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SUPPORT ASSEMBLY AND METHOD FOR GROWING PLANTS THEREIN

The invention relates to a support assembly for essentially horizontally growing plants. The
stems of such plants grow mainly horizontally over the ground. The leaves of such plants will face
the light, i.e. upwards. However, the fruits of these plants hang down due to gravity and are often
hidden under the foliage, which makes harvesting difficult. Moreover, the fruits often lie on the
ground and are therefore an readily sensitive for pests and eating. Another disadvantage of
regular growing of such plants is that the harvest depends on the available horizontal surface.
Namely, these plants hardly grow in height, if at all.

The term essentially horizontally growing plants' refers to plants whose stems grow more
horizontally than vertically. The stems may therefore also have a vertical growth component. The
horizontal growth component may also be determined by the weight of the fruit, as the stems may
be pulled downwards by the weight of the fruit, thus increasing the horizontal component of the
growth direction. Such predominantly horizontally growing plants can also be branching plants
with multiple stems. The leaves of the plant can grow upwards, but because of the horizontal
growth of the plant, the growth height will remain limited.

The invention is directed to eliminating or alleviating the above-mentioned problems, and to
this end it provides a support assembly for supporting a plurality of layers of essentially
horizontally extending meshed support elements, arranged one above the other with a distance
therebetween, the support elements being designed to hold units of nutrient substrate spaced
from one another, wherein in each unit of nutrient substrate an essentially horizontally growing
plant is rooted, in order to allow the essentially horizontally growing plants to grow, supported by
the respective meshed support element, wherein the mesh size is such that the fruit forming from
the essentially horizontally growing plants can grow downwards through the meshes to ripen
under the respective meshed support element, wherein the distance between two meshed
support elements arranged one above the other is chosen so as to allow both unhindered
horizontal growth of the essentially horizontally growing plants on the lower support element and
the development and ripening of the fruit of the essentially horizontally growing plants growing on
the meshed upper element, and wherein a plurality of the meshed support elements can be
moved horizontally relative to one another to provide space for harvesting the fruit.

By providing meshed support elements placed one above the other, the essentially
horizontally growing plants can grow unhindered over the support element, and by placing units
of nutrient substrates that are just enough for the plant to be rooted, plenty of space is provided
for the fruit to develop under the leaves, and by growing through the meshes, the fruit will
eventually hang down under the meshes. The leaves can grow upwards unhindered, while the
fruit hangs downwards unhindered. These fruits hang in a space which is bounded above by the
meshed support element on which the respective plant grows, and which is bounded below by

another support element on which another substantially horizontally growing plant grows. In this
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way, multilayer growth of such plants is possible and a multiple yield of fruit can be obtained,
while the fruit has more space than if it were growing under natural conditions. A plurality of
meshed support elements are movable relative to each other, so that the space between two
meshed supporting elements located one above the other can be temporarily enlarged or made
accessible in order to have better access to the fruit or to the plant located below for harvesting
and care, for example for fixing stems to the meshed supporting element.

Devices for multilayer growth of plants are known per se. For example, KR2019/0010779
describes a rack with several support elements extending horizontally with a vertical distance
from one another, wherein the support elements are not meshed and are not suitable for plants
essentially growing horizontally, with fruits thereof growing and ripening under the support
element.

JP H04-169136A describes a tunnel-shaped mesh frame on which pumpkins can grow.

US2016/0249536 describes a container for growing a single plant, which container can have
a horizontally arranged mesh for guiding vertically growing plants from below through separate
openings of the mesh wherein growing buds are guided through a different mesh opening each
time.

From US2016/0135385, a device for growing a fruit-bearing plant is known, in which the fruit
rests on top of a mesh, while the roots of the plant are held in a nutrient medium located under
the mesh.

From CN112106565, a device is known which comprises a number of horizontal trays in
which a growth substrate for plants can be included, which trays are adjustable in height relative
to one another.

The support assembly preferably comprises a common frame that carries the meshed
support elements, which frame allows movement of at least some of the meshed support
elements relative to one another. Thus, it is possible to provide, for example, a block-shaped
frame with horizontal guides along which at least some of the meshed supporting elements can
be slid horizontally. A number of supporting elements may also be fixed to the frame to provide
rigidity for the frame. When the meshed supporting element there above or thereunder can be
slid, there is also sufficient space to reach at the fixed supporting element. Preferably, the majority
of the supporting elements, and even more preferably, all of the meshed supporting elements are
horizontally movable. It is also possible to movably position the supporting elements vertically
relative to each other so as to create space for harvesting or maintenance. A paternoster
arrangement can be considered here, whereby the distance between two supporting elements
can be temporarily increased. In order to make optimal use of the horizontal space, the support
elements are preferably movable horizontally in relation to each other. For example, the frame
may be provided with horizontal guides so that the supporting elements can be slid in and out of

the frame like a drawer. The device may also be designed such that the support elements can
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rotate horizontally relative to one another to provide space required for harvesting, maintenance
or care of the crop.

In an attractive embodiment, one or more meshed support elements are tiltable, preferably
horizontally. For example, the guides of the frame may be provided with one or more hinges so
that the support element can hinge relative to the frame or to the horizontal. In this way, the
support element is placed in an inclined position which facilitates harvesting. The support
assembly may be designed such, that the one or more meshed supporting elements can pivot
when slid out of the frame. It is also possible to design the support assembly in such a way that
the meshed support elements can hinge while they are still above each other, for example in the
frame, or outside it, when the respective support elements have been slid out of the frame. The
support elements can then be ftilted, i.e. placed in an inclined position, simultaneously or
independently of each other.

The distance between the meshed support elements is preferably adjustable. This
adjustability may be achieved manually or mechanically. For example, the assembly may
comprise multiple guides spaced vertically from one another and extending essentially
horizontally, whereby the user may select which guide or guides will carry the support elements.
In this way, it is possible to adjust the distance between the support elements according to the
crop to be grown thereon or according to the stage of development of the crop. For example,
when the fruit is not yet formed or is still small, the support elements can be kept at a shorter
distance from one another than when the fruit is larger and needs more space.

The distance between two meshed support elements located above one another is chosen
to be sufficient both for unhindered horizontal growth of the plants on the lower support element
and for the development and ripening of the fruit of the plants growing on the upper element. The
skilled person will know what distance to choose, depending on the crop. For a crop with large
fruits, the distance will be greater than for a crop with small fruits. A larger distance can also be
chosen for a crop that needs more light. The distance between the plants of two support elements
lying above one another should preferably be 30 -70 cm, more preferably 40 - 50 cm. This is the
free space between the hanging fruits of the plants growing on the upper support element and
the foliage of the plants growing on the lower support element.

The vertical distance between the meshed support elements is preferably 20 - 100 cm, more
preferably 30 - 80 cm, even more preferably 40 - 60 cm. This distance is preferably measured
when the support elements are parallel to each other, preferably horizontally.

There are many possible forms for a meshed support element. For example, a rigid
framework may be provided, within which a mesh is woven using a suitable material such as sisal
or hemp rope, with openings large enough for the developing fruit to grow through. However, a
rigid wire mesh of, for example, metal such as steel or aluminium is preferred. In such a case, a
rigid framework is less necessary since the metal mesh itself is rigid and durable. A support

element preferably comprises a first plurality of substantially parallel extending first rod-shaped
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elements, and a second plurality of substantially parallel extending second rod-shaped elements,
which first and second rod-shaped elements intersect at an angle and are in contact with each
other at the intersections. A "rod-shaped element" is herein understood to be any elongated
suitable element, regardless of the shape of its cross-section. A rod-shaped element may be a
hollow or solid tube, or a square, rectangular or otherwise shaped profile, suchas an L, H, U or
V profile. Irregularly shaped rod-shaped elements can also be used, such as those made of
natural materials like bamboo. It is also possible to provide a support element with circular or oval
mesh shapes. Thus, circular or oval metal elements can be attached to each other to form a
horizontal meshed support element.

The mesh size can be chosen according to the size of the intended plant growing on the
support element and the size of the fruit the plant produces. For plants with small fruits, such as
strawberries, a relatively small mesh size of 5 cm or larger, such as 10 cm, can be chosen. For
larger plants, a larger mesh size is advantageous. The mesh size is preferably between 5 and 40
cm, more preferably between 10 and 20 cm. The mesh does not have to be so large to allow a
ripe fruit to pass through. After all, in an early phase of development, the fruit will grow downwards
and then pass through the mesh. Once under the support element, the fruit matures. The fruit
thus hangs under the roots of its own plant, which are located in the unit of nutrient substrate on
the respective support element. The skilled person knows which culture substrate is suitable and
its composition may depend on the crop to be grown. The nutrient substrate is preferably soil, but
can also be in the form of a gel. The nutrient substrate should preferably be dimensionally stable.

To provide sufficient light, one or more light sources are preferably placed under a support
element and directed towards the top of the support element there below. These light sources
thus provide sufficient light for the leaves of the underlying plant. Also, there may be irrigation
systems running through the spaces between the support elements, which are arranged to
provide moisture and possibly nutrients to the separate units of nutrient substrates in a targeted
manner.

The support assembly may comprise one or more units of nutrient substrate, preferably
placed on, in or at the support elements. The nutrient substrates may be placed or hung in the
meshes of the support element, or may be placed on the meshes. Preferably, the nutrient
substrates are form sable. However, it is also possible to place a substrate in the form of soil in a
bag and hang it on the supporting element. Placing topsoil in a pot, such as a plastic plant pot,
provides a nutrient substrate that is dimensionally stable for the purpose intended herein and can
be placed on or in the meshes. In an attractive embodiment, a unit of form stable nutrient substrate
is designed as a compressed element. Preferably, the nutrient substrate has at least locally an
outer circumference corresponding to the inner circumference of one or more meshes of a support
element. This allows the nutrient substrate to be fitted into the meshes of the support element. By

a tapered design, the nutrient substrate can sink into the mesh until the outer circumference of
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the nutrient substrate matches the inner circumference of the mesh. The support elements may
also be provided with holding elements that are designed to hold a unit of nutrient substrate.

The invention also relates to a method for growing a plurality of essentially horizontally
growing plants in multiple layers above one another, comprising the steps of

a: providing a support assembly according to any of the preceding claims,

b: placing one or more units of nutrient substrate on or attached to one or more mesh-

shaped support elements, which units of nutrient substrate extend over a maximum of
20% of the surface of the respective support element,

c. allowing an essentially horizontally growing plant to be rooted in the unit of nutrient

substrate,

d: allowing the plant to grow essentially horizontally on the meshed support elements,

e: allowing the essentially horizontally growing plant to form fruits through the meshes of

the support element,

f. allowing the fruit under the meshed support element on which the plant is growing to

ripen,

g: harvesting the fruits.

In step b. only a limited part of the surface of the support element is occupied by one or more
units of nutrient substrate, thus providing sufficient space for the developing fruits to grow through
the meshes. The units of nutrient substrate are preferably round or rectangular blocks of substrate
in which a plant roots. These blocks may be placed at intersections of the mesh framework of a
support element, or the support element may be provided with spaced support surfaces for
supporting such substrate blocks. However, itis also possible to suspend a substrate, for example
in a net or a bag, from a support element, whereby the stems then grow to the top of the support
element and then develop horizontally across the support element.

The units of nutrient substrate preferably extend over a maximum of 10% of the surface of
the respective support element.

Preferably, the vertical distance between the support elements should be 20 - 100 cm, with
more preference 30 - 80 cm, with even more preference 40 - 60 cm.

Preferably, the substantially horizontally growing plants receives light from above from a light
source located between the support element above the support element on which the plant grows
and the said support element on which the plant grows. Lighting from below is also possible. Such
lighting can also be placed or applied together with lighting from above.

Examples of suitable plants are given below. However, it is possible to breed crops in a
targeted manner in such a way that they grow horizontally in order to make such crops suitable
for the growth method described herein.

Vegetable: Solanaceae Tomato/Lycopersicum, Peppers/Capsicum, Aubergine/Solanum
Cucurbitaceae Cucumber-Melon/Cucumis, Pumpkin-Courgette/Cucurbita, Rosaceae

Strawberries/Fragaria, Fabaceae Beans/Phaseolus, Peas/Pisum Tubers; Solanaceae
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Potato/Solanum Helianthaceae Jerusalem Artichoke/Helianthus Euphorbiaceae
Cassava/Manihot Lamiaceae Chinese Artichoke/Stachys Tropaeolaceae Mashua/Tropaeolum
Nyctaginaceae Mauka/Mirabilis Oxalidaceae Oca/Oxalis Yam/Dioscorea Basellaceae
Ulluco/Ullucus  Cucurbitaceae  Wild Potato/Thladiantha Asteraceae Yakon/Polymnia
Convolvulaceae Sweet Potato/Ipomea Fruits Grossulariaceae Red Berry/Ribes Ericaceae Blue
Berry/Vaccinium Rosaceae Apple/Malus Pear Pyrus /Raspberry/Rubus Lauraceae Avocado/
Persea Sapindaceae Lychee/Litchi Moraceae  Jackfruit/Artocarpus  Anacardiaceae
Mango/Mangifera Rutaceae Orange/Citrus.

The invention will now be explained in more detail by reference to the following drawings,
wherein:

figures 1A-E show various implementations of meshed support elements are shown in a
perspective top view;

figures 2A and 2B show the support element according to figure 1A provided with different
units of nutrient substrates, respectively in top and bottom perspective view, and figure 2C shows
a top perspective view of a support element according to figure 1E with matching units of nutrient
substrate;

figures 3A and 3B show a top and bottom perspective view of a support element according
to figure 1 on which a pumpkin plant is growing;

Figures 4A and 4B show a top and bottom perspective view of a support element according
to Figure 1 on which a broad bean plant is growing in an essentially horizontal direction;

Figures 5A, B and C show an upper and lower perspective view and a transversal view of a
support element according to Figure 1 respectively, on which a tomato plant is growing in an
essentially horizontal direction;

Figures 6A and 6B show a transversal view of an assembly according to the layout with
support elements on each a tomato plant is growing, whereby in Figure 6B a light source is also
present.

In the figures, components once shown are not necessarily named again. Figure 1A shows
a meshed support element 2, provided with two support ledges 3a and 3b, extending parallel to
each other, which are connected to each other by rod-shaped elements 4a, also extending parallel
to each other, perpendicular to the support ledges 3a and 3b. Rod-shaped elements 4b extend
mainly perpendicular to the rod-shaped elements. The arrowheads indicate that support element
2 may extend further in this direction. At the not shown ends of the support element 2, a support
ledge may have been attached connecting both support ledges 3a and 3b, creating a framework
that carries the rod-shaped elements 4a and 4b. In this support element, the bar-shaped elements
form square meshes 5. In Figure 1B, the spacing between rod-shaped elements 4a is greater
than that between rod-shaped elements 4b, forming rectangular meshes 5. In Figure 1C, the
spacing between rod-shaped elements 4a is smaller than that between rod-shaped elements 4b,

which also results in the formation of rectangular meshes 5, but now perpendicular to the direction
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of the arrow. In Figure 1D, support ledges 3a and 3b support bar-shaped elements 4a and 4b at
an angle to each other, each extending from support ledge 3a to support ledge 3b. This creates
meshes 5a, 5b of different shape and size. In Figure 1E, the rod-shaped elements are circular
and interconnected, forming round meshes 5.

Figures 2A and 2B are a perspective top view and bottom view of the support element
according to Figure 1A, respectively, on which units of nutrient substrate 6a-c of different shape
are placed. Unit of nutrient substrate 6a is block-shaped and is placed on the mesh formed by the
rod-shaped supports. The unit of nutrient substrate 6b has a truncated pyramid shape and is
placed in a mesh of the support element, and the unit of nutrient substrate partly sinks through
the mesh and is held therein by the support element where the outer circumference of the unit of
nutrient substrate corresponds to the inner circumference of the respective mesh. Unit of nutrient
substrate 6¢ is disc-shaped. Figure 2C shows a support element according to Figure 1E, wherein
which a disc-shaped unit of nutrient substrate fits. Such a unit of nutrient substrate can also be
tapered to be held in the now round mesh as shown for feed table 6b. The units of nutrient
substrate may also comprise loose potting soil contained in a shaped receptacle. For example,
unit of nutrient substrate 6a may comprise a rectangular container filled with potting soil, and unit
of nutrient substrate 6b may comprise a truncated pyramid-shaped container tapered downward,
also filled with potting soil or any other type of growing soil suitable for growing a target plant.

In the top and bottom perspective views of Figures 3A and 3B respectively, a pumpkin plant
7 with stem 7a, leaf 7b and pumpkin fruit 7c is growing from a disc-shaped unit of nutrient
substrate 6¢ placed on a support element as shown in Figure 1a.

In Figures 4A and 4B, a runner bean plant is growing as the pumpkin plant shown in Figure
3, growing in an essentially horizontal direction, and in Figures 5A and 5B, a tomato plant is
growing as the pumpkin plant shown in Figure 3, growing in an essentially horizontal direction.
The leaves grow upwards, while the stems are essentially horizontal, partly because of the weight
of the fruit borne. Figure 5C shows a transverse view.

Figure 6A shows a support assembly according to the invention with a frame 1 holding
multiple support elements 2, on which tomato plants grow as shown in Figure 5 in the illustrated
case. The support elements 2 are spaced apart creating a growth space 10. The support elements
2 are mutually movable relative to each other to facilitate easy harvesting of the fruit and
maintenance of the assembly. This can be done, for example, by designing some of the
supporting elements as drawers that can be pulled out of the frame. It is also possible to adjust
the height between the support elements so that the height can be changed when needed. Figure
6B shows top lighting 8, which may be attached to an upper supporting element. An additional
lower lightning 9 may be placed on the respective support element. The upper lightning is
preferably directed downwards, and the lower lighting upwards. However, it is also possible to
combine lightnings 8 and 9 to illuminate two adjacent spaces 10 from the bottom and from the

top, respectively.
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CLAIMS

Support assembly for supporting a plurality of layers of essentially horizontally extending
meshed support elements, arranged one above the other with a distance therebetween, the
support elements being designed to hold units of nutrient substrate spaced from one another,
wherein in each unit of nutrient substrate an essentially horizontally growing plant is rooted,
in order to allow the essentially horizontally growing plants to grow, supported by the
respective meshed support element, wherein the mesh size is such that the fruit forming from
the essentially horizontally growing plants can grow downwards through the meshes to ripen
under the respective meshed support element, wherein the distance between two meshed
support elements arranged one above the other is chosen so as to allow both unhindered
horizontal growth of the essentially horizontally growing plants on the lower support element
and the development and ripening of the fruit of the essentially horizontally growing plants
growing on the meshed upper element, and wherein a plurality of the meshed support
elements can be moved horizontally relative to one another to provide space for harvesting
the fruit.

Support assembly according to claim 1, wherein the assembly includes a common frame
carrying the meshed support elements, which frame allows movement of at least a plurality

of meshed support elements relative to one another.

Support assembly according to claim 1 or 2, wherein the plurality of support elements is

movable relative to one another in a horizontal direction.

Support assembly according to any of the preceding claims, wherein one or more support

elements are horizontally tiltable.

Support assembly according to any of the preceding claims, wherein the distance between

the meshed support elements is adjustable.

Support assembly according to any of the preceding claims, wherein the distance between
the meshed support elements is 20 - 100 cm, preferably 30 - 80 cm, more preferably 40 - 60

cm.

Support assembly according to any of the preceding claims, wherein a support element
comprises a first number of substantially parallel extending first rod-shaped elements, and a

second number of substantially parallel extending second rod-shaped elements, which first
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and second rod-shaped elements cross each other at an angle and are in contact with each

other at the intersections.

Support assembly according to any of the preceding conclusions, wherein the mesh size is

between 5 and 40 cm, preferably between 10 and 20 cm.

Support assembly according to any of the preceding claims wherein one or more light sources
are placed under a supporting element and directed towards the top of the lower supporting

element.

Support assembly according to any one of the preceding claims wherein the support

assembly comprises one or more units of growth substrates.

Support assembly according to claim 10, wherein the growth substrate is a dimensionally

stable growth substrate.

Support assembly according to claim 10 or 11, wherein the unit of growth substrate has at
least locally an outer circumference corresponding to the inner circumference of one or more

meshes of a support element.

Method for growing a plurality of essentially horizontally growing plants in multiple layers

above one another, comprising the steps of

h: providing a support assembly according to any of the preceding claims,

i  placing one or more units of nutrient substrate on or attached to one or more mesh-
shaped support elements, which units of nutrient substrate extend over a maximum of
10% of the surface of the respective support element,

j; allowing an essentially horizontally growing plant to be rooted in the unit of nutrient
substrate,

k: allowing the plant to grow essentially horizontally on the meshed support elements,

I: allowing the essentially horizontally growing plant to form fruits through the mesh of the
support element,

m: allowing the fruit under the meshed support element on which the plant is growing to
ripen,

n: harvesting the fruits.

Method according to claim 13, wherein the substantially horizontally growing plants receives
light from above from a light source located between the support element above the support

element on which the plant grows and the said support element on which the plant grows.
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15. Method according to claim 13 or 14, wherein the growing substrate is a form stable growing
substrate having at least locally an outer circumference corresponding to the inner

circumference of one or more meshes of a support element.



