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Comparative study on Growth of Leafy Vegetables and Fancy carp (Cyprinus
carpio var. koi), Grown in Coupled Aquaponics (CAS) and Decoupled
Aquaponics (DAS)
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fGyeonggi Province Maritime and Fisheries Research Institute(researcher)

Abstract

Aquaponics is an fusion production practice which combines aquaculture, the raising of fish, and
hydroponics, a soil-less crop production method, to create a system that symbiotically produces both. Many
of today’s coupled aquaponic systems (CAS) circulate water and nutrients from fish to plants and vice
versa, but It is not always guaranteed that the fish preferences are completely aligned with the optimum
requirements of the plants. This solution, which is referred to as decoupled aquaponic systems (DAS)
would better secure optimal environmental conditions for both the plant and fish production units. The
study examined the growth difference of leafy vegetables and Fancy carp between CAS and DAS method
applying hybrid biofloc technology-aquaponics (HBFT-AP) water quality management for 14 weeks. Eight
cultivars of european lettuce (fairly, decarte, gauguin, ezabel, ovired, volare, xaroma and skelton) were
employed in the two experiment (EXP1 and EXP2) for 7~14 weeks. After planting leafy vegetables in two
system, leafy vegetable productivity was compared at the end of growth period (25 days). Productivity
(CAS vs DAS) was somewhat higher (total leaf weight; CAS 28,293 g vs DAS 26,087 g) in CAS for
EXP1 period, but in EXP2, the total leafy weight was higher in DAS (71,247 g) than in CAS (67,749 g).
Also, weight gain (%) value of fish was higher in fish group of DAS (33.09) than CAS (23.40) due to
the higher feed supply in fish tank of DAS.
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<Table 1> Chemical composition of the experimental

diet'

Composition MKP* 3%
Moisture (%) 6.24
Crude protein (%) 45.56
Crude lipid (%) 7.21
Crude ash (%) 10.64
Crude fiber (%) 1.98
Ca (%) 2.38
P (%) 2.24
Mg (ppm) 2,125.6
Fe (ppm) 462.3
Cu (ppm) 15.4
Mn (ppm) 39.2
Zn (ppm) 98.3
K (ppm) 15,548.7

'Walues are means of 2 determinations. “MKP,
monobasic potassium phosphate.
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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 (L5
HP) —  biohelixfilter (680 L) —
vegetable bed (2.9 x 0.6 x 0.1 m, No.
20) — fish tank.
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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
(8§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).
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[Fig. 3] Ilumination (lux) of the upper part of the
plant bed area by sunlight.
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[Fig. 4] Nlumination (lux) of the lower part of the
plant bed area by sunlight and fluorescent
light.
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<Table 2> Chemical composition of liquid fertilizer
manufactured by fermenting bluegill
(Lepomis
(Micropterus salmoides)"

macrochirus)  and  bass

Composition Concentration (ppm)
NOs-N 5,600
Cl 2,050
S 1,260
HCOy 110
P 150
NH," 5,200
K 3,860
Na 380
Ca 1,200
Mg 410
Fe 133
Mn 0.7
Zn 1.0
Cu 0.2

'Values are means of 2 determinations.

Reagent Set 2604545-KR, NitriVer”3 Reagent Set
2608345-KR,  PhosVer"3 Phosphater ~ Reagent,
HACH Ltd., Loveland, CO, USA)¥} TH=z =7
77191 DR6000 (HACH Ltd., Loveland, Co,
USA)S ©]&3to] vjagow =483t EXPI
4 EXP2 A8 F5 A9 K (mg/l), Ca (mg/L),
Mg (mg/L), Na (mg/L), Fe (mg/L), Zn (mg/L), Mn
(mgL) 9 Cu (mgL) #4& FrastZezn}
3333 T A(ICP-OES  Optima 8300, Perkin Elmer
Co., Waltham, MA, USA)E o]&3l3loH, Cl
(mgL) 9 SO, (mg/L)E ©]2AZr}E 71213930
Comact IC Flex, Metrohm Co., Herisau, Switzerland)
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<Table 3> Growth performance of fancy carp
(Cyprinus carpio var. koi) reared in
two experimental groups (CAS and

DAS) for 14 weeks

Culture method

Growth performance

CAS DAS
Initial fish No. 120 120
Final fish No. 120 120
gti:lalﬁ::a(lg)w cight of 107,400 105,600
E?;l ffl(s’}tlal (;)Veight of 132,530 140,540
Feed intake(g, DM) 37,890 53,130
WG (%)' 23.40 33.09
FE (%) 66.32 65.76
SGR (%)’ 0.21 0.29
Survival rate (%)* 100 100

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

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

3Specific growth rate (%) = (Ln final weight (g) - Ln
initial weight (g)) / experimental daysx100.

*Survival rate (%) = final fish number / initial fish number x 100.
CAS, coupled aquaponic system; DAS, decoupled aquaponic system
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737 CAS 8l DAS A7 A9l pH 4]
£ 8 A5He® F]l¥ KOH 2 Ca(OH)9
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[ Lo

(11~145)0l] =2 s eIt =8
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148.4+1.2 mg/L, DAS 78.5+0.8 mg/L)%} Ca (EXPI
CAS 372408 mgL, DAS 21.8+0.3 mg/L, EXP2
CAS 40.2+0.6 mg/L, DAS 254+0.1 mg/L) 3= 4
EFU A TH(P<0.05).
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[Fig. 5] Macro and micro nutrient concentrations in
two experimental groups (CAS and DAS)
at the end of EXP1 (7~10 weeks). 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. 6] Macro and micro nutrient concentrations in
two experimental groups (CAS and DAS)
at the end of EXP2 (11~14 weeks).
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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<Table 4> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NOzN, NOs-N and PO,-P) in CAS for 1-14 weeks'

intial 1021 7.59 2422 129.6 0.4 0.30 0.059 228 0.75

I 0238024 764007 241403 1410559 3976127 1126052 0.024+0.004  0.94:0.08  0.39+0.04

2 884031 762004 244402 1727606 4581098 0841034  0.030+0000  0.87H0.23  0.64+027

Fish 3 869+0.18 7248031  243:02  2078:13 247053 287076  0.I530045 2424096  1.12+034
4 834010 6724054 241202 2491£125 142:041 056£027 087240342 5684197 216048

5 845:021 6261038 237:0.6 31744147  L03:0.15 1876020 034810115 045242  421+113

6  851+0.16 607+031  238:12  3678:37 0814012 2154014  0.145+0087 14.53:389  B.01+267

CAS 7 849012 605£0.09  238:08  399.6:102 063009 2876032 008440016 2147372 10.94+141
FshiVegeble 8 848:000 601004 23107  4312:117 071004 296:0.09 005840012 30755413 1548244
EXP1 0 8314025 607H0.07 235405 4503+109 0.84:0.06 3.02:0.07 0.065:0.005 30.41:384 17324132
10 840016 6040003 241406 48724112 1145027 3174003 006120003 44.63321  19.14:098

11 8402016 607H0.04 243402 52344236 2024043 3248011 00630001 47824212 2125102
FiVegable 12 8382005 611005 244605 58762274 314062 3196007 0078:0012 53626458 22142051
EXP2 13 8412006 606£0.03 251407 65724303 3844037 3204005 007120004 61.24:341  23.08£026
14 8424003 6024004 25303  7123:245 4045025 3312003 005740015 66324256 22.57+032

"Values represent the meanstSD of the values for 1 weeks: CAS, coupled aquaponic system; DO, dissolved oxyeen; EC, electrical conductivity; TAN, total ammonia.
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<Table 5> Change of water quality (DO, pH, Temperature, EC, Turbidity, TAN, NO;-N, NOs-N and POs-P) in fish tank of DAS for 1-14 weeks'

Clwe mettd Wk oo g RN L ) ael) e e (e
initial 10.18 7.60 251 129.7 0.4 0.28 0.036 2.30 0.78

1 02°H022 7711007 252401 138.4+4.2 214084  1.082032  0.037+0.000 1.45+0.21 0.62+0.03
2 883020 7.84+0.05 25.040.1 152.245.1 2.08+0.09 111016  0.041£0.002 0.97+£0.34 0.67+£0.02
3 878021  7o6l+0.12 24.7H0.2 1738484 247£053 1.74038  0.34840.101 2.12+0.65 0.89+0.09
4 R2AH034 737023 248401 1976482 1421032 1484027 341240845 4.87£1.46 1.84+0.37
5 841+0.19 7122017 25.1+0.1 2294410.1  1.35£0090 1.12¢021  3.121£0.076 7218211 2.11+0.12
) 84008  6.850.25 246503 2513499 1.41£0.05 1254013  1.587x0.672  10.54£2.24 4.16+1.35

](:l):ﬁfl tank) 7 83007 0654021 24.8:0.2 2874+11.5 116021  1.41+0.19  0.852+0.341 15.68+£2.19 5214052
8 841005 027018 24.8+0.1 3152494 1.080.03 135008 0345£0.097  21.63+£321 T7.57£1.08
9 8.42+0.03  6.31+0.05 24.7H0.2 3448+109 121009 1624025 0.15410.012  2438+1.57 0.65£1.14
10 839+0.00 6.28+0.06 249401 384.5+10.7  134£008 151007 0.198+£0.029 2764+136 10.84+£0.67
11 83A0.02 0.14+0.08 25.1£0.1 418.449 4 160021 2014038 02020058 2937+1.58 11.65+021
12 8414003  0.21+005 248:0.2 4423+113  1.79£014 187014  0.169+0.065  31.28+2.14  12.84+£0.57
13 8204008  6.23:0.02 25240.1 4856187 1824005  1.924005  0.194£0.031  35.62+2.52  14.3240.72
14 834004 6.26+0.03 25.0+0.1 SIBO+155 1.74£0.04 2052012 021180048 41324314  15.2540.48

"Values represent the means+SD of the values for 1 weeks: DAS, decoupled aquaponic system; DO, dissolved oxygen; EC, electrical conductivity; TAN, total ammonia.
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<Table 6> 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'

Cae method Wk 2 T D T(u;l’)r%ty o) o) G ()
imtial 10.17 7.62 20.1 129.5 0.4 0.26 0.057 227 0.75
1 7214034 7.82+0.04 20.4+0.2 132,422 0524004 245087  0.04940.011 2.1840.13 0.71+0.02
2 0.87+041 786003 19.8+0.4 138.6£2.1 0.71£0.05  323£056  0.069+0.009 2.2840.09 0.69+0.01
Sludige 3 7364032 782003 20.1+0.1 145.743.1 0722002 4122062  0.587+0.137 2984033 0.9240.11
e 4 727011 7.67£0.12 202+0.1 151.6+4.3 0694003 2122086  1.156+0.326 3164021 1.12+0.09
5 T28+0.00  7.54+£0.14 20.1+£0.2 169.748.5 0.63£0.05 1342048  0.974+0.028 6.08+1 87 1.5440.21
HE 6 741+0.13 7262025 18.5+1.2 18484906 0.60£0.03  1.14+0.17 0.321+0.142 8414124 1.98+0.37
(Plant 7 7394004 7122007 178425 231.8:14.5 064002  345+£1.23  0.097£0.056  15.12£2.08 4214126
bed)  Sdge g 7281005 641032  103:08 26764124 065:001 3126023 007260008 19.43:335 7341205
r?glf;g 9 7.40+0.10  6.18+£0.13 18.7+41.3 20034137 074006  328+0.12  0.084+0.007  25.48+3.29 9.27+1.08
10 7.3440.04  6.09+0.08 19.24+0.8 M2 8+£198 073003 2424047  0.075£0.008  28.74+2.67  11.2540.76
11 747£0.05  6.0240.14 18.9+0.3 41524213 084+0.12 188031  0.063+£0.005 34524321 13254185
Sludge 12 7394007  6.14£0.06 195404 49764342 1142024 195+£0.09  0.082+0.011 41.43£297  16.3242.14
r?’gg;g 13 7314003  0.05+0.08 21.2+0.8 5706+41.3 1314013 2.11+0.07 0.075£0.004  48.39+4.54  18.65+2.36
14 733+001  6.03£0.02 207403 68741458 1424000  2.09£0.05 0.079£0.003 56.23+621  20.244+228

"Values represent the meanstSD of the values for 1 week: DAS, decoupled aquaponic system; DO, dissolved oxygen; EC, electrical conductivity, TAN, total ammonia.
'EXP1 results represent the water quality values supplemented with 50 g of commercial composite fertilizer (nitrogen 21 %, phosphorous 17 %, potassium 17 %) per

day in addition to sludge generated from fish.

EXP2 results represent the water quality valies supplemented with 150 ml of liquid fertilizer manufactured by fermenting blucgill (fepomis macrochirusy and bass

(Micropterns salmoides) per day in addition to sludge generated from fish.
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Coupled aquaponics (CAS) % Decoupled aquaponics (DAS) AiAt gtalof = H|cklo] & AxfFo| MZE H|w

o238t HaL EXP2 A¥ 7|7t F9F DAS A3
79 Atz ol Fs v 9 B4 %
A5 =2 Na, Cl Y Fe §X(<Table 2>)°]
71915 Ao 7 AlZH T

EXPl ¥ EXP29] A7 AAHEHe Ax=
<Table 7>} 2T} EXP1Y %7] AAFY A
FEE 10404 A1) e, 2715 AT A%
S Fairly 0.87+0.31 g, Decarte 0.35£0.11 g,
Gauguin 0.4240.13 g, Ezabel 1.21£0.24 g, Ovired
0.57+0.15 g= ZAMEA I, 2597 44 & Y
T8 AA JFFE CAS AT 28293 g, DAS
AT 26,807 g YEFSTH<Table 7>). CAS 4
A77F DAS ATl vlal] AA JFFol =&
AL AAYF A4 %7] DAS HET A=A
2] 4 87 F EC, NOs-N, PO,P 557} CAS
AR FRHTE voby] wFo® AlgEth
(<Table 4, 6>).

ECE pHS 87 ofobts Aol 4
54 T 5 9t FLW L2 o 83
i=]
2

e
¥ oo]8) Folep wE = qlo] AE YR &
Tk gol Eo3% Uh(Hager et al.,
2021). olFolxyroX FHEHE EC TET
300-600 ps/em©.Z K 1E o] ¢l ©1(Rakocy et
al, 2006), DAS A9 A9 44 =7] 1573
EC 553 231.8+14.5 ps/em 7 Hol ¢124 A
Aol Wty & 7 AaL olof wep 7] A%
o] Y] A3 FTx 47004 CAS APl vlF
7ol =01zl Zo|th(<Table 7>).
EXP29] x7] A7 MAEEE
vy 275 A A%
1.21+0.27 g, Decarte 0.41+0.09 g, Xaroma 0.74+0.25
g, Ezabel 1.12+0.15 g, Skelton 0.86+0.22 g% XA}
Hlar, 2597 A AP A dede
CAS AFT 67,749 g, DAS AT 71247 gO =2
el thH(<Table 7>). EXP19} @] DAS A3
7} CAS A&l vlsl] AA JdFF BAte] =A
ek, ol AY 7Igte]l Anghel] uwhet
DAS A3 AEAA 4 4 EXPL9)

W 107]A)
.8___

AZ) Volare
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<Table 7> Growth for eight cultivar of european
lettuce (Lactuca sativa) cultivated in
CAS and DAS for EXP1 (7~10
weeks) and EXP2 (11~14 weeks)

Experiment period Total leaf weight (g)

EXPI (7-10 weeks) CAS DAS
Fairly (No. ?80) 7,965 7,232
(Lactuca sativa)
Decarte (No.. 180) 5,309 5,169
(Lactuca sativa)
Gauguin (No. 180) 5,109 5,053
(Lactuca sativa)
Ezabel (No. .180) 4743 4,608
(Lactuca sativa)
Ovired (No. .180) 5.167 4,746
(Lactuca sativa)
Sum (No. 900) 28,293 26,807
EXP2 (11-14 weeks) CAS DAS
Volare (No. .180) 16,385 17,718
(Lactuca sativa)
Decarte (No.. 180) 12,932 13,013
(Lactuca sativa)
Xaroma (No. 180) 12,749 13,768
(Lactuca sativa)
Ezabel (No. ~180) 12,998 13,115
(Lactuca sativa)
Skelton (No.. 180) 12,686 13,632
(Lactuca sativa)
Sum (No. 900) 67,749 71,247

CAS, coupled aquaponics system
DAS, decoupled aquaponic system

gy olFolx YA 9o A W3tEe
u, & nEdLh F Fed L7 CASOl

v

o} AAAY AlLo] o] f5= kg s FaA

(2015) oFFobxy AA® Yol AFe= GEA
I
of 3lof vi-¢ Fag AT AEeH Fe ¥



Al Qlat AE Ao Ao w Wk A
AbsHAl B ER Q19141 H77t sttt 84l
CAS A3 vla] DAS A9 H2 Fe
AT el & TS HS AR
ATt

AT FAF(oot) T2 HI oA
CAS A9+ 25C W8], DAS A7+ 20T
W22 DAS AgT9 JAF 2dF 2571 5T
d% ¥t Suzuki and Sakamoto(2015):= A4

O

Rloof L &N
(SR
o o i

‘l)‘n‘.&

Z(red leaf lettuce)@™ 7 AH] Al 20~25C F2
WAL AF Ao} 98T wusied,
olgfgt Avtg npgox £ A3 Aifs} njw

ko2l

=
Al e ot g2 & AES
AoR FF¥th Lee et al.(2019b)= o}Fo}l¥y
Ao GAlFe AR &4 Ul dFd AA
A AdE Bo Jda AsdAVE Fo%s
vtk 53] Ko Cat AFAES st I
aE & dl AHE) AE Taskth EXPI
9} EXP2 A3 717F S¢F CAS W DAS AT =
T K8 Call Hl&= A FAEH cAS AE
T7F DAS A@Fe] HlE] =2 K ¥ Ca 5%

4 B9

Iz

FASATANE dAF A Aol FHA IF
& AUE Aor AlEH
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