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Comparative Study on Growth and Yield of Far Eastern Catfish
Silurus asotus and Leafy Vegetables Grown in Hybrid BFT-Aquaponics,
Semi-RAS and Hydroponics
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and Jeong-Dae Kim**
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Seven Pillars, Dangjin 31778, Korea
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This study compared the productivity of fish and vegetables grown using the hybrid biofloc technology-aquaponics
(HBFT-AP), a semi-recirculating aquaculture system (SRAS), and hydroponics (HP). For the study of fish productiv-
ity (HBFT-AP vs. SRAS), fish were provided feed containing 3.0% monobasic potassium phosphate (MKP) for 18
weeks. After the 18-week feeding trial, the average weight of the sampled population (n=100) was not significantly
different (P>0.05), while hematocrit (PCV, %), hemoglobin (Hb, g/dL), and plasma K (mEq/L) were significantly
different (P<0.05) between the two groups (HBFT-AP: 47.83%, 15.48 g/dL, and 1.39 mEq/L; SRAS 34.83%, 11.81
g/dL, and 2.48 mEq/L). Leaf vegetable productivity (HBFT-AP vs. HP) was compared in three experiments (EXP 1-
3), and slower growth was observed in both groups in EXP 2, in which pH was maintained at 5.0 or less throughout
the experiment. During the 18-week feeding trial, total ammonia nitrogen (TAN), NO,-N, and PO -P levels increased
with time in the HBFT-AP system, while the concentration of NO ,-N remained below 0.1 mg/L throughout the study.
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Q9102 o]} 4 glo] u] R} 21U Julsh7] Hrk(Ahn
and Son, 2011). o]&| gt o]-F-2 QYA 0 2 njH-& ZAE5=
A7) FA AP AL IO K(Gieling et al., 2005; Gutierrez
et al,, 2008) 71442) AR ob4) eI obaL Gl A

2 5| sl FHiet A A d¥d 9 o B
gt 24 =859 Ao ' =4t *4?j(aquawulture)<>ﬂA Els
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© = recirculating aquaculture system (RAS)¥} biofloc tech-
nology (BFT)7} tha& o] H(FAO, 1986; Avnimelech et al.,
2015), = =2 2| FA(RAS) S418] &5 AAREsh=
o] oftjet shofl MA| =22 10% o]3}7} Sk AL K3
)&= Ao] debAo|tk(Suh et al., 2001). Russo et al. (1981)=
RAS AR -2 82 kA (dissolved oxygen, DO) £, 7]
£ %7h NHN 59) 527124 9 €0,9) %4 50 ol ol
O] A4 Alsl W AW 5 EAI7E o1 E 4= Qlo] AT
9] 845 Awdk3laL, RASE I1E =1 NH,-NO| Al AE ¢
aff of ] AR (RA =, o7, AR E7], SHF W71,
55 Bk, 2RV, AR S East Ao s
oA Qltk(Losordo et al., 1994; Reyes and Lawson, 1995).
I3y, Schneider et al. (2006)2] E.11o] 25}H RAS+ =7]
AR 0] FA7} ol A A gl o] xgfo] e m, o] 23t o f
2 ol W sdead] Gl A Aol 9
g Aol WE He m QI sh 4= B A|5lE F4e5to] AR
S8 ARSI st XA S AA i EE = FEHE 4 Y
&3l Qlom, RAS Al ARS 153 QR4S Wioj e - 11
7Fe] o] kAol AlgtE] AL Qlek. BFT ¢4l =i ofl 4 2000
o = AR Al AR g o W A E
of ofsff TAE= L& 5 sl NH-N& -7]8h2(F Y,
Eed 5)E AR nAES SAA17]3(C:INH] 24) m]AY
&35 (biofloc) B/d& =3t &, o|F AMIE(CIF 4
o] thA] AAleHA Fro =M A& o2 A FAI6h= 74
= H|-§-4 Sl A RASO B]sf ulj-9- &u}2 Q1 FAR ot}
= W A A ol Foll A o], w7, Sole 78 A
A EFO R, 55 W7]9] B9 A AAA 2 BFT 23} o] 52
2 4HA Qlth(Avnimelech et al., 2015).

ofFtolar Y A (aquaponics)= AFFA (aquaculture) ) F 4
o] 473}l (hydroponics)7} ZEHE BRI A A0, 5
Kop) o) AT AES o) B Hol(RH B4
1 &9 g oFm) A& (heterotrophic and autotrophic microorgan-
isms)o] oJsf 75 FlEa ik e r faf 2 AE A
Ago] A Qokam F4SIRA Folsol hgsiel A%
A2 ol 2ol A1) Bho] Aol WEkRlo] A4 M0 s
S AR 4 Qe e AR o]tHFAO, 2014). of
Fropiy Aol A AEAIARS: S8l AlF = dolatme Ao
A2 3= 13557 Y92, P K, S, Ca, Mg, Fe, Mn, Cu,
Zn, B, Mo, Al) & 1057 Al&Eo] 44T + e AdE=
AlEdht, Ca, K, Feot 22 Jdaes ¢ 25T A ez 24
o] Q1917 02 37} Hojo} Fti(Rakocy, 2007). 3t HA)|
AFeZ2 HH3E UVI (university of virgin islands) oF5-of
Y AL ASE YeliAe dolAl gt 75
o FUALE QA9H o ® Hrtstes Aobstal Qlrk(Rakocy et
al., 2006; Bailey and Ferrarezi, 2017). ©]&gF UVI oo}
U AIAELS oA O RAS Achd ol =7 A & A det A

O 2 AlH] A 9F Al AE] -G O] EAS 7HA] AL Qlek Lee
et al. (2019) ofFFA o] AME== v AL o= A&
S0t YYEE TTY T UEF 7|E Y-S Al A
= ¢l AAE U olibzE(monobasic potassium phosphate,
MKP)C & tiA|st3l L, o] 5 A Sy dGrd=e] &
A F-808ES 283t hybrid BFT A4 WA 4]
semi-pilot 7FEOA AFHOR ofFolrEUYAE YIS
= Rargh el Qlok

whebA] 2 QLo BA0 1 ee et al. (2019)2] MKP AFE(MKP
3.0%) 2 hybrid BFTS 263k HBFT-0}Lo}% Y A (aqua-
ponics) A4F I} 7] W o FFA o] AREE R
od 74 (semi-recirculating system) B A 5] 9] =7 2wl
(hydroponics) B o] AR Bl 1S 28| T A8} 7154
& AHH B 17} 8o

Table 1. Ingredient composition of the experimental diets

Ingredient MKP3
Fish meal 37.00
Soybean meal 15.00
Corn gluten Meal 10.00
Blood Meal 5.00
Wheat flour 22.20
Fish Qil 4.80
Dried Yeast 1.00
MKP? 3.00
Vitamin mix? 0.50
Methionine 100% 0.22
Salt 0.20
Choline-Liquid (50%) 0.20
Taurine 0.20
Mineral mix® 0.10
Antioxidant 0.05
Stay C 0.03
KCI 0.50

'MKP, monobasic potassium phosphate. >Vitamin added to sup-
ply the following (per kg diet): vitamin A, 22,000 IU; vitamin D,
4,400 1U; vitamin E, 320 IU; vitamin K., 24 mg; thiamine HCI, 50
mg; riboflavin, 60 mg; D-Ca pantothenate, 120 mg; biotin, 2 mg;

folic acid, 20 mg; vitamin B, 100 mg; niacin, 300 mg; pyridoxine

120
HCI, 30 mg; inositol, 600 mg; ethoxyquin, 67 mg. *Mineral added
to supply the following (per kg diet): copper sulfate (25.4% Cu),
10 mg; zinc sulfate (22.7% Zn), 60 mg; manganous sulfate (32.5%
Mn), 50 mg; magnesium sulfate (24.3% Mg), cobalt chloride
(24.8% Co), 2 mg; potassium iodide (76.4% I), 2.0 mg; sodium

selenite (45.6% Se), 0.75 mg.
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Fig. 1. Compartments of the experimental design. (A) Three production systems for fish and leafy vegetables cultivation (total area, 165m?).
HBFT-AP (hybrid biofloc technology-aquaponics), SRAS (semi-recirculating aquaculture system), HP (hydroponics) (B) HBFT-AP system.
Water flow, fish tank( ¢ 4.5 m)—sump tank(2x1 m)—pump(1.5 HP)—biohelix filter(680 L)—vegetable bed(2.9%0.6x0.1 m, No. 20)—fish
tank (C) SRAS system. Water flow, fish tank( ¢ 4.5 m)—sump tank(2x1 m)—pump(1.5 HP)—fish tank-+sump tank (D) HP system. Water
flow, nutrient solution tank—pump(1 HP)—sump tank(1x0.5%1 m)—pump(1.5 HP)—vegetable bed(2.9%0.6x0.1 m, No. 20)—sump tank.

ERRTE
ABIAE Table 2. Chemical composition of the experimental diets!
Composition (%) MKP3?
AP A AFRE AREHIN FANEETHETEE  Mosture 587
FRANAA A7 6 mm W] F4F EP (extruded pellet) AF= 2 Crude protein 46.46
A2 A0 Z, Lee etal. (2019)9] ¢ Aujo] H11%H MKP3 Crude lipid 6.69
(monobasic potassium phosphate 3% in diet)S AM-sF Tt Crude ash 1155
(Table 1, 2). Crude fiber 2.05
Alrg 74 9 2 ca 238
OFFOLEY L AL, o1 FA AL W LAY Mg 9 P 21
& A9 AJEle Fig, 17} 2k BET 944k 73w« Somposition (ppm) Mips
A2 Asat of Loty A A3 (hybrid biofloc technology- M9 2,090.6
aquaponics, HBFT-AP)= o1& g 2($4.5mxH 0.7 m) Fe 320.5
170, AZ52(L2.0mXW 1L.OmXHO0.9m) 17], 2% F+329] Cu 16.9
AEH| EX(L2.9m X W 0.6 mxHO0.1 m) 207}, Bfo] e &2l A Mn 37.2
o13}71(680 L, Isan M Tech. Ltd., Korea) 17}, & =Z2} A& Zn 122.8
H| &2 9] & &3S 913 HZ(1.5 HP) 17]], o] % 4% BFT & K 16.499.0
A= 5t Mg oo I A48 &3 (1.0 HP) 17, A "Values are means of 2 determinations. "MKP, monobasic potas-

sium phosphate.
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EH| =4 ohhe] 3F 32 917 B35 4070 = T = )l A
= Aul 2E = HEA] F 4570 = F 90070 ] AHufA| = LA =]
Rom, AEo S & 4 vk 25 mm PVCH, vl
U2 40 mm PVCES AREFIAL, 25 B0 ofF AL
S22 §9%E w100 mm PVCH-S AREsRth =
T2 AR of F oFA] AJAF AE L (semi-recirculating system,
SRAS)e} =7 A ul) AAF A& EH(hydroponics, HP)= HBFT-
APYF e 2o & Ao F AT olle wH 4L
2 20| 88 XA 9tk EFF HPTE JolTHAAEL
o] g38llaL, 7] S AR VH(18), FHAEZ2 7]
I(Nutrient system Agronic 54 model, HANGARAMPON-
ICS Ltd., Korea), %5(0.1%) 37l(A, B and C solution), 4]
E2Z(L1.0mxWO0.5mxH1m) 7] 2 A2 =7 2 oFo
= 3ast7] g =2 = (1.5 HP) I7H& +4d5h3laL, i
i Fl /-2 Table 30f| A|A|E BFe} 294t SRAS-= RE
wgojapA o g gqstglon, Ald /4 2.4 HBFT-AP
o Zo} nloj e e A | E A AsH: tal AEHA R
a0 sheE Faste] 78l
AE0] HHX|

Aol A&l Wl 71(Silurus asotus)y= 73 7] = 3] FAAFL &
Aol A AR et 2,000uk2] % o] A% (fish weight) 160-
250 g&] 7HA| 1,225ut2]E Adste] ARGSEITE 2 ARS A
of] oAl Alglo= A 2tE MKP3 AR S 257t 335t 43
Ao, AH THA] A 2447 HAIGE & o] 72 AlF S 0]
S =] 3lch. HBFT-AP A3 =20 Bt 201.4 g o] 7HA|
615112], SRAS A7 4=20] Ht 204.6 g ] 7HA] 6101}
217} 217t 48 ¥ 51e). HBFT-AP A5 7:0] Al 32 v] 413
Az ofgk A2 A4 o) 2.3 IAIS 918 ol A% T 0.5%

Table 3. Chemical composition of nutrient solution for growth of
leaf vegetables in HP!

Nutrient tank Nutrient Weight (g)
KNO, 2,525

A solution tank (0.1 ton) Ca(NO,),4H,0 3,540
Fe-EDTA 160
KNO, 2,525
MgSO,-7H,0 1,850
H,BO, 30

) MnSO,-5H,0 877

B solution tank (0.1 ton)
ZnSO,7H,0 0.9
CuSO,-5H,0 04
Na,MoO,-2H,0 0.13
NaCl 16.4

C solution tank (0.1 ton) NH,H,PO, 1,380

'HP, hydroponics.

A7F51o] 191 28] 5281917, SRAS 21917 o1 A] HBFT-APT:
SF o) ALY WIS 913 FUSHA BHSACH, ofF AL
A 1853 A4 A=k

HRIS X

WAL o1F U4 15 F2e 5 IBEXP 1. 257, EXP

2. 9-125, EXP 3. 14-175)0]] A4 J4ls) Agell AMg-513
th Agof o] &5 AAF= A7 =sd7 e SHE 240
A SHI AR F 115S ARESHUTE EXP 194 = 2
(swiss chard), A1%3Z %} (sunpoong lettuce), | 2] 1 (romaine
lettuce), 2 AA A (red leaf mustard) ¥ 7}o]3] 2K (caipira let-
tuce) 50| AMEE %It HBFT-AP A& 9 HP A%+ z}zh
90071 A|(FF & 1807HANE AAlske] 239 & A= 2AE
Z18y513ict. EXP 2004 = A7 A (pak choi), H & 5] =(butter-
head lettuce), 22t (swiss chard), E&22A(red lettuce) 2 oF
HlEK(abata lettuce) 522 AHE5FAL, EXP 30| A= B2A
(red lettuce), A& (celery), H]EM(tatsoi), 7}o]T|2(caipira
lettuce) & o}H}E} (abata lettuce) 552 AR5t EXP2 2
EXP 3] A3 E(HBFT-AP % HP A ¢l+1) YA Wil EXP
13} 5 UsHA Z3Yshelar, A4l 3 249 & Y= AE A
Astieh

WSS

S 60 kg &
A A&(BW-IN, CAS Ltd., Korea) 2 o]-8-}o] % 83]o]| A4
Ak A oAl F] HARE Thotslr] flsf A
A A ntelE atelgt & BRI = 100mt2] 4 HEsto] 7iE
AT S5t o FrkF A%l MS-222 (Wojin B&G
Ltd., Korea)= v} A|71 & X1 8§5t¢I et EXP 1, EXP2 9 EXP
39 JAF 11F S8 242 271, A, 5%, e, 9 2
ol AlE3tste] S5kt

AX|T
Sl

HBFT-AP A& 19| =23e]+= Lee et al. (2019)0] X3t
AT S 2850l ofF Y4 F 25 72 Emeren-
ciano etal. (2017)9] HHol| E5to] Abm 32 oA 7184
AR AA| =S ALlsto] §-8-1] 4 =(BFT-ST, EgeeTech,
Ltd., USA)¥} 917 ofFtotz Y AJ2gl ) Hzszeof Flgt
T, 2 RE {79 32 Sk B HAaYe R
CO, (FA712)E pH7F 6.00]6t=2 Hold 7] A|&H 0 &
ARsg2o] Bstleh 2-3U 1A 0 2 (-8 n eSS Fst
Aok, pH 6.0 o|5HEE = NO,-No| Z71et off -8n 5=
FAsklar, P Al 4 {4 Al FH5FSITE SRAS A+
= YA o g gzt A GA A 71 o] B85k e
(Bacillus subtilis) A& o}ctE(Handong Ltd., Korea)S 14 1
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o] 132 ARpoll 3 g& TSI o, AR s 19 1.5
oJ5lo] E=5 sho] & 2|3l

AXIH
_I_ET'__A—-lI

SAZH e 15 63 £24H(DO, mgll), pH, 4-2(C), A
7] M == (electrical conductivity, EC; ps/cm), E=(NTU),
TAN (NH, + NH,") (mg/L), NO,-N (mg/L), NO,-N (mg/L)
5} PO-P (mg/L)E 2755t} DO, pH, 42, ECS} EHe
A} 42242247191 YSI PRODSS (YSI Inc., Yellow spring,
USA)YE AFE3H91aL, TAN, NON, NO-N¢k PO -P= &
A AJ2F(NitraVer”X Reagent Set 2605345-KR, Low Range
Ammonia Reagent Set 2604545-KR, NitriVer”3 Reagent Set
2608345-KR, PhosVer”3 Phosphater Reagent, HACH Ltd.,
Love land, USA)¥} t}52 4=2=47]91 DR5000 (HACH
Ltd., Love land, USA)Z ©]85t vy o5 BASIQIT) &
e EXP 39] Al S84 AE $7 $, HBFT-AP & HP A3+
of njFdaE F4k3H. K (mg/L), Ca (mg/L), Mg (mg/L),
Na (mg/L), Fe (mg/L), Zn (mg/L), Mn (mg/L) ¥ Cu (mg/L)+=
FreAgEetnt 23353 A (ICP-OES Optima 8300, Perkin
Elmer Co., Waltham, USA)=, Cl (mg/L) ¥ SO, (mg/L):= ©]
23 2ntE 7 3)(930 Comact IC Flex, Metrohm Co., Heri-
sau, Switzerland)E AR8-5}o] 244515 ct.

SiO0HE A
=

S
27 ol ALSAY £7 &, HBFT-AP % SRAS A8
o] ul7] Bk AL wisk 2AHE 918 24171 A1R A 4lo] o] o]
Fh o] & o] FulF Aol MS-222 (Wojin B&G Ltd., Korea)
2 ol A17] o} 3]|5he (Heparin sodium salt from porcine
intestinal mucosa, K3333-10KU, Sigma-Aldrich., Darmstadt,
Germany)= A 2|3 1 cc A& ARE-SFo] mlRA]wWof x| A
- 1201 o] gals METseinh HE-2 hemoglobin
(Hb; g/dL)7} hematocrit (PCV; %) E-4Jof| AH&3191 1L, o] &
4°C, 12,000 rpm, 104712} 2710] 47 A4 #2]7](Centri-
fuge 5415 R, Eppendorf Ltd., Hamburg, Germany)E- ©]-8-3
o] YA (plasma) 2] & glutamic oxaloacetic transaminase
(GOT; U/L), glutamic pyruvic transaminase (GPT; U/L), glu-
cose (GLU; mg/dL), inorganic phosphorus (Pi; mg/dL), Na
(mEqg/L), K (mEq/L)2} Cl (mEg/L)S 4313t PCVE
HAEMATOKRIT 210 (Hettich Ltd., Tuttlingen, Germany)-<-
ol-gsto] ZA sk eH, Hb 5 the E gaE AHs = o
A E7] E(Fuji DRI-CHEM slide, Fuji photo film co. Ltd.,
Japan)¢} $H7] &l &4 7](DRI-CHEM 3500 I, Fujifilm Ltd.,
Japan)E- o]-&-5to] £A5kGict
SAXz]

o179 4 AgolA Lol AT AT o F= AT
7} A HE(HBFT-AP @ SRAS AlET) EFTH(10011])

O Bt vluet AR A FE(Ar, AT, dAEOD
2 SPSS Version 10 (SPSS, 1999) 2 1319 o BAHLA]
(one-way ANOVA)= o|--sto] A5k 0H, FA A 9] ++
O3 5% (P<0.05)0l| 4] A =] et A of] ShA =2t
o] Weko] =24 (homogeneity of variance)& Cochran’s test
(Sokal and Rohlf, 1995)2 o] &5}0] shelstait}.

2

012 AAM tl@

A W MKP 3.0% 552 233t AFALR(MKP3)E 2%
F(HBFT-AP, SRAS)2] AJA4F A AEl o] Q1A1E w]7]of| A 185
7F 558k A}l+= Table 49F vt HBFT-AP= A9 7|7t &
oF AR 9] ARFTH(dry matter, DM) 7|5 141,280 g2 5o
gk Ayt 7HA] FolAIF 123,900 goll Al A F& F 190,100 g
02 Ao} 53.43%2] 2| &(weight gain, WG) LI
9J, SRASTY] WG 142,440 g0 ALR S F35t0] 744 &

Table 4. Growth performance of Far eastern catfish Silurus asotus
fed diets with monobasic potassium phosphate (MKP') in HBFT-
AP and SRAS for 18weeks

Aquaculture methods

Growth performance

HBFT-AP? SRAS?
Initial fish No. 615 610
Final fish No. 601 603
g}'ttft'a?‘f’l"s’f?ge) (No. 100) weight 504 4491 1 204.6+24.1
E}Lr;g{;‘%esrﬁ%g)(“o 100) weight 316 44336 315.9+46.3
Initial total weight of total fish (g) 123,900 124,300
Final total weight of total fish (g) 190,100 191,500
Feed intake (g, DM) 141,280 142,440
WG (%)° 53.43 54.06
FE (%)* 46.85 47.18
SGR (%)° 0.35 0.35
PER® 0.95 0.96
DFI 0.48 0.45
Survival rate (%)® 97.7 98.9

'MKP, monobasic potassium phosphate. ’2HBFT-AP (hybrid biofloc
technology-aquaponics), SR (semi-recirculating aquaculture sys-
tem). *Weight gain (%)=[final weight (g)-initial weight (g)]><100/
initial weight (g). “Feed efficiency (%)=wet weight gain (g)/dry
feed intakex100. Specific growth rate (%)=(Ln final weight (g)-
Ln initial weight (g))/experimental daysx100. *Protein efficiency
ratio=wet weight gain (g)/protein intake. "Daily feed intake (%/
av. wt/d)=dry feed intake (g/fish)/[(initial wt+final wt+dead fish
wt)/2]/experimental daysx100. *Survival rate (%)=final fish num-
ber/initial fish numberx100. ns, nonsignificant (P>0.05).
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HBFT-AP

Fig. 2. Growth of leafy vegetables in HP and HBFT-AP for 18 weeks. (A) EXP 1, (B) EXP 2, (C) EXP 3. HP, hydroponics. HBFT-AP, hybrid

biofloc technology-aquaponics.

o|AIF 124,300 gollAl Ad T2 3 191,500 g2 A5}
54.06%2] 7 e ATt AlR a8 (feed efficiency, FE)=
7} 21374 46.85% (HBFT-AP)2} 47.18% (SRAS) 2] 7S 1
a1, A7HdA-E(specific growth rate, SGR) F+ A S 171
AFSHAL 0.35%9] 7k e Sich. T A o8-8 -&(protein ef-
ficiency ratio, PER)2 0.95% (HBFT-AP)2} 0.96% (SRAS),
A7 AR 3 E(daily feed intake, DFI)-2 0.48% (HBFT-AP)
2} 0.45% (SRAS), AZ-&(survival rate)-> 97.7% (HBFT-AP)
2} 98.9% (SRAS)Q] 7S Hoick. AdAate| upet 2k Ag-d
ek Wi 7WA zfol & mtetstr] flal 2-2F 100vhe] &S 7HA)|
SoFst 23 HBFT-AP+= A¥ A SD (standard deviation)
21.29) gholl A F3= 5 33.69] Fh= K 3L, SRASH=SD 24.1
of|A] 46.39] = UEFH itk AFR Y] AlgE 35 o2 Aol
e} £ AR B A AR A Zfel7t 24| S7tst

glouk, ¥ 4B i GRS FI% Holsk vehiA] g
QITHP>0.05).

GHT AN bl

HBFT-AP--9} HP-9] QA5 A4Hd Bl Z3k= Table 5,
6,7 4 Fig. 20| YeRfIct. EXP 1 557 (A, AgE
B, Azl AARA, 7tol T 2h o] AAF YAl 2347 A
ujate] A 243 AN Table 5) RE FRFolA 2F A
T A4r(leaf No.) Hat, A5 (leaf weight) Ht, G2 0]
(leaf length) B<t] 2]k AFo| 7} Lhehbz] ¢RkeH(P>0.05).
EXP. 29| 4557 A4A, HEsl=, 2o, 2245 of
HHER) o] AT YAl T 2447 Aehate] 4A-S St At
(Table 6) 732t WEF=9] 4= H-S F-2l5t &pol7}
22K P>0.05), B AA A5 Bw(HBFT-AP 63.86 g, HP
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31.73 g), A2 o] HHHBFT-AP 19.33 cm, HP 16.18 cm)
I e E ¢ZeF WHHBFT-AP 60.99 g, HP 38.42 g), ¢
A Zo] BHHBFT-AP 20.75 cm, HP 15.58 cm) HBFT-AP
T7FFEJ8HA| & e BATH(P<0.05). A2, 2245+
HBFT-AP-7} HP=ofl vl 4= Bat(2 11.00, =34
T 16.58), G5 Bt (A 30.26 g, 254454941 g),
YA o] HaH(AHZH 26.75 cm, ELAE 25.66 cm) BT F-2

SHAl =2 g WERH ITH(P<0.05). oFdtek= Aol Bt
<= {2t 2po]7F YLk (P>0.05), A< B (HBFT-AP 1691,
HP 12.58), ¢1%2F H+(HBFT-AP 37.56 g, HP 22.45 g)
HBFT-AP7} 3-9l5H] =& 32 R Y th(P<0.05). EXP 3-&
STR(ERAT, Ao, BlEl, 7holu]e, ofrleh) o] AR

Table 5. Growth of five leafy vegetables in HBFT-AP and HP for
23 days (EXP 1)

i Culture method
(S,\? s_ c;ezs) Growth factor NBFT.AP? P
Stem mean weight (g) 5.41 3.15
Swiss Leaf No. 12.67+2.06™ 11.25+1.71
E’gg;g Leaf weight (g) 71.56+14.71% 57.22414.22
vulgaris) ~ Root mean weight (g) 2.72 5.91
Leaf length (cm) 34.67+3.36™ 31.21+3.51
Stem mean weight (g) 13.62 11.42
Sunpoong Leaf No. 13.17+£1.90™ 11.25+1.60
'&t;‘é‘lfl‘jca Leaf weight (g) 70.61+14.50" 78.93+12.49
sativa) Root mean weight (g) 3.02 6.17
Leaf length (cm) 28.63+2.23" 29.38+1.48
Stem mean weight (g) 11.38 19.25
Romaine  Leaf No. 18.75+2.56™ 16.92+2.64
I(it;ﬁca Leaf weight (g) 97.46+16.49" 112.4+18 54
sativa) Root mean weight (g) 5.44 9.22
Leaf length (cm) 31.58+1.68™ 34.67+2.67
Stem mean weight (g) 3.9 52
Red leaf  Leaf No. 9.58+1.78" 9.25+1.14
mustard ) ¢ weight (q) 65.83+17.16™ 73.23+21.71
(Brassica
Jjuncea) Root mean weight (g) 5.64 5.91
Leaf length (cm) 37.13+£2.56™  38+4.34
Stem mean weight (g) 5.41 6.34
Caipira Leaf No. 20.08+1.88™ 18.75+2.60
'(‘zt;ﬁg . Leaf weight (g) 79.45+11.77" 86.65+16.04
sativa) Root mean weight (g) 2.72 3.94

Leaf length (cm) 21.75+£1.71" 21.58+1.51
"Values represent the mean+SD of sampled leafy vegetables.

“HBFT-AP, hybrid biofloc technology-aquaponics. *HP, hydropon-
ics. ns, nonsignificant.

g . 713'J-HH . 7]

L= e}

A4l & 247 Aufiste] RS £ AN Table 7) 224
FE AT 457 AAF A B, Ao B, QAL
Hatol| Al HBFT-AP2} HP-= 9]t Afo] & YretfiA] &
FTHP>0.05). E2/445-2] 49 A5F HHHBFT-AP 66.54
g, HP 54.83 g)ol| A 5= A7t f-o)Ao] vhAE#] ekgkont
(P>0.05), 94> B (HBFT-AP 20.00, HP 15.50) 2 &%) Zo]
HF(HBFT-AP 28.35 cm, HP 22.76 cm)2 §-9]8t 2}o] & 1}
EFY QITH(P<0.05).

A 185 71 B BHINABEEIPAT L SAGS
AH

Alat)& 283t hybrid BFT of0l24(HBFT-AP) A| &2

Table 6. Growth of five leafy vegetables in HBFT-AP and HP for
24 days (EXP 2)!

i Culture method

(S,\? s_ c;ezs) Growth factor NBFTAP? P
Stem mean weight (g) 0.88 1.20

Pak Choi LeafNo. 13.08+1.16™  11.5+1.38

(Brassica Leaf weight (g) 63.86+£11.90* 31.7346.03

Campestris) g oot mean weight (g) 1.92 263
Leaf length (cm) 19.33+1.61* 16.18+1.20
Stem mean weight (g) 0.36 0.58

Butterhead Leaf No.
lettuce

19.00+1.41™ 16.75+1.82

(Lactuca Leaf weight (g) 60.99+7.51* 38.42+8.94
sativa) Root mean weight (g) 347 2.57
Leaf length (cm) 20.75+1.60* 15.58+1.18
Stem mean weight (g) 0.73 0.45
Swiss Leaf No. 11.00£1.28*  8.33+0.65
(CBZ;S Leaf weight (g) 30.2645.73* 17.00+2.62
vulgaris) ~ Root mean weight (g) 2.99 1.03
Leaf length (cm) 26.75+2.30™ 23.541+2.46
Stem mean weight (g) 0.59 0.92
Red Leaf No. 16.58+1.44* 12.25+1.22
I(it;L::(t:Sca Leaf weight (g) 49.41£9.25* 22.65+4.64
sativa) Root mean weight (g) 3.32 1.68
Leaf length (cm) 25.66+1.23* 19.05+2.10
Stem mean weight (g) 1.03 0.68

Abata Leaf No.
lettuce
(Lactuca
sativa)

16.91£1.51* 12.58+1.38
Leaf weight (g) 37.5615.12* 22.45+2.93
Root mean weight (g) 4.27 2.99

Leaf length (cm) 15.83+£3.16™ 12.50+1.31
Walues (means+SD of sampled leafy vegetables) with *super-
scripts in the same line are significantly different (P<0.05). >HBFT-
AP, hybrid biofloc technology-aquaponics. *HP, hydroponics. ns,

nonsignificant.
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T2 W3} =Table 8} 9o AA|=|SITh. 157 4 Bt 4h-
DO2] 79 7.930|4 9.00 mg/L, &2 23.77°]14 26.38°C,
A7V AEE(EC) = 17037914 1,050 ps/em, pHE 4.620]4
7.53, EFE(NTUYS 1.270]4] 4.17, 29U oK TAN)S 0.44
ol 4] 14.62 mg/L, OFA4HA(NO,N)-2 002011 4] 5.08 mg/L, &
AF(NO,-N)2 4.370] 4] 108.12 mg/L, QIAFA(PO,-P)-E- 4.99
of| 4] 33.20 mg/L7919] gh& et $ieh EC= A3 71l &
ofge] whe} W7o A WA E = ujdE SAFE S7FSHAL,
F&ooFu| =2 71314 (mineralization)of] wh2} =] 7}
A&7 0 2 A5l th TAN= A 7|7 59 2|43 S715
Helou 155 $5E tha FaE, NO, NS A3 27]
B sty Alabsto] Ad 35 S5 0.1 mg/L o|5ke] gk

Table 7. Growth of five leafy vegetables in HBFT-AP and HP for
24 days (EXP 3)!

Culture method

Species Growth factor
HBFT-AP? HP3
Stem mean weight (g) 1.71 2.33
Red Leaf No. 20.00£2.63* 15.50+1.31
'(‘zt;“c‘;ﬁca Leaf weight (g) 66.54+16.74™ 54.83+13.44
sativa) Root mean weight (g) 4.96 7.98
Leaf length (cm) 28.35+1.40* 22.76+2.36
Stem mean weight (g) 1.99 1.98
Celery Leaf No. 10.58+1.00™ 12.83+2.48
(Apium Leaf weight (g) 46.16+5.92 48.84+10.59
graveolens) goot mean weight (g) 5.51 12.90
Leaf length (cm) 33.26+1.78™ 30.9612.64
Stem mean weight (g) 0.69 0.73
Tatsoi Leaf No. 21.91+4.56™ 20.25+2.83
(Brassica  Leaf weight (g) 45.48+12.38™ 55.61+19.74
narinosa)  Root mean weight (g) ~ 4.53 8.92
Leaf length (cm) 19.67+2.25™ 20.47+2.73
Stem mean weight (g) 1.30 2.20
Caipira Leaf No. 20.00+1.60™ 18.91+1.16
I(it;L::(t:Sca Leaf weight (g) 89.29+17.47™ 91.56£9.55
sativa) Root mean weight (g) 5.45 747
Leaf length (cm) 19.75+1.14™ 18.12+1.05
Stem mean weight (g) 1.29 1.95
Abata Leaf No. 17.08+1.62™ 15.00+2.15
'(‘*Lt;‘;fgc ., Leaf weight (g) 85.96+13.10™ 88.35+13.21
sativa) Root mean weight (g) 5.82 10.56

Leaf length (cm) 20.81£2.38™ 19.4442.33
Walues (means+SD of sampled leafy vegetables) with *super-
script in the same line are significantly different (P<0.05). >HBFT-
AP, hybrid biofloc technology-aquaponics. *HP, hydroponics. ns,

nonsignificant.

< A8k TAN 2 NO,-N# 22| NO,-N¥} PO,-P2 4]
o AR FRE 2SR o FTtehe FEEe UERIH pH
£ NO,-N9| F7} 4 NO,-N9| Zaof whef 7h4x517] AJ2s13d
I, AE717H185) 52t pH 5.0 of| A4 6.52] g A8t 5 5t
o 21452191 Ak (nitrification)of] whE H o] A
A} F718kg o wE CO, 4 2. = pH 5.0 o|5t2] 7|7+
35:7H(11-135) A5 o)(Table 8), pH 50114 6.59] gh&
A5t7] 9l8f FEAEFE(NaHCO, )& 13778 FJshlt.

2& 7%t 5% SRAS A@ et HP A3 9] +AHI=
Table 10°] AA=| %At SRAS Ad2] 49 AE7F &
oF At o BE 27 WA SHE Al Fhe H et
D02 7Z9 7.89+0.32 mg/L, 22 2548+1.25°C, EC
= 167.35+7.54 ps/cm, pHe 7.64+0.15, EF=(NTU)=
1.88+£0.27, TAN+= 0.21£0.11 mg/L, NO,-N= 0.07£0.02
mg/L, NO,-N 3.84+0.59 mg/L, PO,-P2 2.87+0.23 mg/
L9 gk Ut sieh HP A3 +-= DOl 7 9.81+0.37
mg/L, 22 20.49+0.84°C, ECx= 1,214.36+95.65 ps/cm,
pH=6.35+0.34 (1-957),4.63 +1.66 (10-145) 2 6.34+0.21
(15-182)0] Z+S HoA3, BENTU)= 1.92+0.34, TAN
£ 2.75+0.57 mg/L, NO,N-& 0.01+0.01 mg/L, NONL
57.38+£13.21 mg/L, PO,-P> 78.29+28.67 mg/Le| ¢t 1t
B ATt

SioHE M
=

Ly |

1877F9] o7 ARSAE $2 5 ARG 1A B T}
HBFT-AP2} SRAS 48 7:2] v]7] @2 Esto] 2443 2
= Table 113} 2T}, T #]2]L(HBFT-AP vs SRAS)2] PCV
(%)= 47.83+3.49 vs 34.83+3.69, Hb (¢/dL)= 15.48 +0.98
vs 11.81 % 1.60, GOT (U/L)%= 87.33+8.00 vs 81.83+10.62,
GPT (U/L)= 25.83£4.49 vs 24.58+5.12, GLU (mg/dL)=
74.75+8.29 vs 75.75+10.52, Pi (mg/dL)= 16.28+0.76 vs
16.05+0.85, Na (mEq/L)= 141,92+ 1.56 vs 140.42 +1.00,
K (mEq/L)%= 1.39+0.33 vs 2.48+0.36 212) 3 Cl (mEq/L)&
121.83+2.32 vs 119.25+2.429] 22 Rtk PCV (%), Hb
(g/dL) 9 K (mEq/L)9] @53 Alejgt Y x| o g2 A
AE Foldo] WA= A ITHP>0.05).

o

o F

2 A-toll 485 HBFT-APAYAL B2 Lee et al. (2019)0f]
olsto] AltH W o2, 7|& BESHE UVI ofFtofzy AlA
ot g Eel4 o], e oipy], AHx W gEx
£ Teshsto] A7) (F el A A of 1k A =39t -8
TP E(EEIFAT 2 SH IS 285 A
Hro|th E3} semi-pilot FEOIA AEAOE AmE A AL
g &, @7 A (field test)ol| A = FARH ATE =E5}3ich

Bittsanszky et al. (2016)= LWHE O 2 ofFtolary] AJAH]o]|
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Table 8. Change of water quality (DO, pH, Temperature, EC and Turbidity) in HBFT-AP' for 18 weeks?

Diet Week DO* (mg/L) pH Temperature (°C) EC (us/cm) Turbidity (NTU)
1 8.28+0.21 7.53+0.14 25.43+0.72 170.37+3.79 1.27+£0.49
2 8.09+0.14 6.86+0.81 25.94+0.21 196.08+18.10 2.10+0.47
3 7.93+0.14 5.96+0.27 26.380.22 326.88+36.30 3.1840.56
4 8.12+0.16 6.07+0.12 26.12+0.28 427.68+12.75 4.02+0.33
5 8.5110.30 6.20£0.29 25.5610.67 470.60+12.15 3.8610.30
6 8.72+0.07 6.43+0.09 25.10£0.10 509.00+4.00 4.17+0.58
7 8.35+0.34 6.31+0.11 25.90+0.36 545.5017.33 2.7810.67
8 8.5610.13 6.14+0.13 24.94+0.48 594.45+9.38 2.54+0.41
MKP3? 9 8.2710.45 5.85+0.48 25.43+0.90 702.75126.00 2.93+0.13
10 9.00£0.34 5.04+0.24 24.05+1.24 822.75+25.66 2.3040.28
11 8.9310.56 4.8010.10 23.77+0.35 884.3316.43 2.60£0.40
12 8.7810.39 4.8510.24 24.45+0.19 956.00+8.49 3.03£0.35
13 8.9110.04 4.62+0.37 24.2010.14 959.25+12.62 2.3740.23
14 8.67+0.24 5.59+0.48 24.57+0.76 984.56+11.34 2.3740.23
15 8.6910.31 5.12+0.26 24.92+0.14 994.62+10.21 1.7520.12
16 8.42+0.34 4.97+0.33 25.55+0.07 1,008.3419.14 1.55+0.07
17 8.89+0.18 6.01+0.84 24.8610.25 1,012.80+19.58 1.84+0.09
18 (3day) 8.7240.22 6.36+0.33 25.16+0.63 1,050.20+17.34 1.42+0.15

'HBFT-AP, hybrid biofloc technology-aquaponics. 2Values represent the mean+SD of the values for 7 days. *MKP, monobasic potassium
phosphate. ‘DO, dissolved oxygen.

Table 9. Change of water quality (TAN, NO,-N, NO,-N and PO,-P) in HBFT-AP' for 18 weeks?

Diet Week TAN* (mg/L) NO,-N (mg/L) NO,-N (mg/L) PO,-P (mglL)
1 0.44+0.39 5.08+0.31 4.37+0.55 5.43+0.70

2 0.55+0.28 2.5041.74 11.1044.08 4.99+0.47

3 3.24+0.86 0.0640.02 24.72+2.51 5.05+0.48

4 4.45+0.17 0.0240.01 31.08+1.50 5.1040.58

5 4.02+0.06 0.0440.01 31.2440.59 6.080.33

6 4.03+0.09 0.05+0.01 34.3740.70 7.1040.54

7 3.9740.05 0.06+0.01 37.5041.44 8.01£0.20

8 3.96+0.08 0.04+0.01 39.54+1.21 8.16+0.31

VKPS 9 3.99+0.07 0.05+0.01 45.13+1.57 12.34+3.55
10 4.00£0.04 0.02+0.00 48.43+0.99 14.18+1.29

1 3.96+0.02 0.02+0.00 50.63+1.38 16.39+2.14

12 5.96+0.02 0.030.02 54.51+2.44 19.39+3.26

13 9.62+3.58 0.02+0.01 59.16+3.02 23.39+2.15

14 14.6241.58 0.03+0.01 65.24+1.54 28.56+2.45

15 12.1443.26 0.04+0.01 71.42+4.11 29.42+3.53

16 11.00£0.99 0.05+0.04 85.84+10.46 31.62+2.21

17 9.26£3.12 0.04+0.04 98.50+11.21 32.25+2.36

18 (3day) 8.08+0.60 0.030.01 108.1243.32 33.20+1.29

'HBFT-AP, hybrid biofloc technology-aquaponics. *Values represent the mean+SD of the values for 7 days. *MKP, monobasic potassium
phosphate. “TAN, total ammonium nitrogen
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5] WAk, P, Ca, Fe W K& A1&9] 24 A%
ok Haskglch @A) A g oAl obtol
&l o) A 20lo® FEEH=KY
=54 HEo] PY Fk A5AI717] S8l 71E 498 AR
off AFEE AL Q= AN (MCP), ©]¢lAFA<+(DCP) &=
AHRIMEEE(TCP)2}F -2 214t AAIE Y AAHEE(MKP) S
= tfAlskaL, F7H 22 KCIE Abe W 0.5% H7Fsk3ie
1857t o7 At @ ol A1 HBFT-AP--2F SRAS+-2] A7 &
?I(WG, FE, PER, SGR)&=-2 F-AFSHA Urebgt oL, o A4
o A= Zpo]= YER T Lee et al. (2019)2 semi-plot
w9 HBFT-AP A4k 4] 44745t tl7]2] dele ofg] el
=(Leard et al., 1998; Adedeji, 2009; Akinrotimi et al., 2011;
Yoon et al., 2014)0| B 13}F 1= x| OFAIAF Q-4=A] Wl £-31o] 7}
A2l FAAIE O A AL 7] EH3} PCV, Hbot Kol
A 2ol & YERE 93-S B 1519+=1], HBFT-AP AJ4tof 4] 4
A5t v 7]12] PCV (%)= 45.339)A4] 45.83, Hb (g/dL)+= 14.03
of| 4] 14.50, K (mEq/L)= 0.579114] 0.929] 718 H o b2
2137 A AL W] 719] POV (%)= 3530041 41.31, Hb
(g/dL)= 9.0001| A4 14.86, K (mEg/L)+= 4.010]|4] 4.439] 7+
e Qltkar Hashgich & A3 ol4] HBFT-AP A4He] v
7]i= SRAS A4kt H]IL Al 352 PCV, Hbe] gtk w2 K gt
S e o|(Table 10), Lee et al. (2019)2] o]d R Ax}e}
A|3H= AL ek gieh POVEL Hbel T 58 2 of
A W Ak HE S} oFehA] HIg o) ko] B A=,
A ARt o] AFAREe Aaet FA A3 2] SRASH
]3|l HBFT-AP-Fof| 4] o] &= g52] gho] &2 712 |4l &
78] A pH Zdejol A w71 2] A thapbgell 2 agh 4k &
1 58S SHAIZI7] flsl el 255 Akt Al EY, =

1o

3k Ko] -2 Leard et al. (1998)7} 2113+ ZH(4.01 mEq/L)x}
SRASA| 2|9 £1(2.48 mEq/L):tt @A|8] A vehd 212
A AE O] HBFT-AP A4k A|2~”ll Y Abs4= Ks =7} S20) A|
W AR B4 41 28] 8o W K SRS v f4 A0
2 AR

T A Hl = B A] o] ARg-o Fhof| whet <=apa7d (water culture)
I A (medium culture) O = LHEn, Bkl AHARE-
o] Bo| whz} v]<=EH4](open cultural system)T} <=2 (closed
cultural system) 2.2 Useth sgprolat A1&9] el & A
Sals Bz DA} gl Mol A 7195 s o
ol=7d(deep flow technique, DPT), B¥<=7(nutrient film
technique, NFT), £ (acroponics), X 3<=7(capillary cul-
ture)S e 2 Aol ARS-E HP AYARA|2HLS Hroll7
WA 0 2 3%F(Table 3)] ujF & H e FAE Sl of
A A3z Bofo k) 722 7H eiFig 1). 4
3 A lopole] AARE-S Sa) Aot Qlatelzt 2
S HEH &S HaAA e ds Hast & 4 3l
v 7o} g AR AAste] FAEE =9 o Qlvkar &
CHJang et al., 2017). ZL2ju} o]of Zh2- Aol &= of 2] A2}
S 8 A Al Al 7] 7o) Aoj A A EH 2ol X
Y= vt Y o] 259 Bt ol Azt A A= s 9
Figoll B2 9l GaFe nA vkl B ask¢it(Ho and Adams,
1995; Lopez et al., 1996; Zekki et al., 1996). 0]&} AHIE 7]
Dhakal et al. (2005)%= 28%2] 9722 3H5-3F vj 2| =2 AF&-3H
b A A] 3k ulegh A e] Ak Aol ¢l
ek 1w 1s}elr o|ejeh AFE AT Ago] JokEe
ot e WY A, S, AsaA ol ot ¥t
Aol 717l o] & AeAdo] ofsf AA [tk S W
$73Hz 0.2 2HIrHAbram, 1980). 3 A% HPA

¢

R ol

]

> o

Table 10. Characteristics of water quality in SRAS and HP for 18 weeks!

Culture method

Water quality parameter

SRAS? (fish) HP? (leaf vegetables)
DO* (mg/L) 7.8940.32 (1 to 18weeks) 9.8140.37
6.3510.34 (1 to 9weeks)
pH 7.64+0.15 (1 to 18weeks) 4.63+1.26 (10 to 14weeks)
6.34+0.21 (15 to 18weeks)

Water temperature (°C)
EC? (us/cm)

Turbidity (NTU)

TAN (mg/L)

NO,-N (mg/L)

NO,-N (mg/L)

PO,-P (mg/L)

25.48+1.25 (1 to 18weeks)
167.357.54 (1 to 18weeks)
1.8840.27 (1 to 18weeks)
0.21+0.11 (1 to 18weeks)
0.07+0.02 (1 to 18weeks)
3.84+0.59 (1 to 18weeks)
2.87+0.23 (1 to 18weeks)

20.49+0.84 (1 to 18weeks)
1,214.36195.65 (1 to 18weeks)
1.92+0.34 (1 to 18weeks)
2.75+0.57 (1 to 18weeks)
0.01£0.01 (1 to 18weeks)
57.38+13.21 (1 to 18weeks)
78.29+28.67 (1 to 18weeks)

"Values represent the mean+SD of the values for 18 weeks. 2SRAS, semi-recirculating aquaculture system. *HP, hydroponics. ‘DO, dissolved

oxygen. °EC, electric conductivity.
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gofl A 1877 FAHF 11501 sl 32|(EXP 1. 2-55, EXP 2.
9-123, EXP 3. 14-17%) 9} 4l5}o] Aulstelct. 33] B¢t EXP
27F 7P W2 S Bolal, £33 HBFT-AP8} H] o] 4]
T 2E AREE UEl l=dl(Table 6), o= 24 Al
Aof mhg FdEel A54] 22 (Table 12)°] &J7t pH 5H7o]
Z¥ folog Az ¥ thTable 10). HBFT-APT 9A] 33] A
d 717 S EXP 2 7|7be) 7P WS Gl A S B
™, o] 7|7l 7H @& pH gk Yt of 3-8 Ak UE

A tH(Table 8). HP7-= 45:7H(9-125) pH 5.00]5}2] 3H2 2
ol ¥ HBFT-AP= 11-123 7] 71 pH 5.00] 812 Ho]#] 2
T A= HP Al2Jof vlsl] Al =Auljoll 2783t pHE 415t
Al Eol AT A= e & o vk dEbA o R by
FNO pHi= 5.5014 6.57F 2o, pH7} 4.50]51= Hof x| ¥
Ca, Mg, K 3 -2 &2e)d 4771 &85k, Wit = pH
7k 70144 wiolli= Al2E(Fe™) 22 Zlo] A o] Al&o] o]
25 4= g "th(Moore, 1974; Islam et al., 1980). L3} A&
O AAS A7 AL HEN7 = o 3k, AV A
el B F7lo]8] F4, b 7wl ddE S4S, W
S pHYF 2323 2700l A] R3] Jofdrhar shelct
(Findenegg et al., 1986).

FAMEET} Ao T A B Al = obtobE Y A AF]
oAM= g & o eAS AEH A W A I RIE A
Sk Zlo] T83IEHFAO, 2014). 53] pHe 4= 4474l 3l
7P 5 a3 84 FohE A e d4E e AaE, 4

al

Table 11. Hematological analysis of Far eastern catfish Silurus aso-
tus in HBFT-AP and SRAS for 18 weeks'

Culture method

Blood parameters

HBFT-AP® SRAS®
Average Fish weight (n=12)  306.82+20.21™ 311.08+23.53
PCV (%)? 47.83+£3.49*  34.83+3.69
Hb (g/dL)? 15.48+0.98* 11.81+1.60
GOT (U/L)* 87.33+8.00  81.83+10.62
GPT (UIL)® 25.83+4.49  24.58+5.12
GLU (mg/dL)® 74.75+8.29  75.75+10.52
Pi (mg/dL)’ 16.28£0.76™  16.05+0.85
Na (mEq/L) 141.924+1.56™ 140.42+1.00
K (mEg/L) 1.39£0.33* 2.48+0.36
Cl (mEq/L) 121.83+1.64™ 119.25+2.42

"Values (means+SD of six individuals) with * superscripts in the
same line are significantly different (P<0.05); ns=nonsignificant.
HBFT-AP, hybrid biofloc technology-aquaponics. SRAS, semi-recir-
culating aquaculture system. “Hematocrit. *Hemoglobin. *Glutamic
oxaloacetic transaminase. *Glutamic pyruvic transaminase. ‘Glucose.
"Inorganic phosphorus. *HBFT-AP, hybrid biofloc technology-aqua-
ponics. °SRAS, semi-recirculating aquaculture system.

A - g - gx - gAY

ZAA Rl A At = Al S itk o= AN, P K,
Ca, S % Mg) pH 6.504] 7.0 ®H ]l A 2 F5]= Hhd w
<R32 (Fe, B, Cu, Zn, Mn % Mo)= pH 6.5 0J5}oll 4
742 HlB 2 A pH M$1E 6.5 o[ 2 473kl THFAO,
2014; Thorarinsdottir, 2015). E3F 0172] 79 pH 4.0 o]}
A= AESHA] 25k pH 4.0 ol 4] 5.0 H ol A= 437l Lo
UHA] oo AAkg o] §laL, pH 9.0014] 11.0-> /d7o] =iz, pH
1o]Aol A= HARAIZF @il 319 th(Thorarinsdot-
tir, 2015). A2 2 pH 348 2H= HBFT-AP74(A pH)2t
SRASTHFA #$1)2] A= H]aL A|(Table 5), SAHEWG,
%), AH=E-E(FE, %), A4S (SGR, %), AEE(%) U 3+
2% 7H(No. 100 fish) ] oA F2 F-AFRE 2k e o] pH 5.0
of| A 6.59] F-HE ofFtofi e A|AE] W o F A7l Z A7
A he-g o 4 9o,

Lee et al. (2019)2] H o] &J5ld A& T2 % o] MKPZ
ESIoF 4557 AR (MKP 1.0%, MKP 2.0%, MKP 3.0%, MKP
4.0%)%2 HBFT-APA gl o] 2851912 W], MKP 1.0% A3+
L A4 U 7P W2 Fe 21(0.0092 mg/L)S H o Al &4 3¢ 4]
she} elzo] je] Aalo] AsHA W= Qlck k4, MKP
2.0% A2} 3.0% A= 24 Y AT A= HERA
o, o] | Fe o] AR U] %= 0.0148 mg/L210.0233 mg/
Lo] 7+ ety lctal skS et Thorarinsdottir (2015)2 oF
obEY A28 ol A Fel= G RIoh 4G Akso] o] 8
= Hgeaz FAdol qlof i S a3t At sz 285
o] Fe 32 A] 9l A2 7vlo] ghulo 2 wiahu] 2 7jxfeh
A EE2 9119l W77k B s kol = Age] 1857
HBFT-AP--9] A4 Y] Fe 5+ 2.1458 mg/L=Z(Table 12),

Table 12. Nutrient concentrations in HBFT-AP and HP experimen-
tal groups for 18 weeks!'

Culture method

Water quality parameter

HBFT-AP? HP3
NO.-N (mg/L) 108.1 42.2
PO,-P (mglL) 33.2 108.3
K (mg/L) 87.6 95.3
Ca (mg/L) 108.3 158.9
Mg (mg/L) 14.8 75
Na (mg/L) 2414 299.9
Cl (mg/L) 23.0 34.0
SO, (mglL) 62.0 111.0
Fe (mg/L) 2.1458 2.2789
Zn (mg/L) 1.2918 2.2782
Mn (mg/L) 1.3233 0.0740
Cu (mg/L) 1.0291 0.8187

'Values are means of 2 determinations. 2HBFT-AP, hybrid biofloc
technology-aquaponics. *HP, hydroponics.
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Lee et al. (2019)9] 1077F Ao H]al] =2 Fhs Uet =
tll, ol= AR Aol A vpo] &2 A ofuh7] o] AA|= A7 7]
7F 5<%t 63)(13]/357)E AASE B, Lee et al. (2019)9] A1
ol A= Bl e @ E A of1k7] A 15 23] AA|ste] 2 &
S 2] 942 ol 78] &, = A 59 71 E ol BRI
o2 AbmEry. Yibd o2 =7 Aful(hydroponics)2] &F
of te1= 0] W= PO, (36.9+6.2 mg/L), Total N (321£6.2
mg/L), K (340 + 101 mg/L), Ca (160+ 10 mg/L), Mg (40.9
+33mg/L), SO (134453 mg/L), B (0.573 +0.134 mg/L), Co
(0.0065 mg/L), Cu (0.0420+0.0174 mg/L), Mn (1.83+0.96
mg/L), MO (0.0872 +0.0374 mg/L) 2] 2, Zn (0.455 + 0.374
mg/L)9] FF& HlthMurashige and Skoog, 1962; Trejo-
Téllez and Gomez-Merino, 2012). &2 A& 2] HBFT-AP A
AT A FUH s HP AR 9YH 552t v
L Al PO,-P (mg/L)E A|J5lale frARE g Holal §lom,
53] NO,-N (mg/L)%] 7% 2vf o]449] =& F=5 UEh 3l
I(Table 12), A7] A E=%E(EC) GA] 1,050 ps/cm?] F2 LfE}
Woi(Table 8) A7 ¢ 2Hf 7 AAte 7He& A =0 Y4
3} 8738 243517 5190} HBFT-AP 172 HP A8 =
T =ghA] o] WS ek AR AAtell A AR 7Tl Fold
of| w2} pH 8172 3-8 AFel iz, o] & WAJst7] flsf 13
T o] %R FRMMEES F AT LRoA Fofsiile
tll, ole]l we} Naf| =7} ol oA = AyE sttt
(Tabe 12). Nat A= (lettuce)of] T3l viA] W 100 mg/LE =
W5hR] o= Alo] Rt ez, o]2|gh o] = i A] W 2 Na
= Aol W= FE o] K o SE ol wfiZolH,
53] 8] A AH oA K= 229 24 47 flsl aLes]
£ o}F 583t @40t} (Parks and Murray, 2011). A G4
733 A AP oA FEMIEES FUSHA &tH EXP 1
¥} )15k EXP 34 ¢ of A|(Table 5, 7) 354 .2 Aui = dH
7ho] 1] 2(caipira) 9] A5 H 1L A ZFo] 7} gl A 02 L)
W=t o= ok Na w29 HEo] K 5=% o7 455t
W71 WO = AFRETE 204]7] Fet Al okl A= 7t
7 BT Ggane] ol AlE FAIE T 2nlE| o
(Liebig's law)o| o] ¢l ouf A= 7hE JFao] F3 28
o &Jgt B3t algorithms®] o] 2.2 A &1l QIth(Parent
etal., 2013; Baxter, 2015). o]+= 31 2 40 9]t A]&E9] A% A
SRt Foka Az kel WHEh o] Qlo] HE d¥a gl
== Lefsfof ot AuE ST ¢ s AR o g
HeHA] Fo] Bl 8415 AL Qlrt.

A 7l A A A = o)A = G 7O A5 27
717 FH 4] 3 25-309 A= 7|to] Hasich 2 A 4
ol 4] pH7} 5.00]8k2 SHERIEXP 24 F 7| 7H-& A 23k A
e 27| T YA F23-24 Fsto] £7] o] 7hed
A 2 ATt S Lee et al. (2019)0] B3 MKP7| 4
7Fel HBFT-APH-EALR ] RIFISE of1b7] A& A3t 4

I}, o}Folz YA ARS4: U P, KW Feo] X2 A5A|A 4=
el FARE QAT Aabgo] 7HseRE A TS
AR Ul pH 282 9l8f WA= =922 H|=(CaCO,) &
< o]-&sto] Y H pH 24 W& ke o & ekeigh
HBFT-AP A|A~H] H/do] 7Fs& A0 2 Atr st o2 Al
Aol A A-&o 2 A=x HBFT-APS] &% 24 AvM= RAS
7|5k Q== ofFopy] A~ AldH] W - o] B
A EAE B = Q=R o' e Aoy, FF A&
A3l ATE Bl Wi Esel & ofFolxYAF 3|Ydhs 5
oj7te] g B & 4= 9l AS R o AHr

A AL
B AR SUSAAERE A0 R LB |$7]e
BP9 SAYAY 7S] S ok ATEYS

U th@A M 3 118049-03-2-HD020).
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