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Effects of clipping on the growth, gas exchange and chlorophyll fluorescence of

invasive plant, Flaveria bidentis
WANG Nannan, HUANGFU Chaohe, CHEN Dongqing, ZHANG Tianrui, JIANG Na, TU Chenyang, LI Yujin,
YANG Dianlin *

Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China

Abstract: Flaveria bidentis ,an exotic plant with the strong invasiveness, spreads at the most regions of Tianjin, Hebei,
Province and Shandong Province, China, and there is an evidence that it has high potential to expand to other provinces.
This article aims to find out an effective, economic and environmentally friendly measure to manage F. bidentis. Clipping is
a common management measure to forage species, and proper clipping can promote their tillering and regeneration, thus
enhancing their production yield and quality. However, excessive clipping may restrict the growth of aboveground part of
forage species. High frequency clipping above the ground not only restrain plant growth, but also prevent the seed set. After
3 to 4 years’ consecutive clipping treatment, the plant would be killed eventually. There are many successful examples
using the clipping measure to prevent and control invasive plants.

A field experiment was carried out to clarify the effects of clipping measure on the growth and physiological

characteristics of invasive plant F. bidentis, Sixty 3 m by 3 m plots were established. Four treatments ( control, one-time

E&TE KA A 343 #5550 H (11ZCGYNC00300) 3 23 25 PEAT Ml (420l ) BHFFE T (201103027)
eis B #1:2011-03- 165 &1T B #1:2011-07-04
# WIRAER Corresponding author. E-mail ; dlyang@ caas. net. cn
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clipping, two-time clipping and three-time clipping) were applied to the plots in completely randomized design.

The results showed that clipping reduced the biomass accumulation of F. bidentis. Compared with the control, three-
time clipping treatment was most efficient, and a reduction of 82.57% , 44.53% , 80.04% and 91.76% in total biomass,
root biomass, stem biomass and leaf biomass was found respectively. The plant height and the inflorescence numbers
decreased significantly with clipping times, especially under three-time clipping treatment, the inflorescence numbers
declined to 0. The maximum branch numbers was recorded under one-time clipping treatment ( so-called super-
compensation phenomenon ), while three-time clipping yielded the lowest branch numbers. Compared with control,
chlorophyll content tended to decrease with increasing clipping times. In addition, clipping treatments significantly
enhanced net photosynthetic ( Pn ), stomatal conductance ( Cond ) and transpiration rate ( 7r). The maximum
photochemical efficiency of photosystem Il ( Fo/Fm) and potential activity of photosystem II ( Fv/FO) under three-time
clipping were significantly lower than other treatments, whereas initial fluorescence yield ( FO) increased obviously. At
same time, there was a trend of rise in parameters, such as net photosynthetic ( Pn), stomatal conductance ( Cond) and
transpiration rate ( 7r) upon clipping, In short, the impact of every growth and physiological index of F. bidentis was
greatest by three clipping, three-time clipping affected growth and physiological indices of F. bidentis greatly, restricting its
regeneration, flowering and eventually fructifying. The index of growth plasticity was higher than that of physiological
plasticity, suggesting that growth plasticity was an important acclimation characteristic for clipping regimes for this invasive
species.

In practice, we suggest that the clipping measure should be adapted, combine with field replacement with clipping-
resistance forage species such as Sorghum bicolor X S. sudanense, Dactylis glomerata, Medicago sativa, for wise

management on F. bidentis.

Key Words: Flaveria bidentis; invasive plant; clipping measure; growth; gas exchange; chlorophyll fluorescence
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T84 FAE 1996 AFAECAE AFRE P, #EE 2009 47, b4 44 8 045 & A4 R 2.4 J7 hm?, 43 i 26 3% =0 b
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1.1 W5 XAEAL
W58 DI T L 4 R B R AT (38°157307N, 115°57 /507 ) , N B THAG 1 A A IX 22— i DX A e 1Y
J& TRAR KB RS A, PUZEA3 W 4R /K 2 560 mm, H PR A4E 1 2800 h, H #RK 31.96% , L&
189 d,AFE¥/RIR 12.3 °C, HHEERE T+, + R BT, b g, B i Al , + 3% pH (w5508
1.2 Ak
HETHAG R TR F A A R L BE R A
1.3 ARt
W4T 2010 4F 5 H 20 HEEM, S EK, 2 J5 e, SR 5 R Fh 8 002 , 37 Fp % 0 300 #/m®
RAEFPFA AR 5] 4 110 ELBIB ARSI 5T R T2 . ZIREE R, fR 75 B0k U1 i,
TEREFN 3 A5 HEAT IR0 | 0B A RS AR AN AH [ A A B BE A LT, (5 453 00 Ak Bk B 150 323 B b R HL 4 A
B4y, g B ASHEIE B 15 d 22 N TR BR— R AR ke . RIS AL BRI X T AU 3 mx3 m, %
4 ASKEHE ARXIEN W RE ) AEN T U A1IED 2 YOFRIED 3 Wk, B UONEIFE 2010 4F6 H 20 HiE T, 72 )5 8930 d
(7 AH20 H)YF60 d(8 H 19 H) ZrildEF7T4E 2 YAER 3 X, B abHid 15 B A BEPLIX 41451, 3 60
AN, RPEERECN T 7k, AR 10 em,
1.4 MEFRARS ik
3 YO EI AL BREE T 20 d, R4 T BURE A4S TS A I 4
1.4.1 AW A A K3 bni e
BEALE SE AR 15 KRB HAR SZHRREE R R 207, 76 80 CHL 48 h, LT K- (KE 0. 01 g) Fri,
TR S50 A W) L (Leaf mass ratio, LMR, M E/FAR S E ) AR H (Root mass ratio, RMR, R
/AR ) ST A Y& HE (Supporting organs biomass ratio, SBR, SZHF&5H) Y/ AR B ) R
It (Root mass/ crown mass, R/C, ARAWE/H W) . MRERH EREATIE . Seit e 78Rk
B AL MK BETE 3 em LU BAA 1 XF LA E B 3B AR F 3 bk E 19204
1.4.2 MgREENE
FEREA A B /N DX R AL R TR 4G AR R 5 Bk, Bk 5 rp R IE R AR K B AR E G 2 Theent,
85% AN BRI ZLFE 12 h J5 T 665 nm 649 nm AN E G, # F i A E A m AR p st Z 5.
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Chlb=22.90D,,,~4. 860D,
Cv= Chla+Chlb
AN T R R B4R R A i (mg/dm®) C, = Cvx1/1000x5%100/S
1.4.3 JLHERSEONE
FIH LI-6400 fH #5564 (LI-COR, USA) MiE . 3B X FIXH4 G 4% (P ) AL BE (Cond ) (751
B (Tr) FK SRR (WUE = Pn/Tr) 5200,
1.4.4 MEEIOESHE
FIFH FMS-2 #5528 22 98 64 ( Hansatatech, UK) & , &£ 5E2 B A, BEALFE 20 min 5 AT
WZE . ME R DOCS B AR RPN (FO) (I R (Fm) (ARG (Fo) (PS T HY S KOG =R (Fu/
Fm) PSINEAENG M (Fu/FO)
1.4.5 RAETIEMIEEL
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R R A Excel FEHL, AN R AL 2 1) 2% 548 A5 R B BRI 28 5 22 43471 ( One-WayANOVA ) 3550 H ir f7
ST FEAE SPSS17. 0 GEit- oA FEIF e il
2 ZER551
2.1 AS[F]RI Ak B YT 9 10T 46 A K ) R i)

R Ab 3B b B AT T B TOUAG A AR A5 3 0 1 A it . AR 1 i mT DU H 6T BE A B 1% o TR B A MR AR A= )
A AR AR R AR AR R ARG, LS XE] 1R N 2 YRORDAED 3 R T A A% o R
YA LA 5 2253 (P<0.05) , Horr X1 3 Wk 25 A= i A i LA i S 080 1 IR
HHEF L ONEN TR R 2 YR AED 3 A A R R BRI T 39. 47% .69. 58% .82.57% ;R AR
IR T 46% 68.55% 44.53% s 2 A IRAR T 39.75% .70. 75% .80. 04% ; M- A= i 43 B REAR T
41.65% 67.23% 91.76% ., [RIFE, AbFR )5 B T0044 1)/ E i il TR 255, sk 2 NI 3 vk Al i Ak 9 i
Lot I T H e 3 FhAb B X110 3 YR AR AL 4 et LU DR e Lt 2 B T 3 Rl B 1 SRS A i L 4
FRAbFRIA)TC 25 25 5 . B2, NI 3 Y Ak B {68 9 0T 4 Rk 2B 0 i T R R B o B I

R1 NBEXEMHEEMENZIN

Table 1 Effects of different clipping treatments on biomass of Flaveria bidentis

Ib P A Yy EEYR REE7/) A
Treatment Root biomass/ ( g/ ) Stem biomass/ (g/#) Leaf biomass/ (g/#) Total biomass/ ( g/ ¥k )
XfREAL 3 CK 13.308+2.231a 92.292+12.0954a 40.280£6. 038a 145.880=19. 833a
A& 1 ¥R One clipping 7.186+0.952h 55.610+5.737b 23.502+2.391b 88.298+8.751h
A 2 YK Two clipping 4.186+0. 643b 27.000+5. 611bc 13.19822. 697bc 44.382+8.925h¢
AIE] 3 YK Three clipping 7.382+0.863b 14.732+1.636¢ 3.318+0.913¢ 25.432+3.027¢

FPE R hR DR, RIFIARE R RR 2278 B EKFE(P <0. 05)

F2 NEXEMHEMES BN

Table 2 Effects of different clipping treatments on biomass allocation of Flaveria bidentis

Jb B LIREEL7/E 4 d AR G Y L HOE LE
Treatment LMR RMR SBR R/C

X RRAL B CK 0.274+0.009a 0.0902+0. 006b 0.636+0.005a 0.0994+0.008b
XJ#] 1 ¥R One clipping 0.273+0.008a 0.0832+0. 005b 0.644+0.012a 0.0909+0. 006b
XJ#) 2 ¥R Two clipping 0.296+0.007a 0.0976+0. 006b 0.607+0. 006a 0.1083+0.007b
XIJ#] 3 YK Three clipping 0.123+0.023b 0.2938+0.019a 0.584+0.028a 0.4197+0.036a

R A B A T 8 TR 7 R AR R AR A R RRAE . X 1 RN 2 B 5il#E 6 H 20 HAT H
20 HiEAT, 5352848 80 d #1150 d WP A K5 Mk S50 BR BT 73 0 NI T 7. 78% M1 37. 04% , 312 5 1k
E(P<0.05) , MRIE] 3 YO H T0 48 A% o 0 4 T S5 A B S, S0 RRAR L R R T 76.38% (P<0.05, K1 1), A
[Fi) b PH A, B 2 () ) T R T4 A AR, TR L AT L XIRY 1 R A BEEE T A A AR 3 X IR (P<0. 05) L, 1S
T 46.51% ; AFH) 2 YRALFRRE = T 0 FRAE TG I 385 25 5= s 28k 3 AR B T 2 7 B BT 1% 1 83.82% , iK1 i
FAOF ., BT LATE BEXIEN (1 YR 2 3R A R T BI04 1) 50 BB [RIRR BE 38 0, i — 2538 X818 (3 1) e
B A B ) P TV A AR AR

[ B X A B, 2 2 A S 1 B TOUAG Y AR BB ARG . BT L b B RSB 3, 45 A B AR 1) 46 7 4
B ERRIUESR (P<0.05), XE 1 WA, B AR — B I AE KR TT A6, (B 5 X BEAL BEAH L N R T
49.90% ; A 2 WRALBR AL P BOL & AR T NIE] 1 RACEE, 46500 29. 8 5 1MIE] 3 Yk AR A T 4L
PIRERE . 6N E B 4R T B TG i A g A il T s 50
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Fig. 1 Effects of different clipping treatments on growth characteristics Flaveria bidentis

2.2 AN[RDXIE AL BT o ThU 2 £f BRURFE (19 52 1
2.2.1  A[FEXFIAEPER 254G 106G Rk

N2 3 F7R , B TG AN [R) X Ak B2 21 5 it S A2 A 2 B X U Ry 1, 2 B 5% i R A1
s, X 3 A2 2 S AR TR, R 225+ (P<0.05) . SZA TR, #OL G HER Pn LT
J¥ Cond FIZEME A Tr HEARTEA R A X F A 215 AL AL A FABL, BRAE] 3 YCAE BEAD, B X E R0 3 i 2
WA R 2 YR XIED 1 RSXE R H 25 53 535 (P<0. 05, 4038 3) , A% 2 WK% Pn {E . Cond fEFN Tr {E&S A f
Ko UEHIRIFI L FRAEAETE — B TR bR B TG REAR OB S VERE . TRIINE, SR 3 T AR 1 X0 2 vk sk 3
AR 7K 0 M TR /N T A AR B, Xk B XIS 1 AN 3 R Z B FJC R 22 57 . /K M IR WUE 1EX]E]
AbIR G BARA T RS 53 YO FR T 3% 2 1

R3 NFMEWMFMHEIRSETRAEREME

Table 3 Effects of different clipping treatments on chlorophyll content and photosynthesis characteristics of Flaveria bidentis
2R R

b3 HOLEHAE P SALFE Cond A IBHE R Tr 7K 53 %% WUE
Chlorophyll content ) 2 4 o o
Treatment ) /(pmol CO, m™ s ) /(mol H,LOm™ s ) (mmol H,O m™ s™") / ( pmol/mmol )
/(mg/dm")
X HE CK 5.444+0.214 ab 23.09+0. 676 ¢ 0.197+0.011 ¢ 3.493+0.164 ¢ 6.813+0.196 a

4.784+0.262 bc
5.679+0.139 a
4.493+0.125 ¢

27.49+1.086 b
31.35+1.084 a
27.78+0.941 a

0.273+0.015 b
0.404+0.025 a
0.352+0.018 a

XJ#] 1 One clipping
AJ#] 2 R Two clipping
A 3 ¥K Three clipping

4.314+0.164 b
5.479+0.206 a
4.592+0.199 b

6.425+0.278 ab
5.770+0.231 b
6.139+0.273 ab

2.2.2  OR[EDAEIAL 3R B T4 1) i R 5tk

MR 4 F i RIE] 3 AR AW AR N S 2 s T IR ORI 1 ORDAED 2 vk, iR 1 A E 2 Ik
XTHRAC PRG35 25 5 . Fo/Fm a2 PS I s SO R 17 i, KV/INRONE PS T RN Hots R R R DG 1E 1 % A Ak
R OREN 3 WY Fo/ Fm 5 ZEACTXE R O] 1 U A 2 URIRAE, DA RA X1 E] 3 vk A B0 35 T00 4% RE 0% ) 3% PR IR 9
T AR MIAIE] 1 RA 2 IR 50 REA BRI 3 25 7, Fo/FO J& PS I TE G VE, B A8 ki
P Fo/Fm AL, AE 3 IREY Fo/FO S 2R HAAR PR, mAE] 1 ORI 2 R385 % BRAL PR A I 35 22 5% (P>
0.05,%4),

F4 NEXNEMHEHERLAZTTSHHZ N

Table 4 Effects of different clipping treatments on chlorophyll fluorescence parameters of Flaveria bidentis

pieL (UL DS/ BRF AR PS T RO b 2% PS T VARV T
Treatment FO Fm Fv Fv/Fm Fv/FO
XFHE CK 139.5+5.106b 541.5+17.606b 402.1+20.314bc 0.736+0.017a 2.982+0.22a

AJ#] 1 ¥K One clipping
A& 2 YK Two clipping
A& 3 YK Three clipping

131.8+2.952b
141.7+3.067b
169.5+10.28a

577.0x15.289ab
606.7+14.206a
522.1+13.921b

445.3+14.524b
464.9+13.768a
352.4+16.304c¢

0.770+0.007a
0.765+0.007a
0.672+0.021b

3.397+0.122a
3.302+0.117a
2.219+0. 187b
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Table 5 Index of phenotypic plasticity for traits related to the growth in Flaveria bidentis at different levels of clipping treatment

e CIRZZRE 24 e Al IRVEFR AL
eIy . iz .
Index of phenotypic Index of phenotypic
Index . Index ..
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