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INTRODUCTION 

Aquapomcs. a combmauon of fish fam1mg ond s011lcss plant farming, is 

groU:1ng m populant) and gaming attention as an 1rnportnnt and potcnually 

more sustamable method of food production. This is mutually beneficial 

intcgratton of ln drnpomcs (e.g .. s01llcss systems for crop production) and 

aquaculture (e g, aquatic animal furming) to simultaneously produce plant 

and animal products. In an aquaponic system, aquatic Hnim81S excrete waste. 

bacteria convert the waste into nutrients, and plants remove the nutrients 

and improve water quality for the aquatic animals. Aquaponics applies 

methods de\·eloped by the hydroponics industry in which chemical salts 

dissolved in \·rnter are the source of nutrients for plants (Gericke, 1940). A 

major challenge for recirculating aquaculture was the accumulation of 

nitrogen compounds, a potentially toxic by-product of fish waste. 

Investigators experimented ·with soilless plant systems as a means of treating 

fish waste and removing nitrogen compounds (Naegel, 1977; Sutton and 

Lewis, 1982}, which marked the beginnings of contemporary aquaponics. 

To add value to the soils' nutrient stock, agricultural trends have been to add 

increasing amounts of fertilizer, which, along with herbicides and pesticides, 

has contributed to significant and alarming environmental problems. 

Hydroponic methods have been the subject of much research during the last 

century as more focus has been put on our agricultural methods. As a result, 

many advances have been made in the field and current hydroponic methods 

take many forms. Aquaponics is touted as a form of sustainable agriculture 

because it mimics natural systems, is water efficient, and has fewer 

environmental impacts than some forms of aquaculture (Blidariu and Grozea, 

2011). 
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wr 

\qnnl'\'\\I\'~ t~ " l\'1..'l'tll t(\'ht1Pl11g\' t•111t•1•gi11~: 1lflt•11lin11 111<11111<1 IIH· wMlci 

bt'\\\U~t' l 1f it~ dH\'ic11( 11~11' 111 1cl{il\tt1'1'~. II p1·t1v11lc•:--1 11 11i111pl<· 1111cl P1'tic1i<'sil 

~\.)ludun to Uh' ft1111l ~t'\'tllth is~ttt•~ ond lutN tlw P<>lt•11ti11l 1(1 111c,,·i1£,c lhc 

h<.':\lth nnd ~t.thtlt~\' 111' 1:11\lilit•s liv ft•i·ding tlw,11 1111d lwlpin~~ IIH'111 bc•cc,mc; 

fiit.Hl\'t,llh St'\'\lt'l' l~t'\'ttX't1info1n svsh·111s ln nqu.1po11lct-: lll't! plfllnwcl to misc 

l.n1!,' qu,m(i(k~ 1..1f fish in ri .. ·lnt1wly s111,dl voll111ws of wutc1 by tt·cuting the 

\\":Ht'1' (t1 rt'lllt'\'<.' toxk \\"l\stc pr11du1·ts nud Own rt'11si11g it. In the process of 

n.·usi11g tht' wntc•r m.m~· lmws, 1w11-t11xic nultit•nts ond orgnniC' matter 

,h.'('\lmul.lt<.'. Tlws1• nwt.1h11lic by-pniducts tH't.'d n.ot be wnstcd if they arc 

ch,mndkd iul<.) st•cond,uy cn)ps th,1t hnvt' economic value or in some way 

bcndit tll<' pm11111 ,· fish prNiuc1 inn S) stem. Systems that grow additional 

c1op~ bv uLi11zmg b..' -pl{)dUC'ts from the production of the primary species are 

1cft~JI"cd w .is mtePrntc-d S) stem~. lf th(• st·c-ondcJrv crops nn.' aqualic or 

l<"ncslrml plnnt::; grown m <-onjunc-tion ,dth fish. this inkgrnted system is 

r efc-., n d to • s an qo,1pomts s, stem 

'J'he Fe1(1d nd Agn<'ultur c m 1t1on of thl' United Nnt10ns has 

tmphos1 cd nqu. pomcs • s future.: ust mnble food production practice 

:ind h:rn 1u rntl) r<"k~ s d gmddm<: on 5m. II scale nquaponics production 

s, stc m:,, (Some1, ilk I 014) Mnn) compmues, aquaponics suppliers 

mid ~tart up bu~messes . re runmn successful commercial aquaponics 

prodnctrnn !'.lrmmd the "orld. For ex mple aquapomcs products produced 

m the US~ ~--Rn be crrtJfied orgamc accordmg to the rules laid out in federal 

Inv, b, the NAtlonaJ Orgamc Program of the United States Department of 

Agriculture sinN> 2008 (United States Department of Agriculture, 2018), 

\\hich provides a good starting point for pricmg aquaponics products higher 

.md offers a be1ter compet1twe ad\"antage on the market. 
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AU ma1lnblc ~tud11.:s about ngu lpo1rn s h ,\( foc-ust d mott1h on urv If\ 

aquapomcs producc1~ (l.<wc ct al, ~oJS) 01 n111tlys111g sp< c 1f1<' < flSC ~tudtr 

of aquapomcs prNh1cficm, mo~tl\' 111 the USA 01 f!pf•c1f1c C tnnd1 n 

provincc-i-- such o~ J\lbct tu (So"idflV, 200 l), ot stnh'S such os Puerto Rico 

(Bunyaviroch. 2013) and lluwuii (Tokunaga tit ul., 20 15), Moloys1n (Tomm t 

al 2015). Romania (Zugravu ct al., 2016) nnd Berlin (Specht et ol., 20] 6). 

Since the technology itself is m its infant stage in India, no publi shed data 

\\-ere available on studies on the aquaponics in the country. 

Obiectives of the Study 

► To develop an aquaponics system on an experimental basis 

► To describe the operating conditions in a small scale aquaponics system 

► To monitor the growth and production of fish and vegetables in the 

aquaponics system. 

► To create an awareness regarding the utilisation of fish waste as a 

nitrogenous fertilizer for plant growth by using aquaponics systems. 



________ · AND METHODS 

Principle bcltlt.td 4.gua.panic~ 

• tt1 uullur 

llle proouc l (l ) ( f J Ult \\ llhout 11 It ,wr Im Oil th pr tn 1pl ,r f 

s , s tems B .. 'l~H ,1Jh tt ,, u~ de~, ~nt d In, 11~(' I up qu trllttH of fl h m r I 1t1 

.small ' lumc~ of ,,.-itC't b, tte.Hmr, the ,, tier lo remove tmm \\ 1 t pr d 1 

and tl1C'n r<:"H~u~ it In thC' proccs~ of t cu~mg the ,rntc·t m trl\ tirncs, ftcin to 

nutrients ,ind orgamc mutter ,1c(~u111ulu tc~. In n lr~h t 111 k, more· th ul o of 

the wastt" produced by fish is in tlw fon11 of ,umnornn und is sec, ctcd throw~h 

the gills and in tl1e urine. The remainder of the waste is excreted as faecal 

matter. The fish ,rnste undergoes a process called mineralization which 

occurs when Heterotrophic bacteria consumes fish ,:i:astc, decaying plant 

matter and uneaten food. During mineralization fish ,vaste, decaying pla nt 

matter and uneaten food are converted to ammonia and other compounds. 

Excess quantities of this ammonia are toxic to fish. 

Nitrifying bacteria, which naturally live in the soil, water and air convert 

ammonia first to nitrite (managed by Nitrosomonas bacteria) and then to 

nitrate (Nitrobacterj which the plants consume. Nitrifying bacteria ·w:ill thrive 

in the gravel beds and in the water in the system. The plants readily take up 

the nitrites and nitrates in the water and, in consuming it, help to keep the 

water clean and safe for the fish. Plants need nutrients in the proper 

amounts, oxygen, CO2, water and light. They can come from natural or 

artificial means. Aquaponics takes advantage of a natural process in a 

controlled environment and fulfils these requirements (Fig. 2.1). 
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ll 
Fig. 2.1: Aquaponics Cycle 

Aguaponics system design 

A small scale aquaponics system was set up in :aboratory of Zoology 

Department. The system was operated. with 5.sh and vegetable plants and 

weekly data for the study were recorded for two months (November and 

December 2017). The design and spec:illcati.ons of the system are presented 

in Fig.2.2. 

Fig. 2.2: Aqu.aponica ayatem deaign for the ,tudy • 



Gla~s tank with ctirncnsions 75cm X 29cm X 38<·m (Lengt11 X Width X Height) 

Wig. 2·38) was usect for stocking fish. A cirrnlar plastic tray with 54 cm 

diameter and 15 cm height WiR. 2.3h) ,w1s m-icd 11s grow bed for v<'getnbles. 

l{ork gravels of 1-2 cm thieknesscs (Ic'ig. 2.3r) usC'd as medium for plR.nting. 

Mechanical components inrludcrl a wnter pump, a bell siphon and assor.wted 

cquipm~nt such as hoses. A normal ~ypc of submersible aquarium pump (P'ig. 

2.3d) is used for pumping water from fish tank to the vegetable grow bed. 

Fig. 2.3a: Fish tank used in Aquaponics system Fig. 2.3c: Grow bed media 

Fig. 2.3b: Tray used for grow bed in the study Fig. 2.3d: Water pump used 

PVC pipes of varying diameters were used for making Bell siphon (Fig. 2.4). A 

garden hose was used to lead water pumped from fish tank to grow bed and 

the filtered water from bell siphon was drained to fish tank through PVC 

pipes. The whole system was set up in a vertical position on a wooden stand 

with grow bed on upper portion and fish tank in the lower portion (Fig. 2. Sa, b) 

in order to facilitate water flow in between the grow bed and fish tank .. 
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Fig. 2.4: Parts and setup of Bell 

Fig. 2.5a: Wooden stand used as 

supporting platform 

Fig. 2.Sb: Fully setup AquaponJcs 
system. 

Page7 



Fish and Plan ts used 1ar t he stx,dy 

Fish tank \\fl st 1ckc,d \\1th lO nmnl r of 1'i1Apt (Cm 

S1.:ed~ of Til -1pia hnvmg m tWt rage It ogOl of 001 tt 2 rm v. r • collr. tccl from 

1 •i..:al dNun \Ht C' u ed Ens\ gr<,wmg a11d popular vegdabl<• plant uch os 

Pi a (Prsum satium1~, 'J'omato (Solanum 1,,copcrslctiml ond Eggplant (Solarmm 

mclong
1 
na) ,, c1 c u~etl fm t hf' ~h1dv (lqg 2. 7) JI omc WO\ n sa plmg of ca.ch 

plants were planted m the griow bed. 

Fig. 2 .6: Tilapia 

Fig. 2. 7: Vegetable Plants
Tomato, Pea and Eggplant 

Fish and Plant production 

A continuous water circulation was maintained in between the fish tank and 

vegetable plants grow bed using the water pump. The fish were fed with 

pelleted fish feeds available in the market. It was a slow sinking feed with 

about 35% protein content. Fish were fed by hand once a day in quantities 

based on the number of fish in the system and their body weight (Fig. 2.8a). 

Length and weight of a sample of five to ten fish from tank were measured on 

a weekly basis, and these measurements were used as average measurements 

for analysis. Samples were obtained by dipping the net into each tank five 

times and measuring the fish caught. Length of the fishes was measured 

using a scale calibrated up to millimetre level (Fig. 2.8b) and weight was 

recorded using an electronic balance with lowest division as milligrams. 

Length of all the three varieties of vegetable plants grown in the grow bed of 

aquaponics system were also measured (Fig. 2.8c) on weekly basis for two 
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lllont hs. Pthcr parnml't J ~ such tt~ budcHng, Oo\1 cr1ng frwtmg, infections, 

damage!o'. 
1 1 1 "C 'lf dcd , cgu h1rly for both 

"' 11101 a it), etc \\H~ Etlso mn111to1 (.;d unc '' < 
1 

the plan,~ nnct figJHs fnr n ptt1ucl or two n1<H1tl1A sfmling 110m November to 

Dt 'C'Cn) bl"l , 20 1 7. 

Fig. 2.8a: Feeding the fish in the fish tank 

Fig. 2.8b: Measuring fish growth Fig. 2.8c: Measuring plant growth 
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RESULTS & DISCUSSION 

The cxpcdrnc 1 I h · n a study ~1mductcd for a period of two months t<, find out t e 

growth p(:rfonn f • · a.nle o vrgC"tabl<" plants und fish in n ~mnll scalt• aquapomcs 

syskni revealed ll r . · . 1c ,ollowm,g 1 c~ults, 

Fi.sh Growth 

AU lhe twenty fi~hes kept in f he tonk showed nn increumng trend in tcmu; of 

body length w1d weight. The average initial length find weight were 2.5 cm 

811d O.S gm respective~v, which was increased exponentially to 4.2 cm anci 2 

gms by one vreek time. Then both the length and weight showed a steady 

increase in subsequent weeks and the final length and weight recorded was 

9.5 cm and 7.2 gms respectively (Fig. 3.1). 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

3.7 

2.8 

2 

0.8 

5.1 

4.5 

6.4 

5.8 

- Length (cm) 

Weight (gm) 

9.5 

7.2 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 

Fig. 3.1: Growth performance of Fish, Tilapia in aquaponics system 

Growth performance of Vegetable plants 

All the three vegetable plants in the grow bed showed an increasing trend in 

terms of stem length. The initial stem length of Tomato was 9 cm, which was 

increased steadily to 190 ems by nine week time. The initial stem length of 
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Pea plant was 23.5 cm, which was increased steadily to 480 ems by nine week 

time. The initial stem length of 11ggplant was 8.5 cm, which was increased 

steadily to 44 ems b_y nine week time. The growth performance of various 

vegetable plants in the aquaponics grow bcci is ~hown in Fig. 3.2. 

600 

500 

400 

300 

200 

100 

0 

- Tomato 

Pea 

Eggplant 

91 

250 

350 
325 

480 
460 

/ 190 

44 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 

Fig. 3.2: Growth performance of Vegetable plants in aqua ponies system 

Other parameters noticed during the study period 

✓ Flowers were found in pea plants during 5th week onwards and it 

became fruits by 6th week (Fig. 3.3). 

✓ Although the tomato plants were flowered during 6th week of the study 

no tomato fruits were formed. It might be attributed to the lack of 

nutrients such as magnesium in water. 

✓ No flowers and fruits were found in Eggplant plants. 

✓ No infections or pests were found on plants throughout the study 

period. 

✓ All the fishes lived healthy (Fig. 3.4, 5) except a few mortalities due to 

mechanical damages from water pump. 
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Fig. 3.3: Fruit OD Pea plant 

Discussion 

Fig. 3 .5: Fishes taking feed in tank. 

The great challenge nowadays is and will be in the coming decades meeting 

the increasing need for food production and distribution in big cities in a 

sustainable way (Orsini et al 2013). Many billion people in the world today 

are currently undernourished due to many factors such as conflict, poverty, 

poor agricultural infrastructure and over-exploitation of the environment. 

Aquaculture and agriculture are the major solutions for maintaining food 

security worldwide. But extensive land and water farming have caused 

problems such as waste disposal and other environmental concerns. 

Aquaponics is a technology which provides a solution to the need for 

sustainable ways of filtering or disposing of nutrient-rich fish waste in 

aquaculture and the need for nutrient-rich water to act as a fertilizer with all 

of the nutrients and minerals needed for plants grown through hydroponics 

(Nelson, 2008). Crops are grow in a concentrated manner without 

compromising the health of the system and while greatly reducing the 
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required mput or ,w1cr rcsourcts (Nelson, 20081 nd in r 
8 

mg 
th

e value 

gained from lhe , ontmuously cleaned and recycled w ,tcr (Consi
d

ane, 
2

00
7

l• 

Aquapomc systems comhmc thi..: two forms of npnculturnl procluction 

mentioned nbO\e, rcrnculolmg aqum ulture nnd hydroponic Accordingly !he 

was I c of one hiolog
101 

I sysf .-111 he< om cs , 111 r, "' 11 rn r or mo thcr biological 

system (Dh c1, 200l1). 

There is growing int et est in locnlly p1 ociuccd food t h:it is sold directly to 

consumers. Aquaponics, due to its recycling ch,1rnctcr, is one of the most 

promising types of sustainable urban farming (Specht et al., 20 J 4). This 

particular system is extremely sustainable, since it operates without 

fertilizers and is clearly linked to ecologically friendly practices (Orsini et al 

2013). 

The narrow focus on tilapia by aquaponic researchers means that production 

methods have not been optimized for many other aquatic livestock. There 

were a wide variety of fish and crustaceans reportedly grown by respondents, 

and additional research is warranted on production of these species. 

Aquaponics enthusiasts are often driven by the idea of aquaponics being 

sustainable food production, minimizing waste and making the most of 

water, energy and nutrient resources. Limited information, however. exists 

about general consumers' acceptance of aquaponics products. This 

innovative technology of producing organic fish and vegetables need more 

popularity in order to exploit its maximum potentials in our country. 
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SUMMARY 

Aquaponic~ i~ bclH.'Vi'd to h.i,·t• fu1t11c polc11t11tl o~ n s11sln1nnhlc• rntcg1t
1Lcd 

food produrtio11 method. Howcvc1, dcvdopmcnt is still tn its ,•Mly su1g~ ,,nd 

although many new uquapo11ics compa11icR me stnrting up in developed 

countries such as USA. only a few are currently practicing in fncfoi. This 

study was an experimental work to analyse the growth of fish and 

vegetables in a small scale aquaponics system. The results showed a steady 

growth of fish as well as vegetable plants in the aquaponics system. It is 

proved that such a soilless and integrated culture practice is suitable for 

conditions in Kerala. So it is recommended to conduct more studies in order 

to commercialise aquaponics system in our area. 
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