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Plant diversity and composition of ecological floating
bed affect domestic sewage purification
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Abstract; Ecological floating bed system has been the hotspot of research and application in the comprehensive man-
agement of polluted water environment. In order to analyze the effects of its plant diversity and composition on purifica-
tion of domestic sewage, we established five species diversity levels and two composition arrangements by using Arundo

donax as dominant and constructive species, and measured the plant growth, system productivity and N, P, COD re-
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moval rates. The results showed that the individual biomass and relative growth rate (RGR) of wetland plants (such as

A. donax ) decreased with increasing species diversity, while the survival and growth of mesophytes were

promoted. Higher species diversity decreased the productivity of the system, but increased significantly the removal

rates of N, P and COD. At the same level of species diversity, the combination with more mesophytes had lower system

productivity than that with more wetland plant species, but the former had higher N, P and COD removal rates. Under

the same species diversity and combination, P removal rate was the highest, N removal rate was followed, and COD

removal rate was the lowest. Moreover, their removal rates showed a trend of slow decline after rapid increase with

time. These results indicate that the species richness and combination of ecological floating bed system can affect do-

mestic sewage purification. In the process, pollutants can be removed by direct absorption and adsorption of plants, but

the role of microorganisms may be more important.

Key words: ecological floating bed, Arundo donax, N, P, COD
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Table 1

Design of plant species diversity and

combination in the experiment

T )
ZHEAE
Species
diversity

L/RL ity

Species combination

0 _
1 9

3w T+ LB+ 1R

3m 7+ IR+ 1

5w 5A+ 1 E+ TR 1 1K

S5m 5+ 1A+ 1R+ 1 Rg+ 1 3%

Tw 3P+ 1E+ LR+ 13+ LK+ 125+ 1R
Tm 3%+ 1FE+ 1K+ 125+ 13K+ 1pg+ 1 3%

9 IR+ 185+ 138+ 13+ 1K+ 12+ 1R+ 1R+ 1 3%

TE: M B R A KBRS RR AT A S
R ARPH HEAE OKTBAE RR R BR R RE L mH 38 KO ET
5 FORHAY , 5 4 RO AR WA TR RN REL, w
FRMBIAN 5 2R G m R AR S 2 A

Note: Arundo donax, Iris wilsonii, Ruellia brittoniana, Alocasia
macrorrhiza, Scirpus triangulatus are wetland plants and Boehmeria
nivea, Pteris cretica var. nervosa, Phytolacca acinosa, Helianthus ann-
uus are mesophytes. Numbers prior to species name represent the num-
ber of plants. w represent species combination with more wetland

plants, m represent species combination with more mesophytes.

105 °C [ 5€ 27 20 min H4KZE 80 CHEE /> 24 h
5, PR T (DW) R R AE B0 A R AR K R
(RGR,mg - g" + d") ##E (InDW-InDW ) /49 x 1
000 P15, M A K A A 7 (mg « ™) A4 (AR
MY B -w i B Y R ) /49 x 1000 1T
( Garnier et al.,2004)
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JIT A B b 385 43 B 24 R SPSS 20.0 A4
(SPSS Inc., Chicago, USA) 5¢ i, H T4k
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N.P.COD KFRFE5 RIGH S A& A K, H
I, RS A — W A A R D B K/ RL, (B T HETH
AR /NSO () 52 0], 53 BT A ) 22 6 P B 265 %
HRAEY R RGR M R G4 7= 1 0 52 i ok A A
E W7 25 M7 (one-way ANCOVA) , H ¥ Z AP
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Table 2 Effects of species diversity and combination on individual biomass and relative growth rate of eight plant species

. MR A W Individual biomass (g) FAXT A K 2R Relative growth rate (RGR, mg + g - d™)
THP TR
Species

3 5 T w 7 m 9 3 5 7w 7 m 9

HAALE R 6.62 + 6.97 + 7.20 + - 7.26 + 2.56 + 3.91 4.69 + - 485+
Iris wilsonii 0.51 0.50 0.51 0.50 0.55 0.52 0.53 0.51
SRR 6.32 + 6.12 + 6.20 = - 6.05 + 248 + 291 + 2.63 + - 2.87 +
Ruellia brittoniana 0.54 0.65 0.59 0.67 0.07 0.04 0.11 0.11
g - 10.18 £  9.50 9.21 + 9.16 + - 9.97 + 8.50 + 8.12 + 7.98 +
Alocasia macrorrhiza 0.57 0.54 0.56 0.59 1.66 1.12 1.66 1.70
KEL - 5.52 & 5.51 = 5.47 + 5.65 + - 1.77 = 2.53 & 1.98 = 1.96 +
Scirpus triangulatus 0.66 0.78 0.69 0.65 0.14 0.09 0.16 0.15
AR - 6.61 6.66 = 6.64 + 6.67 + - 1.80 + 2.35 + 2.10 + 2.48
Boehmeria nivea 0.58 0.57 0.58 0.58 0.08" 0.16" 0.08" 0.09*
KB BR - 6.15 = 6.21 + 6.18 =+ 6.28 + - 0.52 + 0.75 = 0.57 + 0.98 +
Pteris cretica var. nervosa 0.52 0.51 0.51 0.52 0.08 0.12 0.13 0.13
i 6.21 + 6.30 + - 6.69 + 6.76 + 1.27 + 1.32 - 1.51 = 1.60 +
Phytolacca acinosa 0.30" 0.32" 0.33" 0.33" 0.18° 0.23" 0.19" 0.14*
[0 H 2% 5.65 + 5.83 = - 6.29 + 6.72 = 1.50 + 1.66 + - 1.89 2.05 +
Helianthus annuus 0.52° 0.53" 0.54" 0.56" 0.22° 0.22" 0.22" 0.11°

7 w RRYFZ RS 7 R HAN S 2R ALE T m FORYIF R 7 I AERD S 2RO AL G . B R E R U 2 4
JF B IE T YE AR IEDR s 7] — AT R B R 2R S 2 5 8] 22 5% . 3 (P<0.05)
Note: 7 w represents species combination with more wetland plants, 7 m represents species combination with more mesophytes. Data are adjusted

% = s from one-way ANCOVA. Different letters in each row indicate significant differences among species diversity and combination (P<0.05).

10 - ~15
© mw
,-. O
~ 8F w12 "
X .
(%] o0
g 6r E 9t
£ o
@ &
W4 B or
= 1)
# oo} X 3
H
=
0 Z o
1 3 5 7 9 1 3 5 7 9
%M Species richness %¥EME Species richness

TE: w RN IBA S 28 G, m R AR 2 A G . BV BRRE R 20T
EIEFH R, T, &2 E TR ZERA B3 (P>0.05),
Note: w represents species combination with more wetland plants, m represents species combination with more mesophytes. Data are adjusted x+s.

from one-way ANCOVA. The same below. In each panel, the differences among species diversity and combination were not significant (P>0.05).

BT A 2R S AL R AT BB AR e 5 AR X A R A R TR

Fig. 1 Effects of species diversity and combination on individual hiomass and relative growth rate (RGR) of Arundo donax

32 EYMESHERAENEZEFTTKE N.P.COD 5 2 IEAH 5% ( Loreau & Hector,2001) . #R1, A%
EBRERRZ I WS HI E B T A R B S5 5, AT, BR 52 56
KEHMW 58 K, MY 2RS4 5= 1 2 [ AR A, PrFh s SR sl ORERL N ( sampling effect)
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Note; Different letters indicate significant differences among

species diversity and combination ( P<0.05).

K2 Y ZREE B 205 % AR 7 T 5 e
Fig. 2 Effects of species diversity and

combination on productivity

®3 EWSHMERASI NP.COD EREHNFM
Table 3  Effects of species diversity and combination
on N, P and COD removal

& ey

Species

B Removal rate (%)

diversity

and
combination

N

P

COD

1

14.91 = 1.54dB

19.28 + 1.45eA

13.47 = 1.33dB

3w 15.95 =+ 1.65dB  20.96 + 1.48deA  14.08 + 1.26cdB
3m 20.34 + 1.63cA  24.10 = 1.77dA 15.69 + 1.38cB
Sw 20.85 = 1.89¢B  26.38 + 1.96cdA  16.58 + 1.46bcB
S5m 25.40 = 2.24bA 28.90 + 2.08cA 17.37 = 1.50bB
7w 25.65 = 2.38bB 32.17 + 2.46bA  17.87 + 1.53abC
7 m 28.74 + 2.40abA  33.25 + 2.42abA  18.59 + 1.52abB
9 30.42 + 2.60aA 36.01 + 2.79aA 19.41 = 1.77aB

T Bl U 2 ) J5 220 M Ja B I3 (e hR iR . A

SIARIRING FRE R ZREVE 2 5 ) 22 5 1 3% (P<0.05) ; [AAT
AEKREGFHFER N P .COD EfRRE 257 8% (P<0.05),
Note: Data are adjusted x + s. from two-way ANCOVA. Different
small letters in each column indicate significant differences among
species diversity and combination ( P<0.05). Different capital letters
in each row indicate significant differences among N, P and COD

removal (P<0.05).

Je R BRI AW ST LA BT R AT y
FEFEAR AL SR (R A YRR AL A AT B
& ZREPE RGN, AT B AR B | DT A v A

PR R, TR Y 2 A KOF I
YA 2B A A T m T Y S 2
B WA= T1 AR I, 2 PR A 3 b AT 4 X6 K A
FRBE 1038 O 5 T AR AR I 2R

B 2 ) 2 R PR 3G A SR R B b Y N
LR L FHIN(Ge et al.,2015) , AHFFEE L3
INAERTRIR R G Y) 2 FE1E | AR R SR A6 9 N
EBRR K P COD KBRFRBERIN, N P .COD K
PNV NERSY: 7Bk T S S ]
W) X0 A B B8 Y 8028 56 3R 9 D) (2R V095 45 2010
ZEAHESE 2011 ; Liao et al. ,2017) . J& X N ZEhY
FeBR AT 3E o A O AT, B — A A AR
HeWy (iR A6y L 0,) s ma SRR P %t N SE I,
U Novak & Chan(2002) & BRARIAAE AT 500 P &
ERYNE LR, B MY IR RS KA
HRAHED) 73 b 52 Wl KR X £ 00 1 384 L e 22 R T
XA B AR X NS5 A 2 s Tk B R
(BRI 2004 ;Ge et al.,2015) . AHF58 L ILBE
TP ZREPER3E I, N P .COD KBRFE 5411
A AL AR OE A A R, U B R T AR A B A
b RAEYIER R fER— 2 EAKE T,
R R S ZE A B NP LCOD KBRR &
FiRHAEY) & Z B WA A, b N LR ES
B K, BT AE (2011) Ny h A Y 5
B HAE YL, A6 T AR R BRI K AT Bl e R -
A -TRAMIOAEE , T A R T4 8 5 IR A A= )
A R T AR, BARS] N L BR, W HAE
WHER X IE A A, G o R A A K& R
FL( 5K & B8 %5 2007 ; Finlay et al.,2013) . X 40
80 e A AR ) 00 TG AR DX Ry A i A R T
TEACAN TR ) AR A7 5 B, T o AR F TSR
P R A AL A

HARRAE T A5 K B — & M H 5 ) fg
(3K & B % 2007; Schlesinger, 2009 ; Schindler,
2012) , A BESE /9 COD (N P 25 B3 R R I 0 M
Py HE T 5 KA R R 5 ik AT AR, DA e A
Yoo B s ) v AN, A5 R LI, B A A
TEIR RGeS B[R] B3, N P L COD B R 3 &
PRSP HG I 5 G212 BEAR Y A, FHSE(2013)
5 Liao et al. (2017) @i 7K K5 SCoet & 3 1T 2
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Fig. 3 N, P and COD removal rates of different species diversities and combinations during the experiment

FIRLAEE . BRATIN A, W 4 ad 6 2 s HAE K
Hn sk  [R] isf tAie 1F T P R B S 3 )
N LB R, H B R I ] ) E 4 A
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MR b2 2%, I, Liao et al. (2017)IAh, 4
T R A AR A B ek b S o R 2

WEH W, J38h, Reich et al. (2012) A4, Bl
RIS 5] A 30, b ) EL RN B TR Y, LT, 22 A
P55 A= 25 Tl = 18] it £ 1 4 0 0 BE 22 R 1 1 3
TNTAE J5 o A WFFE R B, MY Z At i (9 W)
Fift) Bip, XS N2 2 B A e L FE HG At 22 B K- 2
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