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(54) Title: NEW SUBSTRATE FOR HYDROPONIC OR SOILLESS CULTIVATION

[Fig.1]

(57) Abstract: This invention is related to a new substrate (6) for soilless cultivation consisting of a three-dimensional reticular structure
which is elastically compressible, with empty cells bounded by threads made of polymer or any other material which are chemically
inert, hydro-phobic or weakly hydrophilic. For example, the substrate which consists of a lattice made of threads in polyethylene (6)
compressed into a container (4) equipped with an irrigation system(3) and with a support (2) where the plants have been inserted (5).
The system is a closed cycle wherein the stored solution (1) is recirculated.
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Description

New substrate for hydroponic or soilless cultivation

Technical Field

This invention is related to a new substrate for hydroponics cultivation.
Hydroponics or soilless cultivation is a technical method which enables development
and growth of the plants without soil, using as substrate a medium, more or less inert,
irrigated with a fertigation automatic system. The substrates used in well-established
techniques are: natural ones, such as peat, bark, seaweed, straw, vegetable fibers,
marcs, pressed plant fibers; inorganic ones, such as sand, volcanic lapilli, pumice,
gravel, mineral wool, perlite, expanded clay, vermiculite; finally, those of synthesis,
including polyurethane, polystyrene foam, urea foam, urea’s copolymers.
Background Art

All substrates of well-established use have problems and drawbacks that hinder
and slow down the application of these technologies in common use. The
disadvantages and problems of natural substrates, according to the type, consist in
presenting high salinity, not neutral pH, risks of phytotoxicity, or being subject to
degradation, limited resources, excessive water retention capacity with the risk of
hypoxia radical, absorption of salinity and finally, for many of these substrates, it is not
always possible their recycling.The disadvantages and problems of inorganic
substrates, according to the type, are to have not neutral pH, low water retention, limited
possibility for recycling, or being subjected to absorption of salinity, difficulty of disposal,
or, as in the case of the rock wool, they may be harmful to the insiders. The
disadvantages and problems of synthetic substrates, according to the type, are to have
excessive lightness, weak anchoring of the roots and, often, absorption of salinity.
Summary of Invention

The purpose of the present invention is to provide a new substrate for soilless
cultivation that has not the drawbacks of the classical substrates. This new substrate is
simple to use, recyclable and usable in a wide range of crops, from edible plants, up to
the bio-architecture. The innovative cultivation substrate is constituted by a three-
dimensional reticular structure, elastically compressible, formed by empty cells bounded
by threads made of polymers or others materials, which are chemically inert,
hydrophobic or weakly hydrophilic and with low elastic modulus. For example this new
substrate may be made of thin threads in polyethylene.
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The main innovative aspect of the substrate is the water retention mode. In the
present invention the substrate, which consists of hydrophobic or weakly hydrophilic
threads, retains water by adhesion of the drops to the lattice of threads and for
entrapment of water’s meniscuses into the cells of the lattice due to surface tension.
On the contrary, substrates commonly used, retain water for absorption of the material

that constitutes them.
Technical Problems

The commonly used substrates are based on the principle of absorption of water
to obtain a good water retention capacity. The problem is that together with the water,
often are also absorbed the salts inside the substrate which tends to concentrate them.
The absorbed salinity interacts with the nutrient solution of the subsequent irrigations,
often altering the predetermined chemical balance. This problem is in general of great
importance in the management of hydroponic cultivation because the high salinity also
causes the increase of the osmotic pressure with damage to the crops. The high salinity
also often determines the need to replace the nutrient solution during the cultivation
cycle. In addition, at the cycle’s end, the substrate may become unusable for
subsequent cycles of cultivation due to the high salinity.

Solution to Problem

The innovation of the new substrate consists to have a good water retention
capacity without absorbing salinity, thanks to the water captation which is held back by
means of weak intermolecular attractive forces. In this case the salinity is not absorbed
and concentrated in the substrate, but remain in solution inside the drops, captured by
the same substrate, and the salinity of the solution varies only in relation to the
demands of the plants grown. The multitude of hydrophobic or weakly hydrophilic
threads, which form the substrate’s lattice, develops a total area of captation which is
given by the sum of the surface of each thread. Each thread holds the nutrient solution
(water and salts), thanks to the weak intermolecular forces and it is supported by the
others threads, around it, to hold a greater quantity of water, so that, more threads there
are, greater is the water retained by the substrate.

Therefore, we can say that each thread multiplies the weak intermolecular forces
of attraction of the water, which contains the salts, by the increase of the surfaces’s
number of adhesion, this gives to the reticular structure, on the whole, a good water
retention, even in the presence of weak forces of attraction between the water of the
solution and the molecular structure of the threads.
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Therefore, in this substrate, the roots have to win only weak forces to absorb the
water, so than it is all easily available to the plant. This is a big advantage compared to
the others types of substrate: these others, in fact, have one part of water unusable
because it is at a too low potential to be extracted from the absorbing of the roots.

Another interesting innovation of the substrate is the ability to modulate its water
holding capacity so as to respect the typical physiological needs of the farmed species.
In fact, you can increase or decrease the density of the substrate in the container simply
increasing or decreasing its quantity per unit volume, so as to have a greater or lesser
number of threads per cubic centimeter and, to have, consequently, a greater or lower
water retention capacity. The reticular structure of the substrate also gives a high
porosity.

For example with the said substrate made of a lattice consisting of cells bounded
by crossed threads of polyethylene, compressed with an average density of 150 kg/mc,
the porosity is higher than 85%. The threads are made of materials without porosity or
with low internal porosity, so the porosity is only determined by the interspaces among
the threads of the lattice.

Innovative aspect of the substrate is also the high anchorage which allows the
development of the roots due to its lattice structure. The degree of compression of the
lattice structure can also be varied according to requirements of consistency that the
roots need of the different species. The elastic compression of the substrate and the low
elastic modulus of the material that constitutes the threads of the lattice determine
optimum conditions for the expansion and growth of the roots. The effective anchorage
and the roots development, together with the lightness, and simplicity of management of
the fertigation, also determine the conditions for an easy utilization in bio-architecture. If
you operate, for example, in a closed-cycle system, another innovative aspect of the
substrate is that the nutrient solution can be almost completely recovered at net of
crop's need. This is possible because the substrate’s absorption is absent and the
evaporation is negligible because the substrate is inside a container. In this invention,
on the contrary with NFT and SNFT systems, which have a high and similar water's
saving, the fertigation is not continuous with an interesting saving energy.

Another innovative aspect of the substrate is the ability of self-regulation of the
overwatering due to human error or malfunction of the irrigation system. Excessive
watering can cause the root's hypoxia with plant’s necrosis risking to lose the whole

crop. In this invention, in conditions of excessive irrigation the drops, which are
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suspended to the lattice’s threads and the water's meniscuses trapped inside the cells,
would raise their mass and they would fall by gravity not allowing the increase of water
held back.

Another innovative aspect is to change the substrate’s density varying the
degree of compression inside the container; this allows a variation of water retention
capacity from plant to plant, even if the drippers provide the same water stream. In
general, the optimal density, with which the substrates may be used, is between 120
and 180 kg/m3, depending on the water requirements of the cultivated plant species.

Another innovative aspect of the substrate it is to be chemically inert, it doesn’t
interact with the nutrient solution and it doesn’t change the pH of the nutrient solution.
Another innovative aspect of the substrate is the durability that facilitates its utilization in
bio-architecture, on the green walls and roofs, where the plant varieties are perennials.

Another innovative aspect of the substrate it is to be made with non-toxic and
recyclable materials with antibacterial properties, for example in polyethylene.Therefore
the advantages of the new substrate may be summarised as follows: lightweight; high
porosity; good water retention capacity; almost no absorption of salinity; invariance of
the solution pH; durability; non-toxic; antibacterial properties; no risk of root hypoxia in
case of overwatering; recyclability; full availability of the water retention; flexibility thanks
to the possibility to vary the density; simplicity of the system; easy to use in bio-
architecture and for the implementation of small units to personal use; high water
saving in a closed cycle farming systems.

Brief Description of Drawings

The features of the present invention are shown in one form of practical
realization illustrated by way of example, not limitative, in the annexed drawings.

[Fig. 1] shows the substrate (6) inserted in a container (4), suspended on a support
(2), in which have been carried out some holes (5) to receive the plants irrigated by a
dripper system (3) in closed cycle, wherein solution is collected in the container (1).

[Fig. 2] shows a particular of the plant's housing (5) and the substrate’s threads (6).
[Fig. 3] a detail of the lattice structure of the substrate is enlarged (6).
[Fig. 4] a particular of the housing (5) and grown plant is zoomed.

Realization of the Invention
[Fig. 1] shows an example of the invention: a lattice of threads made of

polyethylene with a diameter of 0.25 mm was used (6) and compressed inside a pipe of
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100 mm diameter (4), with a density of approximately 125 Kg / mc. A drip irrigation
system, (3) with a dripper positioned close to each plant, had distributed a daytime
fertigation of 400 ml, for each plant, every two hours and only once in the night with a
quantity of 400 ml, for a total duration of operation of the circulation pump of 2 hours
every 24hours. The cultivation was, in the spring, outdoors under a shed. The
temperatures were respectively 8°C Min. and 22 °C Max. The pipe positioned on a
support (2) was tilted to 2% to drain the recirculating solution collected in the container
(1). The Gentilina salad was planted at the distance of 20 cm, each other, along the
tube inside the holes of 10 cm diameter (5) after the cleaning the roots from the whole
ground remained. The system was used in a closed cycle with a nutrient solution
chosen according to the literature, that came periodically added and rebalanced in
salinity and pH by adding nutrients. At the end of the cycle the salad was collected and

the solution was stored and rebalanced for the next cycle.
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Claims

Claim 1 Substrate for soilless or hydroponic cultivation, characterized by a three-
dimensional reticular structure, with empty cells, bounded by threads made of polymers
or other materials that are hydrophobic or weakly hydrophilic.

Claim 2 Three-dimensional reticular structure, referred to in point 1, consisting of cells
bounded by threads made of polymers or materials, including those with low elastic mo-
dulus.

Claim 3 Three-dimensional reticular structure, referred to in point 1, consisting of cells
bounded by threads made of polymers or materials, including those chemically inert.
Claim 4 Three-dimensional reticular structure, referred to in point 1, consisting of
threads made of hydrophobic or weakly hydrophilic materials, including polyethylene.
Claim 5 Substrate, referred to in point 1, usable in containers of different shapes.

Claim 6 Substrate, in point 1, for use with density defined by the needs of the species

grown.
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AMENDED CLAIMS
received by the International Bureau on 28 April 2017 (28.04.17)

[Claim 1] Substrate for soilless or for hydroponic cultivation, with a wide field of
application, from edible plants up to the bio-architecture, made of a
multitude of hydrophobic or weakly hydrophilic threads, which are
inserted into any shapes of containers, where the plants are cultivated
with a cyclic irrigation of the nutrient solution.

[Claim 2] Substrate according to the claim 1 consisting of a multitude of threads
also interconnected among them.

[Claim 3] Substrate according to the claim 1 consisting of a multitude of hy-
drophobic or weakly hydrophilic threads, included threads made of
extruded polyethylene.

[Claim 4] Substrate according to the claim 1, pressed into any shapes of
containers, included those which have a density between 120 and 180

Kg/mc.

AMENDED SHEET (ARTICLE 19)
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Statement under Article 19(1)

The claims 1, 2, 3, 4, have been deleted because they seemed also to include the foams in the
definition of lattice. Instead, the new substrate is not made of foams but of hydrophobic or weakly
hydrophilic threads that created a substrate with good water retention capacity, suitable for plant's
growth for years, from germination without need of transplantation.
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