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A Research on Phosphorus Removal in Float System with Different Aquatic Plants from Eutrophic Water of
Into—Lake River for Dianchi Lake

YANG Yan', LI Yong-mei', WANG Zi-lin', ZHANG Huai—zhi®, ZHANG Wei-li*

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. Institute of Agricultural Resources
and Regional Planning, Chinese Academy of Agricultural Science, Beijing 100081, China )

Abstract ; Using aquatic plants to purify eutrophic water bodies is a biological improvement method which is attracting increasing attention.
In this study, five varieties of Oryzae, Ipomoea aquatic, Zizania aquatic and Aliernanthera philoxeroides were cultivated in eutrophic water
with a solution culture in an attempt to find suitable plant varieties for water purification. The phosphorus content of plant tissue and the bio—
logical traits of plants were analysed to study the effect of phosphorus removal. The results showed that all plants grew well in eutrophic water
without the addition of further nutrients. The aquatic plants removed both total phosphorus(TP) and total dissolved phosphorus(DTP). The
treatments with aquatic plants removed 53.28%~84.07% of TP and 44.99%~88.81% of DTP. Treatments without aquatic plants had TP and
DTP removal of 32.57% and 37.51%, respectively. Thus, bicaccumulation of phosphorus by the plants accounted for 21.54%~75.32% of total
phosphorus removal, suggested that biological uptake was the main removal mechanism of phosphorus. The highest economic yield (616.28
g+-m™?) was obtained with rice variety Function No.1, whose uptake accounted for 75.32% of TP removal of the system. The behaviour of
Function 1 indicated a potentially positive multifunctional use(i.e. both purification of eutrophic water and high economic yield).

Keywords: aquatic plant; eutrophication; nutrient uptake; phosphorus removal
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K 65 A4y EIR 35), KB, LA R
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1.1 BBt E Sita

RIGTF 2009 4F 4 A 17 HE 200948 10 H 9 HE
= AR K F IR E NIEAT, B a3k 174 d,
1.2 REigit

PRI 8 P AN, BEIE 9 N AbBH, X BEAFhAE
fEfuEY) . AL 3 IRER . MR AR 2R
T, UL 13 L IBRKAR N A, BIRLEK 10, &
K T A AL B BB IR AR AR AR 3 A AR, T
FEFL A R 4R [ e KA FNZE A S R (1 B
PP, AT 3 BREE OB 5 MRk B TR
LA 1 g B (EA ) HURRIT KR 0
3, B 1 FF T, BAR L 10 R — AL,

I A A AR TR AL AR 2y A B e ot 4
SRR T & EFRAKR, B AR T R K
FUERAEFFENIK Sy, DMRIFET KA, 3 dFhAE 1
WK, BRI A 1 L,
1.3 #hd4E9

PERAEY R KRR 1 5. 5K 2 5 3K 65,
14 AR 35. 550 H K . BARAE KA
T2 1, I IRI BR/KAE A FSE L R Sh A, 5
KRS B 2 3R AP B i o IR SR
BT 7d TSESEME .
1.4 3856 Ak

TREE FHZK R RIEANRI K o KRR A AT
TTIE A — 2 L RYTE , B AR TS T KR AR
AR B2, RIS Tl K i 75 4 ™ 8, K AL TR LR
Ao B MIEIE T A, oK BT 4 F Rk A
B EAhaE(GB 3838—2002) V&, IRl Kkt
() TP .DTP. TN NH,~N .pH R W35 2.
15 HRRESHT
1.5.1 KFEMREES MHT

IRk 12 3k, BT 4 IEYHoK R85 5
5 24.24.18.18 d, J& 8 KIN 12 d, N T IR BRI
SHEROK RBIN MR, 53 EBKGE 3.6,
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Table 1 Growth characteristics in the tested plants
P ARk
mKk15 £1K, 33 N P 875K b AT
mk25 PR, 3 NP Bk A FARAT R , Do i
k65 B, X NP SR  RFT I, ikt
an BAGHEMESE ERIES R BRI ST X Y 1 35 S
THA 35 Fa s ORI SR T T XS N
3 BATER,TRAR BRI, OLRIC, B A3, bR, S
E-3=| SRR A TARY, RAHRZE K THRAK T, ERELZE
KIEE FRROETR, AR, KAE T EB IR E , B 7198
£ 2 7k ¥/ TP.DTP. TN NH,-N &= (mg-L") X pl
Table 2 Concentration of TP, DTP, TN, NH,~N and pH in the tested water(mg-L™)
el 4-24 5-18 6-5 6-23 7-5 7-17  7-29 8-10 8-22 9-3 9-15 9-27
P 3.82 355 3.05 1.16 1.60 3.15 331 2.83 126 191 1.04 2.03
DTP 3.08 2.08 1.93 0.72 0.85 2.37 1.72 1.95 0.82 0.99 0.49 1.03
TN 33.51 33.97 33.62 12.62 18.06 17.36 13.45 21.22 23.12 22.10 10.03 21.87
NH,-N 33.50 33.97 36.37 14.22 17.74 30.44 29.62 27.85 18.29 15.38 10.96 19.11
pH 721 8.01 7.18 6.38 6.85 75 725 7.16 6.92 6.23 7.22 7.14

K FEEDEEE 3.6.,12 d(12 d oK R #E1TRAF . R
FERT, FZRIEACE A B K ERNVE 10 L R kT
SREE MR RAERT G PR B ARFIS R 10 L; kR
FERTF—RAR PR MK B4, B 1R TR ATTRR A
FAFAR I RAKFEYT ST Ao R BN ZS SR 0 L —
AR JE AR S K R R AR T, 2R
TKIEYEG e L ERTBOREIK , TR P ANT 4k s
Lo

FE A AT 35 SR AR R K WA oA b e 1
JKAELE 0.45 wm SRR IR T, Fd AR PP &1L, 4058
PP E DTP; KNS U8, E N i AR
PEAE RSP ERIE TP,
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¥Fo6H5HBIR;EZ35F 9 A3 BRIk 1
SHRTK 6 5F 9 A 27 AR, KA+ 10 A
9 HUHk
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1.6 HRAME S HHF
1.6.1 B350

(1)K AP B2 (mg)=HEK AR (L) x K8

W (mg- L) (K #K A& 10L)

(2) K B B 2 (mg)=HKAEFR(L)x Hi7K#
W (mg- L) (X d 7K AR 10L)

(MY R G LB (% ) =K @ B & -1
YRS K B B -2S M R K PR R )+
HEK i) S B x 100

(4)78 FIXT IR K BRER (% ) =(HEK hERY -2
% B K P R B ) < HEK B B B X100

(S)FEYM B RIRE (mg) =Yy 20t AR # 5%
TEHYIZEN SRR LY B

(6) RS DAL BR & (mg) =(FE K @AY &
®-HKPHMER) -(ZAHEKTHMEE-Z
HK B AR )

(TR SRR 5 RS RBE R IR EN (% )=
YT B2 E -+ RGP R BBREEREX100

T REFHERKERE, ARBWE T 1K
K 25T 1 MoK REALL S B B KK, TR IR
2B, BHEITA BN R 51t (2)K
ATER K SRR & , A E Rk R
ZBRFMPIME ; (5) A B TR AR AR B, i
B L= B 22 R 0] Z AT, AT R (R A
TRRFRMEYI N R E,

1.6.2 FiEabH
K Excel 2007 &, F DPS k{4447 Duncan’s
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AR I8 BT IR A9 R[5 7K A HE 9 2R 48 6 K A o
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BRI R E LR, S KRR PSR ERRR
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355K 6 S AT DTP By LR FRR Ik 2 158
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REPHZ S0 TP ) BN 53.28%~84.07% ,DTP [y £
BREE R 44.99%~88.81% ; TLAEYI N IR TP () LB N
32.57%,DTP [ =B %N 37.51%, B 1 e i
Y b 38 22 5 ) B DR 2 25 1 0 R G A B8 i A
38
22 KREEMHWERKAREPRER
2.2.1 ARUKAA A YR I 5 SRR REM AT
AR

MYITEF AR G AR R RBBORET , &R
(3 38 SR (T )TE 456.69~1981.60 g m>
8], FeAR KB B iR , 1 981.60 g-m™, 2503,
7 456.69 g-m?; KA RS RRSIIK 15/
A/ EFABESN, SHMKAMYIZR BE ;=0
KR 6 SR OERABEI, SHAUKAE
VMERDE;, SHHEYNH ETAYEZ E
1.45~8.63 Z[a] , H.rp 28 1 1.45, 5 2% 35 28 8.63, A
TR 35 Mt B T A EZE R R K.

WL REH (R 4), 4L 5 /l\m*ﬁ’vk*ﬁi@ﬁ%
ERAET IR, BT BIE 2 224.48~4 361.48 g-m™

ZIAL K 1 SR = e, 436148 g-m™?, HK 6
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Figure 1 The average removal rate of different aquatic plants system on TP and DTP

R3 FRKEEYHENE(TE)RESE (g m?)
Table 3 The biomass of different aquatic plants(dry weight) and distribution(g+m™2)

Yy k15 k25

K65 an

Tk 35 23R TKAEAE A

M PR 1479.17432.10a 1 224.16+283.49ab 685.16+475.78cd  1422.03193.13a  881.29+203.45bc  313.02+38.04d 1 490.92+206.97a  372.26+31.24d

TSR 176.93+18.72bc

174.57243.24be  117.95£58.93¢

240.62+28.31b
1 656.10425.61ab 1 398.73+324.74bc 803.11+533.47de 1 662.66+101.84ab 985.09+235.83cd  456.69+58.10e 1 981.60+112.06a 636.47+12.69de

103.80432.69¢c  152.66+20.41bc  490.68152.67a  264.21x43.24b

RPN R —4b B 3 WER A FIE SRR AT E MR TFERRRIEE P=0.05 K FHEEER.
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SR RRAR, N 2 224.48 g m” BRIPK 1 S 5TK
6 SEEZMEFBFES, HRERMKETRER
AWE ;5 AWK FEMAY ™ 27 803.11~1 662.66
g-m? LR RAEY ™ BfRA, A 1662.66 g-m?, Pk
6 S BB, M 803.11 g-m2, K 6 5 53)
K15 K2 BMaBZRIEREE EHE 35 5T
K15 aREREE,
222 ANEZKAAEY*T P Y EFH

KRR AS R AL B T ERAAWHLN P
B, THER RS T P BERE, AR
Mk P BB EGRS). ARSHURH, =0
KHZEORSIIK 6 SEFABEI, 5HAR 4 M
KRB Z RA BEET, TR 15 PIWEA
FER KRR 34.23 gom?, 25 D3R AIFAEH 949 grm?,
Hrp b B R E S BB RN 74.28%, T
T 25.72% , G AT O, AR AR P A R 24
HREEM B3
23 KEEYRPEBMES ZAELSBEBRENXER

M 2 TT LA, A 8 FhoK A My e eV R
RGP ABEEBRE DI, 5 MK BRI IR 1 55
K, AMRZ, Tk 6 S/, AR BURARUCH Tk 1
BSLIASTSR 350K 2 B>k 6 B SRR
B, ZEERREN, P, Ik 155K 65,
FLEURZEAZNEREE, HRAERAEH A
5FFEY(TIK 15 Tk 25 404 JHSR 35 K78

A ) B TR AR S AR A TR R (53.57% ) o

3 iTig

3.1 KEEMBAGENEEFRNL KD P HEBRER
KA P R BRBR TSR . DT,

W SV P AR P [ e 2R, AR B , B AL

HRAGX] TP.DTP 34 B B i R BRI, LRRACR .

ZEE TP R, X5 T PG S07 Sy 25 540

A, LA %) B8 TP Lkt A —E RE KRR K TP

AL FE T OB ZS B L R K B i R P LR S

100
:80‘}
2
E 4ok

& F 60

M =

& °

HE(§40'3
£ ab| @b b
= 50l ‘ o

C

0 . ' . '
g Bl 4
TKAEAEYIFPZE Aquatic plant species
B PR [l —Ab R 3 R ERE AP E AR B RAR
FRFORIE AR E R R E 5 B ¥ (P<0.05).
B2 AEEYWERKERMELRED P XBRE R
Figure 2 The contribution to phosphorus removal by different

plants absorbing in the purification system

R4 FPESEMABHNEZEN"BEREFTEBILE

Table 4 The main biological yield and the economic yield of different varieties of rice

AR (TE)gom?®

KA AT By m™ Thidlg P " e e
k15 4 361.48+602.07a 21.10+0.86a 934.18+114.02a 176.93+18.72ab 544.99+85.85a 1 656.10+£25.61a
k25 3 384.47+540.90ab 19.02+0.77a 816.70+207.17a 174.57+43.24ab 407.45+76.43ab 1 398.73+324.74ab
ok es 2 224.48+782.33b 17.35+9.86a 441.61+296.30b 117.95+58.93b 243.55+182.33b 803.11+533.47¢
FARSS 3 345.74+254.58ab 23.06+0.60a 1 024.77+£101.32a 240.62+28.31a 397.26+29.90ab 1 662.66+£101.84a
HIR 35 3 505.68+560.50ab 23.14£1.29a 461.43+119.38b 103.80+32.69b 419.86+84.60ab 985.09+235.83bc
R PR R — 481 3 EE P E AR A — S AR FEERR R T P=0.05 KPRIBEER. £5R.
x5 ARKEEDX PHRFRE(gm?)
Table 5 The accumulation of phosphorus in different aquatic plants(gem™)
eI k15 mK25 k65 an Pk 35 203 TKAEAE E-ds)
20t 12.27+2.50bc  14.4324.70ab  8.83£7.17bed  13.86+2.70ab  6.54+2.25cd 6.37+1.30cd 19.43+4.34a 4.75+0.37d
1R 4.99+1.48bcd  3.83x1.12cd 2.43+1.30d 5.87+1.54bc 3.68+1.29¢d 3.1240.36d 11.06+2.08a 6.55+0.95b
FERE 16.97+6.14a  10.69+1.61ab 7.37+5.93b 14.04+0.67ab  15.77+5.01ab
BE 3423+5.01a  28.95+7.15ab  18.63+14.26bc  33.76x3.43a  25.99+8.21ab 9.49+1.42¢ 30.49+2.60ab  11.45+1.32¢
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S ) F R PR AR AR OE A o
3.3 KEEYRENEFUEFRITH R
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