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Abstract

Conducting aquaculture while achieving the two objectives of maintaining a natural ecosystem and
sustainable aquaculture can only be achieved when a production system with minimal ecological impact on
the natural environment is used. aquaponics to achieve this goal can reduce the amount of water used in
the aquaculture process and improve the recycling rate of abandoned materials and nutrients. This enables
the combined production of a variety of fish and vegetables compatible with environmental sustainability.
In this study, we aimed to examine the applicability of Aquaponics to contribute to the sustainability and
environmental protection of the Korean aquaculture industry.

The development direction of aquaponics shows two trends that focus on improving RAS technology
and recycling nutrients that produce a mixture of fish and agricultural products. Both trends contributed to
environmental sustainability. The potential for future breakthroughs in waste production and removal in
feed production can further improve the sustainability of fish and agricultural production in aquaponics. In
this study, we have studied the changes in the growth of each species, the number of fish, the number of
fishes, and the number of breeding, and it has been shown that various wastes(nutrients) derived from fish
are a major component explaining the ecological effects of aquaponics. Based on these results, there was
no significant difference in the growth of carp in the aquaponics cultivated in Korea, but the growth of
lettuce absorbed the nutrients generated in carp cultivation and increased by more than 15% Respectively.
Therefore, we expect to be able to utilize aquaponics industrially using various varieties in Korea.
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AGA FARAN AgFA PR Yol
(Cyprinus carpio L) & ©J% 101.4+17.1g9] 70
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olAlolE R A3 X v} A (Lactuca sativa L.)

3x3cm 2~FA] Egolo] dF ste] 277 1

oil(squid oil), Mineral Premix,

Coline ChlorideZ A}-&-3Ft}.

Vitamin premix,

<Table 2> Nutrient mineral element composition in
the experimental diets

#2844 @ F Apgac mren BerL
P 13,450
2. AEAIZ K 3,611
) ) Ca 21,930
A3 AlRE doll Y eaFe 1Hd Mg 3,181
AR S  AlFsto]  ARR-SFSATH<Table 1>, S -
<Table 2> #%). 15; ‘1“1‘;‘
<Table 1> Ingredients composition of the Cu 156
experimental diets I\Z/In 236
(o]
Ingredient 2/100g
WhlteSFlih meal(Rluss1a) fz 3. £20| M2 AISS L QoUA A
oyocan mea
Wheat  flour 27 Porks Al Foll mE ARG W G ¥

Feed oil (squid oil)

Vitami premix

Mineral Premix

Coline Chloride

Total 100

* Proximate analysis(%)

Crude Protein 40.73
Crude Lipid 10.51
Crude Ash 8.59

* Dry matter

1) Vitamin premix(mg/g mixture) : retinol acetate, 0.81mg;
cholecalciferol, 0.012mg; vitamin E, 22.5mg; vitamin
K3, 2.5mg, thiamine, 5.5mg; riboflavin, 10mg;
pyridoxine, 6mg; niacin, 37.5mg; folic acid, 2mg; biotin
0.05mg; inositol 50mg, All ingredients wrer diluted
with alpha-celluose to 1g.

Mineral premix(mg/g mixture) : Mn, 3.2mg; Zn, 3.2mg;
Fe, 3.0mg; Cu, 0.36mg; MgSO4, 100mg; KCl (47%),
60mg; Al(OH)3, 1.06mg; Ca(I03)2, 0.475mg; CoSO4,
0.475mg.  All  ingredients were diluted  with
alpha-cellulose to 1g.
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[Fig. 11 The multistage type of aquaponics system
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Spectrometer, NexION®300X, USA)E AM-3}Sit)
e A A oA "?‘*—43 oA E st
of AAskela, JdE 18 AAVIE st 7
sto] M-S Q*]é}‘?i‘:}.

Plasma

Oii'“ %7@ %PEJT'LQ_‘ }\Elé‘j /\]7_(']- ?_(];1(:]_:‘1]_ %—_,E_,’_ _’E,'z‘_ ]
AAER o, EH 2 2443F F¢ AFojEs A
A AR, %ﬁ% 17w} A (AQUI-S, New

Zealand) 200ppmO. = NFA|A ZF AdFzx d
A EQ *éxo%, NEEs 5 AEL Y9

A%, A, A, Aes S8l
HAEA 54 F5 ST AOACH(1995)

of b Agkrhd Rz
halogen moisture analyzer,
SRS ZYsgon, 97, A%, 95
j =
3

= EErABR e A L EE(Rural

FE5%37I(HR 73
Switzerland)=  ©]-8-3}
, fulol

Development

- 1228 -



ofFotzHA 2 TIs

Administration, 1974)° gAl® HPHO 2 AA|Sk

Atk

8. SAAE]

AT ARl FAIMEE= SPSS(SPSS  ver.
17) programs A}-4-3}0] Compare means analyzes
AABr o, Z4 A3 Descriptives #4313
©1, One way ANOVA tests £3Fo] Fo 71
Folge
1995)% 743kt

Duncan’s multiple range test(Duncan,

m. Zz 3 nE

e
oA THE FoAlEE Aol For dEA
ST} Rakocy & Hargreaves(1993)el] ¢]&t™ o+
FA oA WA E = thFdast vEdaid
£%% x}o]7} LERLFAL, Chughtai(1995)2] €170
oletd Fof wel FAES] A 2 IS F
F7F Wigtekes ddo] Yehe ZloE B alE o]
Stk o]# et AFES HlY O =Z Jones & Benton

(1997)4} Simonne et al.(2001) 5= OFFoFxEY X
= g sst] feiMe Fol WE A ol
o] trHE A4S Fake]l AR el Ak
Aol Bad FJFkaSol & Byl ofA

)

2 AFIME opFolEy o] H-8d o]
F4E 24T A po] weh gEkela
Fdao $EFY Aol dERia 3igler,
e Aol g Fo Ygis dFE £
grelo] ASITH<Table 3> Fx). o= F&ol uf
2 AR o] kel A Wt R s,

olof wel Auie = e FAES] Vgl U9
zho)7F WA e = Q) S AJAFSHH, ESH 0]
sobdel Wk ARG W P, Ca ¥ Mn 0] T
7Vl AES YERRla, Ca, Fe, Cu ¥ Zna

e E8 HEe] S8kl

Mol et o7

<Table 3> Changes in Cyprinus carpio L. breeding
water nutrient position when the water
temperature

Water
temp.

20C 25T

Position | 'AB | SE | ’EW | 'AB | °SE | ’EW

N (146 | 43 | 81.1 | 139 | 53 | 80.8
P | 578 | 01 | 422 | 496 | 0.1 | 503
K | 521 ] 08 | 472 | 553 | 1.0 | 438
Ca | 403 | 386 | 21.1 | 40.2 | 31.8 | 28.0
Mg | 113 | 62 | 825 | 105 | 7.7 | 81.8
Fe 19 | 152 | 829 | 1.6 | 272 | 712
Mn | 1.7 | 8.7 | 156 | 1.6 | 77.7 | 20.7
Cu | 12 | 141 | 847 | 10 | 16.6 | 824
Zn | 18.0 | 429 | 392 | 179 | 464 | 357
Mo | 125 | 0.8 | 8.7 | 133 | 1.0 | 858

(%) swemnN

'Accumulate in the Body, 2Solid Emissions, *Elution in
Water

ojH ¥ o webd fAe wE P
E7F g o2 Auistaat sk sAHE
of mepA FeFrel fAe e o8
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o]._?uo].ﬁu/\‘:‘ /Kl‘j/\éxol— 1;4 \l Al jr/].% 1—61-
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&4 WI=E %ﬁﬂ% o] FQstth JAF
Aoz d A9 F2 N, P W Ko Wdlof of
3| A (Rakocy et al., 1992, 1993, 2004, Gonnella et
al., 2004, Daniel C. et al., 2010), 371} 313
FE dde=m g AFeAs Ats ol xEEH

kv

0

A = A7 g9l SE AQE N, P, K,
Ca, Mg, Fe, Mn, Cu, Zn % Mo & YHA 107§

o] el Y3 AFRII} o]Fox i 9k
(Seawright et al., 1998, Singh & Uehara, 1999,
Choi & Lee, 2001, Prakash et al., 2003, Karimaei
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<Table 4> Cyprinus carpio L. growth of a 4 week

02
i
>

<Table 5> Lactuca sativa L. growth of a 4 week

changes in the aquaponics and general changes in the aquaponics and
breeding hydroponics
4 weeks after 4 weeks after
Growth :
factor Start Aquaponics General Aquaponics
duap breeding Growth (Cyprinus Hydroponic
Total 206.1 factor Start carpio L. + (Lactuca
’ 212.8+14.4a | 212.3£10.4a i .
length(mm) | £12.1 Lactuca sativa  sativa L.)
. L
Body L9 s 31160 | 17332106a )
length(mm) +11.4 Leaf . b
Bod 465 number 7.5+0.7 23.242.8 19.5+0.7
ooy 2| 5194392 | 51.6429a umbe
height(mm) +8.7 Leaf
Body 28.7 107.7 2 b
: 30.1+2.8a 29.1+2.8a length 1107 250.9+1.6 261.142.0
w1dth(mm) +39 (H][ﬂ) .
Total 014 1142222 | 1215482 Leaf
weight(g) | +17.1 iath 002 1338404°  127.746.0°
Disease No No No W +20.7 o T
SR(%)1 100 100a 100a (nm)
WG(O%)Z - 19.43a 19.82a Leaf area  6,535.7 34,004.2 33,646.5
LGOw)3 - 3.26a 3.0la () 425784 9645 +837.9"
SRG4 - 0.82a 0.84a
FI(g)5 - 62.04a 64.69a Total
FE(%)6 - 31.76a 31.07a weight - 5.5+0.5% 4.9+0.0°
Data are mean+SD. Values with different superscripts are (2)
significantly different (P<0.05). Moisture
' Survival rate, > Weight gain, > Leanth gain, * Specific content _ 89.1£0 4 92.7+0.3"
Growth Rate, ° Feed Intake, ¢ Feed Efficiency rate (%)

AR ol w2 Joje] st gl A
T Yoty fJste] ofFropr gt
Siate] was AASHla(<Table 4> 3
), & A7, Jole] st 8l A A
opFtolz Y2l FPFA Yol Aol
Moz YeERIA  Aokth(p<0.05). Avid
e oAy 5o st gl Ay {7
Lot 7] flsto] opFrolE et a1y Wi A
A ere] Bl AAIE AIK<Table 5> 3
), oFFelE Y el A 2] Aulgt sy x| ut
73 Auel il kgt A<l
= A 9, duol,
=7 e T (p<0.05). 378} %
F obFotE el e ATt frelHes v

e tH(p<0.05).

o rr N > o
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0 2 do A

BN

Ab

2 oo
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o KU ¥°
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Data are mean+SD. Values with different superscripts are
significantly different (P<0.05)
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Al(y=17.059x+14.717, L} =3
Mg T3 23 Ao w FEANS UEhston
AAA QD 71 (y=3.701x+ §

JER LT,

<Table 6> Changes of nutrients in aquaculture
water in aquaponics for 4 weeks
combined with Cyprinus carpio L. and
Lactuca sativa L.

Nutrients Experiment period (Days)
(mg/ll)  Start 7 14 21 28

NO2-N 34 0.1 0.2 0.0 0.1

NO3-N 122 398 704 51.6 89.1

NH4-N 0.1 0.1 0.2 0.2 0.2

PO4-P 0.0 0.1 0.2 0.2 0.1

K 2.5 5.0 7.5 1.9 0.9
Ca 203 526 958 58.0 102.9
Mg 5.7 143 241 14.3 242
Fe 200 848 715 55.7 166.6
Cu 23 4.8 4.1 3.7 33
Mn 9.0 192 76.1 25.6 140.7
Zn 7.6 6.1 6.2 12.1 11.3
Mo 3.6 2.4 0.7 0.5 0.3

Fe| 7% A% A%
ST 49 =
(y=26.421x+0.445, R>=0.5919)31= FAHE ER)
Rom, Cux= A AIF ¥ Ad FE A A
3.6440.96mg/L  YEFSITE Mne 25 (HACE
S dAs dElgten, daFoE AR
of && Holgle ol TUREtE FA
(y=26.982x-26.82, R=0.6038)% ERATE Znd
A A 27 F HE AT W §F Bl F
7vstal R em, Mo AF AR F ghahshes

Z4(y=-0.867x+4.101, R>=0.8698)= L }EFJISITE.

olgh e AWE thEdre] e nmHAss
A7 BgIE FHPA} BF 4 BHo
Qg Ao o)

z
N,
iz
1o,
[i?{‘-ll
> =
1o
°
-y
°
kel
10
o [~
r2
-
il
2,

Gonnella et al. 2004, Wilson et al. 2004, 2006,
Michaud et al. 2006, 2009, Martins et al. 2010,
Schreier et al. 2010).

2 AFoA o AMSF Y 2ol ot
oA Apol7F UAA|NE AEo] HQI 11t Y4
Z SE A9 10572 FrEs°l BF &5
Hof Atk 53], & Fo] 7 B NI

PE AR UlolA s Eold S of Fol A
5402 283l (Naegel. 1977, Rakocy. 1989,
1995, Mackay & Tover. 1981), &iHEo] A& s=
o A YRR ol §H, FHoRE TP W
o] a73t7] wWitel ol FARE HAAA T @
o] WAEE N PO AT Zriel digh #4
AN L3t o]E o] &3t ofFolxz e
Ae] A&AQl AL AL 53], JAF] o

F g,

(Graves CJ. 1993, Morin, R. 2004). Morin, R.
(2004)2} Banas et al.(2008) 52 Aol wEH
ololue] REG YA FAGS B

Hom WAsh: g A, 53 GARE A
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