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Effect of Dietary Monobasic Potassium Phosphate Levels on Water
Quality and the Growth of Far Eastern Catfish Silurus asotus and Four
Leafy Vegetables in a Hybrid Biofloc Technology Aquaponic System

Dong-Hoon Lee, Jin-Young Kim', Seong-Ryul Lim, Dal-Young Kim, Joo-Min Kim? Seung-Jun Shin’
and Jeong-Dae Kim**

Gyeonggi Province Maritime and Fisheries Research Institute, Yangpyeong 12513, Korea
'Gyeonggi-do Agricultural Research and Extension Services, Hwaseong 18274, Korea
Seven Pillars, Dangjin 31778, Korea

3College of Animal Life Sciences, Kangwon National University, Chuncheon 24341, Korea

This study investigated the effects of dietary monobasic potassium phosphate (MKP) on the growth of the far eastern
catfish Silurus asotus and four leafy vegetables in a hybrid biofloc technology aquaponic system. To an experimen-
tal diet containing 45% protein and 7% lipid, 1, 2, 3 or 4% MKP was added and was designated as MKP1, MKP2,
MKP3, and MKP4, respectively. The optimum MKP levels were determined for the growth of fish and four leafy veg-
etables over 10 weeks. After the 10-week feeding trial, weight gain, feed efficiency, specific growth rate and protein
efficiency ratio were higher in the fish groups fed MKP2 and MKP3 than in the other groups (P<0.05). The growth of
the four leafy vegetables was also higher in the fish groups fed MKP2 and MKP3. Water quality [dissolved oxygen,
pH, water temperature, electrical conductivity, turbidity, total ammonia nitrogen (TAN), NO,-N, NO,-N and PO,-P]
was measured six times a week using a portable water quality meter and reagent measurements. The TAN (4.58-20.40
mg/L), NO,-N (24.12-52.40 mg/L) and PO -P (20.38-48.48 mg/L) levels increased with time, while the NO,-N level
remained below 0.1 mg/L throughout the study.

Key words: Silurus asotus, Monobasic potassium phosphate (MKP), Aquaponics, Vegetables, Hybrid biofloc tech-
nology (HBT)
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= Z3elo], AEEHAE, SEETELE, AEA, ALRAA
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etal.,, 2001). Russo et al. (1981)2 RAS AJAPH & & Z k4
(dissolved oxygen, DO) 7, f+7]& 57 NH,-N 59| 77|
a4 CO,0  F4 5ol 9l o 7ol A X Ay
o EAI7F op71E 4= qlo] AT 9 S 2E dushal
RAS+= 11357 NH,-NO| A AE fl8f o] AA(JA=,
7], ARG H7], SAS W7, 5T W], TUE
2)7], A9)aak#7] S)7h W agh A0 2 %eiA glrk(Losordo
etal., 1994; Reyes and Lawson, 1995). Z1&{1}, Scheider et al.
(2006)2] H.a10]| oJ5}H RAS= 27] A2 9] A7} ok 4HY
X gieje] o] Lejrhn s}ei, ofelet o2 ) Ul

%
RS
B
2
(o]
fru
4
X,
filo
Jo
B
P‘L
rir
N

]

o K

i

B SR QPR f424] GRAHo] )3k Al Ho] B
° MO A S L ASRE Hostol ARSE g3
7P AAA A AA R FeE A glom,
RAS A 2812 5T QAL WAgolol 22 7o) o] 7o
Ao AJgke) 2 et

>

obolEL At of Qo] 44k (aquaculture)th 5919]
Afil(hydroponics)7t ZEHE HIFAHY 2w, Sk
BEo] Bt YES 9o FFE Hol(hRy B4 U 5

=)

oFn] A= (heterotrophic and autotrophic microorganisms)
[e]
I

>~
O.

o of

[e]
o 25 77183 Akl o® Hel 9 AE AL AZol
Qop F4SIA Folso] P slel B o]
A7) sof AkgZee] W glo] A4 0 2 FrAlE S A
hek = Qe g AP O|EH(FAO, 2014). ofF & 44t
AEo] AJF T AR 30%+= AU F3HE] 2L U A] 70%:= A
Q|7 wjE=H, u[dHE e ol 2 W sk Jct
(Emerenciano et al., 2017). o}FLofary Aof| A A5 YARS 9
o AlEE= Folrtmes Aol AR ok 1357 FUAN,
P,K, S, Ca, Mg, Fe, Mn, Cu, Zn, B, Mo, Al) 5 10557+ A&
o] A 4 Gli= AT AFH, Ca, K, Fel of o}y
22 A2 ol A w9 BT HER EAfale] AgiH o 2
7} Elojof gk B 11 5}%tH(Rakocy, 2007). Bittsanszky et al.
(016) 4] AT 35F G o P B 1T 22 A
o2 RSy, 53] Kb A 25 Gopaet stk <)

At ox 2 ol > on

@ o

~

(P)& F2olut AlBe] A, WA T3 7ol BeiE 34
Q) AR FAL 918 B4 G20 Shfolek. 21 Sl

Ao FH = =

o

ol

5 = THE O
?:i]-}\éa —E_L-l_t'sz /{ﬂi—‘_r_—oa, T;I(jxéio {%—9

>

W oF 72 220 Aslel k3ol glo] Fagh AT
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W Q& &2 0 g o] &8 27} 7] whiZo] 159 F ) 4
S $J8f Y olAEA<E(monocalcium phosphate, MCP), ©] 14k
Z+(dicalcium phosphate, DCP) .+ AFQIAF45(tricalcium
phosphate, TCP)2} -2 Ql4t A1 71 A= o]l 7 th(Kim
et al., 1998). ¢13]4](phosphate rock)o |} S-E-9] o A 1kA
&= TCP= ZH4tellvt == A Z 97} fl= Jole A5 o8
do] o] fr Fo1 8] - o]-8Ad o] Erh(Ogino et al., 1979).
AA =loll = AL Qls A Y8 s AR of ol whet
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Fig. 1. Compartments of the experimental design (left). (A) two vegetable beds(L 1.5xW 1.5 mxH 0.6 m per bed), (B) two fish rear-
ing tanks(L 1.5 mxW 1.5 mxH 0.6 m per tank), (C) sump tank, (D) pump (0.5HP), (E) biohelix filter tank (80 L). Water flow,
(A)—(B)—(C)—(D)—(E)—(A). Four experimental groups were composed of two replicates each (right).

Table 1. Ingredient composition of the experimental diets

Ingredient MKP1 MKP2 MKP3 MKP4
Fish meal 37.00 37.00 37.00 37.00
Wheat flour 2420 2320 2220 21.20
Soybean meal 15.00 15.00 15.00 15.00
Corn gluten meal 10.00 10.00 10.00  10.00
Blood meal 5.00 5.00 5.00 5.00
Fish oil 4.80 4.80 4.80 4.80
Dried yeast 1.00 1.00 1.00 1.00
MKP! 1.00 2.00 3.00 4.00
Vitamin. mix? 0.50 0.50 0.50 0.50
Methionine 100% 0.22 0.22 0.22 0.22
Salt 0.20 0.20 0.20 0.20
Choline-liquid (50%) 0.20 0.20 0.20 0.20
Taurine 0.20 0.20 0.20 0.20
Mineral. mix® 0.10 0.10 0.10 0.10
Antioxidant 0.05 0.05 0.05 0.05
Stay C 0.03 0.03 0.03 0.03
KClI 0.50 0.50 0.50 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
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.

Shsich. A28 o) AR 273(917) 50 mm PVCTHS 4
oA, TSRS} olB|S AX H7(21%) 25 mm
PVCEHS 53} A1BHIEAR 598 5 chil of F AR A2 &
S| =S shick. £k, S A] hrlsto] AR 9lof ol
A Fapel v]dS M3kl A 71K Eo A5
MBARO| M2

A

ASIALR 459 £~E (moisture), 2T A (crude protein), 2=
A" (crude lipid), 23] (crude ash), Z/3-3(crude fiber), Mg,
Fe, Cu, Mn, Zn, K, Ca % P AJ32412 Rt okl Abm o oF
Qe oj2sle] E4slgic.

OIFOIEHA A Bl AlZ

Ao ARSE H7|= A7 Eo] YA AlFFAHAFAN
A 1,000} 5 A 5, 150-210 g9 7HA| 480mte] & A1
sho] ARE-SFRITE 2 AR A O $HA] o] F5-2 A 2HE MKP2
Atgo] AgEglon, Ad A 24 h AAJet & o]Fo] & =
Ho| SHEICE ol 24 A ZAs}Aom, 20 4]
A 87K =20l Hat 186 g W& 7HA| 60ut2|7}F 22t =8
Sk AFREE-E 01413 Alro] ofat A1 B A 2] o vf
AL $18l AT G 0.5%= Agtsto] 1 23] 3F5k3ich 4
e 10577 AAE Lo AR olRe] Al 48 65 T
Q4] 5lol, 105:7k) o] fAAr A3} 457k) QAT A% A
o] M= qict. Ao AHgE FAF=dF4 T EEE
AHLollo-rossa), ©FH}ER Avatar), 7}o]3] 2K(Caipira), 5= H 2]
(Heuk-Romaine)o|lom, 77|25 H 7w SHE 249
A SHTNAE YAste] AL, ZF Al 45 AR

967N A7 ARE-E .
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Aolo] Ak 24 h 3, o) A% 574-& o] Ful A1 M-
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THASAHL 15 63] FE44(DO, mg/L), pH, 2(C),
71 (electrical conductivity, EC; us/cm), EFX=(NTU),
TAN mg/L, NO,-N mg/L, NO,-N mg/Le} PO,-P mg/LE
Z73k3ieh DO, pH, 42, ECot Hie= T 42 547]4
YSI PRODSS (YSI Inc., USA)E AM3131aL, TAN, NO,-
N, NO,-N¢} PO,-P= #A4A|%K(NitraVer’X Reagent Set
2605345-KR, Low Range Ammonia Reagent Set 2604545-
KR, NitriVer”3 Reagent Set 2608345-KR, PhosVer®3 Phos-
phater Reagent, HACH Ltd., USA)¥} thE2] 2A=47]91
DR5000 (HACH Ltd., USA)S o] 83} v A#.0 2 251
o S A 4% A8 FR 3, 2 A7 vela)
K (mg/L), Ca (mg/L), Mg (mg/L), Na (mg/L), Fe (mg/L), Zn
(mg/L), Mn (mg/L) ¥ Cu (mg/L)= F- = AT-Eet2n} g
L A(ICP-OES Optima 8300, Perkin Elmer Co., USA)Z, Cl

A
FAFE A

ox

o

(mg/L) ¥ SO, (mg/L)+= o3 2u}E 712 7] (930 Comact IC
Flex, Metrohm Co., USA)E A-&-5}o] 24515 ct.

LIS

1057} ol8 AR 22 %, 2QlAZFE(Monobasic po-
tassium phosphate, MKP)o| %715 47 A|@2] W) 7] EolA]
& W8t 2ARS f18l] 24 h ALz A A o] o] FolFTh o] 3 o7
b3 A 91 MS-222 (Wojin B&G Ltd., Korea)& uF3 4|71 th-&
3|7} 2l(Heparin sodium salt from porcine intestinal mucosa,
K3333-10KU, Sigma-Aldrich., Germany)2 %] 2|3} 1 cc A}
718 ARgste] ] of A Al 6ule] o HHS A&
sF% T} A E8-2 Hemoglobin (Hb, g/dL)} PCV (Hematocrit,
%) S0l A5}, o] T 47, 12,000 rpm, 10 min2] %
o] A4 % YA E2]7](Centrifuge 5415 R, Eppendorf Ltd.,
Germany)E- ©]-8-5}o] & (plasma) £2] & glutamic oxalo-
acetic transaminase (GOT, U/L), glutamic pyruvic transami-
nase (GPT, U/L), glucose (GLU, mg/dL), inorganic phospho-
rus (Pi, mg/ dL), Na (mEg/L), K (mEq/L)%} Cl (mEq/L)S &
A3}t PCV+= HAEMATOKRIT 210 (Hettich Ltd., Ger-
many)r ©|-§-5ko] 4151910, Hb 5 the @ 2 4= Al
= JAE 7] E(Fuji DRI-CHEM slide, Fuji photo film co.
Ltd., Japan)®} 3174 39454 7)(DRI-CHEM 3500 I, Fujifilm
Ltd., Japan)E ©]-§-5}o] £445}3]rt.

SAXE

of5t9] AT ofR BE AR[AACNHE, Fol
A%, A&, AHR A S(feed efficiency, FE), U7HIAE(spe-
cific growth rate, SGR), T 2l 0]-8-& S(protein efficiency ra-
tio, PER), Y 7kAlAd #]8-(daily feed intake, DFI), R &8, 2
o]#12] #4=1= SPSS Version 10 (SPSS, 1999) =2 129] &
HEAREA (one-way ANOVA)S- ©]-8-5to] A5G0t £4
of 94 = AR 2] HEFe] 524 (homogeneity of variance)
2 Cochran’s test (Sokal and Rohlf, 1995)E- o]-8-5}o] &<l1s}
ek, Al 2wl chet o) A7 AR 9 A, AL
ZJ-2- Duncan’s multiple range test £-41-2- ©]-8-5}% th(Duncan,
1955). ™| 7] 2] SA|&-ol| 718FeE Ak W 2[4 MKP =3 #41
23 SRk BN ol ol on, BE BARA ) fol
2 5% (P<0.05)1 A ZA =] et

AHALR 45| 2okl 224, 23], 241, Ca, P, Mg,
Fe, Cu, Mn, Zn ¥ K &F2- Table 29| A|A| 5 vle} 2o}, Zf
AgARRS] ZERA W A0 RE 44.51% (MKP1)OA
46.46% (MKP3) ¥ 6.60% (MKP3)°f| 4] 7.20% (MKP2)2] 7t
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< Hrh MKPO| A= U] H7keo] obdol nhe} Pet Ko
fol 45HS & 5 3lom, MKP19] 7% P32 1.58%, K
2 10,626 ppmZ 7P W2 & WER $lal, MKP2+= P
1 1.89%, K % 14,281 ppm, MKP3%= P 3 2.13%, K 3
& 16,499 ppm 1211, MKP4+= P &) 2.47%, K ¢ 18,984
ppmO = A & G}

M3 HE ALZ 459| OFROPELA AN Bl AlZ)

AR W MKP §=5 223 d@ARRE 1053 |71 5o

Table 2. Chemical composition of the experimental diets'

Composition (%) MKP1  MKP2 MKP3  MKP4

Moisture 6.26 7.09 5.87 6.53
Crude protein 44.51 46.30 46.46 46.28
Crude lipid 6.60 7.20 6.69 6.68
Crude ash 9.78 10.72 11.55 1213
Crude fiber 2.07 1.77 2.05 1.74
Ca 227 2.37 2.38 249
P 1.58 1.89 2.13 247
Composition (ppm) MKP1 MKP2  MKP3  MKP4
Mg 2,109.74 2,090.57 2,090.57 1,964.66
Fe 287.64 321.75 32045 291.28
Cu 15.79 16.20 16.87 15.88
Mn 39.57 26.87 37.21 34.74
Zn 121.95 120.79 12278 109.13
K 10,626 14,281 16,499 18,984

'Values are means of 2 determinations. MKP, Monobasic potas-
sium phosphate.

31 A7H= Table 33} 2t MKP2E7F WG 19.34+0.31%, FE
59.25+1.76%, SGR 0.27+0.00% 2 PER 1.19+0.04%% .
£ AFolA foldoR =2 ghS UER S O LH(P<0.05),
MKP3-e}o] §-0J5k Zpoli= §1Ith(P>0.05). DFIi= M Al
oA fFofet Aol HolA| ggkerm 0.45% (MKP2,
MKP3)ol| 4 0.46% (MKP1, MKP4)2] 71& Bt} 4252
A5 AAE A3 A 3= Table 40 YeRHITE A1FHE 2H
A 4ol visto] 2470414 271 YA AR A-+E F 96
ANl o, 271 GAFO] FHito] & HA] o2 BAR Al
T8 A AEE QAR S5l w2 HAI=Y 2ot v
ERstth MKP219F MKP319] 4557 HA1F B4iHde &%
& 9,461.80 g (B5 8,152.24 g), 5 9.407.88 g (A5
2F 8,096.94 g)© & MKP1, MKP4o] H|3] &< gk B it
MKP19] AL Z2eF 3.569.23 g (U5 3,187.07 g)<
2 7P W2 3 vrEhiof 37 Al el Bl AT A4k
o] A zs}¢irt
A2

AR U MKP 5 =5 Gefet APAFR S 1051t H|7]of o
gF 5, oA ZA4I%E A= Table 59F 2 8, A 2 =
320 A9 2 & MAFE E2FBt] E APl A Y5t
Aol & WERA] eF2keh(P>0.05). ek A o) 7% MKP1-
oA 15.30£0.56%2] FLo2 th& AJFltol] Hlsf 71 Reke
(P<0.05), K&] 7% MKP17]40.10+0.01%= 7} &
A VR THP<0.05). PL] 79 MKP3 Lol A 0.71+0.25%
O] ke Ueto] o Al ol Blel 7H =2 A B9
tHP<0.05).

Table 3. Growth performance of far eastern catfish Silurus asotus fed diets with graded levels of monobasic potassium phosphate (MKP)

for 10 weeks'

Growth performance Diets
MKP1 MKP2 MKP3 MKP4

Initial average weight of total fish (g) 188.1£14.9™ 187.9£16.8 186.5£17.0 187.1£15.5
Final average weight of total fish (g) 225.5+14.3™ 231.0£14.9 228.8+15.4 227.1£13.2
WG (%)? 16.35+1.082 19.3410.31° 18.90+0.64° 18.16+0.03°
FE (%)* 49.514£2.122 59.25+1.76° 58.01+1.34¢ 55.03+1.27°
SGR (%)* 0.23+0.012 0.27+0.00° 0.26+0.01% 0.2540.00°
PERS 1.04£0.042 1.19£0.04¢ 1.18+0.03¢ 1.1120.03°
DFI6 0.46£0.01" 0.45£0.02 0.45£0.01 0.46+0.02
Survival rate (%)’ 100" 100 100 100

"Values (means+SE of two replicates) with different superscripts in the same row are significantly different (P<0.05). >*Weight gain (%)=[fi-
nal weight (g)-initial weight (g)]x100/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)/2]/experimental daysx100. ’Survival rate (%)=final fish number/initial
fish numberx100. ns, nonsignificant; MKP, Monobasic potassium phosphate.
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Table 4. Growth of four leafy vegetables in aquaponic system for 23 days
Diet Growth factor
Total weight Root weight

Stem weight Leaf weight Individual leaf length

MKP1 Individual No. Leaf No.

(@) ) @) (@) (No. 30)

Lollo-rossa 26 712.82 63.40 289 26.92 622.50 10.89+0.55
Avatar 22 910.34 65.45 402 33.83 811.06 12.61+1.16
Caipira 24 1,245.59 68.82 467 37.59 1,139.18 10.26+0.79
Heuk-Romaine 24 700.48 40.69 340 45.46 614.33 15.60+0.53
Sum 96 3,569.23 238.36 1,498 143.8 3,187.07

MKP2 Individual No. Total(;v)eight Root(;v)eight Leaf No. Stem(g\]/\;eight Leaf(\év)eight Individ(t;\illle:;aof)length
Lollo-rossa 22 1,203.33 188.74 262 28.57 986.02 12.76+0.54
Avatar 26 2,687.40 278.36 563 74.94 2,334.10 14.81+0.89
Caipira 25 2,785.64 220.00 544 58.68 2,506.96 12.76+0.54
Heuk-Romaine 23 2,785.43 316.17 405 144.10 2,325.16 20.82+1.40
Sum 96 9,461.80 1,003.27 1,774 306.29 8,152.24

MKP3 Individual No. Total(év)eight Root(;v)eight Leaf No. Stem(;\;eight Leaf(\év)eight Individ(l:\lacl)ll?s%f)length
Lollo-rossa 25 1,478.80 203.55 274 41.95 1,233.30 12.62+0.86
Avatar 24 2,576.89 245.18 560 76.96 2,254.75 15.52+1.03
Caipira 24 2,691.17 193.24 497 69.31 2,428.62 12.02+0.79
Heuk-Romaine 23 2,661.02 303.37 356 177.38 2,180.27 20.59+1.41
Sum 96 9,407.88 945.34 1,687 365.6 8,096.94

MKP4 Individual No. Total weight Root weight Leaf No. Stem weight Leaf weight Individual leaf length

) @) @) () (No. 30)

Lollo-rossa 31 1,596.33 219.80 342 41.06 1,335.47 12.32+0.84
Avatar 24 2,183.58 224.38 496 64.68 1,894.52 14.56+1.68
Caipira 17 1,843.36 152.15 319 51.56 1,639.65 11.93+0.66
Heuk-Romaine 24 2,653.92 263.16 363 143.40 2,247.36 21.82+1.48
Sum 96 8,277.19 859.49 1,520 300.7 7,117.00

MKP, Monobasic potassium phosphate.

Table 5. Proximate composition (%, as-is basis) of whole body of far eastern catfish Silurus asotus fed diets with graded levels of monobasic
potassium phosphate (MKP) for 10 weeks'

Diet
Initial fish MKP1 MKP2 MKP3 MKP4
Moisture (%) 75.29£1.73" 77.5041.39 76.87+2.79 75.6612.28 76.79+1.09
Crude protein (%) 17.10+1.07° 15.30+0.56° 15.60+1.472° 16.71+1.34%° 16.51+1.19%
Crude lipid (%) 4.12+1.18" 3.2641.06 3.82+1.69 3.44+0.99 2.8310.71
Crude ash (%) 3.80+0.60™ 3.29£0.39 3.47+0.54 3.711£0.40 3.67+0.19
K (%) 0.14+0.01° 0.10£0.012 0.140.01° 0.1240.01® 0.17+0.02°
P (%) 0.66+0.212 0.45+0.092 0.52+0.102 0.7140.25° 0.58+0.102

"Values (means+SD of six replicates) with different superscripts in the same row are significantly different (P<0.05). ns, nonsignificant;
MKP, Monobasic potassium phosphate.
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Table 6. Change of water quality (DO, pH, Temperature, EC and Turbidity) of MKP1, MKP2, MKP3 and MKP4 groups in aquaponic sys-
tem with hybrid BFT (biofloc tech) for 10 weeks!

Diet Week DO (mg/L) pH Temperature (‘C) EC (us/cm) Turbidity (NTU)
1 8.35+0.21 7.87+0.09 25.1+1.3 132.8+5.4 0.6+0.2
2 7.76+0.14 7.84+0.26 29.2+1.1 152.6+7.7 0.240.1
3 7.47+0.18 7.99+0.14 30.6+0.3 171.8+4.3 0.2+0.1
4 7.22+0.10 7.760.08 30.8+0.6 188.5+4.9 0.4+0.3
5 7.24+0.16 6.81+0.77 30.3+0.8 240.4+35.7 0.6£0.2
MKP1 6 7.5910.15 6.00+0.21 27.8+0.6 340.9+25.8 1.6+0.5
7 7.78+0.04 5.60+0.15 27.2+0.4 405.1+11.4 1.5+0.1
8 7.72+0.08 5.6610.24 27.3+0.5 452.0+1.50 1.8+0.4
9 7.9540.07 5.7610.21 26.9+0.1 512.4+13.3 1.9+0.1
10 (3day) 8.11£0.25 5.77+0.11 25.8+1.5 630.6155.6 2.2+0.6
1 8.30£0.20 7.80£0.09 25.2+1.4 133.045.3 0.5+0.2
2 7.77£0.14 7.56+0.21 29.0£1.0 151.317.2 0.1£0.1
3 7.47+0.15 7.84+0.10 30.5£0.4 170.5+4.8 0.1£0.1
4 7.2310.08 7.65+0.06 30.7£0.6 189.9+6.0 0.2£0.1
MKP2 5 7.2310.14 6.69+0.79 30.3+0.8 245.6136.0 0.6+0.3
6 7.60£0.12 5.8310.21 27.7£0.6 355.5+30.8 2.0£0.6
7 7.76+0.06 5.40+0.16 27.410.6 442.4+18.9 2.1£0.1
8 7.67+0.09 5.26+0.13 27.5+0.3 509.3+18.8 1.940.1
9 7.87+0.08 5.30£0.19 27.0£0.3 563.6+11.3 1.940.1
10 (3day) 8.0940.28 5.2340.04 25.5+1.8 686.2+55.9 1.5+0.1
1 8.36+0.21 7.790.09 251+1.5 132.845.2 0.5+0.3
2 7.79+0.17 7.57+0.20 28.9+1.1 151.447 .1 0.1£0.1
3 7.50+0.14 7.83%0.07 30.4+0.2 168.9+4.5 0.210.2
4 7.33+0.27 7.7410.06 30.6£0.5 184.8+3.5 0.3+0.2
MKP3 5 7.26+0.16 6.77+0.78 30.4+0.9 235.3+33.4 0.6+0.3
6 7.67+0.12 5.86%0.22 27.6+0.8 336.5+27.7 1.4+0.3
7 7.83+0.05 5.4610.10 27.1+0.4 413.7£18.5 1.9+0.5
8 7.7410.09 5.37+0.15 27.210.4 476.6x17.5 2.0£0.2
9 7.9310.08 5.32+0.20 26.810.2 540.6+12.1 2.6+0.3
10 (3day) 8.15£0.32 5.23+0.04 25.312.0 662.0£56.7 1.6£0.3
1 8.3410.22 7.78+0.09 25.0+1.5 132.515.8 0.8+0.4
2 7.7910.16 7.69+0.21 28.8+1.1 151.416.9 0.1£0.1
3 7.45+0.13 7.90+0.08 30.4+0.4 168.8+4.3 0.1£0.1
4 7.27+0.09 7.78+0.05 30.6+0.6 184.2+4.1 0.3+0.3
MKP4 5 7.28+0.17 6.74+0.94 30.1£0.1 233.6126.5 1.1£0.8
6 7.66+0.15 5.88+0.22 27.5+0.7 325.6+26.5 1.9£0.3
7 7.82+0.05 5.49+0.10 27.1£0.6 407.9+17.4 2.2+0.5
8 7.69+0.08 5.54+0.27 27.3+0.4 456.7£18.4 2.610.2
9 7.8940.09 5.4840.32 26.840.3 499.0+13.5 2.810.5
10 (3day) 8.11£0.30 5.1810.06 25.4%1.9 619.4157.6 1.6£0.2

Values represent the mean+SD for 7 days. MKP, Monobasic potassium phosphate.
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Table 7. Change of water quality (TAN, NO,-N, NO,-N and PO,-P) of MKP1, MKP2, MKP3 and MKP4 groups in aquaponic system with
hybrid BFT (biofloc tech) for 10 weeks!'

Diet Week TAN (mg/L) NO,-N (mg/L) NO,-N (mg/L) PO,-P (mg/L)
1 0.10£0.06 0.216+0.130 3.30£0.37 0.48+0.23

2 0.06+0.01 0.22840.215 3.68+0.48 0.75£0.15

3 0.08+0.04 0.047+0.041 4.380.76 0.93+0.08

4 0.14+0.04 0.1150.030 6.06+0.58 1.6310.30

5 0.91£0.93 0.118%0.072 13.92+4.62 6.20+2.97

MKP1 6 4.96+1.28 0.044+0.024 24.54+2.49 20.38+5.91
7 8.2810.75 0.033£0.003 31.2243.00 32.38+2.07

8 10.92+1.51 0.058+0.012 37.20+1.64 30.10+1.32

9 13.80+0.34 0.07040.005 38.20+1.48 35.44+0.81

10 (3day) 19.12+2.77 0.090£0.034 49.22+5.59 44.5413.80

1 0.1240.07 0.24510.132 3.33+0.48 0.56+0.19

2 0.04£0.01 0.39710.146 3.20£0.80 0.46+0.07

3 0.07£0.02 0.09210.045 4.03+0.97 0.7240.12

4 0.1310.04 0.099£0.016 6.22+0.70 1.6910.37

MKP2 5 1.00£1.01 0.101£0.039 14.74+4.23 7.43+3.59
6 5.34+1.49 0.046+0.017 24.1242.10 26.00+5.69

7 9.40£0.91 0.026+0.004 34.66+3.45 38.30£2.50

8 12.82+0.97 0.032+0.008 41.20+1.48 38.92+3.48

9 14.66+0.50 0.045+0.009 39.40+4.77 41.56+2.06

10 (3day) 20.40+2.81 0.055+0.015 52.40+7.40 47.98+6.24

1 0.07+0.04 0.32240.199 3.63+0.20 0.58+0.32

2 0.03£0.01 0.18940.103 3.36+0.15 0.42+0.09

3 0.0740.02 0.03540.018 3.83+0.54 0.61£0.05

4 0.10+0.02 0.077+0.021 4.86+0.38 1.21+£0.18

MKP3 5 0.7040.85 0.14410.038 13.62+5.04 6.3443.58
6 5.10+1.67 0.058+0.035 24.24+2.00 27.14+5.90

7 8.56+1.02 0.034+0.010 31.70+3.99 38.42+2.20

8 11.80£0.77 0.034£0.009 38.4042.51 34.66+1.93

9 14.42+0.54 0.03210.008 39.2043.27 42.92+1.61

10 (3day) 20.22+3.66 0.036+0.011 48.00+4.74 46.484.37

1 0.08+0.05 0.320£0.188 3.60+0.22 0.56+0.31

2 0.04£0.01 0.26910.104 3.16+0.38 0.3940.07

3 0.06£0.01 0.109£0.030 3.72+0.63 0.55+0.07

4 0.11£0.03 0.102£0.023 4.42+0.83 1.1310.22

MKP4 5 0.56+0.63 0.123£0.057 13.2614.28 8.2916.52
6 4.58+1.73 0.046+0.027 24.30+2.08 28.84+4.70

7 8.06+1.06 0.027+0.006 33.48+6.94 37.28+2.67

8 11.14+0.85 0.043£0.008 36.00+2.24 34.68+2.67

9 12.82+0.62 0.045£0.010 35.80+1.30 40.58+1.48

10 (3day) 18.62+3.54 0.061£0.030 49.60+9.66 48.48+5.13

Values represent the mean+SD for 7 days. MKP, Monobasic potassium phosphate.
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Fig. 2. Polynomial regression analysis on weight gain (WG, %) of
far eastern catfish Silurus asotus by dietary monobasic potassium
phosphate (MKP) levels.

UERE Al o] AAbY ZRIOIAE A1 ) 214 MKP 37} 4
22 2.3% (MKP2, MKP3)2l-& & 2= 9] 0.w(Table 4), E3]
MKPI9] 49 54 Asto} eio] ARiRe) 4= Qs
walEo] ok 2% FAHS A2 o 2 4 olrk(Fig 3).
"2 © g 47 vl (hydroponics) 2] & 5% 2] Hel= 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+3.3 mg/L, SO,> 134+ 53 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 1
2]3!, Zn 0.455+0.374 mg/L9] %S E2Ith(Murashige and
Skoog, 1962; Trejo-Téllez and Gomez-Merino, 2012). Ha
and Jeong (2017)&] Ea1o] oJs}H Atz W P 1.34%, K 3,611
ppmS E3SH= AR R 4557 A oY(Cyprinus carpio)} A3

A
FAFE A

ox

o

(Lactuca sativaL)2] o}Fo} Y A AL Aatol| A A3 £ 7 A|
AFE4=0] %19Fe] 5= NO,-N 89.1 mg/L, PO,-P0.1 mg/L &
K 09 mg/Le| -8 o] 57 Apule] o) ] u g whe po}
Kol 7S Wik 2 Q170] 1057 A8 FR(IAF A7)
7+239)) 3 AR84: B4 ATN(Table 9), PO,-P= 422 (MKP1)
of| 4] 46.5 (MKP4) mg/L, K= 13.5 (MKP1)o]| Al 16.4 (MKP4)
mg/Le] ¢S LFEFY 2131, Ha and Jeong (2017)2] A x}o] vls)
AR W PEFK S 3 Lo, ) o] K oFA] 2
AE Helth MKP47} 7HY =2 o= Abm W 4Ql
APE(MKP)O| 7 =Yl om, AR f K= =3tout
MKP2 % MKP3of| H] 3l W2 A7 AHibd2 Kl A& m|=k
Y491 Feo] 93k S 2 Thorarinsdottir (2015) ofFLoF3EY A]
28] YollAl Fe= FEAI9F ARG AR&ol| o] 8-5]= ]
22 FHdo glof - Fast Agta A g 285t Fe £
Al 13t Al Adke] A 0 & ek Ao I AksHA| H B QL
912121 2717} B asich shick. web, MKP2 2 MKP3 =
ATkl Blel MKP4-= Atz 9 AR Wf W2 FeghS o1
g Aatof] 7R85t Al YA o] Y A o= =53 4= Sl
E3FMKP1-2 = Al toll A 7 w2 Fe 44(0.0092 mg/L)
= Hof A5 Al5tet vl Aol Mol AstA P
20 &2 Atm ), T1eu, 204)7] 5t AlE okl A= 7t
& BT Ggane] ol AlE FAIE T 2Rls| o
(Liebig's law)o| o] gl ouf A= 7HE JFao] F3 2§
o &Jgt B3t algorithms®] o] 222 A &1l Qlth(Parent
etal., 2013; Baxter, 2015). ©]%= 3t Q 4-0f] 2] A &9 A1 A]
B H T} o A S Ttol WS Heo] 9lo] HE Fga a1l
= dEsof Aot AE ST ¢ e AR o R
814 Ho] B A7ET ck.

Table 8. Hematological analysis of far eastern catfish Silurus asotus fed graded levels of monobasic potassium phosphate (MKP) in aqua-

ponic system with hybrid BFT (biofloc tech) for 10 weeks!

Blood parameters Diets

MKP1 MKP2 MKP3 MKP4
Average Fish weight (n=6) 203.1+26.6" 226.7+25.0 217.2+33.2 212.8+1.5
PCV (%)? 45.83+7.31™ 45.331+4.23 45.67+4.89 45.33+2.94
Hb (g/dL)? 14.13+1.85™ 14.03+1.41 14.47+1.99 14.50£1.02
GOT (U/L)* 76.8349.58" 88.33+18.26 81.17+£15.32 81.83+8.21
GPT (U/L)® 20.8349.75" 22.3316.19 19.00+6.99 15.50+5.09
GLU (mg/dL)® 65.67+£17.22" 55.17+12.29 70.17+£17.45 62.33+11.48
Pi (mg/dL)’ 14.18+0.832 15.72+0.46° 15.47+0.52° 14.12+0.65°
Na (mEq/L) 140.17+1.47" 140.33+1.03 140.83+1.17 141.00£1.10
K (mEg/L) 0.57+0.082 0.80£0.11° 0.9240.19° 0.72+0.08°
Cl (mEq/L) 119.17+2.32" 119.33+£2.94 119.50+1.64 120.67+1.51

"Values (means£SD of six individuals) with different superscripts in the same row are significantly different (P<0.05); ns=nonsignificant.

“Hematocrit. *Hemoglobin. *Glutamic oxaloacetic transaminase. *Glutamic pyruvic transaminase. *Glucose. "Inorganic phosphorus. MKP,

Monobasic potassium phosphate.
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Fig. 3. Growth of four leafy vegetables in aquaponic system for 23 days. (A) MKP1, (B) MKP2, (C) MKP3, (D) MKP4. MKP, Monobasic

potassium phosphate.

A ET AlEo] 3 A 9 A== obFtofEy A&
golA= o Ho 4 S BESH oA Ul A% W=
HA 8= AL ZQ3HTHFAO, 2014). £3] pH:= A& 4o

Table 9. Nutrient concentrations in fish tank and vegetable bed of
each experimental group for 10 weeks!

Water quality Diet

parameter MKP1 MKP2 MKP3 MKP4
NO,N (mg/L) 490 514 475 449
PO,-P (mg/L) 42.2 42.8 42.8 46.5
K (mg/L) 135 142 146 164
Ca (mglL) 362 427 393 367
Mg (mg/L) 6.7 75 7.2 6.7
Na (mg/L) 255 261 240 241
Cl (mglL) 260 240 250  19.0
S0, (mglL) 420 440 410 380
Fe (mg/L) 0.0092 0.0148 0.0233 0.0129
Zn (mg/L) 12918 1.4392 1.3226  1.4265
Mn (mg/L) 0.0392 0.0270 0.0183 0.0161
Cu (mg/L) 0.0705 0.1325 0.1337  0.0955

"Values are means of 2 determinations. MKP, Monobasic potas-
sium phosphate.

Aol 7HE Fagt 84 F SR AR JUdd St
=, Aol A AAtE]= A0 7 itk ohd
(N, P, K, Ca, S ¥ Mg)2 pH 6.5¢4] 7.0 M 9lol|lA] & F==
L ubd w|gkgE2(Fe, B, Cu, Zn, Mn @ Mo)= pH 6.5 ©]
st A Ep7F 2 HER - pH W15 6.5 o= dAs)
I QATHFAO, 2014; Thorarinsdottir R1, 2015). E3F 0] F-2] 7
< pH 4.0 oJstoll A= AESHA] S5t pH 4.00014 5.0 €]
ol A= Ag7o] dofubA] grot AAbdol §laL, pH 9.0011A4 11.0
= 4d7%ol =11, pH 11 ool A= HARAI 7} @ gchal st
9l th(Thorarinsdottir RI, 2015). pH= A4S} 341} o & &
ol & Ao =, iy otol A opE AL 9l ZAk o &2 gk
= AAESE Aol Al a0l 2(HY)o] A/ = W A] pH 7} Hrof
A3l Zo] 4 St o] eet Akt 1ol of stz nl =
T Yy okE opEAke 2 H2lSh= Alat-S Nitrosomonas, Ni-
trosococcus @} NitrosospiraZ} Q) 1L, OFAARS AL © &2 Ak}
3= A|at2 Nitrobacter, Nitrospina, Nitrococcus®} Nitrospira
Z£E(genera)o] djaAolc}. dHEA © & Nitrosomonas 2 Ni-
trobacter®] AANS}E 3H4E =3)5k= pH H91= 6.001 4] 8.52
A A glom, ojgel ARt Hld2 =1 % %Al (autotro-
phic microorganism)©. 2 F7] g4¢Jo] I 2 sltH(Delwiche
and Finstein, 1965; AWWA, 2002; FAO, 2014). Lee and Lee
(2014)2] Ha10] o5 19729 F459 %A AAety S 4

oy,

> oo
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8Y5l= Arthrobacter sp.7} &A% o] F, W2 A7F X3 = of
Alcaligenes faecalis, Bacillus sp., Diaphorobacteria sp., Aci-
netobacter calcoaceticus, Agrobacterium sp., Pseudomonas
putida, P. stutzeri, Microvirgula aerodenitrificans 5-©] W7 5|
ATHAL SHYiT. S5F 4 AAe d 2714 SIS #71
AR o8 4 Al 270 FYUste] TAlof AAtsket
AL SRR ol A dofd 4= lom, e ab o] %13
B Fet R3] We| pHE| HSHE 3 YAl f-Alste] HAat
Sh 3 of dofu= At IS Al & 4= AL, 59
G AL 2F AAE 9 7o) thekste] of 2] FF4 |
A= et 58 9= WA i 4= = o] et
(Marazioti et al., 2003). ==3F Kim et al. (2015)¢] E11of o5}
™ Bacillus strains> 52 Q P % £ 2] 2|5h= A|AH o] &3
20 AAsh], Aot el o §718-E Auka 0z A}
31 55ick. @A) o} ol Y A4k Al 29| BFTES 2183 A7
ZFAE=E A Qlout, BFT 2ol A 3/ ¥ g njEEo] 4
2 welof 27 wof biofilmE FA5HA HIL ol 42| 4
A& AR 2 20102 XA xjo] 031 9lor, o] S Hekst
7] 91 ofa7] % R PR Aol elA Yk
(Emerenciano et al., 2013).

B A30) A9, pHE §7]59H48 S0 2% F 440z
Aastol 48 65 Rele BE AR 6.0 ofst] he
WGt 7|2 ofFolmy] Ak ZHsk=(Rakocy et al.,
2006; Rakocy, 2007) pH (6.5914] 7.0)=.th ] pHA}E)(5.189]
A 6.00)0ll 4] A=Ak of A dto] MR E| Lo oFS AT
oll= ZAI7F 1Tk Hybrid BFT W4]& 2|85t 43 2] 71
& 542 A4S g of whE TAN, NO,-N % NO,-N¢ #3}
ok frleka By S &, AW 3R E A& o r g
291 CO, & susto] =y AGA e ditet 3y 84S 5
A1zl e, ofof whet pHE= #4x3k3ATh NO,

SHE ofFfolA A 54 AT T jle @ v eE 94
A F- A= 9l 2, NO,-NeF TAN-2 54| of 718191t Kim
etal. (2015)> F5FFAHO AAitsh= = G FAlRtoll Bl sk
2do] Wolxitkar sk¢l o m, =3 G Al pH 6.0 o] 5t A
= 3ho] Ajselo] WAk} 3HY % Qrmujos opdtow A
o] o] rha 1, o)) mel AArele] 2% o o4 2715}
A| ¢F=t}al 31 th(Thorarinsdottir RT, 2015). L2} & A
oA Aif= 71E o] &= AdolsHA| iy otet Hiatdol &
Aol Akt ol AdolA AR FEFAER] 35
9] Bacillusol| ©|3t Aitel 3 3 0] Atz FS¥ e 59
A NH, (Y4 oheF NH," () pHeF 2 of uhe} 33
= o2tk 7 7] B Y] AAIE F AR YoM Eax(TAN)ZH
31 gteH(Purwono et al., 2017). NH 2} NH, 7} 2.5 o Fof| &
42 7b8 4 SIARE, v o] 23} hmUoKNH )7} B S|
7 Fele] ol Mok W] ¢k A olehA o] L3
o] H3}5 wl=NH," o] 2 Ht} A BEvs Fsh7] wizo]

Z
o
>
911,
o)
AN o

Hed - 4l

- 7]

o
=

fua

L A%

ox

o

X
MN

=

o 4 H 02 AlsHE ol ol glof TR Re] 29 ghmyjol
A ALE 15 mgL oo el S42 AU A0 914
B3 glon, thrite] A9 ol &5} Ejx] g gtmujole] o
458 0,025 myLol B3ako, 54 QA Gk &, 7], A
2P, Yshy 9712, T B4 SEE, 24, 29, <
& dl pHof| whe} 34 tF& 4= Jch(Avnimelech et al., 2015).
A A Y HEAFF A Y T8 F 2 Yot 5
oA w77 A& 2 A 4= U A itk FEyof
7} A pHAFEf ol A B]o]- 2315 ¢FE o} Hrt o] 231 Qi
(NH,"-N) &= % 2HPurwono et al., 2017)%]o] Lo}
/o] A7 wizolet AL Eth EC A|&2| 0.2 455

e F57 5 Aldoll= 7 A8l (hydroponics)of Al AR&-E]
= HR0.5914 1.2 slem)ol] =25k, Eee AASHA
2| E]o] A& ¥a]of| biofilm AAHE ¥H2FE] 2] 9Forct.

Lee etal. (2018)2] 9172 }o] ©J5h# BFT FA1 S 214
T OOl 2 AAbLA AL S A o] A
o] 50% HE= W BAlHo] Asieh. ek ofolzy A
Aol A H7Sh= pHE Y ApH /e = #-#5HH A hybrid
BFT 4& 44 Al A% 458 27] 52 914 7239 7
sste] 7] :3to] K5 W A ARl o] el WEAIR
W MKP37} fhiel oh et 528 24 of oty
o] Fa%t 2 S UEhaL Qlek

Hybrid BET oFol 4] 2 A4kl A A7 v 7]9] S A
AF B4 AT Yoon et al. (2014)0] B2t W] 7| (far eastern cat-
fish)2] &% U PCV (35.3614] 37.7%), Hb (9.0614] 10.4 ¢/
dL), GPT (626141 8.0 TU/L) L&) 1. Pi (11.46]4] 13.6 mg/
dL)R T} =& 222 211, GOT (67.2914 983 IU/L)= &
ALSFATE. Leard et al. (1998)2 =] 9FA1A o] A AMS-% chan-
nel catfish®] PCV H+t 4H2 21%, GLU 26.9 mg/dL, Na 134
mEq/L, K 443 mEq/L 121 CI& 120 mEq/Le} 213}
t}. Adedeji et al. (2010)-2 African catfish (Clarias gariepinus)
9] PCV Hat 4]+ 37.25%, Hb+= 10.10 g/dLe] 4FS e}
Wkl 5191 9™, Yelwa and Solomon (2016)2 African cat-
fish 90m}e] o] a2 =4 Hat 422]=Na 120 mEq/L, K 4.01
mEq/L 71231 C12- 85.14 mEq/Le] 22 713tk 31k 4
Sloja}A] oFAlo]| A ARS-El African catfish®] B PCV 4 Hb
= 217} 36.21904] 41.31%%} 14.86014 16.99 g/dLe] 7 2
A th(Akinrotimi et al., 2011). A AFof|A] 713 2 F N A
54 PCVeL HbE| F+ G0 % o] 52 T2 oA W Ak &
w23} ojopate vigle] gheto] Bk A oleh, ohA <l
o] A5 o] u]3) o] 5 3] gho] & AL e 3
O] A pH “Jefoll Al w71 o] AYA| ehAbg of] 2 8.7k Abagwt 5
22 SHAZ17] 18l 2ol 265 Autef Al e 3RS A
&2 AL7F rtE] ofok o Aofr}, TR Ko 79 Leard et al.
(1998)7} Haigh x| Hry @A 5] WA ehd 212 & A3 9
opgtoliy AJAR] W ARG 7t ot AU AR A A



9 M Y K =2 W 93 Aoz A= Er)

FA w7t A= o1 F A= AR B 2714
7R S5 QP4 F 25309 A& 7|7to] —"]_Q_o]-E]— B Nol
Ao A AT 452 7] TH Y] & 23U oo 2
7] 4340 7158 AR R A4St ol ol R o] iEAlE )
MKP#H 77} oftobizd A ARg<= f PeF KO 215 A4
A =AML} SAFSF GH B AR 0] 7153 AABl= A
08, FF LS Y Fe 3718 WAl R 2 FuaTH H 49
W3} ol FLolE U A AR Jfdbo] 7158 A o2 AlmE ) of&:
2 Al Aol A A&2.2 A= hybrid BFTS 483 A pH of
Fopru s YAHHHL RAS 7]9te] 2 H = ofFobEy 2
A AE0] A|AH] Wl 9o o] B2k BLA|E |5} 4= 9l g4
Boz of=d lo|u], F5 A&l ATE B3 i Asiet
T ool Y 28 SYshs sol7lo] S B o 4 UL
o2 olagch,

N

=

Al AL

B AT SUSMAERY Ao SYAET]47]3
B7helo] SAEAR] 7147 o] A 918 wop &
Uth@A M 3 118049-03-1-HD020).
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