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Effects of plant species richness on nitrate removal from wastewater: A hydroponic micro-
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WANG Hai, CHANG Jie, GE Ying"* ( College of Life Sciences, Zhejiang University, Hangzhou
310058, China). Chinese Journal of Ecology, 2013, 32(6) : 1557-1562.

Abstract; Previous studies have shown that the plant diversity in constructed wetlands with sand

substrate can improve the removal efficiency of wastewater contaminants. However, the effects of

plant diversity in the aquatic system without substrate on nitrogen removal are unknown. In this

paper, 45 hydroponic microcosms (53 em x 37.5 ecm x 18.5 e¢m) with 1, 2, 3, and 4 plant

species were installed, and periodically applied with nitrate as the sole nitrogen source at a load-

ing rate of 548.5 gN - m™ -

a”' to simulate wastewater. The results showed that species richness

had significant effects on the effluent nitrogen removal. The total inorganic nitrogen concentration

in the effluent of four species systems (54.3 mg - L™") was obviously lower than that of monocul-

ture systems (129.0 mg - L™"). The community biomass increased significantly with the increase

of species number. The total biomass in four species systems (1621.6 g - m™) was higher than

that in monoculture systems (1032.7 g+ m™>). The average nitrogen removal rate in the hydro-

ponic microcosms was 466.8 ¢ N - m™

- a”', not lower than that in the previously reported full-

scale constructed wetlands. Meanwhile, the nitrogen removal rate in four species systems was

13% higher than that in monoculture systems, indicating that the improvement of nitrogen remov-

al efficiency in constructed wetlands could be achieved by increasing plant diversity.

Key words: plant diversity; plant biomass; effluent nitrogen.
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s )z W R K S Y W) ( Cardinale, 2011 5 Jin
et al. ,2012) , 15 /KRS AT B 0.9% ~
99. 6% (Liu et al. ,2009 ; Chang et al. ,2010) ,5ZFR{5
IKAL R 2T AT A S KBRS A A LA BRK
Hid kB IS AR B R G E . AR TREEAR
(AN TR M FNPE 555 ) BT Hg e aCR— 4 JF R
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FE) e N TR M ANE 5 S5 15 7K b R 58 i
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T - — & BN, 38 AR 1 W) 2B ( Tanner,
2001 ;Ge et al. ,2007) ; 75 —Fh 2 AEH P38 o B R &
G3 U, H A AR SR R T B A6 R TR £ A Ak
FR A A A: P2 1 19 % M (Maltais-Landry et al. |
2009 ; Zhang et al. ,2011) , /N [FAAE Y A A [H )
R RE T3 RN AR E A W05 1 A RF T ( Zhang
et al. ,2011) , PRIMTAEY) Z2 FEPE AT BE S5 0 /K A R G0
G e KR
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2010 4F 6 H %), B e 4 B N T8 Hb % F AL 9
(Dallsas et al. , 2005; Chang et al. ,2010); / %%
( Phragmites australis ) 73 ( Typha latifolia ) 2
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2011) , RAPRAIE S 56 A 7K 801 2% 2 200 i 4 Af T A2
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Table 1 Compositions of simulated wastewater

KEITCHR W (D& wS W

(mmol - L") (mg - L")
KNO, 4.8 H;BO; 2.86
Ca(NOy), - 4H,0 1.6 CuSO, - 5H,0 0.08
CaCl, - 2H,0 3.4 7nS0, + 7H,0 0.22
(NH4),S0, 0 MnCl, - 4H,0 1.81
KH, PO, 1 H,Mo0, - 4H,0 0. 09
MgSO, - 7H,0 2 Fe-EDTA 7.64
KCl 1.2

T Hoagland 7 7 W & ™ ( Hoagland & Arnon, 1950; Cao et al. ,
2010) ,
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Fig.1 Relationships between species richness and NO,",
NH,*, TIN of the effluent
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Table 2 Effluent nitrate, ammonium and dissolved inorganic nitrogen, and aboveground, belowground and total biomass in

the presence and absence of the four species

HH ok i T Bl
el ¥ el ¥ H g
K ESE 89.9+9.7 90.5+8.9 80.9+7.2 100. 8+11. 1 81.0+9.3 100. 6+8. 8 82.248.2 99.2+10.3
A 11.30.8 12.4+0.9 12.240.9 11.420.8 13.1:0.8*  10.420.8 11.9+0.8 11.720.9
BIHLA 101.249.7  102.949.1 93.1+7.4  112.2+11.1 94.1+9.4  111.049.1 94.248. 1 110.9+10.5
Y AR 480.2451.3%  629.3+32.1 565.3+36.1  532.0+57.8 708.0+20. 1 * * 369.0+38. 6 579.3+40.8  516.1+52.8
M RAHE: 858.5+103.3  884.9+61.4 911.0+£59.6  824.9+113.8  1035.084.8* * 683.2+71.0 093.4+83.5* 730.7+82.5
B 1338.7+144.0 1514.3+83.1 1476.4+82.9  1356.9+159.9  1743.1+96.9 * *1052.2+99. 6 1572.6+113.4 1246.9+123.6

SEE bR UERR, * ,P<0.05; % *  P<0.01,

®3 YFETEXHKE BIE TV RN R YT EE EEAD T H KR 508 TR B

Table 3 Effect of species richness alone, and species richness when accounting for the effects of individual species on effluent

nitrate, ammonium and TIN

RIS HF gy ieil] FYFa RGP
il P{H R? R P{H S PH
TEROAS FE 128.92 0.012 0.14 NA NA -18.16 0.012
P 128.92 0. 002 0.17 17.01 0.220 -22.41 0. 006
il 128.92 0. 040 0.14 -6.97 0.618 -16.42 0. 042
T 128.92 0. 040 0.14 —6. 64 0. 635 -16.50 0.041
=¥ 128. 92 0. 044 0. 14 -3.40 0. 808 -17.31 0.033
BEASA FrB 10. 07 0.247 0.03 NA NA 0. 82 0.247
P 10. 07 0.136 0.09 -2.24 0.105 1.38 0.078
it 10. 07 0. 149 0.09 0.18 0. 896 -3.22 0.108
T 10. 07 0. 086 0.11 2.59 0. 060 0.17 0. 821
Bl 10.07 0. 480 0.03 -0.53 0.705 0.95 0.233
BEHE FEE 138.98 0.018 0.12 NA NA -17.34 0.018
Ak 138.98 0. 037 0.15 14.76 0.296 -21.03 0.011
it 138.98 0.057 0.13 -6.78 0.633 -15.65 0. 056
HHRT 138.98 0. 061 0.12 -4.05 0.776 -16.33 0. 047
Bl 138.98 0. 062 0.12 3.93 0.782 -16.36 0. 047

NA FORGET T AE R TZR T, W0 =F o BEXT H KA B AL TEHL A AR R — R P [l ), o = 2

HLURBIRON 22 TEe vk Ml

A PR KR | A A

x4 PFMFEEXME TS EMENZN, RO FEEEMZ YR E THE £ ERRBN

Table 4 Effect of species richness alone, and species richness when accounting for the effects of individual species on

aboveground, belowground and total biomass

s WF puy: X YR T RGP+
R P1H R? FES P1H FaES P1H
Mo I FE 400. 95 0. 052 0.09 NA NA 74. 99 0. 052
FE 400. 95 <0. 001 0.41 -288. 54 <0. 001 147. 12 <0.001
il 400. 95 0.110 0.10 -61.52 0.413 90. 36 0.037
HRT 400. 95 <0. 001 0.48 318.92 <0.001 -4.74 0. 883
T 400. 95 0. 142 0.10 31.13 0.68 67.20 0.119
T FEE 413.19 0. 001 0.22 NA NA 214.52 0. 001
P 413.19 0.001 0.29 -242.72 0. 047 275.20 <0.001
il 413.19 0. 004 0.23 -102.52 0.411 240. 15 0. 001
T 413.19 0. 001 0.28 228.07 0.063 157. 50 0. 024
Bl 413.19 0. 004 0.23 117.17 0.347 185.22 0.011
Bt FRBE 814. 14 0. 002 0.2 NA NA 289. 50 0. 002
B 814. 14 <0. 001 0.37 -531.26 0. 002 422.31 <0.001
il 814. 14 0. 006 0.22 —164. 04 0.355 330. 51 0. 002
T 814. 14 <0. 001 0.38 546. 99 0. 001 152.75 0. 090
Bl 814. 14 0. 007 0.21 148. 31 0. 404 252.42 0.015

NA FORGET A TE I T 7, W0 =F o BEXT H KA | B R JEHL R R R R — R [l U5 7 = 2

HLRBIRON 25 TELe v [l )

2 A AR KA | B L
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Fig.3 Relationships between species richness and aboveground, belowground and total biomass
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JnmidE N ( Hooper et al. ,2005 ; Cardinale ,2011) — %
(E13), ZIohlHsHr i 45 R R W], Py b 4 B
BRI T AR R (R 4), BERRR I, TES
RAMET YA 4= 5 B I A SO A /9 2R
ROR BEAE Y I T ZHAEE 2 AR, A
LR T BAER YR P (Palmborg et al. ,2005) . FF
DL, A=Wy 3 x5 Br BAT — E RICR . A
H RSO R 2 BRI TTRR R 20 48% . X 5 1R
A EHLAF(2012) AUPDBE BT H (BRES I L B4, H
bS5 25 A S A S R GEARIE] ) L2521 (47% ) A
AT, A T3 HRGE P IE E (5% ~47% , Tanner, 2001 ;
Gottschall et al. ,2007 ; Zhao et al. ,2012) F) [ BR | J&
PRI AT B A S e e v R A T P A 0 R ) %o
IR A 358K ( Maltais-Landry et al. ,2009 ; 5K 5% i
4 2012) , fHJZ, 5P 5 AN T 555 L R 58—
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SRS A 53 it 3 B SR [ R R R
REALACR (Zhao et al. ,2012) , [N I, HE /K5
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TR T Z Ay A, 78 103 o A8 B R A
YL & RGN R

YR T B A WSAE T A1, A A R i AR DORE
TR I, SR B 5 A 5 2 R A AR X
T W) 3% P (Maltais-Landry et al. , 2009 ; Zhang et
al. ,2011) , Sirianuntapiboon F Jitvimolnimit ( 2007 )
1 Zhang 55 (2011) 5 R WY, B @ MY W) - 5 B2
AT LA AR DXCRH 16 0 S A A 1 2R 1 2 B i A
P, NTTA F T AN TR H A %% . Bachand F1 Horne
(2000) BRI, 7E A T30 R b 2R 48 L Bl
RO HA TR R A RCR, B AL/E stk &
GRS HIR LR, B, 7E Sy 2 HEE N R 5
R ATRE R W R A AR U S R
PEALEA R Z5 0, LU & RGP S A £ B
AT LI IE T4 R TR 2P
PR EBR RIS (Zhu er al. ,2010) , BLAh, 765
—HA AR T, X — LY Fr] B —E W ia
(Ali et al. ,2001;Guo et al. ,2002) {AAHF 5 K HL,
T ol = 5 3 AT LA (R AR G0 B0 50 B R 1L (T8I
2) , UL SR 2 PR T DU R G i 5 ) T rp
PEAL, AR TR A SRR R G
L IIRE

TERIFER YR E B T WA 4 22 5 ) T4
BRGEE Y H 2 BB AT 252 (Engelhardt &
Ritchie ,2002) , HANFH Bk T AFR THIRS
oA B 1Y AR GE 1 K B A R B e A, At ) Aol
(A TORT KRR B SRR I 255 (K 2) o TEAH
BREAME—RIFERKEE RGBSR FERE
TAEY) I A AR JE] B R R Ak S Ao I A
£ (Ngugi et al. ,2011; Riitting et al. ,2011) , F =42
T FR G K BT A T e TR K R GE
A R AR SRV R A A TR A L AR, 7 A B
ZW ., ZIouhlA iR kRS, Ykh
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