, Hfth 4 4~ 5
BB R S FRRIR LI ZE(18.7% ) >4 (18.3% ) >ZETE (6. 1% ) >IREE 108 (1. 1% ) , Hoh 214
MG EX R, RS &S LA (R 2) KK LK% (68. 8% ) >4 108 (12.5% ) >4
M(7.9% ) >LLE 1 (1.4% ) >ZERE (1. 0% ) , AL AR ER 108 1035 b X A i ot S S 47 if i)
I 2 0, R R A KOS ) SRR S R e T e B R i BT

AR A A AN [ 3 5 5 o e S SR 2 W 5 A 2% PN R 1 B 5 P M 1) B (S IR A A A I AR Uk
R 108> LM > S AL E B>, AHT R, BRALE TR AN B LIS VA R LA TS, Fh Y
PR B A E R B AT MR A 5. 32, &0k 5. 35, JL Ml AR 4k F) 5. 50 D) LR
108 M{E =ik 6. 88,
2.3 A[FESERGRNELEE E RS

BRI, 208 A D IE F B A P R B T L0 AR IR 108, AN [ 3 e S AR
I G E SR A A R S AR —E S, S 5L A A S B R 4. 7% 1 5. 8% , SR IE L 5
L HAA A BT, TR ZR i (28. 1% ) >IRE 108(26.7% ) >4 5 +:(13.4% ) Wi e ERZRdS
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Table 2 Changes of protein and amino acid in different apple cultivars damaged by E. lanigerum

oo E & Protein content/ (mg/g i ) FIERE A Amino acid content/ (mg/g fif )
Cultivars 1E% Uninjured W% Injured 1E#; Uninjured B Injured

aE+ 55.18+1.81 A a 71.21£1.33 B ¢ 0.74£0.01 A d 0.75+0.01 A b
& 80.06+1.41 B ¢ 65.44+0.89 A b 0.38+0.01 A a 0.41+0.02 A a
&SR 68.49+1.23 A b 64.29+1.54 A b 1.0220.03 A e 1.0320.03 A d
I 108 77.95+1.46 A ¢ 77.0920.66 A d 0.6420.01 A ¢ 0.72+0.01 B b
AR Lo 66.05+2.76 B b 53.69+0.56 A a 0.48+0.01 A b 0.81+0.01 B ¢

2.4 OR[ESESR SRR AL P AL (SOD ) 5 £

F AL (PPO) TE I 22 5

B A K IE 5 2106 L A5k SOD i MR ik,

Table 3

cultivars damaged by E. lanigerum

R3 BERGURERTRAERRTNLBSE

Changes of total phenolic compound in different apple

S T4 0 LM RIS 108, 80 E 5, S0D 15y W

S/ (mg/g BET)

Total phenolic compound content

IE# Uninjured

i Injured

AR/ %
Change rate

Cultivars
EFH(FR4) AH S AR 2 5 A B2, B E IR

I 1 ISR, W e et
PPO ?ﬁ‘@ﬁ%%?ﬁm 4 /l\lill:llilﬁl:I ,%K%E%Tél){%ﬁ %;’E 4.16+0.05 A b 5.33+0.07 B ¢ 28.1
PPO TH AR 30. 1% , 5 XA 22 5 i 40, HoAth 5 Fh AR X 3.9840.04 Ba  3.75:0.06 Aa  -5.8
PPO (ﬁ‘f&"ﬁ]ﬂ%(%@@,i}’r%j@%fﬁ“(769%)> A 108 4.12+0.07 A ab 5.22+0.08 B ¢ 26.7

4(10.9% ) >2TE +:(7.5% ) > 108 (2.4% ) ,
Horp e Mg i b T+ 5350000 76. 9% F110. 9% , S X IR 25 5% W3, 45 R R, FA A KRS R R N
SOD 1 PPO {if P 5 H B R A 52— ARG,

R4 ERBURERTEFERGMA SOD 5 PPO EiEEK
Table 4 Changes of SOD and PPO activities in different apple cultivars damaged by E. lanigerum

o SOD {ifi % SOD activities/ (U/g f# 5 ) PPO i PPO activities/ (U-g™" # T -min~")
Cultivars 1E% Uninjured BE Injured 1E# Uninjured B Injured

AR 219.10£9.13 A a 243.74+8.09 A a 0.80=0.09 A a 0.86+0.08 A b
A 245.95+5.40 A be 254.46+14.66 A a 0.55+0.02 A a 0.61x0.03 B a
=id 228.44x8.75 A ab 281.24x12.22 B a 0.65+0.05 A a 1.15:0.08 B ¢
AR 237.43+8.47 A abe 254.38+7.12 A a 0.73=0.08 B a 0.51£0.03 A a
A4 108 253.00+1.93 A d 265.05+13.12 A a 2.91x0.15 A b 2.98:0.12 A d

2.5 N[ESES R A AL G (POD) St AL A (CAT) I PR 25 57

BRI, ] 108 SL0M 2 IE # A 45N POD 16 M B 3 & T A 3 AN SR 4% 5 2108 R ek A
P POD 15 35 5 T I FNZDR 42 Bk T 2045 72 POD 3G PERS A7 AR (4. 7% ) 4b, Fofb i Ah 4 7 (£ 5) , &
TERN LLE 4 (146. 1% ) >ZFE(113.0% ) >R 108 (28. 7% ) >4 M (15.2% ) , Hirp 21 & + F5d ETF Ry
WA 146. 1% 113.0% 53 25 B2

21E T 58 MIEF AP CAT WEPE BT HA 5 ARl 80 5, 2 FEEHS 108 K20 CAT 54
FRRE, T BIFEAE 29. 7% F 24. 8% , Hofth 3 A A3 BT (R 5), EF-EN. &I (110. 8% ) >4 & +
(45.5% ) >IN 7E(33.1% ) Y S5 B EES . 250K, FAERIASERAEZ N POD K CAT 1 45 H Sk
I R AR S AR A G
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RS FERBURETRARFEERRIMA POD 5 CAT iFiEE
Table S Changes of POD and CAT activities in different apple cultivars damaged by E. lanigerum

i Fif POD {51 The POD activities/ (U-g™" #£H ~min™") CAT % The CAT activities/ (U/g B )
Cultivars IE# Uninjured 3 Injured 1E# Uninjured #3% Injured
AN 828.67+35.64 A a 2039.70£66.06 B ¢ 10.63+0.44 A b 15.47+0.75 B a
£ 882.58+30.56 A a 1016.77+87.16 A a 6.29+0.83 A a 13.26+0.28 B a
%5k 881.09+45.48 A a 1877.11£84.49 B be 33.11£1.33 B d 23.28+1.38 A ¢
AR G 1250.96+76.70 A b 1192.72+27.51 A a 14.16£0.41 A ¢ 18.85+0.85 B b
R4 108 1387.57+102.44 A b 1785.40+85.22 A b 31.46+1.20 B d 23.67+1.39 A ¢
3 iTig

TR B R SR LT, Rl RE 7= AL A R B 2 R A Y e, 4R W 2 I 28 AR P T BT AR
EATEEENAESE X, R R EZ RN R Adkisson KB, i T5 32K 1 22 7 AR AL
B, M AFAR S B Heliothis zea 1 MUEAER MM 46 L 1 & A i HUOSGER L BORRAE 2 2 £ RN, B 37
TRV FIR A 40 B 34 e X A 40 ) 40 PR 7 A 5
3.1 BSEY A

Hsiao " A MY Fhobl B IEFR NRISH0 & BT 52 Sh 42 2 H I Leptinotarsa decemlineata T8 16 42 5
W Hypera postica YEFEZF TP ZE, Forbr R RRAA P W] V5 1 0 2 5 RO 2898 5 1) | R U JFL 3 J X 5 LAY iR
7 B R B EAE B, BB A F R A E A2 E W Lygus lucorum 153 J5 7R P9 AT ¥
Wl B 2 SRR Ak S W i AR T R 1) B 252 S TV S N BREEHT AR N TR
PR A S/ NPT E R A DA BRITIE I B R A K R A — s R, R I R A 11
ok, RS R A 2 S AR —E 22 5 AR SO IEEERY 5 A SER A L0 R
XS A U 22 | 5 G F A DX SR A I BT R T T A A R PR AR 108 ZDKE R ZR e A
3 AR AU T, SRRV, FEMARBAE L SIERE AT ERE S THAM3
AEFN SRR O A8 >SS0 = 48 108> 7w, BOEE R4 1G5, BR LR 4240 HoAth & A iy
ALY S R B LT o 2D E - 8 DK ARk B KO 5 5 R T R — R IR
3.2 FAERRAE S MY bR

FHEIR R B RY & E e IR AR RE ST O A PR, Febvay SEAFSE A
PR, R AE Y SRk I A E B R 2R i LU U R 0 HU A S i R BT S IR AR OGP BB ST A
PSR H G E G AR ERNEC RS &Y TR, FRRSE B WM BRE S EMAX" Adclair
Cartier 98 38 50 PP AELRE TP B9 B BR X B8 5.8 Acyrthosiphon pisum PUYERI IR | UEBAHT HL 5 AP A & L R 25
SRR R AMIE T BT SR AT A P A R AR I i, DO SR AR TSR] AR K
ML LLE IR RSN A& i, I B B o e, B R R Sk P e R R B Yy o
2D A B 108 ABfiE B EKY, AE HEA S E B E LI A R, T &b M EE A A
S R R, LAl REAR P R 1 BRI LB R B TR 4. 72—7. 16 AR B E IR 19 5. 35—6. 88, ZEHE AR
/N, T HE B3 A S R AR 1 A K B
3.3 By StEYbtaot

YR A Y FORAE Y I BTEEER . Edwards S5 2B BT T ISR R AE A T, =AY
RN B2 B BR300 55 & BUAR AL P I35 £ 45 A 194 338 1oy 1 S22 S 5625 Gupta T Miiles BFZE A,
SPE SRR X 37 SR 4 e A AR S AR U R AR A R AU U S SO T AR SR W, 41 A4 i e
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