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Abstract ues also increased significantly by 15.4-43.3%. Water
quality analysis of the BFT-AP systems and crop culti-
vation beds showed significant differences, except for K
and Na. The average NO; concentration in the sediment
pond was significantly higher at 45.3+1.0. Comparison of
water temperature, pH, EC, DO, and ORP in the BFT-AP
system and crop cultivation beds revealed similar month-

This study aimed to investigate the effects of an aqua-
ponics system utilizing catfish recirculating water on the
growth and water quality in lettuce and chicory cultiva-
tion. After 60 d of catfish cultivation in the BFT-AP, the
survival rate was 96.0% and average weight gain was
178.5 g. The WGR grew by 241.4% and the SGR was

. . ) ly water temperatures from July to September. The pH in
3.0%. A comparison between lettuce and chicory cultiva-

the catfish culture pond was 0.3-1.2 lower than that in the
crop cultivation beds, and the EC was approximately 0.01-
0.03 dS/m lower in the catfish culture pond than the crop
cultivation beds. The monthly average ORP in the catfish

tion using BFT-AP and hydroponics revealed significant
increases in shoot height, leaf count per week, and bio-
mass of the cultivated lettuce and chicory. The SPAD val-

* Corresponding author: Chang-Ki Shim culture bed steadily increased to 479.9 mV in October.
Phone: +82-63-238-2554; Fax: +82-63-238-3824/2554; Bacillus velezensis (AFB2-2) and Chlorella fusca (CF)
E-mail: ckshim@korea.kr were applied to the biological activation bed; the pop-

** Co-corresponding author: Jeng-Wook Heo
Phone: +82-63-238-4063; Fax: +82-63-238-4035;
E-mail: heowcho@korea.kr

ulation density of CF showed a continuous increase,
whereas that of AFB2-2 decreased after 15 d and gradu-
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ally increased thereafter. Thus, the application of the re-
circulating aquaponics cultivation technology with cat-
fish (BFT) enhances catfish cultivation and promotes the
growth of lettuce and chicory. Therefore, it is considered
suitable for the environment-friendly cultivation of let-
tuce and chicory.

Key words: Aquaponics, Eastern catfish, Vegetable growth,
Water quality
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¥}2)(semi-recirculating system)s HEgH 2102 w[7]¢} 4
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3 A o AT 2] FE YA §23-249 A A3
ato] 7] Fgho] 7k e AR SISt 7,12]. SllellA]
ool AE FE3 Fa7] dolgh AE Al Bek A

7} o]Folftt. o] FelME 3 271el(Siniperca scherzer) 2}
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2l A
w|7] oFo] A 48 BFT-AP AgToA A8t
0.6% 7719 ZTtAE A¥42(2 093 m x H 1.23 m)ell
w7] 50m)(AF 74.0+4.8 g) °F 3.7 kg (9] WA 5 kg/
m?)S $E3to] 1 Wy Fa8ISith BFT Al2ElE f4]38)7]
A8l Fx ST vl ool AES HAsta 75 FYs)
of ARG U vl Eet 9 7189 AHE HAEla, &
TAkAx(dissolved oxygen, DO) + 7.0¢1.0 mg/L, pH+
6.620.5, 72 23.0+1.0°ColM -4 Belaich. w7] 5o
AMEE @A EololA sl wZ|AZY 259 335(%
ol 449, 2R 8%, T 1%, T 14%, ©) 1.8%, A4+
5%, Z31 17%)5 Alsolx Tdate] ARgatalon A5 30
AR 23( 3.3 mm)E FI8tL o|F-E= 33(P4.2 mm)
= W w7] AT 3% 2 24 9Ael 13] Folaqleh A¥
604 ¥, H7|e] S A H8l Ao dAlE EEs)
I AFE 0.01 g7k AAAZMW-500, CAS, Korea)< Al
gslo] SAsqltt A3 A1 AlS(initial weight), AY T5
A& (final weight)? AFR 31 3E GRlate] T E(weight
gain rate, WGR), ¥737dE(specific growth rate, SGR)

S A= o FF AEE(survival rate)S AT

Zt0| H}O|RE2{(BFT)—-O0}0LZLIA(AP) AJARIS| 724

2 AdoA ARESE 7ho] Hlo] 9 ZF(BFT)-oF ol A~
(AP) A2ElE Fig. 13} 2t} BFT-APE ©]$3t 7] ARS-S
98l 0.6% 2719 E24AY I8P 093 m x H 1.23
m)°] 2t 7](SHD-150, 150 L/min, Shinhwa Hotech
Co., Ltd.)$} 2=%47)(DH-UT180, 2KW, Dowha Co.,
Ltd.)E AAapdtt wl7] Folxz iy Hesh f7]E0] &=
Al WlER A5 324 e s7] 8l B84 FHE(120
L, @ 051 m x H 0.82 m)Z ARSsgit) 7] wjase) 3
3¢l =3K(Nitrification) & 913l FAx9} FUst 7719
AEZA X (Biofloc pond)E A5k oM, 57]4d n|AYES]
S FHskaAt Ak A 7)(SHD-80,80L/ min, Shinhwa
Hotech Co., Ltd.)&} 2%2] Hlo| 2E( 16mm white ball,
@ 26mm black ball)& Ax]8}3it}. st BFT-APA| 2~
AEEYS SN A 2 Aol Jieket g+t Al
Bacillus velezensis AFB2-2 [17]¢} 2= A5 %2 a3}
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Fig. 1. Schematic images of lab-scale biofloc aquaponics (BFT-AP) system consisted fishery pond, sediments pond, BFT

pond (A) and NFT bad (B) used in this study.

Q)= mA|ZFQ Chilorella fusca [18]5 A wjokste] zHzt
Het 0.8+0.3 x 10° cfu/ml, HeF 19.242.1 x 10° cfu/ml
FTEE ATk

&3t AA AT AlE 2ls A=A == NFT
(nutrient film technology, L 7.0 m x W 0.6 m x H 0.3
m)E ARESISITHFig. 1). ©] A=A NFTHIE= 54 1+
0% 7079 AEL Aujdt 5= 9t} A A AE 7=
BFT-AP 39} TYg =719 ¢339} NFTAEAM)

H| S5 ARESIIAEL w7] Aol FeakA] o] wjie] X

© AEeA s Fael] sl A FEAIARoR A
sto] ARgagiTh et AR AE e Y] s
A2E 7)o R 278318tk 100 mg/L 52 A& skl
2} ekele] thk A FE(mM)E NH-N 042, K 0.50, Ca**
0.24, Mg?* 0.20, NO>-N 1.32, H,PO; 0.05% F%%2¢] 3|
Aato] ofoll ApmyFAIaEel Faste] ARSIt

A71ZE S freled O #2 He R 30°C,
ORFE 2 20°C, ATIFE 70-85% % 94 12A15E 9.5 34
THE 25 s W] S Gl AP o s Agsiel

57F 50-65% 714 el 7Fe S

okl £35S do] Yrié
.

AF2t x|712| RHbH

S7 A} A A~E13} BFT-AP A 2Elol] ke Ao} 7]
o es sy da 284 FY SN 7
et 2F-0] (A EHET, BAhE 252 A7 (0
olH, X|A)) BES ulsto] BFT-AP 2379} HP A3
94 A2 ZHHH Hﬂcoﬂ A ;H O].oq A]fﬂg].oﬂ;]. BFT-AP )\184:[11:
w715 AREE BFT 875 A4 HiEE 799
xR Fobd thA] w7] ARSrFER Eokes= T:LO}E%

431 tHFig. 1). ’\73741“]1 AT 7] Fels Al %
o] A&l MEE AX w8k AlAFeE AT
BFT-AP 23} —r%‘ZH“H AETE= 29 ”zgr 259 A
AelE ddatA s 7 A= AL 6093t Al
Foll 259] F 4 (total leaf length), TFAT(leaf num-
ber per plant), 8A5(fresh weight), 354352 SPAD
#HCM-1000, Spectrum Tech. Inc.)& F74skal wA4]8I3ich
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THEE 24

w7 o] 60% ¥, BFT-AP Al28E 8k oz
(Fishery pond), 3 #13(Sediment pond), A=&"J%(Bio-
floc pond), Z-EA] WI=Z o] 500 ml4 Alste] of
Ft A5 FES BYeE0 ©] T 549 52 pH,
#7)% %% (Electrical Conductivity, EC), $2H(DO),
2 Aesll A 9)(Oxidation Reduction Potential, ORP),
Ca, K, Na, NOs-N2= 5433t BFT-AP 2379} =8
U mlEa(mg/L) ¥4 F Ca, Ka, Na> HEd3Zek=
nb 43 A (Integra XL Dual, GBC Scientific Equip-
ment, Mexico)E AHg-8lo] £4815itt ol Saf Ad 73t
M pA0) wskE Jgs moteta A3 AdE WUk
T 3tk

MEBNTO| DIME 24

BFT-AP AEleA w715 oofshs 604 54t 4=24d
Z(biofloc pond, BFT)9] "% &4 A& AR 214
A AR 159 0% BFTY <35 100 ml¥
Aeatgltt. ol 5 3nkE o R ATl wAbE 0w sXst
1, 2E92 A4 (Modified micro algae cultural me-
dium)[18] ¢} Allst #i%-8 TSA (Tryptic Soy Agar)¥i#][17]
of sjAFEHoR Luet 5, 25°C 270l x 447t ket
5 #&(Colony forming unit)] +& ZAlsto] ok
vAZRS A7 UE ek ZAC
Sz

o AEE AT F 1k AW FEein webd, v
7] A& e S AdT Weld A S84 e
3709 oo Upre] Hdt BEAAE AASITh 1
U, A9 dateie dolxl AR foA A AR 42
7= Microsoft Excel 2016 2% Agdt & A Bt 1]
a5 vlaskaat SAS SAM71X| 9] BFT-AP A9¢k 4
A o] AEA%E vl BAGI o2 8l ¥ An
2] BFE VW U trestd AHBEHA O, FoI5E
< p<0.001= 2Hste] &7 Aefsi3int

2

o7l 88 =4

BFT-AP A& Tola 25t w719 47-s AR da=
Table 13} 2t} AEELE 96.0%°]1200H, 60U Fof] F-A|3k

w719 i oJAFTE 252.547.5 g2, A& Bt oAFo]
74.0+4.8 golE Aol nlsf °F 1785 g S7I5tSitk BFT-AP
A2l 60 ot kg A, w7]e] WGRS H3f of
A% 3,698 gollxl 12,626 gO = 241.4% +7FeHlal SGRE
3.0% 0% BFT-APl 23t w|7]9] 2 S eld
SItHTable 1).

SR 2FAlo] Aot x[7{2| M0 O/X|

& 25 (R, AT AA R 28 (<]
S W)7] folE o] &3k BFT-APS} #3) oFelul«|(n]ofkl])
& olgshs 74 Al 30§, 7t A= A2, 7EY
T S AT

7] oFo]=S o] &3k BFT-APOIA Aleh A5 2353}
AAR 2%F 7 A5 o wjxE o] &sh= A ET
A8 11.0-492% G9For E=AEglen, F JdFn
30.3-45.5% oA o F7kelela BAFE 30.3-68.6% |
o)A 07 Z7}5}%tTable 2).

el k2] wigel] me 2] w92 BFT-AP
oA Alst Aol XA 2L FAISE 282 A ol
A TR 2357 164424 mmE H3E9] ko A
HiET} 25.2% o)7L v ket A o® JEston, XA =
gul 7w} At Bt 17.641.2 mmE TEP<] kol =
AR 49.2% o)7} B 78It Table 2). +9 A5+
of| mX)i= P2 BFT-APCIIA Aallst 24571 20.241.671/
planto]$31, A¥t XAZ7} 62.046.271/ plant= T3] kY
SR 22t 37.5% 9} 45.5% U F7FeF3itKTable 2).
AAFol| m x| A3k BET-APOIA Aujsk A7) 28.5
4.5 g/planto| 1L qltto]|H7} 28.444.7 g/ plant 0= 34
o] ofall LA R 247 68.6%%) 60.3% T F7FldTh
(Table 2).

A AAlo] dFot x172[2 §EA 2| O0|X|=
s

;
o

B X729 $=4 SHSPAD value)oll v %3-S SPAD
#oE ZAleIHY, AN XA E Allsta vl7] golss
o] 85t BFT-APoIlA] Ajufigh Zlo] #ay) Foujx) & o83t
473 Z1 W} SPAD value©] 15.4-43.3% FolZ o7 Z7}
3l3ItKTable 3). $1=4 gl vlAl= 932 BFT-APelA
Aefgt 22437} 36.549.101%1 3L qltto]Ho} 50.5415.0%2 3
2] oFoll A A dSel ARAIAR Rt 242 39.3% 9}

Table 1. The growth performance of Silurus asotus in BFT-aquaponics (AP) groups at 60 days after

Survival rate Initial weight Final weight

(%) (g) (g)

Initial total weight

Final total weight WGR  SGR
(8) (8) (%) (%)

BFT-AP 96.0 74.0+4.8 252.5+7.5

3,698 12,626 2414 3.0

BFT-AP, Aquaponics based on biofloc technology; WGR (weight gain rate), (final total weight-initial total weight)/initial
total weight x 100%; SGR (specific growth), (final weight-initial weight)/days x 100%
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Table 2. Evaluation of growth characteristics of lettuce (Lactuca sativa L.), endive (Cichorium endivia) and chicory
(Cichorium intybus) cultivated for 30 days in catfish aquaponics and hydroponic culture

Growth characteristics

Crop Culture types Height Lafe number Fresh weight

(mm) (number/ plant) (g/plant)

Green lettuce Aquaponics 28.245.0 a 16.5£2.4 a 28.5+4.5 a

(Lactuca sativa L.) Conventional 244426 b 12.0£13 b 16.9+1.3 b
F-value (p) 47.45 68.76 155.95

Red lettuce Aquaponics 164124 a 20.2£1.6 a 20.143.2 a

(Lactuca sativa L.) Conventional 13.1£13 b 155430 b 154409 b
F-value (p) 37.83 48.05 51.47

Endive Aquaponics 17.6£1.2 a 22.241.8 a 242419 a

(Cichorium endivia) Conventional 11.842.7 b 16.0+1.1 b 15.140.6 b
F-value (p) 98.83 209.70 513.00

Chicory Aquaponics 16.2+1.2 a 62.0£6.2 a 28.44+4.7 a

(Cichorium intybus) Conventional 12.040.9 b 42.648.7 b 21.8+1.7 b
F-value (p) 197.80 82.42 4411

Data represent the meantSE of four replicates. Different lowercase letters indicate significant difference according to LSD
test at p=0.001.

Table 3. Estimation of SPAD value of lettuce (Lactuca sativa L.), endive (Cichorium endivia) and chicory (Cichorium
intybus) in aquaponics and hydroponic culture

SPAD value
Culture type Green lettuce Red lettuce Endive Chicory
(Lactuca sativa L.) (Lactuca sativa L.) (Cichorium endivia) (Cichorium intybus)
Aquaponics 24.5+4.3 a 36.549.1 a 50.5+15.0 a 31.947.1 a
Hydroponics 20.743.7 b 21.2+5.0 b 30.548.2 b 28.6£6.9 a
E-value (p) 12.58 50.07 68.54 2.20
Pr > F 0.0014 0.0001 0.0001 0.1488

Data represent the meantSE of four replicates. Different lowercase letters indicate significant difference according to LSD
test at p=0.01.

43.3% ¢ Z7F53tHTable 3). 7 0.18740.07 dS/m O Fo]AH 0% 7H =& ks ®lrt
(Table 4). =2] Ca®rde] W<l 71.8-78.0 ppmo| 3L

TR FAl0| A2t X[|F{2| M0 0|Xl= B A9} A A W=2] Caglefo] Hef 73.642.10.% 9
&9t 2Az ] AEo] $4EHA YERd W|7] Fo5E o] HOoR 7P =2 ks H3ltKTable 4). 89 K &>
&3t BFT-AP A|2~HlollA] A9} XA Aul] 30 &<t Al BFT-AP A28 4wt} xfo]& Holx]| okgkom 3t 10.0
wgk &, AAla 8 Al-ell A BFT-APS T8k iz, +0 ppm©|$IthTable 4). =$-+2] Nadrg> B3t 53.0-57.0
Az, BERREZ(Biofloc) 9 A=Al WES] F4s e ppm & UERE O BFT-APAIAELS A= S=2vich
U= pHS} EC 9 Ca*, K, Na, NO;9| 8 24181 SAZA SR Felgh 2lo]E HolA| UGkt Table 4). 222 &
U, 7F Al 2deitt Ko} Nagtgs Allshal BFT-APE = FEel 23 AH] NO; $e] W)= 40.0-46.0 ppm
T dolx, Az, Aewkex 9 AEAp W vt o1l HF 4244190 %, W22 NO; g&go] Bt 45.3+
Too] oA Afol7h QUK Table 4). 1.00% the g ke vjg] fFoldoR =2 Fhs Btk

2 2glellx] 2235t BFT-AP A|~E19] pHO| H9lE 4.5- (Table 4).
48013 Ht 4.740.1% AFERFSZS} A5t XA Al

W =2] pH7} 717} 33t 4.840.19} 4.7+0.1%2 ThHE Zie]] H]3| 231A| O}FOLZEUA AJAEIO] 07| LO{E} ZHEXHHH
oA o7 =8 kS HtKTable 4). ECO) W= 0.182- HESl 2= U 0|3t5HA 3}
0.187 dS/mo|S1al Ht 0.184+0.020.% %2 EC7} 7] ofo]4-E o] 48t BFT-AP A|AEIA] A9l XAz
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Table 4. Comparison of water quality of aquaponics systems, fishery pond, sediment pond, biofloc pond, and crop
cultural bed in harvest time

Water quality

Pond/bed
pH EC (dS/m) Ca (ppm) K (ppm) Na (ppm) NO; (ppm)
Fishery 4610 b 0.182+0.02 b 72.843.1 b 10.0+0 a 55.0+1.1ba 41.8404 b
Sediment 45+0.1 b 0.187+0.07 a 73.5+2.7 ab 10.040 a 55.0+1.6 a 45.3+1.0 a
Biofloc 4.8+0.1 a 0.183+0.07 b 72.5+2.8 b 10.0+0 a 54.8+1.7 a 40.8+1.0 b
Crop 4.7+0.1 a 0.183+0.08 b 75.842.9 a 10.0+0 a 56.3+1.8 a 41.8+1.1 b
MIN 45 0.182 71.0 10.0 53.0 40.0
MAX 4.8 0.187 78.0 10.0 57.0 46.0
MEAN+SE 4.740.1 0.184+0.02 73.612.1 10.0+£0 55.3+1.1 42.4+1.9
F-value (p) 23.33 64.80 3.08 - 1.63 37.40
Pr>F 0.0001 0.0001 0.0683 - 0.2346 0.001

Data represent the meantSE of four replicates. Different lowercase letters indicate significant difference according to LSD

test at p=0.05.

Water characteristics of temperature (°C), pH, EC {us/ml), and DO {mg/ml)

—FP_TEMP ——FP_pH

FP_EC FP_DO ——FP_ORP

Oxidatio-reduction potential {mV)
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T b HHR T
M‘_’ Iigl o0

ST S K S O O oS oS K K S S oS &
A W AP s N o M N » ey S 5
o o o> S 5 S A AN A S T A e
Y " 5 % " 5 Y 3 5 G " 5 5 5
> » D D ~» D > » D A » P A »
B ——CB_TEMP ——CB pH CB_EC CB_HUMI
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=
—t
7
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=
T
=T T
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&
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Fig. 2. Monitoring of water characteristics, temperature, pH, EC, dissolved oxygen (DO), and oxidative-reduction proten-
tional (ORP) of catfish culture pond (A) and crop culture bed (B) for aquaponics systems for lettuce and chicory.
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Table 5. Water temperature, dissolved oxygen (O.), pH, electrical conductivity (EC) and redox potential (ORP) in
differently planted aquaponics systems during the study period

Fishery pond

Crop cultural bed

Month ~ Range Temp EC DO ORP Temp EC
) P @s/m)  (ppm)  (mV) €0 P (ds/m)

Min 24.8 57 0.06 9.0 238.7 243 23 0.08

July Max 2.8 8.9 0.11 138 4183 36.1 9.8 0.12

Mean 27.4 8.7 0.10 116 299.1 27.2 9.6 0.11

Min 24.0 6.4 0.06 8.3 2674 229 6.8 0.06

Aug, Max 329 7.7 0.10 133 510.0 39.7 8.3 0.12

Mean 29.2 7.0 0.07 10.7 4716 29.1 7.4 0.08

Min 17.0 55 0.06 42 375.8 182 6.5 0.08

Sep. Max 30.3 7.4 0.09 12.8 538.9 36.1 8.0 0.14

Mean 24.1 6.5 0.08 9.3 4555 25.2 7.3 0.11

Min 229 6.2 0.06 48 400.1 13.9 6.5 0.05

Oct. Max 318 7.7 0.10 126 538.9 324 8.0 0.12

Mean 27.6 6.8 0.08 9.9 479.9 20.7 6.9 0.10

= Al 49 20239 79 AeFE 109 S w7 <k
olz9} A= Al wl=e] £} A L, pH, A7H%
Z(EQ), 4EAHDO) ¥ 4F3lekI 1 $l(ORP) Wsks A
sldyY wWl7] ool Z(Fig. 2A, Table 5)¢t 2= A wl=
(Fig. 2B, Table 5)°l] 2, pH, EC, DO %! ORP gto] €
of wh 54 thE = B3iTh v7] golxet gt A
] Al M=o g3t 2 795 E 997K A
ek o w109l g5l 2172 Al Wl=9] o] w7
Foix8 FEHT 6.9°C W A ow Ve THFig. 2, Table
5). <8re] pHE 7354 2712 Al H =0 R )
7] oiz 8] pHYF 0.3-1.2 A% W2 210 YEeit)
(Fig. 2, Table 5). =8] ECXE 758k A|A2] Al #l=2]
TEFET 7] kol 342 EC7} 0.01-0.03 dS/m 7
T ue Zlo® YERITHFig. 2, Table 5).

H7] FolzollA & it 22 109 Aglska 2

&

ule e
o, [tk

AR ghs ®glom gl 29.2°CE 7 =outh
T HA 718 9974 17.0°Collen Hu 7]ee 79
°C9} 8¢ 32.9°CC]%tHFig. 2A, Table 5).

7] ofoze] Yot pHi= 9L7A] 2|44 07 7hAasle]
o, 799 YA pHE 877 7H =/ Uehston 99 4
B3t pHE 6.5% 7H wotor] 108 €%+ pH7} 6.8% T
A 235319 tHFig. 2A, Table 5).

H|7] oFolzelA] =38le] G4t ECE 7€l 0.10 dS/m
2 7P Eskom, 109714 A&A 0% 7haste] 44 EC
7} 0.08 dS/molltt. Hl7] kol zolx LHF LEAAQT
HDO)= 7€l 11.6 ppm o= 7Hd A Vrebt o] 997}
A A&A 07 714310 9.3 ppme]Ler 10€ell= DO7F9.9
ppmCE TR Asah= 2102 UERITHFig. 1A, Table 4).

7] kol z9] Gt 4kslek A S1(ORP)= 7€) 299.1
mVE HeRlglon] dlg xj&4 07 Flsto] 104900 479.9

W

2.

mVZ 7} =2 45 B HFig. 2A, Table 5).

5ok A A Al M= Wt 2 8ol 29.1°CE
7V =oroH 99RE Euit 7] AHH 0" 7HAste]
1096l 20.7°C2 4 wholAl= o= YebsttiFig. 2B,
Table 5). 459} 2172] Al Wl=2] L33 pHE 102714
A& o astglon, 790 Gt pHE 9.6°0.% 7H
A Ebth 108 €%+ pHE 6322 7H 5gkoH 10
DA A EH 07 725t Fig. 2B, Table 5). 452k A
A Al WE2] 3] 9t ECE 8¥0l 0.08 dS/m
2 7P e e Bglog 749, 99, 1099 €9+ ECE
T Aol HolA| USktH(Fig. 2B, Table 5).
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Fig. 3. Monitoring population density of bacterial and alga
(CF) in biofloc pond after run the catfish culture aquapo-
nics systems for lettuce and chicory cultivation. Data rep-
resent the meantSE of four replicates. Bar with different
letters are significantly different from each another (Dun-
can’s test at 95 % confidential level).
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St MIZD} OJMZ2 X2|A|Z2te] ZTto)| L2 MEHI2
Zzo| & Eif
w|7] Fo]5S 0]4-3F BFT-APAIZEloA 3¢ 217 %]

2N
AelE 21el *ﬁgz} Jzeol| Fofst AE o] dares vt
A= Al A8 A 3 a7 4#3l B velezensis
AFB2-29} MM ZFHC fusca) AH) A174e] Z3tol| whe} 159
HAo 2 W% H3lE AR vAMZEHC fusca)= A%
o 7F Austel wheh Ao JES S=(FH 0.840.3 x 10°
cfu/ml)Ett oA 0% Frleks Ao E et 459 §
of= Hit 6.143.3 x 10° cfu/mICE A& FHE3 FEo| 1)
& 7 1.1 x 10° cfu/ml ow =7 } &40% LR CHFig.
3). Alxt AFB2-29] A9+ A& Folle As Jed d
S(Ht 19.242.1 x 10° cfu/ml)E‘jr 1.9 x 103 cfu/ml S
UeE Hylo, A 3Este] 459 Folli= et 28.549.3
x 10° cfu/mlE 3.3 x 10° cfu/ml o]} S7138ISItKFig. 3).
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