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Effects of sediment type and species abundance on modularization growth and root de-
velopment of submerged macrophytes *

Guo Jingiing, Cai Guojun, Chen Yaoqi, Wu Zhouhang, Hou Xiaoli, Ge Yili & Fu Hui ™
( Key Laboratory of Rural Ecosystem Health in Dongting Lake Area in Hunan Province, College of Resources and Environment ,
Hunan Agricultural University, Changsha 410128, P.R.China)

Abstract: Submerged macrophyte restoration is the key to ecological restoration of eutrophic lakes. Sediment type and species abun-
dance play an important role in the growth and community stability of submerged macrophytes. This study aimed to explore the
effects of different sediments types and species abundance on the growth and root development of submerged macrophytes, and to
provide technical parameters for sediment selection and species configuration for the study of submerged macrophyte restoration
techniques in eutrophic lakes. The study selected Vallisneria natans (Lour.) Hara, Potamogeton maackianus A. Bennett, Myrio-
phyllum spicatum L., Elodea nuttallii (Planch.) H.St.John), four submerged macrophytes, 11 species combinations were con-
figured according to species abundance (1, 2, 3, 4 species) , and four sediments types were selected : without lax layer (al, a2)
and with lax layer (bl, b2), for a total number of 44 treatments (n=11 X 4). Fourteen growth and root functional traits were
measured ; above ground biomass, below ground biomass, total biomass, shoot height, maximum root length, total root length, to-

tal root surface area, total root volume, average root diameter, total root tip number, number of root branch, number of root cross,
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root to crown ratio, and root specific surface area. The results showed that ( 1) the total biomass, below ground biomass, shoot
height, maximum root length, total root length, total root surface area, total root volume, average root diameter, total root tip num-
ber, root branch number, and root cross number decreased significantly with the increase of submerged macrophyte abundance.
(2) total root surface area and total root tip number,were significantly different between sediments types, and most of these traits
were significantly higher in the sediment treatment with a lax layer than in the sediment treatment without a lax layer. (3) Among
the seven mixed species combinations, M. spicatum competitive ability is stronger in mixed planting than in monoculture at V. na-
tans+M. spicatum, V. natans+M. spicatum+E. nuttallii and V. natans+P. maackianus+M. spicatum+E. nuttallii three mixed combi-
nations, and the competitive ability of V. natans was stronger monocultures than in mixed planting at V. natans+P. maackianus, V.
natans+M. spicatum, V. natans+E. nuttallii, V. natans+P. maackianus+M. spicatum, V. natans+P. maackianus+E. nuttallii, V.
natans+M. spicatum+E. nuttallii, V. natans+P. maackianus+M. spicatum+E. nuttallii seven mixed combinations, and P. maackia-
nus was stronger monocultures than mixed planting in three mixed combinations, including V. natans+P. maackianus+M. spicatum ,
V. natans+P. maackianus+E. nuttallii and V. natans+P. maackianus+M. spicatum+E. nuttallii, no significant difference in E. nut-
tallii. Our study suggests that in the development of submerged macrophyte restoration technology for eutrophic lakes, monoculture
submered macrophyte are more appropriate in the early stage of the restoration project, and highlights that lax substrate and the
presence of V. natans and M. spicatum are beneficial to the growth and root development of submerged macrophyte communities.
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Tab.1 Different sediments types and composition
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Fig.1 The species configuration of submerged macrophyte for the specific sediments type
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Fig.2 Effect of different species abundance on community functional trait index of submerged macrophytes
(The functionaltrait index of community in the figure changed significantly with species abundance (P<0.05))
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Tab.2 Anova results of community functional trait indicators of submerged macrophytes on

sediments types, species abundance and their interaction
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Tab.3 Results of relative yields and relative crowding coefficients of submerged macrophyte in
different species combinations
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Attached Fig.IIl Result of multiple of different species combinations with species abundance of 2 regarding
community functional trait indicators(1. Different lowercase letters in the figure indicate significant differences
among species combinations, 2. The horizontal coordinates AW, AS and AL indicate three species combinations

of V. natans and P. maackianus, V. natans and M. spicatum, V. natans and E. nuttallii)
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Attached Fig.IV Result of multiple of different species combinations with species abundance of 3 regarding
community functional trait indicators (1. Different lowercase letters in the figure indicate significant differences
between different species combinations, 2. The horizontal coordinates AWS, AWL and ASL indicate three species
combinations of V.natans and P. maackianus and M. spicatum, V. natans and P. maackianus and E. nuttallii, V.

natans and M. spicatum and E. nuttallii)
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Attached Fig. V Effect of species abundance on community functional trait index of submerged macrophytes(1.
Bblow ground biomass did vary significantly with species abundance (P< 0.05). 2. Horizontal coordinates 1, 2, 3,

4 indicate species abundance 1-4)
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Attached Tab. I Anova results for different species combinations with species abundance of 2 on substrate type

and community functional trait indicators

O IR TS R 7 AR
Febn V. natans+P. maackianus V. natans+M. spicatum V. natans+E. nuttallii
daf F P af F P af F P
Pk H(em) 1 0316 NS 1 1.837 NS 1 0.667 NS
T RHRK: ML(cm) 1 0.052 NS 1 0.192 NS 1 0.054 NS
RARK L(em) 1 4303 * 1 0.178 NS 1 0439 NS
H T B4%2 RMD(mm) 1 0.804 NS 1 1.177 NS 1 1.003 NS
SRR Viemd 1 3.797 NS 1 2.376 NS 1 1.622 NS
SARFIF SA(cm?) 1 4.552 * 1 1.133 NS 1 1.722 NS
SR J%L Nitips(pes) 1 1399 NS 1 0.481 NS 1 0917 NS
HR43 H% Branch(pes) 1 4.366 * 1 0.022 NS 1 1341 NS
H2Z XA Cross(pes) 1 3150 NS 1 0.111 NS 1 0.722 NS
MRtk RCR 3 0.079 NS 3 0.330 NS 3 0.053 NS
Hh FAEYIE AB(g) 3 0.387 NS 3 0.090 NS 3 0.533 NS
N A4 BB(g) 3 0.103 NS 3 0.012 NS 3 0.066 NS
BAEYETB (9 3 0318 NS 3 0.020 NS 3 1.045 NS
MR LA RSSA(cm?/g) 3 4151 NS 3 2.019 NS 3 0.608 NS

1.4%7R P<0.05, NS FoR P>0.05; 2. F ASERRNSG IR, df £REHE
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Attached Tab. Il Anova results for different species combinations with species abundance of 3 on substrate type

and community functional trait indicators

R IR T SRR 3 V. R ISP R W RR IR A R
Febr natans+P. maackianus+M. spicatum V. natans+P. maackianus+E. nuttallii V. natans+M .spicatum+E. nuttallii

df F P df F P df F P

PR H(em) 1 2.308 NS 1 0.377 NS 1 0.083 NS

B RHE K ML(cm) 1 0.000 NS 1 0.719 NS 1 0.437 NS

SUREK Lem) 1 0.160 NS 1 0.150 NS 1 2.181 NS
HRFHEE

1 0.008 NS 1 2.346 NS 1 0.113 NS
RMD(mm)

SARAR Viem) 1 0.021 NS 1 1379 NS 1 0.517 NS
JARKTH R SA(em?) 1 0.101 NS 1 0.437 NS 1 1.183 NS
JIRZSHL Ntips(pes) 1 2.550 NS 1 0.127 NS 1 0.778 NS

R4 H % Branch(pcs) 1 0.625 NS 1 0.019 NS 1 1.253 NS
HRAE X #h Cross(pes) 1 0.687 NS 1 0.116 NS 1 2.193 NS
MRtk RCR 3 1.981 NS 3 0.198 NS 3 5.220 NS
Hh_E AR AB(g) 3 0.271 NS 3 0.014 NS 3 0.059 NS
R A4 BB(g) 3 0.050 NS 3 0.068 NS 3 1.045 NS
HAYE TB (g) 3 0.200 NS 3 0.006 NS 3 0.027 NS
LR AR
RSSAGen/e) 3 2357 NS 3 1.269 NS 3 1.481 NS

1. NSFRP>0.05 2. FASERENEITE, 4/ RrEHE.

BRI Ry 52 DUKEAEA R R A & b S E R b

Attached Tab.IIl Percentage of total biomass of specific submerged macrophyte in different species combinations

WA WL IR TR 5 B AR
- V. natans P. maackianus M. spicatum E. nuttallii
BT
A 91.959% 8.041% - -
V. natans+P. maackianus
i HHFUR IR
87.100% - 12.900% -
V. natans+M. spicatum
o B A
44.404% - - 55.596%
V. natans+E. nuttallii
A IR SRR IR
A 81.925% 7.946% 10.128% -
V. natans+P. maackianus+M. spicatum
7 B IR SO R
. AT 42.135% 6.346% - 51.519%
V. natans+P. maackianus+E. nuttallii
7 B RUPR IR O o
- 46.993% - 12.420% 40.586%
V. natans+M. spicatum+E. nuttallii
7 B HR T SRR IR - A
s 53.621% 4.645% 9.972% 31.762%

V. natans+P. maackianus+M. spicatum+E. nuttallii






