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HIG T RIFATF R AIAGROREL 9 N TR A S RGN E R R, 1R
I RIEAE AN ] AR EEAE O, JOAME R IS R Thee, ERA Rk
WSS G A I, AN IR AR I 15 S BT A B A AR SR A U, 75 e
WRCRAFAE — B Z 5B R E R B AR RY X, KRR 2 sl AN ] 8 G (1 oK 35
A N. P ICER M5 R SHERE, TR MR Im N P AR TS KHEBR BE 3 g FH 1
XS POIERCRI I B, AR HEKAERI ALK, (H2ad e N P g7k RSO B8 221 e A
WIAEKAR I & E TR AL, R FREE ARG AE ™ A e Sy, B SR K B IR AT BT N
P V5 YL i U281, PRI, fRE HHOE B R AR K B NG P ORISR TRk, X
ECR IR BET5 Qe B i ia BAAT BB SR

HAT, [ A AN N TR SIS 1R R R Res), — B ol BN LR i
FORL R EABRA MDA, (HRHE I TR TR ABIRN, BT L DAL R i B A
B HIVE BE MBS RN A RSP U, S —Jr Rk T A s A RS
EHOBE R IE R AT, Bk 4, KT N TIRHEMI T T M 2 iR ke, —
SERIT SR DURE R DI N RS N P R BRECR 2w T AN TR, 8
PO TR o B N N it N LR R 90%, HAMREN £ EE
Y N RCR 2 IEADE, ol AR L3 mn o0 N WS PERET AR N2O AHRR, R
N LR i BRI R, SOV Ny P RCRIA SR AL, X RAFRI7E S
IS AT & E KRR Ny PR ERSCRBEAT e, BT U4 R WA R A 0
N. P I BRBURAFEE R, A% (Canna Chinenesis W.) XK P 1L RE e, 1
B il (Pseudacorus L)X N 25 BRBCR HEHARKE AT o (EXLS0F 78 32 BLR R R R N B e:
B KB SIS, SO A IR, TR AR S 2 S bR N TR 24T Ny P LR B AR
FOZETT BN X PE IR A IR 7 2 6 DA 1

ARSI R B F LG KA BT N AR 3 Fi g AR R A R AT — AN AR KR 1 A 0
W, PERHEY ARG E YR, Ny P& IR NG P &R, NmRN YA
KA N P RORM, BRI AAR R, JFESI N, PRRRSHAYE. NP &
B EMZPERASC R, DU xS Qe Be D5k y, vy N R Hb/K 5L
ML ORIHR BT A, [RIINtR Jy ol [ 5K AR DR XN T3t A Ay S AT S s S A
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1 MRS 5E
1.1 BFFRXHELR

BF 70 X AL T A8 g A ok 3 L T ARV T K AR BTN TR M (27°32/367~27°5515" N
117°24'12"~118°02'50" E), WX ME, HEEIREZW, AFEA TR, 1 VFHRE
NT.8 C, 7T VRN 27.8 C, FVHFEM EDY 2000 mm oA, S KDY 263 d,
TEREIAN 270 do KB ILAETETS /KAL) & S A 15 000 m3/d, — i TF% T 2008 438 K
AT, TR 2011 AFIBKIZ AT, SR 2 26 B A Bl K, A K 54 1 31 0.62 m¥m? 4,
KAVERE N 7 do N TIRHDARM A A, EiEHP -+ Chife 0~0.3 cm) JNIERL, JEFE
20 cm, HP-LIRATURI RGN LR IAR, AR TR RS .

NTHRHEY: i 7)46(Thalia dealbata), 17-FRHEKBKAAEY), Hs 1~2m, )7 op
R, i, EEKEIFE, WHMER, EREREEIR, 353 BA BERm
iy 52 e SN FERE T, JF I o bkl FEE 1822231, FE i3k (Arundo donax var. versicolor), KA
RHEAY), HN M, 6%, W BENE, X AERKIEE MR, 15K SRR,
Fr i 5 (Vetiveria zizanioides L.), ARAFVEANEY), #hm 1.3~2m, R &K, R,
WRERKIE, WIRRGIE 3 m, &—FEY A& B 5K R e, 3 f
WY EFET 3 HRAN LRI IEAK, FE%ER 3 #him?, B4 8 H ik N AEKHEAS
WA, e P RME R AR 9 A NAEKIER, FIRET 9 AFFMEREMN, mik
PR FEAIAEAE 9 HHEANKYE T, 12 A%t 3 Pl ArUicH .

N LR R /KA E: CODcr 184 mg/L, BODs50.8 mg/L, NH4*-N 12.14 mg/L, TN 19.44
mg/L, TP 1.11 mg/L, pH {H7E 6.72~6.78  [&]11,

1.2 BRI S5

ARYEGH 2014 4 H 26 HE 11 H 8 H, 3£197 do T4 7 26 HAERFILAEETGKA
BTN E 6 4> 10 m =< 10 m FEHy, AR FE A6 AR R AR B 1T 3 bk e 4
71°4(0.55620.061) m. (0.34540.038) m £1(0.53020.044) m, E¥&% 5 4(7.69540.436) g-
(11.59840.664) g F1 3.86640.805 g, 4% N & &) 7 v(5.45340.263) mg/kg. (6.21840.187)
mg/kg 1(5.57440.133) mg/kg, 3% P &4 51124(0.66440.014) mg/kg. (0.80740.019) mg/kg
F1(0.64540.012) mg/kg.

FE—ANMEKZEN 4 NARFERHE 55 7. 14, 21 M1 28 JA) SR AEH 3k, FE e &
R 3 P A AN X B L AT I SRR, 76 %% RO B KR R A7, /ML AE



Yy, FEY 3 ANEE, BEATHL R A LR ORAE, RARE SRR, R (BAR
B ZEAELLX 7y, BERRINED , HA AL EEA 65 CAMF T RIEE, JHlESY
B, SWEBEPRFL (FZ102, RETZREED WiEE 2 mm if, &M, R, K
FA ki S AU A THORE, BURFIRRE N 0~20 cm, REMFESL 3 ANEE, 1ESIBR TR
IR RS, B 65 CH&MATMTRER, i 0.149mm i, HT4C. &N, &P
ErRMMIE o AR SR IR il 43 ) PR IR - e R A VRV B R - v SR T VR AT
T AR, RN e TN A RO RIBRGERE TG 3 401X (EA3000) WlE, TP K
FHER A by i s 26)
YRR RERE (PA) , A ug/tk, THEARaF:

PA=PC xPB , (1

X, PCNEMIAFGE i LRAGE (mglkg) , PB NEMAFZSEEDE (@) .

I E R (BCP) RIEMENITTR S E SN A TR SR/ IE, W
DA R A 0 32T R RO BRI HEZ RS, 24 BCP>1 I, ROREYIMAN TR &
BERTEDERKETRZ R & &, WHIZEDRAERAEN TEE L8R, (HEA K
LI

BCF = (2)

»|o

b, PEAEYIAFRRE i TR SE (mg/kg) , SioNHEYIXN K i TR SE (mglkg) -

VIR A (BTR) YA ok &R 5 H BN NITR S R/IHE, REUEY
FEICRAMMEYEN TR, 4 BT, RonEWEMAN (K. ) Bz ERm
CEVAL 3G HE N o F/AS= T

BTF=5 ) (3
S

A, LAY R RS R (mglkg) , SiNBEMIZER I RS E (mglkg) .
1.3 BHEAE 55

K H SPSS 22.0 Al R iE ST Hm b3, RiIESHITLK . @it SPSS 22.0 sext 3 Fiid
ITEAFER AR Ny P Bl RE. & ER[UTE 2B SR EdEE T IES ks
RT7 225 AT, KA A& T 22 70 PR W 25 A IO B AT X B e .~ J7 AR A 4 R 3 B e 46



SRR VR, H R W IR O AR T 2 TR M R & R, R B IR 3R O 2
(One-way ANOVA) # LSD-t Z ELLE T, KA FIHURE R R A0 B Ny P AR R
B EHERBAITE R p<0.01 5k p<0.05 KV LR, BT EHURE I R 0 4
P, N, P BBE. SEABMTERBIVRHR R, REEZEY N, P 2EE SHYE
PIEA N, P EEILIERIALR, S0 ARRA2I TN ESH r?, JFL 3 fiEy)
N. PRRESHMRM A E. N P & 8K REAE p<0.01 5 p<0.05 /KT L8 # .

2 ERE0H
2.1 AEHAE Y A8 K H S FR AR

M 1A 5. BEMEYRELR, MY EBWE N, 3 MBI R AR SRS 28 JHik
Pl Al 428 127.190 g, 198.090 g Al 72.095 g, H. {22 v T HABBURERS H] (p<0.05) .
3 M BB AEYE R ISR > FRIE> B IR, H 3 Fia Y& AV A5 & BRI [A) 1)
FAERENEZER (p<0.05) o Hr, F e 3k A9 & 1~ F51E 73 508 27.780 g
F156.336 g, ZEM¥I°F-¥{E 7378 50.349 g Fl1 67.546 g, HALH M3kt 2R LY ELEAED)
AR R B2 T R R R 28 (p<0.05) ¢ BREE 7 JAAL, F AR
LR T 1, HAREURERS [a] 35/ T 1, HEEEMEM AR, H e mt 22 g,
Femt Pk i) 2 BUEIRUE HEH.

R 1 AN[F EORE IR TR R ) 2 B R L e

Tab. 1 Plant biomass and its distribution at different sampling times

o sl

e %14 H 21 A %28 J
i JJAEm(TD-1) 9.52340.510P¢ 24.285+4.896¢¢ 35.718+42.8078¢ 41.59542 525A1
i JAEZ(TD-s) 8.77940.1790¢ 35.161+1.215Ccd 71.86245.6468¢ 85.595-+1,352Ad
TEI 2 3 (AD-1) 13.372:41.1980¢ 43.47045.707¢¢ 72.4084.8498¢ 96.0954.818A¢
LI 35 25 (AD-s) 12.1430.265P¢ 65.11046.070CP 90.93843.5458¢ 101.99545.396A¢
S 2/(TD) 18.30240.6820b 59.44646.025¢> 107.58045.11580 127.19043.515A0
TEI 4 3Rk A FR (AD) 25.515-+ 45802 108.580=11.755C2 163.34648.30282 198.09049.83342
FRERKK(VZ) 8.17440.608¢d 37.045+44.7628¢ 62.353+46,995Ad 72.09546.862A¢
B e 2L 1.085 0.691 0.497 0.486
e 3k 22 b 1.101 0.668 0.796 0.942

T AFKRG PR FEREY) AV B A R RIfE AR 225 22 57, p<0.05) 5 ARG FRERIR A —
HOREIS LA R E T B AR B 25, p<0.05 CRFD .



2.2 RFEEMEY N. P REETIAFE

M 1 () & 3 A N TIRMAEY N R E B AR K — B, /B emien
A, ZE N R B R EKIZEE I, 7258 28 ik BIERNE, AR e TH
fBUREIS E] (p<0.05) 5 TITAMRFM N FUREAES 21 Mk 2R NME, HE55H 28 HERAR
&, HEZEETHETFME 14 H (p<0.05) o LA N AR B ERPN L Kl i
BE TR B EAE AR E (p<0.05) 5 FJFEALEr 3kt N A S & 1)1
B3 510 541.671 pg/#k Al 1 043.687 pg/fh: 25 N BURE H-F 118 70l 429.399 pg/tiAn
555.245 pg/Pk, FrPAE R — A, JEH k0 2500 N B R E 25w T R IER
% (p<0.05) .

M1 (b "1 AR P AR BRCEEDER, RISl aRuas, 158
21 IR EIECRME, 5 28 AN TR 14 MY, HEZF&TH7H (p<0.05) ; FIifE
HIZE AEr Pk g A A IR B P A R E R Y RO AW I, 75 28 Jlik 2 KM,
5821 AERARE, HEZEETHE 7 FME 148 (p<0.05) o fer A 3kmZE P R ELE
YR ARE R IR A B 2w T R — I AR R A RIS B (p<0.05)  F et 7
BRI P AR B K FEME 709 61.430 pug/HiA110.428 pg/kk, 25 P AR ERFIIME N
97.264 ug/tR A1 150.571 pg/tk, BAEFE—EKE AL 23kt ZP R REHEE R TH
FAEHIH. 25 (p<0.05) .
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Fig. 1 Plant N and P accumulation at different sampling times
2.3 AA@MEY N, PREESEWEN N, P FRZAKRE
PR IR AL BE ) N TR 07E . FEM P AN AR 3 Fika ) N P AR R EAIAEY)

. N P EERNFUAEIR AT LG o0, AR A EEK R, gttt
RAFREAIRESE r?, JHRRI A R REE p<0.05 2 p<0.01 /K-F LRHIREME, Ltk



FIBE N, PR ESHAMEN N, P SERETAEMCE, @i F ki, HEtk
A1) 5C FRIE 2] 0.01 KRR, WV IZ R R NS .

M2 RERATUE H: BREIEEMIE k= N IR ES N & &, JEH 3k P
MERE P HEARILH p<0.05 M EZENEATAE, HABEYAFRGEE N P RRED 55K
XFRLAAEYIR . Ny P & R IZNE R A5 R 175 F) p<0.05 57 p<0.01 (& & VEAK . XU
THEHAEYIXT N P AL RCR B B 32 HAEY A EA N P S R, B IRE R 1Y
AEPVER N P ERIIEIIN N P IIEBRICR

2 MWARLE N, PREBEADE. N P EENHIKR
Tab. 2 Correlation between N, P accumulation and biomass, N and P contents in different organs of plants

HYIESE X y ALt r2 = p
N AR R (ug #57) HWE(9) y=0.044x+3.960 0.985  709.058 <0.01
P B R (ug #£7) HWE(9) y=0.373x+4.838 0.782 4038  <0.01
™ N EFE(ug #71) N & HE(mgkeg?)  y=0.007x+15.112 0.915  119.003 <0.01
PRZR(ug 7Y P& &E(mgke?) y=0.008x+1.703 0.299 5689  <0.05
N FHE & (ng #57) HHE(g) y=0.107x+4.767 0960 265511 <0.01
P AR & (ug ¥ Gyh{(0)] y=0.547x-2.898 0.965 304016 <0.01
e N ZEE g # 1) N&E(mgke?l), y=0.0007x+8.212  0.030 0.309
PER(g#Y) P EiE(mgekg?) . y=-0.003x+2.320  0.426 9.164  <0.05
N 12 i (ug #£71) EE/A()] y=0.049x+4.802 0.993 1568.038 <0.01
Dl P B (ug #£71) Cyh{(0)] y=0.545x-3.879 0.893 93367 <0.01
N ZEE@g4D NEEmekel)  y=0.002x+15.189  0.852  64.686  <0.01
PREREMg#Y) P &E(mgke?)  y=0.0006x+1.937  0.008 0.081
N PR & (ug #47) HHE(g) y=0.108x+7.467 0929 145161 <0.01
P R (g #£7) HYIE(9) y=0.487x-5.819 0.877 79146  <0.01
A= N R ZEE g #1) N &E(mgke!)  y=0.0003x+8.179  0.0048 0.048
PRZER(ug ¥ P &iE@mekel)  y=-0.005x+3.140 0.421 8.996 <0.05
N AR R (ng 457 e y=0.101x-1.514 0.928  143.698 <0.01
vz P B R & (ug #£1) e y=0.623x-2.429 0.978  483.931 <0.01
N EEQpg Y N E(mgke!)  y=-0.005x+13.625  0.346 6.814  <0.05
PEREMg#Y) P &fE(mgke?)  y=-0.003x+2.005 0456 10211  <0.01

2.4 NERGHEYIN N P R EENTREES

S 3 RN ) A R A N AP R AR AT (2 () BT () ) B
FIAAE 20 3 N (155 S B8 170505 14 J 8 SRR (R4 285, 3 Rk R R 2 4 N
TP 5 SRR R (2 K R RTS8 N O R 7 MR, B
VIR E T HARTURERT (6] (p<0.05) ; 1M P MBS RMIESR 28 Ff/, HIRF AL, %



AL P P B R RS S 7 HERARZES, FAEYSER P 8 E£RBEE T
HARIURE B 1] (p<0.05) o PLHRE YA [ 38 B 76 [Fl— I I 80 N AN P i s SR AR T, R
[ — R N R R R E R T2 (p<0.05) , T P (5 4EREHNIH % 21 FH N
FER S Z2R B 2R 2 R . BbAh, 3 M YAN A 88 B 7 A BRORE IS TR)0f 3% NI P & 4
REIRT 1, W 3 MY N AP X BA BRI E EEE ). N IR SR8 IR N 18
H>AE I Pk > B> 1 e 25> 10 m 3k 2, P41 70 )y 18.065. 16.118. 8.860. 7.748
F17.083; P IAE 4R IR I AL STEM 73k 22> F L 22> FAREES TR gk, 74
{6574 3.698, 3.697. 3.417. 3.116 1 3.062.

P AAEAAE 300t N A P HIIERERE i an&l 2 (o) M (d) Pow: A JJ4ER) P iZ#RE
JIEJeIE FIR AT, TR JAER) N ITRERE ). A6 3k N A P aER RE D ITESS 7 I
/N HASR Z AT HAREURERT (8] (p<0.05) , 1E% 14 J J5 WFEALRREAAL . R — A I 7
JIFEREH 2k N T BB ZRALE, T IER P T R0 R& & T 3k
(p<0.05) o FFIFERIAERT P9 3RAE &N IUREIT TR) Y NE RS REUS KT 1, P9 3K 2.224
A1 2.165, BLET N 7E R JAERITEM 7 30k 9 13 BAT SR i #e 6e ), HAE M Ji1ei& N i
FoRe LA Pk T IAEAESE 14, 21 A1 28 A PIER R BT 1, Wi e 7
(1) P L RECRIAEM A AN ORES T P OB 2B/ T 1, FIME 5108 1.075 Al

0.838, i P 7EF IR T HE e /1ot
CollE (@) 8| (b)
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Fig. 2 Enrichment factors and migration coefficients of different organs of plants at different sampling times
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il E00, AW Frak s MY A KN AV R AL BRSO, AN TR A F
SE RV GBI, BRE 7 AL, HABBOER RO ZE A RN T AR,
PIN. PRAREMS, HNREELTENRRE, ZPRRERNTHPHRE, XUV P
T FEEY AR 3 At E IR N A, X2 TR N P IeE s Sl i AR
RIS AN R, N TR N P AR ERA YIS Ny P EERACR 1 E 245 b0,
FEAAR A TE SR ) 73 e s kg A i 5 sRBY, A e 4 AR W], N iR R 5 KT
X NS P AR B L ER AT L@ R 2R R N TR R G . AR FLIE
R, BREEEMEHFERZENHEES N S8, Pk P RRES P S EAFEE
BERLMRRI, ARG E N P RURE ST N AR N, P& EY
FAAERZRZANERAK &R, MEETREZO N P &5, EHYN. PIREEZAMELIE LR,
5 BAWIEC SEBANS ) 25 R ABRBCR IO 7L — 2. Ak, EFeE BRI KN TR
Y, IR AV R IR B E LA ERR Ny P IIRCRE, AwF7idr, 3 FEmxs N P
IR SR AR ORI IR AE B Ve 2257, BRAEARE N BURE . B 0femt 1Em 73k P LR
BALY 21 ISR IAESS, HAREMK ARG TR N, P RUR B 28 AL K MH,
HEE 21 5 28 ) P AR R B2 e AN B 3, 3K 5 X 251400 4 R e 050t 7K 7R R 7K N
P JGER M RAURFIERIE T 45 AL, AP Ny P R R E S HXT N P RIRE A K
BrBUA O, (45 3 MR S IURERS (B Ny P AR R BAFE 27, EARA KB B N, P
BRI P AS[RIB98), (B by T AE R A K RS AV AR, A AR B AR 2%, X P
o aSKID, FEYIRA P ICERHETE THINLIRZSET, DIk, EYESE 21 M5 28 Xt P IR &
BELHEZER: WA, NTBHEYIN N. P T RIHEARE S N, P &, K
PRI AR R s A P A5 A DG 840, 78 N TR A 1A 5 /K B SRR L o, 3B REZ 7% FE 24
M) SR SR RIL BEE B A K Y, SEBUE RSB AL, T R R B 2 R A3 L)
FEFAGTG K BIE R . AR SBT3 PRy, FErt 3ot Ny P IR R B 54 &
By Al 2 AE, AT RGN I B i E s, T AN TR R B
I 25 FERE D 22 AP SR N RS SO SR N, Fefth 2 AR B TN ARG AT 5 6 -
BAERBURB 7Y N PR RE 0, BEE YIRS, 3 MEIX NG P
(W& SR DA VR ZE R, T 2510 N B &R REON 70 R TAem Pk, R4
XN JCER R SRR T e BRI E S A N P s RREI BT FLR M,
FEIEE AL N 13.823, 4.656, AW 3 MM N P & HE AL TIME D78
11573, 3.398, BEMAR T & FAMEY), XULWIHEYIN N P (0E £/E I Z MM



Migsl, FE AR REURWE N P JTER AR N IIE RS BE yB4. ARt std, e mtent:
PRI N PR 2505 50N 2.224 F1 2.165, P FHiTH #5041 1.075 1 0.838, H.i§
JIFERNAERE PIRAESS 7 J ) N AT P IR R ECR Z A0 T HAdN /), Xy B N FE R e fngent
FORARN BT AL BE S BR: P AEF IAE RN BT A BE U Aes,  TAEAEI ™ 3k ik NI #2 e
B55, H N P IEREDEN RITRE R IR A K B FE AN, XA RE S A R A K
BOXE N PR SRAS A4 k81,

gibpnd, 3 MEMREYE. KRR, BERBONITE R EHE S DO 7] A7 2 2%
PEZSR, 3MEMI N, PREREMEYE. N P EEAE—ENLERIAR R, Mk, ik
A O N TR YRGB B, thAh, oAl 2 A A 3 N TR A K
EREF NS P EGRE I AR, dgm N IR 2 1%, I nT AR R A A AT 25
i o

SR -
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Nitrogen and phosphorus enrichment from soil by

plant in growth periods of constructed wetland

GUO Rufeng?!, LIU Xinming?, LI Guanjun!, HUANG Ting?,

WU Chengzhen?®", LIN Yongming?, LI Jian*”*

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002 , China; 2.
Key Laboratory for Eco-industrial Green Technology of Fujian Provincial, Nanping 354300, China;
3. College of Ecology and Resource Engineering, Wuyi University, Nanping 354300, China)

Abstract: The purpose of this study was to screen plant species that can be used to repair N, P
pollute soil, this study selected Thalia dealbata, Arundo donax var. versicolor and \etiveria
Zizanioides L. in Wuyi Mountain constructed wetland to measure biomass, N, P content of plant
and N, P content of soil in order to analyze the changes in biomass, N and P accumulation,
enrichment coefficient and migration coefficient of three plant species, and then established a

linear regression relationship between N, P accumulation of plant and biomass, N, P contents. The



result showed that: 1) There were significant differences in the biomass, N and P accumulations of
the three plant species between different sampling time and different plants (p<0.05); the ratio of
leaf and stem biomass of Thalia dealbata and Arundo donax var. versicolor was less than 1 which
excepted the 7™ week; the N accumulation of Thalia dealbata and Arundo donax var. versicolor’s
leaves was greater than their stems (p<0.05); 2) excepted N accumulation with N content of stem
of Thalia dealbata and Arundo donax var. versicolor and P accumulation with P content of Arundo
donax var. versicolor, the plants’ N and P accumulation with biomass, N and P contents has
significant linear regression relationship in other time (p<0.05); 3) the N and P enrichment
coefficients of different organs in different plants were higher than 1 at each sampling time; except
the P migration coefficient of Thalia dealbata was less than 1 in the 7" week, the N and P
migration coefficients that were greater than 1 in other times; the N migration coefficient of
Arundo donax var. versicolor was greater than 1 at each sampling time while the P migration
coefficient was less than 1. In summary, the three plants have different absorbing, enriching and
migrating ability in N and P, and Arundo donax var. versicolor has the best effect on the removeal
of N and P which could be used as the first choice for the construction of artificial wetland plants.
The research results can provide reference for the construction and promotion of constructed
wetlands in plant selection.

Keywords: Thalia dealbata; Arundo donax var. versicolor; \etiveria zizanioides L.; N

accumulation; P accumulation; enrichment ability; migration ability





