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O NRIESUR Tl ( Takifugu obscurus) H— 5 1) % S5 M0 0] 80, R FUgE s 2% 2872
DY EASSTAARRD 2 5 R 25 R 48, T 2019 AEF5T T WS SR Jfili (1.2 J5 &/hm® ) | PLANEE X I ( Litopeneaus
vannamei ) (24 J7 &/hm®) F12E3E (Ipomoea aquatica Forsk ) {57 AR Fh A 20 5 0 80 R 7 AL G B 72 5 X (1. 5
TR/ b ) (7K ST AE AL BRI A AR 22 50 45 R /% G SRy B S A o 3 xR £ G 20 3 23t /K 1Ak 1
pH B A (TAN) (EAHERA (NO,-N) FIRHAR A (NO;-N) ZE 7K B b B EL AR 15 fE BB AR T [ P, X 2B b v
BT 7 1 8 HALRRh IR NO,-N B8 TAL G s R U0, o e PR 2 18] TG e P2 S o S A
IR a Bk 2 B BAR THE Ge s e =0, PP U S (3 (B 20 5012 1. 38 ~ 3. 96 mg/L Al
1.04 ~3.20 mg/L, F2F 5 H1(7 H 24 H—10 7 11 H) , sEARBh R S M TAE G R, SR Fh oz
B EBE (TP) AR LBl SR A I 18] 52 RGP BT # (0. 26 ~0.42 mg/L) ; ML 58 B A5 Sl o o ok 2
TEFRFH P HT S AR BRT 5 H 6 H MM fb2=#E 0 (COD) ik B2 AR R 458 A , At s 0 4 1sf
[F1] 5 PP SR AR COD BT ¥R A O B0 , J{EH 6.79 ~10. 24 mg/L F16.83 ~9. 15 mg/L, P[]
T ENEZE S R SR (TSS) B ok B S A i, Rl 2 6 1 13 HEKIR.7 J1 24 H e 8 19 HiY
FRGE TR 9 H 15 H AL AR FRAI Y TSS Bri vk B2 48 150 mg/ Lo & W (7] £ 7 TSS J5 i e B2
TEPIFN IR IR 2 (8] TC B3R 22 e o PRI XIS SR U i (¥ 7R 59 B T /K A& 1 pH AN \NO,-N Al NO, -
N AL, XK R B (TP) 1TSS Y52 M AN B &, (H 2338 Bk AR S 20 (TN F1 COD B FE FH i o SR
PSR B AN Ge B B M R BOR Jr i KB WM 25 5 R (1.2 J5 ~ 1.5 J5 JR/hm® ) AT s Bl s
BUR DT i K 5 8 o BR T ST ARRR IR A IR SUAR Jy 1 B0 7 ik (3 426. 0 kg/hm?® ) i KT 40 5
FeRat (4 055.7 kg/hm® ) Sb, S7AFR 3% R4 G5 B 3545051 5 S0 D5l 14 1 L BLARS (293. 30 g/ & A1 297. 53 g/
F) UGB (97.38 % F194.60% ) LU KRR ER(2.83 F12.91) ¥ To M2 7 o A IR T £3589 L
AN E R APERE RLAT . 75N 3 056. 6 kg/hm?  JUKS Ay 22.48 o/ 2 FETH %4 78. 17 % , RLRECH 0. 68 , 18
R HS BT R B AA S 1. 39 0 RHXE T 85 SO T S A% ¢ B 3 A, S M 1 A X7 3 5 R K AR IO A
11. 1% Y RTHR T, 44 Wil A487 67570, 4 667 m® 334 5 845 It
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AU AN (R I UL (2016 )53 5 ) , FRAE AR 5 fili 4 42
B RERERR Y, W5 SR D7 il i) 77 58 AR H 47
PR, FRFE I R, 7 B I SR T AN+ H
fit 8 AJEAY 2018 AT 2 AR [ I0F SUZR Jy Bl 7
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e FE USRS, K R RS RS e,
BLIK ™ FRF8 A 3, 1R K FRFE /K T8 AR K A B
SRR TR A XT3 D, K AR B 3 E A
JELAZE R (Ipomoea aquatica) N 3, HE LK
TR, BB R BRI B SR R
AR SCHF e s B0 R 5 il P4l i % F ( Litopeneaus
vannamei ) FIZESE (Ipomoea aquatica Forsk) ") [ 37
PR AR B 2L (s SUAR T Bl B SR R 20D 1
IK B AR A S SRR RE R AT, A1) T ML A 15 Xk M 40 B
TURE Y ARDRL , 35 ) 536 b 39 7K J5T B i Y B 58 0
PR R B0 H A, 10 AR 5 i ST DL B 3 R4
FRIA IR B EAT , 35 3] f0 0F 45 A 25285 B 1Y
ROR 5 [ Bt i 7K AR R ol K A A ) AR G2 vh
B FRER , D KR B E SR AL, DU T & S IR
e AR5 B | iR A0 I SR D B A 25 S AR b SR A
X, BT ZWF L2 ERZ R ESREY
PAZR D50y F2 57 S A, 255 7K 7™ 37 B Al i T+
RRIEHA, F KA 23 8] FAS [F] 9 ol 2 257 M £
PERYZE 5, 3K B8 35 0 50 0 86 B R, 92 v e
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hm* K 1.5 ~ 1.8 m, U ERA 1 & 1.5
kW [ -4g =0 0L, 2R K T 60 H Y 28 W 1k
U8 HEK M H S 2 mm x 3 mm f95R CMHEK
FEL ) i1 40 Ay 05 28 Ive) D) fofF D 7 2800 6 9 30 0
B, VA R B 2% fA RN AE, K 22 s o IR i,
375 ~600 kg/hm® ARG A T /K G T 4 it , =
K5 0.5 h PN, TGS, 1 5 th s K g
3 ~4 d, PR HET T B K, oK 22 0 B IS,
Rifn2 d 5, HiK, R
1.1.2 5 i

I H F R A b i T K W 5T B 2 R T
Fedh FAT BRI SUR il 1 AR R, H gk
11 A#, KK R (15.76 £0.93) em, K JFH K
(154.61 £30.72) g, n =30, XI5 FHUR B 7T 5
JUAHERTRR T, A% 0.8 ~ 1.0 em, IR L F]
2 PIF o ol 7K & ik
1.2 7k
1.2.1 R

W SUZR B 7 B s A 0 A (5 SR i
UG XoF 0 1 2 25 1) 7 AR Bh SR B X)) A xS R4
(R EURJ7 AL e s e i), A I 3 1
A7, B0 3 A3t W a6 2 A0 BEZH (Y 5 543 51 R
E2" W2" M4"F1 B4 W4 T M27,
1.2.2 GFREEAE

2019 4 4 J 24 H SR W SR J7 il i 4
Fifr, SEARFh SR R A T i TR 2 000 2, i
FeWEE N 1.2 R /hm®, B0 B A T o
JHF%2 500 B, iR N 1.5 JiR/hm’, 5 A
21 H , FE S AR SR g0 b 5 v, B4 w30 s 77 L
YRIEXTARER T 2.9 T R, UF AR R Ol 24
Ji R/hm® 6 i) Sz ARl 35 A58 2 56 1t 3 v R
FHRESR 7 AR R RS, B an UAs o 75 i, AR
3.0 mm, SerEK I WIE b AT TR ) S
TR, AR N Sk FRAE I PR S [ 34 R K T A )
Bk b, BERE R I 29 3 ~4 m K AbHEES 1 AR
a8, SR G RERR 3 m b 1 MREE, — M 1 AR
L3 MRS, BT UL — MBI L 6 B4
(1) ARFIZESE T, HE8:48 S 1) e T, 4% B3 B 30
em FAIEE S B HAE A B di b, i T oS
FAEE T, Ak 2 TV TE 7K THT , AR o T R 24 2 77 5 T
Y 15% ~30% |
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2 3

1R

'S

il

L
3m 3~4m

LodbRk b 2. Wl sEsE; 3. HyAHL; 4. B 5. ZESR:
6. HEZKERM; 7. HEKH .

1. Water inlet; 2. Pond ridge; 3. Aerator; 4. Suspension rope;
5. Ipomoea aquatica Forsk; 6. Drain purse seine; 7. Water

outlet.

E1 xEfFtEEarEE
Fig.1 Schematic diagram of multistory

culture model pond

1.2.3  fakhsm

W SR T TR I 56 2 KT iR, IR AR
T 45 %0 15 feoRy R Ak R K AR 1 T AT
K2 (8:00;14:00) , IFEML S 1 h B 5E Wik,
IRIR L LGN X MR R A3 1 5, TP L e
XPHRURL AL, 45K 2 ¥ (10:00516:00) , DA IR
J5 0.5 h 3 & 58 Wik,
1.2.4 HE&H

WS SR O i 7 5, B B I I 3 AL : 4—6
AR b, B EFFHL8 ~10 h;7—9 H
e EIFFAL 10 ~ 12 h;10—12 ARERHPFFFHLL b,
M L FFHL 10 ~ 12 ho KA WG I HLES ] 5
g s B I B A H HK 1k, Bk
1/3 SRR SR8 3t I 4 7K O R 4K it [m) 1%
GeAh IR, HOR AR 3R g h B b 4K 1, i
UL SR By 1k 2 SR SR PR aok 22 0 5 Y
W, — g E ISR IMEA G 1 m, T
FRE ; (Al AG ROH TCE PT LASRAR BT
1.2.5 i

WRIRALTF 8 A 29 H It F b 58 Ml £5 FLAK
TEXRTHR, S 1 B Lk 5 S0ZR O i B A M b T 1Y)
BN ACFHAMBE#ASE N 3.5 cm x3.5 em [R5
£ B KA B, — el $55 7 ~ 10 K5 ,90% LA E 1)
BRAT A7 Bk ;10 18 B, FFURH M 5 105
2 RN HE A 1 W SR B
1.3 E£RKEAKEKN

WS SUAR Dy il A A 4 T I 1Ok, IR AR K

BE2 I 1Y, Ay R 30 B, 23 R
RO 1 em) FHLF-KF-(0. 01 g) ) 5 #1 AR A4
KA

2 JEIXE 75 b 3 K K DR K HEA TR it
K IBORE IS T SR 45 K I 1 SR, 2K 5K JBORE I [ Sy
BIKGK s FE RS IR FE A, 45K 9 8 :00 A116:00
DN S A v PN R 7K T AT B K B AR bR A 2 SR
(total nitrogen, TN, GB 11894—1989 #1141 Hi 2
BRSO ETE) (B E A (total ammonia
nitrogen, TAN, R M-k AR AR ) LW R A
('nitrite nitrogen, NO,-N, B A B & LA (AR
2 (nitrate nitrogen, NO,-N, 5% 45 14 J7 -1 A &
¥:) B (total phosphorous, TP, GB 11893—1989
FHIR B2 L 1% ) Ak B A
demand , COD , iV =5 £ BR 7% ) (M4 2K a( Chl.
2 HI-897—2017 43 6 E 1) 11 K 35 2 77 4
(total suspended solids, TSS, JEACFRIE T ) ) FIfiR
i (pH , 4 YSI-PH100 {3 Bpistig s ) 1
1.4 #iEsbE

FIr A 54 H Mean + SD 7R, >k H Excel #l
SPSS 13.0 A FRE G S K1 . HIM S FEAS ¢ K 3
oK HeA 9T A 2 2 ) 4 K 5 R SR A e AL, A
P <0.05 Jy2e 5%, RO REAS ¢ 4" ok 5
91| B A 4 Xt 3 7K 5 K YR K 2 T 8 K o 2
S, LA P<0.05 e,

2 4

2.1 FEMBKRDESTHALR
2.1.1 pH it a JfiER T

FEFRFE AL AR P S K AR 1Y pHL TR 32 EEHL
Pt 5 A 25 G0 A AR R RN HE B8
FEA TR S e A VR R RO AR F R
PR s as Xt H L AR R £ A
SR R R A BR A P T SR K A
AR J63 00T 7 1 1 R Mk 0 T 2 B BUK AR 1
pH TR Mt A S R G H Y ESE
B IBOK (R i CO, X4 i K /R 1 pH |
TH AR FH 1 AR v A B ) Bt £ 2 v
Ay pH!™ . 7ESEBR R KRG IR s P, K R
B SR TR E SR KR pH SR F 2 &R L 7R
KRR A K R AT BPE LT, KR pH 52k
SRR BT A OG, Rt K rp 3 2K A
KA pH WA X8R R, R Z IR . #E A 37 GE

chemical oxygen
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1), I 20 2R 7 i S A o S 5 A% g B g A 5ot
KR pH AR 8FEE L HBUE — B IR TR
FRAR PO (7. 96 ~8.44 ), [m] Hisf - W 0] B[] S5 1)
pH 7EPIRL S Z [ ¥ o B 2= 5 (P >0.05)
T3A M4 R a(Chl. a) FTs WK FEAE—EFEE B
7R B I T 7 A3 HEI8 A
30 H 5 AN]SR SRR A 4 R a i
WP S ARFP IR Y 4 R a 5T B2 B AR
TAEGE B R T A3 H.T H24 H
M8 H 21 HIf A4 R a J5i it ¥ B2 7E P AP A X
I B E 2 R (P <0.05) 283 a F
pH BT L s, AR TAZ e B IR, S AR Tl
FrAR KA r 0 35 2 4 A O BT, B S AR 57
B SR i A AR T KR R iy CO, $2T1 T
KR pH' ™ 4 TR T E M
W2,
—— MAFIFHERA Multistory culture model

9.0 S fE4i 837 Traditional monoculture model
——JKIE/K Source water

05-06 06-13 07-08 07-24 08-06 08-19 08-27 09-15 09-25 10-11
HH# Date

—o— VP AAEFhFEEE, Multistory culture model
500 --E--fEGE BRI, Traditional monoculture model
*

&
< 200
> 150F  *
?%* 100 &
= 50
F

07-03 0724 08-09 08-21 08-30
HHA Date

[l — F A =+ R R AR i) 25 5 235 (P <0.05) ¢
Mean values on the same date followed by * were significantly
different between the two models (P <0.05).
2 FREFEENXR pH FHEE a WEHIFR
Fig.2 Changes of pH and Chl. a

in various culture models

2.1.2 =8%

TR R DU LA R TC L EUE A
e AVLAE AT 0 i = A (TAN) L8R
J& RN B AE T 88 4k R o AL ) 1 i
BE(NO,-N) FfH &R (NO;-N) |, i 285 o i ;L
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AR TR A e W e T e 2B o ASHIFSE A
5 S ARy ST AR 75 b 3 o AR 0 2SR L R
MR B i B, A X T R X I
IR IR P mT LU RE ML o3 1 A AR
FHRUR A ACAE T, A 0 bR B o0 A 17N oy
FITCHLA, (HX L TCHLE T LA N 8 TR R bt
b B R 2 S B S A, 38 ST AR e A
SR A ) R S A B ) = S AR
VR ARSI ; A W SR Ty i R R AR 2 vl S
R B A A, A AL 0 AR R X
W FET AR SRR AR A R A
S TA] , P 7 AR A 2 4% s ] 5 A 2 L (TAN) ¥k 3
B, BIAE 4 5k 0. 01 ~0. 22 mg/L #10.05 ~
0.25 mg/L, [ B 45 W ) Bsf 1) s ) 420 R0 HR A e A
FhFRpEmE A Z MY o & 22 % (P >0.05) , 7
FhFRAAB ) A BUEE L BAHSCE (E 3) . T
ol A A5 I ) 52 ) WIF A 20 (NO,-N) vk
JE SR b H A HLAAR, B{E 53 51 0..006 1 ~
0.032 3 mg/L #10.007 4 ~0.034 8 mg/L, £ H}[f]
AT IV 35 R BUME 7 A R AR X 2 () 34 O
EMZER(P>0.05,F3), HATEEMZ,7 8
HWE I K I K Wi 2 J B =% &
(0.072 0 mg/L) , 1% [A] £ 1 1% G5 5 2B 0
i 3 0 B0O(E AR R A IR AE IRt 2 B Y
(0.034 8 mg/L) , T iZ (8] & 1) ST AR Fp 72455 200
filf 2 BCME A X A T OOE R AR R TE BN
(0.0255 mg/L, & 2) ., fif3E% (NO;-N) iy 7451k
TR A 3 AR, T A X 45 A 0 s ] 53 1)
A R0V B A 1 A AIG, 43 3 R 0. 041 ~
0.209 mg/LF10. 058 ~0.630 mg/L, [T 7 H 8
H & 5 7 5 B 2 A i 55 2 (0. 630 mg/L) I 25 15
TAL AR TR (0. 110 mg/L, P <0.05) , H A%
I [F1) 5 114 i 5 280 ML 7 W A B A o =2 ) 34
WEMEREF (P >0.05), HAFFEZENE,7 H 8
FI 0 1 7K U5 7K ik S B0t 5 8 s (0. 822
mg/L) . ULIE 3,
2.1.3  BAEEBEEL

SE(TN) 2 i IE K R & 8 SR 24 AR
Z—  FETHE M YE R G R T SR IR T AN IR K A
PO CIEeD) 7 ZEANEUK SR e AR X R E
TG B0 T, SR 5E 3 28 40 A 2 B I T s
At AR W AR 70% AL RS
ISR 7 3 A KRR e o 5% 4 i 3 (7
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0.6 —o— AR Multistory culture model
: -B-- G IE R, Traditional monoculture model
0.5} = /KIEK Source water

0.4
0.3
0.2
0.1

S TAN/ (ng/L)

0 :
05-06 06-13 07-08 07-24 08-06 08-19 08-27 09-15 09-25 10-11

H3# Date
—o— VPP FEE Multistory culture model

0.50 -B-- G IR, Traditional monoculture model
—— 7K¥EK Source water
3 0. 40 A
=
£ 0.30
fo.y
T.0.20
(=}
= 010
0 Lg% el B el
05-06 06-13 07-08 07-24 08-06 08-19 0827 09-15 09-25 10-11
HH} Date
—o— ARFhFRAER, Multistory culture model
1.4, -8B 158555 Traditional monoculture model

~ 1.9} —= KK Source water
QL
\%’3 1.0
? 0.8 A/J:

» 0.6
(=} SN
= 0.4

0.2r &
0 5506 06-13 07-08 07-21 0806 0819 0827 09-15 09-25 10-11

HH Date

[Fl— B = AR AR () 22 R B35 (P <0.05) .
Mean values on the same date followed by = were significantly

different between the two models (P <0.05).
3 FREEERA TANNO,-N
1 NO,-N B934k
Fig.3 Changes of total ammonia nitrogen ( TAN),
nitrite nitrogen (NO,-N), and nitrate nitrogen

(NO;-N) in various culture models

H 8 HET) , 05 8CR 7 857 Al SR 45O B 77 A6
AT K R S SR B A e B —
FERYT K, nl e Hh TR AR M B/ 4]
BHIBOA T KR B0 R R R T KR Al
P CREME S ) 3o U W B 5 T 2E A TR 58 e 3
(7TH24 H—10 H 11 H) , BEH KR & E A &7
AR, KR R BT 4R 2 TR IR TR AL )
CREAE B ANZESE) X 2 IR, T B8 X
PRt 7 A B SR BE R 5 v, L IRD, SE AR SR
B B R R T G R e 8 A 19
H8 H27 HFI9 H 1S H B RBAHAE M A
ZI) A R 25 (P <0.05) , 3 B SL A F FR A6
AFRIE HH e 30 1t 9 7 A i 20 A X 5 e ) it

BB AR L, SRR SR, R
{UF fafaet A R RDRE, TR0 S 0, B R AR
iRk R R AR S 2, R AU R A
WIE RS, RGP R E £ LT TR IR IR )
Ve B3, 77 58 v s 0, S AR B SR R 2 I 1)
MR A A, 78 RS AS T3 30, B R Tt IS i ok
PRV DR B, MR 256 3t VS 7 8 31, o o i o DU AR A
TG H B Bk T R i R 245 25 LA BILIORURL 1)
BB B IR AR KR BR BT, 5358,
TEREAFREA IR, 37 B 5 B F A5 X 45 B[] A5
R 5 1.38 ~3.96 mg/L il 1. 04 ~
3.20 mg/L, i AR SRS ATE 8 H 6 HZHTL
FARE K =Tk —FAHE bR #E ( <3 mg/L) 8
H19 H—10 A 11 H & &4 T3 FE g HE by
#E( <5 mg/L) " LK 4,

— MAKFPFEREA, Multistory culture model
-=-- G BIEER| Traditional monoculture model
——7KE/K Source water

BETN/ (mg/L)
S = DN W s U1

05-06 06-13 07-08 07-24 08-06 08-19 08-27 09-15 09-25 10-11

—o— M AEPPFEAFI, Multistory culture model
-a--fEG BAE R, Traditional monoculture model

0.8 —=—7KiEs/K Source water
0.7
5 0.6
Eos
-1
= 0.
¥ 0.2
0.1
0 5506 0613 0708 07 22 0506 0619 08.27 0915 0925 10.11
—— WARFhFERRR, Multistory culture model
16 - fEGE IR Traditional monoculture model
——7KJE/K Source water
e 14
=
= 12
310
& 8
5 6
& 4
L)
0

05-06 06-13 07-08 07-24 08-06 08-19 08-27 09-15 09-25 10-11

H# Date/ (mm—dd)

[F]— H I I E R R IR 7] 25 55 .25 (P <0.05)
Mean values on the same date followed by # were significantly
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BTN 2L, BBl 2K Y6 = 0 2 /UK R
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P ep o LIS 1 25 I 32 A 5 1 B 2 B 1
HEAIREART T K P TR 22 B SR A R
Wy (e 2 K AR R ) ROl . AS RS o
WAL B TR , ERBR ST (AR 32 5 1 2 i
T BEGEHEE A BT 10 5 L 9218 -4 1 Tt
etk AELE o ALY R B 1 rh R 2 A [
T, BB R R B 8416 (0. 26 ~0.42 mg/L)
PI4hFF B K ATl — G HE O E ( < 0.5 mg/
L) DR 5 T 7 I S07R D ol A% 55 0. 5 A5 R B 01
TEFRE P15 8 97 B I 1 A, R 9 b 1)
(7124 H—8 J1 19 H) BB EE K 0. 50 ~
0.56 mg/L, B 3d —HEMbrk ( <0.5 mg/L) , 4b
F G <1.0 mg/L) AR, R AT (S
A6 H—7 H 24 H)RUSHI(5 H 6 H—7 H 24
H) SSE = 0. 18 ~0.37 mg/L, it F47lh—2%
HemohRmE( <0.5 mg/L) LI, 40, BRT 8 6
F 1% 55 B A 1 B 102585 (P < 0..05) Farfk
FhFAIN , A ) A5 1 S Bl 7 A
ZRTERENXES(P>0.05) o W4, WL
Ge b MR S LTS TR RGBT
s MG ] R IR D n B e ine 2 L BTk — 22
A A VS PR 8 5 B VR BB S S
Ve s — AT U AR A BT
Bk ERETE R A TR BN T TEHLBE I 7
GIAN AEF T ), 57 R R SRR BB TR 5
PPFR 1 JFL PR T R S bl T T IR 3R A 2 ok
PR3 K AR 2R A6 I B IR WA B TR
R LB R A B /N A T TC DB , AR5
I CR) F

BURBE L (N/P) S0 tH 20 i 5 8 PR 34T i
PUER AT 28 A DRI AR N/P A F
U IR A SRR 0 s [ SR ST 5 Rl R B TN
TP <29 (Tt ) 931 A 1R 5 9 s T 00 3, T
TN/TP >29 [ i 3 T 0620, DA TG 452 4 308 ek 45 4
WA B N/P ] B B Y A
5T % B0 R W S W K A N/P W13 ~35,
1T 5 2 W R T K AR N/P < 131205 2 skt
BHIREWIEH NN, R E B — E WIS, A i
TR VA B RO, 35 B NPT E R I
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B R AL T, KRR R a TR
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7 A 24 Hi TN/TP Sy 4.69 Fi14.86, Sk Lt
TR IHLERETE 10 A2 47, B FRAE I R], 37 A4
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{ELE AR A F 3R B AT ME — FHE AR #E ( < 15 mg/
L), BR T IR 5 H 6 H I COD UfEAH xS
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181.53 mg/L) 19 H 15 H iy 57 & Fh 35 1
(189.87 mg/L) [y TSS ${ti#g it 150 mg/L, 4 W5
DU ESF () A1) TSS B A 19 o 5% 4 A5 =X 22 ) G &
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Fig.5 Changes of COD and TSS

in various culture models

x1 AHFREER S S KEREKKE RS

Tab.1 Comparative analysis of water quality between multistory culture model and source water,

and between traditional monoculture and source water n=7
KRR SEHFI TR gt Harpist KK
Water quality parameters Multistory culture model Traditional monoculture model Source water
pH 8.10+0.10" 8.20+0.05" 7.64 +£0.18
TAN /(mg/L) 0.074 £0.046 " 0.107 £0.054 " 0.332 +0.142
NO,-N /(mg/L) 0.014 8 +0.010 2 0.034 4 +0.038 2 0.110 6 £0.125 1
NO;-N /(mg/L) 0.069 £0.033 " 0.187 £0.203* 0.502 +0.226
TN /(mg/L) 2.70£1.11*° 1.82 £0.47" 1.09 +0.34
TP /(mg/L) 0.339 +0.049 0.405 0. 147 0.345 +0.082
COD /(mg/L) 8.59+0.80" 7.38£0.45" 5.88+1.03
TSS /(mg/L) 114.58 +39.79 114.81 +48.20 118.89 +25.27

Al — R B AR = PR A S K IR Z 8] 22 5 B35 (P <0.05) .

Notes: Mean values within a column followed by #* were significantly different between this model and source water( P <0.05).

2.3 FRIEBERLLER
2.3.1 ERKMREE

Hy ] 6 W], B AR 0 2 T AR e e B Y B
SRy i ik R B BE (1.2 J7 R2/hm® ) K T % B 21
IR (1.5 J7R/hm’ ) H R X G S0 AR
ful AR KR WA M2 R (P >0.05) , LR U %
BER 1.2 7 ~1.5 T JR/hm® B, % 0SS0 4 7 fili 11
AR A5 B kA .

W SUAR I 6l ST AR R FR A T B 57 1Y F LN
PR A RKAPERE AT, 40 98 d AYFRAE, 3 8 H 27
BN DO U SR NS N NI i 5
(11.80 £0.77 ) cm F1(18.83 +3.60) g( & 7).

2.3.2 FIHACRILE

NSRRI AE AT, B T g0 24 37 A 7R A5
T SO J7 Bl 14 27 77 o (3 426.0 kg/hm?) i 3%
IRTF X B8 41 1% 58 % 55 1 4 055. 7 kg/hm’ (P <
0.05) &b, 37 AT 37 FA% G B 32485 2 1 W SUR O
B P T AAK (293. 30 o/ B 297. 53 ¢/ ) i
15 %(97.38% 1 94.60% ) DL SR 2550 (2. 83F01
2.9 ¥R EEZES (P>0.05) , SR Iy il
TES R B 37 8 T & FR 0 L 90 I X R
3056.6 kg/hm”, HiA& K 22. 48 o/ B, FETGE %N
78.17 % ,fil kL Z %0 K 0. 68, £0 85 S 0 J5 14 4
FECEMA R 1,39, W2,
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Fig.6 Growth of obscure puffer ( Takifugu
obscurus) in various culture models
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Fig.7 Growth of Litopeneaus vannamei

in multi-story culture model

10.5 Ju/kg MFE9. 3 Jo/kg, A9 5L BRF- 3 8 Ay
53 Ju/kg JRFFARE M R 51 J0/kg. HEXT TAE
S PR, 1 2 T AR b IR X A 5 A R UK HE
B> 11, 1% B HTHE T, B A Wi 24102 675 50
(F3), R B2 FF ISR g AN T 3% 44
15 0007C/hm” , BF /A i HE %% 87 675 JC, B 667 m’
AR S 845 TG,

K2 AMFERKXAFHEELLRST

Tab.2 Comparative analysis of cultural efficiencies between two culture models n=3
A A SR SEARFIFREEK e IR
Species Indicator Multistory culture model Traditional monoculture model

Hih g/ (/) 293.30 +15.84 297.53 +29.20
I SRy Bl B/ (kg/hm® ) 3426.00+198.80 " 4 055.70 +336.30
Takifugu obscurus JIE R % 97.38 +2.31 94.60 +3.49
VS 2.83+0.29 2.91 +£0.46
HBAERS (& ) 22.48 £3.97 -
JUGAEEXT R By 7/ (kg/hm®) 3 056. 60 =605. 90 -
Litopeneaus vannamei FRIE 2/ % 78.17 £7.46 -
ERR 0.68 +0.09 -
TE [l = Y FR PR 2 [0 22 57 .35 (P <0.05) .
Notes: Mean values within a column followed by #* were significantly different between the two models( P <0.05).
x3 AHFEEXTRNTHILE
Tab.3 Comparative analysis of input-output between two culture models J6/hm?
BT i H SR IR ey i gt
Input-output Ttem Multistory culture model Traditional monoculture model
1 Fp 84 000 105 000
LN 6 090 -
# A Input ik 65 130 51 945
i 7 500 7 500
BAEA 162 720 164 445
11 181 575 236 535
L3 155910 -
il Output B 337 485 236 535
RELLE T 174 765 72 090
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Comparative analysis of water quality changes and cultural efficiencies

between multistory culture model and traditional monoculture model of

obscure puffer ( Takifugu obscurus)

SHI Yonghai, XIE Yongde, XU Jiabo, SHUI Chun, YUAN Xincheng, LIU Yongshi, YANG Ming

(Shanghai Fisheries Research Institute, Shanghai Fisheries Technical Extension Station, Shanghai

200433, China)

Abstract: In order to develop and set up ecological multistory culture pond ecosystem of obscure puffer

( Takifugu obscurus) , Litopeneaus vannamet, and Ipomoea aquatica Forsk , the differences of the water quality

changes and the cultural efficiencies between multistory culture model and traditional monoculture model of

obscure puffer were studied. The results showed that the values of water quality parameters of pH, TAN,

NO,-N, and NO;-N in the pond of multistory culture model and traditional monoculture model of obscure

puffer maintained within the ideal range. In these parameters, except that the NO,-N (0. 110 mg/L) of the
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multistory culture model on July 8 was significantly lower than the NO,-N (0. 630 mg/L) of the traditional
monoculture model, there was no significant difference in other parameters between the two models. The Chl a
of the multistory culture model was significantly lower than that of the traditional monoculture model. The
scopes of the average total nitrogen (TN) in two models were 1.38 —3.96 mg/L and 1. 04 —3.20 mg/L,
respectively, in the middle and later periods of the culture (from July 24 to October 11), the TN of the
multistory culture model was significantly higher than that of the traditional monoculture model. During the
cultural time, the total phosphorus (TP) of the multistory culture model showed a trend of slow rising steadily
(0.26 —0.42 mg/L) , while the total phosphorus (TP) of the traditional monoculture model showed a trend
of high middle (0.50 -0.56 mg/L) and low on both sides (0.18 —=0.37 mg/L). Except that the COD value
of two models on May 6 is relatively high (the multistory culture model 14. 05 mg/L. and the traditional
monoculture model 15. 03 mg/L, respectively), in the other monitoring points in time, COD values are
relatively stable, the mean ranges were 6.79 —10.24 mg/L and 6.83 -9. 15 mg/L, respectively, and there
was no significant difference between the two models. Overall, the TSS (total suspended solid) value was
higher, especially source water on June 13(154.20 mg/L) , the traditional monoculture model on 24 July and
August 19(186.60 mg/L and 181.53 mg/L, respectively) , and the multistory culture model on September
15(189.87 mg/L) , these TSS values were more than 150 mg/L. In each monitoring point in time, there was
no significant difference in the TSS between the two models. Obscure puffer culture was advantageous to the
purification of pH, TAN, NO,-N, and NO,-N in pond water of the two models, and there was no obvious
influence on the TP and TSS in pond water, while, it caused the increase of total nitrogen (TN) and COD in
pond water. There was no significant difference in growth of obscure puffer between the multistory culture
model and the traditional monoculture model, the stocking density (12 000 — 15 000 ind/hm*) of the two
models did not cause space stress of obscure puffer growth. Except that the obscure puffer unit yield (3 426.0
kg/hm®) of the multistory culture model was significantly lower than that of the traditional monoculture model
(4 055.7 kg/hm”) , there was no significant difference in out-pond specification (293.30 g/ind and 297. 53
g/ind, respectively) , survival rate (97.38 % and 94.60% , respectively) , and food coefficient (2. 83 and
2.91, respectively) between the two models. Litopeneaus vannamei of polyculture in the multistory culture
model showed good growth performance; the unit yield of Litopeneaus vannamei was 3 056. 6 kg/hm’ | the out-
pond specification was 22.48 g/ind, the survival rate was 78.17 % , and the food coefficient 0. 68, and the
overall superimposed feed coefficient of fish and shrimp was 1. 39. Compared with the obscure puffer
traditional single model, under the condition of 11. 1% reduction in aquaculture tail water discharge, the
benefit of the multistory culture model increased by 87 675 yuan per ha.

Key words: obscure puffer ( Takifugu obscurus) ; multistory culture model ; water quality ; breeding efficiency
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