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ABSTRACT A 113-day experiment was conducted to investigate the efficiency of bio-floc aq-

uaculture technology (BFA) for water quality control, disease resistance and growth of Litope-
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naeus vannamei in intensive farming systems at different stocking densities. The experiment
was carried out on traditional farming treatments (TF200, TF400, and TF600) and BFA farm-
ing treatments (BF200, BF400, and BF600) at stocking densities of 200, 400 and 600 ind/m?*,
respectively. The six groups of shrimp were kept in 18 indoor cement tanks. Bio-flocs were de-
veloped in BFA farming tanks by adding sucrose and probiotic with very little water exchange
during the experiment. Traditional farming treatments were cultured with traditional methods.
It was found that the water quality, special growth rate and survival rate of the shrimp deterio-
rated or reduced with the increase of stocking density in all treatments. However, BFA at
stocking density of 400 ind/m’ revealed advantage in closed farming systems of L. wvannamei,
compared with the traditional farming at the same stocking density (TF400). In BF400, the
bio-floc volume increased by 3. 25-fold, while the concentrations of nitrite-N and ammonia-N de-
creased by 67.9% and 72.7%, respectively; Water consumption decreased about 33% , and
body weight, survival, special growth rate and production per unit of L. wvannamei increased by
14.5%, 156.3%, 2.4%, and 194. 1%, respectively. The production of BFA farming at stock-
ing density of 400 ind/m*(BF400) was 4. 01£0. 94 kg/m*, showing the best environmental and
production effect.
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ST EL AT AR e GEORHY ) ] 2R S8 LS SR W o A 406 BR R R L 4 R T2 X0 0 B KB ) (Crab ez al. 20105
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B Ry A AELTE [ P X MR 3R 5L I AT A T R 2 B Bt DR LG B 5 A 0 22 A R AR A % MR 2 B, G G 2 L g i X
W R 2 BRG] PR XS R S M ) e AT B L

AR S5 7 LE T WIS G UE SR B AE W0 R AR R L 7E 55 50 7K R o B N sk R AT A 80 4 X IR R B K
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JUEXSEF L. vannamei T 2011 48 7 J 14 HWl H IR H BIEF 7 ALK 0. 78 £0. 06 cm, FH K
0. 009 240. 001 0 g, ZeXFUF [ BE 25 A AE 5 1 (WSSV) B b PRk 7 22 SR 0 38 750 60 46 00 oA B ok 2
150 g/m’ i W RE W23 20 s o F5 AN [R) 9 T 30 45 T2 A A 25 1K Tt o 8 SR RDARE DAy 255 R 6T O 5 1 L
FRER A2V A g R R0 kg R R R AR T 2 S S R 2 AT T AR T L A A A RS £ AR
BN 10° CFU/ g, A HUBRIE 0 2 R AR B0 W . 2 W 4 99. 4500

1.3 KB 5EE

I E 200,400 F1 600 B/ m?® (50 B FE . 4 i 3 ML S SR FE 4 (TF200, TF400 A1 TF600) 1 3 4~ 22 4]
FRHH A (BF200 . BF400 #il BE600) , BRI 3 A AT, 43 3 #c e 4-1 HEAT R N 19 5% 78 A8 B, % B 190 1] B B 37 B
5 G Tt DY ) B T RN FEAE , R R P 2~4 IR IR 1~3 om B F i AR ERY 7000 ~10. 005 A K 3~7 cm
B B IR 4520 ~T7. 000 4K K 7~10 cm BF L B HARE R 3. 00 ~4. 520 s R K KT 10 em B, 4%
PR SRR 2. 0% ~3. 0% . JuER R B R A4 E 1 ARG ST IR 351 ol B LR B 45 0
. 24 h BETA.
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Table 1  Daily aquaculture management of different groups

T B )
P ) ) o I H 4 B
Stocking density
No. ) Group Aquaculture management
(ind/m?)
TE20 200 lEEE 0~30 d. R4e/K531~60 d. % 3 d 4K 1/3;60 d Ji . & 2 d K 1/3.%
0
Traditional aquaculture H0 e 43 L
BE200 200 ENGE 0~60 d 47K, 60 d J5, 5 5 d 4K 1/3, 8 BLARDE M, IF 5 ) t 43 me
Bio-floc aquaculture HI 70X WA AR A 10 d 4% 10 g/m® B h0 B A 3 w
- . (R 0~30 d, RHesk:31~60 d. % 3 d #k 1/3:60 d Ji, 4 2 d #ek 1/3,%
00 00
Traditional aquaculture F A R 5 M
BEL00 100 EZiE 0~60 d ANk ,60 d J5 .55 5 dH#esK 1/3, 5 HLGERHE 0R, IF 4 17 R 4% 1
Bio-floc aquaculture B 70% IR BE 4 10 d 4% 10 g/m?® T8 InF) 2E 3%
TF600 600 gt Il 0~30 d, RHesK:31~60 d. % 3 d sk 1/3:60 d Ji, 4 2 d #esk 1/3,%
Traditional aquaculture ) 45 R
BF600 600 ECiP 0~60 d N7k, 60 d J&, & 5 d sk 1/3, % BLARDRL8 MR, IF 8 1 ek 45 i

Bio-floc aquaculture

700 USRS HE A5 10 d HE 10 g/m PR AL 1 T

1.4 ZEAEREHNUE

FERE] LA 15 d 22 A NEA IR T 9 4 A4S0 A Al S /9 2 K A B 1T 000 ml, IR AT, B AL
1 000 mlF Nalgene HEIEULIEF FEFE 15 min, B FEPE E . HAY B #%5E (DH-2, OLYMPUS) W45 22 (A
DUTE W) 0 2H A 43 o 3 1 S S A AT A A5 2% (LY-WN-HPCCD, i #B il #5) #A1 & .
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1.5 KRIEFENE

FRGER] L R R YSI566 845 X 2 2 80K BTl X (YST, R [ED 7E 05 = 30 A1 17 = 30 ) 12 4 5% 4 it 14 I
JE ERRE AN pH AR HUK AR b s B 15 d 2 1 YS19500 A 485 30K 5t 23 M AR O 45 6 0 4800 firg 1R 260 A
7R & CY'STL 3 ) I 5E 45 77 B /K A 9 20 0 (N HL-ND FIIE AR R 280 (NO,-ND &5 8

1.6 HERKIEB\HRMNE

F#58 113 dJi » HET R i K 3k xR . A BCER 50 B T HL R SF CAL104, A4 ) 0 8 4% L 44 ¥ it dp
PRI LT 5 FRRR 5 45 95 50t B X MR S 3R B8 7 o, 3 DL 28 00 B30 X R A7 16 38 L X MR 4 8 18 4 38 DL R X R
(DA

P76 28 (06) = Xo W B AS T ARLUAC AR B5 A / % R B A7 T AR I At < 100

P 5 1K AR (U0 = [In O MR W 34N 1A T ) — In Cob R0 B3 SR 16D 1/ 558 8 R 50< 100

AT i (kg/m®) = XF BRI R B T /R T AR

1.7 HRiBEFMENITE

48 Avnimelech(1999) SE5 Y E MR M FRIE R 5oy C/N A R AR50 19 2 5755 20 BF200, BF400
A BF600 Jfr i 2 (4 fie I A o 4

AN=Feed X Protein feed % XN protein % XN excretion %

AN=ACHXC % XEX[C/N]

[C/NTi 532 AW A B I TC R AL 2078 5(Gaudy ez al.  1980) s ACH Sy i I VR il it 5 C 26 g 5 Jin ¢
U it . 2900 500 E N T 3R MU MR A B IR 202 50 % 5 Feed S MERHZ I & Protein feed Y020
TERH HLAR (1 & &5 N protein 26 9 8 FUAY & &l 292 16 265N excretion Y0 A FHORE g g 2K 7R o ) (L 24
9 50 %6 AT LG T ST RR TR A R 42 00 (R0 MR EEDRL I i B K 1A e i R T T e U A I 24 S ) e 4% R
702,

1.8 HEZit o0

K F SPSS 13. 0 X4 b 17 8 R 2 7 22 087 . Turkey Z R 55, L P<C0. 05 VR 25 5 58 2 K ) 2 4
.

—_
[\
=1

r —e—TF200 —=—TF400 —— TF600

2 H£R ™ ~--BF200 -~ BF400 - BF600 %
22w -
. i
2.1 EYMEBARK 5 60f
=T 40
55 091 i) FH U9 35 s - 7 K BE 15 min S B@ 20 g
DRI AR AT Y GUBURE i SR ""10 20 30 40 50 60 70 500 100 110

YR A BB NG O . DA A K AR i B 2 DT RR F AT Culture time(d)
A UEE (B D, ZRAFEHEA (B BUL  TF200.TF100. TF600 43 1 545 41 200,400,600 ind. /m? ; BF200.,
HEHES TES M4 (TF), 105 d W, BF400, BF600 4 3l 5 % H 33 %4 40 200, 400, 600 ind. /m?, TF200,
BF200.BF400 .BF600 E],(J %‘5 {ﬁ: *Ri 67\7'3” I *ﬁ TF400 and TF600 are traditional farming groups with the farming density
R 5 R T AL T T 12 {5, 3. 76 4% A of 200, 400, and 600 ind. /m?, respectively; BF200,BF400, and BF600
4.66 fif . 22 5% . (P<<0. 05) . R WAL ) 5 P 3% 600 ind. /m?, respectively. Same in the follows

R 3 1ok TG O A0 SR SRR A PO BT RBE g 1 paesge g 2 0 45 K o 8 T BB 0 20 2575
A 2 A, 5 G 3R 5E 4 TF200, TF400 i Fig.1 Dynamic change in deposition of the suspending
TF600 7€ 0~31 d By [a] YL AR & A Wr e . #F 31 floccules in the culture tanks

are the bio-floc farming groups with the farming density of 200, 400, and
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~107 d AR FRAEFE 12. 60~17. 45 ml/L AR AK - R SR % E A Z RN R R A TR &L R7 (P>
0. 05) ; # W FRFH A BF200,BF400 A1 BF600 7£ 0~63 d (8] , A= ¥ 22 AL ok 1k B 53 51 285 32 100 385 n 7 4 82 e it 4
Tt H4% 41 18) 25 5 . 35 (P<<0. 05) W 7E 77~108 d W] 4% 41 18] (4 A= 9 22 B i A8 Ak i 3 2 % (P=>0. 05) . fa 5@
FE 74~96 ml/L 1=K,

T IBE T SR AL G R A RV A SR A b R R T R S G540 . A% G0 37 Bl ALK AR b 19 B TR ) 22 o0 X IR 3
VR A DB TR W % (I 2-20) 5 22 AT 35 8 20 BT TV 1010 A= 0 22 TR 5 4% 0 5 B 2 /K R b i) BT 0 A B 220k
VA B 5K 50k T 22 LR (0 A 0 T O T T R B K R A 2 R AR sh W R A 4 (T 2-b)

Bl 2 &5 370 2 () FITEE L 3R 5 20 () Hh oK R 1 B 1R 0 1 10 BB 1 B 25

Fig. 2 Morphology of the suspending floccules in the traditional farming tanks (a) and the bio-floc farming tanks (b)

2.2 JKEHM

2.2.1 pH HIHHE

A2 BRI 3R B 45 A R KR B pHL RIS i e MR SR X 113 d 3% B ok A v 14 4% 4t 77 B 4 2 AT SR B 4H 1Y
pH MM ATEAT TIE (3 2) ., 535541 TF200, TF400 F1 TFE600 [ ¥ it S bl 32 58 2 3 14 348 Jin 1 4 A6, 4%
4[] 22 53 @3 (P<<0. 05) s 2 F# 5 40 BF200 . BF400 F11 BE600 F) 75 fiff 42 it 77 1 %% B 110 335 i 1T % 41K o 4% 4 1) 22
S E (P<<0.05), B EMTHL G FRAA(P<0. 05) ;L H A4 pH 1 8. 33~8. 54 JUH AL 5, 454
[B) JC . 3% 22 5% (P=>0. 05) s Z A 325 41 BF200,BF400 #1 BF600 [ pH 3% 58 %5 B (1 35 Jin i BEAIG . 45 4 (7] 22 5 18
#F(P<<0.05) , JF b FAL T &AL G Fr A 240 (P<<0. 05)

£2 Z13dFEKBKEHABEM pH S

Table 2 DO and pH measurements during the 113-day growth-out period for the treatments

TR I (R

i ) . i 4 (mg/ 1) EJGE 4 (mg/ L)
Stocking density Traditional pH pH
DO Bio-floc farming DO
(ind. /m?) farming
200 TF200 6.7840.83 8.4740.15 BF200 4.474+0. 64 8.15%0. 21
400 TF400 5.49+0.75 8.38+0.17 BF400 4,044+1.23 8.02+0.19

600 TE600 4.37£0.85 8.42+0.13 BEF600 3.77+1.57 7.82+0.31




116 o B o 3 R %34
2. 2. 2 Pﬁ‘iﬁﬂ(ﬁiq’ N()Z*N éj)%]vﬁﬂ g{’ﬂﬁ 9r —0—]"13“1;%8(()) +]"13“gjg(()) ——TF600
S g5gp o —E- ~#--BF600
X E AN A 2 L ég?
NO,-N g & it (& 3). f& % 3% 5t 41 TF200, M
TF400 F1 TF600 7 0~ 30 d 1 ] 1) ¥ fs R & & i% g4l
R ZE 0. 003~0. 243 me/L (B AT AT 7E 5% o
B 06~92 . BIEE B AL S8 4 4L T Hai]

i R BT O BE SR A R S8, b TR EE
K,F5E 107 d B TF200, TF400 #1 TF600 # iV
TSR & 8 4 W3k 4. 424 0.53.6. 334+ 0. 74 Fl 3 B 3% B 4 RN 2R AT 3R 5 2 77 B K R 0 ST R L i AR Ak
7.46-1. 02 mg/L; i 2 B 52 5 41 BF200 . BF400 Fig. 3 Concentration of nitrite-N in the traditional
F1BF600 (14 37 fiFf B2 2 7 1t 19 T e 458 AH B 19 1% 4t

FETH 4 3 B K (P<<0. 05) S Y18 43 S AR T

FEFEAT ] Culture time(d)

farming tanks and bio-floc farming tanks

62. 8% .67. 9% Fil 45.1% ., #: 54 108 d it BF200 N 1(2) TZ BF200 - BE400 - BF600
A BF400 2169 57 A 2 28 & 43 308 1. 74 40, 19 T Il
il 1. 68£0. 10 mg/L, BF600 {7 i i % 7 B % @ % i
B ik 3.7840.59 mg/L, Bz o4l
2.2.3 FeshoAk4kd NH,-N 6 8 8 % 1t fa
A=Wy 2R IR B AT S IR R A K AR T Y 0

(I) 10 20 30 4‘0 5‘0 6‘0 7‘0 8I0 50 160 1‘10

NH,-N ()& & (& 4, oM aE 0~14 d F2 5T A] Culture time(d)

AR PR ASAE 0. 03~ 0. 47 me/L MBI 0o ot 1 o 20 0 6 R 2 25
7J(S|Z +15~30 d I S 25 ] Ao 382 MR Ak 01 18 2 Fig. 4 Concentration of ammonia-N in the traditional
HEEPCE EFF.31~107 d EA Ay AL L farming tanks and bio-floc farming tanks

T, L THIR S R0 % B B IE A O, SR 107

d Bf TF200,TF400 1 TF600 ZH i) 4 A&l & & 43 S s 3k 4. 74 40.53.7.28£0. 93 F1 9. 48+1. 18 mg/L; &Ml 3%
B2 R A B AL B S B 4 B 2 AR (P<C0. 05) , BF200 .BF400 F1 BF600 4% 41 11 - $4{ He AH 7 14 1% 45 37 58 41
SRR T 67.5% .72, 7% F1 62. 2% ,F£58 108 d B} BF200 F1 BF400 & A & &4 BEZE 1. 84+0. 20 fl
2.04+0. 24 mg/L,.BF600 & A &~ 3. 73+0. 66 mg/L,

2.3 ERWE
257 845 4 3734 Traditional farming

2.3.1 st¥F4kE 20 & @ % [# 3% 74 Bio-floc farming

FRAH 113 d J 6 FLAh i X F i A= P 2 Ak
(B 5) . AL 58 3758 2H F 22 141 55 58 20 1 20 (] 0 0 44
2R R (P<C0.05) , AN 37 48 Jr =X 19 X oF {4
o2 B R 0 A R B R S g SR A .
TF200, TF400 #1 TF600 #H M, 28 H 3% 5 4 200 400 600

FEFAFF Stocking density (ind./m’)
BF200 ,BF400 1 BF600 fy % 4F 44 5 43 Bl 48 7 1

—_

HE (»)
Body weight

Fig.5 Body weight of shrimp in different treatments upon harvest

20.3441.09 g F1 BF400 [ X} ¥F & & 14.57 &
0.59 g. % m T BF600 (X HFAE 10. 26 0. 57 g, 3R WA= W) 22 P HOR 7T I 25 32 @ X iR A 4
2.3.2 XWHEE

FRAH 113 d JG e T RHER B AE T 3R (B 6) . 15 G0 97 5 4 22 [T 5% 4 40 1) A 4 1) b R A7 7 R 2 R |8 3 (P <<
0. 05) , Ff: bifi 75 78 25 B 9 19 I i B 1% s 546 G 323t 20 TF200, TF400 F1 TF600 #H Lk , 22 1 3 58 41 BF200, BF400
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A BF600 (1 X K £7 1% % 4y 5 2 7+ T 27.0% 100+ ® {46943 Traditional farming
156. 3% 1 102. 8% , Fe W1 9 2 W1 A T 60 35 425 ool R
I X R A3 55 Horb BF200 (9 %4 R 473 26 75. 3% L E ool

+11.59% F BF400 Y X F 7¢ 7% % 68.3% + ﬁgm—

13.32% 45 % & F BF600 ) %f iF 72 1 % 25.0% + %520,

22.34%. |

0
2.8.5  AHARRI KA ;Ogaggez Stockin4got(1)ensity(ind./1161?)0
FEAE 113 d J5 I LA s X R B A= 2 R
THA A A XTUR R R E B K R (K 7, R4 3R 5 41 A
P SR A A ) X IR R R R 2 R 2 (P<
0. 05) A7) 37 58 77 2 0 R 8 A K SR 349 I 77 5 9% B 1Y
P& s KRR 5 A% % 3% B 4l TF200, TF400 Al

Pl 6 A% 458 37 B 20 11 28 11 57 B 20 W3R R 1) A7 306 38
Fig. 6 Survival rate of shrimp in different

treatments upon harvest

7.5 f£%i 324 Traditional farming

TF600 #H [, 28 A 33 58 41 BF200, BF400 1 BF600 = £ T © % [F13: 58 Bio-floc farming

f K 5 5K R BT T 1 6% 2. 4% A W2

1.0% s ot BF200 %4 5 45 5 4 K % 6. 98% + - B

0.05%/d 1 BF400 [ % IF 45 52 8 K % 6. 67% + 58 6o

0.00% /d 275 F BF600 f %I 4 56 K % 6. 35 = e

+0.05% /d, 3 W A 4 22 P R T g 2 v ) R $ETUB I Stocking density (ind./m?)

IR, CRN Y E S O Pl B OISt v

2.3.4 HFELFE Fig.7 Special growth rate of shrimp in different
FEHY 113 d J5 48 i1 6 4R /Y B T AR R gk B treatments upon harvest

(] 8) A& Gt 57 4H 41 AN 28 [ 37 48 41 1] A X6 0 B A7 7=

HBEF R FE (P<<0.05); 54 55 41 TF200, 67 o {4 4954 Traditional farming
TF400 Al TF600 Af L. % [l 3 % 41 BF200, BF400 5 Sl iilo o iing

1 BF600 FY % HF 8 1 7= B 40 B4R TE T 46. 4%, N

194. 1961 118. 6 %6 5 oot BF400 1y X R 837 7 ik o W= |

% 4,010, 94 kg/m? , 55 5 F BF200 ) 645 i i

7FoE 3. 06 0. 43 kg/m? #1 BF600 [ X} WIF B {7 p= & 0 : |1 ]
1.5340. 35 kg/m’, 23%%%1}{ Stockijg?iensity (ind./anOZ;)

3 it P8l B F A 4 148 VA 95 4L X £ 7

Fig. 8 The yield of shrimp in different treatments

A 2R VAR R FE K AR TR DL SR SR A o AR
2 W) B BEAE I AS S K M T A LT TE AL AR Sl ) A0k 2R AT R 2R . X 8 SR 3R R W K T E R
AISIE. ¥ PR A S HE A A B AR BT ol U 5 L TR e A AR R A ALAR I . h T 53 3R A 1 5 I B 26 55 A O
A= AN TR] AN BE ] AL T ALAR  HC T 7 14 i R4S AH R0 A AR A1 T B I 1 K o ) A ML S 2 3 S 8 1Y 5 2
FE S 58 1t A8 v 5 BN 7 A LB IR (Avnimelech  1999) . UR[R] 19 5 5% 35 A= W 78 77 58 P4 455 vh n] g 43 08 B AT S5 10 3
TR » 24P BT 25 10 25 I o 2% AR B0 AR W T RE DR B AR TN O R R . O 1l A R U R Y 18 L AR
ARSI AR S AL B IR B0 [ IR AR BIF 5 i 3 A S 93 A K S R S A 45 B R DRI AR B 2R R A AR L
(Zhao et al.  2012) ABFFEEE R AR 38 5 0] 5% Fe /K UK Hh 5 00 £ 08 701 45 A= T+ BE L fie 1k 5% 50K 1A JE AR

E A KRBTSR B TR 5 BE X 0 R IR A B R . A B A (2012) R B L T R W 30 2 R W ) R 3R A
8 — A BRI IR 1 Bl R B T A DR X SR A T 0 A R R A R 22 S R R A R HE U T K 5
AT R B X B A K it 8 B A I R R . AT ST R B B ORI K B N R AR B R I
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RGBT X 55 SCARSE (2010) AR 3 4E (201 1) (B 58 45 SR A0 — 2. (BB L WK U5 » il (K 7R v 3 5%
R R R K B R A L S R RS AR E T (Liu ez al. 2010) 1 #EHAK 7= 1 b 5 i 30 K (b i N, A B 5
FEAR K M4 (9 NO,-N Fl NH,-N & (Avnimelech  1999) , A3 WF57 3 B, A= ) 22 145 A A6 B AF 0 35 58 ( Azim
etal. 2008) FIXFUFF48 (Hari et al.  2006) H R E) i 3 M BR N VEF L ARBIF 52 (0 25 S th 3 W, 5 1% 55 77 4 41 A
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