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Influence of Procecidochares utilis Stone parasitism on tolerance
and physiological response of native and invasive populations
of Ageratina adenophora(Sprengel) R. King & H. Robinson
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Abstract: [ Objective] The tolerance of the invasive plant Ageratina adenophora(Sprengel) R. King & H. Robinson
parasitized by Procecidochares utilis Stone were studied to compare its physiological response of native and invasive popu-
lations, and to provide theoretical basis for the biological control of A. adenophora. [ Method] Measured the leaf physio-
logical activity of A. adenophora from native (Mexico) and invaded (China) populations at the feather window [ proline
(Pro) , malondialdehyde (MDA ) , polyphenol oxidase (PPO) , phenylalanine ammonia-lyaseenzymes (PAL) , catalase
(POD) and superoxide dismutase (SOD) activities ], as well as growth indexes such as plant height, total biomass, root-
to-shoot ratio and specific stem length after all emergence, the differences of resistance and tolerance of A. adenophora un-
der the parasitism of P. utilis were analyzed. [Result] Under the parasitic conditions of P. utilis, the total biomass, stem
biomass ratio and root-shoot ratio of A. adenophora invasive population increased significantly by 37.80%, 15.38% and
21.77%, respectively (P<0.05, the same below). The activities of PAL, POD and SOD were significantly reduced by
46.91%, 46.60% and 37.52% respectively compared with the native. However, there was no significant difference in the
PPO activity of A. adenophora between invasive population and native populationafter parasitism (P>0.05). The content
of Pro and MDA of A. adenophora invasive population increased significantly by 66.30% and 145.08% compared with the
native. [Conclusion] The A. adenophora may change the resource allocation strategy after invasion, the invasive popula-
tion of A. adenophora increase tolerance to the parasitism of P. utilis, while reduce the defense response to the parasitism
of P, utilis. Defense strategy has changed.
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[ WF 5% & X ] %5 25 3% *% [ Ageratina adenophora
(Sprengel) R. King & H. Robinson | & £ 4 B AR
Y, 5 TSP A, T20 020 404E 8 AT E (7
A ,2011) o, RO Iy GG AR, CAIA
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85 ,2018) , {73 == ST 0T 3 45 PN 45 2805 22 1 B
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TR AU X A I B TR AR B2 ], T kg B G- 1]
FH B 1 R 2 2 LB SR L [T A ST b ]
MY 7 B R IR, S AR R e — 25 g TR
AL, 2530 B2 H 5 A BRS R s0E T AR KOk
HEAT B 1H (Wang et al.,2012) , /& 75 %45 (2018) WF
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PR L) o RIS , A4 N A mT i v o (T ik
W ATV R R RN B SRR AT ) S AR AR W
[ Z By E AL (PPO) RN R A 2 M (PAL) i Ak
A (CAT) Fi i A Ak Pyt AL i (SOD ) 45 [t 2 7
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M — D R (RB/INER AR, 20135 EREERTAF,2020) .
AT (2014) 5T R B H 48 R v i 22 By i
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NRHL SR AR TR e s, HEAE
I A AR 56 b A i A I T RRR I, X PR B I b s
PEFESE (Zou et al.,2007) ; [AlH , AR ZHIH L&
PEE AU B BT (BT ) & s AR, T L B R R
2= B AR A B (Wang et al., 2012) . 8 5 45
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X R B TR, B 1) FAE K e 4o APRA
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JR 7= e AR IR ZEFE AR FEE SN E W K
BRI E TR FRAE DR (27+1) °C, AHXHE
FE75%, G M 16L: 8D, T Ia] [H &3 H ik #e K
PR AT KN B ER 2R AR, AR IR =
WURLAE (705512 em, H4215 em) , B TiREHIE
B2 dUEREEAC AL S FRRAE K 6 H B .

1. 1.3 AR &BR BFEHR A s mRl K,
R HUBLAY SR 2R 22 A%l T S 3 == S 4 R
2R AT e H PR g FH ) P O R A (L 2 (B
2 dfbFE—RKA) BT/ RN, N R 2b
M (100 H )8, B THLIRE M A H WS . f558
SRR R 2 S A R B T IR O SR A
HREIZE N (2100 H , K/N1.2 mx0.7 mx0.9 m)
FaE 3L, kg A A .

1.2 RKEFHE

12,1 FFARE EIBUR™ A AR K #H—
B RETEL0 emZe A0 1Y 52808 2 A &40k, Hirp,
Ji b AR b 55 280 24 45 208% , B FH LA a2
I B B PR HEBR AP A AR T, A O GRS 556
R AR K VB AR ZF AR X IRAL (CKO) 5 53 91, 16
TSI Ml RN A AR b 55 255 22 AR A 208% , 20l FH 1A~
P (0,2 ) 7 B8 1) B 20 2 PN A 24565 22 S
BRI AR AR AR AT AR TOLIREE AR
Kigto A5 dJE O TG 5 2L SO R L, o ARG A
TSR 2= S AT A SR . PR 1 Y U
P I BRI B A 34 U AR AR
)58 25 A RS SRR AT AR BRAR Rl 2 5 R A LR 1Y
X B ZH 5 A AR A A SR — B SR 2505 A AR
IR TINAE o L 5 4 Pk, R A i AE vk T
ARARIRIE . A RS dBE—UOK, BERE B
HEFN ARG A 0O, LATHBR 0] BBAPAE O B 25 5o
1.2.2 AZIRAFE IR (Pro) N (MDA) |
PPO .PAL .PODFISODR HFg 5L B 9 TR IF5E
IR A GRS A T I o BRI AR S R e 2
R XL(2006) (47715 : R 2% B2 15 G-2507% , 41
SRR A 2 R0 HR2H 58 2595 2 OBt An i it
0.2 g, A5.0 mLZE/KWFEE , 5000x g5 .02 10 min,
BV, I ZR B K e i R 2~31k , & 9T LI
FEZEA10.0 mL; B IE#0.1 mL, fTAS.00 mL% 5
W ¥ G-25010F #10.9 mLZEM K IEHE4T 15/t
JET1595 nmAh i 5 W SGAE AR B o 1Hh 2 FAE it i
JCAB TR AT I B 1 B i

1.2.3 AKigiFne ST SRR
FEH AR M SR 2ZE 58 22 4 100k (FL140k ) o bkAd

PREBREE TR L0 B AR AR (2K o, 43l
SEEMRMRAY R ZEAY) s YR FERCT E
FAHK,80 C T 48 hE M, & 431+
i, A9 & (Total biomass, TB) 2249 &
e (Stem mass ratio, SMR) #2345 . (Root mass
ratio, RMR) | M- ¥ Y, (Leaf mass ratio, LMR) | [t
2% K (Specific stem length, SSL) 1 4R % . (Root/
shoot ratio, RSR) . Hirp, XA Yyt [h =25 W) &/ 1
AW AR =R AR e S A Y AR
te=mt Y/ Y AR =R/ AR T
MR e e=Hb T~ E/Hb T,
1.3 Zitah

JiT A el 4412 FExcel 2003 FISPSS 24,0547k
B, N A ST A A TG 30 53 A L 7 b 55 A {5 1l 5 25
A RORA: AR AR 1Y 22 57 5 AR 25 S 2 A AR
(AR IR AT AR ) FITEE 2R 22 AiE (™ MR AR L)
AL R -, R U 2 7 22 5341 (Two-way ANO-
VA ) A TAN [R5 A 2 S 2 A X 4228 = AR
S MR e 1) 25 57 i 2 PR 0 . AR R -3
BhrE 223878 , HHGraphPad Prism 8.0 [&] .
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2.1 FEXBFAEWNESHMNGEHEZFEES
=N R

AR I 7 M 8 2R 5 L R 1 A K AR BR
ELER (R BN FERBA A IO X T, AR
MR ZETE 2 1) A ) R S 2 D 7 b R R 43 1)
2 TF E48.24%H1161.64% (P<0.05, F[A] ) 5 b £ K
FIR AR Wyt b B SR A S P A T A1, (H 22 57
A2 (P>0.05, R A ; 25 Wi LU R A= i LA
JE = b R 1) ik 2 R A1 43.7 5% 120.00% , 156 HH A
1R 2R AR BT IR b, AR 2 S0 AF
AEETR D= b S 25 22 AR Tl o P A 4
T 1E169.86% ;5 AR HiL F 7= b 552508 24 (AR A= )
T A AR B A LR AIR 7 .45% F15.21%, — 35 1] 22
SR AR SR p e e 2R LR
R 5 Fb 5 T b A o 1] S 5 T 137.80% . 15.38%
F21.77%; AR 58250 >4 AR A= 1 i UG T ™
H14.40% , 35 [8] TG ik 25 22 57 5 A {2 b R it b 25 25
VLI H 2R A B R A A B BRAIR S 1.97% Al
50.12%,
2.2 FELWFESMHMEEFIMBTEEFE
ERKIEREIMPNEZHESTER

HEAT IR 22 S T A S A R 58 2RI 22 PR X 5%
SRR R ARAR I [ DU 2 22007, 45 R (R2)
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Table 1 Effects of P, utilis parasitism on growth index of invasive and native A. adenophora populations

KRR JE 71 Native AfZH Invasive

Growth index XFHEZH Control FFH2 4 Parasitism XTHEZH Control A4 Parasitism
BAEYE(g) TB 14.51+3.77B 18.52+2.04B 21.51£1.05A 25.5241.24A
AR (%) SMR 0.16£0.01A 0.13+0.01B 0.09+0.00B 0.15+0.02A
WAYE (%) RMR 0.96+0.04 0.91+0.03 0.9440.01 0.87+0.01
A (%) LMR 0.10+0.00A 0.09+0.01 0.08+0.01B 0.08+0.01
2K (em/g) SSL 20.97+3.15a 10.46+0.79b 17.7842.22a 8.54:0.70b
MR (%) RSR 0.73+0.08bB 1.24+0.20aB 1.91+0.25A 1.51+0.08A

4 RO AN TR RS S B F AR A A 2 S RV (] 22 5 . 25 (P<0.05) 5 [RIA TR R AN [R) /N S B0 [ — R AR [ 2 A AR i) 22 57 (.3

(P<0.05)

Different uppercase letters in the same row indicated significant difference between different populations of the same parasitic condition(P<0.05) , di-
fferent lowercase letters in the same row indicated significant differences between different parasitic conditions of the same population P<0.05)

SR, BRI A ) A7 B 2L SRR (N
[Fi) A Y ) ) S 2 S ) 5 AR A ik b Az 380 B A AR AR Y
R 5 LK 32 3 A AR AR A B S R T (P<
0.01, TR ; Z2A4= ¥yt FURAR e LU 37 2 R E AN 27 A=
WOSEN B Tl aTE S A

2.3 FEIBRFTEXNESHMANGBHEZFEZ
A IBIEIRHI RN

2.3.1 ¥ EFZProfoMDASE M Hm MK
R, TEARB 22 SER A AR AR T, AR 5250
2 ProFIMDA & 54351 47.72F111.89 ng/g, 5341
R M B RGN 31.80F19.22 ng/g. B 2L 5L
W 2F A S, T 5K 2R 5 2% 1Y Pro FTMDA 75 i 43 3]
AR A2 B E N T 9.09F13.74 pg/g; N7 Hb %
2RV L MDA B 5OR A A AR A n3.81 pe/g,
H 25 5 A 18 35 % 28 5 AR 58 25 5 22 19 Pro A1

MDA 7 5t 73 51 I ™ b 25 A 41 f 2 15 11166.30% Fil
145.08%, ¥ =SR2 A I, I M 28 25 =2 1 Pro
FIMDA & it I 2 Tt AR 1 58 255 22 1 Pro Fil
MDA & 1 T 358 Ak, eI 24 S 2 AR 2 A R
M Ji 77 1 28 258 2% Y Pro MIMDA 5 4, 11 X AR
SRR R

2.3.2 AP EFZPPOMPALE MM Y 2
RIHL, TE AR5 22 SR 2 AR AR PE T, D Hh 552505
== [ PPOFIPALIE M43 51 24 9.58 F154.92 U/mgprot,
I A2 Hb (%) PPO FI PAL 7% 1 43 31 by 8.44 F133.36
U/mgprot, [ = IR 1582558 = I PPOMIPAL T
PETC I 25 5% R L0 PF Ao, - 25 % 2
[ PPO I 14 4 A 2 A 2 I8 35 444 i 12.88 U/mgprot;
AR HU SR 25 22 O PPOTE 1 4 o 37 A8 41 I 25 48
8.95 U/mgprot; Ifi 2F A J5 A= 55 2515 == 1 PPOI:

F 2 FZLWMTFEMEEFZMENEREREZMNATESRER
Table 2 ANOVA of the effect of P, utilis parasitism and A. adenophora population on growth indexes of A. adenophora
28 MAEYETB ZEAYEHR SMR  AV/EYER RMR - B R LMR  HEEK SSL HUE H RSR
Index F P F P F P F P F P F P
F# Population 9.33  <0.05 5.49 <0.05 1.13 0.30 4.87 <0.05 1.63 022 7.16 <0.05
F74: Parasitism 3.07 099 1.10 0.31 4.91 <0.05 1.02 0.33 2437 <0.01 231 0.14
FiiiEx 774 Populationxparasitism 0.00 1.00 11.51 <0.01 0.16 0.70 0.82 0.82 0.10 0.76 10.84 <0.01
[0 A2 No parasitism A [0 A2 No parasitism B
B 774 Parasitism * = B 774 Parasitism *

g 6000 " 22000 1 -

o) Q

° — S 1500 -

& 40.00 * = 1

E = 10.00 *

) )

= 20.00 =

ﬂgﬂ i 5.00

£ 0.00 . ' = 0.00 : :

JRF=Hh Native N2 Invasive = B 7= H Native AEH Invasive
B 1 F=SNRFENEF AN EEZF = EEPro(A) FIMDA(B) & E RIS
Fig.1 Effects of P. utili parasitism on Pro content(A) and MDA content(B) of native and invasive 4. adenophora populations

RN B PR N B AR AT A AR I 22 53 35 (P<0.05) o 12K 31+]
* represented significant difference between the population or parasitic conditions corresponding to the two ends of the line( P<0.05). The same was
applied in Fig.2 and Fig.3
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B o R kR 51%

PRSP R F L TR E S B LS A
S5, S bl 2R 2% Y PALTG PR A 2 A 2H I 35 I
fi11.24 U/mgprot; AfZHi 55280 >4 B PALTE PE AR
T 2H i 25 AR 10.17 U/mgprot, PE 25025,
AR R 255 24 [ PAL TG PR 50 Ji 7 b SR 25 >4 1 3%
[51%46.91%.

2.3.3 3R EFZPODASODEMG Hwm MK
3ATHL FERPLE L SR TR A SR T Ji ™ b 55 25
22 BYPODHISODE M43 48.60F1154.43 U/mg-

O K24 No parasitism A
M 77/ Parasitism
= 30.00 *
2
& 2z *
£ 2 2000
28
#H o
o & 10.00 1 _
o
(=™
(=9
0.00 T T
JRF=1 Native N {EHh Invasive

prot, A2 48 25 7% 2% 49 POD Ml SOD 7 M 43 51l
33.711111.17 U/mgpro, J5 = 1 FILAAR M 55 25 2%
[IPODFISODE M Jo Ik 3 2= 57 . LS AR )
JE 7= b 58 25 5 % I POD I P 55 oA 75 A 4 (b 3 14
72.96 U/mgprot; [ A {2 H 58 2515 > Y POD TG PR 55
R T2 B N30.19 U/mgprot, 3 2% SEh 274
S5 A ML 22 2% 22 [ POD FISOD I M 43 5 43¢ Ji 7
Hiy 5 2 AR 46.60%H137.52% .

[ A ?§4: No parasitism
W 77/ Parasitism . B
80.00
= *
2
& » 6000 =
£ = «
2 9
= & 40.00
el é I
i
5% 20,00 -
=
0.00 T T
JEF=1h Native N2 Invasive

B 2 F=SNRFAENEFHANEMEEZFZFEEIPPO(A) FIPAL(B) & RIS IT
Fig.2 Effects of P, utilis parasitism on PPO activity (A) and PAL activity(B) of native and invasive A. adenophora populations

O &7 No parasitism

B 74 Parasitism A
~  200.00 *
o *
&
2 150.00
£z
= 100.00 *
W
o I-—_';|
=%}

0.00 T T
JE 7= 1th Native N2 Invasive

B 3 FEXWEFENEMANEME

OISR % £ No parasitism
W77/ Parasitism B
*
> 200.00 7]
e
) T
2 E 15000
5 ks T
& 100,00
o O
8 5000 l
(@]
wn
0.00 T T
JE 7= 1th Native AN {EHh Invasive

EFZFEEPOD(A)FISOD(B) & 4B 240k

Fig.3 Effects of P, utilis parasitism on POD activity(A ) and SOD activity(B) of native and invasive A. adenophora populations

3 Wit

— AR PFN A — AN ARSI vl g i
#7 Bp A R M N ET Y AR 5% (Trtikova, 2009 ; Trtiko-
va et al.,2010,2011), YW E BB ESE, BA—
FE MY HARAMERE I R ARAE,2011) . REUREHE
VI L0, B 2SR NS A AR R 25T E0oR,
H) T 25 A0 25 K Y A K A1 25 (Pan et al.,
2013) o AR b5 R S O VR o 4 iy i A2 14
45 % (Strauss and Agrawal, 1999) . AR50 %E b3
PE 2L SR AT AR S AR HURI = R 2E 5 2 A K FE
b, RILAAR M S 250 22 10 25 K B AIG T = A
BRAETG B 3 22 5%, A B m AR A ) e B 25
T HOAE R , 2 B0 AR 58255 L M REXT L Bk
KECHIBH N EE T RS s RIS , AR 2R A
AR TEE LE , FE Y b 3R 032 B 22 S A7 AR e, 56

ESEENI A PN R W R LR TIE AR
oy, GRS S2 . AHFFER B, AR AE YR AR bR 2
AT PR R BRI, v 25 AR e L RIR R L 32 2 D
FHEFI AT Az 28 F A XUR R AR R 35 R W), R I 1 22 52
WA AR ARE T, AR SR 22 B B IR e 45 M
AR E A A B

P 22 S Ay AR 0 5R 2R PR 2 A PR AR B AN ]
FEJEAIRZIR o Pro 7y f5 55 AL 1) 0 35 P30 A7 AR AR 5C
P, Pro s B , AP IR G s MDA & e
o A 0 e JRE ™ B (A5, 2018) o AB/NER AF
(2013)BIFFE R B, A AL S AR B R I, R i
AL A R MDA, (7] s 290 i 2 SRkt o 114
Pro, ifif By Pro % it LTV, P S E 1k, bk G 4 i
ZAfo AWEITTH  AERFAFMF T MR SR =
R Pro & ik 1 2 v TR0 ML, AR AR Ml 58 250 22 1Y)
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Pasi e T M R 2 S A AR S TR SR 2R
W Pro T B W E TR AT AL, AR M Z8E
fIPro AR A A AR B E LR RS A
{5 MR AR A 03 M i AT DG (VU 45, 2011) 5 [R] A
TEF IR AT A IS , AR SRR 2 i Pro & 1 i 3
1o T M R AR IR AR X R 2 S A A L
BRI 2 . EARBE AT ST, AR E2E
B IMDA i I 3 = TR, 7R L S A A
5 AR M 2K 2 (MDA & = B s TR
Mo, BRI AR 2 AT RE S AR M SR ZE A R
S 2 A I T PR S R R RN T BR A OC (X 4R A,
2018) ; [RIEF, AHXTF AR A A A T ISR 2R 2 J ™
HiAE R TE P 22 S 25 4 MDA & 1 3 TR A
R E AR, TR S R(EE 4
45,2008 , Az HUAEAR AT 1 B i

PPO & {Z AF7E TR P 10— 2K 5 4 4 I il
e JE— L Z Y SO TE A B A2 L . PPOIE &
552 B A i AR R 2 5, AT B S AT 4 )
Pt R ez 1 HPPOR SRR R A
BAA X, BB 5 AT A 1) 1 BB A A ) (SRR AR A%
2016; FEEFEF,2020) . K45 (2014) 058 &30, 4
e R 5 22 A< B B PPO I M IR s ) T A8 Ak, 22
AL A0 P e G 0 U IRCE B R I AR A . ASHIESY
gEIL R R L SR AT AR T SR AR M 22
B PPOTE M & TR T AL T I EZEE A,
T I 2 S 75 A G T SR 2R 22 TP PPOR I 1)
ik A B A A R, R R R A R
X 2 S TR, DI FRAENE 22 S Y 27 A o
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