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Abstract. This experiment was aimed to identify concentrations of mineral nutrients in leaf lettuce (Lactuca sativa)
grown on hydroball aquaponics and in the water for growing fish by conducting two experiments. The experiment [
(Expt. I) was conducted with 12 fishes (F12) with and without filter, hydroball and plants (H12 (12 fishes, hydroball),
FHP12 (12 fishes, filter, hydroball, 6 plants) and HP12 (12 fishes, hydroball, 6 plants)), and the experiment IT (Expt. IT)
was with and without plants (FH15 (15 fishes, filter, hydroball), FHP15 (15 fishes, filter, hydroball, 6 plants)). The pH
level in the water of all the treatments was decreased during the growing period, and the pH and EC of the water were
lower in all the treatment with plants than those without plants in both Expt. I and Expt. II. When compared with
adequate nutrient concentrations for hydroponics, nitrate nitrogen (NOs-N) and phosphorus (P) concentrations in the
fish growing water were higher under the FHP15 treatment in Expt. II; however, potassium (K), calcium (Ca), and
magnesium (Mg) were only 16, 49, and 82% of hydroponics, representatively, and iron (Fe) was not detected. The fresh
weight of lettuce harvested from the FHP 15 treatment was 38 g, only a 30% of marketable lettuce yield. The T-N and P
contents of the leaf tissue grown under the FHP15 treatment were close to the optimal level; however, the K, Ca, and iron
(Fe) contents were less than the optimal with no deficiency symptom.

Additional key words : filter, nitrate nitrogen, potassium, phosphorus, relative growth rate
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TRE TEAT| AL A E0) A} PA]S SHE ShHA] 3
7AZ18H4R1 w710l Basith oftoliz Y 2(Aquaponics)
= EAL| ARS 20| GoRio] AlE Ao B gt YULE
TF8o =2 oFol(Aquaculture)@} 4=73(Hydroponics)©]
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oldxl - A
Z(Iron, Fe), &4x(Chloride, Cl), W7 Manganese, Mn), &
2] 2 dl(Molybdenum, Mo), ©}(zinc, Zn), UZ)(Nikel, Ni)
EQFgONo]A] A]0] 2] B S4=EIchEpsteina} Bloom,
2005). Bt e oftoliz Y AR = g El Al S
o157} 4i3slol Lol oAk ol vl vl (ol
7ha] oA, 4 9 ) o] §eliE| AL, mdEe] i ES Tt
B3lsto] AlEo] S 7he et U FEHIE ThET ofF AL
S 9 A0 Hlafof) x|gh | 2ol A+, #Fol, HAY
St s Y 2 W F s g2 of
27FHA /A 4= Sl A 2 Qg slet A=A 2.9
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Fragozo 5, 2015; Joyce -5, 2019; Bittsanszky 5, 2016). &
£ &l v AT} offu] v Ad=of] ofsf] A/ E =4d0]
Q= AU OHNH, )7} FAaksltol sl AATANO;) o=
ABslEl= 27F Ao A] Nitrosomonas 2} Nitrosococcus<s
of] &3z Y opalstol| o3l NH, oAl NOy & H3he]
1L Nitrobacter 2} Nirospira<:2] o}2ARA S| 2] NOy
o ) NO; &2 Z2HetH(Graber}HJunge, 2009; Zou 5, 2016).
ofFtofizH Ao A NO5 9]0 K, Fe, Ca H P 5= A5 A5
of ZHs1x] okol(Goddek 5, 2015; Rakocy 5, 2004;
Rakocy 5, 2006; Savidov %) 43k} Z2lo| Uil 5191
th(Yang®}Kim, 2019). o}5LoFsz Y A AJAE] U] &JOFEL o]
7 AFE Eol7] Yt AtR RT3 Aato]7] wEe] 4]
EASol et AR RYEA] e e Jle s aaA
© 7 e)sto] ofFLofA| AE] U R o] 8- A& I IAIA
oF gHfal SFIEK Yang ¥ Kim, 2019). oo}z 220] J4f
B 7|29 7 AR T AL QHA oA =
A|ARRE B3 o] AAbdo] Bl B¢t Nozzi 5,
2018). Tyson (2007)-& E117] W7} oz 1 FF &7}
SoHA B2 ] YTt AlsEHo AT E w=Y
4= At} 31313 Pineda 5(2017)= E3L7] S5, Ui, AHl
Al =0 Fol et Aks s Wi A s, AEA U
o] T W A& A7l vl A= k22 Akl FRkE
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=

(Goddek 5, 2015).
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1. ZHEH 2 xHEH 2t

A 12 AnpEsg 24 Hlx] o) A 2|3k Tto] Bk (NFT,
Nutrient Film Technique, NFT) &l 7](KSP-1000, Gafatech
Ltd., Gyunggi, Korea, 46x32x24¢m) o] &7} Wrol = =
£915.0L.8 A1 24 A7HEH AR E 0] oYL E AS
gko] & 3W9] <l#oj}7|(submersible filtration pump)
(HJ-311B, Zhejiang Sensen Industry Co., Ltd, Zhoushan,
China) 2 42}a} 1 23172 £Jalo] 4217k AL 312k, 4]
& FA 4, dlo)|=2E(Greenstar 300G, Kellan Inc.,
Seoul., Korea) 200g2 YEXZEQ] Wil A& glo] o}Td
(463mm(L)x325mm(W)x240mm(H)) 654 27.8) A2z
of Welch AlEA Helts 2|l AS(Lactuca sativa
L.) A Huj5teto] E(vermiculite) of] 35510 2 3~4
A A2k 23S SlolEmio] 1) XS] BAssck

A 24 3bo] i Al o] Ak Apuo] slol= 2
H(Saengtoeball, Saengtoewon, Jinju, Korea) 8.0kg-2 Z}-%-
IS E0 g2 gl om, sieh ARSRofl= 18W ofo]
(SWT-20, LSK TECH, Busan, Korea)] 1245 $AZ 571
2H 2] HE|(SF-290, Amazon, China) 27[1& d45}e] A%
SHSATE AR 20 AR AN = AR 70U A BV S AN
35 T120] 50%9} AL o E S E 50% S Alo] AR
S1710] 24]5191T B717]% 2Jo] 102G T T A1EL
A SFRATh AS(Lactuca sativa L. ‘Crispinet’) A= 35
A 3x3em)ol THES 5 £ 344 K2k BES sfol=
280 sl WA LED 7k A8 olo]A] 140
mol-m™s™'(ZVAS-02-0300, Sunghyun Hightech Co. Ltd,
Hwaseong, Korea) & 2 2% Wl x| of] =25l x| 5}0] Afjul]
SlEk. B AL 717 S ol A B B 247}
ol ol £ R EE 718 SUS 24 $ REHd

2 A AME B3] 2717t 3~dem, Bt oAl
5.77£2g%1 ol Yok F5-o1A Gro] XF=(Carassius
auratus)2 EAo| A FH9151e] AlE(Premium 1C, Woosung
Inc., Seoul, Korea)E 1Y 23] X159 1% S Fa5HHA] AF
SBFQTE AbR B0 =18 89, o] 5}, ZThNE 47.21%, %
A 6.82%, 245 1.21%, Z3]E 10.93%, Ca 2.62%, P
1.91%, Mg 0.22%, K 0.08%, Fe 0.04% | 554 Thalzl
O, olE32AtR) HidHle2 64% o4, AlE/d T
AL S22 FH1) 20% o, I (AEE) 10% ©]
l, HEALR(BERI(C, E), H3l=+7, 73HA) 5% olsk, f-A4]
Tl 1.0% ooz 4= ik
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ohe] ARSRE A2 9HF12) 2} of7] glo] slo| =2 HixlE
FAbskal Ea17] 120k S ARt A 2l 5HH12), 715 g2

[l stol =R Eof] B¢ 3~47F A 5 HE 6T E AL =
a17] 12025 At 2 =2]7HFHP12) 9} o317 §lo] sto|=
B2EO| A5 635 A1 B 120t E Auet A+
(HP12) 2 A3}t A9 24= 7Ho] NFTo oi1}7] 5 22}
SR Sto| ERE-S AR § AE glo] 2a17] 15mte] Ak
gk A2SHFH15)9}F o315 g2bstal sto] =& 24
3~ AR S 655 A AL E017] 150 S AR A9+
(FHP15)2 73199 ckFig. 1).
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(A) Experiment I

[F12] [H12]

SHolT}. AT 8 & A} Ao felsto] A}
Z-2(HS410A, Yousheng, Shanghai, China) 2 =43} 11,
A= 2 B AESL65°C AZ7](HB-504F-0, Hanbaek
Science Inc., Bucheon, Korea)of| 72A|17F 59 AZ & LA
£ Zshalck A Asl A85E o189 Y e

(RGR=(InW>-InW)/(t2-11)) & S 3T

A3 12 ALS<=9)pH, EC, 2%+ 12! 1 3] Multiparameter
(PC Tester 35, Oakton, IL, USA)E o|-&35}0] =45} 01,
LEAAEHDO, dissolved oxygen)S $Z=A7|E(EZ
Water Monitoring Test Kit, Ecosaver, Seoul, Korea)E- 0]
sto] A4 £ 7 7H4 0 2 23] ¥ Z6k31aL, AA(NH,-
N, NO:-N, NOs-N), QIAHPO,-P), Z-E(K"), Z(Ca™), 1t
M) 2 72 7H2 0 2 Y33k Al RS of2i(No. 6)
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Fig. 1. Diagrams of experimental treatments; (A) Experiment I with F12 (12 fishes, filter, no hydroball, no plant), H12 (12 fishes, no filter, hydroball,
no plant), FHP12 (12 fishes, filter, hydroball, 6 plants) and HP12 (12 fishes, no filter, hydroball, 6 plants); (B) Experiment Il with FH15 (15 fishes,
filter, hydroball, no plants), FHP15 (15 fishes, filter, hydroball, 6 plants); (C) Small-scale NFT (Nutrient Film Technique) system.
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USAYZ ARsto] 2ATalolc,

AlE 29 Ale<= pH, EC= 1jed 1 3] Multiparameter(PC
Tester 35, Oakton, IL, USA)E 0]-85}% 11, &%= Watchdog
(3686WD, Spectrum Technologies, Inc., IL, USA) 2 = 30
AR A3 F71/d+(NHy-N, NOs-N, PO,-P,
K', Ca®", Mg*")-& F.7]0]-2 =4 7](Auto CG200, Cleangrow,
UK)& 19 13] 3 63] 43130k

ABAE nhEE 3 03gS CNEAY]
(Variomax CN, ELEMENTAR, Germany)2 249} d&
= ARESH] 1200°C 2] a1-2of| A A4 & AHS S TCD 4
27|12 A 7tA 935 AR 319k P, Ca, K, Mg, Fe
S upst A 2E0.5g 23] 10 ml FARS @31, microwave =
=3ll, o1 (No. 6)3}e] ICP = A5k

&F12 -4 HI12
35

33 (A) Eexperiment [

21
19
17
15

Tank temperatures (°C)

6.
2} #fentct6 Wk Wk R 2t Herke] BAA §of

2 SAS(Statistical Analysis System, V9.4, Cry, NC,

USA)Z2 131 o] galo] Bakialslo] Azl

]
444

74

aj
=

1 =}
=

7} i

1. Mg+ #2, pH, ¥ EC H3}

AE 1o AR o 422-2-26.1°C(+0.86) %31, X[ A]
23.5°C, 231.29.2°C ¢ oM (Fig. 2A), AF 29] Akg<= o1y
T 422-2-22.1°C(£1.59)0] 3, AFEQH16.4~26.1°C 4=
© = FAIE=T(Fig. 2B) ol= EaL7] Aol A7det &%
(18 ~30°C) 2} AAXLSt Nitrosomonas /374S] A% (10~
30°C) H 9] itKPark, 2001). A F 1] -9 /5=9] 2131
A2 Hrh= o E=9k=t) o= o] T4 AutE 241

A 23t Aol

-FHP12 HP12
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Fig. 2. Changes of temperatures in the water under different treatments. (A) temperatures in the Expt. I; (B) averaged daily temperatures in Expt. II.
Vertical bars indicate standard deviation of means (n=2). (A) Expt. I with F12 (12 fishes), H12 (12 fishes, hydroball), FHP12 (12 fishes, filter,
hydroball, 6 plants) and HP12 (12 fishes, hydroball, 6 plants); (B) Expt. IT with FH15 (15 fishes, filter, hydroball), FHP15 (15 fishes, filter,

hydroball, 6 plants).
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sfol= i wjx|7 oolEY AolA ARgS B A% Q9| Flol

A0 1329] 1E HzIF0l4 A3 E AR SR pH7 st}
A= AL 4 4= 2 aU(Fig. 3) o] A= H HqLE] o] AgA L
o} A/ EeK Choi 5, 2019). A1 10f14] 217 F<kpHi
9.00114 6.0 P2 HoHAL A9 20 4= AH 704 A =
AU7E AT F T E0] 50%9F AR ok E 5w 50%

=
_\:44

£ 4lo] B1171E ¢lolsto] 10907 ARG 5 AlE-S 4]
7] 5o pH7} 4] 56000141 5.0 450 2 wishe] gick

A9 104 LE+slo|=2E+A1E A 25HFHP12)o4] F
E|(F12) T oo 2 E(H12)7k 42ke] jg) trch o] wa
Al pH7F WoPHthFig. 3A). A¥ 2004= A= FAuEl-
(FH15)2} Al FHP15) 7he] 2 §-o]24= 13ic. ofto}
sz 2oflx] EAkS} HhE| e ot EE-2 9] H—i—%‘r ==Y A4
pHE=7.5~9.0 -521 Ao & A& A 9)=d|(Hochheimer2}
Wheaton, 1998) =117 2Ab7} ghobg]of whehpH7 | 217 4=
= olgk= FAIH ol fi= v =ar7| viE=o] gk
7]EH;<1/\7]_ Al /\}Q:r]_oﬂ V]OH zu]—EH AP i]—E] A oﬂ
H'E o W& | A3t To] gl Aoa Btk

&F12 -+-HI12

BE

(Schreier 5, 2010). E3L A7) bRy ol 2 A(NH,-N)
S ok 9 A0l pHE WA B Ak elo) Stk
(Marschner, 1995).

A<= EC(Electrical conductivity)«= A<= 522 24
Sk Aol FHA] RokAl= A fofl= A7 1ofl4f= oF 3u)
(400~ 1200pS-cm™) 213 2= oF21[(600~1200uS -cm™) 7}

Z7VEISIEKFig. 4). A7 1014 AR ECE Lelnh 42}
ﬂ AEHF12)o|A] sto| =2k 2kt A 2]-{H12) 2ot
EET ol sle| e rER T Qlgolhy] o ¥ g 1]
AEo] Ao Uehd Avte Kl vhe|g|ol= A, 7
A ZPAElTL 8 A1) Q)8 o] E @ 3Hd|(Thorarins-
dottir, 2015), LE|Q} slo| =2 E.L B117] Wi E-LS H3ls)
L ahg|glo} A A2 A8l (Somerville 5, 2014), HWiX| S
283 oSOl 3L Y A7 NFT HHAlo|u-Floating Raft HA]
o} viR|7}F =] o B2 #HAE Algstol(Lennard 2F
Leonard, 2006) ZAE 51851 2Ho|A] -80] =t} 319
t} AlF oA ARS<S= ECL dlo|ER2E+A1E A2 4 HP12)

THFHP12 -+-HP12

(A) Experiment 1

i
B
7
6 F
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Fig. 3. Changes of pH in the water under different treatments. (A) Expt. [; (B) Expt. II. Vertical bars indicate standard deviation of means (n=2). (A)
Expt. I with F12 (12 fishes), H12 (12 fishes, hydroball), FHP12 (12 fishes, filter, hydroball, 6 plants) and HP12 (12 fishes, hydroball, 6 plants);
(B) Expt. IT with FH15 (15 fishes, filter, hydroball), FHP15 (15 fishes, filter, hydroball, 6 plants).
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ojldAl - 7|9 - 2
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1600

1400 | (A) Experiment [
1200 f . ‘."!\ ',‘.J_g
= nm S o
E . P aal
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< 800 It 'i'_%ﬂ‘ﬂ‘é:ﬂﬂ_é
O F -, R YA
23] -g:z:‘,gg”

600 @‘g'ﬂ’iﬂ‘:ﬁ: g

HapapeB=
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100+ (B) Experiment II
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= -t
g | - Y e .o
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DAT (Day after transplant)

Fig. 4. Changes of EC in the water under different treatments. (A) Expt. I; (B) Expt. II. Vertical bars indicate standard deviation of means (n=2). (A)
Expt. [ with F12 (12 fishes), H12 (12 fishes, hydroball), FHP12 (12 fishes, filter, hydroball, 6 plants) and HP12 (12 fishes, hydroball, 6 plants);
(B) Expt. Il with FH15 (15 fishes, filter, hydroball), FHP15 (15 fishes, filter, hydroball, 6 plants).

oA 1,100p8-cm™ 2 71 W9kt A1 204 = HE+3lo]=
BEHAE ZaHFHP15)o)A] 1,027uS-cm™ & 714 Yo}
AlEo] =3 U o] 23l P2 T3t AukE Helrk

2. Mg B710|2 sk HEt

THU 70| Fem AEA o e} e E=sleo|=
2R 2700 Wt {-oJA S Heith A 1342 2
K o] 20t A5 Ajufjtof A AR R ok A4 5] A=A
TE Hof E5a17] AR K] 0.08%9]1L o] 5 S3t 3~ Hl
S i ERR Y golE GeEol AEol 8 E=dE S
ZA7)A] Fohs 2 & = QAL 11 9 Y A& SlA
o] o]FojA|= Ao ® Helr

A1 104 NHy-N&= & X 2] 7o) 4] 20.6~75.4mg L'
= A|EBlA S7FsEAAL Al AullaHFHP12, HP12)ofl 4]
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SRR THF12, H12) BT} 0F20% Whe- =228 B 9ltkFig. 5).
A ANON) = A4 F 1220714 A1 A HFHPI2,
HP12)0]4] wh27] Z7Fskobet] Ab84: pH7} A1 A7
oK) B73] ozl At} ]| 1L o] Auk 21 Walo]
MBI B 2Hg-0 7 Qg FAkS} dito] W o] 2ol
Z7] "l 2olgkal BAE tHLuis, 2019). NO;-N 57} 5}0|
SEEu AR A HHI2)olN eyt AATE HelT
(F12)0] H8) 5] 2715 Aok AP 4ECT} slo| =g
v A2k 2] ol 4 ejgk A2kt A e)urh uord Auiop
217l o) oA 1t B Slo] = r i mr) ol gol)
| el o W nEo] 2El] el Azl wolrk
94133 DATO] NOs-N 51 41 Al of o} glo]
£ A2} ol A SRS RS Kol FAR AL X434 B
FH Aom gtk SHW K A2 AMIHEHP 12,
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o 30 | (C) PO, 5ol (DK
= &
g 25 | s 25
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E 15t £ 15
5 10} g 10
ol e~ &
o L—=n - 7 . 7 . = . . 0 : .
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Fig. 5. Changes of ammonium nitrogen (NH,-N), nitrate nitrogen (NO3-N) and phosphorus (PO,-P), potassium (K), calcium (Ca) and magnesium
(Mg) concentrations in the water of the Expt. I with F12 (12 fishes), H12 (12 fishes, hydroball), FHP12 (12 fishes, filter, hydroball, 6 plants) and
HP12 (12 fishes, hydroball, 6 plants).

HP12)o M 53] WolA Alg 87 Hrp ol 355 & AullHFHPLS)of| A Al o 2 =g H Y=t

L o] FEIF O Mol T Cad SOIER R FHL X ol o] A7)0l 45 Kol WebA F4 323 Lol A
2 HII2)oA] 713 Whoped o] Slol= o] /X of O MelckFig o)

o] W3 §3(4T+8meq/100g)(Ho} Wang, 2015) Thio.  AIH 204] THHEL AR 717]0] & ok b WHER) 7]
2 WL PO,PE BT AR AFIDAN W Eolpolmy AT Asell ] £2E F]o| S 4

et ol FdsHA el =2 E0] gl A2l ke st Al FH | Frlol FE FEok B wstglS o AR o]
o|lERE 2 At sto|ER2E HiX|of Qlite] F& 2 FE7FEE A 02 eIt Table 1). Pineda -5 (2017)
(Buhmann 5 2015) %17 A (Johansson-Westholm, 2006) ATLo| A Ba17) W7} 20kg m™ Y w] ARS<S: Fr)o]L 3}
€ A7k Wl 2 57 A) Qo] 5710l 8 2 S(Lee %, 2015)}
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Fig. 6. Changes of ammonium nitrogen (NH4-N), nitrate nitrogen (NOs-N), phosphorus (HPO,), potassium (K), calcium (Ca) and magnesium (Mg)
concentrations in the water of the experiment Il with FH15 (15 fishes, filter, hydroball), FHP15 (15 fishes, filter, hyroball, 6 plants). Vertical bars

indicate standard deviation of means (n=2).
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Table 1. Comparison of nutrients in the fish feed and fish growing water resulted from three different aquaponics experiments for lettuce cultivation.

Parameter Experiment 11* Reference T Reference I
Fish species Goldfish Tilapia Tilapia
Fish density (kg:m™) 60 50 20
fish feed (%)

Crude protein 47.21% 375 45
Crude fat 6.82 7.2 16
Crude fiber 1.21 23 2.5
Ca 2.62 - -

P 1.94 - -
K 0.08 - -
Fe 0.04 - -
Feed per fish weight gram 1 2 1
fish growing water (mg-L™)----mm--
NON 148 84 28-80
P 32 35 3-14
K 19 48 29
Ca 49 90 21-36
Mg 15 15 2237
Fe undetectable 0.1 -
Nutrients for lettuce hydroponics" NO’-N P K Ca Mg Fe
mgL" 123 24 117 100 18 2.0

% Expt. Il with FHP15 (15 fishes, filter, hyroball, 6 plants) at 29 DAT
Y: data from Nozzi 5 (2018) at 33 DAT

*: data from Pineda 5 (2017) at 30 DAT

: mean value for 2 replicates

: data not shown in the reference

Y data from Lee 5 (2015)

Table 2. The length and width of leaf, leaf number, root length and fresh and dry weights of shoot and root at each experiment.

Leaf length ~ Leaf width  Leaf number  Root length  Fresh weight (g-plant')  Dry weight (g-plant”)

Treatment DAT"
(cm) (cm) (cm) (cm) shoot root shoot root

Experiment I*

FHP12 3 21.0 94 14.8 16.1 24.4 2.8 1.7 0.2
HP12 21.1 10.1 13.7 26.6 22.1 35 1.6 0.2
Significant” ns ns ns ok ns ns ns ns

Experiment I

15 10.15 +0.48" 6.73+0.71 11.50+ 1.05 12.57+2.21 8.05+2.50 0.55+0.19 0.38+0.116 0.04+0.020
29 1572+ 1.12 10.77+ 1.11 20.17+0.75 3398+220 38.19+£6.74 2.07+£0.64 1.65+£0.276 0.11+0.031

FHP15

“ Expt. I. FHP12 (12 fishes, filter, hydroball, 6 plants) and HP12 (12 fishes, hydroball, 6 plants)
: Expt. 1I: FHP15 (15 fishes, filter, hydroball, 6 plants)

*: Asteriks indicate significant differences [t-test **P < 0.05].

" meandtstandard deviation for 6 replicates

¥: Day after transplanting

“

AlR0-AIBZ

02

f, 429¢ A3 20204 301



oA - 719 - Hey

@FHP12

zHP12

%99 T (A) 23 of Fer. ~ 27 of Mar. 2019
0.08

0.07
0.06
0.05
0.04
0.03
0.02

001 |

relative growth rate (g-g!-day-!)

Leaf Root
Tissue
EDAT 15
02  (B)13®of Feb. ~ 12%of Mar. 2020
0.18

DAT 29

016
014

012

01

?

008

.

0.06

relative growth rate (g- g'!-day!)

0.04 |

002 |

Tissue

Fig. 7. The relative growth rate of lettuce in the experiment I with FHP12 (12 fishes, filter, hydroball, 6 plants) and HP12 (12 fishes, hydroball, 6
plants) (A) and in the experiment Il with FHP15 (15 fishes, filter, hyroball, 6 plants) (B). Bars represent standard error for 3 replications. Relative
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Table 3. Mineral contents in leaf harvested from the experiment I (FHP12 and HP12) and experiment II (and mineral contents in the reference I and I1.

Experiment [ Ref » Experiment 11 Ref -
FHP12* HP12" ¢ ez;gce FHP15" ¢ ergz;’e
Nutrients Leaf (%) Leaf (%) Root (%)
TN 1.60" 141 3.5~4.5 4.43 4.81 6.2
P 1.25 1.23 0.45~0.8 0.37 0.57 0.85
K 426 4.06 5.5~6.2 1.49 2.87 37
Ca 0.88 0.69 2.0-2.8 0.85 0.74 2.0
Mg 0.32 0.28 0.6~0.8 0.20 0.14 1.6
Fe i i 50~100 11.0 592 621
(mgkg") (mgkg") (mgkg’) (mgkg’)

“ FHP12: 12 fishes, filter, hydroball, 6 plants
Y: HP12: 12 fishes, hydroball, 6 plants

*: data from Jones 5 (1991) for nutrient contents in the leaf of lettuce

" FHP15: 15 fishes, filter, hydroball, 6 plants

¥: data from Pineda 5 (2017) for lettuce grown under 20kg'm> fish density

u

: mean value for 2 replicates

A=t 53] A7 20014 FUK gl 1.49% =2 v~ k]
T, A S WRE A okt AE 2004 HU Fe gl
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