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Effect of water flow rates on growth of hybrid catfish (Clarias
macrocephalus x C. gariepinus ), Curl leaf kale (Brassica oleracea var.

acephala) and water quality parameters in aquaponic recirculating system
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Abstract

This study aims to investigate effects of water flow rate in an aquaponics system on growths of
hybrid catfish and Curl leaf kale (Brassica oleracea Acephala), water quality and efficiency in nutrient
removal. There were three different flow rates including 2000 (T1), 2,400 (T,) and 2,700 (Ts) liters per hour,
according to the completely randomized experimental design of which individual treatments having 3
replicates. The fish culture system consisted of a 1,000 liter tank containing hybrid catfish with an average
weight of 100 g, as well as a stocking of 100 fish/m”. The kale was seedlings cultivated, and thereafter was
transferred to the 1x5x0.20 m’ aquaponics system, having 50 kale plants per experimental set. Growth rate,
productivity of the fish and the kale, as well as changes in water quality were assessed at the end of the
90 day trial period. Experimental results showed that the growth rates of the hybrid catfish statistically were
significant differences (p<0.05) among all experimental groups. The rates were increased in respects to
increases of the water flow rates. The highest mean value of the fish weight was found in T3 (276.54+2.14
g), meanwhile the values of T, and Ts were 247.11+1.91 g, and 200.50+1.05 g, respectively. The highest fish
survival rate was observed in T3 (99.67+ 0.58%), followed by T (86.00+2.00%), and T; (80.33+1.52%). The
highest net yield (kg/m?) was Ts (27.5620.37), followed by T, (21.25+0.38). and the lowest value was in T;
(17.71£0.31), respectively. The yields of kale were statistically different. The highest fresh weight yield was
found in the flow rate of T: (24.06+0.37 kg), followed by T, (18.58+0.39 kg) and Tz (13.05+0.42 kg),
respectively. The dry weight yields also were decreased accordingly. This aquaponics system can
significantly reduce wastewater pollutions from hybrid catfish cultures. The removal efficiencies of BODs,
TSS, TAN, NO,-N, NOs-N and TP were in the following ranges: 44.88 — 53.51%, 65.04 - 67.15%,72.25 - 85.60%,
65.51 - 77.19%., 65.82 - 74.77% and 53.68 — 54.72%, respectively. The best pollution treatment efficiency

was occurred at the highest flow rate i.e., 2,700 liters/hour.
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Fig.1 Layout of aquaponic recirculating system. Consists of fish tanks, growing beds, sedimentation

tanks, biofilter and mineralization units.
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Sanmavdsuemadude (FCR) mmﬂaﬂuaq’mﬁL§8q1u5mﬁwn'15"L1na°uaqﬁ:'117fLLmnsiNﬁ’u finugndaany
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Table 1. Hybrid catfish and Curl leafed kale (Brassica oleracea var. acephala) productions under the

different water flow rates in an aquaponic system.

water flows ratios (L/hr.)

Measures

2,000(Ty) 2,400(T>) 2,700(T3)
Catfish
Initial weight (g fish™) 100.33+0.67° 99.67+1.55° 100.70+0.30°
Final weight gain (g fish™) 200.50+1.05° 247.11+1.91° 276.50+2.14°
Growth rate (g day™) 1.34+0.02° 1.64+0.02° 1.95+0.02°
Net production (kg m™) 17.7120.31° 21.25+0.38" 27.56+0.37°
Survival rate (%) 80.33+1.52° 86.00+2.00° 99.67+0.58°
FCR 1.47+0.04° 1.33+0.02° 1.24+0.04°
Plant
Shoot Height (cm) 20.12+3.75° 19.92+2.43° 13.21+2.14°
Root length (cm) 35.24+5.11° 32.35+4.51° 21.54+5.20°
No. of leaf/shoot 16.13+2.51° 15.42+1.95° 14.13+2.15°
Canopy width (cm) 21.84+3.53° 20.24+3.76° 14.30+1.15°
Fresh Yield (kg) 24.06+0.37° 18.58+0.39" 13.05+0.42°
Dry Yield (kg) 2.18+0.02° 1.69+0.03" 1.13+0.72°

* Values with different superscripts in the same row are significantly different (p<0.05)

NaNAnvaIRNAZUlUnEn
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o | A v o W aa ' ! d’ o v a da
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NINOUAUBIARDOMNIINT AN TR Ty way T, An11 Ts eg 19l dodAty Ao 20.121+3.75, 19.92+2.43 uay
13.2142.14 \@URLUAT @IUAINNYIIRE 8VDITIN UAWNAINY 35.24+5.11, 32.35+4.51 way 21.54+52 \GURLUAT
AuEIRU TaisesRUsEnoUNanantuiudy 9 AtlwuilinlunsnevausednsINsaNtAnIn snsInsiuasn
wudeatu lundwulusiedu vesanisveaes Ty, T, wag Ts IAede 16.13+2.51, 15.42+1.95 way 14.13+2.15
Tusiadu drunrrunitmsiuvesdnaziindinisiuiesinuinfiaedsfiuanaisiuegedveddysznineemne
nsbnatdn 2 asusn (T: uas To) SAgendndnsinisiuaiss (Ts) e 21.84+3.53, 20.24+3.76 uaz 14.34+1.15
LWURLLAT LA
leduannisnaasmuimandadnazilunBnazdifienisaunsiunandnlarfelinandageigaiioAndu

v

Prdnaanulussuunsnnaasnisnsinisinavesiienfanis T, windu 24.06+0.37 Alansu susae T, windu

q

18.58+0.39 Alansu waz T Wiy 13.05+0.42 Alansu sudsu Wnewdlsusedividutmtnwisdlaananadunig
Pdanraaenu (Table 1)
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Table 2. The water qualities in hybrid catfish tanks at different water flow rates.
Water flow rates (L/hr.)

Parameters

2,000(T1) 2,400(T,) 2,700(T5)
pH 7.28-7.42 7.28 -7.34 7.34 - 756
Dissolved oxygen (mg/L) 412 -4.42 4.24 - 4.61 4.42 - 5.26
Temperature(°C) 27.3 - 28.7 27.2-28.9 27.3 -28.5
Total alkalinity (mg-CaCOs/L) 40.20 - 50.32 41.70 - 52.14 40.35 - 50.39
Total hardness (mg-CaCOs/L) 30.42 - 33.11 31.26 - 33.49 30.54 - 33.21
Electrical conductivity (ms/cm) 08-1.0 08-1.1 0.7-1.0

qmmwﬁﬁu,azmm]ﬁlwm]awaamimmi

guvnivesisynitesmsAnazaglutag 27.2 - 28.9 sseisaidea delddanuunnssszwing nguns
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azmaﬁwﬁmmﬁwﬁ’ayﬁaqmmwmawmLLazqﬁw%‘ﬂuﬁwuﬂiaa%amw (Somerville et al., 2014) LUZU1I1AIT
Snwseiuendauavaneinlildmnty 4.0 Sedntusiedns WomsiSaivlafvauveslatluandou Tuvue
Ansviinuresgdunigngu Nitrifying bacteria Avininidsuuesludefidusunssludulunsniddosnis
USinmeenduiiazangluhinzautuiu fuzdumnsaudinandodisni 2 Sadnsusedns (Masser et
al., 1999) lunsneaesil wuirseduUsInueandiauiiazansludn lunnngunisvaaes feneglutsiimnyan
AADAZEZLIAINITNABDY

sanladd (Alkalinity) fA19¢ 5811319 40.20 - 50.39 TadnTusofns uagA11unIEA1 (Hardness) A1
30.42 - 33.49 fadndudedns wui sasnslnavesiliiinavilddumaniiunnsnsiuegretaau aunszdneann
msueiun wiesanlaili venilusruvezaniving Saindudesniu msrimnunsyineiianyauazsheae
$hwnen pH liimail mnerdamladildiiomessiliinsturiuwese pH ag1einids Frazdmaidosesyuu de
Uan wagmisltuselevdannansenvnsuesiis (Bregnballe, 2015) aenslsAniu Somerville et al. (2014) lauugiiri
sviumInsEAsiravethlusyuezaIUTndfoUsvana 60 — 140 fladndusiedns fujuredanlads

v
=

uazANunszdslunsnaesidadinludndes aumsfiagldsumsuiulvoglussduiigaduld Seinaedmadie
wananUawazinaztlumBnligeduld

A EC (Electrical Conductivity) 8glutiesendng 0.7 - 1.1 ms/cm. A1 EC Uan3Neuanifeusinneasonms
dmsuiivug Suduladeiifidnnieidestunalnnseealuda ‘Lumiam%uﬁwaqﬁ%&ha (Somerville et al., 2014)
A1 EC Tussuunnaesil Aeudnaarasiidanania arnduduvesansomnsluiheglussduiiunfnasntaan an
NAABY
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nstrdadauamirludannisivasiig

sn5n1slnavesings 3 §m31 Ti (2,000 Anssiedalug) T, (2,400 Anseodalu) wag T, (2,700 Anssedalua)
anunsatnlumsnlulasiau (NOs-N) Tiuseneilugng 65.82 - 74.77 Wesidus (Fig.2) uanslidiuinusunuves
arsonsUszianlumsniiisd ulussuuannsngidssdatdy uazandeivudouldgnunge wasdluld
Usilewogaiivssdnsam lunsviulssuaradlussuumsdssdafihsudunamannssviunsiunsiadu
(Nitrification) uaziilod uansrazinaivesntsnanlauasfivfannsomdn luasmlulasauldlusnadanain
Tumsdneil msmdalunsnlnesiveniluszuvezaivindanUsinaaimudadiumusasnisivaiiuty
wuidnsmsluadl 2,700 Ansdedalue Tdnmnsvingeanusyana 74.77 Wedldusd Jeaenadosiu Endut et al.
(2009) Finuidasnisvdaluasm fanudiiudidauaniusasnsinavenih

A" BODs devanefeUiinaeandiauiiuuaiiedosnsld Tunsdesaatsansdunidlussuu anududures
BODs luszvuifisduiiosnmstanudesdurieingfiavansuazazausennnudafiafisndmiamuiuazoimsuan
e (Viadero et al,, 2005) sauanveadeiduosnaindavan L‘fluLméaﬁwﬁiyﬂuaamsauﬁ‘ﬂuﬁwLﬁa Lﬁa??ufjm
SEEPIAINIHAR WUTIA1 BODs anasil 44.88-53.51 wedidusd Fsmuindnsnisthtniuuliigdunasnginis
Tnavenimudiuandslu Table 3 uaz Fig. 2

Sammsthiaeaunwiwasmivesmamenin wedl veshiisanisivase Iduandu Table 3 way
Fig. 2 wuinUedidudnnsunda BODs, TSS, TAN wax nitrite-N dn1sundnldna unusnsinsivaiiiuiuoegad
foddey Fadunsioudevresmututuresifidigssuy (nfluent) wasiniiluasen (Effluent) Anudy
Wesdudluraeiiofidusinistatn TP qﬁmé‘ﬂﬁasJé’mwmﬂuaﬁLﬂ'wﬁu (Fig. 2)

Tun1s@nwil dn TAN (Total Ammonia Nitrogen) Tutirusi u 3ol dog1efiuszAnsaim 72.25 - 85.60
Wosldud nsvdn TAN ‘5ﬁLLuﬂﬁu’hLﬂumammﬂ%w%wammﬁmwmﬂwamamfwﬁqa%u wiagldumnanaiueeed
oddny ATAN Aeuiuailulnsiauianmluzues NHs uag NHe Tuth Tunismizsdesdniih arduduses
TAN #astiounin 0.5 Sadnsusedns (Somerville et al, 2014) ARAldannsinszsiiniogaiifiuaindumad
tnlnaean (Effluent) nuindareylutas 0.11 - 0.17 fadnfusredns wansinegluseduiilifnansznudonis
L3LAUlveIUamnans

aududuresloanlaaiavun (TP) luusagvimuud suiiutuludisszevnansenvoudaing oswn
nsUanUdpsansemsennatnuandifdaiaun (Nelson, 2004) agidiulddrannismeaassaiaruiduduves
TP anasniiu o gafitidaileiseming 12,03 - 13.20 Tadnuredng 1Ju 5.23 - 6.40 Tadn3usiodng w yafith
gen (Table 3) Svanasesafiteddy Fudunamanandnsnisiva Fadawseglifeuuandietussninesem
nslva mwmmsLLawﬂammeL‘fJuLma'qﬁwﬁ’ayuaawaaWa%’a‘Luﬁw Tudndsanmsidesdnih aduisleawind
avanuinlduasliazaneth ﬁgﬂ‘ugﬂLLUU@U%%ETLL@%@QUV]%ET (Tucker and Boyd, 1985)
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Table3. Mean values and percentage removal of water quality variables at various flow rates.

Parameters Flowrates (L/hr.) Influent (mg/L) Effluent (mg/L) Removal (%)
2,000(T7) 4.73+0.21° 2.60+0.20° 44.88+6.67°

BODs 2,400(T2) 5.17+0.25° 2.40+0.10° 53.51+1.86°
2,700(T5) 4.73+0.51° 2.30+0.20° 51.23+4.16°

2,000(T1) 54.33+1.36° 17.87+2.08° 67.15+3.31°

TSS 2,400(T2) 57.57+3.97° 20.07+0.15° 65.04+2.11°
2,700(T5) 53.20+0.90° 17.63+1.50° 66.82+3.38°

2,000(T1) 0.71+0.15° 0.17+0.02° 74.35+8.72°

TAN 2,400(T2) 0.57+0.25° 0.13+0.02° 72.25+16.59°
2,700(T5) 0.80+0.19° 0.11+0.05° 85.60+6.85°

2,000(Ty) 0.27+0.07° 0.09+0.20° 65.51+7.34°

NO2N 2,400(T>) 0.26+0.01° 0.08+0.01° 70.84+2.59°
2,700(T5) 0.21+0.02° 0.05+0.15° 77.19+9.31°

2,000(Ty) 16.63+0.91° 5.63+0.31° 66.00+3.64°

NOsN 2,400(T>) 15.36+1.10° 5.20+0.98° 65.82+8.57°
2,700(T5) 14.80+0.70° 3.73+0.21° 74.77+0.89°

2,000(Ty) 13.20+0.90° 6.10+0.20° 53.68+2.83°

TP 2,400(T>) 12.03+1.37° 5.43+0.12° 54.53+4.28°
2,700(T5) 12.39+1.15° 5.23+0.12° 54.72+3.15°

*Values with different superscripts of each parameter in the same column are significantly
different (p<0.05)

BTl T2 W73

100.00
80.00
60.00 -

40.00 -

Nutrient Removal(%)
'_'
|_|

20.00 -

0.00

BOD; TSS TAN NO,-N NO,-N TP

Water Quality Parameters

Fig. 2 Percentage removals of water quality parameters at various flow rates in aquaponic system.
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