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Growth Characteristics of Four Species in
Surface-flow Constructed Wetlands
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LAI Wen-ling, WANG Yu-bin, PENG Chang-lian, CHEN Zhang-he
(Key Laboratory of Ecology and Environmentdl Science in Guangdong Higher Education, Guangdong Provincial Key Laboratory of
Biotechnology for Plant Development, College of Life Sciences, South China Normadl University, Guangzhou 510631, China)

Abstract: The root and shoot growth, root biomass, and root distribution of four species, such as Cyperus
Sflabelliformis, Hymenocallis littoralis, Phragmites austrafis, and Vetiveria zizanioides , were studied in a surface-flow
constructed wetland. The results showed that root and shoot growth pattern were similar among C. flabelliformis,
V. zizanioides, and H. hitoralis, with a fast growth stage before September or October, and a slow growth stage
during the following months, while P. australis was very different, with slow growth of root and shoot before
July, and rapid growth maintained throughout winter. H. litforalis exhibited significantly faster root growth and
significantly larger root biomass than other species (P <0.01), while V. zizanioides showed significantly slower
root growth and a significantly smaller root biomass than other species (P <0.01). Roots of V. zizanioides
generally grew vertically, while the roots of the other species were predominantly distributed in the shallow layer
of the substrate. C. flabelliformis produced the most tillers, and had the highest leaf area index (LAI), while V.
zzanioides showed the smallest LAI. The results suggest that P. australis could be planted with other wetland
species to achieve high decontamination rates in treatment wetlands during the autumn and winter months. Results
also suggest that H. littoralis, a lower stratum plant, could be paired with tall and early growing species like C.
Sflabelliformis as a beneficial component of the poly-cultivated wetland community.
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FERR, PR ATRBHEZ LN, MYE
KRR 3 ANEEEM : OFEERCH
HKPERYE ERNEERBELBER—WEE
AEVIR; Q)R XIFEMEW % O,, Fi Ak
YR BB ORI T AR, Q)R LSS/ B
KA, FE AN TIBH R, 575 BRI T X 38,
RMYR X (R, U EMEY SR EE
X B RAE Y SR RS e B
BIECR, BT K E ZEEA RS, £
BHHRRN, ARIMEY 5K e FEZE
5, ALESHEYRTRE, T2, B AR
I T5 K SRR ) 2 R FPIEIRIER D, B 58
AT HTHNEE, RIIWPIRFRD B
YT KEMLRE h S EH B RNEKE
Ko AFEIFRHAEY) , 0 EEMM T ISR EK
BEAKTE UEKBEANSGEHENZR,
TiAXse2 R St A\ I A 0 ik L 5 R 4 A
HEHE BREKGUBREEERFEN., BE
B A TR YR RAEK R 5 5 R
BV HENFREE D, ABREIXT 4 F
BTN RV A YA R IR LR
AR BULEE , R A R EIR RAEKS R ML,
BT A E R A Y AR KA A, O A DI
VIR IR ZFE AR MRS RIS
1 AR B
1.1 #F#iFn4biE

ARSI N TR A F ) M T 42 B i K 2= A
VRN, -ME TR RS, EHE N
22C, &% A0 B)¥BERN 133C,ER/A 7 A)¥y
184 28.4C ; SE M T & 1623 mm, A ZH T8
F MWEH4~9 A, BFRH10~BFE3 F, BEM
BAER) 2 A EWER 1 BEAMEYAE KERB.
SEIOTE 16 2 m x1 m x0.7 m (L x W x D)
LT, MYERKER AR 138, BEL N
60 cm, TIENWIE L, Kk (<0.002 mm) &
16.6% , ¥ 67 (0.002 ~ 0.05 mm) 5 14.0% , B ki
(005~2mm) 5 69.4%, LtEABAIWNRSTEN

0.84% , BIE(TN) % 0.048% , BBE(TP) % 0.055% o
BB K A¥EREEREE K, R
HLOARBHAANTIRME A TIREM (B m x2 m x
1 m,LxW xD)YJLIESG , B, EBREKE
BEERYFEFHEEmg LHYN: A¥EFEE
(CODcr) 84.95, MA(TN) 23.77, MBs(TP) 1.97, &
A(NH,-N) 23 43, FHAE(NO,-N) 0.65,

LIS ) F AR B (Vetiveria zizanioides), W25
(Cyperus flabelliformis). F 25 (Phragmites australis )Fil
7K . (Hymenocallis littoralis )T 2005 4 12 F ¥ 4]
R, 4 B A TR 0 BT 54 TR sk
X SRR 4 MEH, B—RHFE /N Y
S EREE L 12 ., % 2006 4£3 J,8H
WY C SN R IR, F iR EAK,
X FF IR A TR T T K EE AL B, MR
KFFTT R 0.02 m® m*d”, 15KE B 7 do

1.2 REEK

FEMROEERRE RAEKERAHHE
ATHEESY SFRERK 20 com HIEEFEL
¥ 8 SR HL 2 ), T 2006 4E 4 A7 A.10 A X
2007 41 B ,433 20 ~10,10 ~20,20 ~30 cm)¥%
HEE AP LIE NERPHRAEYE. £
WHBHEZ G K 12 i 1 338 1 SE URE A5, IR AR BURE
FABGFARIE , BIRAEAE R S BURE . 4 WU SE I 4R
EREBZEREFEREKENMAITE. HHW
YR AREKPEETE,80C T REEEFHRT
B ZE 0.001 g,

ALY E LW E 2 K (2006 4 7 A F12007
1 1), AREERETPEHMEHNREY
2, RAEALEE, S EDNK 20 cm BWIEH
F/ANEETT 8 A~ (1B 2 1), 4 3 20 ~ 10,10 ~
20,20 ~30 cm)W &, B RK/PEFTESE — RN
R WD, FPEYRRBRE KSR T S, T
S0C Pt R IEE GFHTE, K 2 0.001 g,

1.3 i EEORIERK

BANE 1 WHRKRE R mRE
. BRI E E R 3 AN, RAEYEEN
(B15 PAC-1760 , £ ENTEN S BSHLE 55 84 20 cm
B4z B 0 R - T AR 3, BRI 8 B R D A 12
B2

1.4 Bi|msrin
&l SPSS 13.0 (Statistical Package for the
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Social Sciences)#l Microsoft Excel 2003 318 F
BE M A=, F 4 BB R, R A One-Way
ANOVA I LSD #%5 ( 3 ) BEATRIIA] JJ= [F] FIA 7]
BRI LR B T 2 i R = Stk A o

2 GRS

SR hLRE T 3 E 10 ~10,10 ~20,
20 ~40 cm)H AR , 4 PR YRR AR 43 AR 7E 30 cm
HITEEI, AT RASCH R A 3 20 ~10,10 ~20,20 ~
30 cm)#LR

2.1 RERTNEYE

HYEKS, ERERNEKRER,4 AN
ERKBEERR, HEKEAES~7T ARR, TEX
754 £7.4 gm?®,10 AUEREKEE, AKED
FERTAEKIHI(P<0.01), NEEMKRERE
HERTE2~10 ABEE IR, 10 A LSRG, 4 R
ERERKBZFRBE (P <0.01), R BFET#,
BIRAEKEES~10 AEE, TESF 0 1050 +

250

1)

AR Root biomass increment (g m

m Apr.
3l
200 1 B Oct,

7 Jan.

V. sheaninides

P australis

92 g m?M 2072 +97 g m?, EERKEKLET A
8,7 AU EAEKER, BFELFAKEA
Wi ,4 ARRAE K EBIR(P <0.01), T H E &t
WEKBZRABEWE 1), 2FERNBEKED
KRERK@473 g m?®), K BERTHE 3 Fit
PI(P<0.01); HIKR (2644 g m?), FRE /)
(211.5 g m?),J5 3 FPHYNEZRABE,

4 MHEYAKP BN EYED NERERK,
FERZ,BRER/N EKEHRNENE LK
RERR, NEERZ, FRER/NMEE . FRE
ARPFMERNREYEBREERTHEE
PP <0.01), KFH, FEAKRENREYE
ZRABE BMNERENZRIKBEP<0.01);
ARG, FEMNEENZRARE, MKRE
R BERTHE 3 MHEYIP<0.01), BRERES,
B RN ERNKRE 3 fil Y4 K e RRAEY
EXRBESTFHAKPHNYBEYE P <0.01)
& 1)o

KT

B
H. Gttoralis

ok 3
C. flabelliforms

B1 4 MEDRRERER=3)

Fig. 1 Root growth of four species measured in different months

£1 A HEHEERPANSHHREYR(g m?)
Table 1 Root biomass (g m?) of four species at early and latter growth stages

B ] TIEEE ERE FE REE KRE
Time Depth of soil (cm) V. zzanioides P. austrdlis C. flabelliformis H. littoralis
Tul, 2006 0~10 11.1£45 1045 £123A 1214 +8.1A 101.9 £+ 18 8A

10 ~20 5828 312 +6.7B 485+43B 19.1 £6.1B
20 ~30 20110 225+5.7B 345+11.1B 92135B
&1 Total 37.0 £5.6¢ 158.2 £4.5b 2044 £119a 1302 £27.2b
Jan., 2007 0~10 31.1£55 292.9 £34.7A 276.8 £ 38 5A 416.7 47 8A
10 ~20 18954 36.6 +10.4B 52.9+190B 63.7 £14.4B
20 ~30 423105 55.2+10.2B 749 £13 4B 248 £55B
&7 Total 923 +20.8¢ 384.7 £54.9b 404.6 £ 67.6b 505.2 £67.6a

n=8; FAREARKE FHFR FA—HIA R BEFR B P <0.01), MNEFHRR A—N A RED R 2R 2%
(P<0.01), Data followed different capital letters indicate significant difference at 0.01 level among different soil layers at the same
growth stage, while different small letters present significant difference at 0.01 level among different species at the same growth stage.
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ERENREEEM TER, B P . FTREIE
FHERAEYBBHEIEGER 1), Hd 20 cm DI HRE
AERERRE 2), iHE 3 FEY R ER M
£ 0 ~10 cm By T3P, JLRUK RE N R, Kk
RESSEZERH 2K F R IRAER, K 0~10 cm
TERMREVEMNISPNEARBEER(P <

450
400
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250 -
200
150
100 +
50 F

0

SRS Annual root
: : b
biomass increment (g m™)

0~10

0.01)GE 1), FEMTHMEERBEENRRE, &
FERBEYEFAH 28 ERRERBKN, HEN
FORZEFARTE 0~10 cm EH, PEBHEAZR 20 cm
PITEBEMAR, HATHRREE, 7% 90% HRE
H17E 0 ~10 cm JEH .

WOERE V zizanioides
O %% P australis
8 WA C flabelliformis

B KW H. littoralis

10~20 20~30

WE Depth (cm)

B2 4 MEMLSFERERBNEENF

Fig. 2 Vertical distribution of annual root biomass increment of four species

2.2 SERFHS

RNEESHREERE, — BT 12 AHHREFR
FHIHREES (B 10 B LUG B A Kt ,
B FERHEHERE S ~10 cm B R R
T, A KM HF HBEA R ERMKT 10 AL
BB, FREL 6 ~10 A4-HME, B ¥y
WKER45% LA, BEBTE2ENAFHEEK
#(P<0.05),10 A, 7B RIAFLEN M, 7 A
BB S8 R ECS K 218 ,7 B IR R g
1K, HH 10 ~11 AKERAD] 28% , HFEFHE
R, KRESHRBBD,H 18 WHEKREKE 2

BT e m V. cisaniides
P australis
-~ 200 , Lo
D § C. fabelliformis
&
g ¥ KR H. Luoradis
& 150
4%‘
2 100
50+

MR RRI A BRI M B $ 3 A A i
HR (A 3)o

REEREA 4~9 AEEBR, 5 TF24F
¥R, AUEEERMEER/N Bt
BE, FREEI ~9 AREER RS, K4~
6 AR, AKRE L 3.8%, BFR/T
24 AR EARP<0.05), FE6~10 AR
EREER K EGT2FETPHEKE 2 A5
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Fig. 3 Plant density of four species in different months
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300 0 O HHE V. abanoides
M P qustralis

[ K HFE H. livvoralis

BEFG Height (cm)
@

e WIEE € flabelliformis

2 3 4 3 &
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B4 AREAG4s HEDHRER
Fig. 4 Plant height of four species in different months
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EFETBUER LAT

BHRE 4 FEYH MoK FESY 2
5o REE EFREEKZENTHAZ,E4~9 A
& B EHE KB, MkERKER, 10
AR®E&2)EKA B8, i RS, &
7 RREZUBAFFHEKMR, REFAEK
HERA D TR, Xo B KAS T TR
B3 MY,

2.3 HERERHIES

3 B KREM SR R ERRE,
EOLRER, A EHRE &R N5 AFGREAE
KZFR, NEEMH EHRIEE—EHRK, FERNK
AR, FREEREZE MR EAHE BB,
MR, N7 AEXHERIEBBERT
NEEK(P<0.05),8 ~10 F1 11 AEE KRE
B EARTE Sl B E LT X EE P <0.05), [BER
B OFENKREZRNZRA BEE 5).

4 FEY P, R ERBEOE MR, A
FHBEIM R 44%), BERTHE 3 #HHEY

4y Month

B s AREKAG 4 FEHH ERER
Fig. 5 Leaf area index (LAI) of four species in different months
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ERZE,EMNN NP HRKESHAYESR
BETAXRY, T EA Y5 0 BRI
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BT RS, B R 2™, B
M, mER M AT, R R AN AERKBRER
HEBRNER, RENSREZS S MANE
i K, & NE (Cama indica), B B (Pennisetum
purpureum ), & R E, 7 E M F H (Typha
angustifolia)if iR 4 W) B 53 71315 B 64.2.59.8.39.5,
292 #1152 g m??, TS AR T JLRKAEM
YHRAEYE BEKEAMNBEEE, AVEE
X BE G B 07 0 00 AR 2 B L AR K B A AR
BEBP, REd 4 MR YRA YR K
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FEAR, 3X 3 FPE YN _EF - R B AL A
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ZEREKBE, BRAKER 4 HMHEYPREKR
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HFHETBR, SAXREE KR BE JORSE
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SR NTIR N B E R B ROR BT HIRHAE Y,
AEEBREENERENTTREERE 3 HFHEY
FHBRARE, EKPHEFEREKRBER,7 AR
AR, BEF R TR A REKE (P <0.01),
FEM BN ERKTEMMB TS —#,7 A
J&, R —EREFRRIEK 10 ~11 AHEEY
AKBEN, HIEKRE B S, HlER
EUY4ENEEEZNEKASWE H (deorus
caamus)FEW , £ KB EBP, FIHEERRE
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KB A K AR Y AT R RS, A
HREME A TR HBE AW E A3, 15 KR

B,
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AR, 2 REEBERE, HE2EREKE
3 AN TEBEP ALY AT 3 FEDHRS
W EBR, FESHE 0 ~10 cm WIRE, 1
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