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T A B R CRM) T B R IR Fe £ K BT B AT R B AP ENAZ AL 678 2 SR B2 AP IR I ANAZ AL
B Eichhornia crassipes. 7K J& 3 Cabomba caroliniana #= 2 ¥ % LA ¥ 5K M ¥ 2.3 Hydrilla
verticillata . 38 3 Potamogeton crispus A #F 55 %, i@ T PR ISR AR F KK (0.2.0.4 m) F= &
Kot (AR £ K IEH ) 69 KA KAL) 3T 2 A ANAZAL D Mg o, R B7, BAKIEA 04 m
BFE AR TR AR, GFTH BANIZHEY T ZRAERGHRER, mREASAEZGERLEE
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BARIP B AT 69 £ K T RUIRE 7T A8 1E BARRAR 2 B B A B R A4 3 i 18] 33 ) R
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Responses of two submerged plants to invasive plants at different
water depths and growth periods

Asiha' Gao Haiyan’ Shen Yiluan' Sun Kai' Xue Jingjing' Cai Jingfang'
Cheng Rui' Yang Lijuan' Li Hongli"
(1. School of Ecology and Nature Conservation, Beijing Forestry University, Beijing 100083, China; 2. Ordos Vocational

College of Eco-environment, Ordos 017010, Inner Mongolia Autonomous Region, China)

Abstract: In order to investigate the responses of submerged plants to different species of invasive
plants in different water depths and growth periods, two wetland invasive plants, Eichhornia crassipes
and Cabomba caroliniana, and two common native submerged plants, Hydrilla verticillata and Potamo-
geton crispus, were selected to investigate the response of native submerged plants to two invasive
plants in different water depths (0.2, 0.4 m) and growth periods (early growth and peak growth) through
simulation experiments. The results showed that the water depth of 0.4 m was more favorable to the
growth of H. verticillata and could weaken the negative effect of invasive plants on the growth of H.
verticillata, while the water depth had no significant effect on the growth of minced grass; the invasive
plant species did not have a significant effect on the growth of native submerged plants, but there were
differences in the mode of influence, in which C. caroliniana tended to inhibit the growth of native sub-
merged plants, while E. crassipes could inhibit the growth of native submerged plants indirectly by de-

creasing the transparency of the water body and the content of total phosphorus. Total phosphorus con-
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tent indirectly inhibited the growth of native submerged plants. In addition, the negative impacts of inva-

sive plants on native submerged plants were more pronounced during the early stage of growth than

those during the peak growth period of native submerged plants. These results suggested that there were

differences in the mechanisms of the invasive effects on the growth of native submerged plants, and that

native submerged plants were more resistant to the two invasive plants in the appropriate water depth

and during the peak growth period.

Key words: plant invasion; submerged plant; water level; growth period; Eichhornia crassipes; Cabom-

ba caroliniana; Hydrilla verticillata; Potamogeton crispus

HEYINR C R AR AR S R IR (A7 7 R
4,2023) , U H B A AR MR Z R RS R
SRR ENE(ENESE,2012; Xu et al., 2022; B =
4,2019) . HEEAYARIEHRH 25702, W AE
BRGHIMRAEY AW 5Z0R O A 5T )
T E U (# B4, 2017 ; Huang et al., 2022) . JT7K
FE P X 7K A A 25 R e ) At e RN e B2 4 DG BEAE ]
(Stansfield et al., 1997; 2245}, 2020) , 17 i B2 F A0
HXTHPARAEI AR BN o R Fo/b RS SR A
1R EFERE T A5E 4 158 (E MG, 2005) , 78
I NAZAS 7K AR A5 5 AT DA S5 35K, AT
o7 P AR H T KRR P 1 A A 23 (8] 0 A b T E K AR )
H: K %5 (Louback-Franco et al.,2020) . ItAh, 7k
AR BI7K A A3 PT LA 328 02 /K AR Yy 3L PR Tk
[B] 352 LKA Y B9 4 A7 (Lazzaro et al.,2020) .

TUAAE P A B0 27 B i 2K AR RS T R 1
SEMA , AR ALY TEA R AR PR o AR H oK A )
52 M A A A7 7E 22 5% (Li et al., 2021) . Hirp ok
URIESE M DTK AP A 4 T ) B K R IR B R 2%
Z— (BB ,2018) . TEARFIKEET , TUKIEYE
IS YT N =R W 1 (¥ B B S ek Py aa
Ak, DA 52 ) L6 AR A5 90 0% 1) )3 (Fraser &
Karnezis, 2005; T ,2021) . 54k, KR W A FE &
S AR AP 0 A A B TR e AR e
(Huang et al.,2022) . fFlln, Bl #& K R3E I, A2 Fh
TR 3 Myriophyllum spicatum W53 F780H 1.
b AR SRR B i 355 K (Hussner et al., 2009) .

AN , AR FEA A A K B AR AT B A A ]
AR MR, X S B A R AR K B AR BB )
WIEEZ 5 (Beckmann et al.,2011) . Ui/DAppEgE v
Cenchrus pauciflorus TEA G = K B A9 A= KPR AN
], i A A PRAR AR A SR e H AR A S 4R ), AT
SEM AR BE ) CEHAISE,2021) o [AlRE , A HAE )
TEA ) AR R I I B A [l ) A K R B SPEIR

FGEIRA HZCE . WA R Nitraria tangutorum 1A
(] A= A IS0 AN R AR S5 F Y5 S NI, T Bt o
K, S YRR BRBHIE K, AR HOZ S =4k,
TR A VS I #i P K (Li et al., 2022) , 3X 7] B8
AR T HAE S NRAEY TR bR H . S4h,
A HIATT ) AE AN [R) A A< S S X AR s - H A 5 i . A7 A
Z5 . W E 2515 Angelica sinensis [ HR PR 4 1
WS 5 RGP AR S P B T 1S SR I
(1A TRE MRS P I R R G DT A5, 2023) o BRI, 4
DA i AR ) E AN [ A= B S A AR ) 1 o 7 . 25
FEAE 25 5, IF itk — 205 ma L AAZAE ) I HRHT T
SR, H AT OC T A HA ) 76 [ A A I 6 AR A
Py 1 I 5T 85 /0, e R G T A HB UK AE DI AEAS
() A < B X A AR A e [0 A 50 2L

R SE Eichhornia crassipes J2: W AAEFHXUR
J& B — B KA, BN A I B RISk AR T Z
— AR SRS AR ERE AR T K
VLSRR ik DL M 46 7 4548 (Thamaga & Dube,
2018; 5K P4, 2022) . JKJE B Cabomba caroliniana
JE LSRR G R B — R OUKAEY) R TR SR,
VERWEERE D 51 A T E G AR TV At
AT KR (R 2555 ,2019) . PR Hydrilla ver-
ticillata & 7K BE R RBEE (1) — Fh Z AR AL UK RA, T
1243 AT T RO K il AT 28 308 7 Hl DX (X o 1 5
2022) ; {5 Potamogeton crispus J& IR T2 FHIR T2
Ja& B — T 2 A A UK A Ja TSR A b (A 4
85,2022) SREEFITIRILETR E 20 H T RIMoK &
7K T AR RS, AR T AR AR R 5580 1 [H]
FHLRIR Z S S a R YY) . BT, EINAC
TIKAE AARAE Y A TTKAE Y 5200 C A — e i
%% (Adams et al.,2021; Mazurczyk & Brooks,2022),
R OE T AN [FIZE B GTKAT P e AN [R] 7K ORI AR A s T
T M A A AE P e 107 v AN B . AR SRR 2 B
[RI 2T (380 b A ARAR ) IXUAR S22 R0 7K 5 8 2 ey D,
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1.1 ##
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IR 3T 2021 4F 8 H W H T Wi Laferr e 2085, 4b
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8 HRAE F At 5t BUBRDC 58 FRAR A Bl | 36 A KR
R4 HAME R SEA — S0 4 i WA AR , (R Re 4
BERIRVE . DL BRI S — et iRl 2 = b e
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It iR 7 d et

RN AR AR r R0 35 0 [ 7= 0 iy
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2o AKIEFRUUKAY) , 54 ITAAE YR E =
FHI], FEASZ5 25 TR ORIV 2 0 5 JRURR 322 4 17 /K AE 4 H A
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A IO, FEA ML TT KA P 8 V5 109 25 K w0 (RS
10 d) A KR RIS 20 &) 9EFT 2 R AR Y
SEM, SB[ AR AR (1) o 388 101 1)
3dBE LUK, LARIEAK AR N K R EEAARAS KA
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SRR 0.021 mg/L) , LK B 7K N 25 4 E 2212 it
T KA BRI SRR R ST

A KA AEKHH
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of growth of growth

b 0.2 mAk%E
1 0.2 m water
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' 0.4 mKE
1 0.4 m water
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8, ®
% BE ydrilla verticillata \% FFE Potamogeton crispus & IKJEHE Cabomba caroliniana y RBRE Eichhornia crassipes

B RigEREE

Fig. 1 Schematic diagram of the experimental setup
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1.2.2  REAY £ KIG AR RKARK G AR 89 ] 2

RS A A, KA B 25 A LR 207 7%
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TR 3 E R IR bR Bl SRR R 0 b 53530
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et FF 35 B S e 1 7K A r Rk AR 1) 35 B
T ] — /N BB R A B4~ KA T K
DU B AR G ) 2 i o SR M Aok Bt PR B I i 53
TG REVEI e KA TP ) SRS i, RS HIR B 40t
S EE R S KRR T S B B (XIS, 2021) .
123 SZH#5 R G

R B A AR RN K AR B AR S5 X AR T 7K A
YIRS, FIFH R 15 5 Lavaan £ 857 AfRAEHY) K
PSR S50 XF A 1 T50 7K AEL ) 5 1) 1) 485 4 5 AR A5 78
(structural equation modeling, SEM ) , 7£ 4 #H #7] Ui 4
R B VUK RS AR REE KRB
PEJAT B 2 AR a2 (] DL AR S (A 8 s 2 R 25
AEAHE AR, SR AR A T RTASEARY | e s I B A ik
EHAE g OC R (B P>0.05 B4R ) , Bl 5L AN [A) A8
2 (A A 5% 28 BN 5 22 RGN 78 £ G 28 XD AR A Y
HATIEIE . [R5 AH OC R B B2 R A AHOC R
B T 0 WL A% 2 [A] 7 OC FR = AT G T, DA
T 395 UEASE AU A 200k B AR REER T — A8 5 Xf
F— AR B SRR, AR RO SRR —
NS 5y — AR B R BOR . R 2 R
55 #4538 £ (comparative fit index, CFI) 13T 211
Y1222 (root mean square error of approximation,
RMSEA) T4l I SR S5 BOCR , 24 P>0.05 . CFI
>0.95 . RMSEA<O I AR 45 400

1.3 #HESH

FIFH SPSS 22.0 AR I E A A TG 43T
R = W 7 20k BT UK A Y FK AN [H]
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36, X T AN 2 7 25 43 A R ESCH 2R AT X Bl g
S5 R EE S, FF0H FH Tukey R 507517 22 5% 35k
oL

2 ERESH

2.1 AHTUKEMIEAR R M T XN EAE W HI0E R
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Table 1 Results of ANOVA on response of Hydrilla verticillata to invasive plant species under

different water depths and growth periods

Pi7S

NGRS CRNIE

A K AR bR . . .
Growth index Water depth Invasive plant species Growth period DxS DxP SxP DxSxP
D) (S) (P)
P = Height 8.343" 0.223 40.355" 0.003 1.459 0.630 0.047
1B Number of branches 8.042" 0.281 18.916" 0.001 0.584 0.333 0.088
437154 Number of sections 8.765" 0.504 22.082" 0.073 1.170 0.736 0.020
AW Biomass 7.997" 0.298 26.900" 0.012 2.054 0.470 0.101

w4 RN AN A Ab BEH] 28 Tukey K 30 78K 560 25 554 42 35 (P<0.01) . ** indicates significant difference among different treatments

by Tukey test (P<0.01).
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Fig. 2 Response of Hydrilla verticillata to invasive plant species under different water depths and growth periods

P B Ry P AR e o AN B R AN Al A B2 8] 28 Tukey A6 56012546 560 22 57 1. 35 (P<0.05) .

Data in the figure are

mean+SE. Different letters indicate significant difference among different treatments by Tukey test (P<0.05).

R2 HEEARKRMNERR AN EEDFHEIMEHTTEDTER

Table 2 Results of ANOVA on response of Potamogeton crispus to invasive plant species under

different water depths and growth periods

e KegihT IKIR UNGZIL/LES AR
Growth ?n dex Water depth Invasive plant species Growth period DxS DxP SxP DxSxP
(D) () (P)
¥k Height 2.078 0.084 17.335" 3.297 1.733 0.026 1.100
4345 % Number of branches 0.330 1.320 23.572" 0.587 0.110 0.440 0.147
4371780 Number of sections 0.525 2.830 24.575” 2.830 0.784 0.908 1.047
H: ¥ 5 Biomass 2.438 1.164 11.483" 0.701 0.889 1.007 0.809

* RN A AL BRIB] 28 Tukey K 3072 K 56 75 H A0 B 3 (P<0.01) .

by Tukey test (P<0.01).

2.2 JKIR GEYFEER A KRR KRR M R R
IR AR RN T Wi 128 AR B 5

i K A4 375 B BE , K TR 5 AR AB P R 28 14 58 ELA 6
IR S B A R R T XK SR
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RUHR S AAR IS, 2 PR BT 7K A% B B 35 i 2 T B
([ 4-A) 5 e Ah , K M B 2 B 7E XUIR 3% A (R )
1%, TFE 0.4 m /KRR K& FE A AR 2 1 T (5] 4-

** indicates significant difference among different treatments

B) s /KA BV B i R T A AL B H 00 2 2 R (1A
4-C),
2.3 \EEPFIK RIS AT ES R SEM 54T
B TUKAE Y A K R R J#ES T A
UK AE Y 5 KRB 0T L A AR 4 JRUHIR 3% 11 A1
H. K Z Y SEM (=5.263, CFI=0.95 , RMSEA=0.04) .,
A LR BN AR HUKAY AR KGO Sk
T A T BOR A W 4 2 B 3 TE A O, A DG R B
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3 SHEEREIKERE KA N\ S92 H9 0 52
Fig. 3 Response of Potamogeton crispus to invasive plant species under different water depths and growth periods
B B0 S R B bR i R . N [R) B s AN [A] A P 22 [R] 28 Tukey K6 567 K0 50 25 57 1. 35 (P<0.05) o Data in the figure are
mean+SE. Different letters indicate significant difference among different treatments by Tukey test (P<0.05).
F3 KR NEEDTHER ERKFEEIIKEBLEREMAFTESTER
Table 3 Results of ANOVA on effects of water depth, invasive plant species and growth period

on physicochemical properties of water body

IR TR bR K UNEZILL B SN ]
Physicochemical properties of ~ Water depth Invasive plant species Growth period — DxS DxP SxP DxSxP
water body index (D) S) (P)
175 ¥ Transparency 5.583" 0.076" 0.658 15358 3.621  0.064 1.698
SV Total nitrogen content 3.374 0.226 0.882 0.058 0.554 0.940 0.643
JM 5 12 Total phosphorus content 0.880 10.738 1.322 3.598" 4349  0.671 1.836

*Fe N AN b B ] 22 Tukey KB A 56 22 5 8 2 (P<0.05) . * indicates significant difference between different treatments by

Tukey test (P<0.05).

WIS T A MUK AR Y 5 7K AR B A 1 I
N K G B AH B G R B SEM (/=4.891, CFI=
0.95, RMSEA=0.03) . A4 R ER , ATk
ARG SRR R RO A R
TEARDG, AHOC R EAH 2 WA, Ho 5 20 15 5 A G

FEUR R N 0.982; KRBT S iAW SRS
PRV A B R RO, P g B A Y
FH K2 B, N 0.865 5 KRB AL M 5T 5 AR M T /K
R AR A D0 5 W35 TE ARG, B AR R 0.259
JK 5 AR i TUKAB ) B4 A A L 52 35 TR oG
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Fig. 5 Structural equation model of the relationship between invasive plants Eichhornia crassipes (A) and Cabomba caroliniana (B)

submerged plants and water physicochemical properties
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