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B RATBREN T AR ERABAINBITET FRAE A ME 0L RA, A 4).
036 g/L(B4) A 0.72 g/L(CA) AR RMEMTATH. FREF, CHAME. pH A H 5 T
AKFEZEHETAYL, EBECHAANN AT ZRIALE, HYEZTHAREZRAL.
CEEMEBRARBIN BN EM L, SWARXRTEAH LSO HEST R (RH, E4). (R,
FANAAENERAETZ FERERAATAAREINBR . EHNKFIAT. BIKEE R
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BREAH, AFH—FRAMEXITZ.
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R R R 2 R AE S IS N R KRR TR 5T, X PR s ™ A T e
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fEE S Y SR BE B R R TR WES T, (IR O 6.5~8.01" ) HS [ A4t W5 5w il LR 75 AR M 2R B
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Fig.1 Diagram of tank in biofloc aquaculture system

SR o ] A i I b AR 7~8 em 1Y
3R WESE . A SRIK Sk 2 R B,
R T ORER/ /DT = G R L AT iR
BLAS B 5 R0 42 R 50~100 pm (9 4E W5 52 Ky, I 2%
T 800 HLP AN, HALWiess4e.

ARSI PR o A, SR R I3 55 d
5 — o R PR AL R GE R Bl ad B AP 5 58 Kb T e
FER AT, RVRGR S BL, M 25d. 52
Koy 3, B4 34T B EE h X
TRZH (A 4); $olo Je Je 4 L2 n 4t e (B 41),
R 0.36 g/Ls B JE i 48 £ 2 A 4 5 52
(C4l), Bk 0.72 g/Ls

5 ROy RS R BRI R G R
JE 25 1 41 W e 4D FEBUE AU RICR , RIFRFE B B
JA 30 do SN 3, AL 3ATAT: A
PG 5T %t B (D 4, e e g A
MG e kY (B 2H), 80 Je e 48 £ 22 1 4 W5 e
F ). hTHRMHBARBEARR, HUGEH
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RN E 3 g/L,

A= 2 RS AR B R R 0 AR Pl
g — A RAR) R, FERS: HEN
(=33%). HLIGNT (=2%). HLEF4E R (<8%) K
a1 (S12%); AR EEE R G IR R B o SR
B G B AR A RAF, N5, R
FEM R G FRIR A . I T 40 mg/L,
TS I Bl 2 & A0 LA R 3K BB O 150 mg CaCOs/Ls
FEA 6] A 10 KR4 1 BB IF B R %) 5 (total
suspended solids, TSS), FREHIKF-A 500~800 mg/L .

1.2 FHEERE

FRBE 5 A ok w2 AE f (GIFT Oreochromis
niloticus), 2019 4F 1 J 11 H[6] 9 N FEFIK R A
B k10 450 &, KE (100.91+34.91) g, &> FE0H
KA R T — B, W R SR 10.09
kg/m’s FAREER AR LG — Ak A PR A R R
FERS: HEA (Z33%). B (=2%). Hl
1Y (<8%) FIIKAT (S<12%). 4 H 4y 3 IR
TRE, 4394 7:00, 13:00 F118:00, H MKy
3%, B 10 RIAE 1 R A, FRAE R Kt
P ta, JEab AR AN g —Sun P
efn, DIAROR 3 AR BEATE R —KF,

1.3 SLSHHENEFE

KR A4 ERG A B, B2 K
1 RKAE, 10:00 Kl KR (T). pH. %4 (DO)
(WTW Multi 3430, &), @l & &% (TN) Fl ik
JE (DL CaCOs 1T, TR B 22 6 7R 15 ). KRR B .0
(4 000xg, 10 min) J5 W 3% A M B A HLA (dissol-
vedtotalnitrogen, DTN), TAN. WAHARZE (NO; -N),
HIRA (NO3 -N). #fftE A Lk (dissolved organic
carbon, DOC) Fl45 & F (Thermo fisher-ICS 1100,
FE) W E . TN, DTN R i i iR 41 S fb— %%
SR 6 B (BLS UV2000, IR HRT, T
[i]) DU 72 . TAN ¥ 8 SR FH U V5L IR A 48 Ak vk T i
NO; -N¥& Rk H 8 A — M 2L E , NO3 -N
JE A FH 58 A1 43 016 B el s

TEFEF M B, K 10:00 BOUKAE, # T,
pH. DO FIHkE . 7KEEE .0 (4 000xg, 10 min) J5
Wi 5 TAN, NO;-N, NO3-N, DTN, DOC HI45
B HEE, 43 KA TN, DTN, W& kR -,

HACERE S R MR SRR 55K,
B KIS R 24 h, FEHLE S B2k
BIFFR e, KBRS . 76 RFE T min N, MR
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1126 KopE o R 44 45

TR B IV o DA R 31 R I () 15 8] 4 5 mins,
MAFEA 1.5 mL AEFFE LU B 048 T, fE4°C
AT, 12000 r/min 5.0 5 min, BTG A 53
BC# 1.5 mL B .04, ABAETE—20 °C VKAR Y 5
i 5 f ) R, BUR RIS . M. IFAR .
LB GENA . £0°CF, fii /s shiE FEHL
8 000 r/min 2% 3 K, #¥£E30s, RS 2500 r/min,
20 10 min, B EIFWA B E.OE T, JRETE
FE-20 °C vKFE W, 15 Wk H Zhang 55" 77 1%
M

AR S L g B % 40 K, SLE S 25,
35, 45 fil 55 K TSS. ZKIKF (FV30). 5
26 Fi1 55 K43 51%F 9 S /KHEREHLE 50 mL FRFE K
ST RV E T80 °C VK AR PR AF, FRAH K FE 1Y) DNA
M4t Fast DNA® SPIN kit DNA $2 i #] £ (Qiagen,
CA, &) #EEM RS BRI THE I . >R H Nan-
odrop-1000(Thermo Fisher Scientific, 3 [E) I & H
WeRE AT & . $EHUA) DNA A5 5 Je | H ABI Gene
Amp"® 9700 PCR U A7 4 38, 5 18 X 38 Shy 40 B
16S tRNA V3~V4 X, B 51%)°% 338F(5'- ACT
CCTACGGGAGGCAGCAG-3") #il 806R(5'-GGA
CTACHVGGGTWTCTAAT-3"), RW&M: 95°C
3 min; 27 PMEFR AL 95 °C 305, 55°C 30 s £l
72°C45s, % 72°C ZEH 10 min, =9 4 HEL UK
¥ B I 48 Axy Prep DNA Gel Extraction Kit (Axy-
gen BiCciences) 4lift. )5, 76 [ 156 ¥ A ) B2 25 )
A BR | AT, WFF 6 4 Nlumina Mi
Seq PE300(Illumina, 3&[H),

1.4 BUEDH

S 0 SR H Excel A T 45 R g1, H
Origin 9 1 Adobe Illustrator CC 2019 %% 4 i 17
R, RHI SPSS 22.0 SEHHIAEHRIE T ANOVA
PR EHT, P<0.05 HESF B E, LB
(L V- Y 45 HE 2% (meantSD) [IE U FRIR .

2 4R

21 KERBH

ST IR, A IR B KR A KR 2 R R AR
(25+1)°C, DO ¥ AL T 7.00 mg/L. %3 shir
Bf, W12 K&A% TAN G BTG FRE, AL BAI
C #H TAN I&{H 73 5 M (4.91£1.93), (4.35+0.78) FiI
(6.54+0.49) mg/L(F% 1). 4 TAN FF§, NO;, -NJF
I ETE, A 20K 3 41AUNO, -N s ETF, S
T, IR 3 HHNO; -NIFE FTF. B shBrEL,
SHM=BAEFHARE (P>0.05), B, C 41
JE . pH M5B P S M T A4 (1), C4lik
B 2 =T A M B4 (P<0.05), {H A, B4
FRANTFE (P>0.05); B, C4 pH MEE T BE
T A 4l (P<0.05),

BB BE, E. F 4 pH FAS B 1 3%
T D 4 (P<0.05), {HE, F 4R ERANEE (P>
0.05) (#2)., %533 K, E. F4 TAN 4350 (0.47+
0.32) F1(0.41+0.26) mg/L, D %1 TAN ¥4 BTk, T
534 RIFZE (2.76+0.47) mg/L(& 2-a), Y5 T4
KE. Fdl, HER ¥ (P<0.05), E. F A

®1 RERTMEKBIRITHEL

Tab. 1 Changes of water quality parameters at system start-up n=3
fbs A B C
parameters mean< SD A mean £ SD A mean + SD ALY FE
range range range

HER/(mg/L) TAN 1.17+1.69° 0.05~4.91 1.06:1.54° 0.02~4.35 1.71£2.06° 0.03~6.54
WAH%E/(mg/L) NO3-N 3.90+3.30° 0.00~9.47 4.18+2.84° 0.03~8.00 2.87+2.34° 0.01~6.72
% /(mg/L) NO;-N 3.06+3.16° 0.49~9.88 2.92+3.00* 0.61~10.75 1.75+2.04" 0.48~6.99
KIE/°C  temperature 25.97+1.43° 23.37~29.20 26.171.52° 23.57~29.20 25.62+1.53° 23.10~28.50
pH 8.03£0.13 7.68~8.21 8.17+0.17" 8.00~8.31 8.12+0.09" 8.01~8.32
R/ (mgL) DO 8.14£0.25" 7.69~8.67 8.13£0.22* 7.69~8.59 8.01+0.22° 7.78~8.70
5B F/(mg/L)  calcium 32.66+2.37° 27.67~35.69 38.83+4.57" 29.67~46.16 39.29+6.16° 26.67~48.98

B8/ /(mg/L)  alkalinity 102.08+16.18° 82.59~127.67

106.75+9.67°

94.31~130.67 112.95+11.55° 95.50~129.67

TR EAR NG PR R BUE 2 R 8 3 (P<0.05), TR

Notes: values in the same row with different lowercase superscript letters are significantly different (P<0.05), the same below
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S35 B 2 (56.03+7.25) Fil (61.08+2.80) mg/L, D 4
T % % (39.60£2.27) mg/L, ¥ K E, FAY & T
D4 (K 2-b), H 2% 8% (P<0.05), {HE, F4i
A 22 %R E (P>0.05); pHEFZ: Ff%, E. F

ZH pH 4> P& 2 6.25+0.14 Fl 6.20£0.14, ¥y T4
KD 411 5.97+0.12(/%] 2-¢), 103 PMHEA BEES
(P>0.05); E. FAHMEFKREY T D 4 (K 2-0),
{XF 45 D 412 5% 3% (P<0.05).

2 REFEMBEKRIERHEL
Tab.2  Changes of water quality parameters in system culture stage n=3
U D E F
A4 AR A4
parameters mean < SD AL mean < SD A AN mean < SD AL
range range range
B A/ (mg/L) TAN 4.44+4.18° 0.32~13.03 2.19+2.48° 0.01~8.99 2.07+1.93" 0.07~6.12
W%/ (mgL) NO; -N 1.9743.85° 0.05~15.14 2.38+4.13° 0.03~14.07 2.07+3.49° 0.01~15.14
f%&/(mg/L) NOj -N 180.52+80.41° 65.08~340.17 173.04£79.17° 50.27~327.93 171.65+81.49° 53.92~324.00
JKif/°C  temperature 24.97+0.36" 24.03~25.37 24.97+0.39* 23.97~25.40 24.95+0.36" 23.93~25.37
RWE  pH 6.79+0.78" 5.61~8.44 6.96+0.67° 6.01~8.37 6.96+0.64" 6.22~8.37
WA /(mg/L) DO 7.38+0.47° 6.68~8.49 7.14+0.53" 6.26~8.30 7.20+0.46° 6.58~8.39
£ T-/(mg/L)  calcium 73.27£19.34° 29.92~92.06 93.85+23.02° 50.45~120.58 93.39+24.18° 45.76~120.58

MEFEAYIF/(mg/L) TSS  704.92+217.57°  337.00~931.00

ZARAEFY(mL/L)  FVs, 31.90+12.58 * 12.00~45.00

B /(mg/L)  alkalinity 77.22456.17° 25.66~219.9

710.83+£224.44"°

335.00~1 058.00  663.75+213.74"  325.00~955.00

30.61£12.61° 9.00~46.00 29.21£12.36° 9.00~44.00

81.66+53.79" 30.53~209.82 81.53+49.00" 30.05~197.47

TEIN T BRIRE90, 3 2H iy B 3 14y 1] 39 [] —
KV, DH TANFFI TR, TH 35 KER
(0.73+0.77) mg/L. 3 41 1% B B TAN T F& ifi B
ik, HE. FAMES T DA, M LT 40
mg/L, R4 TAN BB RE, LI 38 K, 2
W IR S 805, 3 4169 TAN TR, 3 2 Ao
JE B Z FEAK (8] 2-b), 55 40 K, E. F 4188 5
W 2 (65.55+1.86) Fi1 (52.91+10.74) mg/L, ¥ &
TYRDA, DAHGE TR, 6N (39.60+
7.25) mg/L (B 2-b), EHBES D, FHEFMH
i (P<0.05), 1H F 4 M1 D 425 % A (P>0.05);
3 YIS B TR B 25 SR i (P>0.05), B R
IR s, 3 AmE A kS Z arH R, B,
F 2045 251k B AR bt T e (K 2-0). FRIHBNEL,
E. FHH TAN —HMKT D4, D4 TANIE{H ]
i5(13.01£0.84)mg/L, S E. F 25 BE(P<0.05).,
LEWIE, RESLANO; -NFEH 10 K5 —HAE
AR AU B, W fem A 2 mg/L, HA
I JC L 2% 5% (P>0.05); NO; -NKE—H 7T,
H 4540 8] Tt 1 2 2 5 (P>0.05).

HUCE RS R B MaE
E. FHMmiE RS e E 7 D 4 (& 3-0),
H 2% % W% (P<0.05), E4E&EAE. Hishit

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

2.2

TG EST 50 T DA F 41 (] 3-a, 3-b), HIERH
225 (P>0.05), E. F 21k B ol P ol 1 il 005 4 )
T D4 (Bl 4-a), H2ER W3 (P<0.05). E4M
it e k7 R T S M R 3 T L DAL (R 4-d),
&) 22 R 3 (P>0.05), 3 2 1 I 37 B 1k
PR it G PR 22 S AN B (K] 4-g)0 {HJ2 B 4%
HEE T W T DM F 4 (K 4-h), 2R EH
(P<0.05). E ZH JIF Jige Jie v 11 i 0% M 34 % T D AL F
A (K 4-¢), BICRE2E R (P>0.05), 3 ALY
Ve TR TS ME 25 N K (B 4-b). 3HLESKE LT
ke i 8 4 Ak 0 A Tl P 25 SR K (B 4-c, 4-),
{0 D 1 F 20 1l 48 E A 9 A S T R = T
E 4 (&l 4-1)<

2.3 HEESEAEK

XEAREA T FIAE 97% M ALK - F 47 R 2
ST, MEIANE OTU KF 85 BIE (B 5),
D. EMFZ4$ OTU 23512 1273, 1184 #1030
A, H 3445 OTU y 728 4, 5 3 4 BB
) 20.88%, F#MA OTU Jy 24041, & FAHK
23.30%., E. FZ 34 OTU K/ 2134, D. E4
A OTU Jy 854>, D. F#HILA OTU K 924,
E. FAMLAFOTUME & T D, EAAMD, F4A
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calcium (f) during the whole experiment period (n=3)

4 OTU,

3T Alpha ZHE P53 AT ST A A AE I 1 24
PERFE, [WREE 208 4840 Shannon
(Shannon {E & K, V& 2 A 4 5 ) A1 Simpson
(Simpson {H K, HEVE ZFEEBAL) $5 %k, [emr
W £ B ) H A8 80 Chao F1 Ace $8%1. E. F
HEFEE ST DA, B R 2SS R4 Chao.,
Ace $8%, K BL D AL RS 4L F R T B
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F 4 (3 3).

FIARE 1, 3 HA R EER G IS R
L] (Proteobacteria), H=FEYED 415 52.23%,
1E E4H 5 38.86%, 7F F4H 5 40.33% (14 6-a), 4
KB, 3 AR R AR LA a8 2 R 20 (Alpha-
proteobacteria) i =, HEFFED, EF F 414
5l 5 26.01%. 18.42% Fl 19.72% (/& 6-b).

J& KV b, R B A AL 4 T (AOB) Fil
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Fig.3 Activities of protease and lipase of GIFT O. niloticus in culture stage

Values with different letters are significantly different (P<0.05) (n=3)

V. fiFd P2 S AE 4N T (NOB) T Ji F) 75 4 24 — B b T
BAKKF, {H NOB ) fiff fk 42 i€ 17 J& (Nitrospira)
FESS 25 REFRY FFE LA 55 REF & (£ 4). DA
A & LA Cetobacterium . norank f SaprBiraceae
H Nannocystis 3, FBE5 508 11.99% . 5.28%
1 6.49%; B L J&E UL norank_f SaprBiraceae
H norank _f Cytophagaceae N=E, FRE5HIHK9.29%
5.78%; F AHAEELL Cetobacterium Fl norank
f_Cytophagaceae HF, FFE5I0 7.18% F15.85%
(K 6-¢)s

3 v

BB =5 L P R TR kR T AR R AR A B, 4
T I Bk TR 5 B o3 % AT R R AR B8 -, A W05 50 ¥ i
IFm KRB, R Rsh B, W
FE0G5E A SE B0 AL | A5 B T OKOF B TR
W2, FRWIH WG ST AE A W) B0k R G h i i, 3
T KA B B RN B TR . (AR A
B A B R R Y, B AR Ak AR T R
(¥l 2-b). Chen S N A FEGH AL SN i B vpr, B
JE R HEREAE 200 mg/LLA b, % EFI IR Y BE H #%
HESSHASHN TAN I, REEAAH TAN H
FE RO B RE o K, R O A 7 B B B i v A 5 e
F R I, [R) S SR FH 2R TR B KA A 5 A B A
SRS APRL, BIFFEAE SR 20 kb R RO

T, 3 419 TAN YK T 2mg/L, NO, -N

o B 7K 77 % 22 F 4 sponsored by China Society of Fisheries

fXT 0.5 mg/L, NO;-NHHTHREMWIHE, =
50 mg/L. 3R W LURS Ak 5 B 32 5 0 A 1) 2R e 5 A
RGO SIS0, b5 JR BC 3 40 B N
200 mg/L, TSS A 300 mg/L. %54 b Btwif 8 K,
RGO RR 2L R A%, B E. FABEN & T
D, #EFWET S, UL WG T &8
ITERERES , BB -2 A, AW EREER
S5 BB T 70 mg/L B, X 2R A FI A Ak S
S E AR, RILIESCIREE 34, 38, 41, 45,
48, 51Kk, —dte ik, 4rhlm 9 DFREEKAE s
TIEE 4 45 = ) 2288 R B0 R4 /K T 1) B R S 4R
EEBNIMRIRE )G, 3 HE AL 225 A K,
E. FAMSE 2 TRE, TANFIK BT,
e AR R RS A, 3 /L A G 5 B2 A G i
I RS AL I TAN, R AW LB
Bl & g At s e AR B R EE A PR, R SR IS 4k
SEIG NG SE BB . FRAEPT B E. F 4B
ZSAWE, RGN T 5 B AT
X

SEEMY, DA TANE ZE T E. F4,
Al BESE TG 7E HA W H TAN [ RE 71>, SC56 3
B, 3AMESE TR TR, FoRRY
TR RS AT R, H 3 AR E 3, Bt
AW, SEEGES 29 K, DAL E Tk ERRIK R
(29.96+2.89) mg/L, E. FA4E T FHEAMH T,
43 9 M (45.76+3.09) 1 (50.45+1.21) mg/L, 342
) %A i 2% 7 (P>0.05). #EWH D4 TAN 1
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Fig. 4 Alkaline phosphatase, lysozyme and SOD activities of GIFT O. niloticus in culture stage (n=3)
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Fig. 5 Venn diagram of bacteria in
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KUE. FAZEKRAHEZHERTFELZ. K
W5, FRIH RS LA R BT S5 M i — , 3%
BE By B & A AL 40 i (AOB) LA fil§ £k PR i v i
(Nitrosomonas)Fl—2& 1 R4 M H @ R £, HF

®3 JEMNMEEFEMS M

Tab.3 Abundance and diversity of bacteria in three groups

2153 Shannon§ % Simpson#§ %L AcetiH Chaot§$
group Shannon index Simpson index Ace index Chao index
D 4.14+0.50 0.06+0.03 819.43+100.24 855.03+£102.59
E 4.49+0.12 0.03+0.01 1 006.58+18.86 1015.50+22.33
F 4.62+0.13 0.03+0.00 1028.68+47.62 1 030.55+52.00

x4 FEMBRBEUARERKFOFEEL

Tab.4 Change of abundance of nitrifying bacteria at the genus level in culture stage(n=3)

F¥/% abundance

AL v 5% AN v 8 4 2
nitrifying bacteria taxonomy nitrifying bacteria genera taxonomy 25d 554
AN (AOB) A4 B B D4 0+0 DA 0+0
ammonium oxidizing bacteria Nitrosomonas
E4H 0+0 E4H 0+0
F4 0+0 F4 0+0
g norank_f Nitrosomonadaceae(f) D4 0+0 D 0+0
E4H 0+0 E4H 0+0
F4 0+0 F4 0+0
ik 1 2 S AL AT R (NOB) i IR D# 0.010 DA 00
nitrite oxidizing bacteria Nitrospira
E4H 0.01+0 E4 0+0
F4 0.01+0 F4H 0+0
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Effects of oyster shell as slow-release alkalinity source in
biofloc technology culture system

MENG Haoyan', HU Xin', WU Xia', TAN Hongxin "**, LUO Guozhi **

(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
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Shanghai Ocean University, Shanghai 201306, China)

Abstract: Oyster shell was used as alkalinity supplementary material to study the feasibility of supplementing
alkalinity with oyster shell in biofloc technology-tilapia(GIFT Oreochromis niloticus)culture system. At the start-
up stage, the feasibility of supplementing alkalinity with different oyster shell dosages of 0 g/L (control group,
group A), 0.36 g/L (group B) and 0.72 g/L (group C) was evaluated. The results showed that the level of alkalinity,
pH and calcium in group C were significantly higher than those in group A, but there was no significant difference
between groups B and C, so the effect of supplement alkalinity with oyster shell is obvious. Based on the results of
the start-up of biofloc system, the effects of supplementing alkalinity to tilapia culture system with two forms of
oyster shell (shell powder, group E) and (shell, group F) were studied. There were no significant differences in
water quality, digestive enzyme activity, immunity and bacterial community composition among the three groups.
Opyster shell and shell powder had no significant negative effects on the growth of tilapia and could be applied to
the biofloc aquaculture system, but there is no obvious effect of supplementing alkalinity with oyster shell in cul-
ture stage. The supplementation of alkalinity had nothing to do with forms of oyster shell. Under the current exper-
imental conditions, oyster shell can not completely replace sodium bicarbonate in the biofloc aquaculture system,
and the related technology needs to be further optimized.

Key words: GIFT Oreochromis niloticus; biofloc technology; oyster shell; alkalinity; enzyme immunization; bac-
terial community composition
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