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Abstract

This study investigated the effects of dietary monobasic potassium phosphate (MKP) on the growth of
gold mandarin fish and four leafy vegetables in a hybrid biofloc technology aquaponic system (HBFT-AP).
Fish were fed a type of a dough mixed with water and mash diet containing MKP (MKP 0.0%, 1.5% and
3.0%) for 8 weeks. The experiment was designed to stabilize water quality using diet without MKP for
1-4 weeks and examined the effect of the three diets on productivity of the fish and leafy vegetables in
the HBFT-AP for 5-8 weeks. After the 8-week feeding trial, the growth factors of fish fed three diets
were not significantly different (P>0.05), but hematological factors (hemoglobin, inorganic phosphorus and
potassium) were significantly different (P<0.05). Inorganic nitrogen compounds and phosphate were
measured six times a week using reagent measurements. The TAN (0.12-2.12 mg/L), NOs;-N (9.0-23.7
mg/L) and PO4P (6.12-25.80 mg/L) levels increased with time, while the NO,-N level remained below 0.1
mg/L. MKP 3.0% group had a higher leafy weight (g) in 3 kinds of cultivar (caipira, manchu perilla leaf,
ezatrix ) compared to those of other groups (MKP 0.0% and MKP 1.5%). The present results suggested
that dietary MKP could improve growth of leafy vegetables in aquaponics.

Key words : Siniperca scherzeri, Monobasic potassium phosphate (MKP), Aquaponics, Vegetables, Hybrid biofloc
technology (HBFT).
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<Table 1> Chemical composition of commercial
mash diet] for Japanese eel (as-is basis)

Composition %

Moisture 8.22

Crude protein 59.07

Crude lipid 5.18

Crude ash 13.42

Crude fiber 0.40

Ca 2.72

Total phosphorus 1.85

Composition ppm

Mg 2,788

Fe 490

Cu 16

Mn 38

Zn 410

K 5,295

'Manufactured by Cargill Agri Purina Ltd., Korea.

<Table 2> Total phosphorus and potassium contents
in the experimental diets'

Composition ~ MKP 0.0% MKP 1.5% MKP 3.0%
Total phosphorus
%) 1.54 1.71 1.97
K (ppm) 3,900 5,800 8,200

'Walues are means of 2 determinations. MKP,
monobasic potassium phosphate.
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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
rearing 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). Three experimental groups were
composed of two replicates each (right).
Lee et al. (2019a; 2020).
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<Table 3> Growth performance of gold mandarin fish (Siniperca scherzeri) fed the experimental diets in

HBFT-AP for 8 weeks'

Diets
Growth performance P-value
MKP 0.0% MKP 1.5% MKP 3.0%

Initial average weight of total fish (g) 231.9+£37.9™ 232.6+61.5 235.0+59.8 0.964
Final average weight of total fish (g) 257.3£61.5™ 258.4+52.7 263.2+40.6 0.884
Initial average length of total fish (cm) 26.6+1.4"™ 26.5+2.0 26.4+2.4 0.896
Final average length of total fish (cm) 26.842.1™ 26.8+1.8 26.9+1.4 0.961
Initial average CF® of total fish (cm) 12.240.8™ 12.4£1.0 12.6£1.9 0.419
Final average CF of total fish (cm) 13.2£1.9™ 13.3+1.1 13.4+1.0 0.771
Feed intake(g, DM) 1,071 1,071 1,073

WG (%)’ 10.97+0.98™ 11.09+0.38 12.00+0.32 0.359
FE (%) 40.35+3.11™ 40.92+0.88 44.65+0.51 0.184
SGR (%/dy’ 0.21£0.02"™ 0.21+0.01 0.23+0.01 0.385
PER® 0.73+£0.06™ 0.77+0.03 0.81+0.01 0.422
DFI (%/d)’ 0.52+0.00™ 0.51+0.01 0.51£0.01 0.270
Survival rate (%)* 100™ 100 100

'Walues [values of fish weight (g) and fish length (cm) represent means + SD of two replicate individuals. CF, WG,

FE, SGR, PER, DFI and survival rate represent means = SE of two replicate individuals] with ns superscripts are not

significant (P>0.05).

*Condition factor = [fish body weight (g) / fish body length (cm)®)] x 100.

*Weight gain (%) = [final weight (g) - initial weight (g)] x 100 / initial weight (g).

*Feed efficiency (%) = wet weight gain (g) / dry feed intake x 100.

’Specific growth rate (%/d) = (Ln final weight (g) - Ln initial weight (g)) / experimental days x 100.

SProtein 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 days x 100.
8Survival rate (%) = final fish number / initial fish number x 100.

HBFT-AP, hybrid biofloc technology-aquaponics. MKP, monobasic potassium phosphate
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[Fig. 2] Change of water quality (DO; dissolved oxygen, pH, water temperature, EC; electric conductivity

and turbidity) in HBFT-AP for 8 weeks.
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Lee et al.(2019a, 2019b)> HBFT-AP A] A%l
Aakzl gHgo] 54 o7 TAN % NO-NS A&
o7 Arsdh, NO-N2 0.1 mg/l ©|8+2 A
aklth ol gt o]f= A pH e+
ATt HArst 5
FAlto] Attty -&
t}. Robertson et al.(1988)=>
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AHBHE TAN 2 NO;-NS X|&H o7 53t
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(Purwono et al., 2017)%o] 4R
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<Table 4> Growth of four leafy vegetables in HBFT-AP for 26 days'

Species Growth factor Diet P-value
MKP 0.0% MKP 1.5% MKP 3.0%

Leaf No. 27.0+4.1™ 27.743.8 27.4+4.8 0.826

Caipira lettuce Leaf weight (g) 98.5+21.6" 94.7425.4° 112.0+£20.1° 0.018
Lactuca sativa Root mean weight (g) 6.5+1.5™ 6.9£1.6 7.242.0 0.412
Leaf length (cm) 17.5£0.9™ 16.8+1.9 17.4+1.2 0.177

Leaf No. 46.9+8.8® 49.9+8.9° 42.0+8.3° 0.004

Manchu perilla leafy Leaf weight (g) 48.2+13.50 52.1+16.3° 64.6£22.4° 0.002
Perilla frutescens Root mean weight (g)  20.146.9° 19.4+5.9° 34.5432.4° 0.006
Leaf length (cm) 38.7+4.5" 38.8+4.9 41.4£5.6 0.083

Leaf weight (g) 39.6+9.4° 34.9+7.9° 55.8+21.4° <0.001

Zj;ru‘; v Root mean weight (g) 4.0+1.2° 3.8+1.4° 5.442.0° <0.001
Leaf length (cm) 13.8+1.3° 14.6+1.1* 15.1+1.7° 0.002

Leaf No. 34.943.5™ 33.143.8 32,5439 0.053

Butterhead lettuce Leaf weight (g) 79.6+20.1™ 76.2+13.6 85.4+20.1 0.178
Lactuca sativa Root mean weight (g) 6.2+1.1° 5.7+0.9® 6.6£1.5° 0.013
Leaf length (cm) 13.0+1.1™ 13.340.8 13.0+1.1 0.345

'Values (means £ SD of individuals) with different superscripts in the same line are significantly different (P<0.05); ns,
nonsignificant (P>0.05); HBET-AP, hybrid biofloc technology-aquaponics. MKP, monobasic potassium phosphate.

- 852 -



Atz W LoldZHE $F0| Hybrid Hio|2EZ2h O 0tx2

4Bo| MANT $E

<Table 4>°] A¥E AR, Flo]d]ete] 7
T+ ATHFS MKP 3.0% @64?7} TR 5
S Aol YEREOLKP<0.05), A, e FA
9 g doldA= fFoF Aozt glslth
(P>0.05). A2l A9 MKP 3.0% A3T7F
Aol v AHFHMKP 0%, MKP 1.5%)°]
Hla W gke dehdidoy, 95 2 A
Aol A Fo4 #2 s EATHP<0.05).
OJAHEY A MKP 3.0% A3TF RE e
JAelA ezl e dERsle
(P<0.05), HH3 == & rﬂ FAE At e
AZTeA  frefet Holx itk
(P>0.05). FAMYEF 2l=0] A k2 W Al
Hi ofFolEYA A AHOME & %o A
g%% ;\g%ﬂﬁ 6‘]—7ﬂ 1,H x%x% l:ﬂ,ﬂi %X]{g]._‘:;
2L FQ3H(FAO, 2014), 53] pHE A& A%

Wl M Fosk 94 F SR 9

%% (macro nutrient %!
of AAow JeFs H|ZITHFAO, 2014).

=0
3L

(ot

&
oﬂ,

mlo{v Jz _1

o
=
micro nutrient) &

g
il

=
S
p=h
.

S A|A"” W] 8#AA712|(Siniperca scherzeri) %X Y&
wslof 0% Ha

TolA pHE §7184E Zdsty Fre4d9

p yul
COF FTE ITAA ASA0R dad 4

& AFa} 17%&
upe} 2] %
01:1:] /\475)1-
([Fig. 4]).
AT 4 71ZK5-8F) B9 HBFT-AP Al A
e 9Ud(Na, Mg, K, Ca, SO4, Cl, Fe, Zn,
Mn 42 Cu) ¥4 AZ}= [Fig. 5, 6]°] HERASITH
O35 (macro nutrient) 6% 5 K& QA7 A
A FR FEF) 2716F)el nlEl A~
v =7t 3HH oY et Wk A 5
B 5 QltK[Fig. 5)). "EHE
6.0 LA FA == 757
5 ﬁiﬁ% e YERSaL
A9 7HA MAE] FTbE = 7

N
)
i)
a
=
e
>
d
I:FU

[Fig. 4] Growth of four leafy vegetables in HBFT-AP during 5-8 weeks. (A) 1st week, (B) 2nd week,

(C) 3rd week, (D) 4th week
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[Fig. 5] Changes of macro nutrient concentrations in HBFT-AP 2, 19 and 27 days after transplanting leafy

vegetables.
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[Fig. 6] Changes of micro nutrient concentrations in HBFT-AP 2, 19 and 27 days after transplanting leafy

vegetables.
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<Table 5> Hematological analysis of gold mandarin fish (Siniperca scherzeri) fed the experimental diets in

HBFT-AP for 8 weeksl

Blood parameters Diet p-value
MKP 0.0% MKP 1.5% MKP 3.0%

Average Fish weight (n=4) 265.53+9.8™ 267.43+4.74 256.65+10.43 0.229
PCV (Hematocrit) (%) 42.00+2.94™ 46.50+2.89 45.75+4.79 0.228
Hb (g/dL)’ 11.30£0.37° 11.75+0.29° 12.63+0.40° 0.002
GOT (U/L)* 35.75+7.89" 34.5045.57 36.75+6.24 0.892
GPT (U/LY 14.00:£2.94"™ 13.0043.16 16.00:+4.40 0.505
ALB (g/dL)° 0.90+0.18" 0.9840.15 0.98+0.22 0.811
GLU (mg/dL)’ 78.75+8.26™ 78.5043.70 75.00+5.48 0.639
Pi (mg/dL)® 9.50+0.55¢ 11.88+0.40° 12.93+0.46° <0.001
Na (mEq/L) 129.75+2.22™ 131.2542.22 130.50+1.73 0.608
K (mEg/L) 5.90+0.70° 8.75+0.74° 12.48+1.62° <0.001
Cl (mEq/L) 77.50+3.42" 80.50+3.11 81.00+4.69 0.408

'Values (means + SD of four individuals) with different superscripts in the same line are significantly different

(P<0.05); ns = nonsignificant.

PCV, packed cell volume. *Hemoglobin. *Glutamic oxaloacetic transaminase. ‘Glutamic pyruvic transaminase.

S Albumin.
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