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Abstract: The objective of the study was the design of a floating greenhouse for growing edible plants in the sea. The 

elements necessary for growing plants in the sea a low cost would be a solar still for producing freshwater and a pot or 

container for plant support and breeding. To perform the functions of solar still plastic bottles for packaging olive oil were used. 

With this plastic bottle as top and a Trap for Wasps made of plastic or a metallic Mold to make baked biscuits as base it was 

possible to build a small solar greenhouse and use seawater to grow some man edible plants such as spinach (Spinacia 

oleracea L.) and wheat (Triticum aestivum L.) The floating greenhouse bottle can be used for growing plants in lakes or 

freshwater marshes as well as in salt lakes or in the sea. It would have application for cultivation of edible and industrial crops, 

algae or biofuels, plants to reduce the greenhouse effect, as a system for the recycling of plastic bottles and to reduce the cost 

of freshwater needed for Agriculture. By not producing waste is considered an ecological and cheap system to produce some 

food without spending energy because it uses seawater and solar heat. 
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1. Introduction 

Traditional agriculture has been based on the use of water, 

soil and fertilizers as basic resources. The soil was both the 

support and the medium from which the plant obtained the 

nutrients through fertilization and irrigation. With the 

development of greenhouse horticulture and soilless and 

hydroponic crops, the soil to be replaced by other substrates 

that make the support role for the plant, is no longer an 

essential factor for agricultural production [1]. 

Worldwide, Agriculture accounts for 70% of freshwater 

withdrawals from rivers, lakes and aquifers. As a 

consequence of increasing water scarcity and drought, 

resulting from climate change, considerable water use for 

irrigation is expected to occur in the context of tough 

competition between agribusiness and other sectors of the 

economy. In addition, the estimated increment of the global 

population growth rate points out the inevitable increase of 

food demand in the future, with an immediate impact on 

farming water use [2]. 

The use of seawater for the irrigation of freshwater plants 

has been limited in coastal areas and always subject to the 

construction of desalination plants that obtain fresh water 

from the sea water through the reverse osmosis process [3].  

The desalination technologies for agricultural irrigation 

play a major role in satisfying growing water demands in 

water scarce regions. Due to stringent ionic concentration 

standards for agricultural irrigation water, desalination for 

agriculture is more energy demanding and additional post-

treatment is requisite [4]. 

Solar distillation presents a promising alternative for saline 

water desalination when the weather conditions are 

favourable and the demand is not too large. The most simple 

and inexpensive process for freshwater is the evaporation of 

seawater using the sun heat. The principle of operation is the 

greenhouse effect. The heat of the sun causes the water to 

evaporate and water vapour condenses to form purely 

distilled droplets of water when it reaches the cool 

transparent leaning surface made of glass or plastic. Using 

solar energy, expenditure on fuel can be minimized [5, 6]. 

The gradual increase in world population requires an 

increase in the area needed to cultivate. If the largest 
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hydrological resource on the planet (¾ parts of the Earth's 

surface) is the sea, our current challenge is to be able to grow 

plants using seawater. Deserts and coastal areas have begun 

using seawater for irrigation of halophytes [7].  

An Integrated Solar Green House for water desalination, 

plantation and wastewater treatment has been constructed at 

Giza, Egypt [8].  

However, all these systems cannot be considered a feasible 

long-term solution as the salts from seawater are transferred 

to the ground. 

Plastics are an important material in our economy, and 

modern daily life is unthinkable without them. At the same 

time however, they can have serious downsides on the 

environment and health. Action on plastics was identified as 

a priority in the OCDE on January of 2018 to help European 

businesses and consumers to use resources in a more 

sustainable way [9, 10]. 

What we propose is the beginning of a greenhouse-type 

agriculture within the sea. The idea of developing a marine 

greenhouse has ready been proposed by other authors [11-13].  

This Agriculture in principle we can consider it sustainable, 

since it would not need any external contribution of water 

and the rest of the inputs (support-substrate and fertilizer) can 

be considered similar to a greenhouse cultivation on land. 

2. Material and Methods 

For crop vegetables in the sea we have to make a device 

that besides providing freshwater should be able to sustain 

and protect the plant floating on the water surface without 

contact with saline water. The design of a device that would 

serve to recycle all plastic containers used could lead to a 

saving or raw materials and other resources and energy 

sources. With this idea in 2015, we carried out the design of a 

floating greenhouse bottle made up of two plastic bottles of 

different size embedded the smallest inside the large one [14].  

The indicated design has not been operative because the 

sealing of the two pieces (with silicone) was not 

impermeable, so the salt water came into contact with the 

sweet plants. Of the two pieces, it was essential that the top 

was a plastic bottle because it was the right material to act as 

a condenser of fresh water. The cap of the bottle must have a 

small hole to allow the entrance of air necessary for the 

respiration of the plants. Because the part of the device that 

made contact with the seawater should be in one piece, the 

lower bottle was suppressed.  

Searching in the market designs of a piece that could be 

useful as support for the plants we found two options: 1- 

Traps for Wasps made of plastic and 2- Molds to make baked 

biscuits (Savarin brand of 17 cm in diameter and 5 cm inner 

hollow) built of aluminum. The first (Wasp Traps Massó- 

Chemical Commercial Massó S. A. of 16 cm in diameter and 

5.5 cm inner hollow) only allowed to use its base because the 

cover is flat (Figure 1). 

 

Figure 1. Wasp Trap Massó. 

Our device could be considered a floating pot still. A pot 

because plants can be grown inside, while it is a still because 

a part of water condenses inside on the walls of the bottle and 

it floats on the surface of water [15]. So to build our floating 

greenhouse bottle we used two pieces: The base (B) was the 

wasp trap or the biscuit embedded inside a plastic bottle of 

the same diameter that acts as a condenser of fresh water. 

Into the base (B) about 300 grams of soil or peat were 

introduced with the seeds of the plants, using the plastic 

bottle as a cover. All bottles were placed in a 45 cm deep 

plastic bucket filled with seawater so that they floated on the 

surface. The tests were carried out from September 2017 to 

September 2019, repeating the sowing and harvesting cycle 

several times. During the spring months occurred the 

maximum growth of the plants and in a smaller proportion in 

autumn and winter. Each assembly could be tested three or 

four times.  

3. Results and Discussion 

The two pieces (B and plastic bottle) can be combined in 

different ways. Plant growth according to different options 

was reflected in the following figures. You can use only B of 

either of the two indicated materials (wasp trap o biscuit) 

covered by the upper half of a recycled oil bottle (option 1) 

(Figures 2-3) 

 

Figure 2. Plant growth inside the wasp trap. 
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Figure 3. General view of plant growth inside the bottle. 

or B can be crimped inside the bottle in normal position 

(option 2) (Figures 4-5) 

 

Figure 4. Plant growth with B inside the bottle. 

 

Figure 5. Plant growth with B inside the bottle. 

or by using the bottle in the inverted position (option 3) 

(Figures 6-7). 

 

Figure 6. General view of plant growth with B inside the inverted bottle. 

 

Figure 7. Top view of plant growth with B inserted inside the inverted bottle. 

The options 1 and 3 are more advisable because they allow 

the fertilization and manipulation of the plants, while the 

option 2 to be totally hermetic does not allow any 

manipulation from the outside. Option 3, leaving a space of 

seawater trapped between B and the neck of the bottle, a 

proliferation of algae was produced and the plant growth 

decreased. (See Figure 7). It would be necessary to clean 

periodically the neck of the bottle or use that option as a 

double system, the upper part of the bottle would allow the 

growth of freshwater plants, while the lower part could acts 

as a saline greenhouse for the growth of algae or halophyte 

plants. On the other hand, B plastic allows a continuous and 

repeated use of the system several times, while B metallic 

ends up being oxidized by the action of the salt of the 

seawater and result unusable. It should be protect it with 

some type of salt-impermeable paint or build it from a non-

oxidizable metallic material by seawater. In one way or 

another this model would be more expensive compared to the 

one that uses B plastic so that a design of the bottle in which 

the two parts were plastic would be more suitable. 

4. Applications 

To build a prototype of adequate size to be used in the sea, 

our bottle should be tested in shallow saline waters such as 
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some of the estuaries that exist in Spain (the province of 

Cádiz or in the Mar Menor of Murcia) [16].  

The bottle can be used for growing plants in lakes or 

freshwater marshes as well as in salt lakes or in the sea.. It 

would also be useful for different types of vegetables, but 

above all it would have application for industrial crops, algae 

or biofuels, cultivation of plants to reduce the greenhouse 

effect, as a system to reduce the volume and cost of fresh 

water needed for Agriculture, for the recycling of plastic 

bottles, etc. Also it could be an agricultural alternative to 

solve the fishing problem in the regions mentioned above or 

similar areas of the planet. By not producing waste is 

considered an ecological and cheap system to produce food 

without spending energy because it uses seawater and solar 

heat. New studies should be carried out to check which plants 

can adapt to growing inside the bottle as well as outside and 

which time of the year would be the most appropriate for 

each of them. 

5. Conclusions 

As shown by this work with recycled plastic it is feasible 

to build a small marine greenhouse useful for growing sweet 

plants in salt lakes or seawater. In order to cultivate plants of 

different sizes and characteristics, the model should be 

constructed according to the appropriate proportions as well 

as carrying out the studies and tests necessary to be used at 

sea. 

This bottle is an ecological and cheap system of producing 

both sweet and halophyte plants taking advantage of seawater 

and would be useful for emerging countries as well as an 

adequate system for recycling and use of plastic bottles that 

currently pollute and are causing problems in the 

environment and health of all the inhabitants of the planet. 
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