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Effects of damage by Grapholitha molesta and Cydia pomonella
on host plant defensive enzyme activity
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Abstract [Objectives] To investigate the defensive strategies evolved by host plants to cope with insect damage during the
plant growth process. [Methods] Changes in the defensive enzymes of host plants after damage by the fruit-borers
Grapholitha Molesta and Cydia pomonella were measured. [Results] Protein content and catalase (CAT), peroxidase (POD)
and superoxide dismutase (SOD) activities in damaged fruit were higher than in undamaged fruit. There was no significant
difference in the protein content, or CAT, POD and SOD activities, of fruit damaged by G. molesta and that damaged by C.
pomonella. However, protein content, and CAT, POD and SOD activities, were significantly higher when fruit was
damaged by both these fruit borer species than when it was damaged by just one species. [Conclusion] Damage to apples by
G. molesta and C. pomonella can induce defensive enzyme activity involved in the stress response.
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BRI 122855 ( Grechkin, 1998; FRAH
%, 2018 ). BEA NG R # e AR AR ) 1E
W AR A By, " A U] R A 4 1 1 R AR K
PIEET:, Hi i EFE g m Kbz —
(EAHFEAE, 2018 ), 7ERKMIPEALS R, WX
B AR AR, il T A0
s, DR AE (skEm, 2018 ), fHYIAK
B 5 2 0 7 0l O 1 AR A R A A
IO B A R i — A B A S ( Murali et al.,
2014; JRAASE, 2017 ). HT, WY 5HE R
ZIH W EAE R R IR B — A
PN A/ L XoF 25 Tl AL 40 1977 0 Tl Ly %of 1 AR 3 ) M 45
ML e IF A oY, S EE S A 8 A b W B L il
( Superoxide dismutase, SOD). it %A fb &
( Catalase, CAT). E ALY ( Peroxisome,
POD ). Z W% AL ( Polyphenol oxidase, PPO ).,
feE & (Lipoxygenase, LOX) PANIKNEIR
fi# 2 ( Phenylalanine ammonia-lyase, PA ) %%
H A 5 AR A AR 7 R T P R e A, A BT
TEAECW) i ( Tscharntke et al., 2001 ; Kessler and
Baldwin, 2002; #p%fg, 2013),

AL/ H Grapholitha molesta 5 37 5 25 1
Cydia pomonella /&35 BLAE SRR iy =23l
(VEAREF, 2013), XPIFPE BRI LIL) Rk
Bl NSRS P BB IR e SR A T, R SR S B
I e R R, oA i e 0 O s Bih
R TARKIMERE o H HT2# 28T Dk PR FR 0
ZH G22I (SRS I A2 37, 2010;
iR, 2013; MM, 2013; ¥R, 2018).
A (BT, 2009; B/, 2009; REEE
S5, 2017; HIBESCEE, 20195 JE3ESE, 2019),
TR (B, 20115 KT, 20165
BZEF-45, 2016; LA, 20195 THTAE, 2020 )
7T ST, R G F AR R A
o 137 X 577 4 5 s AR B S R B AR SC AR AR
p i g SR RN RO HURN S SR 2 A B
FEXT G, M X AN 0 RfE 353 2R e SR S0 E 57
O o AR B AR P PR A S A R, i PR R
A0 I A ) L R BCEE 1 BF AEIBL3E B8 s S, 45
TR0 HUOAF R A AL, S B RS
25 AR Y Z 18] (A G FR 35 A

1 MRERFZE
1.1 REHRE

BN HURSETA T 143 FERkE
Ffai o] % N T N AR SR A0 B S 5% 3
o NTARMBEIGFRFERESM R BE (26+
0.5) °C, RH (70£10) %, L : D=15:9, %l
SIS SRR T, pi e S AR 5% M4 2 K o

SRR R A T A T R A 0 i 1) SR
B, I 12 T N TSR R4 Hh i 1R
72 3 M. NLAMEEFMRE RN WE
(26+0.5) °C, RH (70+10) %, L : D=15:9,
P HCFE 2 mL B0, B0 AU
1.5 cmx0.5 cmx0.5 cm MHTESER S, JFPE 1 d
TR 1 YORTEESE IR 45 . BURRII 5%l K B
WP RN T T T R 2 KA g ok P9 2R 52
Fhoh 7401 SERA L

1.2 SWFE

FIILVCE 5 AAbHL, AbIE 1 Ky AR
VB HUHLER 5 8 ARFR 2 Sk PR s S AR ik
HUGp 5 kL Ab3H 3 S SRR AL VR HU O 5 R
3 HFHAEIR G RN 5 kL, Ab3E 4 SRy S
SEIR R B S AL, 3 HIGHEMAL/INVE L A LN
5kL; Ab3E S A [RIEHEERR AL INVE O S S R ik
WP 5k REAAGENRE 3 IRER, LIREE D
Hufe 7 HACH R/ 4 i R S — By SRS Xt
W b B HUBR A ] — K [R]—HE R BB, ¥ 4b
PSR LH T B IFFEEMER4 8 .
12 Fi 16 d M RN E B & A s
g (CAT) Wk, LYl (POD ) I PEFLE
AL E AL (T-SOD ) 1k

FEAFUERIE . CAT iM% . POD i
PRI E T SOD M 7 349 2R FH FH R o i AR )
TR TR ARG &, FR R RIE
1.3 HIESHR

A SLIG K FH Microsoft Office Excel 2016 i
T8RS H SPSS19.0 A4 it o0,
K H Duncan [T 5 M 22 K 50125 70 A 45 b B ] 71
25w EN,
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2 ZRESH

21 FPROHSERBBENRAENFESR
BREENFI

R 1 ATLUE S R RS2 8 AU N0
HOFSERZIRICE 5, RS h 8 A5 = S X
WA A BN B, 2783 (P<0.05).
Bl AL/ INED O HORNSE SR ZE IR IR B (] 35, 28
FIUBE & BEAEARWIEG N . [ —32F AN, BT db s
BEBTS AR WY AL IO HUAE RS
BF, BT BT R A INVE D ORISR
LN e i N s e = Do i1 R (o e 6 |
fEERMWEN, HESBE (P<0.05), FEZ
EFRIIER , A0 BEER (0 i B i, AL
INED O H ISP SR ik ) A 3 0 TR
TARUNE.O A SRR NG FE B R B

=1

w, HZER#H (P<0.05),

22 FNRUAREEREFNRA/AENERR
5L CAT FFMAIE

H 3R 2 FTLUE Y, AN AL 5 R R 32 3
MW, CAT iM¥ e TXHRAZER B FH
(P<0.05), [Fl—=2FWNARLIES, CAT iF
PESE S TR T, SKCH 34.499 5 U/mg,
fe/IMA R 23.432 3 U/mg A0 B 5>Ab P 4>40 1 2>
ARFR 3>K0EE 1, BL/INE O USSR G ik ok 3 A
F CAT iHtERMER B E (P<0.05), [F—AibH
ANl HUs ], AbEE 1, AREE 2 FIALEE 3 1 CAT
TEPESE TR T, ALER 4 FAbER 5 W RHE %7
ERFEAIE R, CAT MRS FRE, HEW 16d
R H 5HE R ERE 2SS B (P<0.05), b
AL/ U HURI P L 52 ik 4y HOX SR S SRy 3 )

FNRLHSEREMNERRIEARSE (/L) HFNE

Tbble 1 Effects of Grapholitha molesta and Cydia pomonella on the protein content in host apple fruits (g/L)

B

£ 11 J5 B[] Time after inoculation

Treatment

4d

8d

12d

16d

X} H8 Control

AbPH 1 Treatment 1
AbPH 2 Treatment 2
Qb P 3 Treatment 3
Qb B 4 Treatment 4
AbFE 5 Treatment 5

0.064 1+0.027 8¢
0.320 8+0.073 5a
0.288 7+0.048 1a
0.240 6+0.048 1a
0.208 5+0.073 5ab
0.128 3+0.073 5bc

0.100 1+0.021 6b
0.375 3+0.037 6a
0.400 4+0.172 0a
0.262 7+0.037 6ab
0.212 7+0.057 3ab
0.300 2+0.136 Oab

0.201 5+0.109 1d
0.440 8+0.057 7ab
0.466 0+0.043 6a
0.340 1+0.075 6bc
0.314 9+0.021 8c
0.396 7+0.067 6abc

0.220 8+0.167 3b
0.469 2+0.063 2a
0.524 4+0.195 6a
0.469 2+0.047 8a
0.455 4+0.109 Sa
0.552 0+0.086 2a

PR bR R, B S AR AR NG TR R SR 25 S B3 (P<0.05), TR,

Data in the table are mean + SE, and followed by different lowercase letters in the same column represent significant

difference at the 0.05 level. The same below.

#2 FPIROUASFEREHIFERRSE CAT EME (U/mg prot) HIFZNT
Table 2 Effectsof Grapholitha molesta and Cydia pomonella on CAT activity in host apple fruits (U/mg prot)

JOBL

2 U BHE] Time after inoculation

Treatment

4d

8d

12d

16d

X} H8 Control

AbPE 1 Treatment 1
AbPE 2 Treatment 2
Qb P 3 Treatment 3
AbPH 4 Treatment 4
AbFE 5 Treatment 5

20.962 8+9.948 3 ¢
23.4323+5.936 7 ¢
29.890 2+2.732 1 ab
27.4812+4.4915D
33.738 6£11.113 0 a
34.499 5+£18.523 3 a

21.393 342.8174b
22.790 4+2.518 8 b
26.649 5+12.501 7 a
27.6108+4.739 1 a
27.830 4+8.3950 a
28.072 6+4.125 7 a

19.296 4+13.309 8 ¢
20.545 8+2.984 6 ¢
22.28544+2.0449 b
22.003 9+3.2913 b
22.590 0+2.544 5 b
26.507 8+1.6142 a

18.434 9+4.858 9 ¢
22.628 4+3.332 0 ab
22.586 1£6.991 3 ab
22.500 1£2.462 7 ab
22.028 7+£6.253 0 ab
25.007 8+4.933 7 a
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FIFFEEAE R, CAT IGTE R, Ab 5 5HE 4
ARbPEE SR 2 (P<0.05), MInl%l, 2FEs2
2| 2 FpE B EFR, BB PR A 2,
Je S RBE IR
23 FNBUOHAEEREBRINAANENERR
5L POD A EMF T

H 3% 3 IS AL E4] 2 7] POD 3 PR KT
ST, HERF B (P<0.05), [R—HAFEHN,
S A3 POD i M IR, JUHUEAN R 5 AR {E
WERE R, HEXTREIEIN T 90.12%, AbPR[E]ZFA
W Fl—AbHRE S FERE], POD k% 2
TSR MRS, S F 16d 5 AFED 44,
8 dHEFEE (P<0.05), BEH Y/ NEOHUFISE
L E W ] R E R, RRALEE POD 7%
PETF RRIR AR, Ab38 5 AR iR R K, AEW
4 d I POD %14 82.484 7 U/mg, TMifEAE 8 d

U FEAR 3] 54.454 9 U/mg, NFE 16 d Wt R
49.959 1 U/mg, KK T 39.43%, HZEF B E (P<
0.05 ) HHMEAT A, AL/INED L HUFISE ATtk m] Bif
HEIRERE, POD TEMEAS(LIA ., R XA
T aE R, P A B P RN 7 A I B A N o

24 FNRAUHEERBEBENAAENFE
SOD FEMRIF M

4 LA, F—RFEWHN, S5X M
FEARTRIAL L SOD JE RN e E G TSR A
LT, AP S HEXTRESEM T 17.97%, HER
3 (P<0.05 ), [A]—AbHUA R A, 45403 SOD
Wt L THAZERA R, BEE 2 F R ER,
ANFALFE SOD {EHE R B, AbBE S &mFHE
4 NMEBEHZREE (P<0.05), HEPEET
AT FEZEEACNEG, NS AMFE AL, SOD
TR B

#z3 FPROHEERSHEFERRE POD EM (U/mg prot) HIFZIE
Table 3 Effects of Grapholitha molesta and Cydia pomonella on POD activity in host apple fruits (U/mg prot)

OB

2 BB E] Time after inoculation time

Treatment

4d

8d

12d

16d

X} Control

ALPE 1 Treatment 1
AbPH 2 Treatment 2
AbFH 3 Treatment 3
QLB 4 Treatment 4
Qb P 5 Treatment 5

42.332 7£11.849 1b

67.014 9+£16.458 4ab
67.135 0+£18.470 8ab
70.413 5+£17.694 9ab
70.618 7£14.718 7ab
82.484 7+14.462 8ab

41.115 7£36.180 3b
49.039 8+19.742 3ab
49.022 7+18.567 6ab
48.863 1+3.995 4ab
48.305 1+18.135 2ab
54.454 9+7.858 la

40.388 6+27.410 7d
44.948 5+5.867 Oc
46.654 1+£6.756 Obc
48.000 0+7.215 9ab
45.535 2+3.785 5bc
50.735 7£2.428 4a

40.827 1£5.672 8d
43.507 6+4.653 7bc
45.118 0+14.836 8bc
46.582 9+6.405 8b
44.756 8+2.453 6bc
49.959 1£6.793 0a

=4

FUNBIDHEEEREHITIER RS SOD JEMHE (U/mg prot) BIFNT

Table 4 Effects of Grapholitha molesta and Cydia pomonellala on SOD activity in host apple fruits (U/mg prot)

B

Treatment

11 J5 B [E] Time after inoculation

4d

8d

12d

16d

X} HE Control

QLB 1 Treatment 1
AbPH 2 Treatment 2
Qb3 3 Treatment 3
Qb B 4 Treatment 4
AbFE 5 Treatment 5

248.032 2422.548 4c
282.642 1+71.630 6b
282.045 6+22.500 1b
283.190 9+11.901 4b
282.794 2+18.482 5b
292.607 0+32.773 la

269.226 2+12.281 1c
297.186 2+15.813 8a
296.555 4+70.596 2ab
297.947 9+52.282 6a
296.905 3+14.788 4ab
302.947 3+23.488 2a

269.226 2+12.281 lc
297.186 2+15.813 8a
296.555 4+70.596 2ab
297.947 9+52.282 6a
296.905 3+14.788 4ab
302.947 3423.488 2a

272.968 2+10.439 2¢
301.810 7+21.364 5b
303.773 4+50.270 4b
302.323 0+85.039 2b
303.845 4+63.385 5b
312.417 3+£60.918 7a
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3 Zr5itig

B 7 32 B A AP 858 3 s mT LA 3 3 32k
AL, AR R A e e B, Tkt
R SRAAR AN A e, S A a6 7™ 5 2 1 A
YIRPET: (SRALESE, 2018 ), RLAEY) A B 7E
AL B R A T — RS BT R BT, 8
a7 e — R A ) AR B PR T R R R fE
FOCBRANSE, 2009 ), ARSCAFFRRIE, R
SEAE A 3 SR AL /N R HURN S SR 2 M0 oy
FG, FEENEASE, CAT. SOD fil POD
3 Pl ARV TS P P T, TS AL N
SPE SR 2 0 R o A S Y AR AR, PSR
CAT. SOD Fl POD B HI P b - 8 i e
T AVNE O SRy F R, T
IR E S A E R O E IR AN A2 H
FREEA G o AL RZ BIAS ) 3 1 L MILBRAR A 55 ol
BT, A EBEE S & AN AR AR L (RS
W, 2018 ), ARILURIMK . I PG A6 H] ) E
YRR S R AR 2 E Rk 22 E B
MRS TR AEfE, SOD JifMEAEAS R ALHE R A8 1k
R, MM AT TAE 96 h BHEFhem; —
BERFIEECE 24 h DU YIE R TR ARSI
K PG AE#] R, SOD R PETE 72 h It B
SAME CESC, 2018), TBERE N E G
B F G, Z At b B i 1 e, T A
PE R A 2 SR 1 e B v
F 3 d BN CIREASE, 2017). Bh/hEOHfE
FFSERIRLE, POD iEMEHR AN, SOD
TR T AT LA BE (SR 35 45, 2016 ),
K22 f h ¥ 5, CAT, POD, PPO., LOX,
PAL TEMETERIHIA ARG, faF i,
MG PRI (RIS, 2015 ), PHAES] 4 4E
# D ICEJE ) LOX JEHAHXT A ETE 24 h
e, WE ST HAL 3 A (NEEE,
2013 ),

B AU R | B O AN TR R R A 5 R
HEAEIAEE . AR ASFEAYI0E SR80 &
A A R T HURE I (2558 I 4, 20085 P74 4,
2009 ), AtsErh, YRR L G HIZ RN

O HFRE R g o 3 | L FEE, EREY
JEER B A AR . AL NVED HURISE
B> R E R EA RS 2R & T
AL/IVEO HURNSE S EE I RIS 19 o 33X mT g2
R RSN, MY B B R RME D RE AR St
KEER, Ak RZE WL, T
SRR A B IR N X — T g RS o2
FRZESHIE (BN, 20105 HIEZE, 2017 ).
BRIl A S A AN R A AR i R R R
JE 55 il Ry 9 B RN ) R OE LY, 7R B
25 Sk/mbRf, FFa R ATIAEERE . AR A
Ui B 2 5L R o il CIRAB S, 2017 ),
Y2 3 R FEMNO G, &7 A KE N TEEE
( Reactive oxygen species, ROS ), IHMEEAMEN
TR L2 A, S0 I H 1 s I A B 48
¥ A H 3L 5 R ) 0E F B AR BRYE 8 (Ray
etal., 2012; FEMLE, 2018), HER MDA
FPAE R HaO, T I A4 PN A G B A 55 1R 65 BT
G (Mehari etal., 2015; FRFHEZE, 2018 ),
SOD P A P4 ¥ ok 136 1 4 1 ol e v B 1 2 o7
&, A EAL N HoO, ((Apel and
Hiet, 2004; FBHLE, 2018 ), CAT fEAEYIIARY
Dife FERARE H0, 40, 4P 40 IR
PR (A, 2017; HCHESE, 2018 ), POD J&
R S A i v ) SR Il 2 — | FERE A BT
g L EPEBEER/EN (Allison and Schultz,
2004; HEAESE, 2017 ). DMEPIARN R H0, E AL
UAER B rh T, eSO, R )
ARBUACRREESS AN, B0 sUBHIN Gk, 45 Aa )
PIBFERE ) (SPHHE S, 2018 ), ARFFRAE R K
B, SERIR S AZ BIAL/ INVEO HURNSE SR EE I &)y HL 4y
BIHCE 4h 1 8 h 5, CAT &t ETFh, 12d 50T
TR R BN HURISE 52008 [R] i) A8 35 e )
CAT 1E I T Bl fa F Y CAT 6Pk, 58
BTt 1 AP O I 2 AhE AR
)5, WEA W NE 4 d i POD WHHE F IR R
HikF el ZEkEZFENEMLEL, POD
EEREM T REEY, fTEFE R NESE, SOD ik
TE [ — 52 FEWIAR R 52 FE w4 5 B T, |
SOD 1E il A # i AR 4 il s %
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A7 AR U B A P AT A2 B Ol F A R
BRI o SR AEZ B AL/ VRO U SR 5
FEJG, 45H POD {EMEAITIRE T, R E
FE ) 7 K J3t 22 R A W) Jo 1T 3k 1) 9 )
ise ( NEFESE, 2013; Singhetal., 2013; &
SCHEAE, 2018 ), AHPITEIEH RS R T, CAT,
SOD F1 POD fEM{EESE (ROS) HBRARGH 3
FOCHECRI I (SR ESE, 2018 ), REA R
TP A RS2 O E . L, YAEY)
ZH A AT, DT A5 S B EAE .

VT AF 3R H T4 Ml 7™ b 235 40 1) 78] 42 K SR el
B — R0 E, RN O TR TR E &
KR FAE X R A= BN e 5 SRR 3
WOR AR IR —EAEMERNEE, W
P NTR A AR, S ST R R 1 8K R
B (CEBITMTFILH, 2010 ), AT T 3E
RAEZ BN F A E G, WA R B 1
it 5 1 e A2 R A o AR A B B A N R R B
BTN N N LN A 1 B ey = A = S L i
B Z [ D RVE I AR AT, R, 25 K
S AR T i — 2 IR AW SY , LIRS
A PN 575 00 it g X e 2 3 B P R AR AL, A SRR
I SR 2 R PR L BRS R
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