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Response of invasive plant Flaveria bidentis to simulated herbivory based on the

growth and reproduction
WANG Nannan, HUANGFU Chaohe ™ |, LI Yujin, JIANG Na, TU Chenyang, WANG Hui, YANG Dianlin

Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin Key Laboratory of Agro-environment & Agro-product Safety , Tianjin 300191, China

Abstract; Biological invasion is becoming one of most serious environmental problems in the 21™ century. Flaveria bidentis,
an exotic plant with the strong invasiveness from South America, has spread over more than 92 counties of Hebei Province
and expanded to Tianjin, Shandong, Henan Province in China as well. The wise management on the exotic species is
pivotal for the balance of ecosystem and the maintenance of biodiversity. There are many challenges for classical biological
control, such as host specificity, biosafety risk, and appropriate applications as well as efficiency assessment. This study
aims to mimic the effects of herbivory damage on plant growth and reproduction in invaded habitats and thus to investigate
whether herbivory treatment could be used as an effective measure to manage F. bidentis.

A field experiment was carried out to clarify the effects of simulated herbivory damage on the growth, reproduction and
related physiological characteristics of F. bidentis. We clipped leaves with scissor to simulate different level damage by
folivores and removed apical meristems to simulate apical mortality caused by stem borers. Five treatments were designed,
three levels of leaf removal (1/4, 1/2, and 3/4), apical meristem removal and the undamaged control. Each treatment

included 45 replications (individual plant) , and each plant is marked by a nameplate.
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Compared with the control, the overcompensation effect was observed under low level damage and apical removal
treatments with increased total biomass, root biomass, stem biomass, plant height, branch numbers, flower bud numbers,
net photosynthetic (Pn) and water use efficiency ( WUE) , while, these parameters were only reduced by severe damage
level (3/4) in our study. Initial fluorescence yield (F,) under three leaf damage treatments was significantly higher than
that in other treatments, whereas the maximum photochemical efficiency of photosystem Il ( Fv/Fm) and potential activity
of photosystem Il (Fv/F,) were significantly suppressed. Higher phenotypic plasticity were observed in biomass related
parameters, indicating these parameters of F. bidentis have high herbivore tolerance, which might make an important
acclimation under herbivores regimes for this invasive species.

These results suggested that natural enemies may have little impact on fecundity of F. bidentis. In practice, more swift
management strategy such as clipping, plant replacement and integrated control measure is required to prevent the

reproduction of this weed.

Key Words: Flaveria bidentis; simulated herbivory; growth; compensation effect; biological invasions
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DXZH FHHEE IR R A BEHLARIC 5 SR AL B X B (CK) 5 B0 BE 4k i 4h B (A R e S 6 e i) 174 ) 5 b BE Sl
AR (AR A R SE R R 1/2) s EE R A B (R BR A SR N 1Y) 3/4 ) 5 SR IO 43 AE 2 2L B (i B
FZERMEMZE U PRI AL EE )  BEANALEE 15 ANEE (kR BIXAREE 3 K, BB T
F A B AR L AR AN TR R B g K SO . AU [) B 5d XERT AR i R ifE AT 1 AL 3 HORE
I 10d f52 1E A0 B ( BRAGT0ALHA ) |
1.3 EFebnS )ik

2011 4FE 8 H 4 H#HATAL AT, WAk S A Watdabs, 40507 2011 4£9 A 2 HA 2011 429 J 20 HillxE
AR B R B T AR M AE bR, 55 1 U . Btk o8 AEFE 4 AE Wi SO A i
552 YRR B MPOCTRAR FEA 4845 . T T PR IBURE & 8 AR A8 bl 34— 350, AR SCAX 45 R 38 2 B 43 Bt
ghiit R AR SRR R AL BB AR I R A A AL BEELR
1.3.1 AW ARy A KRl E

BEATLICE LA AR 15 PR, 4R R BRI o, e AR SO /3B (BEAL S BB K EAE 3 em DL 1 B
A1 XFRAE R SRR AR A ) o AR SRR I RIAEE 43 JE HEA T AR R |, A 80 C L
48 h, L FRF-CK B B 0. 01 ¢) Fri, THE AT S8 i L (LMR, MHE/fE bR S ) ARAEY T
(RMR, WRE/EMRETE) SR AEY R (SBR, SCRegi g E i/ bk S ) e L (R/C, A&/
EAR) .
1.3.2 SLAEERSENE

FIH LI-6400 fE #2006 AL (LI-COR , USA ) 5 45 Ak B A (14 4 T4 1146 5l % (Pn) (ZEBB R (Tr)
IR FIFHECR(WUE) , AR FRSE 10 BRA S— B R pE 1 Bt B (A B R 5 5—7 Fork7) o Dt
[ 2011 49 H 20 H,9.00—11.00, KW, &6, K CO, W EE AR 73512 380 wmol/mol Fil
31 C,
1.3.3 WMSRIHNSHE

FIFH FMS-2 #5522 22 98 640 ( Hansatatech, UK) & , £ 5E2 BB A, BEAAFE 20 min f5E1T
WZE . RNSEAIERRDOC(F,) R KHIE(Fm) PSR IO ERE (Fo/Fm = (Fm - Fy)/Fm) |
PS I ¥-AETGYE (Fu/Fy = (Fm - F,)/F,) .
1.3.4 MEMERKER

FHXT A RGR = (Inw, = lnw,)/(t, = t,)
2w, Flw, 23 BRI TFEART (¢,:2011 4E 8 H 4 H) L5 (1,:2011 4E 9 H 20 H) s |
1.3.5 RATIEMIEEL

FRIAT AR BO T B S B F AT VB HR RAS [) A B R i — 7 R A e A ek 2 He /ML
BRI KA,
1.3.6 Bdairtr

RIS E5 R Excel B2 AN R AL 38 1 45 48 b5 R FH BRI K J7 22 5341 ( One-Way ANOVA) {56 T T f7
ST FEAE SPSS16. 0 Gt FE I T g i,
2 BEREHH
2.1 N[ L R T Ak BB T4 A K 2 i)

BRAUL R 4 e 3 AR T B T4 B A KRV A KRR AIE . T3 1, B T8 1 ik o RN A BB B AR e 3
— B, BRI AE RN TOUAh BT T A8 0 i i A AR BTG R, 5 REAL BRI I 35 25 S v RN AL B B 2
R FHEAEFE(P<0.05) , AN i Z AR TP BEAL T (P<0.05) , H R R 5 A 3 ok v A Xof BB 43 S BB T
11.67% 20% , 73 B BEERT BT BIRFEAIR T 16.67% .69.44%

(IR, AR A 3 X B T4 ) AR B AR AT 350, AN 1 T A0 Ak 38R 47k Tt Ak 34 5 T4 1) A6 75
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BORACA Yy FR e R A MG, 2 5 T BRI B AR B, AR 78 BB B T s 1 21.85% \26.71% , 4k
AT AT A T 35.24% 46.08% , AN BORIE A Y R R o E AR, EEL
AL B F AR (P<0.05) B IR T 57.63% , MiAE AW R T 64.10% , H2% R 5% B 5
ACBRIE SRR SR b B A BRI T Ah B R AL B L, R s AR BTG (3 22 5 | A6 38 BRI 4y B B
BB AMEIN G v R R R A B B T A A K e A, L R A KRR B A K AR AR B AR T X R
VUL

BRALL R 51 3 Wl 2 S ) 1 TOUAR 45 o A i LA TG, TR 45 4 B A ) 1 LR AR ) i 1 AR A i 3
—2, N 1 R R AL BRI A AT A AR A B TS A (P<0.05) , R AMERLS:
BRARAE YA, v B R e A 3530 43 A A i 20 T o) R AR B b R R Ak 3 A A ) AR R )
FEAR T 28.57% 63.69% ; A=MW1 43 BIFEAR T 23.08% 62.35% ; 251 E Wit 2 WIFRAK T 28.61% .63.31% ;M
AW HIREAR T 32.83% (64.84% , HEEANIA SR E A Wit 0 EAR T AR R,

F1 HEUXBEENEMPHEKNENERHN

Table 1 Effects of different simulated herbivory damage on growth characteristics and biomass accumulation of Flaveria bidentis

i 33 s FERH ferE i AR E Y7k L RaR7/hy B
Treatment The plant high ~ The branch  The flower bud ~ The flower Root biomass ~ Stem biomass  Leaf biomass ~ Total biomass
reatmen
aime /cm numbers/ > numbers//>  biomass/(g/Fk)  /(g/#k) / (/) /(g/ 1) /(g/ )
XTI CK 120+2. 16a 36+2.51ab 118+8.90b  3.51+0.24bc  2.47+0.23b  17.58+1.25b  7.31+0.39b  30.87+1.85b

KB 174 1R 1/4 leaf removal 122+2.71a 45+1.52a 151+7.48a  5.42+0.27a 3.89+0.25a  24.67x1.15a  9.43+0.54a  43.41x1.66a
B 172 1R 172 leaf removal 106+£2. 16b 30+2. 62b 104£6.06b  2.68+0.28bc  1.90+0.11b  12.55+0.84c  4.91%0.27¢  22.05%1.39¢c

F:Bk 3/4 W R 3/4 leaf removal 96+2. 10¢ 11+0.90¢ 50+2. 88¢ 1.26+0. 13¢ 0.93+0.07¢ 6.45+0.53d  2.57£0.23d  11.210.90d
T Apical removal 118+2.36a 43+3.81a 161+7.79a  6.510.64a 3.48+0.09a  22.18+0.92a  9.87+0.72a  42.04£1.83a

S AMILER X e 174 B P 0 1/2 0 P R /4 O R DS E 41, W DU s R o 2 Ak B (P<0. 05) 3 R Db
it
ARV R G 3 X B IO A W ) BE AR/ o A 2 o, 45 Ak B it A g L ARAE Wy L AR Sk
PeXJo g 225, FEREAL PR SCRFE M AR e bt R TR DAL B, S xR R A R B AR B IC 22 5 X
R A R A B S A T AL PR 2 JE 25 5

F2 BUXHEEXNEMBEMES M

Table 2 Effects of different simulated herbivory damage on biomass allocation of Flaveria bidentis

Ak 2 WL L HRA A E H SRR A i L HRGE L
Treatment LMR RMR SBR R/C
X CK 0.24+0.01a 0.080.01a 0.57+0.01ab 0.09:0.01a
23k 174 17 1/4 leaf removal 0.22+0.01a 0.09:0.00a 0.57+0.01ab 0.100.00a
238k 172 5 1/2 leaf removal 0.22+0.01a 0.09:0.00a 0.57+0.01ab 0.09:0.00a
2Bk 374 1) 3/4 leaf removal 0.23+0.01a 0.080.00a 0.57+0.01a 0.09:0. 00a
T Apical removal 0.23+0.01a 0.080.00a 0.53+0.01b 0.09:0. 00a

2.1.2 AR EE

AR R H S AR T, B A Bk e AR R A X A K R (RGR) BT B 22 5, Wi 1 FioR v
J3E RV B A B B TS K 25 RGR IR T I e b3, I o i A 3 22 53 B 25 (P <0. 05) , T 450 88 1478 T Ach 42 5 T
YRR RGR = X IR A 25 50N 28 H AR R A AR G AR A R B IR T e A B
2.2 [ PR R L TR O TR 4 T 3 A4 AR 1) 5 i)
2.2.1  A[EFREERLIIR B BT 8 10 48 0 A 4

LD R A ) 88 044 (4 ' A At A T S S AR R (TR 20, ol R R A B U0 G e A R R
(Pn) BERETHE S (P<0.05) , MR AL AR AL B S50 B2 5 4 FlOR [ R R BLE 78
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2.2.2  N[RIVFRBEA LR B b T TH 44 1Y) I 2 3R 9O
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AR AZ BN AN T A, PS TT SN H O 8 Bl SR o ml i
RAGG R Fy BN, Fo/Fm M Fo/Fy WS FRE(K3) , B
M AR F, 02 T XA Db 2, B rhoAnE
JELL BRI Fo/Fm F Fo/F, 535 WK T % B8 0 455 T50 Ak 3
(P<0.05) (K3). relative growth rate of Flaveria bidentis
2.3 FRUADLRE S ) B T4 2 R ] SR MR8 KR 52 ) CK: %8 1/41R; 2205 1/4 M1 1/4 leaf removal; 1/2LR; 32
ME3 R, EAFRRLREGERE T, BT B 120 172 leaf removal; 3/4LR: £ 3/4 I 3/4 leaf
PERASFRAN BOR AR & B A R B A AR gy removals AR: BIUREL Apical removal
KR IAPEFR AL, Z27E 0. 65 L) I, X F B 8 A i A= K 45

FHXE A el

Relative growth rate RGR/(g-g'-d™)

T
A Treatment
E1 EMRBEENEMHEIEKEE(RCGR) M

Fig.1 Effects of different simulated herbivory damage on
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Fig.2 Effects of different simulated herbivory damage on photosynthesis characteristics of Flaveria bidentis

PR X BEALL R 5 3 A B 038 W R T o AR OGS BRI G AR B2 R0 3R AL AT 98 Vs BORH X LA, 3
HH L THU4G 1 52 B 38 1) X SRR AR I 32 B 52 B R
3 itig

RFHEIRAR L ERH) 02 A5 ARy, RBOREE (A0 B s 5 R AR 9 55 ) 2 52 g A (24 W ik b i) 3 22 ()
F, BRI 4 A 38 B B RS 4 e T SE AR A A RN 2 B L A O HERR KB, mT AR iR A i T
WS RS A BE 1 70 B S U A S R B R R 1Y R I i 32 M S A A 2 3 R U AR A
o385 R 0 RN AR R D, BIAE I 0 B A RE 0 o AN [RIAFL ) 52 K OB 5 7 17 F0 P AR BB ) & AN A [RD
a3 MU ( Piper arieianum ) W AL D 10% , HoaE W RE Tt & B E T RS T EF B ( Raphanus
raphanistrum ) W THRRSZ 0 25% (5 AR S5 F g 522 ARy FE 00 A= W B A vk, 51 15 2 T8 % Bt R iy
Tif 4 , BB S 8 T2 A= W) 7 15 i A1k o S P Al
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Fig.3 Effects of different simulated herbivory damage on chlorophyll fluorescence parameters of Flaveria bidentis

R3 BRUXBEEKRETEMPSERHRETEREY

Table 3 Index of phenotypic plasticity for traits related to the growth in Flaveria bidentis at different levels of simulated herbivory damage

£zt PR EEta AIYEMERR L

Index Index of phenotypic plasticity Index Index of phenotypic plasticity
FRE) The plant height 0.213 SR Total biomass 0.742

3450 The branch numbers 0.756 VIR F, 0.170

AL AL The flower bud numbers 0.689 PS I SO FR Fo/Fm 0.046
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