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FRE L, TN B2 K — B 0 AL R o 3 R MR I R 25 SR I, TR 1 40 BESE T 38 S 1 il 25 SR 3 I, (HL o TR 22 ) 25 5
R BNRIE R BE R P A SRR, 2) BEALFRVR B3 N K — AL B AR RN (3P0 ol Gl (p,) SHILSE(G,) |
MR (T,) BIARWIREAR, A2 TR, PIAIF ] CO,MREE (C,) AR AL AR, Bl 2 ViR BE T e, BRI &2 R — A 3 4E €, 5%
TR BT TR C AT TR B GRF R C BRI, 3) FOH R R N K — AN P iR Ko A R
(P,0) JEHOFE (LSP) FIG M A5 (LCP ) 5 5 P A~ 400 ol 55 P R 33856 (R, ) 1A 55 W) AR Sk 35, o i 8 T — A 0 6 38 UL 0 T R
(AQY) fsZ M R REA i 2 (H I 252 mA 136 AQY , A7 X ESZ -~ #h P, LSP DL FF R, 1 AQY, 0.6mL/L R H
TSR RN SR — AL BEAE TN A5 P, AR W B K T SRR AR (14 52 o, Bt b By 3 T, S [l Ay X B AP P, 1
SEMREAT . AR HRR S L, AR N K — A B LA B (' A TR A R i B I P R ) 2 R
SEAVEHT, X H TR A B R

EBRIA BREN; ISR —BEEAE; 13 4K AEM

Effects of glyphosate on photosynthetic characteristics of an invasive plant
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Abstract: Solidago canadensis, which poses a serious threat to the regions it has invaded, causes considerable economic
loss every year throughout the world. Different methods are used to control invasive species, among which chemical control

is widely used. However, herbicide application may have a negative effect on the growth of neighboring native species.
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Recently, glyphosate, which has high efficiency and low toxicity, has become widely used both in China and abroad. In the
present study, distinctive photosynthetic responses to glyphosate treatment in the invasive (S. canadensis) and native
(Imperata cylindrica) plants were compared to investigate the impact of herbicide application on alien and indigenous
plants. Plants were grown in monoculture and mixed culture for a 21 —day period, and growth and photosynthetic
characteristics were determined under four different concentrations of glyphosate (0, 0.6, 1.2, 1.8 ml./L). The results were
as follows: (1) Glyphosate significantly inhibited the growth of S. canadensis and I. cylindrica ( P<0.05). Cumulative
growth in height and the number of green leaves of S. canadensis were apparently reduced with increasing concentration of
glyphosate, while withering rate of tillers and leaves of I. cylindrica were obviously increased. Imperata cylindrica showed
more sensitivity to glyphosate treatment than S. canadensis; it turned yellow from 0.6 mL/L glyphosate concentration, and
the withering rate exceeded 50% with 1.2 mL/L glyphosate concentration, while the withering rate of the leaves of S.
canadensis surpassed 50% level with 1.8 mL/L glyphosate concentration. Compared with the plants grown in monoculture ,
S. canadensis grown in mixture tended to have higher cumulative height and fewer withered leaves, while I. cylindrica grown
in mixed culture grew better after herbicide treatments. There were no significant differences between different planting
systems during the experimental period. Planting pattern had obvious impact on the tiller number of 1. cylindrica ( P<0.05).
(2) Glyphosate significantly weakened the net photosynthetic rate (P, ) , stomatal conductance ( G,) , and transpiration rate
(T.) of S. canadensis and I. cylindrica ( P<0.05) ; the latter declined at a higher rate. The responses of intercellular CO,
concentration (C,) to glyphosate treatment differed between these two species. C; of S. canadensis grown in monoculture first
reduced and then increased, while C; of S. canadensis grown in mixture decreased unceasingly; C, of I. cylindrica grown
both in monoculture and mixture increased with increasing glyphosate concentration. (3) Specifically, the maximum net

photosynthetic rate (P, ) and light saturation point (LSP) of S. canadensis and I. cylindrica declined, while their light

compensation point (LCP) increased with increasing glyphosate concentration; glyphosate had no obvious effect on dark
respiration rate (R,) of these two species and the apparent quantum yield (AQY) of S. canadensis, but showed obvious
influence on AQY of I. cylindrica (P<0.05). Planting system had significant effects on the P, and LSP of S. canadensis
and . cylindrica, as well as on the R ,and AQY of I. cylindrica. Glyphosate concentration of 0.6 mL/L had less effect on the
P ... of plants grown in monoculture than those grown in mixed culture, while the effect of glyphosate on the P, of both
species grown in different planting systems became similar with increasing treatment concentration. Compared with the native
plant I. cylindrica, the alien species S. canadensis had stronger photosynthesis and higher growth rate; glyphosate
significantly weakened the photosynthesis of these two species, with I. cylindrica showing greater sensitivity to glyphosate

treatment.
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P A BE S A A AR OR AR R G A KA M I RN R —, REFRC R
B, B H R RE AT A R Z BRI R AR R T B A SRR S B an R XA AR SR A
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JBE BT R AARAB ) BT 7 A2 g A= 25, 3O & PR S H R IR 25

B R—R A R 2 AR B NS KR —F ¥ AL ( Solidago canadensis ) J2&F% [E 48 7= 1 165 b IX 15 35 7™ 1 1Y)
MR, AR EN R B RO ) B 7% SR b A RE S A 22 BRI A B, FE BT M TS ] R0 b /A el
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ERARAEY e — P 0L, AT UM SR —A i AEFUHAE A AR ) 1 57 i bRl R0 A ] e B s H gl
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T BEEL) X100% 5 1B Al 2856 = ik i 25 KB/ (M R 25K + 40K ) x100%

1.4.2 St h £ i e
DU T, Mg A B v 3 B T) — 67 1) 58 4 R JF 1R 8 R — R B AR | 11 30 MO A i, 7 I B R AR

http ; //www.ecologica.cn



4 A E = 38 &

7:30—11:30, XF RERPAL IR A EAAD JRAMINE K —BE LR 2P AT E , A 3 IR, FER R CO, Wk BE
(390 £ 20) pmol/mol HY H AR, SR FHLLHESCIORE %3 N B A A SR 5 PAR ARIRR o 1500 ,1200
1000 ,800,600 400,200,150 100,50 .20 #1 0 wmol m™ s~ M@ P AR (P, ,pumol m™ s7') KfLF
JE (G, ,mol m7 ™) ZEMEHR(T ,mmol m™s™") FIL[H] CO, Mk FE C,,pmol mol™) , FEASEHR T 44 I %Hﬂm
g 240s B ERE A0 at. RH AR B A XU T B X PAR-P, i &R A7 LA 15 8 | Kot 4 R
(P ) JEHRAIE (LSP) JEAMES(LCP) (R TR (AQY ) FIREIEM A (R,) o TR &S
TN

AQY x PAR + P, - /(AQY xPAR+ P, )° -4 xAQY x PAR XK X P,
2K

K, P ARFIEA A PAR ARREGIRIREE | AQY URFME TR K RIS &=, /M T(0,1)
Z I,
1.5 Fdaab B 55300

FeR A R I7 2250 B (two-way ANOVA) 3 A B H Rk B Ak =X S HAZ BAE P I & R — A B Ak
AP AERARbR DCmm N S8 2, DAREH Bk B2 B AR B, 6 B A i & 46 A AT SRR 28 O 22 e bt
(one—way ANOVA) AFAE 322 50 HE/ N 35 228504 (LSD) #E 7 2 E i, X PR FiAE J7 =0 AR B9 A=
KARPR AT RIS AR 0 B RRES B A TSI FEAS « K558, BUIEAL PRI HT7E Excel 2013 HR5ERY, J7 254)
BN 22 5 0 B PERG S0 7E SPSS 19.0 HaZsi, A EIIE R T SigmaPlot 12.5 #2581,

_Rd

2 ERESH

2.1 fInER—REALH A0 KRE

BB R TN R — A AR SR AR K (P<0.05, 3 1), BEALFRHEE Tt SRk IR AN InE Kk —
REHAC IR = B R AR AR BIN  ZEE I B SO RGN 5 5P TR 130 1 4 BESE T R A b 22 32 1
FOH B T iR (1 2) . 2 21d 94K, 0.6—1.8mL/L Y TR BARR N B Kk — A A AR = AR
KARARUCN X IR 1Y 26.24% . 14.84% ,0.65% , T 1R FH I 52 K — A3 ¥ A6 A ik v A K 12 DU Sy X BB 1) 46.03% |
16.82% .~ 14.97% ; IR Fh & K —K 3 AEAE 0.6—1.2mL/L FA H BRI AR KB ag B R RhAG 5 2z
25 AR RE . A ZR R IR 97284k, 0.6—1.2mL/L 2B R 1R Rloin &k — 4k i 46 i H A 25 5 mg ik T
AR INER — AL (AR A RE . 2 g R R 7 21d SIS ] Y, B ] 5C R0 &k — e i 4
SRR A S i AR R Y S M AN T R ) DG R RTEH R Y 28 B G AR K e IR AN 1 3 1.8mL/L ¥R B
IR A A AZ BN A AR A IR R R E R R 50%

F1 MEXRMEHBLEINMEX—KEELNBFEKBRHOZ0

Table 1 Effects of interspecific relationship and glyphosate treatment on growth index of S. canadensis and I. cylindrica

, e LLIEIPSES B R EHAEH
0 ERS U Interspecific relationship Glyphosate concentration Interaction
Species Growth Index
F P F P F P

JngE Kk —i A R A 0.333 0.567 14.443 0.000 ** 0.545 0.654
S. canadensis SR~ 0.693 0.409 18.124 0.000 ** 1.158 0.336
M I eylindrica BERLT-R 4.347 0.042* 57.211 0.000 ** 1.643 0.192

AR 0.845 0.062 60.516 0.000 ** 2.541 0.067

#* P<0.05; = * P<0.01

5 R—FHEACAH L, A R A B U 7E 1. 2mL/L R EEANEE 21d J5 , SRR TR 5 1 o BE
PET-HMIT 50% , M F R ZE R80T 60% ;17 1.8mL/L ¥ B R SRh TR BN & K — ke 548 59 - F kG 25 2 0] 43 5]
N 55%F 61% , FTRASAE R IRF A SE 0 BEAET R AN B A2 R TR A 5, - ELPi A Rl 5 =X el 22 5
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B (P<0.05) , KW HARZME T IR BT AP AFAER 54 R, FP s A T2 50
Bt b FHAR JEE B TR 15 2 BESET AR Aol 28 55 5 AR T B p 1 AR 3, (ELAS [ oA 7 o Tm) 22 5 A
W ER TR RERHAN, A5G A S 1 Y ) BERE ST (P<0.05) , {EX AR I B B WA AN fuk 35 ol ] O
ZA MR H B 52 BAE IR E 2P AR R IR IR AN 3
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FEH B E

Glyphosate concentration/(mL/L)

E1 EEHEXMEX-HKELKRSRRERENH FRHEZNHN
Fig.1 Effects of glyphosate on cumulative growth of height and withering rate of leaves of S. canadensis ( mean+SE)
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Fig.2 Effects of glyphosate on death rate of tillers and withering rate of leaves of I. cylindrica (mean+SE)
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7 S
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TR — KB AR B 10 FL S (G,) HBE PAR B4R S b Il i ZE Bl R (T ) ERB S ¢ H—5
PR AL A ; Bt 25 B vk BE b 18 N K — BB AE M ISP 10 G R T 3 AR R#AR . 0.6mL/ L ik BE X B A 42
R—AE AL R AL, e G ATIBE PAR B4R 1 [ 3 5 A 3B b 403 40 R o o 2R — A B 4B 1 <
fU M H G F PAR B R AL AT 5 1.2—1.8mL/L AL B R B fh JRANINE R —A B AL G PAR 5 KAy 78
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Fig.3 Light response curves of net photosynthetic rate (P, ), transpiration rate (7, ), stomatal conductance ( G, ) and intercellular CO,

concentration (C;) of S. canadensis under treatments of glyphosate
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Fig.4 Light response curves of net photosynthetic rate (P, ), transpiration rate (7, ), stomatal conductance (G,) and intercellular CO,

concentration (C;) of I. cylindrica under treatments of glyphosate
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Kifi LT,
2.3 ER—EEAEA AR AR S5

A I T RO 2R A A AT, A5 R RO O R i R — B AR P R B Ko A R
(P, JEHIHILEL(LSP) DEAMERL(LCP) (MR TR (AQY ) LLE I A (R, ,

P, o YA e I E AR bR, R OC R CROH B R = A A B P, (P<0.05) ; LA,
Fofi ] 56 28 RN HEH B (038 TAR IR HIN & R —AL 8 AL P, S % (P<0.05) (£ 2), KEAbFR I BE 48 sk
— K HAE AR, P R R 0 BRZH 1Y) 81.37% 31.03% F1 21.49% ,JRFHI; P WISy % BRZH 1) 37.65% 33.
40%F1 17.06% ; BAFN A P, MU/ R X TR ZH Y 36.74% .8.34% Fl 4.31% IR FF A2 P, A XF IR 24
61% 9.24% K1 4.89% ;t KB 25 WoR  UAE 0.6mL/L VK T, A Fh P, EARRFE X2 A 225 8% (P
<0.05), LSP 5 P, HAEBYVIRR , FH GG &R —REeMEAS LsP 5 P, WAEAH -3, R
B, FEH B SN S K — A AL A SE LCP (P<0.05) ,BEE W T, B P LCP 2455 i1 K ;{8 ]
SR AL S R A H A B AR R X AR LCP RS2 B3 5 K B0 R 1.8 mL/L R JE R hns Kk —ki
16 LCP 5 H A v 5 Ab B A 2% 5 1 35 (P<0.05) ,0.6mL/L 2B 5 5 LCP 5%} BR4H 25 5 18 3 ( P<0.05)

R2 FEXRMEH B IER NS X— R B B F LIRS A R
Table 2 Effects of interspecific relationship and glyphosate treatment on light responsive photosynthetic parameters of S. canadensis and

L. cylindrica

PSS FOH ZHARA
A SR Interspecific relationship Glyphosate concentration Interaction
Photosynthetic &R H¥ mER—H A H¥ &R - H¥
parameters S. canadensis I. ¢ylindrica S. canadensis I eylindrica S. canadensis I ¢ylindrica
¥ P F P F P F P F P F P

EUNE D epU IS
P’ 7.865 0.013 = 10.865  0.005**  31.062  0.000"*  44.100  0.000 " 6.100  0.006 " 2.340 0.112
(pmol m™2s71h)
Dok
LSP/ 8.788 0.009**  17.785  0.001 ** 11.396  0.000 ** 18.895  0.000 ** 2.531 0.094 2913 0.066
(pmol m™2s71)
A
LCP/ 3.459 0.081 0.026  0.874 2,126 0.047 = 2211 0.026" 0.637  0.602 2.622 0.086
(wmol m™2s71)
PR
Ry 4.495 0.050 19.812  0.009 ** 2.061  0.146 1.510  0.250 4.072  0.065 0.548 0.656
(wmol m™2s71)
TR

1.684 0.213 11.477 .004 ** 0.988  0.423 3.346 .046 * 0.798  0.513 1.715 0.204
AQY/ (mol/mol) 0.004 0.046

P, 1o : Maximum net photosynthetic rate (pmol m™2s™") ; ISP light saturation point( wmol m™2s™!) ; LCP;light compensation point( wmol m™2s™1) ; R :dark respiration

rate( pmol m™2s™1) ; AQY :apparent quantum yield (mol/mol)

AQY B THEYITEFDCRAE FRDEIRA R RCR . B3 2 AT B BRI & K —B2 1 AQY A
W (HEE M S AQY (P<0.05) 5 FiE] 5C & [Al A i 52 M 1 AQY (P<0.05) . B& T 1.2mL/L ZbPHAET in
FR—FEAEN A AQY HI LCP 7EFA R TR AP R 22 5 .35 (P<0.05) #F, HoAth vk BEALHE R, in&E R — ki 1k
AQY LCP LSP 1EMFh A4 7 2 IE A 25 S AR 8. 2,0.6—1.8mL/L AR R | FA3F AQY FEA A Fkt 5 =X A 22 57
3 (P<0.05) , 2 LCP A1 LSP WIYE 1.2—1.8mL/L MR EEALFI T 22 57 3 (P<0.05) , i[RI DG & W& 5 m 1%
R,(P<0.05) XS IR —ABLBAE R SEMIFA 025 5 B b TRl i ] OC 8 RS H B 22 AR AN S0 Fh R, 1952
TR P N

3 itig
I35 T 3R oA ) 22 o g A A I A O B 10 P T 3 AL BT AT S R M T LA
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7E A8h PN ZABYI VR P9 (1 A ST RIS B P A% i 8 bk , (8 2 4F AR AR AE 7—10 R BUR B8 G 25588 2 U IR
AR, T BERE A AN T AR N S R — A AL 5 RAR AR 25 A REE T AR
PG AR INER BB AL L, 3000 500 H R e, R we B B P e TImE R
— AL B sk R R, BRI EEVE TG, P R bk L 25 B S2 B A 4 R T Sk — B s AR i
ST o B R IR RE T, 5 SRR R AT LU, TR N SR — A B AR AN 9 5 4 B B AR R B i e (1A
1,151 2) o AR A i A S0 AN 745 R AR R A AR A T a0 I e IR AR T )
P e R A K 3 HAE 5 PP e e ad B b, g R — R BB A BT AR S 4R 38 IR IR Ao
ER—BH AR B R B M IN SR — B s A R A ZE AR R, IR — R A 5
PRIRAE T B R AAGRN ), 5 BEAR L, W0 B0 H Bl YR Ao 11 25 A A i R 4y, — 5 T ] g oy T
TRV TR S S R EE T 53— TR AT REJE: DR O BR R RO AR AR 2R 4 (4 A S 5 DS A
R L R AL 1

SR R A SR B AS (4 A B AR | IR AR B S SR ARL A LA MBI B0 A SR D A R PR i it
FYDEA RETT I 2B AR , HO/INRE W) S B R RE T A5 1K LSP A LCP S R Fr) S A0 X 6 D16 338 016 2% 1 )
MENLRE ST, AQY WA HAEY D C AWM DI REBCR M b 2 IS R — B BB B s 1oL A A R T
ARSI TE SRR R P IRA ISR R AR P, G TR 3 U R AN 4
KRB A EA B RO IRUR F AE T AR PRI A KR, S IE SRR ARAT 5 (181 3, 18 4) . KR BF5E
ELMT ISR — BB bk b 5 A 10 (LA 50Xt 2 R AL (1) o 5 2 R )y B AR A AT S o) TR A
A USRI R BN R — AL RE SR ZUM I R AR/ N 9 A R S B AR . AR5 P IR A 11 38 1 A
JEEPIRT BBl 5, Bl )5 2 W M SR — A B AE R P RO & R (3R 2) , B S &R — R s 4
PELERS  RABHEY FEF AR 1T RES2 B T A A AR (4 AL I i VR T b i 22 R — A 3 AE U 48 o5 S 2 A4
A BEURTIT A A PR

HEAEYIVR A B8 B H IRV T R AR S 0 0 T S B b AR AR IR A 8 il SR S 8 | 3R g
R MBI YA L AT 2 R IR IR AR | LS e & B i (G BEAN REAE B ATP & NADPH 45, AT i)
R LE DR A QD A R 50T oA R 0 580 55 IR 358 A AR P AN S0 SR E 1 AR TR T AT 22 5, G
ARG TR FIW A S SR S (AR L BUERR RS SR — AR P i P, G, TR B AL 3
e E T AN WA, 5 ISR — A B AR EL , i Foa A R RE T R R (1 3, 180 4) o I 3w H Ik
VERVE , 5 SRR REAR 1L TR AN S R — A BAE R 50 1Y P33T FEARECIR, BEAE R B B BT, B vt g
APIFRA FIFE T OC S VR R T, 7RI ARSI T R RO A BT R IR R — 8o
PR ACAL DG AT T 0 AP L R 0 PR R AR ' 45 35 PRI Sl LR Farquhbar 55152 $8 H TR 40 i
[A] CO, MR (C,) FIFLBRMIE (L, ) B AT o) of = LR DN R SEA TR, 25 P, FRERYIRINE C AR AN L, b T
i, XA OISR T LRGN R N £ T Rz, P, FREAERE C Th R AL, R 2, FEAR, D Al AL BR 1 A 3R
NEF ABTEHINER AP F CJe FRER)E LTt SRR BEAL PR S mh AR P, 322
S ALN R A BRG], Fifhh e FE a2 3 AR I DA AR M T 2 32 B4 , D6 BE T BT I 32 28l AR AL BR i 1
TRFIN SR — B AR C AT TR IR W B AL P M IZ AR P, 22 AL R AR, SRR IR Fh A
S CEIBE TR, X R B T 32 4 458, A B T IRl mT B ELREAE I T P B AR i T
FRR TRAR PR A I RO & A B ML R G fiE

25 bR SNRAE Y NS R — A AL BAT HEAS HAFL ) 1 255 B g 00 1 3R A s A AT B T AR
FIEEHE AN 3 500 ) T 52 A 22 e, Il A 52 i Y R AL 14 A R FTDE AL , A b
o0t R H M SR AR BR BRI AR BT 15028 AR 2R LU B SRR R B ZER TSR — B 4E
HEWAENNER— B AL 5P AR I R A BN T BR8], sl N xok b 25 R A ) 5 oA 7 20T e B
ZWF5T, LASIEE AT R PP A e FH B R0 X i R — A A6 5 AR b ) e e ) 52
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