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VERs[EY - DIBGIE 7Bk A -

TR Ry 200 F2/m* - 4k 400 & FTi4H
i W R /KB AT AR VBl SR e = B AT
B KA AT B ~ BRRL R e R
VURRR A E R (M - #9458 - H4E - )
B AR E R AR 112 g~ 119 g
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H - EEMARE K (feed conversion ratio,
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Table 1 Survival, average weight gain, yield and FCR of shrimps cultivated in tanks with different substrates

Group
Net-pockets Net-liners Mats Goral granules Blank
Survival (%) 92.1+0.9* 96.4+3.2% 92.1+6.2% 93.3+6.7* 77.8+4.0°
Average weight gain (g)  12.70+2.23* 10.760.94"8 9.49+1.555 8.44£2.078 9.48+0.56°
Yield (kg/m?) 2.56+0.42* 2.29+0.09**  1.97+0.18"C  1.83£0.51°C 1.66+0.09¢
FCR 1.39£0.10° 1.52+0.04%® 1.59£0.07%° 1.71+0.248 1.79+0.26"*

Means with different superscripts in the same row are significantly different (p=0.05)
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R 778 + 4.0% > BIBETREEIUAINY 92.1 +
0.9 ~96.4 = 3.2% (p=0.05) - FELHENTTHIRT

12.7£2.23 g » WIFHRCHIRERE - HESIROAE S AR
fHE (p = 0.05); FEEE 2.56 + 0.42 kg/m” > HHEA
IR A B AR B R (p=0.05) - BpRHigH R
WLURELERARY 1.39 + 0.1 KRBT - WIRHEH IR
il (p=0.05) -

B AR B T A - A I AR K &
ATF : HEEHH 100 g~ HELEHH 500 g~ HEHH 1200 g~
HEEIRDAE 0 g ~ BAEERH 1350 g - HEIRDHH pH
{HEAERAE 7.0 L L > BURERNIEIK -

#5524, (Total Ammonia Nitrogen, TAN) &
JiiH M ~ RERE R CE AR S 0 4
A5 0.80 + 0.39 mg/L ~ 1.37 + 1.78 mg/L ~ 1.68 +
1.07 mg/L » A~ RS ELE 02 mgl /&
o B GENEE R TR (Fig. 1)  25H A i
Z. (NOrN) JREEETESE —5E BT i m®h - Hp
TFECEYIEE 814 + 20 pg/L > 28 NERIGARELE
44 +25 ~ 458 + 52 ng/L (28] (Fig. 2) - {28 AR
IR BT - L AR A R R R S R
HEVYH (p=0.05)-fiHFREIZ (NOs-N) JREFE
FIHIMIRFRE Bt (Fig. 3) » Horr - fEEHE - fE4%
FEAMHIEI DR R E I (p=0.05) - ##H
ZIEWRNREARE (PO,-P) 51 2 JE HI AT Fr i
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Fig. 1 Changes of mean concentration of total ammonia nitrogen of rearing water in tanks with different substrate.
Mean = SD, n=3.
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Fig. 2 Changes of mean concentration of nitrite nitrogen of rearing water in tanks with different substrate. Mean +
SD, n=3.
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Fig. 3 Changes of mean concentration of nitrate nitrogen of rearing water in tanks with different substrate. Mean +
SD, n=3.
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Fig. 4 Changes of mean concentration of orthophosphate phosphorous of rearing water in tanks with different
substrate. Mean + SD, n=3.
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Fig. 5 Changes of mean concentration of suspended solid of rearing water in tanks with different substrate. Mean +
SD, n=3.

Table 2 Changes of mean concentration of suspended solid (mg/L) when taking out the built-in substrat

Group
Net-liners Net-pockets Mats Coral granules Blank
Before 130.0+£30.0° 193.3£75.1" 606.7+106.9% 270.0+200.74 796.7+107.9%
After 473.3£60.3* 495.8+62.6* 643.3+133.2% 533.3x75.7% 793.3£100.2%

Means with different superscripts in the same row are significantly different (0= 0.05)

T IEE I EHABUK R H iR R & R 300 F2/m” K 400 E2/m’ Al (p=0.05) o P51
KB s BRI RRAE » 100 E/m’ #1200 E/m’ #HE9
USSR B4 Ay 11.77 + 1.54 g B 10.76 + 0.94

BRI BURHIRFIE R g » BHEEE A 300 E&/m” #1400 B/m* #H (p=0.05)
(Table 3)> DIZERE 100 E/m’ $HA7 98.7 + 1.0% FEift P10 S B B HE T - DL 400 B2/m® 4
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Table 3 Survival, average weight gain, yield and FCR of shrimps cultivated in tanks with net-liners at different

stocking densities

Group
100/m? 200/m? 300/m? 400/m?
Survival (%) 98.7+1.0" 96.4+3.2"8 92.4+0.4" 93.0+2.5"
Average weight gain (g) 11.77+1.54" 10.76+0.94* 6.56+1.718 5.61+0.93®
Yield (kg/m?) 1.30.12° 2.29+0.09* 2.16+0.50* 2.52+0.417
FCR 1.66£0.1148 1.52+0.04° 1.92+0.34* 1.78£0.12%8

Means with different superscripts in the same row are significantly different (0 = 0.05)

Table 4 Survival, average weight gain, yield and FCR of shrimps cultivated in tanks with different treatments of

water

Group

Exchange water

Zero-exchange water

Survival (%) 97.6+1.9% 96.4+3.2%

Average weight gain (g) 9.31£0.63% 10.76+0.94"
Yield (kg/m?) 2.0420.118 2.29+0.09*
FCR 1.49+0.08* 1.52+0.04*

Means with different superscripts in the same row are significantly different (p = 0.05)

2.52 kg FB/m’ ek o GPRHEHEERDL 200 B/m’ ff
(4 1.52 £ 0.04 B2 300 EB/m* 4 (p=<0.05)

B A B A1 22 T R B o K TS = B
FE BTG 4371 R 100 B/m® #H 0 g~200 F&/m’
#H 100 g ~ 300 &/m” #H 200 g ~ 400 J&/m* #H 600 g -
AR R B — R © 400 BB/m’ {15E
3.68 + 1.54 mg/L » FAEE % NS ELE 0.2
mg/L 7ty o BREE—EREF L nmRg st - Hexr
IRFREIAE 25 A I RS 72 52 - SR A
PR ARSI T i B Hoh 100 B /m’ #
7 868 + 29 pg/L - 2% NRRIAREAE 400 pg/L
T o WEFREE SRS e R AR L the
BEEEITRG AN » B by 400 BB/m’ # - #Ea Bk
TRHE 51.94 £ 6.61 mg/L 254 & IE Wk FRERE L
TRV AR A T o G R % B i s
mreniE 19.56 £0.71 mg/L - RREEMEIRGIRAE J71H -
P E N EME - SEABIRE 25 SRR -
B R 722 52 RS 110.0 £ 20.0 ~
179.2 £ 15.2 mg/L -

=~ PRI RIS RUK S B s 2

SRBSS PRIRFRUKAH B A UK R RS~ S
Eohd e e B R R I 72 2 (p=0.05) » AR
DIH/KAHI 2.29 + 0.09 kg/m? B A HAZK A 2.04
+0.11 kg/m® (p=0.05) (Table 4) - FAHMEE S ~ o8
PR ~ TR 2 BT [ AR e S B
AT MR 72 (p=0.05) o 5 JAHE 2 3B i
o ANBUKHH E R R AR I B R /K = (p
<0.05) -

— > ANHUKFETH R A i
PRV ZS=pd 72
AR T IS 5 KRR 26 ~

29.4°C > VEEE R 5 mg/L > pH HLIRINGIK ST
HAVHEALE 7.0 ~ 8.0 FYRFE H IR B ECRAVRT: -
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AR T X GEREHKRAER R -
RETER Sl A A 2 BRI K E AR Y)
FMBGRY 7> TREE A (NHy) » fENEUKERIER
M R ERBEE L 2R = — Rk
TR A VIR IR ML - 55— RIlE M LHH B A
A B LR FE BRI % (Thakur and Lin,
2003) - FTLAAEUK BT ARG 2 RIFRIEYI AR
VIR R SR AER K ERERE - AGES fufd
B BB R BRAH - BB TR A 22 e T
e L H ESTHA 0.22 mg/L> kt Lin and Chen (2001)
P e A 22 22 5 T MEREIEAE. 25 psu Bz 35 psu /1Y
LERYRIE 3.55 mg/L 1 3.95 mg/L SB{KIR % - [KIt -
B B O A IR B R 8 R 17 T S
R o BAiHER  ERARUKCRRER ROt T
MARE © 150 GE BRI - MR Z IR
By LT AIRERRHENIZEREDRL - A EKRA K
T EL -

RN R R A A A L B BRI 22 1
FHRYHREEEY) - aahi PR AR E K E E L
R ~ IR SA S A Z TR - F R
3t L (Chen and Chen, 1992) - Chen and Lei
(1990) #5 H nn A IRHA 22 AT S e R B 7 IR Y 22
28R 3.8 mg/L  Lin and Chen (2003) RifgHi5x
TR 22 6 U HEMBAE 25 psu Kz 35 psu BYL &R
FE53 Bk 15.2 mg/L F1 25.7 mg/L - 355 25 % AR »
B SR SRR 1 A I eV B L LA PO RA T =
B 0.4 mg/L » BREER L BIREKETS -

TEMSERERE T - M BRSNS
HUR AN RUKCR I RE A RO A 2 A R ER R i
Rt m AR - HEH R I CE R A A
PR AR IR R IR = Y H e =4 - SEnTREE
sl RS SRR A BRI A B - R R {ERR AR
R KA A IR L R Ny BRUR H B=IH
JREGHREER - AL - EELUEI & R G
JERRRREA RS BRI (ASERY 0.2 mg/L) - HH%
TR EER - 5340 - BRI /K iR G Y
ANE BRSO BERRAL - R TR Ia IAREH
¥ pH B > Hp DU HCE R R R I R i %
AL B B A SN - IR RE I 56 22
JEVNIN » 58 HL Bratvold and Browdy (2001) fEE5H
FEIECERSHROENRENRAE pH {H Tl - N6 HAE G B AR
SRS IR R ARG AL - HS B T RERl S

R E A FRAETT » RURsl Z E HI PT LARS g -
TEAEER /K R JE RS G I F F ] DL B e
R MEMEIIZRIN (van Rijn et al., 2006) -

— RIS ETR S 1.5 ~ 2.5% MRk - 384k
BERZ 2R E AN - IR SRR 1.07 ~
1.16% (Penaflorida, 1999) - AR RHH » 545
IR IR - HLBRE RREA /KA -

ARBEAG TRIRY - EENRE S S R B R SR [ 7
EE B S E = - G2 R RSl 7 [
gL ~ M2 s MR et - ANtk - —J5iE ]
WA /K e R E IR » 53— 1A - Pl A
TR A ER S (EHARR 0.2mg/L)F RN
HEASIR Z R Lk N T A R IR - B2
FERH AT RSN - R T 72.5% HYRIE
[l - ML 49.4% » #988L5y 46.3% S HMETH
Ry 5.7% ° 5% (2005) fH - HRESE & A FAER
KRN - RRIERM T > HABRIRE
FER ¢ FCR #FHREE 3 R Rsitizkh 46% HURERLTE
AR B ~ AR SR B S AR IR -
BR S4% Ry G - FERIRRY 5 um AYSERI A
AT HE s & FFH (Moss and Pruder, 1995) - #X
i i R 26 B A B R — D5 e B AL TR A
& AJREEEUER TR S50 BB YRR
[ 2 BT i A P mT RERH ZE M0 - N5
JE - [RIGH EEE R T [ AR B AR S B R B A e
MEREAE S R E I IR 5 B & (Ray et al,
2010) = AR EEEBESK » fILSHAIWmAEAER
SEERGE ~ FE R e FCR i RELE - At LAHER]
MR HIRRIE FEIRSHERFAE 200 mg/L AeAn B EEAT L
RES » i EnEfEficE R 800 mg/L K5 - HIW]RE
BEURRTAE R Sm BB R ESeR -

T~ R R AN ROK R T I R B
7K

K Ry BEA KGRI B E I > ESCEPYRE
AN [F) 7 EER AR - AR G S e e R 2 AT I
FS LR RS EAZ - 400 F/m” fHFH S T2 i
o RERIETRHR % R Z R R E =
M o RREREIHG T - AR B EREE - BRI
Bt R BRI I A R R 2 5 -

AN [ 5 FEE LAY S5 8 B R 2 SR - DA
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Table 5 Concentration of total ammonium nitrogen (TAN), nitrate, nitrite and orthophosphate in exchange,

circulation and zero-exchange water cultivation system

Concentration(mg/L)

Study
TAN Nitrate + Nitrite  Orthophosphate
Cowan et al. (1999) 0.56 0.1 0.03
Martin et al. (1998) 0.01 0.001
Exchange water
Ziemann et al. (1992) 0.06 0.03 0.04
This study 0.12 74.48 20.04
Circulation water Burford et al. (2003) 0.90 2.77 0.6
Zero-exchange water This study 0.15 150.02 59.94

100 F/m” #HE P Eil s H &% PRy 400 B/m’
ARG > BRSNS IIE T IR R -
AR IR A T 8 b SR S A i
][RR A B 2 AR B A R R I B R R © DL
FERI = » VUMHERZ= T > 200 F2/m” ~ 300 J&/m’
e 400 F&/m” FHAEE B HHEEE A 100 B/m’ 1 -
A i e R e s B 55 /078 200 B2/m” DA
b o FEAREEET > 200 B/m’ fHAYEERENMES
B ISR EE e E i o O AR RO IR,
WU > JEERR (2005) HYEESTHNERE - HLL 100
150/m” Bl 200 J&/m” (497 65 2 FT U > 7530 200 2
B R » LIRS T R
B BUEISR E AR N BBRARRY BT AR -
IR BUK B IE B RE DL 200 BB/m’ By fE -

=~ HBHBOKNIANGUK S el 2 2

R T REARBYEIRE - FREEEEE
DIR EHOK & AP E R - HErgtk
ReaEIMUE S HE S RE » EEREG3
(Hopkins et al., 1993; Kautsky et al., 2000) - [L4p »
FETEZKAYSEAR T REARHRE R 5 [ AR« FEA UK
HUE R TR R - S A Y E REE G R
B BAOMRARRE - MERKERE - BRI
ATFI B Y AR 2 T T IB A (flock) B il
PEERE E{ERY) (Avnimelech et al., 1994; Moss
et al., 1995, 1999; Avnimelech, 1999; Browdy et
al., 2001) - 7kt & EPrE NG RHUK A @ 1

N REN I A IEER R BRI EEY) » v A B
HE B RKE (Hopkins etal., 1995) -

IR AR TR R AR A -
FiBREE ~ SRR (E BRI SR A Table 5 -
AGRES RO ~ SE AR (R R R
b bttt e i s HiEr % o (HIRAR B S
HIFER o (AT HA K 2 T v Y Pl B T
HEREAHEHME TP 2 AE » i b/E iR d
WE B BRI o R HR/K S R E RS A R AR
TR LR HEE #Sh (Juliette et al., 1993) -

A EREE KRR 30 73R ~ S
P8 EE R BRI A B (HAAHRRARY
FE B = RU/KAH < Moss et al. (2001) 3 DIAN[EIZK 5
B BPEEA AR Y ok S
I EEERAR AR - IR ECR IR EE DU R
17KV Ry 2 5 /K R B > (K1 Moss 2 A
TR BR T Bk A A - BT KRS LR
EE e IR o SRR B ERTHK
FIARELL » BR T AT RHRHOKAIRA - — k]G5
ERTEIE RN E - RS UK
R -

25 3k

BREZI (1995) /KESEIIEL/KIYIEEREIE. BEREeWE
#2T, 51: 6-13.

TS, SREE (2000) HEEREIMEER/KRHEREH
ARG, AYrEIRAEYIE, 2: 51-56.
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rhE KT TERBe R L IR RE B ER ISR BRI (2005) AHEREH
R UK PSR 2 b T ik — OOBIERTR, NIEA
WA419.50A). #RIRIZIE RS, MRS Okhiaus i
B MR e AR /71 — 103°C ~ 105CHZMR,
NIEA W210.56A).

IR (2005) ANR/K HIREIE BT < BT, Bz L
RERGFEEA VIR RTiE 30, 127 pp.

BRF 55, o, MEEEE, MOEEE, TRIE, ReE
(2000) #EAHFETE AT E A Z. BIE AAEETL,
adt, G,
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Effect of Stocking Density, Substrates and Water Exchange Rate
on White Shrimp (Litopenaeus vannamei) Culture
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ABSTRACT

This study aimed to find the best zero-exchange culture model for white shrimp (Litopenaeus vannamei).
Shrimps were cultured in FRP tanks (2 mX2 mX 1 m), and organic particles were suspended by strong aeration.
The following three experiments were conducted: (1) substrate: net-liners, net-pockets, mats, coral granules and
blank control; (2) density: 100, 200, 300 and 400 ind./m?; and (3) zero-exchange water and exchange water (35%
ponds of water / week).

Shrimps cultured in tanks with net-pockets exhibited the highest yield and average weight gain and the best
FCE, while net-liners isolated the highest amount of suspending particles. The average weight gain of the
shrimps was decreased as the stocking density was increased; furthermore, they grew more slowly when the
density was in excess of 200 ind./m*. Orthophosphate phosphorous concentrations of the zero-exchange system
were significantly higher than those of the exchange system. The inorganic nitrogen compounds were all at safe
levels. When compared with those of the exchange system, survival, average weight gain and FCR did not differ
between the two treatments; however, the yield was higher in the zero-exchange system.

In conclusion, shrimps cultured in a zero-exchange system with a density of 200 ind./m” and a substrate of

net-pockets produced the highest yield.
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