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WE: JTHRIKFAENAEN RS AARZ Z R RABE RN ENRR, &
B AR EN (2.66£094) gty B B T 4E & 600 &, FALFH N 20 AR R, EHX
SRR (L EBEA k) A EBA20R A XNMILEA L) EohrEaRE (P1-2) ZH A (K
BHERAMIALBEAE) EFEAFECE-DERA (RPHEABABRRE). EXFHAE
(P5-2) LI H (RFHEABAINBARE), BUALINEL, DA AEFREMEEHKABLR
£ 5%10° CFU/mLEy R A @A @ HF ER. MET FRAFEAAFEREEEEK. 5T
AN BN EMER. EREF, EERIARY, FHANEAREHEFSE LA
M, MMEANLIETREEBLR T4, L, P52 B2 2 & Kl kK
HBYRFEHER, PS2AXKGKIHERAEREAENRAAMSAMTXEL 1 foxt
a2, PRH1AXKKFIHNEAEREEENFTARAMBAMRT X E L 2. P12 4 K&K+
MERARTREAS A ME 10 BB Z KT x84 1 Foxt 42, P5-2, P3-1 Fn P1-2 41 k&
REWAREREEENFAA N BARTAE A1 foxt B4 2, P5-2 A A+
THBEHAZREES2A. S0RAMESALEMRTHEBA 2, RAKKFKER K
A BETURGRE ZEANTEAS . SXTEA 1AL, P3-1foP524+ R %
% 4E & vE P Ay A A LA B EE (SOD) WE 4 Al R B T 12.10% F1 8.05%, St 424
b, P3-1 f2P5-2 0 F BB B dk 8 i iy SOD S M4 2R & T 21.25% Fr 16.87%. 5 3t
B4 1A, P12, P3-1 fn P52 410 B % % 4 &t vk o By B LA A 4 (T-AOC) 4+ 7 #
B 7 82.78%. 98.68% F1245.70%, LT 2AH L, P3-1 A0 P52 4 BB B AF & g
# T-AOC 4 5| # 8 T 1.69% F21 76.95%. W R &KW, EHRAMFEF AR R LA H,
THREFFRAAR, REREZEaWHRANE Y, tE2EREKTEH.
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Z—, DAL ERX T g 7oK R EA
R E X,

HAT, APk B AR A BRSOk e & 0 A
RO IT 22— TR Wk IR R AL A A AR A RN
FAEACAE WA o /8, Horb | 3% 28 Ak 40 18 7E
S AR R rh B 2 Y, BEE H R F B
I, VF2tRRY], SRR m et
T ER, W3S =08kT & (4lcaligenes faecalis)™
ZE 1 FF B (Bacillus sp.) 1 2L K & (Rhodococcus
sp) S, 5 AL E AR L, S SR A A
AR R, FREIE N GE S Y, TR A
WERTG K R AR, KR R A, H %
Kt I 9 2 il I i Ak A A A S B o FH T AR A
A IR] A, AR B W RO B SRS, TR
Bk A e AE, WAL . AR R HARE T
G VST IR ES @O €L N RE R € N
FRE ; — 2L AT 5 B4 0 4 RS A R 7E AE X
PR 4RI JEG JBE r %) A R 4 L AR R, W IR IR
WG A AR T Y, MR S ARG R
D72, R ERH AT DL A A5k v IE SR 1 K i
SAF, I B A T R, I, A
S5 AU G AR T K ST, WESEAS 5L i
TERY 3 bk S TR A0 20 TR RS 4 St 3 PR S £
AR B (52 ), AR 55 A B Dy it I AR 0
Hh S R A 4 T A R TR A Y R

1 MRS TTE

L1 SEREMEEFLFEERNE

S50 i R A AL G BOR ZF HL A (B, mega-
terium )(P5-2), FE7 BT B (P3-1) M W& Mt e £1 Bk
W (R. pyridinivorans) (P1-2), ¥J AR EE M)
M % R A g e B % 3k i (Oreochromis niloti-
cus) & PR /K T 58 46 18] 7K Hh i 4R A5

B k4 AP T 150 mL 5 3% 6 1k 1 o
[(NH,),SO4 0.4 g/L, FriEMR 4N 5 g/lL, NaCl 0.01
g/L, MgSO,7H,0 0.05 g/L., K,HPO, 0.2 g/L,
FeSO,-7H,0 0.01 g/L, MnS0O,0.01 g/L, pH7.0] #*,
BT 32°C, 180 r/min W THIRFEIR T IE R, HFE
4 h BUREISE 18 W A ARLEVA S
1.2 HERHES

PRUCR TR e M 2 MR D, BT 32 °C,
180 r/min f[E I FE R H 85 35, ARAEAE R A AR K
i 2 3 55 B B A, R TR O 4 & 5x10"
CFU/mL, 4°C {4745 H .
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600 B Je B B Ak 41 4 0 [ R R i (2.66+
0.94) g, 4K (5.29+0.56) cm] 43 Bl #% A 20 17K I8
M (1.50 mx1.20 mx0.70 m, 7K I IEFA 2 10 em
JEERTR), A 30 8. SLE i B4l 1(CK1,
WSR3, X IR 2(CK2, #HRMILIR ).
P1-25C 0 4 (# UL R A%) . P3-1 SCE0 4 (&
AIALBR AR ) . P52 SCHdH (B I ALBR <A,
TR A4NEL  MARMALERR LR T
W, BRTEL 10 em, EE AL B TE Tt 3E A )
M, S RHLS 26 WA E T, 26 KU S L e
kiR, BOAMUR 2 R4 a3k RUAS Hi % 311
FLIR S N BALHE S o & A T2 30 20 B TR 1 1k
ST A A2 P DR, TR VR TE SR B K R P Y 2k
&R 5%10° CFU/mL, 5250 J& 128 10 fd . 45 M 4]
B R BB AR i b E AR R, R T
16:00 HEME 1K, BRI R AR T 1 4%,

14 HmERE

SONEFR LT R 0. 2. 4. 6. 8
110 JE BUOK ABE (U 06 TR VAT BURE ), UK B PR AE
iy SRR AT A B A I . SC AR 2 R, R SR
FESEH AR A 10 ECREJC B B AE b, &
AN IEREHLE E 3 R Je B B A, FR fa AR
R K, R B T O R R AT R
Ffit, 4°C. 3500 r/min &.0> 15 min, W B
T—80 °C VKA IRAE & H o
1.5 KER7H

SR E R A8 ORI e B v s A R
ER U I SR I N-(1-2838)- & ot s iR
R AR I 2 R W R R OG R BAU I E
K FH A B R B0 58 A0 o e BE T o BRI 1] A
MAL JA . IR LR E WY R E A AR
FHIZ A RS B R . A R A . WAE R
BRI EMIEN A AA . Wik
R R A R R AP0 R o

1.6 BREZTIEaEMBFRIILEETRNE

K FE ot & AR Y TR B A R A
g Je % W HE ML H o EAL Y (POD). BPLE
1L BE J1 (T-AOC) Fil 8 & 4L ¥ 155 4L i (SOD) 6 ¥,
HARS RS UL 45
1.7 B

KT S B R A S5 A 9 S R
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SigmaPlot for Windows(v. 11.0, Systat Software, Inc.,
Germany) X /E &, Ji] IBM SPSS 18.0 4k 4 i 17
AR &K )7 2240 M1 (One-Way ANOVA), Duncan [G
2 AR B A 2 )Y 25 o B R HE e+
PrifEiR (meantSE) &7, B E K-8 P<0.05.

2 4

2.1 EFREBELIEM

PRAR TE 5 71 Ak 35 77 5k v i i Ak 3% MR B 5
gE R GIR, £ 28 h, P5-2. P3-1 Il P1-2 X & A
E B H AR T 9429%. 98.35% il 98.17%
(1 1), P5-2. P3-1 1 P1-2 % B 5000 25 B 43 9l
KE|T 87.53%. 88.32% #il 84.48%(&1 2), ihiHiX
IMRE A RAFH AR, 15 3 BRIA XA

—
o
(=]

R il siniieg 4
LT
80 | 7/
A

60

40 | g
—a—P5-2

-~ -P3-1

20 7 —a-P12

BREREY%
ammonia nitrogen removal rate
.
[ 3

4 8 12 16 20 24 28
By IR [)/h

culture time

1 E# P52, P3-1 M P12 WMEBANEKRE
Fig.1 Ammonia nitrogen removal rate of strains of
P5-2, P3-1 and P1-2

100
g AT
S 80} ///’i:___,*f=="
< ey
xX > [
> 9 A
¥ 2 60 | /.
& & A
=
N g 40 | P
® o P
) 5‘5 . /_5:.,-«"" —a—P5-2
N ﬁ 20 | /,;./—" - P3-1
s 7 —a-P12
] 7
0
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eI A]/h
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2 B P52, P3-1 P12 S REAMARE
Fig.2 Total nitrogen removal rate of strains of

P5-2, P3-1 and P1-2
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MR LERRIT R ZE VR

22 RAMUAEXNET TIEEFEMMEK
A

B 5 7 GE N E] ) 36 n, e B A £ 3 4 T
PR A R . A A R R R PR AR
AT WA AR, KR 70 E s A A #5557
il Ak 41 P Ak B 25 AT RIS E K AR P B A . AA
FG A R £8 &L & B . P52 4K v i BVR( &
L E 38 S IR ) 1 I T X B 1 (G g <
k) FwE B4 2( A AL A ), AR R 1 41
b, 2 8 JEANES 10 fi 22 5 W3 (P<0.05), Fxf i’
2L, 2. HAME 10 LR E
(P<0.05), P3-1EMAKIAETH DA BHREAEE
AR IR AR T XHRA 2, S 10 R B
E (P<0.05), ZAH KA B A BT 8
FERE 10 J& K F X4 R4 1 (P<0.05), P1-2 447K
Wiy SR REE AR 8 A 10 B B &K T
Xt R ZH 1 (P<0.05) FIXfHE4H 2 (P<0.05), P5-2. P3-
1 A1 P1-2 47K A4 v (1) 22 20 2 AR B A A~ 35 5 R 1
WHEARTXT R 1 FIX a4 2, Hop PS-2 417E 5
AR BRI ] p5 1Y 2% 53 2 (P<0.05), P3-1 F P1-2
HAKEPERRREEL 2, FoJi. 58
JE RIS 10 JR i 2K T X BB 4 1(P<0.05), FE5 2
Ji .5 6 FEIFES 10 J8 S IR T B4 2 (P<0.05),
P5-2 ZH KA ) A PR Eh 2 AR AR 2 A
55 6 JE A 8 JA W2 KT A IR 4L 2 (P<0.05), FF
58 FE ARG 10 F, X RRZH 2 JK A A el R A
SRR B TR AL 1(P<0.05) (] 3).

23 ERRWUAENRZFTEEEKNFM

TEFRAH 10 A5, R4 4 e & % AR ik
Frik, SFBR 53508 (104.5143.12) g (CK1).
(104.32+8.05) g (CK2). (118.38+9.37) g(P1-2). (97.54+
6.50) g (P3-1) 1 (110.32+8.50 g) (P5-2), #4122 [
o E 2R

24 REFHEUCHEENESTIEEMAILEE
SpEA!

IR B K AR v U0 S 5 A R A R AT DL AR e
B H AR LRE 1. SRR 1 AH L, P3-1
M1 P5-2 41 rp Je B % 4E £ 1fi 7 A4 SOD {6 14 4 1)
PEE T 12.10% F1 8.05%(P>0.05), 5 XF BE £ 2 #H
b, P3-1 40 P5-2 4 )e & % qE 4 i % h g SOD
TP R T 21.25% £ 16.87%(P<0.05), 5%}
WEZH 1 AHEL, P12, P3-1 FIP5S-2 Hrh R B B AR
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— e
FHC
N FHG

B3 ARFEMBEKEFER,. 88, THBREAMEREANIAE
CKI. X2 1, CK2. Xt 2, P12 FEMELUEZUERTH, P3-1. 367 BT B, PS-2. FRZFAUKF s S /A5 5 B 4% ) — SRR B 1A A2 A5

[ 4k 3 20 75 57 2. 3 (P<0.05)

Fig.3 Temporal variation of accumulation of total nitrogen, ammonia nitrogen,

nitrite nitrogen and nitrate nitrogen of pond water

CKI. control 1, CK2. control 2, P1-2. R. pyridinivorans, P3-1. A. faecalis, P5-2. B. megaterium; different small letters mean significant difference

between different groups within the same sampling time (P < 0.05)

L& T T-AOC 73 542 55 1 82.78%. 98.68% Al
245.70%(P<0.05), 5 X R4 2 #H kL, P3-1 Fil P5-
24 e B % AR i h Y T-AOC 43 sl #&  1
1.69%(P>0.05) Fl 76.95%(P<0.05)(/8] 4), &%
% E £ 13 Hh Y9 POD TG PTG BB M5 5

3 WTie

PAER, O KEMFHGE T 50 4
STERSE, ISR (Pseudomonas)' |
NI IEJE (Acinetobacter)™ ™ | ZEHIATIH &1
FEPERAT BT BRI ET . RIERE (Para-
coccus)" . IR FKFER R (Delftia)™ FIH IR 7# &
(Rhizobium)? s A4JE 58 1| F A 52 50 25 0 18 31 19 3
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Pl S SR AL AN B, A B R ZE AT IR . 3% 0
FF B 11 DL W 21 3K 5 it JE B 0 A f 5 B sl 3 K
WEEHATIRAY, WFoE LB, X 3 BRETE T IR AL
Fh g7 L 28 h e 2 A 1Y A BR FR AT AL B 94%
DL b, 7F 28 h B X R 25 Bk R 3 1T 5K #] 84%
Pl JAE AR O3 T 3 MRZFFFF R, X
R 2 B R R IEF] 60.54%., B A SIS R
T 1BRE KZERATH Y907 78 72 h X & A %
B 23K 3] 90%. AAF 5E Hh 4l T 1 B K ZE AT |
P5-2 XS A M LBR SR AF . X35 95 E P 5
T ARRZE AT A A WG ARE 1, LA 48 h X4
A EBRFIRD 44% LU E, XERANERFRL
3 38% LA b o ASHIEFE b P A 2 7 BT I P3-1
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120
—CK1
77aCK2
s 100 + ==wp1-2 T
3 ==P3-1 I
% ‘? 80 | zzapP5-2 T %
on 2 ;
£ 3
SIS 60 - ab,
‘E E‘ 40
= N
Z
0
1 2 3
ks

different treatments

4 BFHEHAREN T FTIEHEME SOD,
T-AOC 1 POD 5E M HI 8500
1.8S0D, 2.T-AOC, 3.POD; AFI/NEFEFR R FE —HEARHAR
b FR A 2 1) 2 53 3 (P<0.05)

Fig. 4 Effect of heterotrophic nitrifying bacteria on
SOD, T-AOC and POD activities of O. niloticus
1. SOD, 2. T-AOC, 3. POD; different small letters mean significant dif-

ference between different groups within the same enzyme activity (P <
0.05)

PR AR 2 T Lk 4 BR TR . TR = A
i A 2 7 BT R AT BRI LA RE JT, 24 h
YRR EBRRILT] 95%, FRBEIISET KB T 1
R v B8 R PR L BE 2T BR B, AR RE SRR
FARAEWER, XA LR L 98.70%,
W TASHIE ST Y P12, ASHIESE(E FH ) 3 Fh S5 9%
T Ak 4 T A A ) L BCRE 0, R IR K Y M AU Ak
PR A B0 ) 0 R o

HAT, 535620 0 E 2 AR AETS
IKAL R T T, FEFRFEK AL ER T T, BRRRES AN
AT (A. calcoacetic) HE WS F SLAL LG M4 K 557 5H
REKET AR . HRSE . BEMEA L
Bk, EBRRMIGERIT 43.31%. 91.70%. 83.56% Fl
67.57%"Y, A€ HE ¥ ZF AT 1/ (B. hwajinpoensis) .
W& Bl 5L B0 I (Halomonas alkaliphila) 177 [CA8 7
AT (Alteromonas macleodii) XHEIBEEEE (Verasper
variegatus) 77 58 5 KA B U AL RSOCR X R BE
R TCRE T SO AR R, 7R SR K IR 4
W B ol 10° CFU/mL A A BE 2F 60 KT 17 (B. subtilis),
10d J5, HXTFRFE K AN L ERAIA ) 81.9%",
AW R, TR SR N, P5-2 X%t JE
B % qE 0 FR 5 K A FRALCR B A BRAR, AR FRAE
Y25 10 J8, P5-2 41/ B AR BE 9 0l B X R4 1
1% 38.87%, LA HRA 2 fik 23.99%, [Al i} P5-2 Xf
b 35 7K A ST 1R SR A Y B O
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A AIE T vl Y TR MR B R 5%10° CFU/mL,
EEAMRMEREE T, /A S AT LUk
BB B PR . ARWFFE Y 3 A SEG AL R
FRZH 2 B0 TR ER IS A=, S5 ERWT, KR
W AU TR G T 5K, AT D R I R A i
TS A ME AR, BG5S 40 W)
A 8RB A

T-AOC & F] T i HL IR P A b R G D gk
L ZEA Mfe b, SOD & —Fh 2 i b AL,
DL B AIF 50 32 22 46 v 7 25 A= TR IR RO £ 44
MR AL RE ) B S2 IR, A AR ES B K ZE
FEAFTE AT LB i 2 22 3 40y £21 1L H T-AOC F1 SOD
TP 1) K R TG £ AR T AR R K T SR D 4R
AR FEERH T2 —. CAMT LR, 1
KRGS I ZEFAT B IR, R 2 A (Crenopha-
ryngodon idella) Il 3% ) T-AOC ¥ 4 M 4.07 U/mL
$2 5 3] 6.08 U/mL, {H I 2K 52 & £ 1l 1 1Y SOD
PR AP RFER DT, TR KM b ik G 5+
4 Ak 20 TR FT LA i JE % % A £ LT /) T-AOC
F1 SOD Pk o A B 9% 22 306 5 77 1k 4t 1 T
B e | B e 2 N S (S ) R IR E R S |
fo R G R R, BRAE AR S, A RS
i A 240 A 1 4 AL 7 L BB

4 45

AIF 5 i A R A Je B A 3R B
W PSS IR AL A T, A AR T IR K
R BRAMARMHR, FROHE T 53Rk
20 T S oS 3R 5 Je B A A K R B AL g
JIRRE, FER B, TR0 S SR A A A R R
W e B MK, HRERR TR PR
Myt ALEE S, RUIRIRHAH R T E e D
AR AR 1 SR R AR D A AR A
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Effects of three heterotrophic nitrifying bacteria on water quality of
Oreochromis niloticus pond with bottom aeration, and growth and
antioxidative abilities of fish under zero water exchange condition

WANG Miao, LI Zhonghui, YIMengmeng, LU Maixin’,
WANG Ruining, GAO Fengying, LIU Zhigang

(Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510380, China)

Abstract: In order to study the effect of three heterotrophic nitrifying bacteria on water quality of tilapia pond with
bottom aeration, 600 Oreochromis niloticus with initial body weight of (2.66+0.94) g were randomly divided into
20 ponds. Five treatments included control group 1 (with air stone), control group 2 (with bottom microporous aer-
ator), Rhodococcus pyridinivorans (P1-2) group (with bottom microporous aerator), Alcaligenes faecalis (P3-1)
group (with bottom microporous aerator), and Bacillus megaterium (P5-2) group (with bottom microporous aer-
ator), and each group had four replicates. Heterotrophic nitrifying bacteria with a final concentration of 5 x 10°
CFU/mL were added into the ponds every week. Water quality, growth and antioxidative abilities of fish were
determined. The concentration of total nitrogen in water of all groups showed a continuous increasing trend during
the experiment, while the accumulation of all indexes in the experiment groups were always lower than that in the
control groups. The effect of P5-2 on improving the water quality of O. niloticus pond was the best. The accumula-
tion of total nitrogen in pond water of P5-2 group was lower than that of control group 1 and control group 2 dur-
ing the whole experiment. The accumulation of total nitrogen in pond water of P3-1 group was always lower than
that of control group 2 during the whole experiment. The accumulation of total nitrogen in pond water of the P1-2
group was significantly lower than that of control group 1 and control group 2 at the 8th and 10th weeks. The accu-
mulation of ammonia nitrogen in pond water of P5-2, P3-1 and P1-2 groups was lower than that of control group 1
and control group 2 during the whole experiment. The accumulation of nitrite nitrogen content in pond water of P5-
2 group was significantly lower than that of control group 2 at the 2nd, 6th and 8th weeks. Adding heterotrophic
nitrifying bacteria in pond water improved the antioxidative abilities of O. niloticus. Compared with control group
1, total superoxide dismutase (SOD) activity in serum of tilapia in P3-1 and P5-2 groups increased by 12.10% and
8.05%, respectively. Compared with control group 2, SOD activity in serum of O. niloticus in P3-1 and P5-2
groups increased by 21.25% and 16.87%, respectively. Compared with the control group 1, total antioxidant capa-
city (T-AOC) activity in serum of O. niloticus in P1-2, P3-1 and P5-2 groups increased by 82.78%, 98.68% and
245.70% respectively. Compared with control group 2, T-AOC activity in serum of O. niloticus in P3-1 and P5-2
groups increased by 1.69% and 76.95%, respectively. The results showed that adding heterotrophic nitrifying bac-
teria into pond could effectively improve the water quality and the antioxidative abilities of O. niloticus, but had no
effect on the growth of O. niloticus.

Key words: Oreochromis niloticus; Rhodococcus pyridinivorans; Alcaligenes faecalis; Bacillus megaterium;
pond; water quality; antioxidative ability
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