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BT RBEREBE. SRR, ER RER TR 508 84.3% ~98.3% 1 93.2% ~97.3% , B FEF A% &
85 T 4 s B K R A S O B S B BT B 27.5% ~36.3% 1 8.4% ~23.9% B I R I AR M AL B 23 Bl
AEHTHER 30.9%~43.9%F1 51.5% ~62.3% . SR U, RGBS EE B, K ZH B MR SR THEY
ML AN S UARERE A EE, REAREEINSE — R E LK ERR SRR ERE: a1
FAHE 14.5% ~28.7% AR 7.4% ~16.5% 105 £ 56 AL 0 SR E 48, FE30 0 8 2% 78 25 FBE (16 4G Jom 7 8 {1« e B i
EWPRANEHEALERA R E LERD, 55025 0.3% ~3.2% 1 0.2% ~3.0%, H I b S FE 552 B
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1.1 #H#

SEHS P R AR A 0 B L g R VR R VIR B
BRI 55 — B FLANIE XHEF (Lizopenaeus van-
namei) , WHILZRE BIBFFETTERAF . L
BFF LA X IF RN (0.71 £ 0.17) cm, KR E N

0.060+0.0020g-
1.2 KR

BT 2005 % 6 6 H~8 A 8 HEH E K
FEREE B T KT ST N 2 R S B AT, T
N 63 do S5 % FH 77 5H M o5 K 77 T8 38 40 K A
(235 cm X 145 cm X 100 cm) » It BEE 7 T i 5T, T 7K
2m, WE 4 MFREEE, 758 300 2 /md (D -
600 J2 /m® (D, 1 200 J& /m> (Dy) 1 1 800 /2 /m®
Dy, FAEEE 2N ER.

1.3 HE®E®E

ST 0 LR Vg AR R RN LIS 1A R R AR
AR 42% AN &2 4.0% ~8.0% f K72
FE<16%) A 4 X (05:00~11:00~17:00
F123:00, HE R E A XNIFERER 4%. FHET

EEWE : RAVRHE S B4 2003-50 s ERFHEB R T4 Q004BA526B0201) 5 F & Rk K22 A B3 2 630628 .
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EhEgE RS WA, R KARBEATENT
4mg /LB 7 dXFTFRBE KRR 1R GRILENY =
i, RN 3% VoAl 1% Vi) RAHIR K 1
IR, SRR % AL R A A AEAR AN Y, AR K k)
SUKARHT 25% , BT FH K b UE B SR K .
1.4 FHERMNERE

7 d W 1 RITERR A ARORE KGR D .
B BEE DO FE.ASE (TAN . UHEER
NO,-ND - & & (NO;-ND ~ EALEE (PO,-P) « 2 &
(TN« & B (TP LS R & IF ) (TSS) & &. K
AR ERT DO & & A5 B YSI 556 FL /K 5 4 4 430
%5 TSS e RAFEEENE (GBI ; TAN K H &t
Ty 85 43 6L FE I 2 (GB98) s NO,-N K ZE 2 — %
Sy EIEEEENE (GB98) s NOs-N K H BE#R ik [ =)
5E (GB98); PO,-P K H W% 45 #5 43 o't ot B = I &
(GB98) ; TN A1 TP % F it i £ vk ) e o1,

S 5 RO HEAKUCIF , R AR S H W E A
., [FE, SO EF 10 B i 4 A BE
SrHIECE AR 1 dm? 10 A PB4 356 8 & 405 M
MJRHCE R RMER 1 dm? 7R N B 43R 2 T
Y, EE 3R, SRHMESET 80 CHA Mt 1H
B OERIMER — IR e E B S . N &R
1[5/ Elementar VarioEL [l 7T & TGN E; P &
=R M S AR ICP R E .
1.5 BEST

ZRLFHE L EZE X £ D) FEr. N
SPSS 11.5 1 Excel 2003 % {1 % SE 40 04 647 S v 43
7, K one-way ANOVA J7i53E1T 75 Z 5041 K Bi-
variate SIA2 73 9T AH OGP, B A OriginPro 7.5 B A4 1E .
M P<0.05 FHCh ZER B3, P<0.01 I 2RI EE.

2 ZRE5H

2.1 FEEZEENHIMERMEFIENZMN

Bl 2xdreAakiize . WE 1 ATRVE H,
7 A0 B 2H G IR A 35 i 2 B IS ) AS W38 o, A sk
56 HATAD , AN 7] Ak B A 6T 0 44 K EH R B0/ ERCA Dy
Dy D3 Dy LI 45 S, 4 A AL B X R4 50 5 A
5.03 cm 4.47 cm-4.28 cm i1 4.13 cm, & AL B [A] 22 7
LB EKFE (P=0.012) -

Dy ~ Dy A0 B R0 MR A7 35 22 93 3 A 77% 74 %
63%F153%,D,5 DA ERAEE (P=0.479), K
REGHENZEFHIMEZE (P<0.0D. ULH, T

FEL S LB TN, U A7 R BRI

5k

IS
T

i /em Body length
© w
T T

6-6 6-13 6-20 6-27 7-4 7-11 7-18 7-25 8-2 &-8
[1#] Date

—s—] —e—]p, ——p —O0—D,

1 SRR RN FLANIE X R A K R 0
Fig.1 Effects of stocking density on growth in Lizope-

naeus vaAnnamei

2.2 EEKREFHTK

S5 HA 8 BT 7 1) % KB AT 7 35 A0 0 R AR K )
TABMEN . HoR, KA R R AR b Y 4 )k
19.5~26.5 THl 29.7~31.5; &4 ¥ TAN ik f5 %2
R T, BATE R 0.01~0.35 mg /L, L5
S5 (7 H 18 HLLE) , DAl D, AL ER Y TAN R JE iR
T, T DA Dy AL B AR AN B B, 38 A S HA )
TAN K f5E 1 & BMRAK IR A Dy D3 Dy Dys NO,-N i
P AL TR 0.01~0.06 mg /L, L5 A H#A (6 A
27 HLAHID , NO,-N K AR A B, 2 J5 2 7t
.7 A 18 HJEF DA DAL 7 A 25 H S8R BRI
Ab, B AL HE NO,-N W EEAR A B, H I RRAE 4
7K F; NO;-N K R E 25 0.01~0.56 mg /
L, & DA DAL FETE 6 A 27 HAN 7 A 4 HE S IL,
A I 3 - Ak B 5 4 o AE B KT, HLAR B ] 22 S
AR (P>0.05); PO,-P W& A E A 0.01
~0.09 mg /L, &AL FREAA R EA B, LR
YR B K (0.03~0.09 mg /L) -
2.3 HEHAN.PEE

ANTR) A3 ) 3t B 0  Je 9 R O HRA F) R B
BERAHE (P>0.05, % 1 511 T e FE.
M1 ATLUE W A B & B m 2R AR RO R
IR BONIF TER] R VB I EE I E . FERBES B0
T BEAR TR R S TH A IS SRR L S0 N R it B Bl o
Y. ATLLE H, WORET 1 EORTRE & & s TN, Ut
BT R A B BB S B AR TR A P .
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*1 EAHRHENPEE
Tab.1 Nitrogen and phosphorus contents of solid specimen X +SD: %
& 7 Heow TR it E 4 JE TN W SR AT
Parameter Feedstuff Inserted matter Bottom mud Stocking shrimp  Harvested shrimp
N &£ N content 6.5+£0.1 5.7£0.2 6.2%£0.3 9.9+£0.3 10.5+0.2
P& E P content 1.0£0.0 0.540.0 1.1+0.1 0.6+0.0 0.7£0.2

2.4 FETFENRENIZNE

MF 2 ATLLE Y, & Ab BRI I K 2B B 555
REMEATEL N 27.0g HRELREAHRAEMN
3.6%~13.8% , L [V 55 Fifl 77 5 % B 11 38 0 T B A1
(P<0.05 . HHEHRAENDERAEN 84.3%
~98.3% , Lt 2 Fifl 7% 58 5 P 4 00 T 5, P AT AE

WRZFMIEMRKRKR (-=0.986 D=0.058). K
NI E RN B EHRANEN 1.9%~2.9%, Fx D355
D5, oAt AL B 8] 22 57 3938 B B & KF (P<0.05) -
SRV, FE R BN AR A A K HE, O Bt
7K B SR THNET -

*2 FEZEMNEHAIN
Tab.2 Effects of stocking density on nitrogen X+SDhig
¥64% Parameter Dy D, D; D,

KJZ Water floor

TEH Feedstuff

AR Stocking shrimp
EHNE Total input

27.0£0.3*13.8%)

3.7+0.0°1.9%)
195.6 £10.2

27.0+0.3*©.3%)
164.8+19.4°®84.3%) 257.0+29.1°88.2%) 410.6+44.6°91.2%) 747.0+47.0998.3%)
7.4+0.7°2.6%)
291.5+18.4

27.0+0.3°6.0%) 27.0+0.39(3.6%)

12.6+0.4°2.8%)
450.2+32.1

21.7£0.3°2.9%)
759.7+41.2

FRESHUBENZIESREN B AT A AAFENEF AEREE (P<0.05).
Note: The percentages of parameters were listed in brackets. Values donated by different superscript lettes in the same line are significantly differ-

ent (P<0.05.

2.5 FETEXNREL /NG

S B R AR KR CGEHEAO VR h
BE & 40 OREF AT “IAh S 36 4r. B13R 3 AT, K
FERSH BRI 27.5% ~36.3%, H L E A
FEUE B I T N (P<0.05) . BRI ITIE
MR S AT 30.9% ~43.9% , Bk D35 Do
ot b3 E) 22 57 28R B B EKF (P<0.05) . B
BB 0 S & O R B Y G A R,
0.3%~3.2% , H Fifi 7% 58 2 15 1 38 o B (P <

0.05 . it W EREF S H R B B M1 14.5%
~28.7%, FEFFHEZ EM N EMBFEKER B DS
Dy ok, HoAth Ak 3 H) 22 7 1K B B2 KT (P<0.05) -
“HoAh” 2 S BB PR LR 4 T H SR
RIE S, TR AR E 2.3% ~9.7%, & LA
T v LL B KB MR RCA DDy D, Dy B ZE 1A
BEKT P<0.05 . 5REW, JRIEFKEHH
R R ERE R, IR E R R A R TR
E KT, = RS G 87% Ll

*3 FEFEMARHLHZIE
Tab.3 Effects of stocking density on nitrogen output X £ SDs g
JE¥R Parameter Dy D, Ds Dy

K2 Water floor

J&¥% Bottom mud
TEEIHEY) Inserted matter
W IR Harvested shrimp 56.2+£1.1°(28.7%)
FAth Others 18.9+1.8°09.7%)

53.8%£2.4*Q27.5%)
60.5+8.9°30.9%)
6.3+0.8°(3.2%)

87.1+2.8°29.9%)
104.4+11.1°35.8%) 197.6+30.4°(43.9%) 320.6+18.4°42.2%)
6.1+0.3*2.1%)
81.5+5.0°27.9%)
12.4+1.0"4.3%)

146.4 +12.4°(32.5%) 275.7+29.6(36.3%)

3.6+0.30.9%)
91.6+7.320.4%)
11.0£1.2°(2.3%)

2.3+0.390.3%)
109.8+11.7°14.5%)
51.4+6.596.7%)

FRESHUBENZIEARETHE ML A—TH e A AEFENEF A EZR BF (P<0.05).
Note: The percentages of parameters were listed in brackets. Values donated by different lettes in the same line are significantly different (I’ <
0.05.
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2.6 FETEINHENZIG

MF 4 TTLLE Y, % Ab BRI ok 3k K g N B 9E 5
REMBE TR N 1.2 N BBEHEAM 1.3% ~
5.7%, Lk B 7R AE % OB O i B IK (P <
0.05). MHEBHANSBENEN 93.2% ~

97.3% , H LU B SR 0 % B IG I0 T m BR Dy B
D44, HoAth AL 3 7 22 5 24908 B B 2F K F (P<0.05) .
TONEF BT & i b B BB 1.1% ~1.5% , AL 3R [A]
ERREE (P>0.05. & REY, HEBA S5
BN B By, HOOR K, R R IR,

T4 FEZFENHBEANNIE

Tab.4 Effects of stocking density on phesphorus input

X+SDig

¥64% Parameter Dy

D, Ds Dy

KIZ Water floor 1.2+0.1*°(5.7%)
TEH Feedstuff 19.0+1.4*©93.2%)
JANMAT Stocking shrimp 0.2+0.0*°1.1%>
EHNE Total input 20.4+1.0

1.24£0.1°3.7%)
30.2+0.6°©94.9%)

0.5+£0.0°1.4%)
31.8+2.9

1.2£0.1°2.1%)
53.0£2.4°096.4%)

0.9+0.0°1.5%)
55.0+1.0

1.2+0.191.3%>
89.1+£4.7°97.3%)

1.3£0.1°A.5%)
91.6+2.5

FRESHUBENZIEARETHE ML A—TH e A AEFENEF A EZR BF (P<0.05).
Note: The percentages of parameters were listed in brackets. Values donated by different lettes in the same line are significantly different (°<0.05).

2.7 FETE XA

MFE 5 AT LLE W, /K 2 B 5 o8 8 B
8.4% ~23.9% , H Ff 7 75 % & 1 38 In i PR (P <
0.05) . JRIEVIIERIBE N BB 51.5% ~
62.3% , % D35 Dyob, H A AL TR 6] 22 R IE B B &
K (P<0.05) - HUBE 5 40 00 B 5 2 o S Bl i
(LG EEAE B A, 0 0.2% ~3.0%, H Bl 37 58 % 15

AN T B AIG (P<0.05) « WCARHF ) & B & O o B3
(K1 7.4% ~16.5% » 4 B H i 57 5 5 F52 388 i e A1
HIka%, Br Dy 3 Dydh, Hofth A B 8] 22 5 15 34 3] (2. 2%
KV (P<0.05) - “HAR” 5 B o4 B BT A9 5.1%
~23.2% - &RV, SR TR U L i A
B8 HE R K2, PR P e A T 31 T A e Y
KF-(7.4% ~16.5%) -

*5 FEZEFEEENFNE

Tab.5 Effects of stocking density on phosphorus output

X+SDig

JE¥R Parameter Dy

D, D Dy

KJZ Water floor 4.9+0.4*23.9%)
J&E Bottom mud 10.5+1.5*G1.5%)
TEEIHEY) Inserted matter 0.6+£0.1°3.0%)
W3R AP Harvestrd shrimp 3.4+0.2°16.5%)
HAh Others 1.0+£0.1*5.1%)

5.8+0.0°18.4%)

18.1+1.9*(56.9%)
0.6+0.0°1.9%)>
5.0+0.1°15.7%)
2.3%£0.1°7.2%)

6.3+0.1°11.5%) 7.7+0.498.4%)
34.3£5.3°62.3%) 55.6+3.2°60.7%)
0.4+0.0°0.6%) 0.2+0.040.2%)>
6.3%£0.5°11.4%)> 6.8%+1.0°7.4%)
7.840.2°14.2%) 21.3+2.99(23.2%)

FRESHUBENZIEARETHE ML A—TH e A AEFENEF A EZR BF (P<0.05).
Note: The percentages of parameters were listed in brackets. Values donated by different lettes in the same line are significantly different (°<0.05).

3 it

3.1 FEEE KREFEFFERMXR

SR IR B A AR5 R 7 08 o 2 K ) 5 P [
WAMRIER 2 . FRIE % A INTEAE T B RFE K
R 5 RT3 28 1 R AU B /I R (1 e, L 15160 g
B e, F IR AR 2 AR A7 3 Rt 2 T il R B
TR FEAR A 3, X 5 BT NI 45 R — 5. TAN M
NO,-N #A N & 5 Wi K A A B K A ) 2
AR T B, A b, & AL ¥4 TAN 9K FE i 7

FMEAR KA Dy~D3D, Dy LHF T SE5 5 1, B =
FEEE P I 4 (D F1 D) I TAN iR 3L Tt 7,
BEGT W ESELRA O Dy &4 #H
NO,-N RIEM 7 A 4 HFFHRIE T &, Dl D4k
7 A 25 HEREAR, T Dy Dy — HAERER
K. RS 5 IR AR @ I TAN WK EEAT NO,-
N A 2 330 Dy 1 D, P AR I A K BRI A7 7% 22 [
KA EZR R, B F frifk— PR .
3.2 FEBESEABMEZNXAR

ARSI T B SRR R R0, TR B B
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930 B OE KR

#14%

ANEI TR F B 2% 1R 5, X 5 Martin 211, Briggs
25 WA Thakeur 55 H0RIE — 3. 97 A IREE W,
FEXTEFE LN TRIE R G0, ok B AE RN 1 B &
BB E BN 82% ~95% F1 38% ~
91% U5 T AR Lt R (2, % 3. Xl fE
ARG R ENFEEE R, NZBEEAFE
2% TR I B AE R R

Teichert-Coddington 2 1245 i, % #F 7258 & %
HFKEREBEE N EZE RN, FMEEH, 5B
FE TR R TR 2 ) i 0 E B AR, 0
B 14.1% ~64.6% 1 33.8% ~91.2% 457,
AR S R I BB A ) Ok R R R
27.5%~36.3% f1 8.4% ~23.9%, i Ve T I &
WEE RN TS =N 30.9% ~43.9% A1
51.5%~60.7% . ULHH, 7 RSB B 5 H K
ERYURE G B T A S EL . R, IR 9 R
NS e — 5 FERE b B /K 2 A2 = R PR UURR A0
48, 1X 5 Briggs %)\ Thakur % 5 R 5% 5 1 2% 7
(48 AR — B, (BASZEG R UUTE I A S &
BT, KB ES T LdiRE, HIER A fER
PR AR S 56 BT 7 B v 9 A T i VR B R A KA,
ZIKMN R, S AEG BRTR i Al LA 7 5
RGBT A B UUTE B A A I T R I R A
VE o

AL, RABM AT H 14.5% ~28.7%
MR FT 7.4% ~16.5% 119 5 28 55 4k 0 SHiF £ )
31X 5 Briggs %4 H1 Thakur 25545 18 6 45 B 41
—%. Thakur FEE T 25 B /> 50 B A
FEUE T, R R e AL S R A SR I T T T B
ZR INAFHEFEEA S M AN E. K
LR WE T 300 B /m3 600 Z /m\ 1200 F /m3
1800 J& /m® 4 NFREEE P, ST R I 300 & /md A1
600 2 /3 b B [ F5 b R TE 22 57, (HIX P9 A~ Ah
2151200 2 /m>+1 800 J& /m’ (A Z 7+ B3, R H
It % U PR BN T PRI AR 3. AT RE R RN A S i
R (TR S PR R, 5 B R A A [ K
FET 3L, BEAME R B &, 5040 T R AS RE Bl 4R
o, AT IR T S B AR B R, B
FrHH % BRI (KT 600 J& /m3) X oF (1) Bk i 1L
MEGFREEERNRAREY, FEEER &N
T A R0 2R B 7 2 P 1 3 I AR, 18 A Tt
— it

it R 77 5 1 B S A AT R O B B BE B

FRIER D, AL, MBI E PP R R A
EELAMB B RS ER D, 2528 0.3% ~
3.2%H10.2% ~3.0% , H.Lb 5 Bl 77 58 5% 5 A0 38 i
MR 3 ah, “HoAb” 565393 78 B & B 2 19
2.3%~9.7%F15.1% ~23.2% X5 Thakur %5
A 1 90 B AH L. Daniels %5 U301 Thakur 255 %)
RENE MRS o 2 DL SR GO MEAFEA AR
ikt . Body MR VR T BE B A R IFRISER 7,
VA AR KR B AR AT RE R JE B R B . Thakur 255 %
I, K e F2HE 22 40 10 AR S B B AE B B Bk g B P BT
AT LR A TR R 40, WA AT e K] A 6 R 4k
HE KB 43 i V8 Bl IR K I 2R AT 5 1 5 0 348 43 18
o, EATRE R AR R I s R E— ERE
hniE TR A e .
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Effect of stocking density on input and output of nitrogen and phosphorus in su-
per-intensive shrimp farming pond

LI Yu-quan''?, LI Jian?, WANG Qing-yin®, ZHANG Hai-yan'

(1.Qingdao Agricultural University, Qingdao 266019. China; 2.Key Laboratory for Sustainable Utilization for Marine Fisheries Re-
source: Ministry of Agriculture: Yellow Sea Fisheries Research Institute: Chinese Academy of Fishery Sciences: Qingdao 266071 : Chi-
na)

Abstract: In this study four shrimp stocking densities were designed which were 3006001 200 and 1 800
shrimps per m> respectivelys to analyze the effects of stocking density on input and output of nitrogen and
phosphorus. The experiment lasted for 63 days. The results showed that 84.3% — 98.3% nitrogen and
93.2% —97.3% phosphorus of total input were from feed, and the proportion increased with stocking den-
sity. The major outputs of nitrogen and phosphorus were sediment (30.9% — 43.9% and 51.5% —
60.7% and water exchange 27.5% — 36.3% and 8.4% —23.9%>. Nutrient budget showed that only
14.5% —28.7% nitrogen and 7.4% —16.5% phosphorus of the total input were transformed into harvest-
ed shrimp finally. The proportion increased with stocking density reducing. The minor outputs of nitrogen
0.3% —3.2%> and phosphorus 0.2% —3.0%> were from the matters attached on pond walls; and the
proportion reduced with stocking density increasing. The results indicated that the nitrogen and phosphorus
inputs and outputs were significantly different among stocking densities. [Journal of Fishery Sciences of
China, 2007, 14 6): 926 — 931 ]

Key words: Litopenaeus vannamei ; stocking density; super-intensive farming; nitrogen and phosphorus bud-
get
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