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3 i € K F 48 77 T X EF ith 7k R B9 S L R

201306; 2. HBIEMEKFERBEARAR, LiE

201415; 3. E¥EHERXK

wWAM, B o, REL, AHES, KO
(1. EHEHRE K550, L1
FERARMET v, B 201400)

W OE: DXTURIRIE K R SR K SR A 3 A A Oy 2K Bk
T K ZESE A 3, S % B 3 A AR Ui A IR MR B 3o Bt 7K
AR BUR LA, BT 3 APk SE 0T A it 7K f o AL AR LA B A
IKEEER SRR T 3K, DA A D 55 800 [ 4 b 7K AR Ui AR 2R 1 )
B, BREWH KEXAMERESRKARRENEERTKAE
54K, HfFERER. 3 Fgi3Ext iF KK BT A g sicR,
Horh K ESRBUR BB 8,20 d S5 FEK ZESE R K R MR AL
AR AR AL TR E 55 TR 55.0% .78.6% |
52.6% 44.2% 1 41.3% ,JKFFIRZ . 3 FEEAE 7 XK i FK
FRSEAE B 1 1 RN U ) TR TG S R A, A SR T A R AR
HEAE. BHFEIAN ,7E 3 ik 3 v /K ZESE X M 1t 7K AR F 38 I 1
SR, FERNE HAEXT IR M AR A B3R, R I E T R H
FEARH P FAERE B, G5 A L s XX IR A P B R AR
FH$% 500 kg/hm’® FhiE/KZESE , RETR R A AR BRI Y 50% HY

MRES: IR FREAK AR,
KBS RHE JER 3 M R
BRI T SKZESRRIAE SR, IR0 15
IKTERRK RS L R B, RRE
FLAE LY ER i P A A B R, B
BEFE TN HBEET, R
H 7R T 3t 5L B 4% 500 kg/hm® FhAg K
ZESE , REMRCRI R R 1 R B 50% 1Y
MARMEN, AEGRIIFEKEEE
FEALR UL T BRI A A Pm B R
S

REW: B FE R KEGL;
X #p

HESES:S912

AR

H 20 tH42 80 AEAULAK, B A I B X AR T
JHE SRR, A7 R AW R, X IR R
FEY B AR B B K SRR P ke AR 10
4, B AL EE X R D AUER A X MR IR A MU Y
AWK, P RERFEEE K, 2010 457721k 134. 8
Tt o T g RN AR 1 I 0 B | R T
VEPER IR FEE AN B 7 IR S P A 7 AR
R, 5 IR K I EGA, 7 S8 K R A [/ 7
FER R E IR, R 5 S BOM EF B 1% K, BEL A X
IRSRTE R R R . R EEMATTRT
At K B v A R 4 B AR B BIE 5, A R OB AE |
W TLVE VU o B S AL B K B B 5 s,
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RS EHA: 2011-12-28 f&E H#A: 2012-03-09

X ERFRSAS: A

R B AR SR A L2 T i A RIS Y
FEE A R A K S ROk A B R
EEAEN M EDBE RS . kR %K
AR K BUSCR B, KRR 2 , HRA
IR ZIRTGHE, AT AR 5, e
RACRGE AT R . EARE
SCHRARAE , K AEAE S XK R E SR EE BA W
BHERICR, EHTBIHKES KRN EE SR
ferdEds " o BXFHRFWLERERTHY
TR E AT AR K BB TR B D, R LK Bk
SR ATt b 7K PP R 54 ) A AR D7 SR
AR T 2011 4£5 AR 7 AJPRE, %M 3 Fh ki
Mo DX H LB 3, M 3 Bl AR K, T R R SR

EEMA: BEMRHOCRE QU H [PRBIE T (2010) 55 1 -6 5] 5 Wi BH R B HE 0 B [ IR BHET (2008) 4
5-15]; B R ERBCRBE [(PARBEF(2011)E3 -1 5] LBETHAFTERSHELERERIE

(J50701)

EERA: MAM(1969—) , 5, BIBEZ , BETE 7 1 K= FRAE-S M Y% o E-mail : xldai@ shou. edu. cn

http: //www. shhydxxb. com



778 B\ W ¥ K ¥ % #H 21 %

P K BRI , R 3300 X A K ¥ AL R 2%
B R 2 S M TR A 5 2N, o R K ik B
BRI B o

U RPR

1.1 Resr#

iR 5 7K /7 ( Oenanthe javanica ) | 7K ZE 3¢
(Ipomoea aquatica ) F14: 3¢ ( Lactuca sativa) 1K
AR LR, W e BT R BT SRT
Y, &% 1 0 E X IR oK DI 5 — A J5 &
o WEAERA 1 mx1 mx0.02 m BIRLH
IR, 5630 20 em FTFL( @ 50 mm) ; IFHESRE B ]
MR IR M, HEZR g PVC B 41 (@ 50 mm) ,
HIAE(L m x 1 m) . &5 7K Ry XF iR 57 58 1 5%
K, BB Gk BRR LS T35 1, X5 KA
AR R SR A K Vet (4. 86 m x 4. 82 m x 1.2

m) o

F1 FiAK WA AKRRR
Tab.1 Initial water quality of experimental ponds

R KA
KBUESR ke ke kgESE k¥R A% AX
M1 2 W1 W2 W1 W2
TAN/(mg/L) 0.48 0.38 0.62 0.38 0.68 0.63
NO, -N/(mg/L) 0.36 0.44 0.53 0.49 0.49 0.87
NO; -N/(mg/L) 1.46 1.53 1.92 1.97 1.80 0.87

TN/ (mg/L) 4.70 2.82 3.14 4.27 3.06 2.71
PO}~ -P/(mg/L) 0.43 0.29 0.46 0.54 0.55 0.37
TP/ (mg/L) 1.12 0.68 1.38 1.52 1.56 0.75
CODy,/(mg/L) 11.84 14.50 12.16 14.40 14.49 14.34

1.2 REHE

RIEMTEA 60 em ¥R FHK G , BE LGB
FE A, KE B IFR 3 Rk Sempk, Hdk
PPk (25 £5) om, K ZESE T HIHE S (15 =
5) em, EREMFE NS5 ~6 i BRI
L IE P YT, BOK 4RI T R K 45 L KT
EKERE N3 ~4 ¥R, BRI REFFRE 3
SRS R ER . 3 MR s
K PRHE R A, KB 384 20 om 45 [E]HE
EeEFReka b, WmkE e TEL BRERET
TKTH , A 28 45 =k 3 7 =0 IR R i 2
7Y 20 em S5 (8] BE B T IR H , BEAE
KT ; TR 35 7 SR AR AR A T IR
WAL, LAV 48 [ 2, B FL— o, BARIE T K.
B LRI R A R AP B S, R Bt 22 Hk [F] Fh g SR 1)
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3 Pk A, BAE SRR A 2 O, B R
BREH 3 AR AR XBOR T 16, iR
T3 A AR BE 545 T 3% 2. 20 d /G, WdE
LFERE, W T KA JEFRE , H B LGk BURR 2 B
AT HIE SRR FEER B AMARE SR, B
REHE], G H WKL FHEYERER, 85 K
R 7K B — K o

F2 RWEEWERBHEXBRMEERRL
Tab.2 Situation of illumination intensity and

temperature during the tested plants growth period

i
- 1~54d 5~10d 10~15d 15~20d
i)
JeHRBRE 2 820 ~ 2205 ~ 2 840 ~ 2760 ~
/lux 28 200 12 710 49 600 61 500
SKiR/C 19.6~25.8 20.1~25.6 19.6 ~28.8 20.5~29.3

JKiR/C  20.9~25.3 21.5~25.1 20.3 ~26.5 21.0~27.6

1.3 EHERS

W 200 T 32 T 7K 43 v R AR A R A B
F70 CTHT, BEERNER NERESTE,
WESTENEMESBENE L EDRE R
HIEIKER(R,) o BTG B4 5 AL i R TR S
PUBTE 0. 25 mm FER S UE R , AW RR-
HEMEW R G, AR EIREAR
E ARSI EE W EEY B A
('TN) F1EABE(TP) ,

FRZ IR RS kG A
SRR R B AE TR A 6 B R R M S R R A
-5 SN G BE s B R 0 M-SR BB T L vk
S BISE SRR K A b ) M L (TAN) RS A
B (NO, -N) WBASE(NO; -N) IEHEHR
HAR(PO;-P) L BA(TN) BB (TP) ,fh2
F B (CODy,) M Fm itk mam ek e™ . 7
&R (R,) Jo iRk B39 6] 45 7 Ay B v 0 B O TE A
(AW >0) B SR MBI E %, KT
PREHE AT .

Wv=(Wt‘W0)/(WOXD) (1)
Wy=[W,x(1=R,y) XCypyy =Wy (1 -
Ry o)) X Coiryy 1/ (Wy X D) (2)
We=[W,x(1-R,) XCyp —W,(1-
Ryoy) X Cocrpy 1/ (Wy x D) (3)

KWy N g & Wy NEcR A HIEE; W,
e H R s W, B GR ) R W,
NERGERARER;D HiXEKXH (20 d);
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R0 HER KA IR &K R R, HBEFKLE R EFIK
2%»3. 5 CO(TN) %@ﬁﬁﬁ%i{ﬁ:‘:ﬁlgﬁﬁi 5 Ct(TN) ﬂ?
KRGRBATEERE ' ; Coqry) A IRER K
P E SRS B ; Cy o) WA RGBT E BB
T’
1.4 HiR4E

I BER ] Excel BAFHATALIE, KT 25
RIIFFME + pRifE2E (X £ SD) o, R R Ty
ZEor Mk A SPSS 17. 0 40 47, M {E LB R A
Duncan %,

2 R

2.1 ZHEAR 3 MEKEKKZM

23120 d RS, MR BN ER S
TR 3, HE3 A3 MEEART, A%
HRARG R ERN Y FAEEEEER
(P<0.05) ,/KZEFRH HIERE K, BE S TK
FEAR, WE & IKEFRIEE NSRBI E 4

KR, TR, WK A S8R Ak
BB ZERR, 3 Fhdi K h KRR
100% , H R oK Fr 82.29% , Bi 3 = T HE 3R
FIE% 37.52% (P <0.05) ,

PR 3 gk H R E B HUE AT R 3, BARA
i UK H S E R R K, 7052
FEHGKAFAESCHY 1. 31 A0 1. 35 4%, B Z 0t
GERRM, PR D7 A K SR H S E R R,
53 #E T T S EEBAE KT —F,
ZRARE (P >0.05) ;M iFAR AR 7T 8
HERHAMERRR, BER TRSXSHFEL,
A LA T AR AE S HIM E B M BE (P <
0.05) 735h 3 Pkt J7 A TR R AR 2307
1,3 FRIE DT KA RZEFN, P I
MBI AT HERYBERTER(P <
0.05) , [ A= 3 i B R 07 SN TE R B 3
= TFEHER A 35. 00% Fiza 2550 K 22.00% (P <
0.05),

®3 AREVMHAEEESEER

Tab.3 Daily increase biomass per unit for the tested plants and survival rate

R MR HIEE SR

BH s [/ (g d) ] WIER/ [/(g+ ) ) AR/ [o/ (5 - )] PR/ [0/ (g - )] M4/ %  THRER/% AR/ %
AfE 0.0130+0.011 6% 0.014 7 +0.016 0¥*  0.013 9+0.011 6¥*  0.013 9 +0.012 4 83.34%2 83.34%2 82.002
JKZESKE  0.2137 +0.073 8> 0.162 4 +0.060 9*® 0.158 7 £0.100 2>  0.172 5 +0.091 6 100. 00~ 100.00*  100.00~*
HE3g 0.014 9 +0.014 67  0.013 8 +0.009 7°  0.037 0 +0.026 3¥¢  0.026 6 +0.023 4 22,00 35.00> 55.56¢

T B BhRep /7 AR R SRR [ IR OB 2R, /7 5 B IR T ] Py 24 B LU B 2R, AT BRI 51 vh A 5 A IR) 2 B 1

B A AE M 22 5 (P <0.05) 6

2.2 3 FhERSEXTER K A9k B R

Bl 1 R4 20 HIRE 5 45 356 24 it K 7K A
Wi EZK R AR B A BB, 3% 4 Frd)
IKERTEAREEA 2 AR FE AN SF I RS TR, 3 F
ZiEH , K 2R MK & H Bk NO, -N PO}~ -P
WA T AR B oh , AR 5 TK B8 Am i T B
BEREK I RULEXFEENTHERE
(41.33% ) JLF 2K ESR R 2 4% 43R 50 i
7K Bk TAN ,COD,, B & F/K Ak g ok, A 5
Tk RIEHR & B R TR R 4, BAR Tk 2§
SR My, FE 5] PO, -P 5 TP & & F R R
15, AN 3.27% F18.87% . [FIATIRER & B, ik
5 15 d J5 , BRFE S k2 A S AR R B3 I, A 31
7K # ) NO, "-N.NO, "-N.TN.TP D) }% COD,,
FRYHI LTS AT 3 FEg SR, KPESE
Xof 7K B 1 5% e o, B oAb 2808 B o B B, K IR

Z AR, S 3 MR A KR E 2 —
ﬁo

F4 HERBAMKER BRENMHERE

Tab.4 Removal rates of nitrogen, phosphorus and

organic matter in tested ponds %
5 - - 3. p FERRR
RUEERL TN TP TAN NO;-N NO;j-N PO}~-P i

KA 35.64 30.11 32.32 84.48 57.47 46.35 22.84
KZEF  52.63 44.19 54.97 84.56 78.59 42.29 41.33
H3R 22.53 8.87 39.44 37.76 38.02 3.27 26.01

3 Wi

3.1 3 ThBRSE XS UR it K0 iE R T A b 4%
YR ZE R R, 3 PR S AEXT IR K o

BRI AETE , B A9 2 AR 1 IR [R) 2 BE (38 m L 34

XK IR H AR . (B Z g5 R 3
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B A P 18] AR B3 2 e B 3, BUTE —E
FREE BB T 3 i SN U b 7K A B 55 £ 38
REJIA 25, AR 3 Fhigi R M A K0 B SR R
mRAPIAR . KIERE—FELTHEY, AR
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K
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B Y i SRR V5 B 1 Tt 2 Y R MR
N30 CEABAERES . K MRKA ERE
Y, YEE B, BERHIIE, A KIER 20 CAA &
BRGNS E3EER o, AR XKk

0.60 —— K
_0.50 —— JKZEH
= —h—
@ 0. 40
é 0.30
g 0.20
B 0.10

0 5 10 15 20
FFa]/d
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4,00 —— KAV
3.50 +7g§§§j’§
—h—
2 3.00
vo
E 2.50
g 2.00
= 150
1. 00
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el /d
(d) TN

0.35 —— K

0.30 —— K E
e —h— S
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Fig.1 Content of the main indexes of water quality in different tested ponds during experiment period
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AR ESR A K R A K B 5 IR
TR A SR AE I FRAH X AR, 3R T B (] B, X
ERT ARG, KT BAR T T R T K 2K,
B EMRAZEERTY L O A A E R E R, K
S8, BB IE A R AT AR 2 R 3 K IR
(19.9 ~28.0 C) B, B A Al RRR A YA T K 74
ol K, BB S B AN, TAN 24 0. 43 ~0.68
mg/L,NO; -N 3} 1. 33 ~ 1. 94 mg/L, PO} -P N
0.26 ~0.31 mg/L, AI WL, AR A EEREZHE
R FHURE KRR AE , 7K AN IE BLE S R 2279 B AR
WFPAE . OUKZESE , 30 0 (A AR 3R B 25 M s
WRIFAWAF FIHA, E KK, HK R
RAF A, FER = A XUF 2 EE R
BB MR ZE, b A X R I o X AR AR5 =
FERIE B AN W AR 2, KK b BB & & 1R W
L KRR TR B A K AM, Btk KZE
SEX R K A4 13 PR
3.2 3 MBmFERBABEREE T R EIFKEF KR
=0p=A1

TKAAR R R 2 B — Rl T DO RR L A TR
e AR LR R s B B T
FEE S UNE | E 45 SF A A LR R Sh, 1B
FE Y B A BR R B OGR4 AT
WEAE T 5 308 BRAE Y B9 DA BOR 2R 20 Wb 00 o
AR BRI R R TR o MK 2R BB A
BRI PR 2R R i v i i R
(PO’ ) \H§R#E (NO, ~ ) Fi4k#h (NH, * ) &%
PIEAT MR AE K A S AR . 3 M
SR YRR E 2551 (R 5) , AT 4506 0 ] B
FrpTaETe B K 7 38 B RO A & & 5
J7(0.081 8 £0.034 9) g/kg.(0.014 3 £0.005 4)

g/kg; K ESR V- 2 5 H O R & & 2 3
(0.3397+0.196 6) g/kg.(0.031 4 +0.019 0)
g/kgs A2 3R F 3 5 B R E RO & &2 5N
(0.064 4 +£0.060 8) g/kg.(0.007 9 +£0.006 8)
g/'kgo XFAESERITZE M A, 3 B S AL
IR EF- 45 B RO B R & B R A B
P2 (P <0.05), AFWIRE ) i, KR
Z SR AT L 3 PR SR Rt K AL Bk
YA FACPER (BRI FE 2 57 KBS R Bk
A RIALBE F1 ELAK P R A 358 o 15X 56 38 [|] 7K {4
R BOTRFBAW TR, EEEHEYX KA
[RITE25 0 R B R A TR A/ BT 3, X 5 7K 23
TR RS K H R A B4 25 BR AR B STk 18
— BB 3 RS A R B B R K T
3R, i@ SRR AR B S 3 A W B PR
St 7 HR B L B IR A BRI 2 B i 3R A
Yy 3 0 -5 R A A B S8R — R A
Ko B4R R BIK S A K M K AR T
REREOR, A dR/D, BRI S 53R 5 Fh B
Ly % R A RE ) /N KA, B R S
KARBLAE S R B T RE ) LA B AR AR
B A 56, LB SR IL B SRk ik
MR — R E B TR AR KRDL, —E
PR BRSNS, Rl 22
ERLK AR RE S BN . LR A R4 R
AT N/K SRR 3 i 3¢ dh f o 5ol B 77 SE AR
TR KAL) , TSR H 2 A X A SR B 1t 30 A
NI 500 kg 7K ZESR, REMRCR F 400 kg B
FEXFRRSEHE T A 50% , W] A kg Ak bk, BRI
R ANALAHEREL X XTHF AR B

®5 3IMHERHEABHRKE
Tab.5 Daily increase weight per unit of nitrogen and phosphorus absorbed by three vegetables

A

B

s [/ (kg » d) ] FAERY [/ (kg d) ] TEBGR/ [/ (kg d) ] 48855/ [g/ (kg - d) ] PRHESR/ [/ (kg - d)] P0G [/ (kg - )]

KH 0.076 3 +0.025 4¥*  0.085 6 +0.037 8~*  0.083 5 +0.038 2¢>
0.414 9 £0.202 7%  0.311 2 +0.123 8*> 0.293 1 +0.186 5**
0.041 6 £0.025 1  0.101 8 +0.068 3V¢

IKZER
3 0.049 7 +0.043 79¢

0.014 3 +0.004 8> 0.013 6 +0.006 4** 0.014 9 +0.005 2¢*
0.038 1 £0.014 4> 0.028 3 +0.013 0™ 0.027 7 +0.021 2>
0.007 0 £0.008 9  0.006 1 +0.002 2° 0.010 6 +0.008 9V¢

T Bl B R /7 BT R RSB (6] A (LA 2R, /7 Ja B R AT B 1A F S0 L L e 2R, IRV AT BRI 800 v A & A A ) 52 B

B e B F 2R (P <0.05)

3.3 AEZFEAAI 3 MK
IEL T[] P & 5% T4 0 IR SO K AR RO B BT 5
A R R R 2 R AT FL I SR 2R S 1 IR

W5 3 AL I 4 11 R L 75 0 F i ATV Tk
T _EAE g N T R 25 B A AT A T R
B 2b W oK s KR A s s R A —
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FE SRR FIE A, BV EE K A LR
AR IR 5 B N T v A 7K A 52 36 0 2 ¥ A 4
BHERBERE DT ARBRAT 3 M
T iE A R R S AR RN R T IR B IR AR R S, 4
WK RKZESE M 3 Rk 35 T AT
e A E B H ¥ EE R KA RABERE
R EBH TR EEZS (P >0.05), M4
FREWMZER(P<0.05), FRMLT 445 NMmiE
RER, L AT E 5 2 S M Bk AR A T 48 45 5K A0
TRHE 2R AP AR 38 SR B 0 40 Mk Ak 4 Bsf [R) 8 ALK
S SBUERE E IR T A X, T KRR
[F) o 35 Jo A B SRS — A, S [] B 7K 335 B S 7 238
HEHE XA e R A KT R, MR Fp A
BRI, — 2 i T AR BR ], 388 Y Fa o e A b 1 AR
1 10% ~20% - BAFhHE T 22, ) AT BB SN
XPURAE A, FAE I 2D B AU B8ORS, T B K 35 5%
SRR Y R B A, A XK R R sh AW, 159
Gy UURR T [RIEE R W 7K B, BB G 7E R b A e R 58
WEERMFE A RN EE, MAKEEREA—
AP Z YR MR B, AT FE ¥ A i 7K [R] B AT A
B FRER K i H TS 1 R kTS e, T HL R
FRERZE AR, AUFT B KR 2 AP AE 2 R IL,
AR AR T 17 AR VR A, T L BT 2E R 4
Ve, 55 s BEAI , 56 o0 B B2 A R MR I 2 I K, MR
AR ASERERKZMAKR, FHik, 7E£LPR
A pE e RAUER S & K R 356 4% B 38 O K 35
3K, BB A W24 s 5 K P SR A X
ZRIFFHE K, T BA 18 MIFAE 3, AR AT
Hp 28 2 30 S — 7 W 3t P R0 K A A B AR K
R ETA BT R .
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The purification effect of three vegetables and different cultivation on
aquaculture water from shrimp pond

DAI Xi-lin', GUO Yin', QIAN Hui-ren’, HU Wei-guo’, CHEN Wei’

(1. College of Fisheries and Life Science, Shanghai Ocean University ,Shanghai 201306, China; 2. Shanghai Bluesea Fisheries
Development Company ,Shanghai 201415, China; 3. Shanghai Fengxian Fisheries Technology Promotion Station, Shanghai
201400, China)

Abstract: In order to study the purification effect of three vegetables and cultivation on shrimp aquaculture
water and identify a suitable vegetable and cultivation, the experiment was conducted to compare vegetables
growth, absorptivity of nitrogen and phosphorus, water chemistry conditions with three vegetables ( water
fennel, water spinach, lettuce) with three cultivations planted in the shrimp aquaculture water. The results
showed : the daily increase biomass per unit and the absorptivity of nitrogen and phosphorus by water spinach
was significantly higher than water fennel and lettuce, and the survival rate of water spinach was highest too.
All of the three plants had a purifying effect on the shrimp pond water, especially the water spinach. 20 days
later, the contents of TAN, NO, -N, TN, TP and COD,,, of the water in spinach ponds decreased by 55.0% ,
78.6% ,52. 6% ,44.2% and 41. 3% respectively, secondly the water fennel. There was no significant
influence on biomass increases and concentration of nitrogen and phosphorus for water fennel and water
spinach under three floating cultivations. However, the growth condition of lettuce with floating board was the
best in the lettuce group. The study showed environment adaptability of the water spinach to shrimp
aquaculture water was the strongest in the three vegetables, so it was the best suitable for planting in shrimp
ponds and the knot planting pattern was the best way to plant water spinach. In accordance with status of
shrimp culture in Shanghai, it was suggested that half of the unutilized nitrogen in the culture period could be
absorbed by planting the water spinach at 500 kg/hm’ in an early shrimp culture stage.

Key words: vegetable; floating cultivation; water purification; shrimp
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