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Table 1 Multiple comparisons of water quality parameters in different treatments mg/L

KSR Z A4 c4 Y 4 Y+OHA
Water quality parameters Blank Molasses Bacillus subtilis Bacillus subtilis +molasses
W& DO 4.3040.12a 3.2840.18b 3.5240.11b 3.40+0.11b
B TAN 0.7540.17a 2.87+0.44b 1.4140.31a 3.7740.43b
AR A NO: ~-N 0.340.09bc 0.69+0.15a 0.54+0.15ab 0.17+0.03c
fif iR A NO; ~ -N 0.48£0.08a 0.3840.08ab 0.48+0.12a 0.20+0.05b
T ifE SN PR SRP 0.57+0.08a 0.40+0.08ab 0.37+0.06b 0.15+0.02¢

7 Note: $UH ~ 3 LAY E LR MEDR Values represent meant MSE (2 =3) of three replicates. 507 55 A [\ 77 £} 2 7% A [A] 4b B
745 1 # (P <C0.05) Different small letters mean significant difference among treatments (P<C0.05).
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Fig.1 Dynamics in composition of phytoplankton density during the experimental period
2 AEAXBHEHTEEMEKER
Table 2 Growth performance of Nile tilapia in different treatments

LgE| 25 1A CH4 Y 4 (Y+OH

Item Blank Molasses Bacillus subtilis Bacillus subtilis+ molasses
¥ i & /g Initial weight 18.3+0.8 18.8+0.8 18.6+0.6 18.8+0.5
A JF /g Final weight 58.0+1.9 62.343.2 62.3+3.4 63.1+3.3
FEWEF/ Y Survive rate 89.0+2.0 95.0+1.0 95.0+1.0 96.0+1.0
AE3 B / % Condition factor 3.040.0 3.1£0.0 3.240.1 3.440.1
1 Fi i/ % Weight gain 2.24+0.2 2.31+0.1 2.35+0.1 2.37+0.3
THBE R FCR 1.21£0.1 1.0740.1 1.08£0.1 1.10£0.1

HBE N 3 N EE A FEE £ FRER Note: Values represent mean® MSE (n=3) of three replicates.

3 i #
3.1 ZII_]LEEX‘IEI/H_’.*J\ ?2[']

ARG H IR (26~31 “CH M pH(6.5~7.5)
TR A RKWIERER., S HABRAT R E
T3 AN SEIR A 3 2 PR R R VR N 2 R B A
SHMAKR AR BRI A A& =T R,
Pérez-Fuentes 2500 % 91, 24 78 0 iy B 28 8 5 0.12
g/L I, A A M 3.2 mg/L M FREE L5
mg/ L. S EUR IR K R b e R E Y el
IKEARE R K AR AR B - 2 A5 T 0.02 mg/L,

SET R LT IRACH. Y HCHAA T
E¥i’9{ﬁﬁ #T 2.8 mg/L HWEE | 0 I K F B
HMERAIE 3% 2% i T8 2 I A7 70 IR 2 ER K AR

pH % UIMIC. Y pH & 7E 8 LI T I, S IR T
DA W e i D NS D O I | R W Sl S P A
ﬁﬁ[m]c KA FE 2 WL Bk U 1Y S I RE A2 2 K A4 S
FEIAE W Ry T2 0 AR B A R B T A R 2 i
TR (14 V25 00 B S 7K A 43 S 7 R 1% o UL, AR 0 2R A
AT 18 DL B 2 B T 1T e 8 A I AR K AR
SR , 7E Dibyendu 251  Mansour ZEM (i ifF 55 o,
W RN AN TR ERES TEA
Qﬁ i‘_'izt\ﬁﬁiﬂ‘]é*%*ﬁl HAL PR B
EIQH HHU Y+CHAR S e, WA
T;ﬁ%%ﬂh%*lﬂfz% 17T K B2 &
Eﬁﬁ@aﬂ‘ﬁﬁﬂﬁﬂ?ﬁﬁﬁﬁ £ k7 T‘ﬁﬁ‘i%\
,ﬁﬁﬁiﬂi%m Y + C 4 W fii§ PR £k RN i R
il A E?ﬂﬂﬂfﬁﬁ@&fﬁ%ﬂ



5% 33

BRI A B oK A% PF T R 525 IRRT 81 AT 08 K T N 25 Al 40 A K A 52 85

AR 20 v X R WIAE 3 SR A L HR
Y+CAD PR AR AL Z . AR AR E 2%
IR A 40 B SR L — A A W) 2R R B R L B AR AR
PR di 25 M A2, O FL A A0 40 18 8 4 SR 7
TH AR A S8 MR AT ST b A BT SRR 155
A 4 mg/ L. BRI SR RS A
PU 8 S0 A A A AN R TR SR S 9 0 R X R
ORI T R AE AR TR B A B v JE e e 25 H A
FIAE B AL, 35 i 25 19 o AL AR 32 2 LU A 19 JE 5L
FHAE .

TEAWEFE o AR TR T A 200 5 97 4 7 AR
5 (ELJE PR DS Y 2 BE O A g, L AR I 56 T 4R Y
A4 JA] L PR WA S RO 10° A/ L am i T
Martins &7 4 F xT HF 22 14T 35 50K 4R L 7 i A
PEFEED T 10°4 /L, MX 2 F4, #4540 B4
PR R W R R TR R R w0 5 Wk B g
(10° A/L) a7 25 [ 40, H 3 2 DUME B 3 (g
HIF O FGEREN T B — BN IR G E IR A
HLJ 5 2 e 9 K R b 2 ol Bl OO0 34 i RS T A
PEBE G 2 MUFTF T 00 B DL 5 T 3 SRR
AP, SR A R TR . HARR
55 AU o U A 0 3 RE A . 2R
J& F 2328 3R K P ORI BRAE R B R (H
FEAYIRE B EFRADE A RS . WkF
JEBAR I 2 Tl K O A Rk IF B 2
PIHEAT TR A A 75 T BOR ALK AR S B =
B SRR ME LU Sz R T DA VR R R SR I RS
.

32 AEAENFTIFEERFIM

o 2 AT A RE 65 i v g R N DR B KL
FER PO LR AR A B A W A R ) DL
R B F A RE AR N A CEE 1 L R 0 L
Do VER WA, B MR A A I R A A A
(10 3% G T TR I 0.1 Y0 A B 25 I AT B X T
AR EA YR AR A LA A S R
BRD % SR G A R 2 AT T A R P R ] L i
A AR AN A o BRSO TP A Y
S B, BTV 1A 0 2K RE 65 A S8R T R B K 1A R ) AR
PrgR Al R OB R B IR AR R, CAH Y+
C UL Y HAEAFE AL BE | 4 4 DL e ok )
R T A A 2 L R R BRI T E AT
(GESRAINE S IPOR =R I 32k = S RE e
FRERREE R T AR ERE I . HAE R AR IE R

K E R K (P =>0.05) , 38 I as J5 A2 i AT 14 42
HEAE KRR AN

E S R N (R | R B Y 1 ) N B T Tl R 3
T AR IRl U 14 A 2R A R BRI MG E
I AR ALK A AR 2 200 I A T 1 5 L R UK L 9 L
gk 7 A B A 4 B A £ 4R IR A 1 PR A T AR 2E 2
A0 A K AH R AE AT S P RUR I AN W3 LR A
Al EEAE TR K et P A S E AR R R
T 5 5 1 B A K DL Rkt B2 0R IV i R LAY R
M. FEARZRG D, T 519K 8 5 BOK K7 i
AR IR G = TR A P T B A G A VR SR AN
% o T LAZK A 1) 35 A8 AR R RR BE b AOM F 3 SiR A%
PRt 3 3k N T 50K AR 1 T B 1 oK s i 480 0T g 2
ER/E NG E W G P

2 % X W

(1] Jr & Je 2 R R0 W0 i 56 S W 38 1 L 44 358 X 0 X WSSV ) 5 gk
PERFF D], b . bR, 2016.

[2] GUTIERREZ-WING M T, MALONE R. Biological filters in
aquaculture:trends and research directions for freshwater and
marine applications[ J]. Aquacultural engineering,2006,34(3) :
163-171.

[3] AVNIMELECH Y.Carbon/nitrogen ratio as a control element
in aquaculture systems[]]. Aquaculture, 1999, 176 (3). 227-
235.

[4] CRAB R.LAMBERT A.DEFOIRDT T, et al. The application
of bioflocs technology to protect brine shrimp (Artemia fran-
ciscana) from pathogenic Vibrio harveyi[ ]J].Journal of applied
microbiology,2010,109(5) :1643-1649.

[5] CRABR,.DEFOIRDT T,BOSSIER P.Biofloc technology in aq-
uaculture: beneficial effects and future challenges[ J]. Aquacul-
ture,2012,356/357:351-356.

[6] ZOKAEIFAR H,BABAEI N.,SAAD C R, et al.Effects of Ba-
cillus subtilis on the growth performance, digestive enzymes,
immune gene expression and disease resistance of white
shrimp, Litopenaeus vannamei []].Fish &. shellfish immunol-
0gy»2014,36(1):68-74.

[7] SCHRYVER P,CRAB R,DEFOIRDT T,et al. The basics of
bioflocs technology:the added value for aquaculture[ J]. Aqua-
culture,2008,277:125-137.

[8] CHEN M H, SUN Y, KONG C M, et al. Effect of dietary
phosphorus levels on growth and body composition of crucian
carp,Carassius auratus under indoor and outdoor experiments
[J]. Aquacult Nutr, 2017, 23: 702-709.

[9] PEREZ-FUENTES J A, HERNANDEZ-VERGARA M P, PER-
EZ-ROSTRO C L,et al.C : N ratios affect nitrogen removal and

production of Nile tilapia Oreochromis niloticus raised in a biofloc



86

ok R L K R

%37 &

system under high density cultivation [J]. Aquaculture, 2016,452;
247-251.

[10] #4506 B B e . (Oreochromis niloticus ) X} 2 2 WGl R 5 &

Jilv 360 4y A B IS [ DR 5 B AR OL R A, 2015,

[11] SCHNEIDER O,SERETI V, EDING E H,et al.Molasses as C

source for heterotrophic bacteria production on solid fish waste

[J].Aquaculture,2006,61:1239-1248.

[12] RAJKUMAR M,PANDEY P K, ARAVIND R, et al.Effect of

different biofloc system on water quality, biofloc composition
and growth performance in Litopenaeus vannamei (Boone,

1931) [J].Aquaculture research,2016,47;:3432-3444.,

[13] DENG M,CHEN J,GOU ] W,et al. The effect of different car-

bon sources on water quality, microbial community and struc-

ance, and the immune and antioxidant status of Nile tilapia
(Oreochromis niloticus) [ J]. Fish &. shellfish immunology,
2017,64:202-209.

[16] BURFORD M A, THOMPSON P J,MCINTOSH R P, et al.

The contribution of flocculated material to shrimp ( Lizope-
naeus vannamei ) nutrition in a high-intensity, zero-exchange

system[ J]. Aquaculture,2004,232(1/2/3/4) :525-537.

[17] MARTINS T G,ODEBRECHT C,JENSEN L V.The contribu-

tion of diatoms to bioflocs lipid content and the performance of
juvenile Litopenaeus vannamei (Boone,1931) in a BFT culture

system [ J].Aquaculture research,2016,47:1315-1326.

(18 7 B A A WA 35 X0 b 2 0 % 50 0 0 . 24 4030 b it 3%

PER AT SE LT ] AR ol 1997(10) 1 42-43.

ture of biofloc systems [J].Aquaculture,2018,482:103-110.
[14] DIBYENDU K, MITILA D,PRASENJIT P, et al.Biofloc tech-

[19] kB, BR/NER AT 4 K™ s Py i 8 3% 5 5 Bumise L),
PR 7K 77, 2000(5) : 20-21.

[20] B ks, BR 796, 8 — 52, 55 A ) 22 A 8% 3% 5 2 P 9% B K A4 K
HFRFEAZS B ED &2 b EK R 2,
2014,21(1) :75-83.

(217 Mg, £ 554 BEBE. — Fh i A 4 22 141 10 2F b 43 BT 2 0 X R 49 ¢
X UF S SRR [T K P 2547, 2013.37(3) 1 473-480.

nology application in indoor culture of Labeo rohita (Hamil-
ton,1822) fingerlings: the effects on inorganic nitrogen con-
trol, growth and immunity [J].Chemosphere,2017,182.8-14.
[15] MANSOUR A T, ANGELES E M. Effects of carbon sources

and plant protein levels in a biofloc system on growth perform-

Effects of Bacillus subtilis and molasses on water quality and growth

of tilapia under zero-water exchange
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Abstract This study was carried out to evaluate the effects of Bacillus subtilis and molasses on wa-
ter quality and growth of tilapia (Oreochromis niloticus) under zero-water exchange.Four experimental
groups including treatments with molasses alone (C),Bacillus subtilis alone (Y), molasses and Bacil-
lus subtilis (C+Y) and the negative blank were designed. During the experiment, water temperature
ranged from 26 to 31 ‘C and pH ranged from 6.5 to 7.5.The mean dissolved oxygen was significantly
higher in the blank than the 3 treatments (P <C0.05).The groups with utilization of molasses alone and
together with B. subtilis had significantly higher total ammonia contents (P <C0.05).Combined utiliza-
tion of molasses and B. subtilis showed the lowest level of nitrite, nitrate nitrogen and soluble reactive
phosphorus.Overall, phytoplankton density in all groups was rather low (10'-10° cells/L),but the three
treatments showed higher phytoplankton density than the blank during the late period of the experiment.
Survival rate,growth rate of tilapia and feed efficiency were higher in the 3 treatments than that in the
blank, but the difference is not significant (P>>0.05).

Keywords Oreochromis niloticus; Bacillus subtilis; molasses; water quality; growth
(AR HF)



