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Effects of parasitism of eupatorium gall fly Procecidochares utilis on the growth
and host defense of Ageratina adenophora

Jiang Lina' Mu Lin® Sun Ang' Yue Ying’ Liu Mengran® Gui Furong"
(1. College of Plant Protection, Yunnan Agricultural University, Kunming 650201, Yunnan Province, China;

2. Yunnan Agri-Environmental Protection and Monitoring Center, Kunming 650201, Yunnan Province, China)

Abstract: To clarify the effects of parasitic natural enemies on the growth and host defense of Agerati-
na adenophora, two groups of experiments for 4. adenophora parasitized by eupatorium gall fly Proce-
cidochares utilis were studied in the greenhouse, and the influences of P. utilis parasitism on the growth,
biomass, nutrient composition, secondary metabolites and protective enzyme activities in leaves of 4.
adenophora were measured. The results showed that the height, stem diameter, leaf thickness and leaf
number of 4. adenophora were significantly decreased by P. utilis parasitism by 24.80%, 16.86%,
42.31% and 27.82%, respectively. Meanwhile, the aboveground, root and total biomass of 4. adenopho-
ra decreased significantly by 58.89%, 54.29% and 57.60%, respectively. Compared with unparasitized
A. adenophora, several nutrients of the parasitized plants were significantly changed; the contents of sol-
uble protein, soluble sugar, soluble starch and chlorophyll decreased significantly by 41.18%, 11.75%,
34.57%, and 29.96%, respectively. The protective enzymes of A. adenophora were also changed by P,
utilis parasitism, and the activities of catalase (CAT) and superoxide dismutase (SOD) increased signifi-
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cantly by 59.36% and 108.06%, respectively, whereas the activity of peroxidase (POD) decreased by

25.69%. In addition, the tannin acid content of 4. adenophora was decreased significantly by 21.67%,

and the total phenol content and flavonoids content were increased by up to 1.21 times and 2.09 times,

respectively. Moreover, a significant negative correlation existed between total biomass and secondary

metabolites (total phenol and flavonoids) contents, with a correlation coefficient of —0.06 and —0.43, re-

spectively, but there was no significant correlation in the control group. It indicated that the parasitism

by P. utilis might change the energy allocation for growth and host defense in A. adenophora, and result

in reduced intake of nutrients and growth, turning more resources into breeding and host defense.

Key words: Ageratina adenophora; Procecidochares utilis; growth; defense
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man & Agarwal, 1991) , Ff-7F 3 [ 5 gk 58 FT 7Y 2= L
8 TR BT AR (Bess & Haramoto, 1959; Fowl-
eretal.,2000), & I & il 5285 2 R AR IR E 9
5K, T+ 20 T2 80 AR TF 4R I3 ph 28 [ 4 Bl 3 v (=1 7
JE 16 DX AT 22 S, RS 72 B U] B A
BHESL T HARFPEE(Muniappan et al.,2009) , {H 27
=2 SR LR PN B 2R 2 1 S PR A ISR AN EE
MR I5E,2006) AR, B APXT 28052
YIBH IR BIESE B v AE i 2 S P AR X 2R
A KB Y s e (0] SCHESE, 1991 ; Erasmus et al.,
1992) Je 114 5 77 1 ( Bennett & van Staden, 1986;
BB A FIMAT R L 19905 258 5545, 2006)

Bt AR AAZABE Y BB 6, I 5 | i R
FERBG R — AR PGSR . SR, — 282
FEHLE | AR B B AR T AR
SERPRE (AR RR R H A RO AR ) A
K 5P B FRBARFT RS, 1990; McFadyen, 1998)
B TEATLF LT B S HE R INSRAE Y AR M, X
AT e T RE IR A A 215 S AR
A PR AW G IR A T FE A BC , BV HS B B AR 4 AL A K
TEVRE ) A i, S A B B A T R 2
PEUE TR SRR ) o MR PR AR AR R, A
YITEAR RIE REE T 3l 5 SRR AE KR
I 2 R AE AR BT P T (Bazzaz et al.,

1987; Barto & Cipollini, 2005) , H 277 iR F1 2k i
e R AR T 2 PR R 2RAL A . BT
PRt AR & P8R, B 200454, 43 oK g sh T
GG A P07 T2 AFAE TAE BIAR E 2 7 R A
Hh R B ) 5 A R A AR T 2 — TR A2 B
ke = AR R SOERIXIDEZS , 2003 ) 5 28 & i 2
Xif B HUA B A — 2k A AR 5, T LASE i R LAY
TR R, A 2 A s R AR AR
RASHERPHEEEET (R TFHEME T,
2001) ., HEYIEIRRE R RE AR REOR A e A
I AL 7 A K RE T B B SR, WA
FRY) TR A K I T B, BRI P 0 S IR
SR AR S BE YR, S0 E
B ARG . Kt , AFFEE LRI 24 SE
A G AR A IR L A KA AR B R
a5 WA B A AR D B TG 25 5, 0L AT
M R A R AR SRR 2% 1 K 5 B A A AL A SR L)
R 2L A ROR BT R

1B T%

1.1 w8

HEA PR 2R PR A T Ol R
Ja Ll ASRAE AR, I TR T A S . R
M E T , TR A 27+1°C AHXHRE R 75% |
JESEHI 16 L:8 D G ISR SR 5 5% . FRfE bR
K EBL 5 em I, BEEUK B— B0 S0 88551 LR RS 4%
FIO4212 em 5 15 em 8B G, HZP S8R B
IERHE, A S22 TREDEH, EN
TR R 25+5°C,

R L LR T m A BT L X
Bl A A R 2R 2 OB AR A ] S 5 R i
SRR RO s i AN £ o B w1 2 A A
BB IR R 25+1°C AHXHEE A 70% 6 R
16 L:8 D WOGIRIEFRAA h R HPIE . 4R P4k



58 Moy R

&1 46 4

Ji PR 2 SR N U T S e P AT S5 2R S AR R
T, a3 LL B, ARSI R A AT
IFIE

PRI B A - S | o A A Ak
YA A A AL R &, e st A ) TR
o8] Hax R o B = 4y Frali . UV-1800 1435t
JEEETE, iR S iER AR A B A 5 2- 16K L 78 i ik
UL, I P RS P SR L2 5 ) A BN 7 5 Scient-
11D B8 75 % 40 B AR AR AL, B 77 8 2 A R,
e FRAF]
1.2 Ak
121 REFZARKFEHAEHETAE

FRAEA P I LR 2R A MR K 22910 om 5
B, % B A AR 5 RR A, A2 45 R 20 Z K A —
ORI, AT 20174E3 H 20 HAE3EA 14}
WIPIAR A3 24 Sl R, FHEZD I =8, SR RTAICA 10%
WKL HEE . YA AR 1S FE2EE 2
PR 035 W PE BT (2017 4E 5 A 2 B ), 78 % BR4H
T ES AF AR K B — 300 15 AL 2R R S AR
TR . T A AURIGT BRZH S840 5 7 SR 2R 2 R
F R, AR E R 3K, e ER
FNFEAR A= RUA3- 500 I o 58 2505 > A bk =i 19 (BB L 25
ML, 885 R FITHEOE ST 7 8 F ok el
TE ST E IR ORI AR A P T i R AR T
Jei  SRIUAF A L RG] IR ZH 282505 2 bk, IR AKRE 45
PRAR 2R 8 3250 v k085 6 1D sl WK 40K K i
T, 7 HL A XS A P T 80°C TR Ak 48 h fE PR
o PR E A R SR R
b (R A= /b AR 0% 100%) o
122 (Z2FZERYPREENT

25 R X (2006) J5 0 5285 2L B R
VIR it AR A A SR S s
W G-2507% , 73 BIFRHCAT A 21 55 ) HE 41 1) 582503 22
MR 0.2 g, ITA S mL ZE 1K WHES , L5 000 g &0
10 min, HE 5, FEFHZERK vh e ek 2~3 Ik, &5
TIEWEAR 210 mLo P B HL B35 0.1 mL, Jil
A 0.9 mL ZZIE /K S mL % E 52 i G-250 3457,
57,2 min J57E 595 nm P I WG REAE, AR P
HEM AR SO TR AR & 5

AL PR FA] 5 P D by e 114 I SR ) A
2 A BB AR A S R A SRR 2 T RE 0.5 ¢
F10mLE LT, A 80% L FEIA T 5 mL, 80°C
K 30 min, BARIAEHEFE . L3 500 g #5.05 10 min,
BRI RT 25 mLA S, R 2 G911

25 mL AEIR P I E A B2, BT E A, e
I BCHR B 2 mL i 5 mL R — R , 38 20K
HHINFA 10 min, B A5 7E 620 nm P T
AR, MR A v i 2 FVRE WO B (330 T i b
i,
B R B HUCEE , &8 /K 2 mL, 9 7K 78 o
Ak 15 min, ¥ HJ5 A 9.2 mol/L HCIO, 2 mL $ii $
15 min J5 /I A 4 mL 2548 7K , LA 4 000 g #.0> 10 min,
SRIGHL 3T 50 mL 2 o PR UiiE omA
4.6 mol/L HCIO, 2 mL #ig $¥:42 H¢ 15 min, A 5 mL
ZEMRIK , DL 4 000 g B5.05 10 min, &) FIHW, 250
IRVEDTVE 2R, & IF LIS WOT e A 2 20, W i)
WU B 2 mL, A 5 mL B R — R ) , 425
KA HINFA 10 min, R E1JEFE 620 nm P F I E
FEREAA, ARl b 4 2 RN ft IR e B (B T3 ] Vs 2
28 2R B i I e SR FH S, 43 BIRR AT AR
4 GX HRYT 2LV 220 F 0.2 g, AR oA
AR B 95% 2B 5 mL |, WFEE =403, L3 500 g 55
> 10 min B, FEH1 95% S FEHRE 2~3 1K, #4
BUREIFE 25 mLARRTESR 22, LL95% &
iR 25 [, £F 665 nm A1 649 nm J% K ) 58 WG B
SRS,
123 FEFZRAERBY AL E LR BB E
BT R T i N E 275 e ORF- 45 (2006) 71
FEREAERE . A ARICAT A 415 % R 582835 4
F 0.1 g, 25T 10 mL A F R o, INZ8I8/K 1 mL, &
T 60°CARAE IR . 52K, L5000 g0 10 min
B350, SR 5 A 80°CZ& 187K 1 mL, & T 80°C/K
¥ R 20 min, P 5 000 g 5.0 10 min B 5
W 3~5 1K, H 2 i i — IR IEW 5 FeCL K
AP A O G., KRG ERE10mL, 3%
Ao WH0.1 mL FYVEH, il A Folin i3] 0.5 mL &
T T Na,COs ¥ | mL, ZEIR /K E 4 2 10 mL, IF 72
A3rFES] . 30 min J57E 760 nm R I 2 WG A,
HRAE AR L AIRE SO B TR R TR & 1
S I R SR A T, Al
FRICAF AR AL FIXT IR A S 280 2 1.5 g T2
5, By st 40 Hfi 2 )5 , FRELO0.1 g, A 60% &
2.5 mL, 60°C §i% 7 $2 HL 30 min, 25°C F LA 12 000 g
25010 min, B VSR, ] 60% L BEE AR 2 2.5 mL,
75 EI N B R, SR 5 AR B Ui B A5 A T A2
Bt (I AR AR S U A T, 4
VPR ICEY A RO B2 58 28 22 1.5 g T &



B SR « 3 22 SR AT AR X 5 2R 2 AR IR B EN RE 1 AR 59

TE Ryt 40 H i 2 J5 , #REC0.02 g, ITA 60% &
f 2 mL, 60°CHR %42 HL 2 h, 25°CF LA 1000 g 2.0
10 min, L7V, B OR 2R 8 B4R B, AR SRR &
VI A T A2 o

A3 VBRI A 2 RN HR A 0257 22 0.2 g,
A 0.1 mol/L B2 2% vk 1.8 mL, VKR 5514 T2
W ,~4°CF L3 500 g 250 10 min, B35, E 45
PRERF I . i %Ak UG (catalase, CAT) L it 1k
Yyl (peroxidase , POD ) FlliH A AL P57 AL il (superox-
ide dismutase, SOD ) 1if 14 ¥4 B 6 U B A5 R4 7
R S I R 1.2.2,
1.2.4 AEXRMESAT

SRy A 25 SR Y A A SR TR A R 2R L
A A 22 ) B4 B T, 07 P[] T 2 A A
SR L MR YRS R R AR TR 3 A
AAR Y B B AT IR GE T R S, A
KRB MIEME , H P<0.05, 10 B 8255 22 (i du
Y5 A A IR ARG A R B R
H P<0.05, UL S5 5 2 Pt i Il 5 A Y 5

ARG 4 P>0.05, R — F A AR 3%
1.3 BEESHT

T A B4 15 F Excel 2003 1 SPSS 22.0 % 4:3#
PGt b, I FHBC XS AR AR £ 3000 55 7 Xo V3 2 SIC i 2
A 5 RAF AR SRR MR A A PR R 25 7
P TR

2 BEREHM

2.1 EEFZARKIFEZ MBI 4RI

22 SR P A R 2R 2 A KA — R I A
o SXTRRAAEL , B 22 S0l 25 48 SRR 2R3 241
PR BB RAG T 24.80%  ZEHL B & R K T 16.86% .
I JEE 3 W S5 ARG T 42.31% 4k i B R AIG T
27.82% ;15 [H) FE F o3 e B8 R AR AT /b, (H 22 7
NTEAC 2PN

P2 SR TR B PR TR A AR
i ARERAE YRR Y, A B0 IR R PRI
T 58.89%.54.29% K1 57.60% ., AR Hb 480 BE A A
Frsm H2E R AR B E (1),

R F=NBFEXNEZFZERHZIM

Table 1 Effects of the parasitism by Procecidochares utilis on the growth of Ageratina adenophora

H: K A5 F5R Growth index Z¥4:4H Parasitized by P. utilis X HEZH Control P
¥ Height (cm) 26.53+1.01 a 35.2842.87 b <0.001
“I7[a]# Internodal distance (cm) 5.87+0.43 a 6.81£0.54 a 0.055
ZXHH Stem diameter (mm) 2.12+0.10 a 2.55+0.06 b 0.010
i FrJELJE Leaf thickness (mm) 0.15+£0.01 a 0.26+0.02 b 0.010
S8 No. of stems 1.1740.17 a 1.67£0.13 a 0.250
M- 7 %% No. of leaves 11.96+0.98 a 16.57£1.26 b 0.040
M1 I /E ¥4 Aboveground biomass (g) 0.37+0.06 a 0.90+0.02 b <0.001
MBI Root biomass (g) 0.16+0.03 a 0.35£0.01 b 0.033
i Total biomass (g) 0.53+0.04 a 1.25+0.05 b <0.001
#3eE Fb Root shoot ratio (%) 43.24+£5.70 a 38.89+4.10 a 0.389

PR PR R o TR RS R RN TR R R REAS ¢ U B K 50 7 P<0.05 K- 22 5 3% . Data in

the table are mean+SE. Different lowercase letters in the same row indicate significant difference at P<0.05 level by paired sample

t test.
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MR 255 Xt R A 43 031) o S5 BRI T 41.18%

11.75% .34.57% F129.96% (£ 2)

2.3 RIPERS ARG R FE = LB E A AN AL
P2 S A AR R TR 2 i R IR S

o FEESR AR  SR2EE A0 R CAT #1SOD

MY K 55.57 U/mg prot F11231.80 U/mg prot, 73
S HE X IR 2H B 2 T T 59.36% Ai1108.06% 5 11 2 A
Je SR 25 22 B P % POD Ik 132.23 U/mg prot,
FE X HRZH AR T 25.69% (H 22 AN B E (3),

24 SR AR AR AR 2R 2 i e AR AR
S A TARE . X RE AL A 525 2 0 )
My | A v TR A ERL T R B B 43 i O 195.19,339.74
2.03 mg/g; MR [A] S5 A8 T 958 2 S 2 AR 1Y) 55 250
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Table 2 Effects of the parasitism by Procecidochares utilis on the contents of nutrient composition

in leaves of Ageratina adenophora mg/g
E SR Nutrition ¥4 Parasitized by P, utilis X} B ZH Control P
T2 1 Soluble protein 0.60+0.04 a 1.02+0.07 b <0.001
AR Soluble sugar 9.69+0.49 a 10.98+0.52 b <0.001
AP EE RS Soluble starch 2.12+0.12 a 3.24+0.17 b <0.001
2% % Chlorophyll 1.66+0.12 a 2.37+0.24 b 0.009

PR R R o TR RS R RN TR R BT REAS ¢ Sk A B0 1 P<0.05 K -2 52 3% . Data in

the table are mean+SE. Different lowercase letters in the same row indicate significant differenceat P<0.05 level by paired sample

t test.
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Table 3 Effects of the parasitism by Procecidochares utilis on the protective enzyme activity and secondary metabolite content

in leaves of Ageratina adenophora

FEHR Index 24 Parasitism  XJ B4 Control P
PR Pl 1t Ak Ui Catalase 55.57+9.24 a 34.87+4.97 b 0.020
Protective enzyme activity A ALY AL Superoxide dismutase 231.80+37.19 a 111.41+£8.84 b 0.026
(U/mg prot) ALl Peroxidase 132.23+331 a 177.95+21.51 a 0.560
UAEARE o S} Total phenolic 236.317.67 a 195.19£3.73 b <0.001
Secondary metabolite content 25 Flavonoid 83.14+2.45a 339.74+1.50 b <0.001
(mg/g) B TJiR Tannic acid 1.59£0.10 a 2.03£0.15b 0.004

PR B R o TR RS S RN TR R BT REAS ¢ U 50 K 5 1 P<0.05 K22 5 3% . Data in

the table are mean+SE. Different lowercase letters in the same row indicate significant difference at P<0.05 level by paired sample

t test.
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GRILEELIELER (=-0.32,P=0.729) ; Mi7E T
22 SR A A R IR ZH v SRR L R SRR S R
My B AR TR S E TR E AR =
0.89, P=0.848; r=0.15, P=0.903; r=0.45, P=0.296)
(#£4),
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Table 4 Correlation coefficients between the biomass and the secondary metabolite contents of Ageratina adenophora

AR 7/h AT Secondary metabolite

Biomass Sl Total phenolic & Flavonoid H IR Tannic acid
¥4 Parasitism -0.06™ -0.43" -0.32
Xf HE4H Control 0.89 0.15 0.45

#H1%% . E P<0.05 Fl P<0.01 7K #FAH G, * or **. Significant correlation at P<0.05 or P<0.01 level.
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(i 345 ,2012; 546155, 2013)
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