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Abstract

Aims The extensive use of herbicide to control invasive plants would change the relationship between alien and
neighboring plants. In order to provide data for rational use of herbicide and a theoretical reference for further
studies on the ecological effects of glyphosate, we explored the variation of the relationship between an invasive
plant Solidago canadensis and a native plant Imperata cylindrica when they were sprayed glyphosate.

Methods A replacement series experiment was conducted from June to August 2016 in Wetland Ecosystem Re-
search Station of Hangzhou Bay, State Forestry Administration, to examine the effects of glyphosate at seven
concentration levels (0, 0.3, 0.6, 0.9, 1.2, 1.5, 1.8 mL-L™) on the growth and interspecific competition of S. cana-
densisand I. cylindrica.

Important findings (1) Glyphosate treatment significantly inhibited the growth of S. canadensis and 1. cylin-
drica (p < 0.05). During the test, cumulative growth of height and leaf number of S canadensis were apparently
reduced with the increase of glyphosate concentration, but the leaf number of S canadensis treated with 0.3—
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1.5 mL-L™* glyphosate was re-growing with time, while the one treated with 1.8 mL-L™ was mostly dead. The
withering rate of tiller and green leaf of |. cylindrica aso significantly increased with the increase of glyphosate
concentration, and the growth indices of this plant treated with 0.3-0.6 mL-L™ were also re-growing with time.
(2) Glyphosate treatment significantly affected interspecific competition (p < 0.05), which diminished as the gly-
phosate concentration increased. (3) Interspecific competition has significant influence on the biomass allocation
of S. canadensis (p < 0.05). When facing competition, S. canadensis would allocate more organic matter to root
and thus increase the ratio of root to shoot. Competition only inhibited the tiller number and total biomass of I.
cylindrica, but insignificantly affected its ratio of root to shoot. (4) The interaction between glyphosate treatment
and S. canadensis-|. cylindrica interspecific relationship a so significantly influenced the biomass of S. canadensis
and |. cylindrica (p < 0.05), but insignificantly affected the root/shoot ratio of two plants. Different plants have
different tolerance to glyphosate stress. Compared with native plant |. cylindrica, S. canadensis has stronger tol-
erance to glyphosate. Low-concentration glyphosate could decrease the competitive intensity between S. cana-

densisand I. cylindrica, which may disturb the structure and dynamics of plant communities.
Key words herbicide; invasive plant; native plant; growth; interspecific relationship
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F1 AFREEZCH B AP R ISR — B AL F R ) BT SR T R CP A E AR AE R )
Table1l Plant mortality rate of Solidago canadensis and Imperata cylindrica treated with different concentrations of glyphosate (mean + SE)

T B PR HARFET 2 Plant mortality rate (%)
Glyphosate N - N -
treatment P g K — ks 1 TRA ISR — B T RIS e HEvSER

S canadensis grown in monoculture S, canadensis grown in mixture 1. cylindrica grown in monoculture |. cylindrica grown in mixture
GO 0.00 + 0.00* 0.00 + 0.00* 0.00 + 0.00* 0.00 + 0.00*
G0.3 0.00 + 0.00* 0.00 + 0.00* 0.00 + 0.00* 0.00 + 0.00*
G0.6 14.28 +10.71% 0.00 + 0.00® 14.29 + 9.22" 14.29 + 9.22%
G0.9 714+ 461% 714+ 7.14% 39.29 + 12.02" 714+ 7.14%
G1.2 25.00 + 14.43%° 0.00 + 0.00® 7143+ 12.71% 50.00 + 15.43"
G15 21.43 + 8.50™" 50.00 + 10.91°* 89.29 + 7.43% 57.14 +14.86°®
G18 46.43 + 14.86™ 64.29 + 14.28" 92.86 + 7.14* 85.71+9.2"

GO. G0.3. G0.6. G0.9, G1.2. GL5MGL.8%) BIF R & H B A MOmL-L™Y, 03mL-L™ 0.6mL-L™ 09mL-L™" 1.2mL-L7% 15mL-L7 1.8mL-L™
FIZIA R NG BN AR AR BIIR 2 2 (1) 72 53 2.3 (p < 0.05); [FAT ARG P BER R AN R M 7 S0 i 22 7 B3

GO, G0.3, G0.6, G0.9, G1.2, G1.5 and G1.8 represent 0, 0.3, 0.6, 0.9, 1.2, 1.5 and 1.8 mL-L™ glyphosate, respectively. The different lowercase |etters in each
column indicate that there were significant differences among different concentrations (p < 0.05); the different uppercase |etters in each row indicate that there

were significant differences between different plant modes.

TR IR, GL2AEER, EF AET R IR L) 2R
o, VRN S R AR AL TS R IA50%, R A 36 Al
PRIET R NIE ) 71%,; fEGLSMH T, MEkK—#;
WAL BK BRI T ISR, RS R—H
FAEHIFET R L5 46%, JRFPINE K —F eI IE
TR NEF64%. B ERI0EE A, f m ik B b
(GL8)AINE K —B AL AR IER IO,
WATHSR S BTG AL BN AR EAT M DR Gt i

BH B AL D TN K — R e
FHIEETEPR(p < 0.05, #2). 7R H Bk

2 AT SCAN B AC BT 0 SOk R AN S E R AR B2

JE0-60K, MNEK—H B E 28 TR &R br 2210
TLELRE2, BEE S B EIR B TS, InER
— AL IR K B R AT R B B AL EE
IR S, SxtiRAALE, GO.3. G0.6. GO.94bFE T
B, RIS R etk s A g N, (A3 hn
WR Y RBW AL, G2, GL5. GL8KEE T
ER BT BRI IR — A
REREAT G E A F I S 5 [ A B Ak A 2 32 184 17
AN b, HBE AL BN A ) 4E K, GO.3. GO.6. G0.9
(20-60K)F1G1.2. G1.5 (40-60K)AbHE T, HiH Bt

Table2 Effects of planting method and glyphosate trestment on the growth of Solidago canadensis and Imperata cylindrica

LEKFEHR Growth index

Fifg 7730 Planting method

Bt BEab I Glyphosatetreatment A2 HAF Interaction

F p F p F p
IR —H#EE S canadensis
JEYE Total biomass 69.695 0.000" 20.433 0.000" 2.965 0.011"
Hh_FAE4)E Aboveground biomass 82.594 0.000™ 20.185 0.000™ 0.473 0.030"
R E4E Underground biomass 22.363 0.000™ 11.761 0.000™ 2.881 0.013"
Pk Plant height 18.520 0.000" 18.010 0.000™ 3.000 0.010°
£33 Green leaf number 0.604 0.439 11.192 0.000" 1.621 0.151
5 Root /shoot ratio 6.773 0.011" 0.826 0.553 1.643 0.145
HFRIET- R Plant mortality rate 0.012 0.912 11.057 0.000™ 2.336 0.039"
AF |.cylindrica
JA/EWE Total biomass 37.776 0.000" 37.701 0.000" 7.802 0.000”
#b |- =¥ Aboveground biomass 32.195 0.000" 29.126 0.000" 5.642 0.000"
H R 2E ) Underground biomass 36.954 0.000™ 36.851 0.000™ 8.675 0.000”
Iy BESL Tiller number 13.195 0.000” 50.831 0.000” 5.75 0.000”
LR Length of green leaf 1.379 0.244 52523 0.000" 1.254 0.288
HR5E . Root/shoot ratio 0.615 0.435 0.599 0.730 2.357 0.058
HIFRIET- % Plant mortality rate 5.242 0.025™ 34.112 0.000™ 0.971 0.450

* p<0.05; ** p<0.01.
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Fig. 1 The growth indices of Solidago canadensis after spraying glyphosate at different growth stages (mean + SE). A, B, S cana-
densis grown in monoculture. C, D, S canadensis grown in mixture. GO, G0.3, G0.6, G0.9, G1.2, G1.5 and G1.8 see Table 1.
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Fig. 2 The growth indices of Imperata cylindrica after spraying glyphosate at different growth stages (mean + SE). A, B, I. cylin-
drica grown in monoculture. C, D, |. cylindrica grown in mixture. GO, G0.3, G0.6, G0.9, G1.2, G1.5 and G1.8 see Table 1.
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Fig. 3 Effects of different concentrations of glyphosate on total biomass (A), aboveground biomass (B), belowground biomass (C)
and root/shoot ratio (D) of Solidago canadensis (mean + SE). Different lowercase letters indicate that the indices are significantly
different among different concentrations of glyphosate (p < 0.05) for plants grown in monocultures. Different uppercase letters in-
dicate that the indices are significantly different among different concentrations of glyphosate (p < 0.05) for plants grown in mixtures.

GO, G0.3, G0.6, G0.9, G1.2, G1.5 and G1.8 see Table 1.
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Fig. 4 Effects of different concentrations of glyphosate on total biomass (A), aboveground biomass (B), belowground biomass (C)
and root/shoot ratio (D) of Imperata cylindrica (mean + SE). Different lowercase letters indicate that the indices are significantly
different among different concentrations of glyphosate (p < 0.05) for plants grown in monocultures. Different uppercase letters indi-
cate that the indices are significantly different among different concentrations of glyphosate (p < 0.05) for plants grown in mixtures.

GO, G0.3, G0.6, G0.9, G1.2, G1.5 and G1.8 see Table 1.
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Fig.5 Effectsof different concentrations of glyphosate on the relative yields of Solidago canadensis (A) and Imperata cylindrica (B)
(mean £ SE). Different lowercase letters indicate that relative yields are significantly different among different concentrations of gly-
phosate (p < 0.05). GO, G0.3, G0.6, G0.9, G1.2, G1.5 and G1.8 see Table 1.
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