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Abstract

Aquaponics is a complex cultivation system that combines aquaculture and hydroponic cultivation in
agriculture. Many of today’s coupled aquaponic systems (CAS) circulate water and nutrients from fish to
plants to fish, but it is not always guaranteed that the fish preferences are completely aligned with the
optimum requirements of the plants. The aim of decoupled aquaponic system (DAS) which would better
secure optimal environmental conditions for both the plant and fish production units is to improve
sustainability and productivity concomitant with lowering environmental emissions. The study examined the
growth difference of leafy vegetables and Nile tilapia cultured in the culture systems between the CAS and
DAS for 14 weeks. Five cultivars of European lettuces, including volare lettuce (Lactuca sativa. L.
‘Volare’), skilton lettuce (Lactuca sativa. L. ‘Skilton’), ovired lettuce (Lactuca sativa. L. ‘Ovired’), caipira
lettuce (Lactuca sativa. L. ‘Caipira’) and ezabel lettuce (Lactuca sativa. L. ‘Ezabel’) were employed in the
experiment period from 10th to 14th weeks. After planting leafy vegetables in the two systems, leafy
vegetable productivity was compared at the end of growth period (32 days). The Nile tilapia (Oreochromis
niloticus) used in the experiment was 125 kg with a average fish weight of 24 g, divided by equal weight
into CAS and DAS. Feed supply was limited to 1.0% per fish body weight and supplied twice a day, and
the amount of feed supplied to the DAS experimental group was increased by about 20% compared to
CAS. In the leafy vegetable production comparison, there was no significant difference in the leafy weight
of the four cultivars (P>0.05) excluding the ovired lettuce cultivar (P<0.05) between the DAS and the CAS
experimental group. In weight gain (%) of fish, the DAS experimental group was effective in increasing
fish weight due to the higher feed supply in fish tank of DAS. Therefore, this experiment showed that the
DAS production method can provide optimal growth conditions for both fish and leafy vegetables.

Key words : Aquaponics, Decoupled aquaponics, Coupled aquaponics, Lettuce cultivars, Microorganism
L M e7b g5t glon, o Folut: &4 ¥
Aok Ak FHe AP &S vAH, ol
R SRR QA eA, A Fel I T g gy nxoz qd A2 R @ FS 449

* Corresponding author : 031-8008-6510, leedh27@gg.go.kr

- 951 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2023.10.35.5.951&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

B1Q1  oFFtoFaE Y A (aquaponics) 7t I E ST
(FAO 2014). opFrolEg i FAgA T 5919
TR A BTN AABOoR, FAbE
1, AT )9 AR AES 98 v
¥ Holrtz)zh mAE g3 74F FrlEY
Ader Fa W AEE AE Aol A o
FaE FaetuA o] A Hyste} A=A
e olFAAA o] ARG wEHglo] A&

2 SRS AN 5 Qe AE Ay

o
HO|THFAO, 2014).

TAHQ ofFolFE YA A]AEIQL CAS (coupled
aquaponic system)i= AT FAAMA] &5
7 E£FEHE JHE, ¢ 4% 2 AE BF F
At 7 FHE Freth(Rakocy et al. 2006).
weha] o]H 3 AIAEL WIEA] FEHE FZH
Al =7 ojgk dEte] HQsttt v i
H o ofFotxrd A AJAEIQL DAS  (decoupled
aquaponic system)™= 2 oAF ¥ AEo NH A

e AeE 5 Qe 29 ¢4 2 23

20 E JgE

o] FARAE Aoshs ZoR, Biv|eh AE
T5olA HAe A 27AE A FTHGoddek
et al., 2019).

DASE o FellAl Arteolxl 13 9 IAA
QAES AEA AR By A HE FAo
BEF SR ¥ JYRE HEe]l F
&g

St J|AA E= ghehA] AYE sto] A

2 855 HUA 9k casst P &
2ol L A AA L] & A=A el
A A 8-S e gl o AMSARE S8

A kEtheE Zlolth DASS] FAME Y9 A&
A A = 7lEE @42 aklel o A
of ZAZE A B 74 AAHe P Q4 s
st 74 o4 AwAQl Ale] 9 g84
= U 3, Heol FAdE AE
&4 9 AYH o9 AR e dAE 558

o

& gle.

AA7A U ofFrofxr Y xe] tith A=
CAS Al2Hle] 7Ikste] 55 218 FotkLee
et al,, 2019a; Lee et al.,, 2019b; Lee et al., 2020;
Lee and Kim, 2021., Lee 2021; Lee 2022a), DAS
Al 2sFle] At ob] ghdto] AHA ok gl
U Lee(2022b)= HITYol S o] &3 A7 A4t
ofFtolaz e A Ao A CASSH DAS AAES 4
g3kl DAS AlAFlo] HlgYoo] FAE F7F
4 ol FAd e Fede AASHTh

g}y oltilapia)= A MAIFOR FAEH= o
2] AlZYE Fo duk o]F2o® 19901 379,169
oA 20209 6,100,719 22 A AA A7 A
Aol AEA o Frtekal Qlom vhekdh ok
gdfujol & FollA Holzezhrl dabAQl v
2213 oK Oreochromis niloticus)= F2 o 714 &
o] AFg-¥ = Fo|th(Fracalossi and Turchini, 2022).
T3 20201300 4,514,615E0] AJakel U Dty
ol Al A AAFCE A WHAR Wo] kA
T Ol E, 74/l AdlA AAko] o] FoiA]
o FHo A T 12414102019, 1%y

Alob 1,172,633%, ©|XE  954154%, HebH
343,596%, El= 205,971% <°]THFAO, 2022).
2022 =ul uieE ofF AA A QA

29,005=0|m, gepujol BAES 198 ECE A
Y oA 0.6%E xS, 20061
272%0] wlE) ¢k 13 7bE 7FAEFTHKOSIS,
2003).

T¥oa 49l BFT £9 =
F20] 30C oS d97lE A¢7h WivetA B
Asta oloH, &4 oFd o %!
Sl A AdHAE @A 4= Qloj(Meuwis and
Heuts 1957) &% & #7/t o3 TAZ O
T Aow Awdc)

gdetgols o offE AS HE 0]
25~34CZ(Xie et al, 2011), A4 el AAat
ol Aot 7| FWste] upe} A7) ooy

- 952 -



Coupled Agquaponics & Decoupled Aguaponics A4
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1o gatglolE o] 3k oo}
2EI(CAS vs DAS)ZF o} 2 A
owdt JFe A=A o]
Ul DAS A28l o] tigk 7]
shara} skl

PeEN G R 2 [
o,
>
2%,
2

Aol AHEE AlEE oAb AR W) AR
(2.2~3.5 mm) Supercat F-GR (Cargill Agri Purina,
Inc. Seongnam, Korea)E ©|&3} oM, Al5 9]
A AL <Table 1>%} o},

<Table 1> Chemical composition of the experimental

diet'
Composition Diet
Moisture (%) 8.1
Crude protein (%) 452
Crude lipid (%) 7.8
Crude ash (%) 9.3
Crude fiber (%) 24

'Values are means of 2 determinations.

2. AAgl 7Y 9 29

Ao Abg" CAS 9 DAS AIAEIS
Lee(2022)9] o] AFelA] AREH A ABROR
A FAEE [Fig. 1, 2]9F 2th CAS AAES
TAEE oF 985F@w@ 45 m x H 0.7 m) 1
A, AZFZL2.0mx W 10m x H09 m) 1
M, 25 xR AEHIZAL 29 m x W 0.6 m
x H 0.1 m) 207l, 680 Lu}o] &= A o 3}7](Isan
M Tech. Ltd., Korea) 171, Y328} 2 EW=X]
o & £3s s Y”‘E(IS HP) 17}, o1& +%
BFT A& fst Wl oo 335 AA" <38
HZ(1.0 HP) 171, 45 HE=A] sicte] 9 FHE&

WA 2 YT 4% blm

%t e 402 FAENS A= A 2
= W= 1 & 45702 F 90071] AEIAIE A
H3lon, Az ¥EHE & F9 PVC WjuE
A& 25 mm, HH‘I‘ w2 A 40 mmE AFESt
R, HE FHFHo] ofF ASF2E FEHs
w7 25100 mmE AHE-SFSITH
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[Fig. 1] Water flow in CAS (coupled aquaponic

system) (A) Goddek et al. (2016), (B)
compartments and water flow of the
experimental design, fish tank ($4.5 m)
— sump tank (2 X 1 m) = pump (1.5
HP)—biohelixfilter (680 L) — vegetable
bed (2.9 x 0.6 x 0.1 m, No. 20) — fish
tank. ETc, crop evapotranspiration; HP,
hydroponics; RAS, recirculating aquaculture
system.

CAS?Jr v Al AHES DAS AlAFS] T
Q5 [Fig. 219 YeERASUTE of 7 ARSA 9 2]
%XHHHXl T4 CASSE o} o] FoA Ay
v EYAE SEAI™HCEE 50 m, WEY
200-300 L / 19)3 & A=Z5 53l &4 &=
& Al 4309 x 1.1 x 1.5 m, Seungwon,
Co., Jungeup, Korea)®™ E%}

£oAE FAW F, 25RO
=(Bacillus  subtilis, B.
Pro400x (AqualnTech, Inc.,

Ll Ea Y
licheniformis) =2

Lynnwood WA, USA)
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[Fig. 2] Water flow in DAS (decoupled aquaponic

system) (A) Goddek et al. (2016), (B)
compartments and water flow of the
experimental design, aquacultre [fish tank
($45 m) — sump tank 2 x 1 m) —
pump (1.5 HP) — drum screen (water
passing through) — biofilter (400 L) —
fish tank ($4.5 m)], hydroponics [drum
screen (drain water) — septic tank (0.9 x
1.1 x 1.5 m) — vegetable sump tank
(0.5 x 0.8 x 1.1 m) — vegetable bed
(29 x 0.6 x 0.1 m, No. 20) — vegetable
sump tank (0.5 x 0.8 x 1.1 m). ETc, crop
evapotranspiration. ANRC, anaerobic nutrient
component; ETc, crop
RAS,

remineralization
evapotranspiration; HP, hydroponics;
recirculating aquaculture system
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Coupled Aquaponics % Decoupled Aquaponics A4t

3 A AE o AHE f-8u|AE A F<Q] BFT-ST
(EgeeTech Ltd., USA) 114 Lo} A3} njAE
A|E<! Eco-Nit (Ecotechservice, Ltd., Korea) 7.6 L
7 }%ﬂ&’iv}. oAF AN F 2% % B
Emerenciano et al.(2017)¢] ®Hell &3] A=
Firel WE £50) TAN B4 wRe] 9ol §

7] AA =S A ¥ CN6:1)H

QAT 44 olF 2 A¥FFE= AT A
S etste] A& AEA Ul pHE 6.0£0.1 WS
oA A= 319al, CAS Ad++= KOH

(Samchun Ltd., Pyeongtack, Korea) 40 g& pH 6.0
oJFE FHE A FUHAT, DAS AET

olF AgFZol= KOH 20 g2 pH 6.5 °o|at®
743 A, A& AjAel= KOH 5 g& pH
6.0 o]3}= o} bk % T8kttt DAS AT

o] AE AuiA Wl 27 e F=ell wet 3t
8l E-3MH] 5 (nitrogen 21 %, phosphorous 17 %,
potassium 17 %) 97H21(NAMHAE CHEMICAL
Co., Yeosu, Korea)= 1¥ 50 ¢ £ °o= Ad ¢
FHE g3tz Flsklh

FA FAL 15 63 AFsUoH, (0,
SEAAMDO, mgl), pH, 7173 %%(electrical
conductivity, EC; gs/cm), E}X(Turbidity; NTU),
TAN (NHy*NH#) (mgL), NO,-N (mg/L), NOs-N
(mgL) 2 POsP (mgL)E Z743I3Ath 2, DO,
pH, EC ¥ ®%+= F257%7]¢0 YSI PRODSS
(YSI Inc., Yellow spring, Ohio, USA)E ©]-&3}%]
=433tk TAN (mgL), NO,-N (mg/L), NOs-N
(mg/lL) ¥ PO,P (mg/L)> A A]%KNitraVer”X
Reagent Set 2605345-KR, Low Range Ammonia
Reagent Set 2604545-KR, NitriVer™3 Reagent Set
2608345-KR,  PhosVer”3
HACH Ltd., Loveland, CO, USA)®} th&z 43
=747]9] DR6000 (HACH Ltd., Loveland, Co,
USA)= ©]&sto] HlAmor S48kt
8 N3 K (mgl), Ca (mg/L), Mg (mg/L), Na
(mg/L), Fe (mg/L), Zn (mg/L), Mn (mg/L) ¥ Cu

Phosphater ~ Reagent,

Al
2 u

WAl G2 HHFe 4% 8l

=] [e]
AL

(mg/L) FEATEe= B3EEA
(ICP-OES  Optima 8300, Perkin Elmer Co.,
Waltham, MA, USA)E ©]€3F32™, Cl (mg/L)
2 SO, (mg/L)= ©]>ZvFE 723930 Comact
IC Flex, Metrohm Co., Herisau, Switzerland)E ©]
g3k BT,
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I/ o
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QAT He 8o B
«

< w8 45 (no), FEFH (9), FAHeo]
(cm) 2 HEF A (g% A5, ojxd A
AT AR A g dodo] AqHY A«
= S4HA %}/\}'U} Uddetgjele] ojAF =
AL AT HF5 34 vad, 4 AEE F
oA F&F 2 AA vigeE gotste] AE %
A7} o] Foixl )
7. EAIMZ|

QA @@ T3 A S48 gAF A% do]
H(ET, 959, d9A4del, e 9@ vFd

% 6F(K, Ca, Mg, Na, Cl, SO»)¥ "4 45

(Fe, Zn, Mn, Cu) F2¥#4] x5+ SPSS Version

10 (SPSS, 1999) =z 3l ZE¥gk 1%

(ttestys o]&sto] At lom, FAEAY]
Ol ;L 5% (P<0.05)0lA A=At

m. 472 Axt

1477F Z13E CAS ¥ DAS ofFolxy AlA
g FAEA Ay <Table 2, 3, 49 )
A 2T oA EwUt o};<4§]_(<01
mg/L) E717HA 6577} 22533, TANS 7
ol YA T 12735 A9t DAS AFH T}
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<Table 2> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NO,-N, NOs-N and PO,-P) in CAS for 1-14 weeks'.

DO Temperature EC Turbidi TAN NO2-N NO3-N PO4-P
Oleuelod ek gy DA P A g
initial 8.83 7.87 231 1176 03 0.11 0.061 2.20 0.71
1 8.87+0.14 7.84+0.03 222404 1393402 3.21+1.34 0.64+0.11 0.057+0.003 1.78+0 31 0.72+0.01
2 8324041 7.83+0.02 225403 163.6£11.4 3744048 1.9740.54 0.061+0.002 0.87+0.42 0.71£0.02
3 8.24+0.25 7.51+0.22 22.740.1 197 5+13.8 1.58+0.83 0.3940.11 0.116+0.034 4.324]1.68 2.144+0.74
4 774027 7.04+037 22.4+0.2 22324126 1.05+£0.21 0.21£0.00 0.458+0.182 14364562 5464152
fish 5 7.62+£0.18 6.82+0.12 228403 27544152 0.84+0.11 0.0040.02 0.212+0.097 18644211 7.684+0.89
0 7.47+0.24 6.51+0.26 22540.2 31624138 0.89+0.00 0.08+0.01 0.104+0.006 23624224 9 23+0.67
CAS 7 7.444+0.12 6.23+0.14 22.640.1 367.2414.7 0.60+£0.12 0.2240.08 0.084+0.015 27.854£2.19 11.4140.61
8 738021 6.02+0.09 228402 411.3412.5 0.62+0.07 1.1240.64 0.008+0.011 33214321 13.98+1.01
9 7544012 6.04+0.03 22.040.1 453 8+12.1 0.57+0.03 1.5740.25 0.065+0.002 360.28+1.57 16.5241.36
10 7.45£0.16 6.02+0.03 227+40.2 496.5+14.7 0.73+0.08 2144031 0.077+0.003 30.80+] 36 17.68+0.62
11 732018 3.08+0.04 22740.1 546.7+16.2 0.72+0.02 2.08+0.22 0.059+0.009 423541 .58 19.2540.59
fish+vegetable 12 7.45+0.12 6.09+0.03 229402 39324148 1.12+0.24 1.9240.08 0.063+0.003 47.61£2.14 22.63+1.21
13 737015 6.02+0.01 22.840.1 642.3+16.3 1.37+0.15 1.9440.02 0.067+0.002 34.86+£2.52 2536+1.24
14 7.24+0.06 6.13+0.05 231+40.2 70254158 1424011 1.9740.03 0.059+0.005 61.24+£3.14 28314135

"alues represent the meanstSD of the values for 1 weeks: CAS, coupled aquaponic system; DO, dissolved oxygen; EC, electrical conductivity; TAN, total ammonia.

= lo

Foh



- /S6 -

<Table 3> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NC,-N, NO;-N and PO,-P) in fish tank of DAS for 1-14 weeks'.

Culture Week DO Dl Temperature EC Turbidity TAN NO2-N NO3-N PO4-P
method (mg/L) (1) {¢s/cm) (NTU) {mg/L} {mg/L) {mg/L) {mg/L)
initial 8.82 783 233 1174 03 0.13 0.062 2.10 0.69

1 8.00+031  7.860.01 25212 129.246.4 297=124 2142082  0.072+0.003 2211002 0.51£0.12

2 8.1140.24 7.91+0.02 255401 1427473 1.54+0.28 1.62+0.21 0.076+0.002 2.19+0.01 0.56+0.03

3 7.64£0.08  7.71x0.07 233401 162548 8 074011 0332012  032020.141 2.68+0.13 1.09+0.28

4 751012 7.64+0.04 258401 196.7£11.2 0512009 0122004  0.224+0.097 4.76£1.27 1.36+0.21

5 7.20+023 734023 PARESIN 23144164 0484003 009002  0.113£0.082 10.42+3.53 2.83+0.52

6 7.14+0.14 6.97+0.18 256203 21351177 0.49+0.01 0.08£0.01 0.081£0.012 17.38£3.24 33641 .84

(Fis?lAtink) 7 7.19+0.06 6.74+0.12 258+£0.2 318.9+18.6 0.47+0.01 0.13£0.06 0.077£0.006 22144225 6.80+1.11

8 7124004 6.5940.09 25840 1 3573£174 048001 021008 008520004 25768213 8.23£1.67

9 7154006 6.5240.02 257202 41244225 0482001 0242003 0.083x0.002 32544458 116441 .68

10 7164002 6.54+0.01 25.040.1 46234213 0494002 0.2320.01 0.091+0.004  37.4642.76 12.7441.09

11 7114003 6.584£0.02 251401 49724198 0484001 0262002  0.082+0.005 302111 64 14.2341.14

12 7084002 6.5340.02 258402 5246L168  051£003  025£0.01 0.086£0.002 39574112 15.66+0.98

13 7084001 6.554£0.01 23240 1 55124157 0494001 0212002 0.093£0.003 42.15£2.06 16.2340.64

14 7124004 6584002 25040 1 STR4E129 0532002 0262003 0.091+0.001 43.28+2.62 15944072

Walues represent the meanstSD of the values for 1 weeks: DAS, decoupled aquaponic system; DO, dissolved oxyzen; EC, electrical conductivity, TAN, total ammonia.

TR BF &R 2o loivR R Soluodenby psjdnoosq % soluodenby psjdnod
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<Table 4> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NO,-N, NOs-N and PO,-P) in plant bed of DAS for 1-14 weeks'

DO Temperatwre  EC_ Tubidiy  TAN NOXN  NO3N_ POAP
Culwwe mehod  Wesk gy MM (O Gsm o0 o) ) el )
mital 883 783 234 1175 03 0.1 0.059 219 072

1 832012 7845001 244401 1244536 0426004 274112 0.052:0.006 2874032 0.67+0.02

2 8344003 780£003 243301 1296221  047+0.03 2926008 006250008 21140.14 0642001

3 8474012 791001 232:04 1349228 054005 268:0.16 00740006 3532066  096:0.18

1o 4 86008 7758012 211:12 1528206  052:0.03 1576084 011260021 525:112 2324054

foiﬁie S 8581003 7674005 202403 1737485 053:0.01 1326014 00940012 5824026 2474006

DA 6 874016 7248023  195:03  1078+69  056:0.03 084024 00780000 657:028  254£0.04
(Plent Ded) 7 871004 6974018 101301 22374154  061:0.02 067016 00840004 035493 3134047
8 873001 664£026  192:01 27754253  0.65:0.00 0426014 007260008 1620385 582162

0 8774003 6524007 191201 3023168 0632001 035006 0076:0.002 2136221  775:0.49

10 876+001 6314013 191401 34124274  059+0.03 028:007 0078:0001 28274339 9514124

11 8774001 606:015 187403 3736184 0530.03 0496011 0069£0.006 3204112 12214137

‘;ff;tji: 12 876+001 608002 189401 42064332 056:0.02  0.62:0.14  0.067-0.003 35434162 13.48+0.53

13 8794002 605002 189402 46284260 054001 094028 0068:0.002 3886:221 16774214

14 870:001 606:001 188501  S03.44275 051=0.02 0826005 00710002 4211192  20.16+2.03

"Walues represent the means=SD of the valies for 1 weels: DAS, decoupled aquaponic system; DO, dissolved oxyeen; EC, electrical conductivity; TAN, total ammonia.
Results of DAS plant bed represent the water quality values supplemented with 50 g of commercially sold composite fertilizer (nitrogen 21 %, phosphorous 17 %, potassium 17
%) per day in addition to sludge generated from fish for 6 weeks to 14 weeks.

= lo

Foh



Coupled Aguaponics % Decoupled Agquaponics At ghalof 2 AxlFo| M H|W

CAS Ag T nls] AA7IzF &<t sE7F S
A = et

A= 44 A 5F7EA 2] DAS AT A=A
] Ul NOs-N (mg/L) 55+ 5.8240.26 mg/L, ©] 5
AFEAE] NOs-N (mg/l) &%+ 10.42+3.53 mg/L,
CAS A3 NO»-N (mg/ll) 5+ 18.64+2.11
mg/LO 7 FAFE QItH<Table 2, 3, 4>). A8 F&8
147¢] DAS A AEAA W NOs-N (mg/L)
FTEE 42.11£1.92 mg/lL, o1F AFEA S NOs-N
(mg/l) EEE 43284262 mglL, CAS A9
NO;-N (mg/l) FE% 61.24+3.14 mg/LOZ FA}
3tk DAS AP A dAF 94 27100
F) 153 EC 5%t 341.24274 ps/em, CAS 2
e 46234213 ps/em S WAL,
717H145) 9= DAS  503.4+27.5 ps/em, CAS
702.5+15.8 ps/em s VFERH QATH(<Table 2, 4>).

T AR 2 Ad 942 107 AFEE EC,
NO;-N % PO,P F%+= AF Aol A7t
e TR FAENeH, AAF P H(oot)
A FLo WHY20~25C)oll CAS AFT=
23 9], DAS AFG+= 19T U&= DAS 4
o] JAlF SEF 257 4T A% Wk,
A F& WA 1T Ax A FAE0G
(<Table 2, 4>).

A FE 147 KE X3S 6F
28} Fes X3 4579 vFdA
[Fig. 3, 419} 2t}

K 7% CAS 4 DAS AHF° pH FA=
A3 AEHoE F9J¥ KOHS dFo= thE
FFao] vd =2 FE e JEhloh e
CAS A7} DAS A&7 Hld K (CAS
170.141.2 mg/L, DAS 119.2+0.5 mg/L), Ca (CAS
322408 mg/L, DAS 21.4+03 mgL), Na (CAS
45.8£0.3 mg/L, DAS 19.6+0.2 mg/L) H Cl (CAS
61.4£0.4 mg/L, DAS 25.2+0.5 mg/lL)2 #te] <
SHAl A UERSTHP<0.05). vFEAl] B 4
£ (Fe, Zn, Mn, Cu) B5F 2 Ao #23t

2to] = UERY A EFTHP>0.05).

= =
48 T8
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r o

o
A

e
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[Fig. 3] Macro nutrient concentrations in two

experimental groups (CAS and DAS) at
the end of experiment. Values (means +
SD for two replicates of experimental
groups) with * letters are significantly

different (P<0.05). ns, not significant
(P>0.05).
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[Fig. 4] Micro nutrient concentrations in two

experimental groups (CAS and DAS) at
the end of experiment. Values (means +
SD for two replicates of experimental
groups) with * letters are significantly
different (P<0.05). ns, not significant
(P>0.05).

CAS 9 DAS A|&glol A Arkd dA7F 4%
%= ZAF A= <Table 5, 691 2ok FAF 4
2 A 5 ARTY 27 AT AAEEETE

o3
H

22 volare 2.120.4 g, skilton 3.3+0.2

ofy



ol =

0
Mot

g, ovired 1.840.3 g, caipira 2.3+0.1 g ezabel S5FFY FAF 12701AE F2E AHCIS 67
24+0.1 g2 FAFEQLAL (<Table 6>), 3243F 474 A, stk 671A)ste] AT A H I (<Table
T AYE A JFHES CAS AT 73210 6>), ovired lettuce FE(DAS 41.6+59 g, CAS
g, DAS A3 73370 g2 UEFTH<Table 5>).  56.9+4.8 g)2 A 2] (P<0.05)3t 43%F(volare lettuce,

<Table 5> Total productivity of five cultivar of European lettuce (Lactuca sativa) cultivated in CAS and
DAS for 10-14 weeks

Total leaf weight (kg)

Species Number CAS DAS
Volare (Lactuca sativa. L. ‘volare’) 180 19,230 21,050
Skilton (Lactuca sativa L. “Skilton”) 180 15,120 15,250
Ovired (Lactuca sativa L. ‘Ovired’) 180 10,340 7,470
Caipira (Lactuca sativa L. ‘Caipira’) 180 14,410 15,380
Ezabel (Lactuca sativa L. ‘Ezabel’) 180 14,110 14,220
Sum (No. 900) 900 73,210 73,370

CAS, coupled aquaponic system
DAS, decoupled aquaponic system

<Table 6> Growth for five cultivar of European lettuce (Lactuca sativa. L) cultivated in CAS and DAS
for 10-14 weeks

Initial Culture method

Species(No. 12) Growth factor seeding CAS DAS p-value
Volare Leaf NO: 6.4+0.3 31.242.3™ 33.1+2.8 0.077
(Lactuca sativa. L. Leaf Wellght (2) 2.1+0.4 109.9ﬂ:11.’k0"S 119.4+16.6 0.113
volare’) Root weight (g) - 6.5+1.3 9.7+1.5 <0.001
Leaf length (cm) 5.6+0.7 14.5£0.7" 14.9+1.9 0.524
Skilton Leaf No. : : - -
(Lactuca sativa L. Leaf wellght (2) 3.3£0.2 84.2ﬁ:20.§“S 82.1+12.6 0.770
“Skilton’) Root weight (g) - 7.0£1.9 8.5+1.4 0.034
Leaf length (cm) 5.8+0.8 19.7+£1.4™ 18.8+1.0 0.067
red Leaf No. 5.240.2 25.242.0° 22.7+1.7 0.003
mﬂ i Leaf weight (g) 1.8+0.3 56.9:4.8' 41.6£59 <0.001
“Ovired') " Root weight (g) - 6.1£0.9 5.2+1.1 0.023
Leaf length (cm) 4.9+0.3 17.240.6™ 17.1+0.7 0.710
. Leaf No. 7.6+0.2 24.1+£2.7% 23.1£2.6 0.367
m g L Leaf weight (g) 23+0.1 79.3+18.8" 85.8+20.3 0419
“Caipira’) " Root weight (g) - 4.6£1.5 6.7£1.6 0.003
Leaf length (cm) 5.6+0.3 17.3£1.1™ 18.0+1.4 0.270
Ezabel Leaf NO.' - - :
(Lactuca sativa L. Leaf wellght (2) 2.440.1 80.0+10.5™ 79.8+8.2 0.958
Ezabel’) Root weight (g) - 8.3+£2.2™ 8.7+1.4 0.623
Leaf length (cm) 4.9+0.23 15.0£1.0™ 14.7+0.8 0.559

CAS, coupled aquaponic system
DAS, decoupled aquaponic system
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skilton lettuce, caipira lettuce, ezabel lettuce)®] 7}
25 AF B9 DAS AFTe CAS AP
o7t Aol uEhbA] R THP>0.05). FUA
o] S8 AdH e 719l Fyo 4 DAS A
G-+ volare lettuce, skilton lettuce, caipira lettuce
w0l CAS ATl wlEfreIaHA

(P<0.05), ovired lettucei= Sk ™(P<0.05), ezabel
lettucer= 25k 2ko]7F §LATHP>0.05).

A3 HCAST, DASTHE 1457 AR YUY
difijole]  FAlE(weight gain) % AEE
(Survival rate) ZA¥= <Table 7>9} #th DAS
AT A9 CAS AT B AR FEES
Add 20 % =¥ FFI Ay, FAEANN =2

A3}E JERHATHCAS 176.9%, DAS 225.6%).
AEEd F AT 25 A5 FA4 A7 24

=
SR o FARSE FH(CAS 99.8%, DAS 99.5%)=
LA

=

¢

i

<Table 7> Weight gain (%) and survival rate (%)
of Nile tilapia (Oreochromis niloticus)
reared in two experimental groups
(CAS and DAS) for 14 weeks

Culture method

Item

CAS DAS
Initial fish No. 2,594 2,607
Final fish No. 2,588 2,593

Initial mean weight of fish (g) 243 24.1
Final mean weight of fish (g) 67.5 78.6

Initial total weight of total fish (g) 63,034 62,829
Final total weight of total fish (g) 174,555 204,546
Feed intake(g, DM) 162,490 197,560
Weight gain (%)’ 176.9 225.6
Survival rate (%) 99.8 99.5

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

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

CAS, coupled aquaponic system; DAS, decoupled aquaponic
System

WAl G2 HHFe 4% 8l

N.&dE
Lee(2022b)= @A =uf ofFfolxyA AL
Y FHOE AR ofgt Aol wle A
3, thoks GAF Aol oEsta glow, o]
g olfre= oot AT ABASHE o] det o
ol Tl 254 oFel oI, wy) Sel &
JEa Wge], Ao, Fol F AFIIHA ofF

DASS] B§ FANE W HE)N WA w
= 7lek #4129l 23 A BA 2
BF A 2 2B TY 2xF Belse] 7
g o8 ANA Aol L AEYS Fri5Y
Fo9a, dEel SRS 48 84 2 4
94 8T AF Qe WAE F2RT F U

(Kloas et al. 2015).

A ddetyols o] g3k Aol A DAS A
T oF SAEC] CAS AP HE =
ofF3 AT 1 E &4 #ert Jhs st
o olfF F&5 CASell vlsf #A FASU7] o
ojty. CAS A3+9 7% dopvlor A5 AA
291 25~32C (Xie et al., 2011)°l] X ¢
AATE o] srobd 4= glof 22~23TCellA
A= Qlct. olgldt o]FE CAS HFT ofFE
A% G20l yol DAS AF ] o)l ulE F
Aol "olfs Aow uzHh

Ao Akt o] AR S= Lee(2022b)
7F gk vjgklo] S o] &3 CAS 3l DAS AJA
oA AWMt A& AT Lee(2022b)
L oulaeolE o g8 AFelA BAZRA vlALg
of W AMFAYL FEsA Eahz Aol
otk wmsgd, 7] e AN By F
EE 98 BALAE AR OE ATede

obd Al =) o]_x%g}ﬂml;].(Lee et
al., 2019a; Lee et al., 2019b; Lee et al., 2020; Lee
and Kim, 2021; Lee 2021; Lee 2022a). o]# 3t o]
FE ANRATY AT FHYPATH e A

4 o
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A HAs 98 FIERE AMEeY
AT AgE Hrhe TR o] wE A
H 2ol HAgA JekS w|x]7] wjito] th(Guisasola
et al., 2007).

w3 TANS| 7
A8 F7F CAS A g Ttol ulal 713t 5
) =7 GHA FAERE, ol gyt
Ago TEHAY A f71E i AT ofF
o] o}7pu| ZHE HAYE AT DAS AP A5
Al ZAAZFE ol AR Ul EYAE w=
Al AAsE] TAN FE5 CASel s A&H40
29 fAs Aow 53 4 Qi

DAS A3 A=AuA W NOs-N< o+
FxoA TR YA E FgkxE 7 F A4
gtz elA Frl=st 9 dAastgs AX A
oAl FEEY, o ARSTR UedA A
NO;-N¢| &2 =Z cAsel Hla] v L}EH 7
2 AlZ ¥ vK<Table 3, 5>). ©]23t EAHS
a7 1 ﬁoH DAS A]*EU B FE < °§?§°ﬂ

ofFrotz A AN 4 %HO JJrOL6L T
e Fos 247 Fo &aE o] ol
4ok ¢ qlow AE G e Fof Fash
=74 A 3Eo|ti(Hager et al, 2021). O}FOFEH A
A FHEE= EC 5+ 300-600 ps/cmOZ K
axo] 9o (Rakocy et al., 2006), SA A3 o
A HojA= DAS AATY AEAMAY ECe
AAF Al ZA7F fls Ao AtgEHol A
=

Suzuki and Sakamoto(2015):= A (red leaf
lettuce) = =AM Al 20-25C F2 WA=
37 Aol7h gli& Hasksitk €4 DAS A¥
T8 A=A Fo] AFEF A g v
1T A @2 19T WYZE A=A, CAS
AFFE= 23T Ug= fFAEHAoH 25 AL

o

& ArARSHAl ThetE QlTE ofFrolxE e A A
ofell A 2l Aol A A el wls HolA]A|
%= ol AEAE £ W AE(PGPM, plant
growth promoting microorganism)®] 1&gz A5
I O ™(Yep and Zheng, 2019), 53] o}F-o}3E

S GRS AT st el 2
A Boleh= Fe & F53 v@Fdie] &84
MAAFI= Hog BuEa Qlo] F7|H o7 u
AE M7 FHE 3thZou et al, 2016;
Bartelme et al., 2018). & 1A DAS A&
o] AFF7F FA Al o= AAFE B
oA wout Al A7 /I ol
DAS Al&El ol AEAufels FaEs Aol
A&AQ FEAAES AFERY] Wi o® a1
o}

webs @A s 84 A 8-o] 7hs g DAS A

o

AE o EUe 98 2 QTE ) 44 F

o) obFolE s MeIeE A% N2AR AT
of &7t dvta & & itk
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