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PREKERE LI A 43.06~71.16 g - m™” # 8.68~16.63 g m™~, HMARKWE N, PREGABTEM, 5
BE4EHMEEREEFMHA(P<0.01), EN. PAARMAAE(I mO)F, REZFRK N, PHXBRITRY
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Role of Eichhornia crassipes uptake in the removal of nitrogen
and phosphorus from eutrophic waters

ZHANG Zhi-Yong, ZHENG Jian-Chu, LIU Hai-Qin, CHANG Zhi-Zhou, CHEN Liu-Gen, YAN Shao-Hua

(Institute of Agricultural Resource and Environmental Sciences, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract Stimulation experiments were carried out to study nitrogen and phosphorus uptake and removal ability of Eichhornia
crassipes from varying degrees of eutrophic waters for the period from Nov. 2007 to Oct. 2008. The results show that E. crassipes
grows normally in different degrees of eutrophic waters with initial concentrations of 2.06~20.08 mg *L™' TN and 0.14~1.43 mg L™
TP. Accumulated E. crassipes biomass in eutrophic waters increases by 41.03~47.12 kg * m™2, at a mean growth rate of 0.096~0.262
kg - m + d” for the period of study. Nitrogen and phosphorus concentrations in E. crassipes aboverground part are 24.16~34.15
mg + g™ and 3.46~6.90 mg - g”! respectively. Those in the belowground part are 11.76~18.45 mg - g™* and 6.02~8.50 mg + g re-
spectively. Total nitrogen and phosphorus uptaken by E. crassipes are 43.06~71.16 g + m™ and 8.68~16.63 g * m™ respectively.
Meanwhile, accumulated assimilation of nitrogen and phosphorus increases with increasing initial nitrogen and phosphorus concen-
tration in eutrophic waters. There is a significant positive correlation between accumulated nitrogen and phosphorus assimilation with
E. crassipes biomass. In eutrophic waters I and II with lower nitrogen and phosphorus load, contribution of E. crassipes uptake to
nitrogen and phosphorus removal is above 100% indicating some uptake of nitrogen and phosphorus from the sediment by E. cras-
sipes. In eutrophic waters III and IV with higher nitrogen and phosphorus load, contribution of E. crassipes uptake to nitrogen and
phosphorus removal is above 42.32% and 83.79% respectively. E. crassipes uptake is therefore a major pathway of nitrogen and
phosphorus removal in eutrophic waters.
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WA SR 24 55, B AN B PN M AR S BRI B 2 4 s
o #hom 2z —0-4, RUR H# (Eichhornia crassipes) 2Bt
FER . BEA, WREHRASBE TRFNAE
JTHIKAEY), BANKIERE N, P R RENHE
PP, ARG Z AT T EAST A%
KL BEFRAHNE . WY sk g%k
R FE R

KARYE T B B HA R EE % B 3 LKA
RN P, EISYUKKBE R HIEEXERER
WAL, RERERRES . AKEHP. Wit SR,
FREX N, P Fi5mkil. 2R, EEE
P BB T B RSB0, BRI R RER R
— 75 Yok Ak kAT, st T RUER SR R AR R TS
KiEH N, P o, BRI LB I A WL R
B, DEMRER, F—EWRELEN, KEEY*
N, P Wik B Rk 8 SR W R T B s e, A
WF 72 R RIS SRR 00 7 i, 434 R L A [ #2 B
EERFKEATRIBEMN N, P &, o4, Tk
e S R XTAKR N, P ZBREVTIER, B 78 R gk RUER
ELETS oK R E i i R SRR
1 R 5RFE
1.1 REHH

iRETF 2007 4£ 11 A F 2008 4F 10 AFEILHA
B F R BRRAHT, RBERBILHAR
WM 245K, WIARRE N 3.0 kg - m7, iR
BXEE Y 16 MEF K 1.0 mx 1.0 mx 1.2 m HIIR %R
K, KUEIIET 10 cm FEHETGKIERE, K
WERAFN 1.0m’,
1.2 REHE

¥ 4 MARBREEEFRMKE: SEFRMKE
[, N, P IREREIEZMFKEEREVIK, L
B 37K i A NH,NO; #l KH,PO, Bl il i il; & &Ik
KET, BLATLHE KB Bi5KE, KRB ™
BEERL; EERUKEL, N, P HREBIHHE
EAKANER T — % A FRAEH K, LAISAKEEKMA

NH,NO; #1 KH,PO, B2l i 5; & B FHKEV, N,
P WRERGEIEIS KA —% B AndEd K, B
FERE L, BREERUKELHEES 3 Kk, &4
MBE 1 ATTEYNE AR, K6 4 FEE
FRAL KR B BT R K RS AR & NP B AT L2 1,
BLRE BIRMKIAS 21 d Fi 1 K, BRI
K15 o BRBIKHTRE S LI B KK, WE
TN, TP, NH/-N. NO;™-N ¥, Fi+HEELHBE,
BABOKEALE R (21 dFRE KR, Bk &
BHE, 98 3.0 kg - m 4 FABSERE. X
AR S TR A [FI A R B4 A0 3] 0.5 mx0.5 m #R 5 H Al
WG REE . BREARK AR, FE
¥Ror# EE BT E, F 105 CTHT, BRE&
H, MEASN N, PEE., BMAKHREE KA
HK N PWREE . BREERBEALHABIN, P T
BHUL 15 AEALR BT e 45 R I E ROR, KR
FEXFKE N, PR EERLEEENL 15 %
A4 JE) S99 00 5 5 SRAR ISR AS
1.3 aWAE

KEEH TN, TP, NH4-N. NO;™-N 435I%
K,8,05 BA—5L 5N HE R 15 |« KoS,0s B AL-4HER BT
Eefa ik . SeM IS b Mg AN R BE AN
YIRE L 2 H,S0,-H,0, THAE S, TN TP 43 51K B
EREMNPHEBLEENE.
1.4 HE\LEBEHITSH

R HIE 2 EXCEL 435, WA SPSS13.0 i#
rgeit s .
2 B#BRESW
2.1 AEABREEEFRAEKEDRRENEKIE

XA R R 3.0kg - m 2, HALEARR 21d
MR, i 1 AR P RUER AR 4 ME E SRk
IR R S AR BIHHEM 41.03~47.12 kg - m™?,
FrE T E BN 2.08-2.29 kg - m(F 2), H
R b ERA YT E B INE S THTE, 450k
1.50~1.83 kg - m 21 0.43~0.58 kg - m2, RUREH
- A4 VR R o AR R B Y B K AR B B SR AR R
g, mMRRKEMNER B ES, HEREE
TR N, P ORE (A RUR AR R KB 2 n

®1 FRBEESHLKKONEKRIEHER N, P aE

Tab. 1 Initial water quality and TN and TP load in different degrees of eutrophic waters

kA TN TP NH,"-N NO;™-N TN TP 75
Eutrophic water (mg + L7 (mg - L™ (mg -L™") (mg - L™ TN load (g * m™?) TP load (g * m™)
1 2.06+0.24 0.1420.06 0.27+0.17 1.59+0.33 30.90 2.10
1 6.22+1.46 0.34+0.06 4.10x1.91 1.66+0.91 93.30 5.10
il 15.06+£2.34 1.07+0.21 8.49+2.31 6.09+1.16 225.90 16.05
v 20.08+2.31 1.43+0.22 10.98+2.27 8.50+1.10 301.20 21.45




154 REASRLER 2010 F18 8
£2 FREBEEEFUKREDRIRENE K
Tab. 2 Growth characteristics of E. crassipes in different degrees of eutrophic waters
Kk B LEMEYTE BTBEYTE BEYTE pigy 3 BH ::8.3
7 . Aboveground dry Belowground dry Total dry bio- Ramet rate Plant length Root length
Eutrophic water ;065 (kg - m)  biomass (kg - m™)  mass (kg - m)  (plant - m? - d™") (cm) (cm)
1 1.50+0.07 0.58+0.03 2.08+0.10 3.45+0.95 32.60+£5.26 42.60+7.80
it 1.65+0.14 0.45+0.04 2.10£0.17 4.80+1.17 36.30+2.60 31.00+2.58
| 1.7320.09 0.43+£0.02 2.16£0.12 5.90+0.89 37.40+2.30 24.00+2.15
v 1.83+0.08 0.47+0.02 2.29+0.10 6.14+1.34 37.40+1.51 21.60+1.11

PASE BN & 3% e KRR B s i 1Y

A, IR KR EA R KRN A KE
FHARMAEEER. ARREEREKERS
BE AL M 1), RUREA YRR
SR GKEHFHRETAN ML, 4. FFY
(2007 & 11 A 7 H~2008 £ 4 A 26), KIEFM/KIE
(R B2 T o BIAED, FRAHIR 193 CHI
16.8 C, W B RBREAEKZEE, HE 4 HEER
FoK e A B T RO B MEREAE 0.096~0.108
kg - m?-dYy ARG, B KRR T &R 8RR
A KB MR(RB S KBS 558 308 CH
28.2 °C), MEIREM A PEIEKEFRE 02140262

kg -m?-d7',
22 RREMNAREEEEFRWKE N, PHIXRE
R

B %€ 3 T, KUBRZEXT 4 F 8 BEFRAKEF N,
P HEIE BIFHEREBER. % TN, TP ¥IRKE
438K 2.06~20.08 mg « L™ 1 0.14~1.43 mg - L' £
T, &it21 didfk, A XHERER 4 FOKER TN,
TP W/ BIMEZE 0.28-8.87 mg - L™ Al 0.03~0.11
mg - L™, Hxt 4 FkiEH TN, TP FH 5 R S5
M 55.82%~86.55%H1 76.01%~92.53%; [Fl6T KR %
Xt TN B RERREEE TN VAW E 78 TR, ™
EZBIAARBEAMEXIERWE 2, r = -0.745 0,
P<0.01); TiBE/AKME TP ¥ItAv BRI M, KR X
TP I RBRBMM A H, MEZ 2R EEEMLE

(A 2, r=0.550 0, P<0.01),

REREMFEHBER T/KE N P HEERE,
i RIR R 4 FKIKR TN, TP K EBRELS 5
s F IR 12.23%~21.22%F1 5.78%~25.30%, %3
Fx Btk TN, TP BN ERR, HEFEH
RS LR ER B AEENERK . MEYR
sk . RS AL AR UR B R BT AR S E B 56,
23 RABREEEHAN. PESEBRHSE

IRIEHA E], 4 FhE B IR Ak kA RUER SR RIS AL
REHB N, PEERE 4, HE4TH, EEKE
EEFABRERME, RIBEM 3, THEE
BRI N, P S EIENM MBS, 4 HMEERL
AKEHRIREERS N, P FHEESHE 20.74~
3043mg - g ' M1 4.17~732mg - g ' 2], N SR
WET P &&; NIBZERFERMMA N FHSERHR
ot > T, 451k 24.16~34.15 mg - g7t M
11.76~1845mg - ¢'; Wik PEHI S EM S, NEH
LER<#BTFEB, 4 HITE 3.46~6.90 mg - g~ 1 6.02~8.50
mg * g Z I,
24 RAREEAFEEEEFRUKERHIN. PR

e

U RUBR E A S e B3R AR
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Fig. 1

48 H3 (F1-H) Experiment date (month-day)
1 REBHEORREEYSHEKETLME

Changes of biomass growth rate of E. crassipes during the course of study

I. 0. 0. VoBREFEABREEEFRNWKE 1, T, W, V represent the different degrees of eutrophic waters
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Tab.3 Removal effects of TN and TP of different degrees of eutrophic waters by E. crassipes
ik i3 K TN TN £B% K TP R e
Eutrophic Treatmént Effluent TN concentration TN removal rate Effluent TP concentration TP removal rate
water (mg L (%) (mg - 17 (%)
I RERIE E. crassipes 0.28+0.31 86.55+12.1 0.03+0.03 76.01£20.01
X CK 0.71£0.41 65.33+16.7 0.04£0.03 70.23£21.91
I RERE E. crassipes 1.57+1.56 74.88+17.4 0.04+0.03 87.39+13.05
Xt CK 2.62+1.78 58.14+19.5 0.11+0.09 67.39+18.14
m RUR¥% E. crassipes 5.88+3.06 61.29£13.5 0.08+0.08 92.43+6.65
Xt CK 7.73+£2.93 49.06+14.2 0.32+0.11 69.56+10.97
v RHRTE E. crassipes 8.87+3.80 55.82+13.6 0.11£0.13 92.53+8.67
Xt CK 11.72+3.41 41.62+11.0 0.47+0.13 67.23+6.86
100 100
< 80F ¢ —_ D °
S y=-1.819x+90.514 g 8of 200 3
Z ol ¢ R=0.5553 P<0.01 o
w t 60Fo < 0% oo% » & ° ° <
e %Y 60
L2 g} © ° &g TR °
KE ° HE
£3 ol ° ° £z 40p° y=13.968x+74 887
g © g R=03020 P<0.01
L 0 1 ) I ] L 20 — 1 1 i Jd
e 0 10 20 30 = 0 0.5 1.0 1.5 2.0 2.5
TN EE Concentration of TN (mg-L™") TPHFE Concentration of TP (mg-L-)
B2 RIREMEERLKEN. PHEBRESVHRRENBREXAXRA
Fig. 2 Correlation between removal rate and initial concentration of TN and TP in different degrees of eutrophic waters
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Tab. 4 Nitrogen and phosphorus contents of E. crassipes in different degrees of eutrophic waters mg - g
Kk N & & Nitrogen content P % & Phosphorus content KA E Whole plant
Eutrophic water L i T b T N P
Aboveground Belowground Aboveground Belowground
| 24.16+5.60 11.76£1.63 3.46+1.60 6.02+1.86 20.74+4.45 4.17+1.42
il 30.64+3.97 16.06+2.90 5.45+1.95 7.34x3.12 27.23+3.33 5.96+1.97
m 33.23+3.84 18.05+2.89 6.43+2.12 7.70+2.98 29.90+3.57 6.77+2.07
v 34.154+4.15 18.454+3.46 6.90+2.57 8.50+2.98 30.43£3.71 7.3242.50
#5 RIRZEETEEBEEEFRUKEPHN,. PREZE
Tab. 5 Amounts of nitrogen and phosphorus assimilated by E. crassipes in different degrees of eutrophic waters g - m™
Kik N kU & Nitrogen assimilation P Y& Phosphorus assimilation
Eutrophic water H - FB T B i E AR T SRR
Aboveground Belowground Total assimilation Aboveground Belowground Total assimilation
1 36.24+1.61 6.82+0.32 43.06+1.94 5.19+0.21 3.49+0.15 8.68+0.36
Jif 50.56+4.07 7.2340.65 57.79+4.74 8.99+0.82 3.30+0.27 12.29+1.09
I 56.4943.03 7.76+0.46 64.25+3.49 10.93+0.70 3.31%0.16 14.24+0.86
v 62.49+2.73 8.67+0.42 71.16+3.15 12.6320.65 4.00+0.16 16.63+£0.81

71.16 g - m™2 1 8.68~16.63 g - m™, ¥IF/KIKE &5
AR B IR A Eorbih B3 NP RIS R A
B 36.24~62.49 g - m > 5.19~12.63 g - m™>, 435
5 BRI B Y 84.16%~87.82%F1 60.35%~75.95%; R\
AR ZEH T8 N, PRI E 51 Y 6.82~-8.67g - m™
M13.49-4.00 g - m™2, AT 0L, RUERZEXE B FRMAKME
N, PRI FEEF THo 3.

BEAL BN RERER N, P RIKB S4AYE
FEMMEK N, P EEERELREXRWE 3), H
N.PRIEESAEYE TENHXRIS5]H 0.884 5

(P<0.01)#1 0.662 0(P<0.01); N, P W& SRk N,
P & B HAMHEREST A 0.293 3(P<0.05)F1 0.401 4
(P<0.01), iiBARIRERT & B FrfbKiE N, P BRI
BEFEZHAYRENEN,
25 REIREMBERMZEFULAKE N, P ERA
Tk
BREHE, 4 HEEFRUKERN N, P X
MBS HIH 26.74~168.1g *m™> fl 1.60~19.85g -m™?,
54 REREST N, P R B, W E RUR R
W VE XS KIE N P EBRI TR E X 6 WA,
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Fig. 3 Relationship between nutrients assimilation and concentration and dry biomass of E. crassipes
k6 RREQWEAWNTESTEFRUKEN, PEBRHTK
Tab. 6 Contribution of E. crassipes uptake to nitrogen and phosphorus removal in different degrees of eutrophic waters
BERE SR EHFEERE
x ﬁi Total removal (g + m™2) Total assimilation (g * m™) Removal contribution (%)
Eutrophic water
N P N P N P
1 26.74 1.60 43.06 8.68 161.00 543.80
il 69.86 4.46 57.79 12.29 82.72 275.80
i1 138.50 14.84 64.25 14.24 46.41 95.99
v 168.10 19.85 71.16 16.63 42.32 83.79

175 VEKP(IN2.06 mg - L, TP0.14 mg - L), R
IRER N, PRICE BN KA N, P EBRA LR
B H 100%, HIRBRER N, P MUK E B & Tk
BEWAKN.PRE, ZIp LRI EEK
PR B HC T 34 NL PUSTL DI i RUHR 34 f 0 % A
Ko Bt TN, TP WK E 52 HI7E 6.22~20.08 mg + L™
1 0.34~1.43 mg - L' 81/ 3 Mok IRWIF, RUR &3+
N RIS E 25 G &KIE N EREEN 82.72%.
46.41%F0 42.32%; it TR 00 3 1) RUBR GE R &Ry P
AHFEIKT N ffr, FRERE P IR & XK
WP EBMITEMES TN, 7518 275.8%. 95.99%
1 83.79%, H A RUERZEX & B Rk i ¥EK (TP ¥
EH 034 mg - LHP R EGBEY T kEE S P
I AR,
3 #it5ihe

RERETE 4 #EEFMKIKPLEN LY RS
KESEBERI B AU TGS, BRREEY
BRKZEKEME N, P IREGHEREMLX
%, HEZRE r 2304 0.719 0(P<0.01)F 0.699 1

(P<0.05). M RUIR E 19 4 KAR KRR ERRERK
R N, PIREERE I, sk, KU 4 FHE

ERUEKGKTFEEZHAEYREBEKERER, B
0.214~0.262 kg m™2 +d™", [RIACHH MK X I8 0 35 M 5
I 5 H 2 3R IR I b BT 15 i 3 K 3 (0,50
kg - m? - d'H 0.50~0.70 kg + m™* - dHH LA B K
ZHLL XS AREEEZNBEEFRAGT
HEA T FRUBR 32 40 86 B FF B AR B K
KEFREIEH, REREXT 5 R KA SR
B B FAEM—FKERY, 22AMERN, P
MR RAERNEYE ., AP RERESS TN, TP ¥
TAW A 2.06~20.08 mg - L' #10.14~1.43 mg + L™
ZIEH 4 #E B FRAK IR BRI RO EEOR,
25t 21 d 4k, 4 FE B FRAKE TN, TP I E 25
M Z 0.28~8.87 mg + L™ #10.03~0.11 mg - L™}, TN,
TP ¥ EBERA 5 R 55.82%~86.55%F1 76.01%~
92.53%, —R& M5, XIREXTEKF N, P EEHRY
B R 515K N, P BREEERMERA
XM, WE N, PWRESRMANEM, KIBES N,
P IR IRE N, /B2 N, PRERM AR, #idR
R AR B, WAk R R R RS, AR
o RUAR ZE X TN B4 3= B 2R B TN 0 5 v BE W6 71 5 T
1K, W93 1A AR 5 3 SO R 36 R (P<0.01); T RUHR %
Xt TP HIEBRRNEE TP VAW E N S mg i,
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HE) B S EFEMRP<0.01), XFEREHRB LK
K TN, TP AT ZE & K,

PR FW, AREFPEHEY LI LR —MY A2
HW N, PEEBARAR, ZHEMTERER, N
P TR B 43 A — B bR > R SO A,
BT N P M B FEEFR THb B3, XM 28E
A FIFB R A E B N f pl32022 ) A&
ProEp, RUIRETE 4 MEBEFRMKEAN N S
S Hh B> R, T OP A R R P T 5> 3,
Hi bR ERA N AP BSR4 24.16~34.15
mg g, 11.76~18.45mg - g ' #1 3.46~6.90 mg - g™’ .
6.02~8.50 mg - g”', #u b, HIFEH N AP Rk
B9 36.24~62.49 g - m™. 6.82~8.67 g - m 2 Hl
5.19~12.63 g - m™2, 3.49~4.00 g - m2, 433 MUk
B 84.16%~87.82%F1 60.35%~5.95%, B RUIBE
XK N. P BRI EEE D Fab LR, 5 F AT
A, NIRZEM N, P EEYFEKE N P WA E
FIF R R BRIRES N P R B E 54
YEEMHEEFTHASARNM N P &8, X5HKK
SE-H DeBusk & B se g6 —87,

WEHRER, FEAEKAA NP FIFLRS
o, BHAE YRR N, P BEBRE EEBEM, Xk
& N, P EBRBIFTERT BT 40%27Y, HE &L
90%™); {H7ER N, P A BISHL ARG F, BREY
W ) 4 Rt B LA R R R AR, BT & BB,
— RIS 10%2527, Apfsrd 4 FEE SRk K
B N. P fAfr4r 514 30.90~301.2 g +m™ 1 2.10~21.45
g -m™2 KRR T N, P 25k 5okt R K &
N. P AR AR MFIEESR, £ N, P ki
K kA T AT, RUER S R OH E TR R
Ay N P, T RAE XS KR N P EBREY BT
BRRAB T 100%; TIE N, P i & i KR IITANIV
t, RUBRER R KR N, P EEBREI TR 2518
46.41%. 95.99%F 42.32% . 83.79%., HiIt, AXE
S04 F RUR SR v KR N P R ERREFEEM.
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