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BE HER AL AR T A T E 4 (Micropterus salmoides) 7 78 K FR35 X A8k Ik X0, 7
300 L AP #tATL 0, REXAAGERABEARMAENLAAGMETEEREZS CON 4
15), BAWE 3 NFAT, BFRFEHEN 20 B/, #4760 d WEHRAFRA LS., FREF, 5%8
MAE, £ AR TR AL AKFTE NHi-N, NO;-N, NO;-N, TN 1 TP 4 EHH %
B 1% (P<0.05), 2318 T 57.07%. 80.22%. 30.50%. 24.64%7%1 31.47%, ‘K ZEHRM AL A . 8
MmN EE TR, 28 5= G AL R H RN H(90.60£0.08)%. (87.16+0.19)%, ik 5 K #r O\t
(96.08+0.19)% . (92.30+0.24)%., BWIKHI K 0 BH Z R R A AMB N EE T X, 25 G XG4 %
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P BETHAEYE ) (R AR Rl B R S5, 2023),
2022 4%, FREROK 0 JR5E 7 1A F] 80.25 U7 t, [
2021 ARG T 14.30%, A B FRIH 7 oM AL A
t, SR, BEEEZM . PELMLTIE T X0 LR,
SIEFRFH K BUERAL |« 8 3500 & MR R A A5 ), B
) ] i £ 5 B 0 AT R A

HET, A2 R H AR (biofloc technology, BFT)F
SR AR AL GE K 7 IR A X T AT HLAA PR 1 2 AR
iz (Vinatea et al, 2018). Avnimelech (1999)
HIRARG AR T AW L S, IF4E ANl
YRR GE ER C/N  HJR W2 AR R AR
KWL BFT FH ARG S A KREAWEA, &l
U SR 3 o B P AR T B 0T L R
BE R i N — 26 To HL W A SR AR R AR i W
(Schryver et al, 2008)., 7E BFT 3 A4, hT# A
MEBRZRMEWER, HA DI KA
(Vinatea et al, 2018), Jf HF5H R 48 i A Y5t &
AT F) H (Hargreaves, 2006), 22 AL GE# 75 5
YR, Ktk HEARPIRE . 15K LA i
Y BAERAE R . BT, KD R 3R T DL E 5
B R, I R B e Rk B tee , RE
B TR AT S, By AR TS Y A SR
TR B 7K ¢ R 45 B o (B AN IS A%, 2022 Fh B SR,
2021), AW R AFRIL R Y h A oK (AR ez
KRR, W TG AKHERON BB TG gy, i
TAHNFIREE A AN R X SR A R, H
A= YR AR 4R IR R GOK R RRUE , 45l & Z
Tl 25 AARFFAE AR KT I HLREAR 0 838 A K
W, FEFHA YT LUfd R PR AR . AR B BOR SR
B A X A AR TR > I 7K 7 S ) R ) S 7 5 A A
K2Z—, BEX KB EF(Macrobrachium rosenbergii) .
fif§ (Aristichthys nobilis), f#fl(Carassius auratus), J&¢ %
% |kt (Oreochromis niloticus)Zs 2 #hK 7= sl 1y (1 355
Hi F (Miao et al, 2020; ZFHiEs, 2012; ¥ 3¢, 2013;
Ludson et al, 2020). #K17, A:¥) 28 HIH AR FRFEBIA TR
Bl R R B AR DG IR /D, AT 4 A 0 2R 141 g ]
FNKH BB FETH R G, PRITA: P 2L AT K 1 SR i o
FEAK IR SR, 5 78 A O I R i e o €5, 5 B 2 1
Wit 2%,

R BHEAES RGP HEAEE EEMA A, Gk
RS R G BUE P RN RE B i S AR B FE AR, JFH
A WK IR AR S RGP BRI R, Hk
A DL 4 S W SR A M B Y B AR . K SR I Bl b 4]
B EREEE BRI A G A . B R, AU
T TR AR K 5T % S R PR 84K (Tian et al, 2001), 5
SRR EAEHE, faFEFREAEY . R TRk

FIHRGET A MR, A LEAR R R A A
R, JB I S M BFR 5 R g TP A B SR IR S £ 1) o
A BRSO SUE PR K ™ IR 58 7 G b 2k R A
B AL KSR K ARG G AR FE A RO (R
&, 2005) , b AT DLAE S oK 7 SR BE A LRy B
(Teichert-Coddington et al, 2000). & i LTI R 50
AL BRI ACRE S, TR IR AL,
WRA . BAEFRE RS TR HZCR, XX T el 5
BRI . REARKT A SRS B TS e | 2 =5 32 5E A= W % T
BEA 2 A K7 SR8 AT R 22 e 22 06 H B
(Dien et al, 2018), HHl, AN [FFRFEAYIFEA R K™= 57
FRGMA . BRI 238 7Tz, filan,
¥ ¥k & i 47 B 4 (Epinephelus lanceolatus & x
Epinephelus luscoguttatus Q) =51y 3548 i 3 (B2 k- 45
2023). Hiffi(Ctenopharyngodon idella)if 3% 2 # /K i
HEKPLAE, 2022) . % I ff1(Oreochromis mossambicus)
03 A i (R A 2021) . R 1T B 6 b I Y A B
UK IR (XM, 2021) . B AR 2R W) 2L AR 575
FAGH K FRFAE R (Cao et al, 2020), 4Ril0, HAETH=
KT K R A ) 2 A B R FR AR A BRI ot
MR, B 2R G000 W R 58

PRI, A 5T B FEAR ST K 1 B A ) 2R A R 5%
FERE A FRFE KA SR BECCE oL, AR R E
PR B (1) it B R A RN K B A AR R e SR, A A
WA AR SRR LIS S 5%, X EaE 3R =K
77 5 B A R % 0, T JR ARV bR 5 A A K A B T 2 % O
L,

1 #MH5TE
11 ZWiRE

ARSI AE R E K 7R R BT B 1R K Ol AF 5T
DT, SEIRE EOMBEESHL(1.0 mx0.6 mx0.5 m), %f
fT 300 L A8, ARUKAER 200 L, SLEHRE YR
V2 (B0 W — 2 ) i P AT A s il s 3 4
AT, BFREEE N 20 FB/GL, ARAEIT A 2023 4 8 H
22 HIFR, #4760 d BZ K FRIH 55, & 2023 4
10 H 21 HE5H, Wi HAMmRRAE . HARZE LM%
PRI o SEURTHT, 2R A ZH AR LR R D e
e, DR 0y, XA B 0k A o 2 1A i)
JE i (Avnimelech, 2012), EAMGLHEN 2 RSk,
S ETRorR WM, %R SHZ-D(FEH K X 2 HE
g, R EI ARG K R ATE

1.2 IH&EMNAFRSEIE
S BF K BB 5 g [ YT TRk RO &R
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BB RRARE], 214 d BFRFE NS, PRk fd R |
A — B K B e P [(33.26+1.18) g/f8], BHEL
R 20 o $RMRVTINA To8 i WA YR A BR A F
FERRL AR 28w R AR A K 101 B o DRk (TR 32 B R
HEH =46.00% . HLL4<6.0%. MG =6.0%.
MKy <16.0%. EHi=1.20%. i =2.30%. /K
73 <12.0%), B H¥#ZRAKRER 3%H%HE, & H 09:00
F117:00 #EME 2 Yk, 45 15 d FEALE 6 SR, LI
R R, ST KR 24~30 °C, pH K
6.5~8.5, W ALERRTE 7~9 mg/L. 24 Z A4 pH [FIK
W, WS ERER A, DIERF R4 2% pH 55
B ME (R, 2014), DL A4 2 A 09 Fa e
(Furtado et al, 2015),

1.3 EEwRIESHRMAE

S 56 T FH R A W S — K A W (I 19 N 2
HRRA R, S8R 36.37%.2% Avnimelech (1999)
AR A LTS (B 1), A0 8 S n = AR Al ) et
SRR E, BRI C/N N 15 (AR,
2020), IR, SN AR S A IR K R
RADEST, RGN AE SRR G rp WS 0 ek ) 7 4
WAL EERL 30 min f5 o

(| smekmEmsese

Y

(1 kemmEs@0 gl
RBAAL & H 40%F)
' B

| mRmESIN2 gEER
HPEARTH16%H)
‘ REE
(192 gt RN 1 gttt )
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Fig.1 Calculation method of C-N ratio in
aquaculture system

1.4 ZRAHHE

A 2R A D A S A T A I, AR
e AP E ML L 558K, SR )58 30 min,
FERICTEY e, B4 mL/L,
15 HmERESNERZE

151 KRERELSAKRRIEARR T TREE VA i SRR

pH {E A A YSI Pro fE#E 0K Bk, & H 347 0
W, S TF AT R R4 1| LKEE, SCWRTTIR)E, &
PR 10 d BRARAE 1 L KFE, EBISZIE5 R, FRAHKIK
) A (TN) . BB (TP) . & A (NH,-N) . i i 31 A
(NO3-N) FI1IV fil§ R £ 2 (NOL-N) &5 1 43 1) 48 1 7 1R 240
FAb—2 M3 B (GB 11894-89) . it it R 41 H i
AR B2 4366 2 (GB/T 11893-89) ., 44 G HID: B 1
(GB 7479-87). #4M3E % (GB/T 5750.5-2006)
T N-(1-Z555)- & G BE 1 (GB 7493-87)il 7€ .

152 RRAHSEEELSNE SIEU A5 AU R
FEAE S YT (A S 35 2R M Ve A T SR I PR

4B SR B IR VE R 450 J R IC— R 43 i, A
BT TR AR TR EEE, TGRS 2R b B
Ji K FHEL R E A (GB/T 6432-2018) 1 1A —4H 86 it
A3 GG REEEE(HT 632-201 )M EH N, P &4,

153 #ikH AR REL T FRIALE R, 5
PRt dl iR S, FoRAER 3 KM, &M
FRHRTHREEE, REMEHIRAGHS . REBMR
FITEARL, TRIFES R TR a R i A 4420 o B —3R 434k
PRI A A RN EDEE S E N P i, ik S
EJETE N, P &AM,

16 HEAKX

1.6.1 R A A Fayit Wk TR s fa AL
MER SRR A . BEEE AR BIARTER . B
B2 X R PR, IR SR A A 2L Wi i o ek
BIAE . B LI FRAE . B A X R R

R L3RI % = NP x100% (1)
ZIHE X R 2 = E—txm% ()
Tt Py 5o ) FH =%x100% 3)
TR PRI AL R R FH =%x100% 4)

f
A, N, ABOGRAER RS AR, N NFRERGEAW
IR, N A BORADRE B B & A, Py ISR ()
ST, Py, AR RGN A SR, Py M
TR R A W
1.6.2 . AR IEITH R A5 Wy Jor - A S B
X SR FH F2 G0 BB 0 B A R AT A, BRI
NI
NP)n =W, + A, +B (5)
NP)our =Wy + A +M +E (6)



%2

SRS AW R H R IR G K IR R AR ISR Y 207

Kb, W, W RERIR KK AL N, P &5 A, Nl
IR AN N, P & B Al s iR AR N
P it Wou HRGEARWIKIRE AT N, P &5 Ay NIl
iR A NP M ORIR IR UTR A N
P i; E MHAMERE LA N P i NP)w HiA
RGN, P S5 N(P)our M RGN N, P G,

1.7 ¥IEZmIT5 ST

FFASZ 500 ] Excel 2021 FE4T R840 B 38,
- Y4 1 45 1 22 (Mean+SD) 2K /R T A3 508G o 1
SPSS 27 # 4T BN FK J5 22 43 HT (one-way ANOVA) ,
P<0.05 XA W EMER.

2 #R

21 4£YMERANEENTL

LU AL p A B A DR AR R B N 2 B
N, MEFFENET, REANTIRERETIE, 253
Wik . TEFRAE 20 d B, 2D A F](28.33+
2.08) mL/L, ZJaAE/NAMEsh, FREESHRE, Uik
12 4(25.33+0.58) mL/L,

== NN W W
W [« W [ (%]
T T T 1

YR ATRER
Biofloc volume/(mL/L)
o

(=] W
T

0 1I0 ZIO 3; 0 4IO 5I0 6I0
FEFEREL Culture days/d
B 2 FREKMA A Y A TR S ARk

Fig.2 Changes of biofloc volume in culture water

22 XOFRSFEKEHABESE. BE. pH TN

FRGE AL, 2P 2 A A SR AR KR B I i A
P IR pH AR E BN 3 R . BRI s
F T iR e, TR FRA N, S IR
A, B 555 AL Z 0] TG B3 2% 5% (P>0.05),
AFEFE SRR, ERYUK R A S R E N
(7.76£0.35) mg/L, iz (A4 }(7.63£0.34) mg/L., £
VA 4 A 2 2K PRI B AR fe R A ), i 300 %
1, ZIEKIEE A AR, RS 5 Q4K IRREZ
8] G 2. 3 22 5(P>0.05), Z YL FIZS (A4KIR pH AF
LA, BEEFENIE T, pH 2 FRaHE. &
AFEF SRR, BHH pH FIME N 7.58+0.31, =M
2R 7.04+0.50, BRET 3 Yl &4k, A4 KK pH 2
R T2 FA4(P<0.05).

23 KOEHFZHEKEFEZE(TN), 2HTPEE
R

FERHIIE], B AS A SR KR TN, TP
AR LN 4 iR . RIS H4 TN &
PR Th R Ja AR AR fb a4, FEFRA 0. 50, 60 d
B, 2P TN 852 F42: 5 53 (P<0.05); H
BT, PRI TN & 5700 8 %25 % (P>0.05),
FEIHLE W, 224 TN & beas HARFIR T 24.64%.

LA AIZS 4 TP & ¥ 2T R 5 AR A AR
feita$, HMAIAESEIE 40 d k3] TP & & 10
KAE[(15.0240.95) mg/L . (18.86+1.37) mg/L)]. F&F%
B 10d, 20d 4h, EHH TP SRS AHMILER
3 (P<0.05), FRIHLS AT, ZHIA TP & lbas H
HIRRT 31.47%,

24 KOBHFEKEFIEANHIN)., THEHER
(NO2-N). FEZER(NO3-N)BIZE{L

FRFEIE], BLAT R ZS 2 FRFEK R ) NHL-N

10 35 9
g 8| &
g 30| ~~ e SN L N
% 8s —...\,/’\/'\:-._.»/'/\ o g SN Tr

ﬂﬂﬂﬂl g e 2 Ty 61

@s 6 2 200 z 5|

& §‘J 4 = g 15F 4r
0 4l

s 5 %5 4 Blank group E) 10+ 23 941 Blank group g r %3 F 4 Blank group
§ 2r - 2214 Biofloc group sl = ZHFI4 Biofloc group . = ZUAI4 Biofloc group
'é L L L L L L L L 1 i L L [ L L 1 1 1
s 0 0
A 0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60

FrFEREN Culture days/d FRFEREN Culture days/d FEFERH Culture days/d

B3 R BREIRFEK A AR A S R I pH B

Fig.3 Changes of dissolved oxygen content, temperature, and pH in M. salmoides culture water
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NO3-N. NO;-N S G 5 s . 2RI
25 20 NH,-N & 2 3T 3 5 R AR A AR fh ka3
Sy AEFRAE 20 d. 30 d B iE ) NHa-N & & 19 R (E,
35904 (3.38+0.12) mg/L F1(4.38+0.29) mg/L, B0
0d. 10d4h, HARE, ZH4H NH,-N S 55 H
ZHAH HE S R AR(P<0.05) . FRFE 45 B, 22 141 NH,-N
T b RN T 57.07%;

LA RS 4 NO-N A E S B e THE %
RE sk fa#i, 7E3:%8 20 d. 30 d 53 NO,-N &
s KA, 43915(1.56£0.03) mg/L . (1.78+ 0.13) mg/L.
PRFEGE 10 d Ak, HARRTHE], ZHI4 NOx-N & 575

B

o R

1 2H A L 2% 5 0 25 (P<0.05); H7:%H 20 d )5, ZH
4 NO-N i 575 A4 L B 3 B (P<0.05), 77
B 45 M4l NO-N & & o AR T
80.22%.

LA NOs-N &t T 5 AR A AR (b
o TEFRAE 40 d iKF] NO3-N & i K fH (42.71+
1.01 mg/L); 1M%< A4 NOs-N & S8 — E T
o FEFA 10d. 50d. 60d B, ZH4 NOs-N &
Hoaxs M S BE (P<0.05); HARE, 74
NO;-N & H5JfJ6 o 1 22 57 (P>0.05) . FRAH LS I},
LA NO3-N & Heas ALK T 30.50%.

B

» IR

a a
- 201 =
- 70 1 % 441 Blank group 2 a g 12544 Blank group L T .
5 60 - I £ 4 Biofloc group [ b 1 E 0 224 Biofloc group | | T
& 50 | T T = b T 15f L b
= 2 g 7
" 2 i £ b
«g M &S a
B g 30} gz | P
i3] éﬂ pi5] g
‘é’ 20 'g 5L
5] b g
= 0 2.8 ﬂ.ﬂ . . . . . e oL b . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
FEFHFRHL Culture days/d FEFEREL Culture days/d
Bl 4 RITBREGREKMEF TN, TP 9221
Fig.4 Changes of TN, TP in M. salmoides culture water
AT B R ) 22 57 (B35 (P<0.05), T,
Different letters represent significant difference, the same below.
125 H4H Blank group 1 &5 H4H Blank group 1 23 548 Blank
~ . = W R . =HY group
é’ 5r = R4 B1of£oc group i 201 - Blof;oc group % 60 =3 ZH4 Biofloc group
3 8 & b ' a & 50F 7o
g 4r a S a =
g b a mm g 1.5+ a a ﬂm g b
Mg 5| b 41E b g 40 b
o s E3, b &2 x|
K b a g 8
®E 2 £g b || B2l
a1l b [[b BEOSF b g
l LR 2l g 2L e [l
0 urs n n n n g 0 |‘|. n n n nl‘l E 0 L |=an b n L L n n
0 10 20 30 40 50 60 zZ 0 10 20 30 40 50 60 Z 0 10 20 30 40 50 60
FEFE R Culture days/d FEFE R Culture days/d FEFE RSB Culture days/d
Bls kO EEFRK AT NHI-N, NO>-N #l NO3-N #J# 7454k

Fig.5 Changes of NH;-N, NO3-N and NO3-N concentrations in M. salmoides culture water

25 @, BIKEZER

FREIN], BHRAB) M AR FHE RN
R BRISCIEM AR 1R . 25 AL R . B AT
H F 2R IR IR KA | TR R 1 R R £
Tk, MR AL T IER X — T, R R e 2
HAMZE AN T ARG EZ AT, 25l H s H
2H RN 2 41 AR A Y (90.60+0.08)% . (87.16+

0.19)%, 5 B Bk A 19(96.08+£0.19)% . (92.30+0.24)%.,
HYGEGR R R A 87, 30 i 25 15 4R ZE AT 4 R
B A (9.1340.09)% . (9.49+0.13)%, i B i ddy A1)
(3.84+0.19)% . (4.18+0.14)%., F5FH R G W H FRFt /K 4
FEA . WS R & AR/, BT 1.00%, b IEIK
X —WOIFATES AAFMAGA . Wi AU,
MAEL B AD, Bonl b A . wa AR (Q2.80+
0.01)%. (3.35+0.08)%, 25 FH4LFIZE I FFH R 50
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T SES R DR TAS YV O NN @S N
R LA R A Iy 2 ki R I R R s (2
T A 3758 R G R i 2T H , 25 b2 A4l
FIVEE A2 8 B A B (43.04+£1.42)% . (44.17+1.53)%;
YRR B, HAr 2 A Fg F A /e A 5
b3 514 (35.59+3.00)% . (29.73+1.18)%; i HiAth 37 i1
J7 24 i b A 2R 2 AT 2 AR A Y (12.92+
3.87)%. (19.42+0.25)%; LARFFRKIKIEFEI R TR
ISE I NGURLEE A N B PR S R I B G E - WSE N

f)(8.46+0.85)% . (6.67+0.27)%. Kl BFEIRI R SE
ey = WS R Rt = E R LB N G R SL TN
f9(75.92+0.47)% . (74.70+0.71)%; HUEBER R D
M TR A 4R A 2 A Y EE A S
(13.06£0.36)% . (17.41+0.14)%; T ARAKMS ] 5 2
F 2 Fn 28 1A A il R B OA B9 (8.71£0.74)% . (6.42+
0.40)% ; HoAth 32 H 77 2UFE SR8 2 G0 il SV A B 7 LU B
N 30 s 2R A 2 R B9(2.31£0.34)%
(1.47+0.37)%.

x1 FRELBRAFEREHA. BLBER

Tab.1 Nitrogen and phosphorus balance in farming systems of different experimental groups

%5 41 Blank group

LA 2H Biofloc group

W358 TpNOIE]

Nitrogen and phosphorus budget for i AT i o BB oY S A i 43 It Percentage of
farming systems Inputs, and 54 ?ercentage of total Inputs, and total nitrogen ;gnput
outputs/g nitrogen input/% outputs/g %

A i A Inputs

Nitrogen WG KA Initial water 0.36+0.02 0.27+0.02° 0.70+0.08 0.54+0.07°
KB A M. salmoides 12.27+0.10 9.13+0.09* 12.21+0.11 9.49+0.13°
Tk} Feed 121.70+0.88 90.60+0.08" 112.12+1.86 87.16+0.19°
i3RI Pond sediment / / 3.61£0.04 2.80+0.01

Hith Outputs

LA KK Final water 11.36+1.12 8.46+0.85" 8.58+0.44 6.67+0.27%
B4 M. salmoides 57.81+1.54 43.04+1.42° 56.80+1.15 44.17+1.53°
JEYE Sediment 47.79+3.88 35.59+3.00° 38.26+2.03 29.73+1.18°
HiAth Others 17.37+5.29 12.92+3.87% 24.98+0.68 19.42+0.25°

03 i Inputs

Phosphorus 4k & TInitial water 0.030+0.002 0.0800.002° 0.06+0.01 0.17+0.02°
B M. salmoides 1.39+0.01 3.84+0.19° 1.39+0.01 4.18+0.14°
Tk} Feed 34.96+1.50 96.08+0.19° 30.68+1.08 92.30+0.24%
HiE KR Pond sediment / / 1.110.01 3.35+0.08

it Outputs

LRI Final water 3.16+0.17 8.71+0.74° 2.13+0.08 6.42+0.40°
KRG M. salmoides 4.75+0.21 13.06£0.36" 5.79£0.15 17.41£0.14°
JEIE Sediment 27.62+1.29 75.92+0.47% 24.83+0.95 74.70+0.71%
HAth Others 0.84+0.16 2.3120.34° 0.49+0.13 1.47+0.37

T AORIURAATE ;[ — 7800 EARA [ 7 B 7R 22 5 .35 (P<0.05), Tl

Note: / indicates this item does not exist; Data with different letters in the same row are significant different, the same below.

26 @M. BAAXR

FREEIME], B A M AU ARG A . BEA
FHAIGOLANER 2 B o 22 AT 260000 246 %5 1) FH 25 FAE %
FIH RS 510 (44.17£1.53)% ., (50.69+ 1.87)%,
T2 AR (43.04£1.42)% ., (47.51+ 1.60)%, {H¥ER
PN 25 (P>0.05) 1117 22 A1 2H B 1) 266 o) A1) FH 23 FRE X6
FIH RS 510 (17.414£0.14)% . (18.87+0.20)%, ¥ %

T2 FH4H(P<0.05),

3 it
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FREE KA B Vs i S B SR A AR R
[F] B, i 5 M SR B K AR T AL B AETE IR . AR
H, AEHSERAB A S ERETE 7~9 mg/L,
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Tab.2 Nitrogen and phosphorus utilization in farming systems of different experimental groups

FRIHRGA . BRAIHIAR S| EZiE|
Nitrogen and phosphorus utilization efficiency of aquaculture system Blank group Biofloc group
26 %] F) FI 2 Absolute utilization /% % Nitrogen 43.04+1.42° 44.17+1.53%
b Phosphorus 13.06+£0.36" 17.41+0.14°
HHXFFIH 2 Relative utilization /% % Nitrogen 47.51£1.60° 50.69+1.87°
% Phosphorus 13.59+0.38* 18.87+0.20°

HIFAR BB 225, IR n] B8 A2 ol T 487 4 0 1)
W TE AL, (HTHFER A il SRS 8] T b e . 7R3>
FERHIIN] , 25 (25 2L A 4 37 58 2R G K AR ) T B 5
TE K T B B i i K R T BB 15~30 C N (X4, 2021),
MR F PR 7 B3 pH Yl 7.5~8.5 (iS04 4%, 2003),
A S AUKAR pH 7EBLIE R, HAEFRA 18d 25,
ZAGKIR pH ¥yl E & T2 H41(P<0.05), JE AT
RE 2Rl FRAE AT , FR0E R G0 HEM Y 5 e Rk gk 4
A T R R T, 330 T KK pH 9 R F%
2 F 2 41 75 24 FF— 52 /Y B8 (Furtado et al,
2015), BN T — 7 T W IR TR 24N, P I pH AHXT AR UE .

— RN FE G B 2= ISR K AR E 725, T
IKFPEFRF KRB TR IR . B . AR5,
TR ARG AR, R4 A2 4] TN, TP
oA SR AT AW T, (BAESRAE T, I
ZEFIFA N, X5 A WL PBIE R SRR E A
K(ZFEFEIELE, 2015); MAEFRMAS, SH4 TN, TP
TR RARAE BT R R, (BRI KO, T 2L AT A1)
HWETH, SEAAMEDMBEIRT 24.64% .
31.47%. AFFQOINIFTR EI, EWEEERGEX5
KA E(TN) R LR RIE 27%, FIREL(2019)MF5T
KB, YA BT X BREEG 25.56%, A<
a5 —F B0, X T RE TR AN A &+
HIHEW R, EREARETERTERNEY
M, EE T SR R G G A I RE S, R T
I8 R A A

SRS R, AR IEXK B iR K, &
MR W o i 23728 1 NHA-N 28 TEHL/NF, T
NHi-N 7EKE T R A S VER 274 NO,-N, X #f
SRR OB IR S A R EAE R . AW,
TEFRAH 20 d J& , BRI KK NHL-N A1 NOy-N & & I
G A, I HLH R 2R A 20 i A= ) 2R AT TR o
AT, HAEZEREE—CIERH, Ui
FEY R R G A T AR E W, ARG
A 2R A S L S 3R AN TR I R AR R L T Ak 20 B R
LA B RS ALVE A, R T KR A NHZ-N, JFfeff

T NH4-N 1] NO,-N., NO,-N [1] NO;-N 1k . #E5%
Bl 7KAK FR NH;-N Fl NO,-N ¥ B H Bl )5, 8
TR RS, )5 NH,-N I NO>-N A& =
Wb, ANFHAREFR, X SR (2020) BT S5 R
—E, 52 A4KIEK NOs-N & = A Wi T B A
], 2214 S e T Ja BRI A A8 A ka3, X T e &
ZHHRGENIRAEMEY IR ERA X, X5
Chen Z£(2019)Lh PCL A #NJG i J5 AL 5 A= 4 22 41 55 5
RENEE R —B B Y BRI R G/ T
U4 DRAE DL B S A AR A AR K R B Y IR T
DN i3 o s~ AN I f N TR Y AD N R =R A (e i
AT, SO EHEAEIEER, AR BRK AR i
BERRE, RRIEEKRA E R EEESE, 2015).
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KRLI I RGA . BENCAFR RE, KH R
BRI R G R . B A Z AR TR A K
M BFRR R PR SR TRRHA A MR UE, T
TRHER L B AN EZIE R, 405 A AR E A
ZH A ST A (90.60£0.08)% . (87.16+0.19)%, 5 i
B A (96.08£0.19)% | (92.30£0.24)%, IX 15 X 3 25
(2021)F12E B AELE(2012) IR T 45 5 — 3. Tl RHAE 2
HALA . B AP S Y T LR, fEFRM%
JEARE A B0, BRI AT B2 LA T 2 A9
R, S EER TR A ZUR R [(121.70+0.88) g Ak A
[(34.96+1.50) g] £ T 2 Kl 41 [(112.12+1.86) g Fil
(30.68+1.08) g].iX 5 Yuan %£(2019) AT 5T 45 I,
FEAH R FRIE 2 BE I 25 PF T, A0 b 39 P4 A A D K 37
PERGA . B AR L AL SR R E R A R
g, WONTEMLIE NG IR UK IR R G, FREA Y0
s, RN, BT 2R,
Ab, B R FRIGEINT — & &R, L
R BEEE AR E T At JEH, BR
HhIE R TR AT AE , BRI L 751 28 o) U K AR A AU
[F), {H 28 A1 20 00 4f 7K AR o3 ik 19 0BV 12 [(0.70+0.08) g]
F S [(0.06+0.01) g]22 T75 FH4LU[(0.36+0.02) g Fll



%2

SRS AW R H R IR G K IR R AR ISR Y 211

(0.030+0.002) g], FrLA, WIAR/KIRIEPTAL A . BBk
A & IO 0 2 S IR A S SR R S
R Wl R AT EL B8] PR SR AR A W A ) R SR AR A U
ANEFAE2E 5, TEARMETE T, PRAHSR T 6] — A%
PRI R I B, SRS HAE A A S EBIA R . S
A A WS, (HR AR R 5T Y
A B EAHEN.

ABEFEH, KEBE IR G A . Wik i H
FEAFELRIFHANE . WORR R A RS RIS A
HoAh S 7= ORI SR 5 A P RRS 8 43 )2 R 5 3R
GiA . BRI EE R BRI, S HAAME
VAT 20 WS AR Y R 1R A i) o DR A Y (43.04+
1.42)%. (44.17£1.53)%, = THCIETE R b A iy
FE[(35.59+3.00)% . (29.73+1.18)%]; fijJiE I8 1 5 =%
4 28 A 2 W 5 A 1R (75.9240.47)% . (74.70+
0.71)% , I = T UK 4 A 11 B f 7R i o AL R 1) 55 B
[(13.06£0.36)% . (17.41+0.14)%]. iX 2 [H Jyis A F55H
RGP R ICE BN LS Gy BT A ) FirWOBOR T, i
FUA 85 /03 0 19 Wl o0 28 BB Bk 3% 4 A 4 AR T Ol 0 45
2011), FEFh == CEF(2015)WF 5% i fh A ) TR 77 4 X 77 4
RGA . WG, AR IR R AR g A
1 EL R 72.54%~78.05%, fm TIRVEIT 5 Y 15.18%~
18.48% ; M E 8 o5 & 48 0 i 11 1 LU B 76.48%~
78.34%, i im TUHAARYI T 5 1 6.68%~9.87%, X 54
WFFE LR — 3, MINCVE S 7 B S A Lo g /& T
HAE RS AT L], 5002 BB Ry 3R B K A R 43
T R DS T/K M BORE A7 1E , 55 TTBRAE SR
BRGNS, JF HnT b CLeE SR U P Y Fe’t .
AP Mg Ml Ca™ 85 B T-45 B T8 BOMEE T oK B IR 38
SRR T (4%, 2017), AW, EHHL
RAKER LW AERG A . B AR & o
(6.67%+0.27)%FH1(6.42%+0.40)%, 450 FE T 25 FHH
[(8.46%0.85)%F1(8.71%+0.74)%]; [FIkEHL, 22140
JEIR S ARG RS L B A B 4 B A
(29.73+1.18)% . (74.70£0.71)% , ¥ % T 258 9 4
(35.59+3.00)%. (75.92+0.47)%. X il fig 5 | i34
AT A & 5 N HCE A G, R . IR
FASEE DR T R AP R, (R T SR
RGP TAEFRFBER TSN, bR T AR B HERE

ARG, FRAH AR G0 HA S 7 ORI AL
WS AT, PR FRAE R G 3 — oy HoAth
THTER . BEARAR S, WA RSP A . B
WH—ERENHL ., JRIEER 100% I ETTRER RS

R BRI R 22— o oAt S A R A TP
F[(12.9243.87)% . (19.42+0.25)%) 3L &5 T HAEBE Sk
A FE[(2.31£0.34)% ., (1.47+0.37)%], A LLENE
WEAE FRIE KR R B s A DURURLE 3, JF O
e, HAEFRH R A L A B AR
FRASAAE ™= A R Sl th AR R G, T — &
ARG , 167774l Carassiusauratus var. pengzenensis)
K I (BRI V55, 2015) XS R 3751 #h % (Jean-louis
etal, 1998), WA —FaRFHMAIL, SARMR
G5 HE— 3 T B A A A S o R e AR AR L)
T A, 624Kk NOS-N & B E LT
2RO, LA PR AR NO;-N i
117 I hmaR ZU R R AR AR (Jiang et al, 2007), fi#fk
FE98 255 NO3-N Hl NO3-N AL W85 T4 .
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T H AR R IR IR R GE(42.34% . 23.41%); BLEIN
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JPAEHIE SR RS A BEFIHH(28.16% . 49.15%)
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QO2DWFFE[RIAEZE I, R 1 B ol 31 PN 70 B 7 /K 75
ZEGA . BERIHZ[(37.73+1.3)%. (25.51+0.9)%]& T
& 48 % FL it 3 9% 7 &R 48 [(35.07+1.1)% . (20.78+
0.8)%)]o TEARTFFE T, LHIARGA . W14 3t F)
SRFIAH NS ) 3R 340 18 T8 AL, 3 Ul A 2B 0 48 141 374
RGREMEIE R O PA SR B ORI, X 0T BE
PRI Ay 2 0 22 AT v 1 e BB A T BRI R R
WRGEHA . B, (F5 RS SR Py )
T — RS IGIE . Cao Z5(2020)F5E &M, 4=
W FE R G S K IR RGAH L, R %
T FHM ARG PR . BRI, X S5ARMFIRL R
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REFFEFEW, S AAMEL, ALK TR
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R BIFEAE 57.07%. 80.22%. 30.50%. 24.64%.
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According to the United Nations, the global population is expected to grow by another

2 billion to reach 9.7 billion by 2050. The food production sector faces a great challenge in meeting

the growing demand for food with limited land. In this regard, aquaculture may play a key role in

maximizing the use of various aquatic resources to produce a wide range of food organisms using a

combination of intensive farming practices. However, intensive and semi-intensive Chinese

aquaculture practices have led to problems such as water quality decline, disease outbreaks, and

environmental degradation, hindering the sustainability of the industry. To address the conservation

and biofloc technology has emerged as an eco-friendly solution that maintains water quality, supports

environmental conservation, and facilitates material cycling.

Excessive feed and fertilizer addition in aquaculture activities results in an undesirable buildup of

nitrogen and phosphorus within the aquaculture system. This accumulation not only degrades the

water quality and surrounding environment, but also facilitates the spread of numerous pathogens,

posing a significant threat to aquaculture organisms. To mitigate this issue, it is crucial to assess the

nitrogen and phosphorus budget in aquaculture systems, tracing the sources and destinations of these

nutrients. By quantifying the inputs and outputs of nitrogen and phosphorus, we can gain insights into

their utilization efficiency within the system. This understanding is vital for enhancing water quality,

minimizing ecological pollution, optimizing feed utilization by aquaculture organisms, and ultimately
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promoting the sustainable development of the aquaculture industry. While the nitrogen and phosphorus
balance of various cultured organisms in diverse aquaculture systems has been extensively explored, a
gap in knowledge regarding the nitrogen and phosphorus balance in the Micropterus salmoides biofloc
technology culture models remain. Additionally, there is a need for systematic monitoring and
collection of pertinent data to fill this gap in knowledge.

To investigate the aquatic environment and nitrogen and phosphorus balance of M. salmoides
under the biofloc model, an experiment was conducted in 300 L glass tank. The experiment comprised
of a blank group, which was fed a basal diet, and a biofloc group, where glucose was added to
maintain a C/N ratio of 15. Each group had three parallel setups, with a stocking density of 20 tails per
tank. The experiment ran for 60 days, employing a zero-water exchange aquaculture mode. The results
revealed a significant reduction (P<0.05) in NH3-N, NO,-N, NO3-N, TN, and TP levels in the water
body of the biofloc group compared to that of the blank group, with reductions of 57.07%, 80.22%,
30.50%, 24.64%, and 31.47%, respectively. The results showed that feed was the main source of
nitrogen and phosphorus in the blank and biofloc groups, contributing (90.60+0.08)% and
(96.08+0.19)% in the blank group, and (87.16+£0.19)% and (92.30+0.24)% in the biofloc group,
respectively. The main output of nitrogen was harvesting of M. salmoides, which accounted for
(43.04+1.42)% of the input nitrogen in the blank group and (44.17+1.53)% of that in the biofloc group,
respectively. Sediment accumulation was the main pathway of phosphorus export from the culture
system, which accounted for (75.92+0.47)% of the input phosphorus in the blank group and
(74.70+0.71)% of that in the biofloc group, respectively. The absolute and relative utilization rates of
nitrogen in the biofloc group were (44.17+1.53)% and (50.69+1.87)%, respectively, which were higher
than those of the blank group (43.04+1.42)% and (47.51£1.60)%; however, none of the differences
were significant (P>0.05); whereas the absolute and relative utilization rates of phosphorus in the
biofloc group were (17.41+0.14)% and (18.87+0.20)%, respectively, which were significantly higher
than (13.06+0.36)% and (13.59+0.38)% in the blank group (P<0.05).

These results indicate that the biofloc model of M. salmoides culture can regulate the aquaculture
water quality, reduce nitrogen and phosphorus accumulation, and improve nitrogen and phosphorus
utilization efficiency by aquaculture organisms with ecological benefits, which is crucial for
promoting the healthy and green development of aquaculture in China.

Key words Biofloc; Micropterus salmoides; Aquaculture water environment; Nitrogen and
phosphorus budget; Utilization rate



