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ESENES SRR FE R KERE YRS

E ok, I-%, mZx', W B, EIE, &£, F o
L. K PR B B BT A = D5 7 Al 6 280 2805 K P 5 6T A S0 P 1
2. WG M B K 20 W FHE A2 B BT e 712100)

WE: fAGHESENATEEAARBAFT HRAESENEELEK AR FEXTANY
Wi, Al PCR-DGGE LR 9 #7 T £ & i R KA A MBEEH NS T, ERE
R,LBAEANRE HEXHEEFTHRLA(P<0.05), AHAREEFRTHEL(P<
0.05) ; 3 1 ifn % A = 5 B8 By (AKP) (BR M %% B2 B (ACP) # & fb 4 S 1t B8 (SOD) |7 14 B§ (LSZ)
EWARFH R EE T BA(P<0.05),1F 3 A — F A &8 (iNos) #1 8 — & b & & B (tNos)
HEFE|RF A EA(P<0.05) ;% T A% 30 KAt L4 2l TSS AF L& (KT B4 (P <0.05), %
MNAREREGHAESENFHAAKRSHE M AW E(P>0.05), PCR-DGGE &l & R & 7
Cetobacterium somerae Z 3R AFF A GF B AL 4 SR A E; EXK BB E 2 FH K
A BAE e s R AW A BAREAREN L TAR L IR AFE , EEASEFT T HFE;
EAEWBREBEMRAGERESENERARAXGCHEUERSE, KRB HKLE 63% ;%5 H &
ESEHEREW 0% AL , MAEREKEFRA 5%, AREN, EAENEAARRHFT E
BEWEK BRTANFH RE T EalmEFrE ok BRAAKETSS KE, £5%
B HRET AKRAEBELR, B TR ES - R HRFENFE,
KEW: o, AR MAEMEE; £K; AR

510380;

HESES: S 965

B Al ( Ctenopharyngodon idella) 52 3% [E K 5%
oK EEFRFE M Z — 2013 AE R E R - T
LF 480 T7 t, i RK IR M ISR 20%
Bt TR T 2 8 B s, o A PR RS ARG B 1 R
I ZAE 1 KB A VL TR R YR RS T &
GiP9, 1 IR R TS g Y AR R R R A
BOR A e BRI RO, E AR K
I AZ AR AT DL K B AT oy 5% 58 6 4
BAHIN A B, N T AR
T ORL BB 7 2 A2 8, 75 52 B b Hh 75 22 24 h A ]
Wy FE AN BEFE Y A R B R K B 2R
Y2 A HOR I BEREAH X AR . ATEBE SR AR W 2R
VAT A N ] 2 #0555 T R R B 1Y 7K
Jo, T %) Bt A AR KA AR B R gk

%5 B #5:2014-06-10 &8 B 8§ :2014-07-08

XHEiFRERD A

BARM T HG 45 AR S SOR B 3% S0 A &
Z & "', Haque %' X B K B I
(Macrobrachium rosenbergii) W F W, B T4
AR A KR T A s [ R AR B, [
AR ARG T AR FRIEROR

A= S FEAE S B B RERT 43 S A BIL A T AL
S A8 ATLARE T B0 SRR B s R A
2o NN NSRRI R 7/ IR S 37 K7/ NS
G A W R TS A SR A ) I RE 20 77 BB R 4 A
SN E R IR o A WL AR A S SRR A
FH B 32 S 8RB R, A 5250 58 1T #1006 95 A Ak 3
5L R F 1 V)RR, BT R B SR T AR AR
W = YE LI S5, DL T A0 R R S )
R ALK A A 0 A R RSB T R R K

BT E SRR M R P R BEL T (nyeytx-49-13) 5 28 45 PEAT M (A0lk) BEBTF % 351 (201203083 ) 5+ = 707 A AT 45038k [ K A

%1 (2012BAD25B04 )
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SE LT 5 2 1 1 20 T A AL A T R R L R
AR IR A PGB T 7 A, O A8 2 IR
BE KT AR IR AR KRR B E 3R
B K R o A 2 R LR B T S R R A 0 R
2o ARSI B A A R N T A 3R A
Hi, 137 il PCR-DGGE 4 A %o i3 — iof 72 41 1 A= 75 3%
RO TR TR V% T G Bl 25 38 AR A T AR S BF ST, A4
R TRE V& R B FE) R B2 4 T A 25 3 1 4 D 5 TR I 4
Fr B 0T G KPR LA B A 25 5 | R 10 9 K Ak S
8 i S DA R R 7 A, o A 5 R TE K S5
A e A HE 5 B0 4 (e B A K B A T TR A
B AT, AT A 2 25 R B ) T B 3 A
RS,

1 MRS Ik

1.1 LIEEIE

I T 2013 4E9 H 6 H—10 H 6 HAEERIT
K7 WE G TR W L MR AT, Sk 30 K SEE R AR K
JifE Ry (300 +4.3) g, & AR 62 &, 46 I
LA R 30% /9 5 an ok, B B0 2 o, $
ORI E 2.5% oAy, LR 6 HIE Ty
TRV, A% Ry 2.5 x 2.5 m, FRFHAKHE N 1 m,
et g A I A% 2 48 07 =X, A 7 A 0 ) A 48 K O
Fi G xR S pH RIS BEAT W

I A K (OB PO (TS U O S 2 N S =
(AquaMats ) 7w A= 7=, L 18 LB E o 152. 9
m’/m®, B LR R 494 g/m’, JEE 5. 49
mm,pH {2} 6.5, HUR G 3 o A e Az 285 35 1 R
1 m* (100 cm x 100 cm) , 52 5 i) 7 B B 4 T 55 58
KRR R A 2RI, DA
A Y SR BE W S X AR (C1.C2.C3) , S i 2 ik
S (T T2, T3) , HEHE R 0.32 m*/m’ K
A, BIREAS F5 58 b 4 0 A S R RGRE ly 2 B P AT
T T ]
1.2 XESHERUNZE

KB agAaraE  MNHERAESHES —KIT iR
5 RFIKFE— I, B UCRFER R 24 10:00,4 h
PTE 52 3 28 HEAT 43 BT A g, 0 K AR A (NH, -
N) VAR £h A (NO, -N) (fif iR 5 & (NO, -N) |
5 %} merckPharol100 22 2 $UK Jit 73 7 4X ( 18
B) . 7ESLIRHFIREE 5 KA 30 R K i &
[ 44 FE )R BE (TSS)

Bk 4 B B 41 DNA 2R MWEE 1 KA

5 KEC100 mL KAEA 0.2 wm JE 5 E 25 fh g,
H 08 IS ] TR 1Y 0 8 B LR AF T 50 mL K R B L
B . WSS RIFMG 5 R A& B A
AR ARBOR E 2 g, THEJE M ] 200 mL 2K
W25 B FORIR IR 2 h, Ue AR A R A i /S
SR ORI KRR A ] B AR 315 v o 7R S50 45 R I A
K e BB R B 3 % LA, IR A [F] 7K ¢ B £
Jo A AR A 28 T o KA R AR 2 BE A A i R TR 2
DNA {4207 1: % IR OMEGA /K 14 4 [ DNA 42
BOA & (R ED) 1 BAREAE L B8, n A A g Y
[ IS} A 200 L 15% /) SDS, f5J5 A 50 pL K
LB KL DNA, B DNA F 1% 355 B K
W, - 20 CALRAF % H. H OMEGA % fill 41 1§
DNA $& i & (£ E ) & Bl i DNA,

Fo A RMERNE  EFRHE G
FEFRTH XS G0 & AR K AR bR, A 45 0% %2 (SR) |
W E AR (WGR) (kL2 £ (FCR) | [A] B i 5 i
WCAERE 5 Pk O e A, A0 45 BV 5 R 1 ( AKP) (TR
PEWE IR (ACP) % Ak W) B ALl (SOD) % 14
fitt (LYZ) (758 — A AL A A Bl (INOS) FlLi — 44
A G B (INOS ) il 7 4% F B o i) & o
1.3 #iE PCR-DGGE B F 5447

A5 ) 2HL ] B ) A1 3 AP AT A o 400 T R PR
DNA B &, R JHEEXT 16S rDNA KL A 1y 58 1151 4
(F338-GC Hl R534 ) X 7 A~ B i) 5 0 FE & A )
#5417 PCR-DGGE 844y #7"" , H:p 16S IDNA H
9 B B A8 P o 18 S L R 30% ~ 60% T i ik
TR 45 ) 76 60 €, F 200 V H FEHIHL YK 5 min, $2
FEIE 110 V T HIK 12 h, HIKESRE, E%E
25T FH AR B 10 000 £% (%) Genefinder % 2 %4 b}
FEIR B8 30 min, Jf] BIO-RAD ii{§ & 4t 3k 14
DGGE i , I XJ [& 3% w1y 3 73 4% 4 o 47 17 41
I3
1.4 HIESH

FIHT Excel %4 Ab 38 45 44 3547 8048 4b 21, £l
JH SPSS 17. 0 344 v iy s 37 A A 1 A 3 % 5045
15 M 5 92 30 B4 FH 1 Y9 {8 + AR ik 22 (mean =
SD)#I/R,P<0.05 hERBE.

#] Fi BIO-RAD Quantity One #K {4 #£ B
DGGE [EI 3% i) 807 A0 A5 5L, 30 2R W) 1 % 45 4 1 A
oL 3o Dice AHBL R B LA, AE AR X 530 AR
P35 RIS (UPGMA) F 3 143 43 B (PCA) H 3K
{4 XLSTAT-Pro 58 % o
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e R2 NRAMIBATGERKRFEFRERBER
2 -H Tab.2 Growth and nonspecific immune parameters for
_ grass carp in control and treatment groups
2.1 KEEiEHR

A FR I S FEAN [ ALK I S 5022 7R W 3
(P>0.05), %A FFHLFE, 0 F 2= & &0 0.018
mg/L, ¥ T2 VS (R 1), %5 K,
X BEZH RS2 B 2 SR GH K AR TSS e B X 84K, P &
LZRAEE(P>0.05), 55 30 KWF, %88 2H 5558
KA TSS e .25 T, 294 (0.3 £0.06) g/L,
3 TN SE e 2 TSS W (P <0.05)

x1 FHEKRSH
Tab.1 Water quality parameters
SR X R B

parameter control group treatment group
T/C 27.25 £1.49 27.38 £1.45
(25,29.5) (25.2,29.4)

DO/ (mg/L) 6.11 £0.78 6.23 +0.58
(4.18,7.36) (5.39,7.17)

pH 7.3 +£0.69 7.42 £0.56
(6.42,8.26) (6.57,8.23)

NH," /(mg/L) 0.43 +£0.36 0.49 £0.52
(0.1,1.16) (0.07,1.48)

NO, /(mg/L) 0.48 £0.63 0.22 +0.19
(0.08,1.96) (0.03,0.87)

NO; /(mg/L) 10.78 £10. 14 10.45 £8.03
(1.5,35.6) (2.9,36.5)

TSS/(g/L) 0.16 £0.02(5 d) 0.09 £0.04(5 d)

0.30 +0.06° (30 d)
Wk W — 7 B A F 8 bR RREEFEEZES (P <
0.05) , 45 5 P A 8 A 2 72 0 7 1) S5 v 1 S5 1K (B

Notes: Different superscript letters in the same column donate

0.15+0.04%(30 d)

significant differences between treatments ( P < 0. 05 ), Data in
brackets is the highest and lowest values measured for the

entire process

2.2 WEHEKNNEFEFSERSEIT

SRS ZE P (30 K ), X A8 BURE AR A X R
A1) 25 T A A B SR 2R Bk AT B R R 25 0y
Pr(CANOVA) , SLH6 20 ¥ £ iR 55 3 R B I 3%
T XTIRAL(P <0.05) o S 2 £ ()Rl AR B0
FRT XA (P <0.05) . SCH G5, X 5 4R
L3 7 AR 57 VR SR B 48 AR BEAT TR 23 A7, B
A 25k 1) 92 50 2 B A 1L AKP L ACP SOD
LSZ 5 PR 7K -1 2 35 i T 4L (P <0.05) 3k
5 4] WA IV INOS Ml INOS 4 &g 2 I F % H 41
(P<0.05)(%2),

SgE| popiiEil S H

items control group treatment group
RIE#/% SR 97.92 £2.95 100 0
W) /kg initial weight 14.00 £0.22 14.00 +0.15
K /kg final weight 18.65 +0.21° 19.23 +0.13"
WH % /% WGR 33.21 £1.51° 37.36 +0.91°
T B Z % FCR 2.51+0.13° 2.24 +0.04°
AKP/(U/100 mL) 39.50 £10.42° 58.49 +11.25°
ACP/(U/100 mL) 99.57 £0.19* 99.90 +0.20"°
SOD/(U/mL) 61.24 +11.64% 69.58 +6.°
LSZ/(U/mL) 5.97 +2.28" 10.45 +3.78°
iNOS/(U/mL) 8.06 +1.32° 5.28 +0.88"
tNOS/(U/mL) 49.41 +2.48" 41.51 £2.33

TE e [F] — S Bl o S TR B b b R B 2 5 (P <0..05)
Notes: Different superscript letters in the same column mean

significant differences between treatments( P <0.05)

2.3 MEYEETE PCR-DGGE XK 55 417
PCR-DGGE 3 & B & My 3 & 4 47 5
RRFE—K,HK1F 0 ~30 d F5FH KM KA S EEAR
[ iy S AE 9 16S rDNA JE R 1Y) DGGE 5 20 183
(B 1) o Hodxd B4 SR 58 K R NS 5 K 3128 30
FARAG [ T B 51 S0 - 100 25 2% S S AR A K
PRARAG B AT S S5 2 Oy 23 S s AR SRR AR AT
Y Al Y B Ry 265 3R B K PEOK AR AR 1S 19 45 7]
Y 5t Uk B R T AR S R S S I 4 R A K AR
BT D80 o X BRZH 57 B8 K AR 451 B AE 0 3] 15
KE ETHEH TEH 15 KI5 B ik 2 g {4 R
31, M5 B [, 30 REFAL Ry 22 4%, Xf B4 K
R P RETE 2 AE P 250 T B a3 S 06 4 5%
A KR S5l B i A 55 20 R I3k B0 {6y 28, L
Xof BECZE A X Vi i 5 A 2 AT 00 2% 5 20 KA (]
FEIREIE(H 2 31, fK#E DGGE f8 403k ii i 5
JEE TR (L 43 590 Xof AN [i] sl 9 7 B 7K AR e A 285 A AT
WK 25/ 617 B T Dice REH UPGMA H K4
B, KUK (YO) X BRZH SR K AR 55 5 R (C5) Fl
B 10 R (CL0) B HELIAF AR 5 K
(T5) #1565 10 K (T10) S AERIES 5 K (I5) 4R
T8 14 LSRR — 325 X A % B 7K 1 4 TR A 5
WA 15 K% 30 K (C15,C20,C25,C30) % H —
S5 A A A TR R T R LA 10 R & 30 K (J10,
320,325, J30) J oy — 35 HER IO 5 A AR S AR Y 52
50 20 77 FH K VR 20 TR U R L 25 K (T25) il 30
K(T30) HHhy—3, HPEH LRI,
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BORR S AR SRE R AR E

N
H

1=3
B

i T B AR AR A A ) 4 5 ) 1413

Ja SRR Oy —FE (18 1) o FREHKAACHT 10 K
200 T R B R 2 KR (Y0 AR B A i 5
Wi, [ 7K A AR LR B, 290 42% 5 0 B4 5%
SHOK RN 1S K TT 46 40 v 4 v 10 52 210 97 i i

14 5% W) 2% 2B g AE , C15,C20,C25,C30 5 YO (A
L ZR HF 2 AN 2 30% 5 2= 25 35 1 20 1 41 v A 1 A
FE A AL 1 5 T 2 SR K AR DL B B
ik #] 63% .

Y0 C5 C10 C15 C20 C25 C30 TS5 TI10 T15 T20 T25 T30 J5 J10 J15 J20 J25 J30

BESSEY DHEEH S

0.50 0.60

o —

0.80 0.90 1.00

C30

C25

C20

Cl15

T20

T15

1 MRAMIBAFBEKERESEAFHELEANTEN DGGE 55 EE R E XS (UPGMA)

Y. KR C.XF BRI FRGE KA s T. SCI0Al FR A KA s 0. AR 3
0 ~30 ¥+ 0 3 30 X
Fig. 1

DGGE profiles and UPGMA clustering of 16S rDNA genes from water and biofilm of different time

Y stands for source of water; C stands for control water; T stands for treatment water; J stands for eco-substrates

Numbers 0 - 30 stand for O to 30 days

DGGE &3 1) PCA 7 Hr45 H s , Ff gl Z 8]
M EAUER TN ZER KD ERSHE T 1
(PC1) By TR N 22. 6% , £ 5y T 2 (PC2)
O TTHR AR 12.7% o 52560 I U i K KK (Y0)
200 T R R A A% R A 22 SR A O, U T A
VS IR RIS I (P 2) o SRR A SRAE K
AR A 25 A T I T A i 4% 3R A ] — DX, O A

PCI1 Fl PC2 Jy J) 43 A7 5 34 57, 592 0 21 57 5H /K 4K Fi
A A 2 R R AR R LR A SR A T R A AR
TE o S 2H 37 B K A 20 AR I 7 R ) 0 R X R
Y17 B K AR AP B, HL R R BURE S TS i C5
C10 v, Xof BRZ 75 5 /K A e 4 A 37 i 2o R A
fb#5 B 5, PC1 J% PC2 Jy [A] 4> #i #9455 4y 8. 7
0 ~20 d X BRZH 55 52 50 20 5% FH /K A4 S A 785 35 1Y) 40
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W REVR ZREMERE 3R LT (B 3) o AW
W) ZREVERE BOAE 10 d 2 )5 2 T 6 BE 4 sk
6 2H SR G K AR, 52 00 20 5% 5 K VR 20 TR RE T 2 AR R
IR X BR A . F 0 W] 2R, S T A R R v R AR
SRR A SR Sl o N R DS 2 ¢
20 dJF, = H MU Z A PR SR B R BT B
POXA] B LK R B on W ] NH, -N NO, -
N .NO; -N J pH (# KW sl A 5, K i A2 fu e R
Xof S v 2 TR VR 2 AR — R . JF ELTE
X — 2o i S 2 3R A K AR I 2R ) 22 MR B
I, T AR AT SR AR B AR A TE S 30 KA
I Z RIS e = P R

61 AC20
4 L
o\o N C30A ACis 25 ACI10
=~
Pt Ars
L o
£
2+
AY0
_4 1 1 J
5 5 10 15
PC1=22.6%

B2 FAEAGBAMLEAFENKRER
ETEMERE PCA SN
Y. K C.oXf B TR AR A 5 T. SERR 2 FRATRA; J. A 25T
0 ~30 %73 0 5] 30 K
Fig.2 Principal component analysis( PCA ) analysis of
the 16S rDNA (A ) genes’ DGGE band patterns of
water and eco-substrates at different time
Y stands for source of water; C stands for control water; T
stands for treatment water; J stands for eco-substrates

Numbers 0 - 30 stand for 0 to 30 days

—+ X4 control group
- S04 experimental group
4 HE eco-substrates

10 15 20 25 30
SRFERSTE] / d

sampling time

diversity index

Z RS

RN W WL
[« NS Yo o e Ranll SN N
ks

(=]
W

B3 AENANBAMIBWATEFRHEKER
ESERERESHEEY
Fig.3 Bacterial community diversity index of

water and eco-substrates at different time

£ Jif T8 FE i PCR-DGGE [&] 3% & % 26 7 #r
S B, 6T 1 A A2 g G A AR LR B, B A

70% Fr A 5 S 50 4 £ i T8 SR B AR P TE 90%
DAL 0 21 e £ 70 52 6 2 42 i T8 T A 0 A AR
YLy 30% (P 4) .

Cl C2 C3  Ti T2 T3

034 040 050 060 070 080 090 1.0
c1

0.71
C3

C2
0.34

T3

0.91
T2
%
Tl
B4 HEGEAERESY DGGE g EIER
BHE 4 (UPGMA)
C. X HEAL; T. 554

Fig.4 DGGE profiles and UPGMA clustering of

intestinal microfauna of grass carp

C stands for control group; T stands for treatment group

B &9 4 A 0 S e A N T 2o AR
B AR AAR T A 25 B A [ B 300 400 R % 245 4 N 22
P T gt = AIE AR 0 18 ANFEE S 21T )
JB2 IS B v N I o e AR 3] 14 A5 50 1 BH M e
FE (3R 3),14 A 55 T L3R )7 91 7€ GenBank H1 (1
BBl KI862006-KJ862006 , H:rf 4717 2 11 8
EINCBI A 8554 im0 75 5 00 oK 35 3% ik 1A
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®3 WRAMIWAFEKE ESEREEGE DGGE BNEFTHRENFER
Tab.3 The sequencing results of the prokaryote DGGE objective bands from water,

eco-substrates and grass carp intestine samples

il 218N R GenBank H 415 72 H fie A 1T O B B 45 Bk OFF 3% 5) AL/ %
band name sequences length name closest relatives found in the GenBank database( accession number) similarity

. Cetobacterium somerae partial 16S rRNA gene, strain 23
1 176 Fusobacteria 100
(HG326498.1)

Uncultured Actinobacterium clone DSH4B1-63 16S
2 177 Actinobacteria . . 100
ribosomal RNA gene, partial sequence ( KF543139.1)

. Curvibacter sp. JJ010 16S ribosomal RNA gene, partial
3 197 Betaproteobacteria 100
sequence (JN679217.1)

. Uncultured Cellvibrio sp. clone B8-K26 16S ribosomal
4 176 Gammaproteobacteria . 99
RNA gene, partial sequence( KC535158.1)

. Aeromonas veronii strain B7 16S ribosomal RNA gene,
5 197 Gammaproteobacteria . 100
partial sequence( KF661548.1)

i . Uncultured Runella sp. clone 112 16S ribosomal RNA
6 192 Sphingobacteria . 100
gene, partial sequence( GU123143.1)

Uncultured  Actinobacterium  clone  XSLDO031 16S
8 172 Actinobacteria . . 100
ribosomal RNA gene, partial sequence ( KC246282.1)

. Uncultured Herbaspirillum sp. clone 2578 16S ribosomal
9 197 Betaproteobacteria . 99
RNA gene, partial sequence( GU074355.1)

. . Uncultured Sphingobacteriales bacterium clone M7N67
10 192 Sphingobacteria . . 100
16S ribosomal RNA gene, partial sequence ( KC006387.1)

. Uncultured Pseudomonas sp. clone S2P4055 16S
13 192 Gammaproteobacteria . . 95
ribosomal RNA gene, partial sequence ( KF145843.1)

. Uncultured Hyphomicrobium sp. clone bf2-73 16S
14 173 Alphaproteobacteria . . 99
ribosomal RNA gene, partial sequence ( GU257860. 1)

. Uncultured Chloroflexi bacterium clone UVmen3 _21 16S
15 173 Caldilineae . . 99
ribosomal RNA gene, partial sequence(JQ701155.1)

Uncultured Caldilinea sp. clone CNY _ 01794 16S
ribosomal RNA gene, partial sequence(JQ401635.1)

98

. Uncultured Methylocella sp. clone Pad-43 16S ribosomal
16 172 Alphaproteobacteria . 99
RNA gene, partial sequence(JX505290.1)

. Escherichia coli strain GutB7 16S ribosomal RNA gene,
17 197 Gammaproteobacteria . 100
partial sequence( KF684037.1)

. Lactococcus lactis isolate TIL37 16S ribosomal RNA
B1 198 Bacilli . 99
gene, partial sequence( JX893593.1)

Uncultured bacterium clone FAIR _ SPR _ 12F 16S
B2 178 Unknow ) 99
ribosomal RNA gene, partial sequence ( KC358066. 1)

. Cetobacterium somerae partial 16S rRNA gene, strain 23
B3 176 Fusobacteria 100
(HG326498.1)

. Aeromonas veronii strain FZMH 16S ribosomal RNA
B4 197 Gammaproteobacteria . 100
gene, partial sequence( KC633849.1)

Uncultured bacterium clone 16SOTU12 16S ribosomal
BS 192 Unknow . 97
RNA gene, partial sequence ( KF978763.1)

. Uncultured Bacteroidaceae bacterium gene for 16S rDNA,
B6 198 Bacteroidetes . 99
partial sequence,clone:L16( AB665785.1)

. Lactococcus piscium strain MARL41 16S ribosomal RNA
B7 173 Bacilli . 99
gene , partial sequence( JN226415.1)

http : // www. scxuebao. cn
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(Uncultured actinobacterium ) #8421 1435 %] 100% ; 5%
it 10 5 NCBI # ok 85 3% 09 8 I8 #F & H
( Sphingobacteriales ) [7] JJi 14 & ik 100% ; 4577 13 &
F y-Z ¥ i ( Gammaproteobacteria ) , 5 NCBI & %l
AR B I 5 ML 1R J& ( Pseudomonas sp. )[Rl Ky
95% 3 Hozr 10 4>y 51 24 55 NCBI i 2 i1 ik
¥ 90 [ R i 31 99% LA L

XF &l 4 % Jj 16 DGGE &3 b = 1 JE A il
197 AL SR BEAT SRR LT A AR BT AR
J¥ %) £ GenBank 1 Y] % 3 J¥ %1 5 & KJI862020-
KJ862026 (£ 3) , H: B3 Fil B4 Sy Xif HE 41 15 21 i
B AP0 S, I 45 R B o, B3
Cetobacterium somerae, B4 h 4 K S B
(Aeromonas veronii) , 1] §8 5 {1 17 BF 25 7 X I Fif
RTE XS B2 FR K KA 8 2 4 A 5 56 . B1 Fl BT
75 W 2H £ i b AR A L I 45 SR R Ol 2 A
T HE W FLERE 8 ( Lactococcus sp. )

3 dhie

AR Y Hp A P A 2 R ) S 6 20 ) Y R
R Em TX A (P <0.05), H 95 4H /Y 15k
AH B EFMNXFXNBY (P <0 05),
Weerasooriya' ™ 4 I 205 153 A 25 2 B T e % % 3k
11 ( Oreochromis niloticus) %)) T 2 FH 1L 72, K I 4
SEIFBA ML e T Bk a4y i A K o™ &= 1 32
1o, TE R ERL 9 17 0 T 5 ] TG 95 A AR 25 B AR
TJeE B AR gy B e i AR &R, 7E A 6l
( Oncorhynchus mykiss) 3¢ 58 S2 86 b & B, JC 95 1
A 75 BRI VAT i S T B S A R i O 1Y A
K, A B A 5P AT T KOs I, 777 58
X T 0 4% 0 A KA R IR AR YT . Y
A1 AR S 1 N T B 1 L9 W R ( Litopenaeus
vannamei) {77 5, H I BRH T 5 58 K A B 2
R E A IR DR 7F 3 S N & &
56 v, X B 2 T S 3 K MK BT AR R A A O
ANAETEW] 22 5, R A S50 0o AR 4% K T 2 B sy ik
T AR P B A TG 95 A AR 25 W AR TS
B 2HK AR TSS W2 (P <0.05) , TZifii A A HEK
F AR B AR B 18 T 52 00 K 3 BR T 1S I BURL A7)
55 A W A 4 A BIL 25, SCRE R R I 5 K (R 1 A
RACHE fid, 15 T UKL Py 5 28 ) ISR AL 25 o K
R 1 T A T 5 A ) Rl 43 1) 3 e v Bl RE LG R
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Effects of eco-substrates on growth performance,intestine and
water bacterial community composition of Ctenopharyngodon idella

XIA Yun', WANG Yifei’, YU Ermeng', XIE Jun'*, WANG Guangjun', YU Deguang', JI Hong’
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation , Ministry of Agriculture ,
Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Guangzhou 510380, China;

2. College of Animal Science and Technology ,Northwest A & F University, Yangling 712100, China)

Abstract. Eco-substrates technology is known to improve water quality and promote growth of breeding
objects in aquaculture. In this study,a 30-day experiment was conducted to investigate the effectiveness of
the non-woven eco-substrates for maintaining good water quality and promoting growth in
Ctenopharyngodon idella of high density. At the same time, the fish nonspecific immunity, fish intestinal
microbial composition, water microbial composition and microbial composition of eco-substrates were
analysed in this research. Microbial communities were analyzed by using the PCR-DGGE ( PCR-denaturing
gradient gel) technology. In treatment group, the non-woven eco-substrates were placed in farming ponds
with the density 0.32 m*/m’, which was produced by AquaMats Company. By the end of the test,final fish
weight, weight gain and growth rate in treatment group were significantly higher( P <0. 05) than control, feed
conversion ratio between the two groups was opposite (P < 0. 05). The serum AKP, ACP,SOD and LSZ
activities for treatment group were significantly higher ( P < 0. 05) than control, but iNos and tNOS were
significantly lower( P < 0. 05) in treatment group. At the end of the test, the TSS in treatment group was
significantly lower ( P < 0. 05) than control. However, no differences were found between control and
treatment group with respect to other water quality parameters. Cetobacterium somerae and Aeromonas
veronii were the specific bacteria in control grass carp intestine, which didn’ t exist in intestine of treatment
group. Bacterial community composition similarity between eco-substrates and treatment group water was
much higher,and peaked at 63% . Cetobacterium somerae was specific dominant bacteria in control water.
Aeromonas veronii existed only in water, and the distribution in control was higher than that in treatment
group. Chloroflexi accounted for about 10% of the total bacteria for eco-substrates, but only 5% in water.
The results demonstrated that non-woven eco-substrates could be considered a good tool for grass carp,
mainly by promoting growth,reducing feed conversion ratio, improving nonspecific immunity and reducing
TSS of water. The use of non-woven eco-substrates changed water bacterial community composition , reduced
the number of opportunistic pathogens in water and intestine of grass carp.

Key words:; Ctenopharyngodon idella; eco-substrates; growth; bacterial community composition
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