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BERFE, ARTEAEMRENAANEATEFREFARFEARAETLREREGE Z
B EDEETRBREN KRR GG fE Mk (W B E W5 A8 R ZE-M 4
F1BEM 4), RBLEEF, AHEL(ZEM 4 f BEEM ) AR P E XA K E £k,
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REAMCOD EEL LA, A EAAARE M COD WK ig L& 8 ,ZE-M . BC-M £ K4 4
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CFU/g, R BAFNBANFRAEZRLF(P<0.05) , K ZE-M LA 4 &K, X4 K
HH21.59% , RIEGERER, AAEATFEFERARFEF N BEMRENBEARAEREEFK
ERFEAR REXGERENTRGHEDATRERAWEDBEE D

KEWR R EAIT BRI RN, T RRR
PESEKS:Q938.8; S 966.12 XEkFRIRAD A

WEE K= IR E ALK PRI SRR, R AR, M A 22 00 P AR K R 3

BHOEOYBANFE L PR RER T, LHN
FRAARFREY , N FRBGSMNRR R RR, BT
WEPROBERAELMK, SEEEFET
Xt 7 R N THRHE KRB RA, A IMR R A 5
A SRR (B ) R R EFF L
ERHRZE R, SR P REREEF A 2
8, — B LS R, RIEA YRR R T 30k
RUAFA SR, MR FRESRIRERE,
REBXTARHERE . HE# 7Y X s Y R BB R A
55| IR BB, AT BUF R A KR 218 L MR
ZR R TREEFERUFEER, A,
BRI KRB RN ER,

5% B #§ :2009-09- 10

&5 B #3:2009-11-24

REBHE KBS —E B BRI A4
PIB AR B 2 1B E U YEoR B S B A s
SRR SR A A EEA IGE . B AN
Sy B SR E FE A B R TR O R R
HA, 1B R AL B RS S h SR Bl A 9 5 3275 B R
Rt B RYIR R GRS, AN T AR
PRI, IR 40 B Y S R B BE , AT 58 AL IR TR
HRA YA R, vk, ABHFE R E P AT
PR IR ) R b , 358 ) T 8 7 2 X ol A 4 39
LLMO ByffA: Y47 1 R AL Ak 38, 2R78 B =2 i
Y, R E XTI RE G HAT T L7 A
W, BUS T RIFHRCR

AHTE : BR/AANZ"REARFREEITR (2007AAL102409) ; EZZIGHR “908” T (908 - 02 —04 - 07) ; WillE A MNP ERESE

i B (Y307542) ; 5P FrRhEE B9 B (2008C10021)

EIRIEER  BEIT 2, Tel :0574 — 87600232 , E-mail ; lukaihong @ nbu. edu. cn

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

286 X o R 34 %

1 wRETk

1.1 56 it R S 4

ARG EFHEG N L HNIEXNF
(Litopenaeus vannamet) 2FEFEFH A 8 P17 T [E
FEALTAE Y UiAL -5 B0 MUY IR TR 1 i 5 , e
PLEEBRAA SRR 6 O, s 4 1 Dy,
2 IR ; AN R I BLLY 5 336 m”, SEH KB
251.8 m, XUFHFFHEE R 75 ind/m’, BFR BT AF
HIAE 4 0.8 ~1.0 cm,

BE AN EELMEY: OX R A S
ARAEYHF LLMO (2% ZE-M) ; Q4 WiE #
REEHWAEYHF LLMO (2 ) BC-M),, K,
LLMO #4137 5~ 32 B General Environmental
Science AEA, FEHFAFHEE R AME
JB R A4 B m
1.2 XWHERENIER

I A TR R B E A Ak, e 5
o SR ZE AR B SO (], 1 3 ) R R
AEIK, AP RF IR IERZY .

AN 14 d J5, R E e 3 ¢/m’,
WS, AN, 8 20 RAARK
B EAL A Y 1 K, BRI ], S8/ 4 Ko
BB & AT Yy, R AR e b A R
HIZKFERTIR AR R T AL 5 A Mrdgn (6 A 21
H A E— KB E FoRAE , AL TR 7 R A B
FE G RO B e AL AEY)) o PSSR Hydrolab £3
A 7K B 2 X B3 € K 1R %5 & (DO) #1 pH;
Chl. a 5 E £ E = (BBE) FluoroProbe 77 Yt
FEAXIRE ; FAPEE 7= Beeker BEIPTFRYIRIFEZFRE
WRRBERH ., KEMBHRETEG, RRF
T B SE R il HESR R, KPR
RA(NH, *-N) EHREHE (NO, " -N) fb¥FE4H
£ (COD) 48 bnt FR SR [ 11 ] Hr i A v 7 ek
3 JREERY TOC Il COD 2548 Rk FH % SCHRAR it
OB E T . R A B TR R AR
%,28 THERHEFR 48 hjEiHE " .

1.3 RiEshE

Geit ot S EAR AL B SPSS 13.0 Stttk
R HEAT, AR AL B K H AR B 18 AR E SE BETT B B
R J5 % 53 H7 (Two-way ANOVA), R J5 47
Duncan [RZHE i, KT TOC FE (BRI
i) LR, $0iE So i IR OE 3B AL SR B AT

Gt s I AR B IR AT, AR BT AL
BHFEHAT T Z0T REE B

2 4R

2.1 FER4EKRTER
TREG A 6] b B 20 0 %o BR A B SR R L &
9, AR 34 =B B T R A A E
LHR XTI HLRE g K FXTIRA (£ 1) .
£1 MIREKGHERER

Tab.1 Basic status of the shrimp growth in
Yuyao and Yinzhou ponds

FrEHME (cm) R (keg/ha)  RIEHENR
size yield result
it B840 control 9~12 5625 1E‘# normal
ZE-M 12 ~13 11 250 IE% normal
BC-M 11~12 7 875 IE% normal

2.2 MIEREBERKREFNEL

B, M SR a(Chl. a) P ER
4138 BC-M 4 8.45 pg/L.ZE-M 24 21.23 pg/
L M4 18.45 pg/L; kg , R FRIE |
YR B S ER R EFRL H RN E, 5
ERBEREM, WBERN, K4 Chl. a 1°F
&8 BC-M 41k 150. 83 pg/L.ZE-M #H181. 84
ng/L X4 272. 45 pg/L; ALBA Chi. a K973y
FEW B X RAMR, H b ZE-M 4 Hx AR
33.26% . BRI , ke i BE AR A
FERABE AR, w0, AL B AN A
IR I LI 8 1 (8 1) 5 5 A B4
BERAEME LT, FREE S AR AR Ak
T, K8 R AR £, T R 2 U 2 9 o A o O
BoKENREFE(E L),

01 pa¥ cryptophyta _
200 - 5% bluegreen =]
160 e %& green ]

120 -

biomass of algae
[e.=]
(=)

40+

BRAEWE /(1g/1)

21 Jun 13 Jul
HH#1 date

28 Jul

E1 XURFFEEBIEREETERBRDES
ZE:BRBAESWAEYA; BC: A YEERESWHAEY;
Con: X} fE4

Fig.1 Variation of algae in shrimp ponds
ZE . treatment of zeolite; BC. treatment of biological active
carbon; Con;control.
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B 2 RAFMREKAAREEHEL, FEE  F8,COD HXTERREET 34.26% ~42.60% ;i
FREIRIEES , TR HR ) R by BeE5 PR, BC-M il ZE-M 2 COD {H 7> He %
PREFUURABTIR, SRR /A WAM32.50% M29.87% ,

B IR, WK T R A 2 ST L) W0y
7t O R VKB 2 T, SR 25 s ’

160 + [—Jcontrol

7] 1.65 mg/L; %t , AL BL4H i T ZE-M,BC-M
B Y H9iE RS AR B IR AR
BRZE, R 0.8 mg/L IF, BFE—WK(8
H 30 B) T3 6 XaRFEK#m, b 228 Fx R

—
[yl
(=]

CoD/ (mg 0,/L)
%

'/
YLK s B R B DI R R o \
As \HNZ ENZ
1.6 o BewM /\ 0 21 _]un 13 Jul 28 Jul 16 Aug 30 Aug
:zgn}frol / Hi#lfl date

B3 k& COD MM
BRFTRES A—REBN, ARAFRRREREE

NH, N/ (ng/1)
o

0.8 fo \o (P<0.05) RARFRIEHBH BEER(P>0.05),
Fig.3 Variation of COD in the water
0.4 Bars indicate S. D.. Letters indicate the differences between
) e ~ groups within same sampling date. Means not sharing a common
T letter are significantly different( P <0.05). Non-labeled columns
21 Jun 13 Jul 28 Jul 16 Aug 30 Aug mean no difference at the significance level of P >0.05.
H# dat
A date SO T I IR A K AT I e
B2 bRk NH, N FREHEL 2, W2 W, B R, X 4K 0B B
Fig.2 Variation of mean NH, * -N concentration 27 ~45 cm AbFRL 28 ~ 46 cm ( FAIFE R & Rk
~ ’ = ~ [=]

in the bottom water of ponds

FEKE RS SR, ZR AN E; KEKBHE

I o, TR COD R EL EF,m (DO) R BFEE FHE LA B KBS, R

4bFLH COD EFAEERE (K 3) JFHASBKIE KKk pH.NO, "-N il H,S & 8iXK /5
FAE B2 /5 COD A —ANFE Xt i pe ikt WA LI (B RA MM 2R ARHE

&2 MEAKMEERE.pH EX DONO, -N.H,S SELTH
Tab.2 Transparence, pH and concentration of DO, NO, " -N, H,S in the water column of experimental ponds

pi 953 6 A21 H 7TA13H 7TH28H 8HI16 H 8H30H
index of water quality 21 Jun 13 Jul 28 Jul 16 Aug 30 Aug

# B & (cm) transparency

BC-M 29 46 42 32 26

ZE-M 28 45 43 31 26

control 29 45 41 27 31
DO(mg/L)

BC-M 8.76 5.70 7.57 5.85 11.43

ZE-M 10.93 5.52 5.89 9.08 12.58

control 12.48 5.47 8.27 9.25 11.50
pH

BC-M 7.8 7.5 8.5 7.9 8.5

ZE-M 7.8 7.6 7.7 8.24 8.8

control 7.9 7.7 8.5 8.7 9.1
NO, ~-N(mg N/L)

BC-M 0.266 0.111 0.070 0.106 0.076

ZE-M 0.075 0.091 0.091 0.123 0.105

control 0.241 0.079 0.083 0.138 0.104
H,S(mg/L)

BC-M 0.023 0.087 0.055 0.084 0.505

ZE-M 0.042 0.073 0.076 0.097 0.468

control 0.029 0.063 0. 064 0.118 0.522
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=3 HRHEYE (L) Chl. a Fm) 5HEK
FRIEARRIE T, NP W LIE H, Chl. a 5K

BKEERA BE BB BEERKR, FN&
JUK IR R RS A BEHRRKR,

R3 EHAREFNEXRY

Tab.3 The correlative coefficients of conventional water quality indices in the shrimp ponds

HiH item SD DO pH CoD NH,*-N NO, -N H,S TOC Chi.a
SD 1.000

DO -0.780"" 1.000

pH -0.390 0.522" 1.000

CoD -0.340 0.513" 0.788%*  1.000

NH,*-N  _0.495° 0.277 0.649%F  0.277 1.000

NO,"-N  -0.347 0.521*  —0.046 -0.092 0.051 1.000

H,S -0.527° 0.533" 0.561" 0.767°F  0.294 0.092 1.000

TOC -0.341 0.254 0.580%*  0.476 0.520% —0.184 0.451" 1.000

Chl. a -0.538" 0.420" 0.728°"  0.745°"  0.637°" -0.098 0.797"*  0.720""  1.000

E: = TRHREE(P<0.05), == kR EE(P<0.01),

Notes; * Means significant correlation( P <0.05), =+ mean highly significant correlation(P <0.01).

2.3 KERBNRRMEDTL

FHEMWIFRRAVE S ERRE ZESFA
WrITRARFR A A B b S BN E A R
B, & LUK TOC /ERRRE RS &
BIFE R, M 4 W] D0, kb2 4 A s BR 40 e 58 RS U
9 TOC W& R I HE R A WM E HxX—
FF IR TE I ; e E A T A G it
B R, HERIETOC HEEBEEZR (P <
0.05) iR 581, BC-M 411 TOC B /NF Xt
#4(P<0.05),

1.0 777 BCM

vz 7TE-M
0.8} [—Jcontrol

b
£06¢ 7
g .
S04} a
= y/
0.2 é%
.
0.0 2 / 7 /% |
Jun 13] 8 Jul 16 Aug 30 Aug

HH#l date

B4 KiBRE TOC SEMEN
BRFAES; A—-XERBA FRAFERFEREE
(P<0.05) , RIFFRMFHEAF BEFEF(P>0.05),

Fig.4 Variation of TOC in sediment
Bars indicate S. D.. Letters indicate the differences between
groups within same sampling date. Means not sharing a common
letter are significantly different (P < 0. 05). Non-labeled
columns mean no difference at the significance level of P >
0.05.

By, SERERETHFARAEBES
3.367 x 10° ~8.60 x 10° CUF/g {L Bl , 4 a2
FABE(P>0.05) (K 5), XFEKSRPH
ML AR, I VR 577 4 Bl 2 W BB I 7, ik
AETAT, K3 85 x 10° ~393. 7 x 10° CUF/g,
MHEAMNBEANRFHARERBE (P <
0.05), X o ZE-M 4 B 1K, (XA %t B A
21.59% ; BC-M 41 F1 A7 b % B/ 1 4 3, %
16.3% (B 5) o

35+

r772BCH
300 SYZEM b
95| CJcontrol b

[Nl
(=]

—_
o

heterophic bacteria
—
()]

IR EE / (X10°CFU/g)

[ =R

H# date

BS5 KRERERFHAH(HB)HEE
BRRAES;A—RERR, ARFBRREREE
(P <0.05) , RIFFRKFHBA BEER(P>0.05),

Fig.5 Variation of heterophic bacteria
in the sediment
Bars indicate S. D.. Letters indicate the differences between
groups within same sampling date. Means not sharing a common
letter are significantly different (P < 0. 05). Non-labeled
columns mean no difference at the significance level of P >
0.05.
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3 B

FUFRA RIE R E E LA YT, B A TR
M , B TR ACE A R R E AR A RE R,
B ZHZRMTLIE, B R M8 Y
AR BT 2 o T 0 BB Y R T BREE 1B , K
HE A BRIR BT B SL R A A , S B 25 7E [ ik T
A BE AT E R R A S YR T B
By A 23 ), I T B 9 5 IR R T B ARYS B
I RRDL , T S8 T o v 3% IR U8 B BB A
YHEE RS SIEE R L, B E 4L
T R TR A A A S R TR LR, S
FEARE o AR, BEE R A RIE 2
SR o R T UUR, IR HLYS R
H 2530, 1 52 b A W 9 52 SR 450 0 £ BB AR HE L
YRR TE R R R R K IRTE LA BBk,
FREMHRRWN A SERE T E%, KRAE
HLER (TOC) By M 3ot e IRk R TR 17 B9 45 4%, BC-M
1 ZE-M 4 JE I8 TOC & & 4 Bl bt 3 i 4 4%
37.43% 1 19. 45% , BRI M H) ZE-M Fl BC-
M [ B W1 B R T AR BLIS R G
Ve, BRI E LS B RIBE RS, T M SR
BRE RS, ZE-M 415 IR P A= 8 3
T BC-MZ(F 1), AR Ak Bk G /E AR
PR E LLMO 4= #7379 88 58 76 2 M AR HE S 4R
A, (BN AR LI A T $8 4R R B, ZE-M 41 0
BC-M RV Bk ik b &g iR 2 R AW R,
T X — 25 BT BR R B TR AR K IR e &
PR EEARER T 54 SCH B < B K A8 R L PR
W MIRETE S R X4, B S XHIF & K
K RRERRSEEAHEREE %,

B4k, BAREE R E M EHEERN R R
U B RIB I WL T e Ve P T 04k 5r i
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HARKER - KA EEFRLEERR B
1, T S AR B B I A 0 4R 2 B G R 1T 7K
BHCE SRR, DT A1 R T MR e A 5 ek ke
BRI R 25, WA IR 25 5O , Ab B A0
it BR 4 ML 45 K ST A A 22 S A B, 3o R 4 vk o
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B R P % L B AR 1 TR P I B 2,

MZEAF LA™, B, 45058 b A E 4 i
FRBIA BRI TS MR ERART A
KREMAR KRNERIFIT LBHAMX A
T P PRI Y B v S M RO A () < o B PR i A
Yrvh BE B AR B TR S, T B R Dol A ) 4 i
YR &t HL R AR E A B R (1B 1) , 3 3
WY RS E R AR SRR SR R e e [ Ak
Tl Y SR AR R R R R T X —
Ko MK PR I YR 5K B LK
FRETH R, A A5 & Fok R &
KBRSV FE BB A Rk (3% 3) WG R ULBH 579E
RGR—ABNEZR R AESINE, B
T, A P X i S K R A R R R AR
PR R T HX S TUK RIEAR T A S B A B 45
Ho

A1 ) BT R AL R A sl e A I IR, 4R
AL R K R R AR R R K
SRR B E AR Y T LA R A R
YEIR RN P B A HLTS Je Wy, VA3 Mo 3 K o O
TS IR A A E L. BEMARER
AT I, B R A A %ok R B T B A DL
HEZAHEREE T ERANTIR, XA
REHE A FHE—PEE,

BE 30k
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Application of immobilized microorganisms in
Litopenaeus vannamei aquaculture ponds

JIN Chun-hua, LU Kai-hong* , ZHENG Zhong-ming, CAI Hui-feng, WANG Yang-cai
(1. Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China;
2. Service Station of Fisheries Technology in Yinzhou District, Ningbo 315100, China;
3. Institute of Ocean and Fisheries of Ningbo, Ningbo 315100, China)

Abstract ; Effects of immobilized microorganisms on regulation of water quality and bioremediation of
polluted sediment in Litopenaeus vannamei aquaculture ponds were studied by measuring algae community
structure, various water quality parameters, total organic carbon ( TOC) of sediment and heterotrophic
bacteria. Immobilized microorganisms included microorganisms immobilized by zeolite ( ZE-M ) and
biological active carbon ( BE-M ). The results showed that the algac were more diverse, with similar
proportions of cryptophyta, blue-green and green algae in the ponds with immobilized microorganisms,
while blue-green algaec dominated in the control ponds. Concentration of ammonia nitrogen and COD
increased linearly with culture time in the control ponds, but increased more slowly in the treatment ponds,
which was probably due to the application of immobilized microorganisms of ZE-M and BE-M. Other
indices of water quality did not show significant difference between treatment and control ponds. Effects of
immobilized microorganisms on TOC content in the sediment and amount of heterotrophic bacteria were
significant( P <0. 05). TOC content in the sediment in both treatment and control ponds increased with
culture time, but TOC content in the control ponds increased more rapidly. At the beginning of the
experiment, the amount of heterotrophic bacteria was 3. 367 x 10> —8. 60 x 10> CFU/g, and increased to
85 x10°> —393.7 x 10° CFU/g by the end of the experiment. The amount of heterotrophic bacteria between
treatment ponds and control ponds was significantly different( P <0.05) with the lowest amount in the ZE-
M group(21.59% of the amount in the control ponds). Our study showed that immobilized microorganisms
could significantly improve water quality, increase algae biodiversity and bioremediate polluted sediment in
Litopenaeus vannamei aquaculture ponds.

Key words ; Litopenaeus vannamei; immobilized microorganism; pond aquaculture; community structure of
algae ; polluted sediment
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