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Abstract

In this study, eco—friendly methods of aquaculture, biofloc technology
(BFT) aquaculture system was conducted for growth and water quality
improvements on catfish (Silurus asotus), eel (Anguilla japonica) and
carp (Cyprinus carpio). In the first experiment, to evaluate growth
performance of 3 kinds of fishes, different C/N ratio, temperature and
density were conducted for 3 kinds of fishes. The results of different
C/N ratio on BFT showed weight gain rate (WGR) of 15:1(catfish :
140.9+£5.56%, Eel : 146.1+10.22% and Carp @ 455+7.12%) and 20:1
(Catfish @ 123.4£6.32%, Eel : 116.9+17.44% and Carp : 53.2+3.33%) were
adequate for catfish, eel and carp in BFT aquaculture system. The
results of different temperature on BFT, catfish (WGR : 106.8+5.18%)
and eel (WGR : 30.8£2.29%) showed 30C was adequate and Eel but
BFT carp showed 24C(WGR : 53.1£1.17%) and 26T(WGR
49.5£2.08%). The results of different density on BFT, catfish (WGR :
164.4+5.02%) and carp (WGR : 92.7+3.12%) showed 05 kg/m® was
adequate and eel (WGR : 134.2+4.17%) showed 1 kg/m® was adequate.
Nitrogen components (Total ammonia nitrogen, NO>-N) of all
experiments were stabled. Next generation sequencing analysis showed
proteobacteria and bacteroidetes were dominate in C/N 15 and C/N 20
of catfish and eel BFT breeding water. The results of acute toxicity

experiment of catfish, eel and carp showed, the TAN safety
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concentration of catfish were 9.2 mg/L (pH 6), 6.3 mg/L (pH 7) and 4.2
mg/L (pH 8). Eel were 33.2 mg/L (pH 6), 23.5 mg/L (pH 7) and 16.7
mg/L (pH 8). Carp were 6.7 mg/L (pH 6), 4.8 mg/L (pH 7) and 4.4
mg/L (pH 8). NO,-N safety concentration of carfish were 15.1 mg/L
(pH 6), 685 mg/L (pH 7) and 247 mg/L (pH 8). Eel were 18.8 mg/L
(pH 6), 29.6 mg/L (pH 7) and 71.1 mg/L (pH 8). Carp were 6.9 mg/L
(pH 6), 9 mg/L (pH 7) and 105 mg/L (pH 8). NFT (Nutrient film
technique) aquaponics coupled with BFT showed WGR of catfish
BFT-AP was 98.4+0.63% and WGR of eel BFT-AP was 78.3£2.51%.
In catfish BFT-AP (NFT) shoot weight of caipira lettuce (Lactuca
sativa) was 12194625 g, in hydroponics was 120.5+t0.18 g and in
control (running water; 3 rotations/day) was 755418 g. In eel
BFT-AP (NFT) shoot weight of caipira lettuce (Lactuca sativa) was
124.1£8.21 g, in hydroponics was 120.5+0.18 g and in control (running
water; 3 rotations/day) was 79.2+6.12 g. DWC (Deep water culture)
aquaponics of different plants (100 individuals, 200 individuals) density
coupled with BFT showed WGR of catfish BFT-AP 200 was
142.6£5.95% and WGR of eel BFT-AP 200 was 178.4+5.06%. In catfish
BEFT-AP 200 (DWC) shoot weight was 143£45.7 g, in eel BFT-AP 200
(DWC) shoot weight was 190+325 g. NO3-N of NFT and DWC
aquaponics coupled with BFT was decreased during the experiment.
The survival rate of BFT-AP(DWC) weather loach (Misgurnus
anguillicaudatus) was 91.6+2.55%. The components of BFT-AP catfish
breeding water showed N was 58.26 mg/L, Ca was 17.23 mg/L, Fe was
0.10 mg/L, Zn was 0.41 mg/L, Cu was 0.11 mg/L, Si was 13.17 mg/L,
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Ca was 63.35 mg/L, K was 34.25 mg/L, Mg was 10.15 mg/L and Cl
was 5090 mg/L. The components of BFT-AP eel breeding water
showed N was 26.68 mg/L, P was 6.81 mg/L, Na was 99.77 mg/L, Fe
was 0.13 mg/L, Zn was 0.16 mg/L, Si was 13.31 mg/L, Ca was 37.48
mg/L, K was 0.33 mg/L, Mg was 9.41 mg/L, Cl was 27.18 mg/L.
Therefore, in this study, the results indicated that freshwater
aquaculture and aquaponics applied with BFT could be a new

eco—friendly aquaculture in future.
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Abstract

ol AgollAE A Ao W F 3§
(BFT)S& o]&sto] Folfda R ofFfolxH
o] A H FRAMAg T #A AFE 918 W 7I(Silurus asotus), W
o (Anguilla japonica), ¥\ (Cyprinus carpio)S WACZ C/N H], 2,

Qo mEt ASAde AP dEdTs F A= 4, 29x vt

MAES 2 AMSF AEEAS "k C/N Hlo w2 AP 4z, o
719l =A4)&(Weight gain rate) C/N 20:1014 140.9£5.56%, 15:1°4
123.4+6.32%=  4YERen, . @AM = AS, CO/N 2011004
146.1£10.22%, 1519014 116.9+17.44%= EFFth 3ol C/N 20:100 4]
53.2%3.33%, 151014 455+7.12% % e} BT 15:1~20:19] Z7A A}
5 Al JiAE Z37F dErdt 2o wE ddAR mvl= FAE] 3
0°Col A 106.845.18%, 25°ColA 91.6+0.13%, 20TCollA 69.9+2.18%% L&}
ok wlgolol A= 30T oA 30.842.29%, 25T ol 29.3+4.48%, 20°C ol 4]
25.0£3.33% %2 e ol 24TelAM 53.1x1.17%, 26Tl A
495+2.08% =2 UEbyTh Wxe] wE AgAy wWre dxv bg v
A0 05 kg/mPoll A FA &0 164.4+5.02% 2 A FEo] 7F4 =4 e
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om Wgele] A4 1 kg/m’ollAl FTAE] 13424417% =2 714 =
Ebkth o= 05 kg/mPoll A SAI&0] 92.7+3.12%% 7HE EA o

g F4e e BRE AT e FAR HHeA FAEASH,
Holu 7AFo R % HAAbe YEuA g ofF mAE BA A
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e

w 7] 2} WAool ALSgo A C/Nulo mE nAE odd 2 A17H0, 2, 4
Fol wE vAE gIdAde NGS B4 A3y T OASSs BT
Proteobacteria®} Bacteroidetes ©] A% YEEow 7] AFSS49] 7

9- Verrucomicrobia, Planctomycetes, Actinobacteria, Acidobacteria,
Firmicutes® A% %= (Relative abundance, R.A)7} <718t e, C/N
vl 151, 20104 A BEEs dHEHETE e AbSsFolA =
Chlamydiae 9] ZtlafFE= #4s HbH Planctomycete®?} Firmicutes

9] FAFREE S/ e, ON H 15194 718 A% mEs
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lo,

ok pHoll wE F ol Aish ofd A A4 HAo ek <b
A FEs F dEYold EA WY& pH 694 9.2 mg/L, pH 7914 6.3
mg/L, pH 8°14 4.2 mg/LZ e on, Waol= pH 6914 33.2 mg/L,
pH 7oA 235 mg/L, pH 894 16.7 mg/LZ WESI, ol pH 694
6.7 mg/L, pH 714 4.8 mg/L, pH 814 4.4 mg/LE Yelwtt). ofdAbA
A2 w7]+= pH 6914 151 mg/L, pH 7914 685 mg/L, pH 8ol A 247
mg/L= YEstom wol= pH 694 188 mg/L, pH 74 29.6 mg/L,
pH 8414 71.1 mg/LE YESaL, &oj= pH 6914 6.9 mg/L, pH 74 9
mg/L, pH 84 105 mg/L&E et

- Xvi -



Hpol @ Fet YA 7|EBFT)S o &3 offotx s A& #3t A3
vt EA(NFT) oftolxy 2 A& Al w]7]1e] 49 BFT-APolA &
Aol 984+0.63% %2 HEIS O™, thxTol = 50.4+4.70% 0.2 ERSE
Wgole] g BFETAA FAl&o] 783+251%=2 YEom, thzTolA
T 62.3+4.94% = UEtwth w13 WrlE 283 AEe Ao Ag, e
£ A9g AEH FA(Shoot weight)'= BFT-APSIA 121.9+6.25 g, 57
Aol A 1205+0.18 g, tiETolA 7554418 g= YElWT WAoo F
BET-APO A 124.1+821 g, FAAu A 12264313 g, thETolA
7924612 g= YElRH. FE2 wrle WAo] mE A4 A A (NOs-N)
7F #A&dE Eigo] YERth g4 (DWC) ofFolE Y A E A 2 E <
Do w100, 200 £715 4 &35te] AFSGS A3
€ BFT-AP 200914 147.3+6.17%= 7}3 =4 el ow BET-AP 100
o A 142.6+5.55%, ET(BFT)AA 137.144.25% = epWth # ool 7
%, BFT-AP 200914 ZA&o°] 1784+£506%%2 714 £ uYeEse
BET-AP 100914 136.2+1.35%, W& (BFT)oA 100.8+2.48% = U}e}yt
th gk wr|E A&k AE Ao A, BEE AYS AFF FA
(Shoot weight):= BFT-AP 200014 143+45.7 g, <7 Aol A 1384326 g,
BFT-AP 10004 136£155 g= YEtwtom, oo 4 BFT-AP 200
ol A 190+325 g, =4 Aol A 1784357 g, BFT-AP 100014 168+30.8 g
o2 Yeigth #EE 7 ojF BF Haky A4 ghste Aol yE
ok matElel A9 BFT-APY  SA&Y AEES 51.1+365%,
91.6£255% % UEF o H BFTOlA = 24.0£4.24%, 82.1+11.12%, o % (F]
Gl A -15.7+1.41, 66.8+2.78% % BFT 7]ute] ofFolx 2~ @ BETO|A]
xRt AMdE g3 etk BFT 7)9ke] of oty A4
A Ay, W71e A$, N& 5826 mg/lL, P& 17.23 mg/L, Nax 83.95

b
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mg/L, Fex= 010 mg/L, Zn< 0.41 mg/L, Cu= 0.11 mg/L, Si= 13.17
mg/L, Ca® 63.35 mg/L, K& 34.25 mg/L, Mg+ 10.15 mg/L, Cl= 50.90
mg/L2 YEST g2 AR ddelr =& kol YERAIRK
BFT-APel A= Mne] AZE%H A &¢to, Zn, Cut v How EAsts A
o2 Yewkom, Na, Cl2 AT =2 gro] vetwka, WAoo 49

2 26.68 mg/L, P+ 6.81 mg/L, Nat 99.77 mg/L, Fex= 0.13 mg/L, Zn
< 0.16 mg/L, Si= 13.31 mg/L, Cat 3748 mg/L, K& 0.33 mg/L, Mgt
941 mg/L, Cl= 2718 mg/LE Yetwth A3 23 BFTE ol &3 Ho
T YA B ofFotx s AR A AR S FAUHoEA Y 2RO

hs Aol
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Fig. 1.1. The pathway of biofloc aquaculture system.



A tH(Caipang et al., 2015). webA], A3 %
A BFT €92 Ssiie doson s 539 23e /%] e
th(Hargreaves, 2013; Xu et al., 2016; Ahmad et al., 2017). °]&{ s =%

A BFTE 9% 873 58802 e 5 o] A48 542 43

F o ole@ 54 BFTE A& ouA Az, Aast 47, 92
g olES ARe B B9 A, oM olf A, AA FAE A

Ako] 7}5&}tH(Crab et al., 2012).

BFT+= 1990t o] 2=t ddel A © ety ok(Oreochromis mossambicus)E
o2 AFEHAT viw, Batd) S, B, gEolAlel 5 e =7t
AM AM-FE W S®E BFT ¥47les /IEsta Jdvk(Day et al,
2016). A A F2 s3] ol = Biofloc session's ¥25te] 74 3ta At %
AAR o2 e 7t A BFT A7} a5 glon nlo] e Fes o
S HIT TS WFeR Aol AAHa Itk (Vyas, 2020)(Fig.
1.2). asel® E738tal BFT &2 Adste d AAA o= 2R o

rob

o2l A $-(Litopenaeus  vannamei), B3 oHO.  mossambicus,  O.
niloticus), °}=E217} W7 (Clarias gariepinus) 5 A2 AFZo] +3kE o]
2 tHChoo and Caipang, 2015). o= ST AlHA| 2" # o}

L

oh, e bl e Ud " e yol & oY Fo T3 ¥(Integrate) FA A=
g s JeEa Qok(Poli et al, 2019). 28y =u] YS5H T8 F2
=&l = Abdst Vlmo] AR ot wiEs A R sauE

A 59 FAZ dAsr] ) FskE BFT 444877 o
da Aol dF=a AcHTidwell, 2012).
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AbE e O FES AT ¢ e AEANHEY TR g Eh
ofFrolx e AEAuiH =] EFo] uwel verd S A/(NFT, Nutrient
film technique)® 942 (DWC, Deep water culture)® ¥ th. NFT9 +
v TR FolZE o &t FAANM WHelth 7t dpo]xLe] FEo] &
= ol FAbF Fol A o] Ed ATt whA ZH(film) o] FElE A EH=

o FHET FHE AT AEY BYE AR H oA oAFAEFEE
ojFste T2 Y@ A7 7HestthHFig. 1.4.). DWCE T7x+= o
= 5

A ZAA o) BF AT Bt F)E FEe] ATA =] FUH

A stol thal NETel Bl tfs-o] fvh(Fig. 1.5.).

A AAHOE bt EH2E o83 FAF, AAF, BIE BT o
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Fig. 1.3. Dendrogram of aquaponics (A: hydroponics, B: aquaponics, C:
aquaponics based on BFT).
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Fig. 1.4. Plants bed (above) and nutrient film technique (NFT) aquaponics
based on BFT (below).
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Fig. 1.5. Plants bed (above) and deep water culture (DWC) aquaponics
based on BFT.
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1.1. Water quality \
Tolerance
Optlmal Temperature
1. BFT = 1.2, Management
Aquaculture

Biofloc Technology

(BFT)

Aquaponics

Fish and plant growth

Water quality

Fish and plant growth

Fig. 1.6. Dendrogram of experimental procedures of freshwater aquaculture and aquaponics applied with BFT.
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II. Materials and Methods

1. BFT ¥AA 2" W 33873 2 A5aE /387
1.1. W S gidFe BFT & & 3874 o
1.11. BFT AbS5 Az w& Fwig 2 nAs 3484
AR BFT A& &7 98 1 TON (@ 1.3 m x h 0.8 m)
FRP(Fiber reinforced plastics) 93530l 0.5 mm-micro filter2 o] ¥ A

StE o] 83l Avnimelech (1999)¢} & 5(2014)e] AAkA e whz} &4

rO
M
ot

AL o] &5t I (evermiracle, $+) 1 Lo} AU @ish 18 &HT
AAEA Y WA 43%, AW 8%, Z+H 1%, i 14%, A 27%, =
A 5%, 23|+ 15%) 3& A5 E 1 kg F9351%tH(Table 1). Hfo] &
go] FA3 BFT A8 AHTA(BFT-ST, EgeeTech, Ltd, USA)E A&
Hell et 30 mg/L AFstAor, == met 20T, 25C, 30CY =2&=&
AA3ste] 39HE BET ERME7] A3S st d4de §&44A 2
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Table 1. Contents of feed

Nutrient %

Moisture 14.0

Crude protein 43.0

Crude lipid 8.0

Crude fiber 5.0

Crude ash 15.0

Ca 1.0

P 2.4

Others (Vitamins, Minerals) 11.3
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1.12. C/N Hlo] W& BFT A& o792 4% 3 1A= NGS &4
1.1.2.1. " 71(Silurus asotus)

C/N Hlo] w& BFT #& o#F9 A& /Iday 2 s vdA
TS FQsty] el e Fa FAWEET W2 (Silurus asotus) A
o] 10078 (% 1.28 kg, 12.1+1.06 g)& 200 L (W 80 cm x L 80 cm, x H
80 cm) FRP Apzs=zel 44stgiew C/N vl met 101, 151, 2011,

25:1, 30:1 573k= AAsR e, As W 54 (TAN, NO.-N)T7t=2 <
g HAE, Honkg FAE WAl 98 tix=T(Sham-contro)+ 3

rotation/day® ZF7F 3 EH =2 st R £ = 6719 AF T
U] AbgEzo] FE8ke] 3RkE AlSAES Fdsen, U L'
EEFAXEAY: 2N 43%, ZAW 8%, ZH 1%, ¥ 14%,
2.7%, 244 5%, 3% 15%) 35 & o] &3t ojAlFe 5%° AlRE v
A FHs tHTable 1.2). 4743

wovtd, dEgv=)E  o]fste BEALE TEsIAT. CO/N HE
Avnimelech (1999)¢} & =(2014)°] el wel o3¢ Alge] g 92
TS e 22 A S o] &5t 7

e tHTable 2.2). A9 FHAEAES tads 8454 7](YSI-650,

Yellow Spring Instruments, Ohio, USA)E o] &3le] mjd =A&A}. &

—~

2 3}3tE(Nitrogen components)< & YEYold A& (Total ammonia
nitrogen, TAN), o}& A4 A A (Nitrite nitrogen, NO;-N)E =43} o,
A7 w<k id o Als T A ATE st uEA FESA7I
& 33 A (Merck KGaA, Darmstadt, Germany)Z ©]-&3F H|AH S o] &
sto] AT A3 T8 F, AFE, AARAST o HuEA s o,
FAETH AL SYSTAT AXZEQo(Systat version 18, SPSS Inc,

Chicago, Illinois, USA)E ol&3stitt. Y4 A5 LddZiA
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o,

[Formula of C and N calculation]
C in Carbon source (Molasses) = 50%

N in feed = feed (kg) x CP (%) x 0.155 (N in CP)

[Formula of adding molasses according to C/N ratio]

o] AFR(3&) CP 43%
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1.1.2.2. WAy (Anguilla japonica)
C/N Hlo] w2 BFT 48 o7 A%%= /Mdasd 2 ndes v
TS FAstr] A e Fo FANLGETA WA japonica) o
757 (F 1.28 kg, 18.3+4.38 g)& 200 L (W 80 cm x L 80 c¢cm, x H 80
cm) FRP AZbzo] SiAlstai e C/N Hlel wet C/N Hlo wz} 1011,
15:1, 20:1, 251, 30:1 573ts AAslen, ASgs W SA4(TAN,
NO;-N)S7t= Q1&g #HAE HHolwkg as: WAer] 93 d=x=T
(Sham-control) ¥ 3 rotation/day= 257} £3HES st i+ X
g F 6 AT E Lol AASsFRd F&35t
sted, AU 1gsEFolAEAY: =
1%, &8 14%, %1 2.7%, =48 5%, &
of FwstAth(Table 2). dAst &4k
(o, e =)E o] &ste] &EALE THstATt AT 5%
ARE Y FHESIATE C/N Hl= Avnimelech (1999)¢F & 5(2014)2]
Hell wel HE AR mE dEFbES v=d 22 AR S o] 8

sto] Tl 477 AR AR S ASFAHTable 12). 559 53

o

M

iy
o
1
T
o°
>
i
g
;%
=
3
Q
5
3
@]
=3
Q
=
=
o
0Q
(@)
=)
;%
>
Z
°
X,
>,
>
>

(Nitrite nitrogen, NO;-N)& SAstA o™, A377F 5 ofd 2 A=
Ta A AFE o oE5H FEFAVA FHFEAMerck KGa,
Darmstadt, Germany)& ©]-&3% B S o]&sto] At A% T8

, AT A EAT & vluEdsd ey, A% 242 SYSTAT

b

I«

E¢o](Systat version 18, SPSS Inc, Chicago, Illinois, USA)E ©]&

Ol
>

Aok FIAH AL dYEAEA(One-Way ANOVA test)E E3



ol gt on, fol5Ee P<O5E g

Tukey's testE
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Table 2. Adding molasses by C/N ratio (Silurus asotus and Anguilla

Jjaponica).
C/N ratio molasses/day
C/N 10:1 7.5 g/day
C/N 15:1 27.5 g/day
C/N 20:1 47.5 g/day
C/N 25:1 67.5 g/day
C/N 30:1 87.5 g/day

_22_



1.1.2.3. & (Cyprinus carpio)
C/N Hlo] m& BFT A& o7 AFx /MAgdsE gddstr] sl W

T F dAfaEel o (Cyprinus carpio) A1 (F 2.25 kg, 21.4+3.81
g)Z 500 L (@ 92 ecm x H 90 cm) PP (Polypropylene) 30l 9143}

Aom, C/N "o wh 1011, 15:1, 20:1, 25:1, 30:1 573+ AAsklon,
A W SA(TAN, NO,-N)S7F= Q1% #HAL, Boluks Zhas W67

#&l hZ(Sham-control)¥ 3 rotation/day® A7} <3tE =2 &9

WA £ F 670 4PTE ol AjFxe] Fgate]l 3nE A5
de FAsgon, @ LEEGFICIEA Y 2HNA 43%, 24y
8%, ZrH 1%, Tt 14%, 1 27%, =41 5%, X3 & 15%) 35 & ©|&3f

o] AT 3% ARE WY TFSIIAH. AT EZALE FAEI
A AT (Faakd, gighRl
C/N H]&= Avnimelech (1999)¢} & 5(2014)2] Wi w2l g% Al

g FEFES e 22 ARMERE ol &dte FYstH 477 A%

A= AT (Table 23). AT 24842 vds 2547

H
il
o
"
2
ofo
(i
£
Er
il
of
Al
_0|L
R
v

(

>

(YSI-650 Inc, Yellow Spring Instruments, Ohio, USA)E o] &3}o] njd
=33 A A 42335 (Nitrogen components)S & PR YolAl & A (Total
ammonia nitrogen, TAN), o}&4F4d A A (Nitrite nitrogen, NO,-N)& =4
stRon, A7 &<t M o AR w5 A AFE st 54 4
=2A71¢1 &3433 = A (Merck KGaA, Darmstadt, Germany)Z ©]-& 3 #] A
< ol&3ste AN H. A TR ¥, AR AEAST & PluiEA st
dow EASHZA EALS SYSTAT AZEY|o|(Systat version 18, SPSS
Inc, Chicago, Illinois, USA)E ©o]&3tdth oA HSS A4
(One-Way ANOVA test)Z E3] Tukey's testE o] &slon Fol¢s=

& P<0.052 AAEY
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1.1.2.4. BFT A5 NGS 4]
C/N vlo| w& BFT A5 BFT A& w7] 2 Wgo]e] nAE

3 & #548 TEE7] de), AW A 2 EFR A ASS W A

-

=

=

r—LI

o

st o, A 97149 B4 (Next generation equencing, NGS)S o] &
stk A E F T (CFU/mDE 24 37] 9138 Genomic DNA kit (Qia
gen, USA)E Al&3te] v E DNAS FE3 01, %% genomic DN

= F3 o2 16S rDNA amplicaong H3l7] 9&] V1-V3 999 27 F
(5"-ATCGTACGACGAGTTTGATCMTGGCTCAG-3)¥ 518 R (5-ATC
GTACGACWTTACCGCGGCTGCTGG-3) Universal primerss A& 3}
Z3ta A A3 WS (Polymerase chain reaction, PCR)S Z 3 3lgith o] &

C/Nole] m& F =4 % & d5(CFU/mDE Bl a4 st
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1.1.3. o] Foll & F454(TAN, NO,-N) 2 dHdse

1.1.3.1. ®7I(S. asotus)

FIAQI BFT A& ol 79 dAsgEo e HAdo tish WA kA
& E(LCsx0.1) (Sprague, 1971) =&5 flste] W AL =7
o] & gryopA AA(Total ammonium nitrogen, TAN) 2 o}z AkA]l 2
Z~(Nitrite nitrogen, NO,-N) =& ME T4 =4 23S AP
olad PP (g 35 cm x H 35 cm) b4/ & o] &3l Fxvltt AAZF
18+7.8 g°] H7] 50vte] & Aol ol &8kt (Fig. 2.1.). pHE= 3 73k, 7,
)% AAINor, vaE FAHAZ=AHV)(YSI-650 Inc, Yellow Spring
Instruments, Ohio, USA)E o]&stAtt. =7] A3+9 pHi#tS 7122 =
AEFer pH 73+ AAS 98] pH 82 +x(NaHCOs), pH 7, 6= 34t
(H,SOp& T3t mid 8AIZF HA 02 FH5H S Tt A3
TAN® %+ NHCl Alos F9ske 0, 20, 40, 60, 80, 100 mg/L,
NO;-N¢| F%+= NaNO; Al°FS F3ske] 0, 50, 100, 150, 200, 250 mg/L
£ A5 Tomasso (1994)¢] A8 =A4H3AS A&t 96 A+ &

ftlo
M
i
ol
ol
2
i
1t
e
~
N
[

offt

O
5
B
-
rir
o
il
ol
ol
N
82
o
i
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Fig. 2.1. Experimental tank of acute toxicity with water bath system.
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1.1.3.2. W7&°1(A. japonica)

F3AQI BFT A& ol 79 dAAsgEo e S0 tigh WA k-
F52(LCsx0.1) (Sprague, 1971) =&25 ¢t W4 F2 g
olo] & dRyolAd AA(Total ammonium nitrogen, TAN) % o} 2 A-A
A 2 (Nitrite nitrogen, NO;-N) =Zo] w2 FA 54 23S 7335
olad YPF (g 35 cm x H 35 cm) b4/ & o] &3l Fxvlth AAZF
13+3.5 g9 Wdo] 50vtg] & A gl o] &8st FthHFig. 2.4.). pHe 3 F+7H(6,
7, 8)S AATG o, vatE A=A (YSI-650 Inc, Yellow Spring
Instruments, Ohio, USA)E ol&stAtt =7] A3+ pHitS 7122 =
AEaow, pH 3 AAS 9138 pH 82 +3x(NaHCOs), pH 7, 62 34t

%_
(H2500)5 T4t mid A tA e 2S4S Fsto] EAS3

Wgolsl A5 SA4ol @ Wyl Fsh] @il TAN HE& NHCI A
°ob& F9ste] 0, 100, 200, 300, 400, 500 mg/L, NO;-N¢] &%+ NaNO,
Aerg

T A
Fske] 0, 100, 200, 300, 400, 500 mg/LE A3t} tt. Tomasso
(1994)2] M ZAaels Hgsle] 96 A7 &<k 3ukE AdS F& LC
(Lethal concentration)jp, LCso, LCo0 X #HAIE S #4133t

b ol FHEA Wk

=

i3

71 &

LI
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1.1.3.3. &°l(C. carpio)

F3AQI BFT A& ol 79 dAAsgEo e S0 tigh WA k-
FE(LCs0x0.1) (Sprague, 1971) =& flste] W@ A5 &
o] & gryopA AA(Total ammonium nitrogen, TAN) 2 o}z AkA]l 2
Z~(Nitrite nitrogen, NO;-N) x=Zo] mE T4 =4 A& Aot
olad YPFx(g 35 cm x H 35 cm) b4/ E o] &3l Fxvlth oAF
1144.6 go] o] 50vtel& Aol o] &8l th(Fig. 2.4.). pH= 3 7316, 7,
8= AAsdon, ogE FHSFAHZ(YSI-650 Inc, Yellow Spring
Instruments, Ohio, USA)E o]-&

AdEem, pH 77k A48E& 93 pH 82 %

(H:SOE T3t mid 87 11A 02 Fd54S B3t A%
TAN &%= NHCI A eFS F943F¢ 0, 20, 40, 60, 80, 100 mg/L, NO,-N
9] TE+= NaNO; Al kS F<38ke] 0, 50, 100, 150, 200, 250 mg/L& A7
sttt Tomasso (1994) ¢ A& ZAAAS A -&ste] 96 AF 5t 3%k

A
ax

4

ftlo
M

2 432 %3 LC (Lethal concentration)yo, LCsy, LCoy = A

btk 28717 B9 Holt FHEA Lk,

Ol
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1.2. BFT A& &8 8Qld & 4% 2 54

1.21. Ak W& BFT 48 o799 A% 3 A= NGS +4
1.2.1.1. "W7I(S. asotus)

BET Ab&559 Fo & offeo] A= /Mdan o nAE thdd )
S #¢let7] 948 15 Ton(w 1.8 m, H 80 cm) FRP 9&845%2 ol &

A H 7 (AF 6654428 g)S o]t on, gt

o

ne oo oo
tr\l rlii e 2 Y
o T.} N
= ro
(o3
* P T
o &
38 °ﬂ);
£ -0,
-l>
rlo
\]
o
I\l
o1
[J8)
)
3
w
—H
rulo
(4
o
_O|L
2
a1
o
S8
BM
o

>
il
N
=
U
e
=
X,
i
w
X
BN
Y
ol
%
(i)
f
—
X
4
M
—
=~
X
r o
\]
B
X
d

5%, £3 & 15%) 325 "d AT 5% sHIeH, ARTT ©]

ko3
5
bo C/NUI 15~20:1% f180] 3 ALS A9 S Sastsich

ol o
i}
ftlo
A
N
ol

>
st

e et FAZ=AHI|(YSI-650, Yellow  Spring

o
4
i
M
|

T
Instruments, Ohio, USA)E ©]&3to] Al &+ o FA4stAth Egk A}
S5 2HS fstel 2xdV(HE, dHEI=)E AR st A=
E AR (Fig. 2.2.). ZA4st3tE(Nitrogen components)e] 542 &
olm ol  AA(Total Ammonia Nitrogen), oF&AHA A A (Nitrite
nitrogen, NO>-N)& ZA3sl o Ad7|7F ok vjd o4 Alg ¥g5 A
AFE st 54 FEASA7Q] F3FFEA(Merck KGaA, Darmstadt,
Germany)E ©]&3% HIARYP S o]&ste] FAHAY. SATH A2
SYSTAT A X Eo](Systat version 18, SPSS Inc, Chicago, Illinois,
USA)E o]&3dt. #FoAd #HFLS dY92E4(One-Way ANOVA
test)E 3 Tukey's testE °o] &3, {2 P<0.052 HAQ3HA

.

_29_



Fig. 2.2. Experimental breeding tank (above) installed with temperature

controller (below).
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1.2.1.2. W7o (A. japonica)

BFT Abs59 2o W& of7o A= /Adas o vds vdAd
THE B8] & 15 Ton(@ 1.8 m, H 80 cm) FRP 98 F%E o] &
sto] F8 FAdEED WA (AT 104263 g)E ol &3tA o, dA g
SEARE FHE7] SEA AT (FEed, giEdTa)E o] &3
LENLE FHFIAT TS 20, 25, 30C 37S AATY] 5 kg/m’e

i}
ol
o
—
N\
N
(@)

k
AFEAI ] 2eed 43%, =AY 8%, ZAa 1%, T8 14%, 9 2.7%,
r 5%, 23 15%) 32 &5 wid AT 5% swsten, C/N °l= 151

i Al 4Nt B A% 2L 9ol L=zl (W,

|3tatt. A A3%E (Nitrogen

=
ro
rlj
RS
il
i
A
_0|L
9

>~
>,
o
rfo
ki
Ll
do
N

components)?] &4 = dryolAd AA(Total Ammonia Nitrogen), ©}

Z4H A A (Nitrite nitrogen, NO.-N)& SA3 o, A 7|7F Fob o
d od AE T A AFE S uEm4 FESAVIA FEFFE=A

(Merck KGaA, Darmstadt, Germany)E ©] &3k H]2H S o] 8-3lo] =43}
Art. EASA BEAS SYSTAT AZE9|o](Systat version 18, SPSS
Inc, Chicago, Illinois, USA)E ©o|&3t Tt FolAd HAETS dYdZiiA
(One-Way ANOVA test)E E3] Tukey's testE o] &3qom Fol¢s
2 P<0.05= A3
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1.2.1.3. & (C carpio)

BFET A9 F2d & offe] A= My o vAE thdd )
THE FFosy] 98 500 L (9 92 ecm x H 90 cm) PP 98 Fx2E o]
gatel Fo FAUTELd Fo(AF 551049 g)E ol Estden, 474
3 G2 E FAE] HEH AARAAT(FE, IS o] &3t
o] $EMNLE FTHIAT FS 20, 22, 24, 26, 28, 30T 67-3HS HAT}
o] £x% 2 kg& AFFI FE&3te] AU nEEHFlRIEAY: =
ol 43%, ZAW 8%, ZE 1%, i 14%, 1 2.7%, ZF 5%, 23

2 15%) 255 wid A5 3% FFs9 e, C/N HE 15:1~20:1%2

Yellow Spring Instruments, Ohio, USA)E ©]&-3lo] Als & o =4
sttt Tk AMS Y 2ES fste 2ExAV|(UE, gdu)E A

z 8t A EE A 3FA U2 A 88 E (Nitrogen components)

lo
B\

2
rlo

% 9dxyold AA(Total Ammonia Nitrogen), ©F&AHd & A (Nitrite
nitrogen, NO,-N)& SFA4sldomn A&7 ok njd o4 Alg 5 2
AFE st 54 FEASA7Q] F3FFEA(Merck KGaA, Darmstadt,
Germany)E ©|-&% HMYE o]&st] FAsAtt BATA FAE
SYSTAT A X E9o](Systat version 18, SPSS Inc, Chicago, Illinois,
USA)E o833t FoAd #Hs2e ¢ AHEA (One-Way ANOVA
test) S T3l Tukey's testE °l &3t on, FolT2 P<0.052 HA3H

o,

rlo
fe
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1.2.14. A5 W BFT A5 NGS 4]

AP g2 2 BFT AFS59F BFT A8 w7] 2 WAoo nAE
EE TH(CFU/mDE 7%et7] f&l, 43 A2 2 5 A AT 3
b ANE S Fote] At 9714 <E 4 (Next generation equencing, N
GS)E ol g3ttt MAE F T (CFU/mDE 43171 913l Genomic D
NA kit (Qiagen, USA)E AH&3ste] W A& DNAE F=stdon, 549
genomic DNAS 822 16S rDNA amplicaon< & H3}7] 98 V1-V3
99l 27 F (5-ATCGTACGACGAGTTTGATCMTGGCTCAG-3)¥ 518
R (5-ATCGTACGACWTTACCGCGGCTGCTGG-3") Universal primers

S AFESte] S8 A A4 wHS(Polymerase chain reaction, PCR)S %l 3}

stk of F ARg e BE F 24 R F BSCFUMDE HwEA
s
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122, Ap§E %] W& BFT 448 ol F9 v
1.2.2.1. WZI(S. asotus)
BFT #4& o7 Wx(kg/m)ell e JF=s 7Ha7] A8 Wed
FA AgEA w7l (o]AF 834028 g)E °l¥3de] 15 TON (¥ 1.8 m
0

il

« o] 09 m) PP 98522 olgsld ASUE
kg/m? 10 kg/m? 20 kg/m® 571¢] W% AATE HAsto] AAFS A

okl A LgeHFAAsAt: 2dmd 43%, =AY 8%, 2

HE717F 5 AT sEEAE gi3dE F25A7](YSI-650, Yellow
Spring Instruments, Ohio, USA)E °]&3lo] Als &d #do 43
A4 33h= (Nitrogen components)®] S4S & dEUYolkd A4 (Total

Ammonia Nitrogen), °F244 Z A (Nitrite nitrogen, NO.-N)& =43}

w
B\

om, 47T B Y 04 AR BF A AFE S By

>
i)

A71¢l FF3 = A (Merck KGaA, Darmstadt, Germany)Z ©] &3 H] A
& ol&stq FAskAt. SASA A4S SYSTAT 2ZEF o) (Systat
version 18, SPSS Inc, Chicago, Illinois, USA)E o] &3ttt F94 A=
L AYJEAEX(One-Way ANOVA test)S E38 Tukey's testZ o] &3}

Rom, FolFFs P<0.05E Qs
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1.2.2.2. W7o (A. japonica)
BFT #& olF<9 Wx(kg/m)ol we AZ4EE 747 A8 sd
k2 thAFEQ WMol (o] A F 814448 g)E o] &3kl 500 L (@ 92 cm x
h 90 cm) PP 98525 o]&3te] Al&UE 1 kg/m* 3 kg/m’ 5 kg/m’

3ol W APTE AAse] AFAPS AP BHG DALY

il

ARXS g £=A=A7)(YSI-650, Yellow Spring Instruments, Ohio,

USA)E o]&3lo AR T35 A FAHsIAt. 2 43%-E (Nitrogen

(@)
g
(]
@]
=]
(@)
]
—t+
@
o,
)\
o
rlo
o
2
Sl
i
(03
_©;
ox,

A A (Total Ammonia Nitrogen), ©}
A2k A (Nitrite nitrogen, NO,-N)<& At on, A8 7|7F &<t vl
d d AtgE Fw A AFE ste uE5F FEASAVIA FFB=A
(Merck KGaA, Darmstadt, Germany)E ©]-83F H]2H S o] 830 =43}
Art. EASA BEAS SYSTAT AZE9|o](Systat version 18, SPSS
Inc, Chicago, Illinois, USA)E ©o|&3tth FolAd AT LY ZiiA
(One-Way ANOVA test)E E3] Tukey's testE o] &3qom Fol¢s

& p<0.05E AAEY
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1.2.2.3. @&°(C. carpio)

BFT 2§ oF9 WZ(kg/m)ol W& AF=E 1957 g8 A
F2 g Foy(AAAF 87+1.12 g)& ©]&3ste] 15 TON (@ 1.8 m x
¥ol 09 m) PP d¥FFxE ol gate] AFEE 05 ke/m’, 1 kg/m?, 5
kg/m* 10 kg/m* 20 kg/m’ 5709 WE Ag+E AAse] A5AES 7
Bttt RS ngSHFAREAH: 2N 43%, =AY 8%, A&
1%, T 14%, 1 2.7%, =4 5%, =
wol™ C/N vl &= 15:1~20112 FA3817] 98 Als 2 5 r
Ast7] f& FES FrhstH 3WHE AlSARAS FHSAY. A/ &=
AAaE FASH] YA AR (FEntd, el a)E o]&ste] &&
AAE TEEdY A% TR 5, AEE, AARAST T8 HlaZEA s
A7 < AASFY FAEALS OEE FEASA7])(YSI-650, Yellow
Spring Instruments, Ohio, USA)E o] &3l Alm 25 Zo| A3
433k = (Nitrogen components)®] SA42 & dEYold A4 (Total
Ammonia Nitrogen), °o}24FA & A (Nitrite nitrogen, NO,-N)& =43}
o A7 Fo wjd oA AR FF A AFE 9 UEH 2=
A719 F33 A (Merck KGaA, Darmstadt, Germany)E ©]-&3F H] A
& ol&steq FAskAn. SASA £ SYSTAT Z2ZEF o) (Systat
version 18, SPSS Inc, Chicago, Illinois, USA)E o]&3t). o A=
& JAEAEA (One-Way ANOVA test)S F3 Tukey's testE o] &3}

dqom FFEe P<O.05E AHAsY
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1.2.3. TSS A|A w2 43353}

BFT Al Z 3 E#(Total suspended solids, TSS) A Aol w&
AR E 98] 1 TON (@ 1.3 m x H 08 m) PP 985 o] 200
phe] (AT 9.1+0.22 g)& Aol ol &sklrh TSS AA dE= L 20 x
W20 x H 35 cm® Zgt2=9 & <t 10 ppi Z2|UA ~AXR IHE 9]
gstanon, I8 = A7z <k M 23] AlHS st ZHYIANS
2 QA% AAGA 9 & PHAF(Overflow)S A3 AHcH(Fig. 23).
2 AMSF2Edd e Aighel] mek 26T H$E A&t g 1
2

LT 43%, A 8%, e 1%, T 14%, §

E=ALE FAE] ASiA ALRATV(E ek, WSS o] 85

S E FFslal, TSS A4 7 X9 43¢ 49 BFT 4

&3lo] AtmFa Aol SAeAtt. A A seE (Nitrogen components) 8] =
Ao F or Yol A A(Total Ammonia Nitrogen), oF 2 AR 2 & (NO,—

N) 2448 FARGon, 19710 BG WA oA AEITF A AFE

SYSTAT %X E4o](Systat version 18, SPSS Inc, Chicago, Illinois,
USA)E o] &3l 94 AT ttestd o] &3l fFoFa2 P<0.05

2 Mgk

o|\
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Fig. 2.3. Experimental tank of BFT (above) and BFT with TSS removal
filter (red circle) (below).
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ok
O

PN
T

3 BFT

)
), ®71(83+224 g)

I
fins

[e]

< 1719 kg

Zhg 1%, i 14%, <1 2.7%,

’

8%
A% o) 5%e] Blo) %

sted 10 TON (@ 3.6 m x H 0.8 m)

0] (285+0.23 g) °F 27007} 2(

10,0007+ (& 95 kg)

S

i}

2

[©)
H

o]

=

=

=

=

<

43%, ZA

:
15%) 3

!

ag:

I

=71¢] WA

5
| =]
A

]

kel

o
T
Z9
=%

o

—_—

o

E ¢ o](Systat version

3L

171 fleiA AT (23vkd, o

Fr A0S R T~

2 f(test

o)

o]ttt -t

=
=

18, SPSS Inc, Chicago, Illinois, USA)

F ok (Fig. 2.4.).

°©

&=l
- 39 -

tod Fol &2 P<0.052

S
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Fig. 2.4. The experimental BFT fish tank in advanced aquaculture center,
Changwon-si, Gyeongsangnam-do Province, Korea (above) and a

commercial fish farm in Wanbju-si, Jeollabuk-do Province, Korea

(below).
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2. BFT 7|5t¢] ofFotx YA A|2¥ A& &4
2.1. NFTE ©|&3% BFT 7|®e ofFolxqx AHE o7 4F R
Al A EH

2.1.1. W7|(S. asotus)

NFT #&°] w& BFT 7|Wke] ofFolxy 2z AE ofFo A& Al
T A4S f8 BFT, A5 W 54(TAN, NO,-N)F7H= 18k #HAL 9
ojgtg  HAE WA $18] WE+(Sham-controD= 4 3
rotation/day= A st 271# Ad+4+E 1 TON (g 1.3 m x h 0.8 m)
FRP d&d+x¢ 6000 luxe] &3S Fwste Ae 39 A7(EF&
A, AFN=)E 50 W AEFSTHEZ(FL] A=, fadi=)st PVC o]
22 Agsto] &9 £3ko] 7}
(AT 625123 g)& o]l&stRem, F 575
kg/m’e] WERZ ASAES APt FELS FH1F A5 JlelIF
(Lactuca sativa) &+5 A5t ol & 10d & EFE& ol&sto 3¢
Auj 7)ol 242y 6715 AR o, A=A el e BlaE st
Z 2 S A AW (Hydroponics) S 712 289 th(Fig 25.). A7+ &
°F FF7]= 12 L2 D, 7] 231 C= A3, BFT %

olr
=)
kT
Bl
ol
2
_if
= =
b
=)
(7
o)
=,
ox
ofN
ro,
=
N

o

(Electrical conductivity, E.C.)¢] A= 05 ps/cm ©](FAO 2014)°.=
AAste] 05 ps/em ©l4e] BFT A2 TFstdenm, 44w 7
L, QU (E3Fd, Dae-yu, Seoul, Korea) 13 (A%, B)E 05 ps/cm
oo w gkio] FAAME WA AlEE AU LEEHTFN(E
oA 43%, =AW 8%, Za 1%, i 14%, Q1 2.7%, = 5%, %3
i 156%) 35 & o|l&stdon, C/N H& 151~20112 fA3t7] f13 A=
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FoRUe Fhse 3uE ASAYS APHAG. Fee

Relmedde YARs] s B:1CE fASAL. BANY #

1>
i
lo

1%
rlo

X Eo](Systat version 18, SPSS Inc, Chicago, Illinois,
USA)E ol &3ttt ofF AT 1Y FA4L ttestgE o] &3tnen, 2
2 Ad 1Y He dYEAEA(One-Way ANOVA test)S =& Tukey's

testE ©]&3ste] FolaFS P<0.05%= AAs3it.
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Fig. 2.5. Nutrient film technique (NFT) aquaponics experimental BFT
fish tank installed with plants bed.
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2.1.2. WA (A. japonica)

NFT #&of wE& BFT 7|WHe] ofFolxy 2~ A& ofFo A7 A}
T 4S5 f8 BFT, A5 Wl 5A4(TAN, NO,-N)S 7= 1%k A}
S FARE WUHEr] f8 dlE=F(Sham-controDE= 74 3
rotation/day= A 4sle] 271# A¥+E 1 TON (@ 1.3 m x ®°] 8 m)
FRP A&z 6000 luxe] &3S Fwste AE 39 A7(EF&
A, RS 50 W Ae=sTHZ(FA] A=, ddd=)st PVC 3]
w3ho] Jhedt=E skt A48 ofF= MV
162.2+3.2 mm, FA: 625+1.2 g), W (A 156.84¢6.32, FAI: 48.4+3.29
g)S olgatden, F 575 kg9l olFE YAdte] 5 kg/m’e] FEZ ALS

A9E APk FELS K1Y FF9 JlelvdEHL. sativa) FFE A

2 fo

o

&3

I«
iih3
i
_O|L
&
i

o

(Hydroponics)E F7t= st A7)zt st FF7]+= 12 L2 D,

728 231 CE FAAT BFT 2 o=+ Alse A7 =2 F Y5
= Yol 19 134 £3o] 7t e s oz £ 8 2dsH st
Act. w3 =AW A 75 E d7]d =% (Electrical conductivity, E.C.)

o] A& 05 ps/cm ©) A (FAO 2014)0.2 A3l 05 us/cm ©] A9
BFT At=45 Taeion, sdA4mel 45, dedd(EF

Seoul, Korea) 1% (A%, Bd)E 0.5 ps/cm ooz wr3o] S A=
PsiAt. AlgEE AU LxE&HTol(Z2dwd 43%, =AW 8%, A4

1%, i 14%, <1 2.7%, A+ 5%, Z3|& 15%) 355 o|&st3lon



S|
aS|

version 18, SPSS Inc, Chicago, Illinois, USA)Z o] &3ttt S

)
M

22 SYSTAT A(XEQo|(Systat version 18 SPSS Inc, Chicago,
[linois, USA)E o] &3ttt offF A3 HY FA4L2 (testE ©] 83+
om, AE A¥SY A5 4o

Tukey's testE ©]§3to] FoFE2 P<0.052 A43

2HE24 (One-Way ANOVA test)S 3l

o
fe

_45_



Yellow Spring Instruments, Ohio, USA)E ©]&3lo] Alg &5 2o =4
skt A A 3FeE (Nitrogen components)] 42 49 7HH o2 £ IR
YolA A2 (Total Ammonia Nitrogen), oF& A (NO,—N), 22 (NO3—

N) 37HAE FAsgom, A9/ B4 oA AR FF A 4SS FHol
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olN
rlo
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2.2. DWCE o] &3 BFT 7]uke] ool y 2~ A§ o] Fo} A& 9]
AR, APEST A D AL SRR
2.2.1. "W71(S. asotus)

DWC #&e°l w& BFT 7]§te] ofFotxy 2 A& o 7o A3 Al
T A4S 938 BFTS BFET ofFol¥xY~(BFT-AP)% &0 W& ofF
Aak 2 HaE ¢8l 1 TON (2 1.3 m x H 08 m) FRP 9ad5x9}
DWC Atz} 2 EAu M =(L 1.8 m x W 1.8 m x H 06 m)¢ A& 3
| =2}, tetrl=)E o] &3t PVC o
dAdste] =9 o] 7 ER s th(Fig. 26.). WFEH FANEE
w7 (A% 49.1+8.13 g)& o] &3le] 2T 575 kg (5 kg/mHE F&
o] AM&AAS et AES Flolg e (L sativa) B+ EES o

3le] wol & 79 2} RES o]&3le] A2 PO DWC A EA =

O

i
o

H
[..

ftlo
d
)
g
(@)
=
5
of
o
[
o
x
1 H
fru

ofN
o

Ol
o

op

Dae-yu, Seoul, Korea) 12 (A, BH)E T3t =4 A= Hastdct.
=L
h=]

TSN DWC A& Auiu =0 234 JedS &

28ke] 6000 luxs ZASHSA 7|17 HoF FF7]E 12 L2 D, 718
23+t1CE FAGT Ales @ a3 8ol (ZuMa 43%, ZAW
8%, Zter 1%, % 14%, Q1 2.7%, 225 5%, Z3|& 15%) 355 o] &35}

gor], M A% 5%8 FRHAL. ON HE 151~2012 F437] 9
B ARER OfF ON HE §437] 98] FAL Forse 3uE AREA
g Adstgr. Amel RensALS YA g8 FLL BT

FA8tg Tk EAEH AL SYSTAT AXE9o(Systat version 18,

b
of

SPSS Inc, Chicago, Illinois, USA)E o] &3lAth FoA AT dgiAH
21 (One-Way ANOVA test)E &3l Tukey's testE ©]&3st¥om, 9
SEe P<O05E A4
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2.2.2. WA (A. japonica)

DWC A g we BFT 71w obfolEys A§ ofFol 443 A%
T A& 98 BFT9 BFT ofFolx Y2~ (BFT-AP)4 & W& o 79
447 4 Mg 98 1 TON (¥ 13 m x H 0.8 m) FRP 93529}
DWC Azt AEAMHE(L 1.8 m x W 1.8 m x H 0.6 m)e] A5 &%
2 948 70 W FFHZ(RA Asel, daNdE ol§ske] PVC sholz
2 A7ste] B9 &@o] ASRES stk WEH FHRLEA Bl

(o] A% 21.84248 g)& o] &3to] 2 575 kg (RE 5 kg/mH)E F&
ato] AlSAPS WPt FEe Ftoly (L sativa) HFe EES

RES o]&3te] A4 e DWC 2 E A
H =ol 200271, 100£7]9] A =& A4 stk &5 YTtz E ATd
ol (534, Dae-yu, Seoul, Korea) 15 (A%, BH)S ¥ H3t A A=
APsrrt. T3, DWC A& Auw=d] g342l AFFe FF37] ¢
gl LEDE XA 38te] 6000 luxes FARSEATH A#717F &<k 357+ 12
L:12 D, 712 23+1C 2 §A89 Y. AR AU g dgFo (2

=

A 43%, =AW 8%, #AE 1%, T 14%, ¢ 2.7%,

(¢}

15%) 325 ol&stlem, Md ATl 5%E =i, C/N vl 151

7hstH 3RS AMSAR S Aot A= Fessdds WA 9
s Fee 25:1C2 #AFAY. BASE B4 SYSTAT 2ZEgol
(Systat version 18, SPSS Inc, Chicago, Illinois, USA)E ©]-&3}3th. 9
A H1Ee YA A (One-Way ANOVA test)E =& Tukey's test=

ol g3l o, FoFES P<0.0cE AN
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2.2.3. "3 (Misgurnus anguillicaudatus)
DWC # &l w& BFT 7|§te] ofFotxyx A& o 7o A& Al
T 45 98 BFTS BFT otFolx2 9 2(BFT-AP)4 &0l m& o
A 2 vaE 98 1 TON (¢ 1.3 m x H 0.8 m) FRP ¥43 5
DWC Az} A EAMHE=(L 1.8 m x W 1.8 m x H 0.6 m)e] A&F
S 93 FTHE(FA A== 70 w, Korea)E ©]&3le] PVC dfo]x =2

BN
KNS

ok

re
i
_0|L
9
i
o,
Fy
riet
o,
N
olf
_0|L
_l
+
_g
=
4
R
0%
1>
=
2,
of N
=)
-
o
2

0 132041 )& ol&3ste] FxY 3 kgE FTE3 AASAHE S &St
Jo

ES A st A Ul 54 (TAN, NO.-N)S7H2 Q1gk #HA}, Holxt
S FAE WA Y8 dHEzF(Sham-control)= +524); 3 rotation/day
2 dAsden, AEY dxtEe AFFN(EFH, Dae-yu, Seoul,
Korea) 13 (A%, B)E &=t FAAE AWt =5 DWC 4
= A=l g3AQl JAEE FHe7]l 918l LEDE A A 6000
luxE 2Abskivh A9717 ¢ 3571 12 L2 D, 7122 23:1C=

AR AlRs G4 AU (EeE 40%, =AY 4%, ZE
0.8%, it 14%, 91 1.8%, =44+ 5%, 3] 15%) F+4 155 o] &3t

W Ao 5%2 FEFFAL ON W= 151~2012 §457] $18) Abs
sw ol%F C/N HE FA8t7] 918 925 F7bstH 3ukE ASAds
gopdrr. A= e dS WA f& F2 25£81T=E FA8

EA18k4 BAS SYSTAT AZE9o](Systat version 18, SPSS
Inc, Chicago, Illinois, USA)E o]&3st3itt. EAIgA 42 SYSTAT 4
I E ¢ o] (Systat version 18, SPSS Inc, Chicago, Illinois, USA)S o] &3}
Atk oF AP 1o B AdYGRAHEA(One-Way ANOVA test)S
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Z3] Tukey's testE ©]&3FA o

SO FFEL P<005E AT
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QO0000000

Fig. 2.6. Deep water culture (DWC) aquaponics based on BFT (A) and
BFT breeding Tank (B) (a: aquaponics bed, b: BFT fish
breeding tank, c: valve, d: air stone, e: union hose, f:

venturi pipe, g: air hose, h: water pump).
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Optima 8300; Perkin Elmer Co., Waltham, MA, USA)E ©]&3 Total-N,
Total-P, K, Ca, Mg, Fe, Cu, Zn, Si¢] %<& =As9oH, Cl& o2z
vl E 123 (930 Comact IC Flex;p Metrohm Co., Herisau, Switzerland)&
Abgetel A ST A7 7IRF ot Al FEEN S vEd s 4S5
4 71(YSI-650, Yellow Spring Instruments, Ohio, USA)E o] &3} A&

T Ao =AU th A A3FsHE(Nitrogen components)e] 42 49 7+

2
Z
&
|
Z

Ao F gryolid ZAA(Total Ammonia Nitrogen), oF& Ak

FA(NO3—N) 37H41 5 SAsR e, 4d73F T 24 Alg o5 A
AFE st 54 SRSV F3FEA(Merck KGaA, Darmstadt,
Germany)E ©]-&3F H|AW & o] &sto] SAs UL =2 FASHH £4
S SYSTAT AZEo](Systat version 18, SPSS Inc, Chicago, Illinois,
USA)E ol&stgtt. FoAd A5 dH4iitE4(One-Way ANOVA
test) S T3l Tukey's testE °l &3t omn, Fo4E2 P<0.052 HA3

o,
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M. Results

1. BFT ¥AA 29 W #4874 2 ASE8 MAdan

1.1. W54 S ddFe BFT 4o 2 4873

1.1.1. BFT AFS Az M2 $£2dWs 9 nE #3724

APAF, Fart A Aa5s FAo] Wate Hgol EIEAtHFig
31). AMS Yol s mAEe] LARA koo, At & A E Aol A
A3 BEM e vAgEol 10° CFU/MmIZ A3 #2 W Z& €93
el mAEo] EAlete Aow FAHEC NAWA(Dukd)dA s 20T
BET %5914 10° CFU/ml A5 2 L5 Mr 714 =2 7%
S Bt MRSHIA| (frabh)ol A= it 10° CFU/ml =2 FA392e
M, 452}k 30ColA Z#57F 10° CFU/mIZ 7FH8 E=9ktk R2AM A o] A =
B 10° CFU/ml AE9 #%S B At BFT #45(25C)= NA HiA
ol A 25l wlal] 4FAFol 108} o] dAFTE SFe AT 20Tl A =
% #7F 10° CFU/ml, 25C¢F 30Tl 10° CFU/ml X2 &4 319
20C EolA Rt Be wAEo] EAEFAth(Table 3).
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i A (! ..mf:- ' E‘i '."!.
. 1;}"5\ — =

Fig. 3.1. The BFT inoculating water during 30 days (A: 1 day,
B: 7 days, C: 14 days, D: 21 days, E: 28 days, F: 30 days).
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Table 3. Total bacterial colonies (CFU/ml) of BFT inoculating water according

to temperature for 4 weeks

'NA *MRS R2A
Weeks Sample
(CFU / ml)
Fresh water 0 0 0
’ Storaged water 3.33x10! 0 2.37 % 10°
BFT-20C 1.93 < 10° 1.87x 10? 2.65 < 10°
2 BFT-25TC 3.92x10" 1.8x10° 2.1 < 10°
BFT-30TC 4.13x<10° 8.67x 10" 5.57 % 10°
BFT-20C 2.33 % 10° 3.9 < 10° 3.24 % 10°
4 BFT-25TC 4.1x10° 7.66 < 10° 6.2 < 10°
BFT-30T 9.27 % 10° 1.22 x 10* 8.27 % 10°

* Incubating temperature: 30°C, Incubating hour: 48 hr.
"NA: Nutrient agar,
*MRS: deMan, Rogosa and Sharpe agar

R2A: Reasoner’s 2A agar
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1.12. C/N Hlo] W& BFT A& o792 4% 3 1A= NGS &4

1.1.2.1. ®7I(S. asotus)

AdA¥, Aoy 7AF o8 AF HAE HAEA Fskon) w7
o] F FAIE= C/N 20:1914 3.1+0.08 kg, 15:1°4] 2.9+0.13 kg, Control®l
A 27+0.09 kg, 25194 27+0.06 kg, 30:1°141 25£0.05 kg, 10:10f A
24+0.11 kgoz uYeWt. A& (Weight gtain rate)¥ A2 3388
(Feed conversion ratio)= C/N 20:1914 140.9+556%, 1.1+0.11, 15:1°]A
123.4446.32%, 1.2£0.06, Controloll A 112.5+4.06%, 1.4+0.08, 25:1]A]
110.9£4.08%,  1.4%0.13, 30:1°lA = 93.0£6.69%,  1.6+0.08, 10:1°f A
89.6+7.27%, 1.7+0.09 co 2 vEyer, dUdd4E (Specific growth rate,
SGR)9] 4% C/N 20:104 2.8+0.09%, 15194 2.6+0.18, Controll 4]
2.6+0.14, 10:10] 4] 25+0.13 25:104 2.4£0.18, 30:114 22+0.09¢ o2 4
Ebykth. AE=&(Survival rate)®] 74, Controlelld 94.8+1.71, 10:104
95.242.21, 15141 99.1+0.78%, 20:1°4 99.5+0.77%, 25:1°141 97.6+0.82%,
30:104d 86.7+2.23% uEtwow, AAE HlwAI Ak Absgo] H] g
C/N 1513 20:1el4 Ad=7F | 237 Lebsk s (Table 4).
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Table 4. The growth performance of Silurus asotus based on BFT according to C/N ratio for 4 weeks

Sham- P
Parameter 10:1 15:1 20:1 25:1 30:1
Control value
Average total
156.1+£5.52 155014848 158.4+10.22 159.549.83 155.2+11.75 151.0+£9.94 NS
length (mm)
Average total b b b b
. 2.7£0.09*"  2.4+40.11 2.940.13*  3.1+0.08" 2.74£0.06™ 2.5+0.05 0.008
weight (kg)
Average body 3 b b
) 26.243.15" 25.444.18% 26.4+£5.38" 27.9+4.79° 25.245.72*%° 23.845.32 0.031
weight (g)
'Weight gain . g - b b
112.544.06" 89.6+7.27° 12344632 140.9+£5.56" 110.944.08" 93.0+6.69 0.028
rate (%)
2
SGR b b ab b b
2.6+0.14* 2.5£0.13*° 2.6+0.18*° 2.8£0.09° 2.4+0.18 2.2+0.09 0.015
(%/day)
3 .
Survival rate £ 2 b
%) 94.8+1.71°  95.242.21* 99.14£0.78" 99.5+0.77° 97.6+0.82" 86.7+2.23 0.021
0
‘FCR 1.4+0.08""  1.740.09°  1.2+0.06*  1.1+0.11*  1.4+0.13** 1.6+0.08"  0.018
'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial total weight x 100
*SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100
Survival rate (%)= (Initial individuals - Final individuals)/Initial individuals x 100
*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]
Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NS, no significant (P>0.5).
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1.2.2. WA (A, japonica)

i

1
A4y, Aoy VAT oz QT HAEA gokon, WA

M,

| A
ool & FAE C/N 20:1914 3.220.11 kg, 151014 2.8+0.23 kg, 25:101 A]
2.8+0.09 kg, ControldlA 25+0.14 kg, 30:1°A] 25+0.14 kg, 10:10f 4]
241011 kgo® uYelgt. A& (Weight gtain rate)¥ Al533 388
(Feed conversion ratio)= C/N 20:1°]4] 146.1£10.22, 1.1£0.08 15:1°1 A
116.9+17.44% 1.3£0.17, 2511941 110.9%4.08%, 1.4+0.13, Controlol A
96.1+6.81, 1.6+0.11, 30:1°4 91.9+5.03%, 1.7+0.12, 10:1¢A] 89.6+7.32%,
1.7£0.12 =22 Yepter dAXAAE(Specific growth rate, SGR)2] 74
F C/N 20:194 2.3+0.18%, 15:1e4 2.1+0.15%, 25:1e14 1.8+0.07%,
Controlol 4] 1.8+0.09, 30:1¢l4 1.8+0.18%, 10:1°4] 1.8+0.07% o= 4
Ebwtth. A &8 (Survival rate)e] -5, Controloll A4l 99.5+0.77%, 10:14
99.1+£0.83%, 151, 20:1¢lA4] 100+0%, 25:104 98.6+1.43%, 30:1¢lA]
88.6+2.87% = UEtw o, AAE vluAy dnk Abs4d Hle) C/N 1511
2011, 2510 A= rE 7 AR A7 U tH(Table 5).
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Table 5. The growth performance of Anguilla japonica based on BFT according to C/N ratio for 4 weeks

Sham- P
Parameter 10:1 15:1 20:1 25:1 30:1
Control value

Average total
length (mm)

311322412 302441633  317.8+£13.60 323.8+13.81 307.5+14.14 303.2+18.34 NS

Average total
weight (kg)

2.5+0.12*°  2.4+0.11° 2.840.23*° 32+0.11° 2.840.09*° 2.5+0.14> 0.019

Average body b g b b
) 32+5.3% 31+3.8* 34+4.7° 36+4.9° 32+2.2% 31+3.6% 0.031
weight (g)

'"Weight gain
rate (%)

96.1£6.81° 89.6+7.32° 1169£744° 146141022 110.9+4.08° 91.9£5.03°  0.028

’SGR
(%/day)

1.840.09*®  1.8+0.07° 2.1+0.15* 2.3+0.18" 1.8+0.07*®> 1.8+0.18"* 0.015

3Survival rate
(%)

99.5+0.77* 99.1+0.83* 100+£0.0°  100+0.0°  98.6+1.43* 88.6+2.87° 0.017

“FCR 1.6£0.11°  1.7+0.12° 1.3+£0.17*® 1.1+0.08*  1.4+0.13*® 1.7+0.12°  0.009

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial total weight x 100
’SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100
*Survival rate (%)= (Initial individuals - Final individuals)/Initial individuals x 100

*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NS, no significant (P>0.5).
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1.2.3. & (C. carpio)

A AT Aoy 7|AF TR A% HAbE AR dger, o
o] F FAIE= C/N 20:194 3.4+0.09 kg, 15:1°4] 3.3£0.08 kg, Control®l
A 3.3+0.13 kg, 25:19A 3.2+0.27 kg, 30:1°41 29%0.13 kg, 10:10f A
2.8+0.12 kg & et S A& (Weight gain rate)¥} A3 43 & & (Feed
conversion ratio)= C/N 20:1¢]A 53.2+3.33%, 1.6+0.02, 15:1°14]
455+7.12%, 1.8%0.07, ControlollA  45.0+2.28%, 1.9+0.04, 25:1°]A]
40.9£4.21%, 2.1+0.04, 30:1°14 30.9+7.29%, 2.7+0.06, 10:1 4] 25.2+3.31%,
3.3+0.02 £o = YErtow AU AE(Specific growth rate, SGR)S 7
$ C/N 20:1914 1.5£0.18%, 15:10 4], 1.3+0.08%, Controlel 4 1.3+0.05,
25:10 A4 1.2+0.05%, 30:1°4] 0.9+0.07%, 10:1°]4] 0.8+0.17% o= YE}
Wt AE&(Survival rate)® 4%, EE AdFolA 100£0.0% = EFSE
ow, AFE HluAdd dnk Al Hle] C/N 1513 H]s=3k gho] e
wom, 2014 et 71 NdE Aot YErstH(Table 6).
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Table 6. The growth performance of Cyprinus carpio based on BFT according to C/N ratio for 4 weeks

Sham- P
Parameter 10:1 15:1 20:1 25:1 30:1
Control value
Average total
129.6£5.77 124.3+6.11 131+£3.50 132.5+4.88 129.2+6.07 126.3+3.38 NS
length (mm)
Average total b b b
) 3.3+0.13* 2.8+0.12 3.3+0.08° 3.4+0.09* 3.2+0.27* 2.9+0.13*° 0.009
weight (kg)
Average body N b b
) 31.0+£3.17%  26.542.28*°  30.8£2.47° 32.6+2.77* 29.8£2.13*° 27.942.48> 0.014
weight (g)
'Weight gain . b b
45.0£2.28*  25.2+3.31° 45.547.12% 53.243.33%  40.94+4.21*° 30.9+7.29° 0.011
rate (%)
2
SGR b b b b b
1.3+£0.05* 0.8+0.17 1.3+£0.08" 1.5£0.18* 1.2+0.05% 0.9+0.07 0.005
(%/day)
3 .
Survival rate
%) 100£0.0 100+0.0 100£+0.0 100£0.0 100+0.0 100+0.0 NS
0
*FCR 1.940.04°  3.3£0.02°  1.8+0.07*°  1.6+0.02°  2.1+0.04**  2.7+0.06° 0.018

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial total weight x 100

’SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100

*Survival rate (%)= (Initial individuals - Final individuals)/Initial individuals x 100

*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). ns, NS, no significant (P>0.5).
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1.1.24. BFT A5 NGS #4
w719} wo] Al C/NHlo] e v E oekd 2 AZHO, 2, 45
o W& mAE gdAe NGS &4 Ax wrjeh WAool F Absa 5
Proteobacteria®t Bacteroidetes °| A2 YEW oW, 7] Ao 4

\_/

<%~ Verrucomicrobia, Planctomycetes, Actinobacteria, Acidobacteria, Firmicutes

9] Relative abundance’} & 7F8tlom, C/N B] 151, 20:1014 A8 25

< UEWTH(Fig. 3.2.). #7do] Ao A= Chlamydiae &9 AUl H =&

ZF2~%F ¥bH Planctomycete®} Firmicutes®2] A tiEH-E=E S718i o, C/N

v 15010A 7P AIRE B dEliow, =d T3 of 7

TE f71E 24 SHAA g C/N "= 15194 2012 yvebsttt

(Fig. 3.3.). BFT 48§ wil7]e} W&ol e] C/Nujo| wa 5

8ol HetHlem, w7lel A5, FA7F A utgt ofF 2 C/N Hld| A
S7hsks Ewo] YEstou, Wael= 254kl 7HE

O go] Ve ¥ 4T oRF 1A S Baol tehg

ol & #H7h B
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Relative abundance (%)

Fig.
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1 & _ Sprochasies
F - = _Protsobacienia
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r ; A . y .} s
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- = Fossbaceeria
w_ Famwicutss
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CNIg CNIS CN20 CNiS© CNH0 Conmol | GNID NI CNX CNM  CNBO

=

Sample name

3.2. Microorganism of Silurus asotus based on BFT according to C/N

ratio.
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¥ 8 & ¥ 8 =2 B 8 B

Relative abundance (%)

=

=

Owu-t Owesk Owesk Owssk 0 y ’ Owesk O wousk dwaé:;flmﬁ., Jweek dwek Jweek 4 wesk I:Amhm
el el el eel el el el e wl el el el el
Control | STCT CNI0 CNIS CN20 CN2S ON3OD me CNID ONIS CN0 CN2S ON30
Sample name

Fig. 3.3. Microorganism of Anguilla japonica based on BFT according to C/N
ratio.
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Table 7. Total bacterial colonies (CFU/ml) of Silurus asotus BFT breeding water

according to C/N ratio for 4 weeks

Culture median

Weeks Experiment pH

'NA MRS ‘R2A
Control 7.88  2.9x10* 2.3x10? 1.5x10°
STCT- C/N 10:1 7.54  3.6x10° 3.5x10° 1.1x10°
0 STCT- C/N 15:1 7.50  1.4x10° 4.8x10° 1.1x10°
STCT- C/N 20:1 7.60  2.8x10° 1.9x10° 2.3x10°
STCT- C/N 25:1 all A Wy $10° 2.2x10° 1.7x10°
STCT- C/N 30:1 749  1.1x10? 6.3x10? 1.3x10°
Control 7.70  2.0x10* "ND 3.5x10*
STCT- C/N 10:1 7.02  1.7x10° 7.0’ 2.2x10°
5 STCT- C/N 15:1 6.65  2.9x10° 1.5x10° 6.0x10°
STCT- C/N 20:1 718  2.3x10° 8.0x10° 2.9x10°
STCT- C/N 25:1 7.03 1.7x10° 3.0x10° 2.0x10°
STCT- C/N 30:1 7.02  1.2x10° 2.3x10° 1.8x10°
Control 7.87  2.9x10* 1.0x10° 2.8x10*
STCT- C/N 10:1 6.70  2.1x10° 3.3x10* 1.6x10°
A STCT- C/N 15:1 6.67  5.3x10° 1.1x10* 2.1x10°
STCT- C/N 20:1 6.89  9.7x10° 9.0x10° 1.1x10°
STCT- C/N 25:1 6.48  1.8x10° 6.7x10° 8.3x10*
STCT- C/N 30:1 6.81  3.0x10° 1.7x10* 1.6x10°
* Incubating temperature: 30°C, Incubating hour: 48 hr.

* ND means not detected.

"NA: Nutrient agar,

*MRS: deMan, Rogosa and Sharpe agar
'R2A: Reasoner’s 2A agar
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Table 8. Total bacterial colonies (CFU/ml) of Anguilla japonica BFT breeding

water according to C/N ratio for 4 weeks

Culture Medium

Weeks Sample pH

NA MRS SR2A

Control 7.77 1.2x10° 1.7x10? 1.4x10°

ST/CT- C/N 10:1 7.64 3.3x10° 1.9x10° 2.1x10°

0 ST/CT- C/N 15:1 7.41 1.3x10° 1.1x10° 1.7x10°
ST/CT- C/N 20:1  7.40  2.7x10° 1.3x10° 3.9x10°
ST/CT- C/N 25:1 7.28 1.9x10° 1.4x10° 2.2x10°
ST/CT- C/N 30:1 7.36 4.6x10° 8.0x10° 4.5%10°
Control 7.58  3.9x10° 1.2x10% 9.0x10°

ST/CT- C/N 10:1 6.65 4.1x10° 2.5x10* 2.2x10°

) ST/CT- C/N 15:1 6.64  3.1x10’ 5.4x10* 2.7x10°
ST/CT- C/N 20:1 6.72 3.4x10° 3.1x10° 3.2x10°
ST/CT- C/N 25:1 693  2.3x10° 1.2x10* 4.2x10°
ST/CT- C/N 30:1 6.40 3.1x10° 6.5x10° 4.8x10’
Control 7.53 1.2x10° "ND 4.9x10°

ST/CT- C/N 10:1 6.76  8.3x10° 8.7x10° 8.3x10°

A ST/CT- C/N 15:1 6.33 9.0x10° 5.3x10° 1.2x10°
ST/CT- C/N 20:1 6.69  2.8x10° 1.3x10° 1.8x10°
ST/CT- C/N 25:1 6.47 4.4x10° 4.7x10° 2.9x10°
ST/CT- C/N 30:1 6.61 5.3x10° 3.3x10° 6.3x10°

* Incubating temperature: 30°C, Incubating hour: 48 hr.

* ND means not detected.

"NA: Nutrient agar,

*MRS: deMan, Rogosa and Sharpe agar
R2A: Reasoner’s 2A agar
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1.1.3. o Fol mE FA454(TAN, NO,-N) R td s %
1.1.3.1. ®7I(S. asotus)

APA3 TAN A0 mE w719 AEES pH 8 T-1kell A 42.7% (20
mg/L), 10.7% (40 mg/L), 0% (60 mg/L, 80 mg/L, 100 mg/L), pH 7 %t
o 5] 68.7% (20 mg/L), 35.3% (40 mg/L), 8% (60 mg/L), 0% (80 mg/L,
100 g/L), pH 6 T-%FollAl 80% (20 mg/L), 61.3% (40 mg/L), 38% (60
mg/L), 12% (80 mg/L), 0% (100 mg/L)= 77} Yelsth (Fig. 3.4).
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Fig.
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3.4, Survival rate of Silurus asotus in response to total ammonia nitrogen
concentration.
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H71e] TAN wxo & 24, 48, 72, 96418 LCsx#k< pH 8 F-%Fel A
165, 67, 62, 42 mg/L, pH 7 F-%tell A 193, 98, 93, 63 mg/L, pH 6 -7tel

W (Table 9).
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Table 9. LCy, LCsy and LCy values according to total ammonia nitrogen
concentrations (mg/L) of Silurus asotus (96 h)

oH Time LCy LCs LCo
(hr) (mg/L) (mg/L) (mg/L)
24 51 165 278
48 29 67 105
8.0
72 21 62 102
96 16 42 67
24 57 193 330
48 34 08 174
7.0
72 28 93 105
96 24 63 102
24 296 1,401 2,505
48 39 132 225
6.0
72 34 124 214
96 30 92 154
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NO,-N =4 wE w7je] AEELS pH 8 F-1toll A 97.3% (50 mg/L),
99.3% (100 mg/L), 100% (150 mg/L), 96.7% (200 mg/L), 96.0% (250
mg/L), pH 7 T+l 987% (50 mg/L), 96.7% (100 mg/L), 95.3% (150
mg/L), 93.3% (200 mg/L), 88% (250 mg/L), pH 6 T-3tellA 98.7% (50
mg/L), 94% (100 mg/L), 89.3% (150 mg/L), 80% (200 mg/L), 60% (250
mg/L)Z 77} YERSTH(Fig. 2.6.).
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Fig. 2.6. Survival rate of Silurus asotus in response to NO,-N concentration.
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w719] NO;-N “skel wh2 24, 48, 72, 96/ 17t LCs@2 pH 8 3kl
416,645, 17635, 9,095, 2,470 mg/L, pH 7 T-7rell A 4394, 890, 820, 685
mg/L, pH 6 3ol Al 324, 255, 219, 151 mg/L& YERY pH7F 23 =&
ARke] A5 LCo, LCs, LCoo #k0] Hrastm] s imell #Aglo]l 5740l

A= d ol YEtH(Table 10).

ol
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Table 10. LCyy, LCs and LCy values according to NO,-N concentrations (mg/L)
of Silurus asotus (96 h)

pH Tlme LC]() LC50 LCgo
(hr) (mg/L) (mg/L) (mg/L)
24 1,382 6,645 11,908
48 3,842 17,635 31,429
8.0
72 2,077 9,095 16,113
96 644 2,470 4,297
24 886 4,394 7,903
48 184 890 1,595
7.0
72 172 828 1,484
96 153 685 1,217
24 82 324 565
48 66 255 443
6.0
72 56 219 382
96 41 151 262
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1.1.3.2. W&o (A. japonica)

AAAI TAN 4o g WHdole 4EE2 pH 8 T3HollA 96.9%
(0 mg/L), 55.6% (100 mg/L), 89% (200 mg/L), 0% (300, 400, 500
mg/L), pH 7 -7t A 100% (100 mg/L), 82.2% (100 mg/L), 61.1% (200
mg/L), 36.7% (300 mg/L), 0% (400, 500 mg/L), pH 6 3FlA 100.0%
(0, 100 mg/L), 96.7% (200 mg/L), 74.4% (300 mg/L), 31.1% (400 mg/L),
0% (500 mg/L)= Z}7} YEbythH(Fig. 36.).
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Fig. 3.6. Survival rate of Anguilla japonica in response to total ammonia nitrogen
concentration,
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Mol o] TAN wko] whE 24, 48, 72, 9641718 LCs# 2 pH 8 -3kl
A1 630, 324, 278, 167 mg/L, pH 7 -3t A 1,368, 655, 317, 235 mg/L,
pH 6 F7roll A 24417+ A9, 2287, 539, 332 mg/LE ztZ+ v pH7F
=EAIZb] A2 LCy, LCx, LCoftel 7AW HAo] ZaiA =

gFo] YEFSTH(Table 11).

Hr
R

o
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Table 11. LCyy, LCsyp and LCqy values according to total ammonia nitrogen
concentrations (mg/L) of Anguilla japonica (96 h)

H Time LCio LCso LCoo
’ (hr) (mg/L) (mg/L) (mg/L)
24 207 630 1,053
48 113 324 535
8.0
72 90 278 466
96 51 167 284
24 353 1,368 2,384
48 206 655 1,103
7.0
72 121 317 514
96 53 235 416
- | - 18,776
48 541 2,287 4,034
24
72 186 539 892
96 140 332 524
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NO;-N =A4do| wE wWaojo] AEEL pH 8 kel Al 100% (0, 100,
200 mg/L), 88.3% (300 mg/L), 78.3% (400 mg/L), 58.3% (500 mg/L),
pH 7 F-%Fell A 100% (0 mg/L), 76.7% (100 mg/L), 65.0% (200 mg/L),
43.3% (300 mg/L), 21.7% (400 mg/L), 13.3% (500 mg/L), pH 6 -7kl A
100.0% (0 mg/L), 43.3% (100 mg/L), 21.7% (200 mg/L), 0.% (300, 400, 500
mg/L)= 7+7F YElyth(Fig. 3.7).
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Fig. 3.7. Survival rate of Anguilla japonica in response to NO,-N concentration.
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Mol o] NOy»-N FXo wE 24 48 72, 964 7HH LCxake pH 8 F-7F
NA 24X 7 A 7,176, 1,028, 711 mg/L, pH 7 F7tellA 24A17F A €
2113, 556, 296 mg/L, pH 6 T-7rellA 24A17F A9, 314 260, 188 mg/L&E

747b U pHYE WL =% AIEe] A4S LCy, LCs, LCxko] 7Haatw

=740 A= dEFs WE AT (Table 12).
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Table 12. LCyy, LCsy, LCq values according to NO,-N concentrations (mg/L)
of Anguilla japonica (96 h)

oH Time LCio LCs LCyp
(hr) (mg/L) (mg/L) (mg/L)
24
48 1,543 7,176 12,810
80 ) 291 1,028 1,764
96 219 711 1,202
24
48 526 2,113 3,701
70 72 173 556 940
96 70 296 522
24
48 104 314 524
60 72 71 260 449
96 64 188 312
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1.1.3.3. 3 (C carpio)

AAAI TAN F40 g FFojo] AEE2 pH 8 73kl A 65.3% (20
mg/L), 26.0% (40 mg/L), 0% (60 mg/L, 80 mg/L, 10 mg/L), pH 7 7%t
o A 87.3% (20 mg/L), 52.7% (40 mg/L), 33.3% (60 mg/L), 0% (&0
mg/L, 100 mg/L), pH 6 T7FlA 100.0% (20 mg/L), 90.7% (40 mg/L),
72.0% (60 mg/L), 39.3% (80 mg/L), 0% (100 mg/L)= Zt7} et
(Fig. 3.8.).
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Fig. 3.8. Survival rate of Cyprinus carpio in response to total ammonia nitrogen
concentration.
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kool TAN “skof mE 24, 48, 72, 96A17FE LCsak2 pH 8 T-7Fell A
86, 58, 56, 44 mg/L, pH 7 +3rellA 171, 90, 59, 48 mg/L, pH 6 T-7Fell A
10, 443, 261, 96, 67 mg/L= 77} YEY pH7F #31 =FA7ke] A=
LCi, LCso, LCyo#ko]l Zrastw HAdo] AsjA= AdaFe]l yetwth(Table
13).

_86_



Table 13. LCyy, LCsyp and LCqy values according to total ammonia nitrogen
concentrations (mg/L) of Cyprinus carpio (96 h)

pH Tlme LC]() LC50 LCgo
(hr) (mg/L) (mg/L) (mg/L)
24 33 86 140
48 22 58 94
8.0
72 18 56 95
96 14 44 74
24 54 171 289
48 36 90 143
7.0
72 21 59 97
96 15 48 82
24 2,110 10,443 18,776
48 68 261 455
6.0
72 35 96 158
96 27 67 107
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NO,-N HA4do] mE o] AEEL pH 8 T-7kollA 100% (50 mg/L),
98.3% (100 mg/L), 89.2% (150 mg/L), 75.8% (200 mg/L), 55.8% (250
mg/L), pH 7 F3rellA 100% (50 mg/L, 100 mg/L), 90% (150 mg/L),
60.8% (200 mg/L), 38.3% (250 mg/L), pH 6 ZtellA 96.7% (50 mg/L),
98.3% (100 mg/L), 69.2% (150 mg/L), 40.8% (200 mg/L), 4.2% (250
mg/L)Z 77} YERSTH(Fig. 3.9.).
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Fig. 3.9. Survival rate of Cyprinus carpio in response to NO,-N concentration
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@oje] NO,-N w&Zeo mE 24, 48, 72, 6AIHE LCs #2> pH 8 %t
o A 1,372, 528, 388, 336 mg/L, pH 7 F-%tell Al 836, 309, 274, 252 mg/L,
pH 6 kel A 318, 197, 178, 172 mg/L= ey pH7F i =5 A gho]
A= LG, LCso, LCoftol st gimoll dAglel 5o ZraiA=

%= HErH A tH(Table 14).
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Table 14. LCy, LCs and LCy values according to NO,-N concentrations (mg/L)
of Cyprinus carpio (96 h)

q Time LCio LCso LCo
’ (h) (mg/L) (mg/L) (mg/L)
24 322 1372 2,422
48 147 528 908
8.0
%2 116 388 661
96 105 336 568
24 214 836 1,458
48 105 309 513
7.0
2 98 274 450
96 90 252 414
24 108 318 527
48 77 197 317
6.0
72 71 178 284
96 69 172 276
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15.1 mg.L,
4.2 mg/L,
TAN 33.2

A9 FR F LCxol %< ol 83ke] TANS NO»N HA4ol et o+

sttt w719 ¢ekdE=E pH 6914 TAN 9.2 mg/L, NO,-N
pH 7914 TAN 6.3 mg/L, NO,-N 685 mg/L, pH 84 TAN
NO;-N 247 mg/L= uYebwth W7ol o kdsEs pH 6904
mg/L, NO,-N 18.8 mg/L, pH 714 TAN 235 mg/L, NO,-N

29.6 mg/L, pH 8°l4 TAN 16.7 mg/L, NO»-N 71.1 mg/L= Y Eltt}. g

o]o] ot FE= pH 6914 TAN 6.7 mg/L, NO»-N 6.9 mg/L, pH 7ol 4
TAN 4.8 mg/L, NO»-N 9 mg/L, pH 84 TAN 44 mg/L, NO,-N 10.5
mg/L= YES T (Table 15).
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Table 15. Safety concentrations (mg/L) of Silurus asotus, Anguilla japonica and
Cyprinus carpio (96 h)

TAN NO,-N

Species pH e (mg'L) oo (mg')
96 1) s.Cc.! 96 ) S.C.
6 92 i) 151 15.1
S. asotus 7 63 6.3 685 68.5
8 42 4.2 2,470 247
6 332 R 188 18.8
A. japonica 7 235 23.5 296 29.6
8 167 16.7 711 71.1
6 67 6.7 69 6.9
C. carpio 7 48 4.8 90 9
8 44 44 105 10.5

ISafety concentration (S.C.) = LCsp * 0.1

_93_



1.2. BFT Al %3 894 e 43 L £
121, Ab5=o W& BFT A& o799 44 2 7AdE NGS 4
1.2.1.1. W ~7I(S. asotus)

<X wE vrle A= vudy, dyoly VA4S som Qg

=

I
Abe EAEA ekgkom F FEAE 30TolAM 26.3+0.13 kg, 25TolA
24.4+052 kg, 20TColA 21.6+0.65 kg =22 vEytoen A&y ALaA
33 ES 30TCoNA 106.845.18%, 1.3+0.08, 25Tl A 91.6+0.13%, 1.5+0.06,
20CelA 69.942.18%, 2+0.13= YEFSH, 20T, 25TCoA = AEE0]
100+0.0% = uYelgtery, 30CoAE vAY AAMAY F2o=z s
97.6+1.33% % EFSTE (Table 16).

T2 87 L Table 174 Yetfiden, & drYotd HAa I o} FAHA
Aol X 20CoAA 03012 mg/L, 04+0.10 mg/L, 25ClA 0.4+0.28
mg/L, 05021 mg/L, 30Cl4 05£0.35 mg/L, 05+0.19 mg/LE 235 =%

ARF7IRE ) A H o7 Ao {FAH A

=
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Table 16. The growth performance of Silurus asotus according to different temperature on BFT for

4 weeks
Parameter 20C b 30C P value
Average total 5 b
244.6+8.89" 270.8+7.92* 28748.11 0.011

length (mm)
Average total b b

] 21.6+0.65° 24.4+0.52* 26.3+0.13* 0.008
weight (kg)
Average body | b

) 113+8.24° 127.4+9.77* 137.5£11.15 0.009
weight (g)
'"Weight gain rate (%) 69.9+£2.18" 91.6+0.13*° 106.8+5.18° 0.015
Survival rate (%) 100+0.0 100+0.0 97.6+1.33 NS
*FCR 2+0.13° 1.5+0.06* 1.3+0.08" 0.021

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100

Survival rate (%)= (Initial individuals - Final individuals)/Initial individuals x 100

’FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NS, no significant (P>0.5).
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Table 17. Water quality measurements of Silurus asotus according to different temperature on BFT for

4 weeks
Parameter 20C 25C 30C P value
DO
8.6+0.50 7.8+1.21 7.6+0.43 NS
(mg/L)
pH 5.9+1.12 6.5+0.81 6.1+0.91 NS
TAN 4 )
0.3+0.12° 0.440.28* 0.5+0.35% 0.021
(mg/L)
NO, -N
0.4+0.10 0.5+£0.21 0.5+0.19 NS
(mg/L)

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05), NS, no significant (P>0.5).
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1.2.1.2. W7o (A. japonica)

exe wE Wgoele] H4AE wwAdz, AWolu VAF Toz Q%
HAArb= TAHA e, F FAE 30CTolA 166+0.26 kg, 25TolA
16.4+0.29 kg, 20Tl A 15.9+0.11 kg =22 Yelgton FA&3 AlEA
FEEL2 30TCA 30.8+2.29%, 2.7+0.07, 25Col4 29.3+4.48%, 2.9+0.11,

20Col A 25.0+3.33%, 3.4+0.18%2 EFyTH(Table 18).

TAS7A 2 Table 199 YefUilon, & druelyd dAa 3 opzibyg
Aol Fx= 20CoAA 04033 me/l, 04031 mg/L, 25ClA 0.6+0.33

mg/L, 05032 mg/L, 30°Cell4 05031 mg/L, 0.4+0.20 mg/L& 235 =%

ALSZE Bk AR H oz o] f45 9k
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Table 18. The growth performance of Anguilla japonica according to different temperature on BFT for

4 weeks
Parameter 20C 25T 30T P value
Average total . b
419.6£15.33% 426.1+13.12* 431.26+13.43% 0.005

length (mm)
Average total . b

. 15.9+0.11° 16.4+0.29* 16.6+0.26* 0.004
weight (kg)
Average body X b

) 130.1+8.73° 134.6+4.38" 136.1+£8.19* 0.015
weight (g)
'Weight gain rate (%) 25.0+3.33" 29.3+4.48° 30.8+2.29° 0.012
*Survival rate (%) 100+0.0 100+0.0 100+0.0 NS
*FCR 3.4£0.18° 2.9+0.11* 2.7+0.07*° 0.008

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100

*Survival rate (%)= (Initial individuals - Final individuals)/Initial individuals x 100

’FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05), NS, no significant (P>0.5).
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Table 19. Water quality measurements of Anguilla japonica according to different temperature on BFT for 4

weeks
Parameter 20C 25T 30T P value
DO
9.8+0.61 8.7£2.12 8.2+0.64 NS
(mg/L)
pH 6.1+:0.42 6.2+0.53 6.2+1.22 NS
TAN
0.4+0.33 0.6£0.33 0.5+0.31 NS
(mg/L)
NO, -N
0.44+0.31 0.5+0.32 0.4+0.20 NS
(mg/L)

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05), NS, no significant (P>0.5).
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1.2.1.3. & (C. carpio)

Lo mE oo AAE vwAn F FA= 24TColA 3+0.07 kg, 2

6Coll A 3+0.18 kg, 22TClA 2.7+0.08 kg, 28TClA 2.6+0.19 kg, 20Tl A
2.5+0.28 kg, 30TCAA 23+0.38 kg w2 YEIYoH FA& Als g
82 24ToA 53.1+1.17%, 1.1+0.11, 26TCelAl 495+2.08%, 1.2+0.12, 2
8TCAA 31.7+4.22%, 1.9+0.23, 22Coll A 31.2£1.45%, 1.9+0.28, 20T ol A]
25.5+3.38%, 2.4+0.37, 30CAA 14.9+2.67%, 4+0.28%2 eI 12}, 2
69 7/RAHATS 821020 g, 28C 2] 74 HS 82+0.6]1 g= H| 3k
9] ghol YEl o)y, 28T MEE2 87.4+4.2%, T3 30T AEELS
855:5.7% = YEIY 26T Huh =2 729 AE&E Yz 2 Ay
o vlaf wre AEEo] YERETH(Table 20).
THSE 2 Table 219 HEHA O™, & EYold AL 3 oA
29 FA= 20T A 064033 mg/L, 3.0+0.11 mg/L, 22TCellA] 0.5+0.40
mg/L, 21045 mg/L, 24TA 064027 mg/L, 05+0.22 mg/L, 26TelA
0.3+0.07 mg/L, 0.5+0.30 mg/L, 28°ClA 0.6+0.35 mg/L, 0.7+0.51 mg/L, 30
A 064036 mg/L, 0.3+0.14 mg/LZ el F dRYold HA FX = <
AAROoE FAEHYOH, ofdAA Ao S 20T 22T7F vA] AE T
of Bl Fejgh xfol7t vpebyk

>

=2
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Table 20. The growth performance of Cyprinus carpio according to different temperature on BFT for 4

weeks

Parameter 20C 226 24°C 26T 28C 30C P value

Average total
length (mm)
Average total
weight (kg)
Average body

68.240.21* 72.9+0.11*® 80.3+1.22° 81.2+0.88" 80.3£0.27° 75.2+0.18*®  0.005
2.5+0.28*" 2.7+0.08*°  3+0.07° 340.18°  2.6+0.19*° 2.3+0.38*  0.012

6.8+0.22*  7.5£0.13*" 8.3+0.11" 8.2+0.20° 8.2+0.61° 7.1£1.12*>  0.008

weight (g)

'Weight gain rate ] i b 4 ]

%) 25.543.38* 3124145 53.1+1.17° 49.542.08° 31.7+4.22** 14.9£2.67° 0.011
*Survival rate j ) ) . b .

%) 99.1+0.43*  100£0.0° 100+0.0° 100£0.0*  87.444.22° 85.545.67 0.023
*FCR 2.440.37*  1.9+0.28* 1.1+0.11*° 1.2+0.12* 1.9+0.23**  440.28" 0.015

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100

Survival rate (%)= (Initial individuals - Final individuals)/Initial individuals x 100

’FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05).
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Table 21. Water quality measurements of Cyprinus carpio according to different temperature on BFT

for 4 weeks
Parameter 20C 22°C 24°C 26T 28C 30C P value
DO
8.6+0.51 7.841.22 7.6+0.43 7.24+0.51 6.9+0.40 6.9+0.42 NS
(mg/L)
pH 5.9+1.04 6.5+1.13 6.1+1.42 5.9+1.28 6.1+1.12 6.1+0.49 NS
TAN i
0.6£0.27°  0.5£0.38*  0.6£0.27*  0.3+0.12 0.6+0.42* 0.6+0.31* 0.021
(mg/L)
NO, -N b ) b b
3.0+0.11* 2.140.45  0.5+0.22 0.5+0.30 0.7+0.51* 0.3+0.14 0.014
(mg/L)

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05), NS, no significant (P>0.05).
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12.14. BFT AF&%7- NGS 24
0, 2, 4= ®7], W&o BFT AF+T9 de novo OTU picking 4

4

|
IF 3970 AEolA 1137F e mAES st en, BET v B
Absarell oA A E Fo vddS 455 BFT widrolA 7Hd =9
H, 252k BFT ¥, W4o] BFT Abs<F, 0% BFT #j&<, #=l7]

BFT At o= #A4 Ueuth(Fig. 3.100).
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Fig. 3.10. Species diversity of microorganisms in BFT inoculate

water and breeding water.
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2% BFT w5 AS 257 o245 & @9 (Phylum level)ol
~] Bacterioidetes®] % #2 &9 &3l Proteobacteria®l F#2 S71sl= 74
ol yebsttH(Fig. 3.11.).

0ok
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Fig. 3.11. Analysis of microorganisms in BFT breeding water according to different

temperature and species (Silurus asotus and Anguilla japonica).
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i)

a8y 452 BET wigael A$, 257} =ol 245 Bacteriodetes ]
% deks Bt w7

AVl A9 257} Eol A2 Fusobacteria®l & o] molx| L, wizlo]

2o =7} A 9k Proteobacteria®l T HS 7 Ad =

of

rfo

Aol A 2=7F EobdS S Proteobacteria®l  FES EaL
Firmicutes® &2 ¥olA= ZAao] yetwem, 3D PCoA (Principal
coordinate analysis) 41 A3 7 AEF fF93k zpol= YERUA] g o
o, 2=k BAGle] Wl w7l BFT AMS5 5 & fAE7F U

Joh(Fig. 3.12.).
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Fig. 3.12. Analysis of 3D PCoA of BFT breeding water.
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1.22. AM5EE] & BFT 48 /< A4n|au

1.2.2.1. "W7I(S. asotus)

AP Ay, Aoy 7AF ToE A3 FAie AR ke Wx
7bovE we Adge 05 kg/mPlA SAIEY ARPAIEES
164.4£502%, 0.9+0.12= AdEo]l 7M& =A deustth olol]4 1 kg/m
(162.8+6.00%, 1.1x0.11), 5 kg/m? (148.9%6.88%, 1.2+0.08), 10 kg/m?’
(134.3+2.85%, 1.3+0.15) 20 kg/m? (91.1+10.31%, 1.9+0.16) o= Wx=7}
GS5E A& B ARHTEEL B Fho] YERtH(Table 22).

FARH FHATL F dRYold Ha H ofFAA HAhe FXE 05
kg/m?ll A 034018 mg/L, 0.3+0.15 mg/L, 1 kg/m?IA 04020 mg/L,
0.7+0.35 mg/L, 5 kg/m°ol4 0.6+043 mg/L, 0.1+0.06 mg/L, 10 kg/m°ll A
0.5+0.33 mg/L, 0.2+0.12 mg/L, 20 kg/m’ell4 0.8+0.18 mg/L, 0.5+0.23 mg/L
2 e ARSZIZE B9 REARTFOA kA Ao Z -2 = A tH(Table 23).
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Table 22. The growth performance of Silurus asotus according to different density on BFT for 4 weeks

Parameter 0.5 kg/m’ 1 kg/m’ 5 kg/m’ 10 kg/m’ 20 kg/m®
value
Average total
125.844.11 120.742.22  120.1+£3.20 120.2£2.81  120.143.62 NS
length (mm)
Average body T b b
] 22.1+0.52°  21.6+0.80°  20.3£0.45*"  19.5+£0.57* 15.9+0.38 0.010
weight (g)
Initial average
) 1.27£0.013 = 2.54+0.010 12.70£0.021 25.40+0.012 50.80+0.033 NA
total weight (kg)
Final average
) 3.1+0.21 6.4+0.13 30.1£0.91 56.9+0.72 91.8+5.00 NA
total weight (kg)
"Weight gain rate (%) 164.4+5.02° 162.8+6.00° = 148.9+6.88*° 134.3:2.85*° 91.1+10.31° 0.018
’FCR 0.9+0.12*  1.1#0.11*"  1.240.08** ~ 1.3+0.15*®  1.940.16"  0.013

'"Weight gain rate (%) = [(Final total weight) - (Initial total weight))/Initial body weight x 100
’FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NS. no significant (P>0.5). NA, not applicapable.
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Table 23. Water quality measurements of Silurus asotus according to different density on BFT for

4 weeks
Parameter 0.5 kg/m’ 1 kg/m? 5 kg/m’ 10 kg/m® 20 kg/m®* P value
Tem(’lér;‘mre 29.6+1.12 29.54£0.63  29+0.65 29.4+0.56  29.3%0.56 NS
DO
8.3+0.78 6.9+1.63 8.2+0.88 6.7+1.07 6.842.65 NS
(mg/L)
pH 7+0.42 6.6+0.41 6.6+0.18 6.3+0.38 6.7+0.39 NS
TAN 0.3+0.18° 0.4+0.20*  0.6+0.43*°  0.5+0.33*° 0.84+0.18° 0.022
(mg/L)
NO;-N 0.3+0.15° 0.7+0.35° 0.1+0.06° 0.240.12° 0.5+0.23**  0.018
(mg/L)

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05), NS. no significant (P>0.5).
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2.2.2. WA (A. japonica)

AP Ay, Aoy 7AF ToB A3 FAie TANA dgken W%
1 kg/m’ellA A&} AlRAFEES

134.2+4.17%, 1120152 7} =4 Yepwth o]ojA] 3 kg/m” (83.4+

1.6+0.08), 5 kg/m* (81.9+3.06%, 1.7+0.17) o2 WE7} WYS52 e

7F = AR EES B2 gho]l YERtH(Table 24).

A w73 F GEUold da % opday Axel FAE 1

Mg e AgTa

,.Jk
N
o
<
S

kg/m®l A 04+0.15 mg/l, 03+0.12 mg/L, 3 kg/m’olX 0.7+022 mg/L,
0.2+0.13 mg/L, 5 kg/m*a|A 0.6+0.27 mg/L, 0.5+0.08 mg/LZ e} A7)
b Ee B ATl g Hom fFAH A
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Table 24. The growth performance of Anguilla japonica according to different density on BFT for 4 weeks

Parameter 1 kg/m’ 3 kg/m’ 5 kg/m’ P value
Average total -
125.8+4.11 120.7+£2.18* 120.1+£3.17° 0.008
length (mm)
Average body b
. 19.144.41 15.3£7.48" 14.8+7.85" 0.021
weight (g)
Initial average
. 0.79+0.010 2.37+0.013 3.95+0.014 NA
total weight (kg)
Final average
) 1.9+0.21 4.5+0.17 7.2+0.29 NA
total weight (kg)
'Weight gain rate (%) 134.2+4.17 88.4+2.20°° 81.9+3.06 0.012
*FCR 1.1£0.15° 1.6+0.08" 1.7£0.17° 0.025

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100
*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NA, not applicapable.
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Table 25. Water quality measurements of Anguilla japonica according to different density on BFT

for 4 weeks
Parameter 1 kg/m’ 3 kg/m’ 5 kg/m’ P value
Tem(’lér;‘mre 29.8+0.15 29.2+0.22 29.1+0.41 NS
D
0 10.2+0.22 9.3+0.91 9.9+0.64 NS
(mg/L)
pH 6.9+0.34 6.5+1.03 6.5+0.93 NS
TAN
0.4+0.15% 0.7+0.22° 0.6+0.27° 0.028
(mg/L)
NO:-N 0.3+0.12° 0.2+0.13% 0.54+0.08" 0.021
(mg/L)

Data presented as a meantS.D. The data in rows denoted with different letters were

(P<0.05), NS. no significant (P>0.5).
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2.23. F(C. carpio)

AFAT Aoy 7|AF ToZ A% HAbe TR fder, Uk
bk 9e A 05 kg/millA FALEY AERHNTEES
92.7+3.12%, 1.2+0.06%= 7} =A e oo} A 1 kg/m® (88.9+2.8
1.3£0.06), 5 kg/m* (80.1x457%, 15+0.24), 10 kg/m* (67.9£10.11%,
1.8+0.16), 20 kg/m® (65.9£5.12%, 1.9£0.15) o= W7} G322 A%
=7F wa AARASESS vh2 gho] dERkt(Table 26).

P a2 obdAyd Axe] $AE 05

X
S
riot
o,
ME
%
i
&
ol
o
td
1T,
(03

kg/m*oll A 0.4+0.22 mg/L, 05008 mg/l, 1 kg/m*lA 04+0.11 mg/L
04027 mg/L, 5 kg/m’1A4 06+029 mg/L, 02+0.12 mg/L, 10 kg/m’ll4
0.8+0.18 mg/L, 0.1+0.04 mg/L, 20 kg/m*sllA 0.7+0.26 mg/L, 0.9+0.15 mg/L
2 Yeht ARSI B kA o2 {A H Y
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Table 26. The growth performance of Cyprinus carpio according to different density on BFT for 4

weeks

Parameter 0.5 kg/m’ 1 kg/m’ 5 kg/m’ 10 kg/m’ 20 kg/m’ |
value

Average total
length (mm)

110.2+4.18*  111.345.12°  107.2£8.22* 103.4+6.10*° 103+£6.28*®  0.015

Average body iy b b
) 16.8+0.11° 17.5¢0.21°  15.7£0.20*° 14.8+0.14*°  14.6+0.17* 0.019
weight (g)

Initial average

total weight (kg)

1.2740.004  2.54+0.003  12.70+0.002 25.40+0.002 50.80+0.006 NA

Final average

total weight (kg)

2.4+0.11 4.6+0.08 21.740.17 40.4+0.12 79.8+0.43 NA

"Weight gain rate (%9~ 92.7+3.12°  88.9+2.88*"  80.1x4.57*" 67.9+10.11° 65.9+5.12°  0.013

’FCR 1.240.06" 1.3+0.06" 1.540.24*° 1.8+0.16° 1.940.15° 0.028

'Weight gain rate (%) = [(Final total weight)-(Initial total weight)]/Initial body weight x 100
*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NA, not applicapable.
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Table 27. Water quality measurements of Cyprinus carpio according to different Density on BFT for

4 weeks

Parameter 0.5 kg/m’ 1 kg/m’ 5 kg/m’ 10 kg/m? 20 kg/m’ P value

T t
em(’lér;‘“re 25.6£1.08  25.540.62  25+0.71 25.4+058  25.3+0.46 NS

DO
8.3+0.78 6.9+1.61 8.240.92 6.7+1.10 6.8+2.71 NS

(mg/L)
pH 7+0.42 5.6+0.78 6.6+0.56 5.6+0.66 6.7+0.72 NS

TAN
0.44+0.22° 0.4+0.11*  0.6+0.29*°  0.8+0.18" 0.7+0.26*° 0.019

(mg/L)

NO,-N
©: 0.5+0.08° 0.4+0.27**  0.240.12° 0.1£0.04 0.9£0.15° 0.025

(mg/L)

Data presented as a mean+S.D. The data in

(P<0.05), NS. no significant (P>0.5).

rows denoted with different letters were statically different
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1.2.3. TSS Al Al w& A 7u al
A, TSS AAC mhE Fofo Adnudy SAES TSS AlAL

HE AAg APTA 656:76%2 ReE AAGA 2o AT

A8 (1.420.1) 8} SEA YERETH(Table 28).

TSS® s%& AA HEZE AX7E HA @S iz e B9, B
127224 mg/L2 A4 JF7tste A4S Blon, Higkel 169.7+19.9
mg/L7bA WYebgth, TSS AlA ¥ AFT TSS =9 b2 54.2:11
mg/LE 1/3 % ol vetwten, Hi 79.1+2.1 mg/Lo #ol uErs
oy, A7z B gExTEY e gS X3 (Fig. 3.13.).
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3.13. TSS concentration of Cyprinus carpio in BFT and BFT with TSS

removal filter for 4 weeks.
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Table 28. The growth performance of Cyprinus carpio in BFT installed with TSS removal filter for 4

weeks
BFT installed with Control
Parameter P value
TSS removal filter (BFT)
Average total
108.5+1.52 101.3£1.75 NS
length (mm)
Final average .
) 3.1+0.12 2.840.13 0.035
total weight (kg)
Average body 4
] 16.4+0.48 14.2+0.47 0.017
weight (g)
'Weight gain rate (%) 65.6£7.63" 52.9+£3.71 0.012
’SGR (%/day) 1.9+0.13" 1.5+0.17 0.015
3Survival rate (%) 100+0.0 100+0.0 NS
‘FCR 1.1£0.08" 1.420.12 0.012

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100
’SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100
*Survival rate (%) = (Initial individuals - Final individuals)/Initial individuals x 100

*FC (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. * means significantly different (P<0.05). NS, no significant (P>0.5).

- 120 -



K
=)
ki
>,
Ho
o
do
o
wg)
=y
.%

2~

ofo
)
o2
1
o3
A
Lo
=
£

E}yt
O
, [e))]
BFTA o
- 243
& 3 o
BFT & AOMWE 141L s
= .
e | AlEE 8 0.12= Ely A=
I__X o J—,“
o A 1) ] O‘HO | A= Lor A o] o, 8o AA
: . L 30} -
E} 21.3 Ok 21 =} SN o .
o A 3w 7]: 0.7 HERAT. 5 _HH ol U °.H,
whe] Hhebit , ol 13' 3 kg/m’ 6:6& - ¥
JBET 7+0.08 AN s )
Ha A kg /DA = A
X 9 A o
kAo B s
A 7
AR
/\]-0
j:ﬁ‘

3 22 9= Sl T 9
L o)
= X
]'o }éo] 14_]:4,1/1—
s (T
able
2 )

f

- 121 -



Table 29. Comparisons of the growth performances of BFT and fish farm (Silurus asotus and Cyprinus carpio)

Species Parameter Fish farm BFT P value
Final average
) 2429 228.78+1.4 NA
total weight (kg)
Final average .
] 25.5+0.45 22.5+0.51 0.017
body weight (g)
Final density (kg/m?) 0.73 21.3+0.04 NA
S. asotus
'Weight gain rate (%) 241.6 140.7+5.23 NA
’SGR (%/day) 4.1 2.940.14 NA
*FCR 1.14 1.1£0.13 NA
Final average
g 233 147.5£1.42 NA
total weight (kg)
Final average .
1 58.3+6.79 55.8+4.23 0.038
body weight (g)
Final average
. : 0.6 13.740.08 NA
. density (kg/m”)
C. carpio
'Weight gain rate (%) 128 91.742.83 NA
’SGR (%/day) 2.8 2.240.1 NA
*FCR 23 1.420.12 NA

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100
*SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight))/days x 100
’FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. * means significantly different (P<0.05). NA, not applicapable.
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2. BFT 7|9 offolxYx A2 2§ 24
2.1. NFTE ©|83% BFT 7|9 ofFolxYX AHE o Feo 4%
AL S FE A

2.1.1. w1 71(S. asotus)

AP A7 BFTAA FA&0] 984+063%= hZT(50.4£4.70%) K.t} =
< =7 vdebbth A& A, dxTe 26 SAA8 B
BELo] 80.146.15%% UEFston BFT-AP9 % 95.1+2.78%= BFT
719k o} Folx Y oAl AEFol MAdE &7 YERETH(Table 30)

A 8ol A BFT-AP2 % Zolx 408+252 mm= 7H¢ =A dehyte
o, oo} FZA AW 388+23.6 mm, thET-olA 3524222 mm=E FEFYE
FAl 4% BFT-APolA 1456+7.22 g0 2 7V =74 yelyton o
oJ A FA A A 138.1+0.67 g, E T A 89.6+11.81 g= EFTH A
£ 9 £ A9)s 7}4F(Shoot length)e] =A A3, BFT-APelA
102.2£3.12 mm, 57 Aol 104.0+13.92 mm, =4 87.6+2.45 mm)

co7 yehyton A4E3 FA(Shoot weight)t= BFT-APOIA 121.9+6.25
g), TR A A 120.5+0.18 g, XTI 7554418 g Lo UEIGS
BETS} A4 A o= Folgh fel7k ephbA] 4 kth(Fig. 3.14., Table 31).

ol
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Fig 3.14. Caipira lettuce (Lactuca sativa) harvest of Silurus asotus coupled with
nutrient film technique (NFT) aquaponics system (A: BFT-AP, B:
Control-AP, C: Hydroponics).
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2.1.2. WA (A. japonica)

A4, BFTOA FTA&o] 783+251%= ZX7(62.3+4.94%) Kt} =
< A= YEstt AEEY] A4, 25 100£0.0%=  HERSTHTable

2Bl A9 BFTY % Zol: 406£185 mm=E 714 %7 velutth o]
of Al A 396+20.2 mm, tHETAA 3554201 mm=E YERROH, F
A 7S BETOlAM 1498567 go 2 7F4 = yehton olojx 4=
AN A 140.1£058 g, tHERTollA 921£20.18 go & el 24 &9
My = 293 714 5 (Shoot length)e] =AZA 3 BET-APClA 106.2+2.48
mm, =7 Aol A 106.1£1.29 mm, E Tl 826+358 mm) =o &2 e
won, A& F7(Shoot weight)= BFT-APlA 1241821 g), &7 A
wjoll 4 122.6+3.13 g, 2ol 792+612 g wo 2 YElytoen BFT9

A e FoJg 2ozt e @ gkth (Table 31).
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Table 30. The growth performances of Silurus asotus and Anguilla japonica coupled with 2
different (BFT, Control) aquaponics nutrient film technique (NFT) system for 4 weeks

Species Parameter Control-AP BFT-AP P value
Average total weight (kg) 8.7+0.51° 11.4+0.32 0.008
Average body weight (g) 108.1£10.20° 120.5+£2.12 0.012
density (kg/m?) 7.5+1.32" 9.9+0.41 0.010
S. asotus 'Weight gain rate (%) 50.4+4.70" 98.4+0.63 0.005
’SGR (%/day) 2.7+0.21 3.240.12 0.013
3Survival rate (%) 80.1+6.15 95.1+2.78 0.010
‘FCR 2.3+0.17° 1.2+0.06 0.009
Average total weight (kg) 9.3+0.31" 10.3+£0.21 0.011
Average body weight (g) 80.3+6.58" 86.6+5.01 0.028
density (kg/m?) 8.1£0.12" 8.940.23 0.021
A. japonica 'Weight gain rate (%) 62.3+4.94° 78.3+£2.51 0.020
’SGR (%/day) 1.8+0.08" 2.10.10 0.018
3Survival rate (%) 100+0.0 100+0.0 NS
‘FCR 1.420.147 1.1£0.05 0.021

'"Total growth rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100
*SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100
*Survival rate (%) = (Initial individuals - Final individuals)/Initial individuals x 100

*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. * means significantly different (P<0.05). NS, no significant (P>0.05).
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Table 31. The growth of Caipira lettuce (Lactuca sativa) coupled with 3 different nutrient film

technique (NFT) aquaponics systems (Control-AP, BFT-AP, Hydroponics) for 4 weeks

Parameter Control-AP BFT-AP Hydroponics P value
Total length (mm) 352422.2 408+25.2 388+23.6 NS
Shoot length (mm) 87.6+2.45" 102.2+3.12*  104.0+13.92° 0.032
S. asotus
Total weight (g) 89.6+11.81°  145.6+7.22°  138.1%0.67° 0.028
Shoot weight (g) 75.5+4.18° 121.9+6.25*  120.5+0.18" 0.005
Total length (mm) 355+420.1 406+18.5 396+20.2 NS
Shoot length (mm) 82.6+3.58" 106.2+2.48*  106.1£1.29° 0.028
A. japonica
Total weight (g) 92.1+20.18"  149.8+5.67*  140.10.58" 0.031
Shoot weight (g) 79.2+6.12° 124.1+£8.21°  122.6+3.13" 0.009

Data presented as a mean+S.D. The data in rows

different (P<0.05). NS, no significant (P>0.05).
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denoted with different letters were statically



2.1.3. A A
P43 NFT A€ BFT vl7] ofFolxyd 2o A9 F Yol =
2(TAN)Y A%, Hir 06025 mg/L, o}dAA AANO,-N)E= Hat

0.5+0.23 mg/L, d4Hd HA(NOs-N)&= 64.5+22.38 mg/L)= UE o <
v BFTS 49, TAN 06+0.20 mg/L, NO.-N ¢ 49 04+0.26 mg/L,
NOs;-N¢ 4% 81.0£15.75%8 YEwoem, BFT W7| ofFolxy 9]
NOs;-N+= 49 2 H i 9554560 mg/Le] gkol Wb AIRE, 209 o] H A
A9 382380 mg/Lel UEaL, 3% A olF thA] F7kshe wiol e
o, duk BETo) sl vhAs 24 Al $37} W o]y gaste mE

o] vtebukth(Fig. 3.15.).
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Fig. 3.15. Nitrogen variation of Silurus asotus coupled with nutrient film techn
ique (NFT) aquaponics based on BFT (A: TAN, B: NO»-N, C: NO;
-N). Data presented as a meantS.D. The data in rows denoted with
different letters were statically different (P<0.05), NS, no significant

(P=0.05).
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NFT & BFT #73o] offolzyre 4%, 3 gmvopy axk
(TAN)®] 4%, it 03+0.07 mg/L, oFad HANO-N)= Hit

0.2+0.08mg/L, &4Hd AA(NO3-N)= 83.0£12.28 mg/L= YEtwk o, o
¥ BFTS 74-%, TAN 0.3£0.09 mg/L, NO:-N¢ 7-% 0.1£0.07 mg/L,
NO;-N¢ 7% 96.6£9.19% YEtst o, BFT ®l7] ofFotx+ 22 NO3-N
442k 100.8+530 mg/LE 7Hd =2 gtol YEwAIRE 209 A ol
66.0£5.30 mg/L= 7Hd St YElsow, o] % YAl Fheks Hiol uE
wow, dwk BETl wla] vix% S4 Al =217F oF 1/3 A% 723 2

%ol YeEbsth(Fig. 3.16.).
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Fig. 3.16. Nitrogen variation of Anguilla japonica coupled with nutrient film te
chnique (NFT) aquaponics based on BFT (A: TAN, B: NO»-N, C:
NOs-N). Data presented as a mean+S.D. The data in rows denoted
with different letters were statically different (P<0.05), NS, no signif

icant (P>0.05).
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22. DWCE ©| &% BFT 7]ue] offolx

&, A
2.2.1. W7|(S. asotus)

AgAn, BFT-AP 200914 FAH&% AL

10
[
X
ofo
2
S
o
.ty
o
lo

o,

2= =1 =]
T 9 AEEA

N

i

A3E LS 147.3+6.17%,
1.1+0.22% Jehyton, thx4= 137.1+4.25%, 1.1+0.23% ey BFT-AP
200014 28] ol AF=rF A" anrt vetwgn AEEe] A
BET-AP 200914 985+0.33% = uebton, tiz= 95.7+0.82%% e}
Wt TH(Table 32).

2E9] 4§, BFET-AP 2009 % #Hole 4284685 mm, & T A<
1624450 g, A2 2ol 2194233 mm, HEH FAE 1432457 go =
UEtk o, A A F AolE 406+448 mm, ¥ FAl 158+34.3
g, 4F5 Aol 219+255 mm, ¥ FA 1384326 go & e BFT
7189 o} ol H 2 (DWC) A& Al AE AFol= /e 537 verst
tH(Table 33).
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Table 32. The growth performance of Silurus asotus in BFT and BFT-AP deep water culture

(DWC) aquaponics systems for 4 weeks

Species Parameter BFT BFT-AP 100  BFT-AP 200 P value
Average total .
) 13.6+0.31° 14.0+0.17° 14.4+0.34 0.012
weight (kg)
Average total
240.1£10.55 246.5+13.51 254.7+£15.72 NS
length (mm)
Average body o b
] 116.9+5.25° 119.1+4.81* 121.4+5.13* 0.027
weight (g)
'Weight gain rate
5. asotus T 137.144.25°  142.6£5.55*°  147.3%6.17°  0.025
(%)
’SGR(%/day) 3.14£0.12° 3.2+0.23*° 3.2+0.63° 0.009
*Survival rate (%) 95.7+0.82 97.4+1.61 98.5+0.33 NS
*FCR 1.1+0.23 1.1+£0.43 1.1+0.22 NS

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100

’SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100
*Survival rate (%) = (Initial individuals - Final individuals)/Initial individuals x 100
*FC (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05), NS, no significant (P>0.05).
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Table 33. The growth of Caipira lettuce (Lactuca sativa) in Hydroponics and BFT-AP deep water

culture (DWC) aquaponics systems by Silurus asotus for 4 weeks

Species Parameter Hydroponics BFT-AP 100 BFT-AP 200 P value
Total length (mm) 406+44.8 405+25.7 428+68.5 NS
Total weight (g) 158+34.3° 150+7.1° 162+45.0° 0.038
S. asotus
Shoot length (mm) WLOF23:3° 212+10.8° 219425.5° 0.032
Shoot weight (g) 138+32.6° 136+15.5° 143+45.7° 0.044

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05), NS, no significant (P>0.05).
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2.2.2. WA (A. japonica)

A 43, BFT-AP 200914 FA&3 Al a&2> 178.4+5.06%,
0.9+0.17=2 YElg o x5 100.8+2.48%, 1.6+0.77= e BFT-AP
2000041 oF 1.5uf o] AE=7F | 37t vdEut AE&9 A9,
2% 100% = YEFSETHTable 34).

A= 45, BFT-AP 2009 % #ZHole 6174267 mm, & F A=
206£29.6 g, FSH Heol= 2194248 mm, FS5H FA= 190£325 go =2
Uetster, s Au e A5

g AZX 7Zo] 1964217 mm, A

o

N
o
rr

614+27.4 mm, ¥ A 200+37.2
A 178+35.7 go & Lt} Wgol

4% BFT 7]Hte] o} Folx Y~ (DWC) A& Al w79} wdsA= 7|
A¥l A3} gho]l YERRtH(Table 35).
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r
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Table 34. The growth performance of Anguilla japonica in BFT and BFT-AP deep water culture

(DWC) aquaponics systems for 4 weeks

Species Parameter BFT BFT-AP 100  BFT-AP 200 P value
Average total b b
, 11.5+0.62° 13.6+0.64 14.2+0.04 0.010
weight (kg)
Average total
149+10.7 154+7.8 154+8.6 NS
length (mm)
Average body # b
, 44 8+3.12° 52.442.41% 62.6+4.22 0.019
weight (g)
A j 1 'Weight gain rate
Japonica it 100.8£2.48"  136.2+1.35*  178.445.06°  0.031
(%)
’SGR(%/day) 2.6+0.28" 3.1£0.08*° 3.8+0.18° 0.011
*Survival rate (%) 100+0.0 100+0.0 100+0.0 NS
*FCR 1.6+0.77" 1.24+0.06° 0.9+£0.17° 0.008

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100

’SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100

*Survival rate (%) = (Initial individuals - Final individuals)/Initial individuals x 100

*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05), NS, no significant (P>0.05).
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Table 35. The growth of Caipira lettuce (Lactuca sativa) in Hydroponics and BFT-AP deep water
culture (DWC) aquaponics systems by Anguilla japonica for 4 weeks

Species Parameter Hydroponics BFT-AP 100 BFT-AP 200 P value
Total length (mm) 614+70.4 604+57.2 617+26,7 NS
Total weight (g) 200+37.2% 188+32.7° 206+29.6° 0.029
A. japonica
Shoot length (mm) 196+£21.7° 181£16.6° 219+24.8° 0.035
Shoot weight (g) 178+35.7° 168+30.8"" 190+£32.5° 0.031

Data presented as a meantS.D. The data in rows denoted with different letters were statically different

(P<0.05). NS, no significant (P>0.05).
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2.2.3. " (M. anguillicaudatus)

AdA3, BFT-APAA SA&Y AEELS 51.1+3.65%, 91.6+255% =
UElst o o] BFET 24+4.24%, 82.1+11.12%, Wz -15.7+1.41%,
66.8:2.78% = UEY AHAES BFT-APAA 7H4 /MAE &37F Ueby
of AEE F=3 gzl v BFT-APS BFTOA /A8 Z77t vet
W TH(Table 36).

21E9] 749, BFT-APY % Zo]l& 585483 mm, ¥ T A+ 183£10.2 g,
FoF Aol 220475 mm, FSH FAIE 164488 go =2 UEWoH, &

1 mm, & A 169+104 g, A= Aol
199£10.2 mm, &S5 A 150+£9.3 g2 yEl v kX o] BET 7]4ke]
obFotxH2(DWC) A& Al AEARAAE 7/IdE 337t ey
(Table 37).
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Table 36. The growth performance of Misgurnus anguillicaudatus in Sham-control (fresh water),
BFT and BFT-AP deep water culture (DWC) aquaponics systems for 4 weeks

Species Parameter Sham-control BFT BFT-AP P value
Average total b b
) 2.5+0.11° 3.3+£0.08* 4.5+0.14 0.005
weight (kg)
Average total
72.4+5.42 74.2+3.74 74.1£7.75 NS
length (mm)
Average body ; b
. 1.5+0.35° 1.7+0.28" 2.0+.0.66" 0.012
weight (g)
M- 1 . .
Weight gain rate
anguillicaudatus %) -15.7+£1.41 244424 51.1£3.65 NA
0
’SGR(%/day) 0.6+0.25 0.9+£0.24*° 1.5+0.12° 0.013

*Survival rate (%) 66.8+2.78" 82.1+11.12*° 91.6+2.55° 0.028

*FCR -5.440.56" 8.13x1.12*° 1.65+0.28° 0.024

'Weight gain rate (%) = [(Final total weight) - (Initial total weight)]/Initial body weight x 100
’SGR (Specific growth rate) (%/day) = [In(final body weight) - In(initial body weight)]/days x 100
*Survival rate (%) = (Initial individuals - Final individuals)/Initial individuals x 100

*FCR (Feed conversion ratio) = Feed/[(Final total weight) - (Initial total weight)]

Data presented as a meantS.D. The data in rows denoted with different letters were statically different
(P<0.05), NS, no significant (P>0.05). NA, not applicapable.
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Table 37. The growth of Caipira lettuce (Lactuca sativa) in Hydroponics and BFT-AP deep water

culture (DWC) aquaponics systems by Misgurnus anguillicaudatus

Species Parameter Hydroponics BFT-AP P value
Total length (mm) 557+12.1 58548.3 NS
Total weight (g) 169+10.4" 183+10.2 0.031
M. anguillicaudatus
Shoot length (mm) 199+10.2 220+7.5 NS
Shoot weight (g) 150+9.3" 164+8.8 0.022

Data presented as a meantS.D. * means significantly different (P<0.05). NS, no significant (P>0.05).
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224, Aol W (Ao W AlGole AFE B

A3 A}

23 , w719 49 BFT-AP 100 A3 JoME F AAE0
142.64555%, At2A57F 1.140.432 2 Controlell Bl&) 7A€ gho] vhebwk
ow, BFT-AP 2003 HxA] AFE3 AL A7 A 2ol 7k x| ek
tH(Table 32). A& 4§ BFT-AP 1002 % Zo] 405+25.7 mm, & %
A 15071 g, A= Zo] 2124108 mm, =3 FA 136t155 go &
ek oy Control
o] zto]= UEA @ kth(Table 33). w7l 7 BFT-AP 100 2
Frolde F AAEC] 136.241.35%, AFRAF7F 1.240.062 2 Controldl
Hs jAE ol velrem, BFT-AP 2003 H|wA] A4E3 ALEAS:
TS fold ztol7b yebyitH(Table 34). 21 &9 4% BFT-AP 1009 7
§ % 4ol 604#57.2 mm, & FA 183+32.7 g, FEHF Zo] 1811x16.6
mm, FSH A 168+30.8 go = YE} g e gho] uERY, A A F
of wg& BFT 7|We] ofFolxdx AR A {3 Zol7l vetwktt
(P<0.05)(Table 35).

BFT-AP 2003} Controlell H]3}] 7}F& w& Zho]

o
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4

225 At AR A 2 FEEN
2.25.1. W71(S. asotus)e] AbES AREA
A F5 $ W79 BFT-AP 200 AbS 2 4 A8e &34 2
7, BFT A38+9 Total-N2 5826 mg/L, Total-P+= 17.23 mg/L, Nat
83.95 mg/L, Fe= 0.10 mg/L, Zn< 041 mg/L, Cue 0.11 mg/L, Si+=
13.17 mg/L, Ca+v 63.35 mg/L, K& 34.25 mg/L, Mg+ 10.15 mg/L, Cl<
5090 mg/L= YWEtEtth tit o] At Aol =2 gho]l vER A
BFT-APel A= Mne] AZE%H A &¢ko, Zn, Cut v Hom EAlsts A

2 FUA%90v, Na, CIe FoAnrh 22 go] vpekstrh(Table 38).
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Table 38. Mineral components of Silurus asotus BFT breeding water.

Experiment
Minerals
Hydroponics BFT-AP 200
Total-N (mg/L) 204.07 62.63
Total-P (mg/L) 21.55 15.01
Na (mg/L) 42.30 72.40
Fe (mg/L) 0.80 0.05
Mn (mg/L) 0.01 -
Zn (mg/L) - 0.14
Cu (mg/L) - 0.06
Si (mg/L) 16.50 2.08
Ca (mg/L) 154.20 49.6
K (mg/L) 294.80 14.30
Mg (mg/L) 32.30 8.5
Cl (mg/L) 28.30 37.05
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2.25.2. W71(S. asotus)e] AF& 23}
A3 DWC 28 BFT w7] o}Folxy~2 4% BFT-AP 200

M

M & GEYOM ZA(TAN)S 45, B 0.2+0.12 mg/L, ot&4Hd 2

J

2(NO,-N)&=  #Hit 0.3+0.08 mg/L, 2k AANO;-N)E 56.6+16.16
mg/L), BFT-AP 100914 % ¢xuold 22 #He 0.3+0.08 mg/L, o}
A AANO,-N) Hir 024009 mg/L, 24 FAA(NOs-N) Hit
67.7+5.09 mg/LZ YeErston] duk BETS 729, TAN 04+0.22 mg/L,
NO,-N 0.2+0.13 mg/L, NO;-N 86.7+685% uElytoen BFT w7]9]
DWC offolxdx & A BFT-200014+ NO;-N&= 49 2 Hx
77.8+2.52 mg/Le] #hol YebukA gk 24 ol #H A A2 355+7.08 mg/Le]
UElal, o] A Z7bskE B4o] UERt e, BET-10091 4% 49 =}
a1 785+2.31 mg/L %ol vEbdt ¥ 28 A} 52.2+7.15 mg/LE UERGS
™, duk BFTE 289 2 96.1+6.83 mg/Lell Bl& whxat =4 A] $=x]7}

o dwto ® ZAaslE Rgol Uelyth(Fig. 3.17.).

o
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Fig. 3.17. Nitrogen variation of Silurus asotus coupled with deep water culture
(DWC) aquaponics based on BFT (A: TAN, B: NO,-N, C: NOs-N).
Data presented as a meantS.D. The data in rows denoted with diffe
rent letters were statically different (P<0.05), NS, no significant (P>
0.05).
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2.25.3. WA (A. japonica)d AF&S4 A EEA

Ab F3 3 Wgo]o] BET-AP 200 Ab&4 2 =4 Aue 4224 2
¥, BFT 2379 N 2668 mg/L, P& 6.81 mg/L, Naz= 99.77 mg/L,
Fe+ 0.13 mg/L, Zn< 0.16 mg/L, Sit 13.31 mg/L, Cat 37.48 mg/L, K
+ 0.33 mg/L, Mgt 941 mg/L, Cl2 2718 mg/L=Z YElST w79
BET-AP 200 Ab§<ot vi7bA 2t e FoodA w2 gel
UERSE A, BET-APol A= Mnel A& F8kal, Zne vEFo=z &4
t= S Flstion, Nadl A, At =2 Fhol verwt(Table

39).

Ol

i
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Table 39. Mineral components of Anguilla japonica BFT breeding water.

Experiment
Minerals
Hydroponics BFT-AP 200
Total-N (mg/L) 67.87 26.68
Total-P (mg/L) 5.67 6.81
Na (mg/L) 15.94 QoN 7
Fe (mg/L) 0.73 0.13
Mn (mg/L) 0.09 -
Zn (mg/L) - 0.16
Cu (mg/L) : 4
Si (mg/L) 13.39 13.31
Ca (mg/L) 72.16 37.48
K (mg/L) 48.51 0.33
Mg (mg/L) 9.41 941
Cl (mg/L) 34.66 27.18
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2.25.4. WA (A. japonica)d A& W3}
T 43, DWC 48§ BFT WHo| ofFtolxy~9o] 45 BFT-AP 200
oME F myckd AA(TAN)S 49, Hit 0420.15 mg/L, oFAHA

AANO-N)= H+ 044012 mg/L, 23 HANO3-N)= 78.1£6.01

mg/L, BFT-AP 100914 += & hxyobd A 9+t 0.3+0.13 mg/L, o}
g AA(NO-N) #t 0.3+0.24 mg/L, HA AA(NOsN)  Hit
84.246.45 mg/L= YeERRon, dwk BFTY 79, TAN 0.2+0.16 mg/L,
NO,-N 05+031 mg/L, NO3-N 95.8+10.262 el on], BFT Wio]9|
DWC ofitolZy s A& Al BFT+200°14= NOs-Nt 84 # Hx
88.7+5.22 mg/L 2| Ftol LFERwtAI WL, 289 Aol HAAQl 70.145.65 mg/Lol
ekt o, BET+10091 4= 84 Ak 33l 8854863 mg/L gkl WEhd +,
248 A 789724 mg/LE YEon, duk BETe] 284 A 110.2+4.83
mg/L HI3 mhA R Z4 Al A7 oF 1/3 o] Ak EFol YNt

(Fig. 3.18.).
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Fig. 3.18. Nitrogen variation of Anguilla japonica coupled with deep water cul
ture (DWC) aquaponics based on BFT (A: TAN, B: NO,-N, C: NO
3-N). Data presented as a meantS.D. The data in rows denoted with
different letters were statically different (P<0.05), NS, no significant
(P=0.095).
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2.255. v (M. anguillicaudatus)® A5 23}
w243, DWC A4 BFT w|g ooz so 4
AA(TAN)S 749, HAi 02+0.03 mg/L, oF&ikd A A(NO,-
2%10.15 mg/L, 44 ZAA(NO3-N)&= 47.24345 mg/L)= YEIStoH o
it BFTe] 749, TAN 0.3£0.12 mg/L, NO,-N 0.2£0.04 mg/L, NOs;-N
61.3+4.08% yEstom™, Control® 74, TAN 0.2+0.12 mg/L, NO;-N
0.2£0.07 mg/L, NO3-N 6.0+1.202 et BFT "4 2 ¢ DWC ofFo}
Y2 A8 Al NOs-N& 129 A FHal 49.842.44 mg/Le] kol YESEA|
Tk 24 Aol H A AQ1 457+4.73 mg/Lo] LERow, duk BETel H] S|

mpA R S A AT 13 ol FAAase Eaol WER H(Fig. 3.19.).
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Fig. 3.19. Nitrogen variation of Misgurnus anguillicaudatus coupled with deep
water culture (DWC) aquaponics based on BFT (A: TAN, B: NO»-
N, C: NOs-N).Data presented as a meantS.D. The data in rows den
oted with different letters were statically different (P<0.05), NS, no
significant (P>0.05).
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UH(Hegazi et al, 2010). o]<3} %A && NH;ol S71= pH/F =&5=
Z=Ao]l 73k A go]l YeEldthArdeniswan et al, 2017). wetA BET AM
Al AR~ Al 2"le] FR BT #Ens oz Qlste] A E = BET A

5 0 AxsFB A9 AL Foho] A&H oz BFT A5l

AR AR B Sz Yehgow, e TAN S4 ug
AL W7]sh el Hla| Fe grol UEon, 1 F (20079 A
BATe} b Akl F el B Ao ey
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~741 mg/LE A4l wep SAo] gk A o] Eolx= A ko]
E}bwkth(Karasu-benli and Gulten, 2005). T3 == pH, DO 59 4=
Ay ¥ Ae, D% T A=9 W3t gdRYol HAdo i AdE=
gojrmg]= Q29lo] HtH(Thurston and Russo 1981, Ijaz et al., 2011,
Serezli et al., 2016). & 23] o]&¥ XojdAe =4 st 2y}
o= HA 27 B B FAENAY 82 L wfldd gg A7 Q)
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of ¥ Al AHE AES Tl AsFoere] 9 T st A
o] =& Ao w HUE L dri(Sontakke et al., 2018, Shamsuddin et al.,
2022). E3, yd gy ol O, niloticus)®l 7%, 20 kg/m? °]de] WL
AV e Al AEET AFE] FASteE A o] YERdtH(Widanarni et
al., 2012, Zaki et al.,, 2020). w&}A]

A
gh ofF Bl A7]el mE LEe AadA B4S St ALY B AAAd

ofF ¥ HA dd g7 wr)o] A 42~44% (Kim et al, 2014),
Wzkol o] A9 45% (Nose and Arai, 1973), 3Foj9] A9 33~38% (NRC,
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< @A HAALE S 30:1E T UHA UEE T o= C/Nol E5 A 12 F

2 BFT d& A8 &F23do] 285 1 9lvh(Mahanand et al., 2013). ¥



g o] A MAE I ® FUIEY S TSSe #de] th(Martins
et al., 2017). b2 7| (Ictarulus punctatus)®] BFT A& A] TSS9 A|A
5 3 AFAIN TSS AAE & Aol AN EH7E vErs

(Green et al, 2019). T3t 3og|A] 59 TSS AA AFZ3 200 mg/L

Hop g A A ES 2 Aol A H AT (Schveitzer et
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36.9+6.2 m/L, Cai= 160+10 mg/L, K== 340+101 m/Le]tH(Murashige and
Skoog, 1962). WA Ql ofFotx s A 2dle Algx W WA S 7]
T W YRS o7 dkd wEt ®eUF vdE=EAT AZEAbSdd = S5t
™ P, Ca, Fe, Ko Aoz Aol A3stH th(Bittsanszky et al., 2016).
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V. Conclusion
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