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HWE . RAALKBEZKIFERGEUN TG KIEFH BN (Sagittaria trifolia) 1t 2 58 (Echinodorus berteroi). B ¥ (Acorus
caamus) 7525 (Phragmites austrdlis) 4 FEEKAEY , LB BRI R EAR -2 M) B AR ARy AR FLERBE AR
&R (ROL) LA 1E RS AR AR EOT BE(TN) M8 (TP) LR A B (COD) HZBRBR. SRR,
ROL S5ARTFLBREE Db AR i HEYR 2 BEIEHRE(P <0.05), SRRFEBEEHR(P<0.01); TP HIEBREE
A H#E .COD WZFR 5 ROL BEEAX; TN WERSEYER BEEMRXP<0.01),H 5B4AH RN ERL
YR HE(RZE L) B E R AR (P <0.05), ZAGFESRIA ER AR XPHRE , RFLEE .ROL Ft
BRSBTS, EKEREP I KRR ELE 2R TEFNS S, REA TRBAMRBREY
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Eco-physiological Characteristics and Decontamination
Efficiency of Four Emergent Macrophytes
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of Biotechnology for Plant Development, College of Life Sciences, South China Normal University,Guangzhou 510631, China;
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Abstract: Four emerged Macrophytes, Sagittaria trifolia, Echinodorus berteroi, Acorus calamus and Phragmites
australis, were cultured with synthetic wastewater in phytotron hydroponic system. The eco-physiological
characteristics, such as biomass, root length, root lifespan, root porosity, root radial oxygen loss (ROL),
photosynthesis and decontamination efficiency of total nitrogen, total phosphorus and COD were compared. The
results showed that ROL positive correlated to root porosity, photosynthetic rate and biomass (P <0.05), and
significant to root length (P <0.01). The removal rate of TP and COD correlated to photosynthetic rate and ROL,
respectively, while the removal rate of TN significantly positive correlated to biomass (P <0.01), and it is negative
to root/shoot ratio. Compared with 4. calamus and P. austrafis, S. trifolia and E. berteroi had large biomass, well-
developed root system, relatively high physical index in root porosity, ROL and photosynthesis, and a closer or
even better decontamination efficiency. It suggested that S. #rifolia and E. berteroi might be excellent species for
constructing wetlands.
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NI HAE R —Fp R R &5F BRI 7 s A
THKALBEEE 50 BEMHET . ALEMTS
K EIE R B 4%, — 8, &R EY e
VRN TR AFFAERER 3 M EERR, K+
YR A TR LN, AT BMEETEK
SR EYNIERE I ANEENTE: HERIK
FRBAKPHTHASHERYR EHAIEEES
BAM—WHEH EYR; IR K AL S
S, AR VIR LR BT ; 2 2R AN LE S A BRI K
i, KM RMEATRMEEREN E
EEY, K YR BA LR ThRES, R A EE T
IRERYER, S RE YK REEAT
MR, E AN H WA 7 2 (Phragmites
australis ), & ¥ (Typha sp.) 1 JT O B (Juncus
effuses)*™®, UL F BB = Bk (Sparganium sp.). 7K 2
(Schoenoplectus lacustris) %", EHE EREYIZ
AN SR TR L (Chrysopogon zizanioides ). B 16
(Acorus calamus)\ 38 H (Zizania latifolia), & . (Carex
sp.)~ W B (Cyperus dlternifolius ) & N (Canna
indica) {8 (Taxodium ascendensy 5",

PR BRI AT s A
B SEFR I UE 15 7K AL BOR B4 B WA B S K A
Yy, 1E8 58 (Echinodorus berteroi) & — 5| B KW
FARKIEY) , M2 1 (Sagittaria trifolia)[F] R,
e E N BB KREY BRIV N TR TS
TKALFRFE YN R RHRGE . RATERHEYEES,
MEIEERENBESEEERLAKETEKR
i N A B ET5ThER . M YIX 15K BEL
MR ESHERHERRIUAR R R BRE YL
A Ve B AR 1R m) W4 & (radial oxygen loss, ROL)%
AR TIAE RN AR SC AT KA
TR = EMEH IR, W2 EME
Bl ) A AR AR AN TS K LR, R S 00 R B9
AT IR Py AR5 7K AL ROR FA A 3 A
B RRBHMAE

1 BBHF vk
1.1 #FEiFn a2

ARELBEFBA TR RGP HIT, TR
V57K B EBHAR 0 T [ R A 0 B9 TR AR B
ATTEREAN BB E(EONE 23 cm, KRR

19 cm, A1 23 cm), MIRREE 2 em, HRS5HM
T RERER, Rk, A EEEEREY

FEE E TR L, B TR IE S

SEREYW A B W (Acorus calamus ) 7 %
(Phragmites australis). %83 (Sagittaria trifolia) AL 255
(Echinodorus berteroi), SLETE N TSARE P #LT,
ENEEE R 00~19:00)% 28.0+1.0C , K
18.0+ 1.0°C, A X148 B (80 £ 10)% , H R IG IR E
360 pmol m*s™ (A ARMHIGIEH 1 m 4b), Bk
BWRFARLGF KNSR RS 20 cm, #E
215 o), BRZBBEN, B 1 4R, 885 A
HEE . 20 BEYHENHES T ATRBEE P, HY
B Z RS S B R K BT IE N 3SR, 1 A
JRTEVREE 50% B9 N TECHT5 K, e p — i J5
WE 100% M A TEHTE K, SREBKS L, &
5d#K1 K. ALEHIIZKE SR Wiepner
FPIR K EEB YT (mg L' )N b2
T4 H COD, 326, WA TN 61.6, BB TP 5, &)
M LEH AR 2 B ZEWER 1 BENEY =S
AR AR, B4R 4~9 B YA T B &K
K, REWEANTRESPEST, LREYE
5 R AR BERE, 5 9 RS
M5 7~9 AR, B2 ET A, B A
WSEBR AT 3SR 9 ARG MR B4 K #.
12 JALUG , ZH0E YRR R A K 2 A AR S, B
DL TS KR S AT 12 ],

1.2 RS . G

10 d ERERBRRRKE, BHRIFIE S &
RIS AE KRR, iIERH ARG, Btk
Y BRAR 2 ~3 g, A NE D E R B FLBR
BV BUS BRIGFHIE

1.3 REABPEEMNEER

AR 1 W & (ROL)I & R FA AR 31, Br AR
AR EHE RSN B 4 IR H B AR R Ag/AgCl HELAR
(4 EEH#F /RIS Armstrong i $22 fit)f 1) =k,
BRI, 28 10~11 AA/X 9:00~15: 00 FHAFIE,
e N gAY E TRBEE—EEE, BREY
B 1 &K 9~11 em HA/MF 0.15 cm B BEUR
FEERAK 0.5 cm & %E

[Fas, i Li6400 FEiEL S EHN 2 RA T
PR 1 m AL MO0 AR, SHRE YT 5
RFIE®EW, 8FHES 3K, BCEHES

1.4 FkELHR
i 5 — AT 2 A 3E (48 h)B) TN(BR M
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BRE-E AR BE R )\ TP G AR R4 B AL-4H 15 L
%) COD (BHMAE) & 8" TR 3
FHEIRE A BRER

1.5 HYEDE

SIS R A IO , B ER A AR R 4T
BB ET S, MYSHEEHTOCTHRE
fEEEHRHETE, B E 0.001 g,

1.6 /W&

iz SPSS 13.0 (Statistical Package for the
Social Sciences)#l Microsoft Excel 2003 318 F
BE M A=, F 4 BB R, R A One-Way
ANOVA 1 LSD # % (SR ) EA 77 8] FLEX R T5 22 7
W R EF DT

2 GRS

2.1 £YEMRBTSEH

4 YRR AEYE . YRS A
YEMELLETE >EW > B > E0E 1), H
LSRR Z A E YRR BERTHE 3 fE

WP <001), EENEHZHERABE, M5 HE
Witk BE/NFHE 3 #HYI(P<0.01), TWHH,4
HEYERA KB H/PNAER, BRI LS8
YR HEGRZEL)RE , £ 2 T & 1K(0.25), B
BR041), EMZRIZRKBEP<0.01), HE 2
FHYZE . SEMERE. EHHLEEER,
HEESMEBEBMBEABRKBEL ST
36 cmfl 34 cm, RBFERTFHE 2 BHEY P <
0.01), AEMEHMBEE/NT 25 om, FHEHIR
BE BBENTHE 3 HHEYGEE ). BEMM
BEAR, FENRFMEK, HRELE T, B
WREmEE,4 MY A2 F % 82 P <0.01),
4 FEYIRFLBRE = SR B E& (P <0.01), BUi%
FL,2B T 53%, HIREF % (40%), 8B # &% /)
(26% )(FE 1)o
2.2 REMBPEEMNEIER

R AR ROL BB A B IE, 43 AN
151.00 ng cm”min™ #1 146.23 ng cm”min™ , K F

FEEFME TP <0.05)(A 2),

£1 4 HEYOIRK RS STRILERE
Table 1 Root length, root lifespan and root porosity of four species

HY BEK Root WAy Root RILBRE Root
Species length (cm) lifespan (d) porosity (%)
B Acorus calamus 23B 32D 2598D
52 Phragmites australis 15C 54A 40.16B
14k Sagittaria trifolia 36A 39C 5257A
B2 5 Echinodorus berteroi 34A 46B 35.62C

ARANMEMAEFZHLHEREFBE P <0.05)FH B F (P <0.01), Data followed
different small and capital letters indicate significant difference at 0.05 and 0.01 level, respectively. T
[fl. The same as following Tables and Figures.
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Fig. 1 Biomass of four species (#n =5)



424 Rl R Y 4R E18%

4 HHPKE LS RRFEZR, BERA, BEMPE(P <0.01), E R WM HREFABE

BHKRZ, FERN. BERACAIERBERTH (% 2),
B3 MHEYIP<0.01), EHRESEHBERTH
250 - 35
O #7445, Radial oxygen loss
B , -
200 | JGH £ EE Pholosynthetic rate b
= g
2 o
'8 150 + B N
ES : £ g
= g9
@) 20
& 100 i 3
2 w o = L
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B JRES TR U PEgns)
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Fig. 2 ROL and photosynthetic rate of four species

2.3 Bk LEER

4 MY TN.COD HEBRBREB AR EE
o TN BB RIE 80%~ 90% 2 8], 75 B e s 5
FHEMEY; COD AR FTE 68%~83% ZIH,
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B, & RS, RnEER TERMA
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Fig. 3 Contaminant removal rate of four species

2.4 SRR EB RIS £ B ESERAOHEXHE
BREME B ERSEYE. BEYEESRK
ERBEEMHXP<0.01), BRES5REME R
%;ROL 5 A=Yy B MR (P <0.05), H 51
25 fAURE 565 AR VIR FLBR BE L OB A B R AR5 ROL
BEIEMHRXEP<0.05); LA EBSHR K BIALRE
BEEMHRP<0.05), 5RFMKBERHREP <

0.01)(F 2).

TN WEBRRESEHSEYRBEEMHRXE<
0.01), HI5HR2E . B 2 FFE R (P <0.05); TP By EBR
EERERBEEMLPEP<001), 5HEHRERE
EAH%(P <0.05); i COD B9 K 5FLBR B M ROL
R F IEAHR(P <0.05)(FK 2).
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Table 2 Correlation coefficience between contaminant removal rate and physiological parameters
HE
BA: RE HE
e WEL  BILR WK BEe ‘ pr k3
B wE R AYE WK
E=h - Root/ /& Root  Root Root Photosyn-
TP Total Root Shoot ROL
COoD Shoot porosity length lifespan thetic
biomass biomass  biomass
rate
BEA TN 0.167 -0.099 0648 0590 0648 -0450" -0340  0.034 -0.085  0.163 -0.172
B8 TP 0.053  0.099 0.100 0.107 -0.114 0374 0.594"™  -0271 0363 0.440"
¥ FEE COD -0076  -0202  -0.055 -0244 0380" 0013 0351 0384"  0.051
B Y& Total biomass 0945 0995  -0409" -0283 0552 -0.092 0360 -0.155
AP R Root biomass 0910™ -0.122  -0322 05177 -0281 0256 -0.067
H_b A ¥y & Shoot biomass -0493" -0256 0566 -0048 0381  -0.165
FRZEH Root /Shoot -0.110  -0352  -0350  -0312  0.201
HRFLBRE Root porosity 0408" 0272 0.410°  0.442°
B Root length -0349 0594  0.514"
R 7 A5 Root lifespan 0.103 -0577™
RIS ROL 0.507"
i P<005; " :P<001; n=20
3 ifig RABAAVER, NTI{E Bt N £, XEIEREE

REBFFER I, A T B A SR A A
SR A FOCRIUR R & 2R B AR X,
RAKIE RABRKOEYEBE KT BA TR
LTS KB 18], A A TRl Y Bl 2 i A A )
W HLIRER AR, T LA M I £ AR A 3, A
YA R B AR, 4R BEAR B B A2 PR
il , T4 i H 4L 35 K 9 BB 7™, Anderson 4%
HIBT TR YU AR B i 70 WA 9 °T LA BERs A W
1, TS B i R IR AR . ABFFE R TN
MEBRSRAEYBAM DAY R BEEMRXEP<
0.01), HILTEREERMAEAYIN , BIEAHBHMR A
MAKER. RPN 12 FN, 2 S ELS
i B REYRRTERNTE,

MREIGHE , LR B R B YA 2 T A
IR AR RA BRI RN . A5,
4 FEYERA KEH/PAER, L2 EHRAREY
B PR R TR B 7%, mH—
FRRABREARRKBERTE =&, HXxtEn
PRI E AR K Z A 2 B FIEAHSE, ERK
SRFMBERMR, TR, BaMELE UEL
H3E L S K B3R5

A ROL 871k v 2 12 Mot W) 1 B B e
ROL REHE R ] R R RS, FEAR A P iU E
A EGREARBHT LRI, (E FE A YR AL

YER R HAH Y — R B A AR R4 4w, B R
NAER R MY A K ERE MG KR EE
RERRIE., NATERET e E MR B A,
I IR NH, AL, AR A TR
FEEARE N BB, B E A, AR
FH Y ROL 500 A 3R AR LB 8.3 EH
2K, BFIEA-VE F =2 e AR BB I8 4 FLBR B el Sk
FEERGE—3" ROL B 5#H FH T EYER
ZEIEAR, X W5 Sorrell Z456—F™, ABF55%E
AR N ROL BE KT EMMSE, BN
NABRBBERTHEM,

IR AR E SRR, Bt AR R M
BHBERCR, HYE A E R 58 COD. TN
EBRFERFEEMRPY, RBFHREH TP WERS
NABRB L EIEMR, MANY(CODWERS
ROL B2 IEMH K, MM R TN A BR 518
YR EEE Y AR B E IEAE R, TRBE
HERERE X BHERIKIER. R TN #%
FREWENEBZERAMRX, M H ROL B5HW X
TR, X5 Peter ZFRYZEFRAM, X ATREEE N
ROHR 25 b (AR 14 P R 6 4B D T SR R R ) 5
XA X, BBV AMEES R IZMMEYE X
N RERT BB ML Y . BREY
K4 48 B FLER B .ROL M6 & 1E S 2 F45k
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FERZWE , B ETI LAE A TR AR
HEER. BRAESENEGNE EAYE B4
YE. A EE . ROL BERKTFEHMAE, HN
TP MEBRBRBERTEHNAE, INWERE
HAHAE ROL BA BEM XM, XS KER
GERARBEREBMEYRERE X, AHRIAN
R E B FEREEE R BR M DUREVE B YR
WA MR a4k L RO ARAE T, AR R &R 2 B ok
TR R ERY, BEMER
AR BRI A T P R BR R T —
5

BCE SREKIBERET , Z RN R
KK 24 em®™ HAEANTRM P, EYRAEAEE
¥ RAT) , AR BUE RIR R, TEHGEIRE, A
TERMBABFESIF A, Edwards BRI,
AW MERKFETZE, AL BEEE (Scipus
triqueter) AR R EEEPIE 0.12~0.15 m LI BEIFR
B, RE|T 5% Z2FAKER, FHITO0RER
WRAEAFBELMHTE 25 cm B XIB, W BIHEAE (Ficus
sp. ) FIRFER I HABHAMT 20 cm £,
ETA R R 16 EEAE 25 cm BE W,
AR, EETHEAWE 12 FER, BRIRKE
36 cm 134 cm, BT EEXKBHRBFKERS
B B , 1R R XL BRI A RE R 2R
PR, MER R Y, EfHREEAE
30 cm DA _EROIREE, AR 2R BT I B TR BB XL R 1
FIMEER AR

FEEENIN AR &EZ R IMAEY, 3
NINHEE G E KA R, BEHFEEEN AR
£ EEREBGMAEYETY, KRR R
F, FREERIE 2 S AR IHA EXEYEM
RIBHR AR, IRILBE .ROL FEA1E S A8
R, LR RN S AR B E R 2T E
AR R YR A, TN R B R
BEEMBRGAEERMKEP RS R, HERE
BEE. RITESMNTHz XERENEEFRLHE
EXRBRE TRV EHEEEENEFEYZ—, 3
REF, WERMBELSTEBIERNESHRIA
TR, L HRIER S, E A WEAEY , 7
EEHEBHER TR EUR R

&% 0k
[1] Xia H P(E I F). Mechanisms and efficiencies on wastewater
treatment with constructed wetland [J]. Chin J Ecol(2E 25224 78),

2002, 21(4): 51-59.(in Chinese)

[2] Cheng S P(H/KE), Wu Z B(RIRMR), Kuang Q J (LB ).
Macrophytes in artificial wetland [J]. J Lake Sci(BIJH#}2£), 2002,
14 (2) : 179-184.(in Chinese)

[3] Kantawanichkul S, Pilaila S, Tanapiyawanich W, et al. Wastewater
treatment by tropical plants in vertical-flow constructed wetlands
[J]. Water Sci Techn, 1999, 40(3): 173-178.

[4] Haberl R, Perfler R, Mayer H. Constructed wetlands in Furope [J].
Water Sci Techn, 1995, 32(3): 306-315.

[5] Kadlec R H, Knight R L. Treatment Wetlands [M]. Boca Raton:
Lewis Publishers, 1996: 179-180.

[6] Bankston J L. Degradation of ftrichloroethylene in wetland
microcosms containing broad-leaved cattail and eastern cottonwood
[J]. Water Res, 2002, 36: 539-1546.

[7] Vymazal J. The use of sub-surface constructed wetlands for
wastewater treatment in the Czech Republic 10 years experience
[J]. Ecol Eng, 1998, (18): 633-646.

[8] Zhang J Y(3K B #2), Cui K H(#E 7 #%). Growth characteristics of
reed in the subsurface flow constructed wetlands wastewater
treatment system and its purification capability [J]. Techn Water
Treat(KALFHEAR), 1998, 24(6): 363-367.(in Chinese)

[9] Yang C S(FHAR &), Lan C Y(HE 2 4E), Shu W SGEX X).
Purification of Pb/Zn mine wastewater with Typha latifolia man-
made wetland [J]. J Shenzhen Univ(%HI K E24R), 2000, 17(2):
51-57 .(in Chinese)

[10] Wu Z B(R{EX), Chen H R(EFIER), He F(X ), et al Primary
studies on the purification efficiency of phosphorus by means of
constructed wetland system [J]. Acta Hydrobiol Sin(7/K 4= 4 # %
), 2001, 25(1): 28-35.(in Chinese)

[11] Cheng S P(B/KF), Kuang Q I(RHE), Xia Y Z(E HI).
Studies on artificial wetland with cattail (Typha angustifolia) and
rush (Juncus effusus): 1. The performance of purifying
wastewater [J]. J Lake Sci(#ITHFM%), 1997, 9(4): 351-358.(in
Chinese)

[12] Gao J X(BE E), Ye C(M3), Du T(£L4B), et al. Study of
removing ability of macrophytes to N, P in run-off [J]. Chin
Environ Sci(HP EIFERI ), 1997, 17(3): 247-251 .(in Chinese)

[13] Reddy K R, Patrick Jr W H, Lindau C W. Nitrification-
denitrification at the plant root-sediment interface in wetlands [J].
Limnol Oceanogr, 1989, 34: 1004-1013.

[14] Huang J( 1B), Wang S H(E 1t #), Luo W GU#EZEH), et al
Influence of plant photosynthetic characteristics on DO
distribution, purification effect in constructed wetlands [J]. Acta
Sci Circumst (37 35 Bl ¢ 2 1), 2006, 26 (11): 1828-1832. (in
Chinese)

[15] WieBner A, Kappelmeyer U, Kuschk P, et al Influence of the
redox condition dynamics on the removal efficiency of a
laboratory-scale constructed wetland [J]. Water Res, 2005, 39:248—
256.

[16] Eric J W, Visser L, Gerard M B. Measurement of porosity in very
small samples of plant tissue [J]. Plant Soil, 2003, 253: 81-90.



FaH

IR 45 - TURPHEACHE e AR AR AT K i L BOR BT 52 427

[17] Armstrong W. Aeration in higher plants [C]// Woolhouse H W W.
Advances in Botanical Research. London: Academic Press, 1979:
226-332.

[18] The Environment Bureau of the State( B Z MR B (7K FE A Ml
ST ) S ZE £). Methods for Water Analysis [M]. 4th ed.
Beijing: Environment Science Press, 2002: 210-285.(in Chinese)

[19] Cheng S P(JH7KF). Advances in biological fundamental studies on
artificialwetland wastewater treatment system [J]. J Lake Sci(#i{H
BH¥), 1996, 8(3): 268-272.(in Chinese)

[20] Cheng S P(F/KF), Wu Z B(RIRMR), Xia Y C(EHI4). Review
on gas exchange and transportation in macrophytes [J]. Acta
Hydrobiol Sin(7K2E £ #723£3]), 2003, 27(4): 413-417.(in Chinese)

[21] Wu J Q(RE3R), Ruan X H(BTHELT), Wang X(EE). Selection
and function of aquatic plants in constructed wetlands [J]. Water
Resour Prot(ZK¥FIRARY), 2005, 21(1): 1-6.(in Chinese)

[22] Zhang H(#M), Chen G R(FFIEZE), Wu Z B(RIRMR), et al. The
study on the relationship between N, P removing rates and the
distribution of bacteria in two artifical wetlands [J]. J C China
Norm Univ (% H i 15 X £ 2 ), 1999, 33 (4): 575-578.(in
Chinese)

[23] Anderson T A, Cuthie E A, Walton B T. Bioremediation in the
rthizosphere [J]. Environ Sci Techn, 1994, 27:2630-2636.

[24] Justin S HF W, Armstrong W. The anatomical characteristics of
roots and plant response to soil flooding [J]. New Phytol, 1987,
106:465-495.

[25] Sorrell B K, Brix H. Effects of water vapour pressure deficit and
stomatal conductance on photosynthesis, internal pressurization
and convective flow in three emergent wetland plants [J]. Plant
Soil, 2003, 253: 71-79.

[26] Colmer T D. Aerenchyma and an inducible barrier to radial oxygen
loss facilitate root aeration in upland, paddy and deepwater rice
(Oryza sativa L.) [J]. Ann Bot, 2003, 91:301-309.

[27] Pezeshki S R. Wetland plant responses to soil flooding [J]. Environ
Exp Bot, 2001, 46: 299-312.

[28] Sorrell B K. Effect of external oxygen demand on radial oxygen
loss by juncus roots in titanium citrate solutions [J]. Plant Cell

Environ, 1999, 22: 1587-1593.

[29] Huang J(3H), Wang S H(FE HF1), Luo W G(#E4EH), et al. The
Influence of photosynthesis on wastewater treatment of several
plants in constructed wetlands [J]. Safety Environ Eng(Z4& 53
BT ), 2006, 13(2): 55-57.(in Chinese)

[30] Luo W G(# 4k H), Wang S H(E t#1), Huang J(E18), et al
Influence of plant photosynthesis and transpiration character on
nitrogen removal effect in wetland [J]. Chin Environ Sci(h B3R 3%
BH), 2006, 26(1): 30-33.(in Chinese)

[31] Peter M B, Marleen K, Chris B, et al. Radial oxygen loss, a plastic
property of dune slack plant species [J]. Plant Soil, 2005,
271:351-364.

[32] Zhu T, Sikra F J. Ammonium and nitrate removal in vegetated and
unvegetated gravel bed microcosm wetlands [J]. Water Sci Techn,
1995, 32(3): 219-228.

[33] Reddy K R, D’angelo E M. Soil process regulating water quality in
wetlands [M]// Mutsch W J. Global Wetlands: Old World and
New. Amsterdam: Elsevier, 1994:309-324.

[34] Cooker J G. Nutrient transformations in a natural wetland receiving
sewage effluent and the implications for waste treatment [J]. Water
Sci Techn, 1994, 29:209-217.

[35] Chen W Y(BE3CF), Chen Z H(BRE M), He Q F(fH L), et al
Root growth of wetland plants with different root types [J]. Acta
Ecol Sin(2EA&%:4R), 2007, 27(2): 450-458.(in Chinese)

[36] Edwards G S. Root distribution of soft-stem bulrush (Scirpus
vdlidus) in a constructed wetland [C]/ TVA Cooporation Forest
Study Program, TVA. Foresty Bulid, Norris, TN 37828, USA.
29054194 G, 1992: 239-243.

[37] Cheng S P(H/KF), Xia Y Z(E E I§). Artificial wetland with
cattail (Typha angustifolia), rush (Juncus effusus) Il. Purifying
space [J]. J Lake Sci#ITHF}2£), 1998, 10(1): 62-66.(in Chinese)

[38] Jing Y X(¥703#), Yang D J(#%F15), Chen Z HEEZET), et al
Growth characteristics and sewage purifying effect of amphibious
banyan in constructed wetland [J]. Acta Ecol Sin (4 #&2£1R),
2003, 23(3): 614-619.(in Chinese)





