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Abstract

The present study investigated the effect on the growth performance derived from far eastern catfish
Silurus asotus and vegetable Lactuca sativa L. cv. fidel and the change of water quality in biofloc
technology (BFT) system, aquaponics system based on BFT (BFT-AP), and hydroponics system (HP) for 4
weeks. The weight gain rate (WGR), specific growth rate (SGR) and feed conversion ratio (FCR) of S.
asotus was more effective in BFT-AP (136.5%, 2.72% and 1.14) than in BFT (115.6%, 2.45% and 1.34).
The total weight, leaf weight, total leaf length and leaf width of L. sativa was higher (154.5£3.98 g,
118.742.31 g, 198.242.49 mm and 156.843.29 mm) in BFT-AP than in HP (120.8+£3.94 g, 94.6+£3.47 g,
148.7+4.62 mm and 117.8+£1.87 mm). The context of inorganic ions in breeding water and fidel were lower
in BFT-AP than in HP. We suggested that a large amount of nitrogen compounds and inorganic ions
contained in BFT not only enhances the growth of cultivated fidel, but also improves the water quality,
thereby creating an environment suitable for growth and feed effection of S. asotus.

Key words : Biofloc technology (BFT), Aquaponics, Silurus asotus, fidel, Nitrogen

I. A-l =2 (Buhmann et al, 2015). ©]o| FHIZol= A&7
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FFE ol AW, B F9 28 AR gyms o)gste] Alg y A ZAS w
E A S A el A Ab =2 gAse waow gEAel 18 okl
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OpFotm A9} &=

HFAE o] &st] AT E AAHETFOEN o
YA dujE £olal AEAE
oz d#x  QItH(Mariscal-Lagarda et  al,
2012; Avnimelech et al., 2015).

H2A7E

BFT= YAAES A & AT W
Tt & HAERE AFST 1E glo] }E
Frolzolv FAAES] WA EdA LA s
2Yobd HAANH,S-NE A4 &@dH|(CN ratlo)

%45 Ea ulo] 9 Zebiofloc) 0.2 F3HAA A

=22

A = Qe F2]7]=o|tAvnimelech et al.,
015, B3] vpol o Beke FAMES sol2A
o181 & Qo] A +4 fA% ol A
BE8S ¥olE 4 i BT WEHe Zd

Q!
(Rijn, 2013). H}Olg—z—%}%
A Ady S AT £%

TEJAHKim et al, 2014). I#Y BFTE #A7|7F
of AA ASFFE A9 fFEtA 7] wEol
NH, N, opg4kd HAANO,-N), ZHakd Ha

(NOs-N)7F A o] A=A FAA] 9
Fe = EAES 7FAT AtHMichael and
Morgan, 1983; Hargreaves, 2006; Crab et al., 2012;
Bossier and Ekasari, 2017). # o< Al =
H5E ast o JRo| ARFE FIYAA)
E AL AT + ol FAHE d2PR
2 ARSI FHAES A A3 Y
o® offtolzy aed sl
(Buhmann et al. 2015).

ofFolEx Y A= U (aquaculture) =73 A Bl
(hydroponics)7} §&H FEjolH, ARgolA &
AR i Eo] P E o8 AistEE 2
Hil, olg A9 FFEOE olgH AE 4
ik Absre] 4 AT A THed &=

A8t 9k o] of2] Al ~"lo|THEndut et al., 2010;

S 2~(aquaponics)”}

Tyson et al, 2011; Rakocy, 2012; Liang and
Chien, 2013; FAO, 2014). OH%EL_ = &4

P
Be B AT S e ABA FAolels
A

A B A77h AYHALAAR FATAANA

AR AABOIN ALS

St ofl7|et mE MFof mE HF
Hste 77143 NOS-N7F 4Ee o=
N8d & 98 0 sRel BEAA 2 AE
A4S s F71Q0 FH(nutrient solution)
9] Fdo] dasites A7 UTtH(Mamat et al.
2016; Pinho et al. 2017). 181} o] x3d
FLEES F57F =oF AA FA =2 B¢
FHeESs HAAZ 4 Ao (Ahn and  Son,
2011) Y-S FF8HA Fom e S =
o]7] Y3 7]&Eo] L Fo|tkGieling et al.,
2005; Gutierrez et al., 2008).

2 odgE FAREI AEY Al BFT
WAl3p ofFtotx e A7 A9k BFT 7|RE ofFto}
32 Y X (aquaponics biofloc
technology, BFT-AP) A|~¥l9] ok2late] #4715
S Feletaa a8tk BFT 7|Rbe] ofFto}

system based on

IYUAE AES 7197 A% dUdEE AFA
FHo] ofd ofF ARSFFEIEH T 5T
o, Fx o Aastygel HF AbEQl
AaaE AEo] JYdor &ggorA AA
7} 7hs sk AlAElolty, o= HE HEA 9 A
of thgk AAA #Ao] FokA= FAlelA +A
shal A &7bs st sFAkE Algo] Thsd g%
Al2Ee] FEo] Thsd Z1o® e Sk
o5 FRlst7] Sl AA, BFT Af o|Fo=
dHA A= w7 (Silurus asotus) Y FANF T I
g& o]gsto] BFT AAEIF BFT-AP A AH 9
A w718 AR FAWEtE vlaiAegla
A, BFT-AP  A|AEIZ}  AubzAl  S=73 2wl

(hydroponics, HP) A|AEIA AMS3E mjdlo] A

Ams} SAskE vl m sl

FAE ASEPS BFT 2379+ BFT-AP
AEFEZ YA IT (F 1.2 m x H 0.6 m) 5
Zo| ZF AgFd wZ|(AF 674+£39 g) 857
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% 57~58 kg (F9 WA 5 kgm)E FE319 1
T3 BFT A2®S fA87] 98k
=3 uieol oojAES &
AR Y Hle] o &
39 al, &4k (dissolved oxygen, DO)
mg/L, pHE 6.6£0.5, =2 23.0+1.0
A A2 skt
2 EAERTOR W72 AEA
44%, ZAY 8%, ZE 1%, T2
8%, A 5%, ZIE 17%)= W
AAF2 3%Z 9A|, 17TA1Z 230 HAH o
sFeA el 47 B 5YS F ARE
stttk W7o AAE £4ES S AF
T Ayol HAE EIIAT vFHA(MS-222,
Sigma-Aldrich, St. Louisl, USA)E ©]&3}l 100
mg/Le] FEE "HAZ T AFE 001 g7tA
A AA & (MW-200, CAS, Korea)2S AF&3}
stk AF Al A F(initial weight), 28 F&
A Z(final weight)Z AIEFFHE Ry FA
S(weight gain rate, WGR), U7H47E(specific
growth rate, SGR), AFEA|5>(feed conversion ratio,
FCR)E <F&stda A7 59 AEE

(survival rate)< 413t
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< FA] Yt 4kARAY), =3EE, LED
z% & AAENT AEANuEEs Y 3t
Ao R F 200E7]] A &AW} JHEst, 2F
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Tz 4 stach ok W]
Aol FRstA] @] wWEdd FRE AEA
FHE Fustr] 9l As FEAHeRE AA
st FEES 9y, B A48 FE4FeE
FHI 171200 L), FHAFZHE7] 1dl(Insung

Technology, Korea), ¥45(20 L) 37H(EF A,
B, O), <3H= /]2 o] FH ).

3. AlESAHEE AE+

A e 2E AL vuwshr] s
I FYH(Lactuca sativa L. cv. Fide)E |5}
BFT-AP A&7 HP A3 79 2EAa|=o|
2Ast #estdth BFT-AP A3 F+ wVlE
ARFRE BFT ARSFE AsAdpl== FAAR1
T OA AASEFZRE Boles A agom 7
A9 al, HP AT+ BFT AR Al oFdo)
AEZAEIEE AH £8sts AxEoz 74
stk BFT-AP 2379 HP A3+ AL
77y 200 E714 AAEAY AFEE 477 A
& 5 259 FFH(total weight), AFH(leaf
weight), %% %(total leaf length), §Z(leaf width)

2 Z4stn BAjshen

L

P

dissolved solid, TDS), & &4 ¥
TSS), NH,-N
nitrogen), NO,-N (nitrite nitrogen), NO5;-N (nitrate
nitrogen), I4FE QI(POs-P)= 23)/F 2% 147
of skl S48t DO, pH, 2, EC, TDS
= FU¢ O9IdEFE=AH7|(YSI Inc, Yellow
Spring Instruments, Ohio, USA)E A}&3ty =4
AL, TSSE AHSTE FHE AE & 28

suspended  solids, (ammonia
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HiO|2E27|& 7|¢h ofFotEH AL £

AzAA  AFFow

ZA3%th. NHs'N,
NO;-N, NO;-N, POs-P= E4 A (Merck KGaA,
Darmstadt, Germany)¥ T-54 FZAZA7]Q0 §3%
B = A (Merck KGaA, Darmstadt, Germany)< ©]-&
3k njlAgo R BT
BFT-AP A379 HP 4@ A4 W w|
FdimgL) 4 F K, Ca, Mg, Fe, Cu, Mn,
ZnE $EAFZe}=0} BB A (CP-OES Optima
8300, Perkin Elmer Co., Waltham, USA)=E, ClI,
SO,= °o|AZuE (930 Comact IC Flex,
Metrohm Co., Herisau, Switzerland)S A}-8-3}o] &

EEE

5. A 2 B

BFT-AP A& 79 HP A7olA At 2 &
AW vZFdas FHdmgl)s £4317] a8l 2
E4 100 g& AZAIZ] 3 F Z(total nitrogen,

T-N)= dAaE47]|(Kjeltec 2300, Foss, Sweden)Z,

<Table 1> The growth performance of Silurus asotus in BFT and B

AN A|AHEIOf|A A}

S35t o7l B Mol ek ol

i

Ql(total phosphorus, T-P)< UV spectrophotometer
(UV2450, Shimadzu Co., Japan)E ©]&3t 470
mmolA FFEE A3 THVanadate ). T3
K, Ca, Mg, Fe, Cu, Mn, Znv =220}
EFFEAZ EA AT

49T 9 198 g9 P
o olel W71 gAT A% gake YT velA
g0z 43l 37

52 SYSTAT AXZEH o] (Systat version 18.0,
SPSS INC., Chicago, IL., USA)E ©]&3}o] BFT
g e} BFT-AP 4387 3t &4, BFT-AP A%
T HP AT 3 842 7 FJd 1 HAs
Hwg 4 e ttestZ FAAZSHRL, SAT
2 fo|eEL P<0.052 AAA

T-AP groups for 4 weeks

Survival In1.t ial Flpal Initial total  Final total WGR® SGR* 5
Groups Rate weight weight weight ()  weight (2) %) %) FCR
0 0
(%0) (2 (2
BFT' 95.2 67.5+4.7%  151.7+7.2*% 5,742 12,440 115.6£52*%  2.440.2 1.3£0.2
BFT-AP*  96.4 67.3£3.1 164.5+11.0 5,721 13,686 136.5£5.3 2.7£0.3 1.1£0.3

BFT : biofloc technology
’BFT-AP : aquaponics based on biofloc technology

*WGR (weight gain rate) = (final weight - initial weight) / initial weight x 100%
“SGR (specific growth rate) = (In final weight - In initial weight) / days x 100%
SFCR (Feed coefficient rate) = Feed consumption / unit weight of increase

"+ superscripts in the same column are significantly different (P<0.05), ns : no significant (P>0.05)

<Table 2> The growth of Lactuca sativa L. cv. Fidel in BFT-AP and HP groups for 4 weeks

Groups Total weight (g) Leaf weight (g)  Total leaf length (mm) Leaf width (mm)
BFT-AP! 154.54£3.98* 118.742.31* 198.242.49* 156.8+3.29*
HP? 120.8+3.94 94.6+3.47 148.7+4.62 117.8+1.87
BFT-AP : aquaponics based on biofloc technology

HP : hydroponics

* : superscripts in the same column are significantly different (P<0.01)
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BFT 2379 BFT-AP A3 FolA ARSE W)
719l AAES Wk A= <Table 1>3 2t

AEEL F AFFANAN FABISEE, WGR2
BFT A87 < B oAAF 5742 gollA 12,440 ¢
OS2 115.6% A3t A 3, BFT-AP A3+ 5,721
goll A 13,686 g Z 136.5% A3+l BFT-APY
g7gol wE Ao g Yekyth SGRS BFT A3
T 24%, BFT-AP AT+ 27%E UESAL
FCRE BFT A&7+ 1.3, BFT-AP Ag7E= 1.1
2 BFT-AP A g oA w7]e] A4tido] & A
o7 I

l[‘

A HP 23T 7+ dA4F ¥d
o NS Hwe AF= <Table 2>9F 2T
2_7(3§_ 7ﬂJ,1r BFT-AP /Kl-éf:-']
154.5£3.98 g3
118.742.31 go2 HP AF79 120.8+3.94 g3
94.6+3.47 gRT} 25% AE Fuko] Fo7 320
A=A UERETHP<0.01). D - FEZ
S =43 A3 BFT-AP A ATFolA 198.2+2.49
mm 156.843.29 mm=Z HP A3 T2 148.7+4.62
mm¥% 117.8+1.87 mm BT} 33% A FoA &
Fol A Aol wWEA e THP<0.01).

TDS (mg/L)

A¥ 7]zt §< BFT, BFT-AP, HP A& T2
F8 F4837 842 DOE 6.58+0.38 mg/L, pH
= 7.04+ 044, e 23.10£0.58 °CE HES AU
© AP BT AR FAHAS
([Fig. 1). BFT A&go)|4 ECE 042 us/emolA]
2.10 ps/cm, TSS= 68.00 mg/LolA 202.20 mg/L,

l

T E PN =IPI TS

(=R

TDSE= 0.92 mg/LollA 1.51 mg/L, NH,-N& 1.92
mg/Lol A 323 mg/L, NO,;-N= 0.06 mg/Lol|l A
1.10 mg/L, NOy-N+ 15.82 mg/Lol|A 66.80 mg/L,
POs-P2 1.15 mg/LolA 4580 mg/LE 45 A3 7]
7t FQF 25 F7Fsl A Th([Figs. 1 and 2]).
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[Fig. 1] The Change of water quality by the HP
(hydroponics), BFT (biofloc technbology),
and BFT-AP (aquaponics based on BFT)
system for 4 weeks (A, pH; B, EC; C,
TSS; D, TDS).

BFT-AP A g4 ECE 0.35 us/emoll Al 0.69
us/cm®, TSSE 10.00 mg/LollA 44.00 mgL, TDS
= 022 mg/LolA 046 mg/LOE, NH-NE= 197
mg/LolA 3.14 mg/L, NO,;-N+ 0.07 mg/Loll A
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OpFotm A9} &=

0.75 mg/L, NO;-N+& 12.90 mg/LolA 52.80 mg/L,
PO,-P-S 124 mg/Loll A 18.50 mg/LE 45 A7)
b Bt ke A BT

10
[£V]
R oHP «BFT oBFLAP
=
B
P
+ 4
=
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. o— o o —0—o0—6—o6—o0—°
o 1 2 3 4
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| @) [ ewr «BFT  oBFTAP |
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7z 1
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=
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[Fig. 2] Change of water quality by the HP
(hydroponics), BFT (biofloc technbology),
and BFT-AP (aquaponics based on BFT)
system for 4 weeks (A, NHs'-N; B,
NOZ_-N; C, NO3--N; D, PO4--P).

HP AdFolA ECE 229 ps/emolA 221 p
s/em, TSSE 16.00 mg/LollAl 22.00 mg/L, TDS+
1.49 mg/Lel A 1.35 mg/L, NH,N= 0.52 mg/Lell
A1 1.21 mg/L, NO;-NE 0.06 mg/LlA 1.24 mg/L
2 UERFI, NOy-NE 13320 mg/LollA  62.50
mg/L, POs-P= 10.80 mg/Loll A 4.95 mg/LE e}

ZRHHN A|AEIM AL

o o7|eh T NFo| met ol

S

4. M= U o228 B4

BFT-AP A@ToA ASS U o3 &4
A3 K& 1675 mglL, Cat 11521 mglL, Mge
18.95 mg/L, Fex 1.15 mg/L, Cux 0.13 mg/L, Mn
+ 0.05 mg/L, Cux 1.28 mg/L, SOs= 90.33 mg/L
o7 FI=ATK(Fig. 3)).

HP @A AbSS o o] 287 B4 A
K+ 118.10 mg/L, Cax= 332.01 mg/L, Mg+ 50.56
mg/L, Fe= 3.84 mg/L, Cue 0.28 mg/L,

MnE 111 mgL, Zn= 128 mg/L, SO 171.06
mg/LOZ ZRIEo] HP A ¥ 7} BFT-AP A g+
B} o] &gtefo] HutFog o How HAE

ZF1ge 7FO0E
ol AE £ 7éa+ BFT-AP *e‘fé?ﬂw T-N<
342 mg/L, P2 0.96 mg/L, K=& 1.51 mg/L, Ca
1.51 mg/L, Mg 0.34 mg/L, Fe 48.78 mg/L, Cu
= 0.99 mg/L, Mn 156.77 mg/L, Zn< 160.20
mg/LZ 21 = A TH([Fig. 4]).

HP Aol g o]xAE A4 Az
T-N2 420 mg/L, P2 093 mglL, K& 1257
Ca2 1.50 mg/L, Mg 033 mg/l, Fed
7721 mg/L, Cut 1.04 mg/L, Mn< 48.65 mg/L,
Zne 31.99 mg/LE E41= AT

mg/L,

N.&d 2

w AT BFTY ofFolxyxE
BFT-AP¥} BFT, HP A 3T ZHdA wr|et 3
do] A= & FHEH B4 oA

—LI

o N,
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-0,

id
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—u
ihd
o
o]
i
%
%
N
r}L
L
Ky
=

B 9e 0% BEe AR

stk 53], AN A=AuE 2lsl 2
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Nutrient concentrations of water (mg/L.)

[Fig.

eafy vegetables (mg/L)
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Plant culture method

3] The nutrient concentration in the water between HP (hydroponics) and BFT-AP (aquaponics based
on BFT) system for 4 weeks (A, K; B, Ca; C, Mg; D, Fe; E, Cu; F, Mn; G, Cl; H, Zn; [,
SOy).

c 1.5
s 4 A Total-N B) P
= 1.2 4
a
0.9 -
3
> 0.6 -
14 0.3 -
o o
HP BFT-AP HP BFT-AFP HP BFT-AFP
2 0.5 100
@ ) Ca &) Mg x) Fe
s | 0.4 80
0.3 &0
1
0.2 | 40 -
0.5 0.1 | 20 +
o o | o -
HP BFL-AP HP BEL-AP HP BF1-AP
1.5 200 200
(G Cu (IT) Mn (@)] Zn
1.2 1 150 150
0.9
100 100 A
0.6
0.3 - S0 4 S0 1
o o o -
HF BFT-AFP HF BFT-AFP HP BET-AP

Plant culture method

4] The nutrient concentration in the leafy vegetables (fidel) between HP (hydroponics) and BFT-AP
(aquaponics based on BFT) system for 4 weeks (A, K; B, Ca; C, Mg; D, Fe; E, Cu; F, Mn; G,
Cl; H, Zn; 1, SOy,).
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AEFOEN FHAE YR FANNY &
£ §3E BFT-APY FAikel A8 Thede &
st

Luo et al. (2014)= "etd|olE S E BFT
9} RAS t‘“ﬁ‘oi ARSRE A3 BFTOlA A

2 2%, BAES 28%, AASEEL 18% FH
C}iﬂhﬂ iﬂé}%ﬁﬁ}. T3 BFTAA ARS&F w7]9]
A& A4 2] (continuous replacement system,
CRS) Bt} AAEHN AARE L] 15% A=
HATL S THPark et al, 2021). £ A7
BFT-AP A3 TolA ASE w7 BFT A3+
Bt SA ST AARATAA oF 5% A= LA
o] F4H ALE Ueet AEY U4
ok BFT ARSe] 4% sddae=2 A
2 FAE% a8y B Ao 1§EoR
P T2 gEo] FANEE w71 A
gol wet kAo Aol mEr] wiZol 3

[ox

rﬁ [o
%t o

UdZe] A= w2 F7hEQd Age] Ads
ojof & Ao AmHTh

S Y ET} Ao Wﬂ %APHL ofo}
2ol &

Al e F%
3ITHFAO, 2014). & 2
M F8% 94 F SUR AEY JUd4E
K, Ca, S, Mg 5) ¥ SHol Hxze=z %‘
S v, pH HHE 5-8 HIZ2 FA 3ok
THFAO, 2014; Thorarinsdottir, 2015). & <
BFT-AP A& TolA pHE 13] 525744 743

HES AEILE 6.10-7.522 frAE o], ofFo}
ZY2 ANz"HloA T FFY AAo] el
Aoz A EHTHRakocy et al, 2006; Rakocy,

A7 BFT-AP A3 olA EC &4 A3}
© 0.69 us/em ©]3E fFAFo] IWHoR 7
Aol A Bass EC WLI0.5~12 us/em)BR L
(FAO, 2014), 215 Mgls Zajgo} 229 A%

Lo )
of
S
2

i oo A ro
es}

a

rir

W o

=S|

H

>

g4 &74%1&] BFT-AP A3+
ARG A YEgt ol&
F71do] BHEERE FTote AE FUROE
gaso] AREHSY WELZ ATHTK(Pinho et
al., 2017).

B AT A BFT A3 TolA NH,/-N& A37]
FEe A&H SRt o, 27 FHH
FABFA T =3 NO,-N&
Aoz 1 ppm °Jste] F&
P A3 oA NOy-NLS 2 &
we} AR, POSPS AF AR FHE
= 75‘?‘?}01 Y ERSTH([Fig. 2)).
k= T Aol Hsto
NH,-N2} NO,-N FE+= 50%, NO;-NZ} PO, -P&
A&Ho R AT FFEol FAHUH. FAO
(2014)01] tq.en:] O]—?—O]—__\__‘L_\J/\ /\]/\Eﬂoﬂ/\-].‘:_
2 E-o] HolZH ZFH Algy} £ 9
FE A=A s AF U= 24
=t ol AEo] YURo=E &
A FEe] Hgstel o] A4S X
gy Bagk vf ok B AFZEd} =3 BFT-AP
AT FAANA B ALsER Qe
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2007; Bittsanszky et al., 2016).
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