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Abstract       Old forms of aquaponic organic hydroponics can be traced in 
many ancient peoples, such as the Chinampa Aztec culture, the cultures 
around Lakes Inle in Myanmar, the Waru Waru culture of the tribe Uru on the 
shores of Lake Titicaca in Peru, and rice paddies in China. Scientifically, the 
first studies regarding soilless cultures were carried on by Francis Bacon who 
published “Sylva Sylvarum” in 1627. Intrigued by his discoveries, Justus von 
Liebing elaborated the mineral theory of plant nutrition in 1842, John 
Woodward added soil particles to water in 1699, De Saussure noted in 1804 
that pants are made of compounds that are also found in water and air, and 
Justus von Liebing published in 1842 a list of elements essential for plant 
growth. Starting with 1842, research in hydroponics continued until 1980 
when Mark McMurtry managed to achieve the first aquaponic organic 
hydroponics system; in 2004, they acknowledged the superiority of this type 
of culture. At present, aquaponic organic hydroponics meets the most diverse 
requirements; it can be met in deserted areas, in areas with severe ecological 
accidents and in intensive or small-size cultures. In this study, the authors 
analyse substratum culture and floating shelves culture for small areas to 
show the advantages of each system from the perspective of setting costs 
and of system maintenance. Thus, we can see that the floating shelves 
system is neatly superior since it requires small funds for setting and 
maintenance; the substratum system is better only from the perspective of 
plant distance and plant size because substratum provides plants with 
increased stability.    
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The benefits of symbiotic culture have been 

acknowledged since Ancient times when they tried to 

set floating cultures: the Chinampa Aztec culture 

around Mexico City, the cultures around Lakes Inle in 

Myanmar, the Waru Waru culture of the tribe Uru on 

the shores of Lake Titicaca in Peru, and rice paddies in 

China. 

The Chinampa system belongs to the old 

Aztec civilisation and it consists in suspending 50 x 

150 cm beds above water (5), beds made of mud and 

pebbles from the bottom of lakes combined with 

vegetal material to increase the fertility of the newly 

created islands. To support the entire ensemble, they 

used to knit wickerwork nets (15) attached to the 

mound of mud and vegetal debris, animal manure and 

straw, secured by willow plantations (5), thus creating 

corridors for the canoes (2). These cultures supplied up 

to four crops per year and covered 9,000-10,000 ha (5), 

due to the specific microclimate that protects the plants 

from the frost, and to the fish in the canals that enrich 

the soil with specific nutrients from their wastes. At 

present, this culture is part of the UNESCO World 

Heritage (14, 13) and can be admired in the 

Xochimilco Park in Mexico City. 

In the area of Inle Islands, natives used to 

gather vegetal debris from the water surface in bunches 

to create germination beds for the future crops. To 

speed the fermentation process and specific bacteria 

formation, they added mud from the bottom of the lake 

to the vegetal matter. After 10 years, the islands thus 

created were ready to be seeded. They cut striped 1 x 

180 m and fixed them on defined places for 15 years, 

when they replaced them with newly created islands 

(19). 

On the shores of Lake Titicaca in Peru, the 

Uros people used to build tutora knitted islands 

attached to the bottom of the lake with ropes. Since the 

islands would go down 5-10 cm with each step (17), 

tutora layers were added constantly while the old layers 

of tutora decayed and detached. Around the lake, on 

the swampy shore, they used to practice the Waru 

Waru culture. The first mention of this culture was 

done in 300 BC, before the Inca Empire appeared (16) 

and aimed at improving cultivation conditions on the 
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periodically flooded shore (7). The slopes edified 

above the water are still made up of overlaid layers of 

stone covered with clay, argyle, pebbles, sand and 

organic debris from alluvia, sediments, algae and 

animal and vegetal wastes. The water infiltration level 

of 80-100% compared to no-slope soils (20) allow 

recycling and soil processes favouring plant growth 

and supplying the microclimate protecting the crop 

from frost due to the heat stored in the water during the 

day and released during the night. At present, this 

culture is rediscovered and has more and more 

adherents (8, 9).  

The first studies of soilless cultures were in 

hydroponics, in Francis Bacon’s work “Sylva 

Sylvarum” (1627). Thirty-nine years later, in 1666, 

intrigued by this book, Boyle carried out studies on 

plant growth in pure water (3). Research continued 

with plants cultivated in water from different sources – 

distilled, rain, river, mixed with soil particles and 

drained: he noticed, 30 years after this experiment 

(1699), that plants better grow in soil particle-added 

water. Almost 100 years later, De Saussure found out 

that plants are made up of chemical elements found 

also in air and water (18); later, Justus von Liebing 

(1803-1873) developed the theory of mineral nutrition 

of the plants (3). That was an important moment for 

hydroponics, called “nutriculture” by two German 

botanists, Julius von Sachs and Wilhelm Knop (1859-

1865); in 1937, it became, due to Gericke, 

“hydroponics” or the science of cultivating terrestrial 

species in nutrient substances (17). 

The studies of aquaponic organic hydroponics 

because of inorganic hydroponics appeared as a need 

of the humans for a solution to making horticulture 

“ecological”; however, the first studies of organic 

hydroponics were carried out in 1980. This is due to 

the fact that aquaponics, the ecological side of 

hydroponics, supposes the simultaneous management 

of two types of culture in symbiosis. The first who 

managed to do it was Mark McMurtry who, in 1980, 

after defending a doctoral thesis, manages to set the 

grounds for research in aquaponics (6). Further on, 

James Rakocy adapted hydroponics on floating shelves 

to aquaponics, replacing soil with pebbles, expanded 

argyle and other soil replacements; recently, they also 

added peat to reduce the delay in vegetation in the first 

year of system setting because of the nitrogen cycle. 

Nick Savidov and James Rakocy managed to prove the 

superiority of organic hydroponics (aquaponics) over 

inorganic hydroponics (12). 

At present, the range of aquaponics systems is 

very varied: from commercial versions to systems for 

lake and even home decoration (10, 4) or for such 

affected areas as desert ones (1, 11). This is why we 

wanted to study two aquaponics methods from the 

perspective of setting cost and of later advantages in 

the system handling.  

 

Materials and Methods 
 

The research presented here was carried out at 

the “Young Naturalists” Teaching Station that has a 

greenhouse with a pool generously populated by 

Carassius auratus, which makes it fit for aquaponics. 

The first culture, set on a substratum, required 

two basins to establish culture beds, pipes for water 

supply and water removal, pump for water supply and 

expanded argyle for the substratum, that was later 

supplemented with 20% peat due to the beneficial 

effect of the latter. 

Floating shelves culture supposed purchasing 

polystyrene boards 5 cm thick, that we cut into halves, 

into squares 50 x 50 cm, further accommodated to host 

special pots for the culture. Thus, at the beginning of 

the year, we used recyclable plastic bottles that we 

punched at the bottom to allow the roots to reach the 

water and at the top to allow substratum aeration; in the 

second part of the year, we replaced the bottles with 

plastic pots linked to the water through hemp ropes to 

ensure the necessary moisture in the substratum. For 

bulbous species, we used peat and, after purchasing the 

seedlings, we used potted peat. 

 

Results 
 

As for the costs of setting the two systems 

(Table 1), substratum system costs are higher. The 

weight of the materials was also higher and the 

mounting time is higher than in the floating shelves 

system.  

As for system maintenance (Table 2), we 

needed 15 minutes of electricity for the substratum 

system once or twice a week, to refill the culture basins 

from the fish basin and to cleanse the basins.
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Table 1 

Setting cultures on an area of about 100 x 150 m
2
 

No. Materials Pieces (N) Cost/Piece 

(RON) 

I Substratum aquaponic system 

1 Basin (50 x 70 cm)  2 74  

2 Pipe for water removal 

3  "L" pipe 2 1.37 

4  "T" pipe 1 2.35 

5  Thick pipe 1 1.57 

6  Medium pipe 1 1.27 

7  Large lid 1 1.85 

8  Medium lid 1 1.68 

9  Large hose 1 19.99 

10 Water supply pipe   

11  Water supply pump for culture beds 1 99 

12  Short hose (1 m) 2 4.99 

13  "L" pipe 2 1.07 

14  "T" pipe 1 1.87 

15  Medium pipe 2 1.27 

16 Expanded argyle (20 l) 4 37.50 

17 Sanitary silicon pipe 1 12.80 

Total: 337.95 RON 

II Floating shelves aquaponic system 

18  Polystyrene boards (50 / 100 cm) 1 1/2 (equivalent of substratum 

aquaponic system: in fact, we used 

several boards) 

5 

19 Recyclable plastic bottles 3 x 15 0 

20 Peat (10 l) 2 4.60 

Total: 16.7 RON 

III Fish feeder 

21 Recyclable plastic bottle 2 0 

22 Zip 1 2.5 

23 Recycled wire 1 0 

24 Recycled hemp rope (30 cm) 1 0 

Total: 2.5 RON 

IV Fish feed 

25 Vital sticks (650 g) 1 24.5 

Total: 24.5 RON 

Final total: 381.65 RON 

 

Table 2  

System maintenance 

No. Consumption source Amount 

I Substratum aquaponic system 

 Electricity  15 min/week 

 Plants 15-20, depending on size 

 Poxipol for maintenance in case flaws appear in 

the silicon areas 

 

II Floating shelves aquaponic system 

 Plants 15-20, depending on size 

III Fish feed 

 Mixed flakes 24.5  
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As for plant distance, the substratum system is 

more effective because plant distances are smaller (the 

system can support plant weight and supplies nutrients 

for development without forcing the plants to compete 

for food and light). Thus, on areas of 70 x 100 cm, 

there are up to 6 different species (15-20 samples) 

depending on plant position while, with polystyrene 

boards, there are only 2 species (15 samples) on an 

area of 50 x 100 cm, with a maximum 4 species (15 

samples) if we use Crocus sp. This disadvantage of the 

floating shelves system is caused by the ability of 

polystyrene resistance to sinking. However, compared 

to substratum system, plant roots are in direct contact 

with the nutrients in the water 24/24.  

Another disadvantage of the floating shelves 

system is plant size: the pots cannot support tall plants 

such as Gladiolus sp.: we can use support tubes of 

knitted wire, but the best results have been with short 

plants.  

As for manipulating the system, introducing 

and removing plants in the floating shelves system is 

much easier because the plants can be removed in 

totality, without losing part of the root system, but this 

can clog the pipes and develop an anaerobic 

environment and cause fungal diseases. Another 

advantage of this system is the culture medium: water 

has a constant temperature at root level. 

As far as periodical toileting of the roots is 

concerned, it should be done periodically in the 

substratum system, but it is currently done by the fish 

in the floating shelves system. 

 

Conclusions 
 

As a conclusion, we can say that if possible, it 

is better to use the floating shelves system because it is 

easy to mount, needs no electricity, is easy to maintain, 

and oxygen supply is ensured by such algae species as 

Egeria densa.  

Manoeuvring polystyrene boards is easy: the 

boards attached to the basin bar by a metal rope glides 

easily and we can draw the shelves and collect data, 

maintain the culture, develop new cultures, or remove 

older cultures of no interest for the research. 

Culture on floating shelves also has a pleasant 

aspect: it can be a solution for the decoration of water 

surfaces in private locations or in public areas. 
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