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S INZTAEXT FL A0SR X B A W0 28 (] 5758 R 4t 7K B A0 ST SZ B9 =2 i

R, RN, hOBY, XER,

W >, HE gt gER>’
(1. WV IR R E S0 PR J5 T8 TR ARG L, WRVL FH1l 3160225 2. A EK - BHE0F 58 b B ik
BEGE BT A AR AR R W W PRI & 1 FH B SRS 2/ A ol A SR S SR %, AR
J7H 5103005 3. HEAKFERMADF S B RS K R TR S, AR TRYI 518121 )

WE: i85 Y2 HE R (Biofloc technology, BFT) F#4H 30 d B MLANIEXTHF (Litopenaeus vannamei) K H3t 3K
IR, B LB SE AN (BS-4) FIARGSINZIE4] (NBS-4H), #RITHERaE B P LA EXT IR A= 2 ] (Bioflic,
BF) FRFHARGE T, & I IRV N0 X 3R 8 K B A S i sE i . 76 28 d TN AL (TAN) . AR R A
(NO3Z -N) &5, 3 2 X B0 TS MR R AR R AL (TN), 4559 o8, BS 401 NBS ZHH TAN, NO, -N #4b
FRARAE, I 2] TAN [5G0 BE 463576 0.02~0.06 mg L', IE5 7 K5 Widl NO,-N J5i ik B e
1.00mg'L ' DIF, W& 1) BUCATE R, &L 78.8%; &UH EZ /KA TN, BS 4181 NBS 41HI7K
T TN 4350 i 45.06% F1 52.55%; 2) ORI 205 73] 5 21.49% Fi1 25.43%, 5 20 A il kLR FH AR 4331
7 18.14% 1 23.14%, A UL, 7ERER BF FRM RGP IERMEIEAINLINE, SRR Y 25k TAN 1 NO,-N [
RORANS7= R

KGR R FLONERTER; 208 JKBR; &
FE S ZES: S 968.22 XEAFRERD: A FrgFlE ( FiERSS ) #1258 (OSID ) :

Effect of stopping adding brown sugar on water quality and nitrogen
budget in biofloc systems cultured with Litopenaeus vannamei

HAN Tianjiao"”, XU Wujie””, XU Yu”’, WEN Guoliang’,
HU Xiaojuanz’ ’,SU Haochangz’ ’, CAO Yuchengz’ ’
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Abstract: Based on a 30-day culture of Litopenaeus vannamei and its pond water with biofloc technology (BFT), we set up brown

sugar continuous addition (BS) group and non-added brown sugar (NBS) group to explore the effect of stopping adding brown sugar
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on the water quality and nitrogen budget in L. vannamei biofloc (BF) culture system. The total ammonia nitrogen (TAN) and nitrite

nitrogen (NO, -N) were monitored within 28 d, and the total nitrogen (TN) of shrimp body and feed were measured before and after

the experiment. The results show that the concentrations of TAN and NO,-N in water of BS and NBS groups remained low levels.

During the test, the concentrations of TAN in these two groups maintained at 0.02~0.06 mg-Lfl, and after the 7" day, that of NO,-N

was lower than 1.00 mg-L ™" .The results indicate that the main nitrogen income was feed, which accounted for 78.8%; the main nitro-
g g

gen output was water TN, which accounted for 45.06% and 52.55% in BS and NBS groups, respectively; the nitrogen output of har-

vested shrimps accounted for 21.49% and 25.43%, respectively, and the nitrogen utilization efficiencies of feed in the two groups

were 18.14% and 23.14%, respectively. Thus, it is concluded that the removal effects of TAN and NO, -N by microorganisms in wa-

ter body will not be affected if brown sugar is stopped in a stable BF culture system.

Key words: Bioflocs technology; Litopenaeus vannamei; Brown sugar; Water quality; Nitrogen budget

ITAER A M2 A4 R (Biofloc technology, BFT)
TER A FRFE T A2 82 e, HAE PR
¥R (Litopenaeus vannamei) Z3/K FR5EHHUS T R
TR R SRR AR T S E AL (TAN) Al
AR ER A (NO; -N) B N 252 7K A 2 ) fit
B AR (A7 % Tl SN2 |
W MRS, K RRE L (CN)™,
AR K th R e R R R 5, I oK
TAN, NO,-N %A E R ZuE"", Rk f
A IE R BEVE T T ] 5 EE A LR Y R
RAEPIEIA (Bioflic, BR)'™, 1tk BFT HIBEIR 5
P, WFFERM, KRG B BF AT g MLAN X R4
BRI, TE—a R EREER R L, kA
RIS, AR MR, 20 BF A
U2 R HFE KK A (DO), BITIFER
BF if ] G BOK Bl il , ™ £ 3 77 6 A A gt
AR ERE, BF SRR o kit
TAN A F A XM EBRILEIAAfEZES, AW
BF /Kb A it B SR Ao/ A S5 52 R A0 AR
RIS AEZE, TEE A R T R E X A LR
VR FRARXSAT B, FIB B A g ™ L
RO F LR AE TR C/N L SRR A ik 5
7E BET (0 AR & HFF 28, LOMi
BT HABBRIER BF BB B RORr, Tm L
— i BFT FR 5 KA b i AR 4 S 3 Tl Ak i A2 v 7
FORGHEEE,  F RS IS S R NAE A AH XT3
K, 7 4~10 FP, SRIxTER BFT 25 # b 2 75
A ERFEES INAA HLER IR L 4E R Faiss bk R4
Xt TAN HI NO, -N B EBRFCRIE D WARIE . X,
AWFFE LA BFT 3248 30 d 1Y FLAATE XTI K2 Ho 3 7k
(B S INDRAR 5L sl Sl s & 3V TEAR  E B2 ) |
S IR B IR J7 X FR 5K B R G A L

BRI, LI i — 255838 BFT RORRIR N N7 %6
AR AR

1 MRS IE

1.1 X5 RS FALhHF

TR0 BT FLAN X IR AR AR B4 SR FH BFT
FEHE T 30 d B R OK IRAE M, A GRER
Je VALTRE SRR UR T 0 o e R MR 1Y 50%
e Xu 2 107 KR C/N (R
15+ 1o AR HFHOK SR, S8 1000 L
IR CAGIRHEIAR, BRI A BFT F253t7K 800 L,
AR PRI T 38 AR kAR, Bk
B ROk A DO R EAET 5.0 mg L, ik
Y5 N BFT F% 58t B AL 358 UK B 2 K (1.43+
0.90) g MIMEFRANIFI AR NE FE 3 d, BE/E#EALE
KLY, BRI 175 .
1.2 KEEEFFEEE

R B ZOBERFZL N4 (Brown sugar con-
tinuous addition group, BS 4H), ZLBHRINE A H %X
T 50%, KUK C/NZH 15 01, [RIRHECE AT
ZIBER X 4] (Non-added brown sugar group,
NBS 41), KK C/N K9 : 1, Bk 447, &
H 6:00, 10:00, 14:00, 18:00 <& M} ML ML X}
IR A M EC A L, B0A 45 min J5 R 2 AR A
PO 75 TR AR SAR X T R B B, LA
LI 5 TE R A HAR Y 90% DL X iR i &
R AU, LA PR R R L R
28 d, @RS ERIK, UH KT REIER
PUR IR ST, B H O E 25 SR AR K AR R EE L IR
J&. DO Ml pH, 4/K{& pH B FRERS, NG &
BRTR NI AT R AE 7.6~8.2, /KIHERELIF
FRIeiiE, KR DO LA YSI 550A ff #E
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VAR E , pH LA PHB-3 5= pH H5E
1.3 #H@ERESUE

B JA NS FRFE AR R AL KFE 200 mL, LA 0.45 um
DY ES LT AEE g, e KIR TAN, NO, -N., fil§
fREh A (NO3 -N) . BLTGHLA (TIN) P ;
SRAETKRES I SR A 4 22 AT TR i (Biofloc
volume, BFV), 7EIRESE 0 K. 5 28 Kopuil R4
JREEM E KR TN, AT PR B (TDN), [, 4
SO ERRE S I 2 HRA TN B AR i, Ho,
TAN. NO,-N, NO;-N, 7K{& TN, TDN [l 77k
£ M8 GB 17378.4—2007, mdfE"" F1 BFVEY gl
ES M Xu 2 g5k IRARRRLE TN W E 2
% GB/T 6432—2018,
14 HIETESSH

F5H 2 G b i A AR R, PR Y R
O ERRR FRER SR R
BRAN:

KA (2)=PIHRAKME TN (g)+H14h 2 iF %
(@) MIARIA (2);

A (g)=Z KK TN (g)+Z KX IF A
(g)+HHAl (g);

Tt A =T P AR (g)/ RS
RHIA BT (2)%100%:;

JKA& TN (g)=7K1& TDN (g)+E 74 SSN (2);

JK44& TDN (g)=/K#& TIN (g)+HAt TDN (g);

/KA TIN (g)=TAN (2)+NO, -N (2)+NO; -N (g);

BT = (LR AT 1 U 2 50/ 9 16 40 0 2 550 >
100%;

o S & NI I L Y T8 e U P4 L Y
H)/AWTER LR ST < 100% 5

Tk 22 B=15 MR S T/ (AR W MR s I
HEWIR AR B ;

T e 2R 3503 = (& A UK R 1 — 400 s 4 B
RSP A X 100%

ISR “ P ELbfEZE (X+SD)” &
N, VMIST ¢ K3 ik r s e it i, A
KN P<0.05,

2 4k

2.1 FHEKRETH
RIS R BS 4l/KRRERE | IRE R DO i
W FE 4> A (29.93+2.90) . (30.66+0.87) °C Fl

(5.56+0.68) mg-L ', NBS 414351 (29.73+3.00)
(30.77+0.90) °C 1 (5.90+0.43) mg-L ™", LI 454534
TEXTH R A K BT T Y .

{5 1 AN LA FLAA XTI A MR A R 5
KRB WL 1, PI4LKMAY TAN, NO,-N
NO;-N. TIN it ik B AR fb B 35 A L . o,
TAN Fa & 4E 35 78R KF (0.02~0.06 mg-L ')
BS 411 NBS 21 NO,-N £ 0 Fl%f 7 K ¥R 10.18
mg L' Ar AR IE R 0.20 A1 024 mgL ', 25
ERFEAERATIKOE 0.09~1.00 mg-L™'; BS 411 NBS
ZH NO; -N JFEH-HEFE TAN. NO, -N R 15
SFFEa, hEIE 1.46 mg L A BIFHE 34.49 Fl
44.68 mg-L', TIN [k i K32 £ 54 ) NO; -
N HREm, R R T S 3

5 2 KK BFV ., S & pH iAE sl s, H
Hi, BFV S 7FE#a%, BS 4H1 NBS 41435 %)
151 0.60. 0.46 mL-L ' /37 % 15.67. 8.67
mL-L ™' (& 2-a), BS 41 BFV %8 T NBS 41 (P<
0.05), Z{HAN 7TmL-L", FULDHHFSAITT LIS
KR BFV B TR . SEg b B (CaCOs)
5 pH R sh Ak, AL 5k 184.97~
283.40 mg-L ' 1 7.63~8.10 (/& 2-b. [ 2-¢), W4l
1R 5 pH JCHH 222 7 (P>0.05).

22 FEZRFEHHERKS

15 I IR LR PLAN T IR A= 22 A 335 R 45
() USSR B WL 1. FR 59 2 50 U AR R AH W]
FEASEVIR AR TN RGN, |
RS IR S A B B o 0 1 14.00% . 7.20%
78.80%, Hirp RN A A1 ZMA I B KR

FIH R G A s s AR, FEARELR K
TN L ISR X B A A U 1 o Horb BS 4 AN
NBS ZHZAIK IR TN ¥y b7 &l it ik, 40
1 45.06% F152.55%, BS HEBEMLT NBS 4 (P<
0.05); WFR X R oA 20 o E 4351k 21.49% FI
25.43%, BS UMK T NBS 41, ZRA 3 (P>0.05).

F5 FH K R P U R LR 2 AR K A
TN YA R AHTR , BS 201 NBS 42 K K4
TN EZ DL TDN mIE A e, Hodi R A
Fb 115350 4 41.78% A1 50.01%; TDN H1 NO;5 -N
PRk, by R g0 AU Y EL B4 3R 28.22%
F138.26%, BS 4 E (LT NBS 4 (P<0.05), W
F2EHIE 10.04%, FH NBS 47741 NO3-N
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Figure 1 Concentration changes of TAN, NO,-N, NO;-N and TIN in water

%, HoKIRAEY R EDIRE I .
2.3 FLAEXTERAY & KM g R AR F

R4S BS 201 NBS 2H X MR A 3G %6 . &R 1K
Fitk, WEEEE | GRRME L R AR ER HR A E
FRIGIE 255 (P>0.05), {HAHIM =, NBS 4145500
FEPRIBNE AL T BS 41, Hivh NBS 4 fReHEF
WERIKF] 23.14%, H BS 45 5.00% (3 3).

3 e

3.1 XJ4R BFT F3E R4 E EKRIERE G

3.1 KIERERERAEH SRR A R
7K & TAN FIl NO,-N W B, XU pxsf iR fa e AE K
AEZEE L, AEEEE, HBE3S THREE N 1 ¢
) LGN XT I, HKAR TAN 1 NO, -N (424
BEIVFE 6.52 F1 25.7 mg L LARE™Y, IMIRZERIT 36
T AN FLAR AT R0 TAN 224k 38 I 5 il 7
5551 pg'L ' BIF, AHFFEKIER TAN 1 NO; -N
Vi BE PR T PRV, Valencia 455" g 7 £h

JE 3 FIEFH LANIEXT IR, NO5 -N f4 22 4 B I
F45.0mg' L', H NOj -N Z&4- vk B £k B 1 i
MR, ABFFEKIAE NO; -N JFi e i i i3 i 44.68
mg-L ', hEFEE T 3, Bk, A% NO; -N
WX IR & A BEE R . T, 52k
R A ZA T R 7R L WL F N . Avnime-
lech®™ 41 tH 3 1 A BRIR R 55 AR C/N, - {3k
W A I & BF, 1 1T A RS A6 0 K R
TAN FINO; -N WU, et A i B A i 7K
RS, AR HOK AR, X B JE BFT b A
TR IR A R B GJFR  Xu 25 gy e
W5 IR R H BFT FRFH LN EEXTER , YRI5
R /KA TAN I NO,-N MR FE, 1k 3 2 B 4k
FRIARRE , P e SREE TR AE G, S ek
ISR, BEAIRAR RS

Nootong 2" I\ g A Wy RS AL A FH AN AL VR
FILAF Tt i, (AR ] By BeAE A BT 22
S, TERTIS LR R MR e R AL, TAN H



6

BRI (SR PLAN T T A ) 2R A1 SR 58 AR GRS RS R 85

—a— NIRINLLPEA NBS —e— ZLFHIFLLA N BS

B @

—
NS}
T

YRR
Bioflocs volume/(mL-L™")
()}

7 14 21 28
t/d

(=)

290 (b)

260

230

Sy
Alkalinity/(mg-L-1)

200

170

(=]
~

14 21 28
td

84 ©

82

8.0

pH

78

76

7.4 L
0 7 14 21 28

t/d

E2  FREEKA AR O . SR RIpH ARk
Figure 2 Variation of biofloc volume, total
alkalinity and pH in water

NO,-N By Z R FEARGERMAEN], — B rEM
FasEla, TAN F1NO,-N 4l =22 b /e ,
HYGZRFAER . ABFFELICK A BFT F%5H 30 d 11
JUGATEE X HF R it K A A i g B ik, BS 2 AN
NBS 4 TAN ZERFAEARME S, FRIEIE] NO,-N
FEREAR G AERF AR, T NO3-N kB2 4722 7
=, FRPIERTHA 30 d 9 BFT SR, /KK
EE B LA E S AL T RE R B T I S R VR BR B

FE MRS T 38 2 i AR VR AT R fa e e bk i i
TAN I NO,-N, ffii—Fb FEAMAKFE, (510
INETHERT AR AR A: M1 2B TAN Fl NO,-N 3R E
T B4R, 3% 5 Nootong 25! (0 ¢ AR L, iR
K45 R I NBS ZH/K 4 NO;-N ¥ EF L BS 4H4R 7 T
29.6%, FREIAINZNE (A HLRR) KR Wi
YIRE T REZL0R TURINZIME, X AT RESE F T HRELR R
AHUR, FEdt T 5y, SR E YA
PUS R e, s Ak X IR s A e o
I, SRS BN Mg 2 f B — 2 ik
YIBERSEA S AL DI RE R ELAE R R, /K IRBEfL
YRR A S TIRE R E A1 S A e SRR I
WA
3.1.2 KRB FI BFV fJ#EH]  Hargreaves
A TR (R 7E 100~150 mg- L A F T
FRE AR AR, A BFTEEE H KA BB K
T 200 mg-L " % FLg et iR T s Y, e
Frp ik AR R SR A W S K AR T ) TAN 46k
NO; N A ad ek 2 A E T,
Fekmikase, HEER TAN AR T2 1 B8 SRk
RN (B ) HEAT A ok AR B SR R pHL 78
AR B A b S RIS BFT FR5E KRR
pH BB SRR R R, A I SR R
PV . BeAh, BFV ] T4 48 WK A b A
W) 8 R FLE TR BUR M vk E T, Schveitzer 255 0
g7k BFV ANE#ET 60 mL-L ', Z#F58 BS
NBS £k BFV S fEsri 4 15.67 #1 867mL-L ",
I kT FRFRME, H BS 4HAY BEVE! NBS 40k
TRPER T 80.74%, X HUSIMZINE . $&&KIK C/N.
A B T30 Wy g A 5
32 FHERSHHREEZ S

3 IR AR 2 A R AR T I A R
WA TRL, FRIE R G A T R AR AR KR A
DU AL 27 i BA A5 SISO A R A A,
R RS R 15 IR R SRR AR ok
AL G ER R 27.5%~36.3%, TURYI A 30.9%~
43.9% . AWFFE SRR AR R G0 2 AL
A, HG Tk 78.8%, AW F5H RGEAME
VIR A, AR TN b & 0 EEE0, H
H BS FIl NBS 415 64351 45.06 % il 52.55%,
AR Tk 2 2 2550 38 i K R R R TR R 2
XA RE S IR ISR RGEANRAG O, ARBFFTIGR

[31]
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Table 1 Nitrogen budget of aquaculture system g (%)

s BSHAEHIA NBSZAL A A BSZH &4 NBSAL A

Item N input of BS N input of NBS N output of BS N output of NBS
Ik Water 13.97+0.37 (14.00) 13.97+0.37 (14.00) 44.96+3.46" (45.06) 52.430.53" (52.55)
FA Shrimp 7.18+0.00 (7.20) 7.18+0.00 (7.20) 21.44+4.74" (21.49) 25.37+0.72" (25.43)
T} Feed 78.62+0.00 (78.80) 78.62+0.00 (78.80) - -
HiAth Other _ _ 33.37+3.43" (33.44) 21.97+1.23° (22.02)
At Total 99.77+0.37 (100.00) 99.77+0.37 (100.00) 99.77+0.00" (100.00) 99.77+0.00" (100.00)

T BRI BT (o) PR HLARER A ST M (%) R, n=3, RTINS B WmiE 2 5 B2 (P<0.05), T

Note: The data are presented as X + SD of nitrogen mass (g) or its mass

percentage of nitrogen (%); number of samples is three; the values within the

same row with different superscripts are significant (P<0.05); the same below

F2 FHEKEFREHERR
Table 2 Nitrogen output in water g (%)
TiH BSHUK R E i NBSHUKAZ it
Item TN output of water in BS TN output of water in NBS
A TN
BB A SSN 3.28+0.43" (3.29) 2.53+0.48" (2.54)
M A TDN 41.68+3.19" (41.78) 49.89+0.59" (50.01)
A SA TDN
M TAN 0.04+0.01° (0.04) 0.030.00" (0.03)
AR NO,-N 0.28+0.02" (0.28) 0.16:0.02° (0.16)

fiHfRER A NO;-N

28.15+0.66" (28.22)

38.17+1.48" (38.26)

A Others 13.23+1.46" (11.26) 11.43+1.19" (11.45)
F=3  FLANEITIRAER R R AR A
Table 3 Growth performance and feed utilization of L. vannamei

Bzt BS# NBS#

Index BS group NBS group
G ¥ Survival rate/% 43.43+12.93" 47.6240.66"
ZRAR TR Final body mass/g 9.86+0.48" 10.60£0.49"
HA ¥ Weight gain/% 8.43+0.78" 9.17+0.49°
Til#} 22 %X Feed conversion ratio 1.68+0.39" 1.36+0.05"
TR R R Feed N utilization efficiency/% 18.14+7.39" 23.14+1.12°

HRAR U6 5 H S Hargreaves” ) AiEzst iz
BMGE, =PRSS R0K (Lindemans efficiency),
W] BFT 48 B A B i AR AR

AMF5E T BS 411 NBS 417K A& TDN B &0
i ZR G0 A U Y L Rk 41.78% 1 50.01%,
Ho EZ0 NO; -N, P45 Hsr 51 28.22% i
38.26%, X AIAE-S B IR IS T BUM A W eV 454
AN SRR YIRe 2 FA 06, DRI, i

AL SRR MR T S BRI B

FWUE RGN, BF (98 ka3,

e

3K A ) TDN #E17 sk fb, sl 7oK
TAN. NO, -N. NOj -N % TIN gy p 2™ %
1M, 7ELLA SR Y A S R i E e
H, KRR TAN B4 AL AN (AOB) 3k
AT (AOA) 74k A NO, -N,  Fi WASER R4
BT (NOB) #E—2 544k NOs -N, HAEFEAIE I
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