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An installation for cultivating plants in a programmed milieu, comprising channels (12) for circulating nutrient solution
in contact with the root system of the plants. Each channel (12) is adapted to be connected to an inlet (29, 60) and an outlet (32,
61) for nutrient solution at one end and the other, respectively, and is provided with a removable cover (18) which is displaceable
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INSTALLATION FOR CULTIVATING PLANTS IN A PROGRAMMED
MILIEU

The invention relates to an installation for
cultivating plants in a programmed milieu.

The principles for such cultivation have been well
known for many years. In order that the cultivation may
be independent of the soil and the topographical con-
ditions at the cultivating site as well as the prevail-
ing climate conditions, i.e. the access to hours of
sunshine, suitable temperature, rainfall and air con-
ditions, the cultivation takes place in a room which is
closed in relation to the environment, wherein the
plants receive their nourishment from a circulating
nutrient solution, the air is conditioned with regard
to temperature and humidity, and the necessary light
is supplied only from artificial light sources. As a
result, the cultivation conditions can be controlled
in all respects to achieve optimum cultivation results.

Whereas the method is well developed with regard
to creating favourable cultivation conditions, the
handling of the plants in the cultivation room still
constitutes a problem which has been considered to a
minor extent only. For a rational handling, the plants
must be rearranged from time to time in one and the
same space as the growth continues, so that the indi-
vidual plants will be able to grow freely and unhindered
without interference from adjacent plants, and they must
also be moved from one cultivation room to another so
that the plants in a certain stage of growth will be
given the most suitable milieu which is not the same
during the whole Tife of the plants.

The object of the invention is to provide a solu-
tion to this problem so that the handling of the plants
in the programmed milieu may take place rationally,
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which is an important prerequisite in order that
cultivation of plants in a programmed milieu can be
carried out at reasonable costs and thus can be com-
petitive in comparison with conventional cultivation
5 where light and air are taken from the environment and
supplied to the plants in the condition which is
determined by an often capricious nature. 7
The installation according to the invention
comprises, in a known manner, channels for circulating
10 nutrient solution in contact with the root system of
the plants, and in order to overcome the.prob1ém out-
lined has obtained the characteristics according to

claim 1.
In order to illustrate the invention an embodi-
15 ment thereof will be described in more detail with

reference to the accompanying drawings in which
FIG. 1 is an exploded perspective view of a
channel with a cover,
FIG. 2 is a perspective view of a cultivation
20 table for plants during an introductory period
of growth,
FIG. 3 is a perspective view of part of the
cultivation table in FIG. 2 together with a
carriage for the transport of the channels and
25 illustrates the transfer of the channels from the
cultivation table to the carriage, '
FIG. 4 is a fragmentary perspective view of
cultivation tables for a later period of growth
and illustrates the transfer of the channels from
30 the carriage of FIG. 3 to such cultivation tables,
and
FIG. 5 is a diagrammatic view of the. air-condition-
ing system of the installation.
The individual plants are raised from seed in a
35 special climate chamber, the seed being sown in a porous
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material, Tor example rockwool, which is kept saturated
with nutrient solution. The plants are raised in a
programmed milieu wherein 1ight, temperature and
humidity are maintained at optimum conditions. The
plants with a substantially cube-shaped root block of
rockwool are then "planted" in the installation accord-
ing to the invention for the continued growth.

The part of the installation which is to receive
the plants is shown in FIGS. 1 and 2, one plant 10
with a root block 11 being shown in FIG. 1. The basic
element in the installation as a whole is constituted
by a plurality of cultivation channels, one of which
is shown in detail in FIG. 1 generally designated 12
therein. It comprises a channel-shaped element 13
with flared edge portions 14, and this channel-shaped
element is provided with end walls 15 at both ends,
these end walls being pushed like caps over the ends
of the element 13. One end wall has a through hole 16
at the top, while such a hole is lacking in the other
end wall, but close to this Tatter wall the bottom of
the channel-shaped element 13 is formed with a through
hole 17.

A cover 18 can be fitted to the channel-shaped
element and has a central opening 19 which joins a
socket 20 disposed at the Tower side of the cover. The
cover has edge flanges 21 at which it can be passed
over.the edge portions 14 and when thus fitted, the
cover is displaceable in the longitudinal direction
of the channel-shaped element 13 with the lower end of
the socket situated close to the bottom of the element.
The root block 11 of the plant 10 can be introduced
through the opening 19 into the socket 20 when the
plant is to be "planted" in the channel. A cover 18°
which Tacks opening 19 and socket 20, hereinafter
called a blind cover, can also be fitted to the
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channel-shaped element i3. The blind cover is also
formed with edge flanges 21 for fitting to the element
13.
The part of the installation according to the
5 invention which is shown in FIG. 2 comprises a cultiva-
tion table which consists of a tubular stand 22. Two
substantially horizontal tubes 23 are included in this
tubular frame, which extend parallel to one another
and which constitute rails to support mobile support-
10 ing frames 24 for the channels 12. Each such supporting
frame consists of a square tube 25 which carries two
angular rails 26 with such mutual spacing that a
channel 12 as shown ir FIG. 1 can be placed between
the angular rails to _: carried by the frame 24. At one
15 end of the frame 24, the square tube 25 is replaced by
two square tubes 25' which are mutually spaced and
which are fixed one to each side of the square tube 25.
The supporting frame 24 is carried by wheels 27 which
are mounted at right angles to one another to run on
20 the rail tubes 23. Thus, the supporting frames 24 can
 be displaced in the transverse direction of the channels
in the stand 22.
In FIG. 2, channels 12 are mounted on supporting
frames 24 located in the back portioh of the stand 22,
25 and are completely covered by covers 18 adapted to
receive plants in the manner described previously, and
a pair of plants 10 are also shown in position in FIG.
2. In the front portion of the stand 22, the plants 10
are larger after growth in an introductory period of
30 growth, and in order that the plants may have more
room, blind covers 18' have been placed between the :
covers 18 on the channels 12 which are carried by the
supporting frames 24 in the front portion of the stand.
Whereas the channels are shown close together in the
35 . back portion of the frame, they are arranged with
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mutual spacing in the transverse direction of the
channels in the front portion, spacers can be disposed
between the supporting frames 24 to determine this
mutual spacing.

Disposed along one side of the stand 22, parallel
to the tubes 23, there is a pipeline 28 for the supply
of nutrient solution, and a number of hoses 29 extend
from this pipeline. These hoses can be connected to the
channels 12 carried by the supporting frames 24 on the
stand 22, in the holes 16 for the supply of nutrient
solution to the channels. For hoses 29 which for the
time being are not connected to a channel 12 in this
manner, there is an outlet conduit 30 with holes 31
to which these hoses can be connected to return the
Tiquid-which is supplied through the hoses.

At the opposite side of the stand 22, there is an
open discharge channel 32 which likewise extends along
the tube 23, and the channels 12.are placed with their

holes 17 over this channel to discharge the nutrient

solution which is supplied to the channel and flows
therealong. As can easily be seen, the square tube 25
has been replaced by the two square tubes 25' at this
end of the supporting frame 24 in order that there may
be a free outlet for the liquid under the holes 17. The
channel 32 is sufficiently wide to permit the channels
to be displaced in relation to one another up to the
Tength of one cover, without the hole 17 coming outside
the channel as a result thereof, so that there is a
possibility of adjusting'the relative position of the
plants in adjacent channels. The channel is connected
to a discharge conduit 33 for the nutrient solution,
and this conduit and the conduit 30 are connected to a
common discharge conduit 34 for the nutrient solution.
The nutrient solution which is supplied through
the conduit 28 and discharged through the conduit 34
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can be circulated and adjusted with regard to the pH
value and nutrient content in the manner described
in U.S. patent specification 4,245,433 (Sjostedt et
al) issued Jan. 20, 1981.

The stand 22 should be installed in a space for
cultivating plants in a programmed milieu, the
necessary light for the plants being obtained from
electric light sources which are suspended above the

_ frame but which are not shown here. In order to obtain

suitable air conditions in the space, a main air conduit
35 is mounted along one side of the frame, where the
conduits 28 and 30 are disposed, and from conduit 35

a plurality of branch air conduits 36 are branched off
which extend transversely to the tubes 23, i.e. in the
longitudinal direction of the supporting frames 24 and
the channels 12 supported thereby. Air is supplied to

'the main conduit 35 at a suitable humidity and tem-

perature in a manner which will be described in more

detail further on, and this air is supplied to the

space under the plants standing in the channels through
a plurality of gill openings 37 at the Tower side of the
branch conduits 36. At the ceiling of the space there
should be evacuation openings for the air supplied.

Extending over the stand 22 there is a water
pipe 38 with sprinkler nozzles 39 for watering the
foliage of the plants, which can take place periodically.
This watering also takes place to encourage fertiliza-
tion of flowers appearing on the plants, since the fall-
ing drops cause vibration of the flowers. A pipe 40
extends transversely of the pipe 38 and can be suspended
from the ceiling by means of cables 41. Nozzles 42 are
provided on pipe 38 to spray a fine mist into the space
to humidify the air.

In the part of the installation which is shown in
FIG. 2 and which has now been described, the plants
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which are taken out of the climate chamber spend their
introducfory growth period, and from the beginning they
are very close together as shown in the back portion
of the stand but Tater on can be advanced to the front
portion of the stand to be placed more spaced apart
there, as shown, and the "thinning out" of the plants
brought about in this manner can be obtained as a
result of the fact that blind covers 18' are placed
between the covers 18 in which the plants stand, and
that more or less spacing is provided between the
channels. '

When the plants have reached a certain size in the
front portion of the stand 22, they must be moved to
another part of the installation according to the
invention, which is shown in FIG. 4, and this can be
effected in a rational manner in the installation
according to the invention by using a carriage which
is shown in FIG. 3.

The carriage shown in FIG. 3 comprises a chassis
43 which is supported by castors 44, and this chassis
includes two tubes 23' of the same art as the tubes 23
and disposed at the same mutual spacing as these. One
tube is supported by supports 45 which can be adjusted
to various heights by means of screws, the supports
being so adjusted that the tube 23' which is supported
thereby can be connected to one tube 23 in the stand
22, when the carriage is driven close to this frame, as
shown in FIG. 3. The other tube 23' on the carriage is
also supported by such a support 45, but in this case
the support is coupled by means of a chain transmission
46 through a gear 47 to a hand crank 48 so that this
support can easily be adjusted to such position that
the tube 23' carried thereby can be connected to the
tube 23 in the stand 22 when the carriage is moved in
close to the stand.
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With the carriage moved in close to the stand
22 and with the tubes 23' connected to the tubes 23
so that they form extensions of these, the supporting
frame 24 can be rolled on the rails formed by tubes
from the stand 22 onto the carriage to be supported
by this. Stops 49 are provided on the tubes 23' to
prevent the supporting frame from rolling off the
carriage at one end of the tube 23' which is opposite
to the end connected to the tube 23, which latter end
is provided with resilient stop members 50 which permit
movement of the supporting frame 24 on the tubes 23
but prevent its movement off this tube.

After a plurality of supporting frames 24 with
channels 12 carried thereby and plants 10 standing in
the channels have beén transferred to the carriage in
the manner illustrated in FIG. 3 and described above,
the carriage is moved to the part of the installation
which is shown in FIG. 4 and in order-to facilitate

“the moving of the carriage, this is provided with a

handle 51.

The part of the installation which is shown in
FIG. 4 comprises a plurality of stands 52 which are
supported by wheels which run on rails 54 in the space
where this part of the installation is installed. This
space is also adapted for cultivation in a programmed
milieu and has the devices which are required for this.
In order to displace the stand along the rails 54, one
pair of wheels 53 which are mounted on a common shaft
55, are coupled by means of a chain transmissidn 56
to a hand crank 57 so that these wheels can be rotated.

Supported in the stand 52 there are fixed angular
rails 58 which are disposed in pairs with such mutual
spacing that a channel 12 can be pushed in between them
to be supported by the rails. As shown in FIG. 4, the
channels 12 are introduced on the carriage from one end
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of the guides. 58 by being pushed in their longitudinal
direction from the supporting frames 24 on the carrijage
onto the rails 58, and the reason why one tube 23' is
easily adjustable by means of the hand crank 48 via
the transmissions 46 and 47 is to make possible that
the end of the channels is brought to the exact height
for pushing onto the rajls 58. FIG. 4 shows a channel
Just when it is to be pushed off the carriage onto the
rails 58 and another channel which is already in the
stand 52, supported by the rails 58. The stand 52 may
have a Tength which is considerably greater than the
Tength of the-channel 12, so that a plurality of
channels can be arranged in a row in the stand.
Extending along the rails 58 there is a pipeline
59 which is connected by means of flexible pipes to
the system for circulating nutrient solution so that
such solution may be supplied to this pipeline. Extend-
ing from the pipeline 59 there are a plurality of
hoses 60 of the same type as the hoses 29 in FIG. 2,
and by means of these, the Tine 59 can be connected to
the holes 16 in the channels for the supply of nutrient
solution. Disposed under the channels standing in the
stand 52, there are discharge channels in the form of
open troughs 61 which are located in the stand 52 under
the channels 12 and are connected by means of flexible
pipes (not shown) to an outlet for the nutrient solu-
tion. The nutrient solution which is supplied to the
channels 12 flows along the channels and then leaves
through the holes 17 to flow directly into the trough
61 and then returns to the system for circulating
nutrient solution. When the hoses 60 are not used, they
can simply be laid with their outlets in the trough 61.
The plants are intended to spend the Tlatter part
of their period of growth in the stand 52 and during
this period of growth they may need tying up. For this
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purpose, uprights 62 are disposed on the stand with
wires 63 supported thereby, to which individual
vertical supporting wires 64 for the plants can be
tied or hooked.

In order to water the foliage of the plants.and
to promote the fertilization of the flowers of the
plants, one or more vertically projecting pipelines
65 are disposed on the stand with sprinkler nozzles
66 at the upper end, and for the supply of air an.air
conduit 67 is disposed along the frame under the rails
58 and the channels supported thereby. The air conduit
has gill openings at its Tower side in the same manner
as the branch air conduits 36 in FIG. 2. Hose connec-
tions are associated with the pipelines 65 and with the
air conduit 67 from stationary connections in the
space to permit the movement of the stand 52 on the
rails 54.

The installation described is designed in particu-
lar for the cultivation of tomato plants and the advan-
tage of the stand 52 being adapted to move in its trans-
verse direction is that two stands located one beside
the other can be separated to create a passage between
the stands along which it is possible to walk to pick
tomatoes from the plants. The fact that the stands can
normally stand close beside one another naturally
involves a considerable saving of space.

FIG. 4 shows an aid to picking, namely a carriage
68 which can be moved on the floor with castors 69 but
also has rollers 70 at which the carriage can be
supported on square tubes 71 which form longitudinal
supporting elements in the stand 52. When the'carriage
runs on the tubes 71, it has the castors 69 lifted up
somewhat from the floor. Suitable picking vessels or
packing boxes can easily be carried on the carriage
68, since the picking takes place along the rows of
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plants growing in the stand.

The system for circulating nutrient solution will
not be described in more detail here, because it is
fully described in the above-mentioned patent specifica-
tion, and the connection of the pipes and channels
through which the nutrient solution is circulated in
the installation according to the invention should be
easily understood with reference to the description
above. On the other hand, the system for circulating
air will be discussed in more detail.

In the diagrammatic FIG. 5, a space 72 for
programmed cultivation is shown and in this space the
main air conduit 35 is shown together with the branch
air conduit 36 connected thereto. The space is thus
intended for the part of the installation which is
shown in FIG. 2, but the stand 22 and other parts of
the installation connected thereto are not shown. Light
sources 73 for the artificial lighting of the plants
are suspended from the ceiling. The conduit 35 is
connected, by means of a connection conduit 74, to a
distribution and mixing chamber 75 which is supplied,
on the one hand with heated air through a conduit 76
and on the other hand with cold air through a conduit
77. The same arrangement may, of course, be used for
the connection of the air conduit 67 in FIG. 4 and the
conduit 74 may appropriately be a flexible pipe both
with regard to conduit 35 and with regard to the con-
duit 67. At the ceiling of the space 72 there is dis-
posed'é conduit 78 with openings to evacuate air from
the space, and since this evacuation takes place at the
ceiling it is comparatively warm air which is evacuated,
since the waste heat from the 1ight sources causes the
heating of the air in the space. As a rule, no other
heating is needed if the space is well insulated.

Branched off from the conduit 78 -there is a con-
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duit 79 with a fan 80 for the supply of warm or at
]east.s]ightly warm air to the conduit 77, and the
conduit 78 also has an inlet 81 to take in fresh air
from the outside. The conduit 78 is connected to a

5 cooling-coil battery 82. Also a fan 83 is connected
to this battery to suck out air through the conduit
78 and to supply the air which has passed through the
éoo]ing-coi] battery, under pressure, to the conduit
76. At the fansy carbon dioxide can be introduced at

10 84, since the photosynthesis in the leaves of the

. plants requires this, and by suitable mixing of cool

and warm air, carbon dioxide and fresh air the most
favourable conditions for the plants can be created
in the space 72 with regard to temperature and air

15 composition. The humidification of the air takes place,
as described previously, by the supply of water through
sprinklers and mist nozzles.

The water condenses in the cooling-coil battery
82 and this can be utilized for use in the nutrient

20 solution as indicated at 85.

As'can be seen from the embodiment of the invention
described, this provides that an extremely rational
handling of the plants can take place during the various
periods of growth and with the possibility of maintain-

25 ing the most favourable cultivation conditions for the
plants in each stage of growth. After a plant has been
placed in a cover 18 and installed in the channel 12,
it can easily be moved in the manner required so that
it may be given the space it needs in a certain stage

30 of growth. It can also easily be handled when it is to
be moved from one cultivation space with conditions for
a certain stage of growth to another cultivation space
with conditions for another stage of growth. Only as a
result of the possibilities thus provided for rational

35 handling of the plants in the programmed milieu such
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cultivation becomes economically advantageous 1in
comparison with conventional cultivation in a green-
house.
It would be obvious that the installation
5 described can be modified with regard to constructional
details within the scope of the invention as this is
defined in the accompanying claims.

————
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CLAIMS

1. An installation for cultivating plants in a
programmed milieu, comprising channels (12) for
circulating nutrient solution in contact with the

5 root system of the plants, characterized
in that each channel (12) is adapted to be connected
to an inlet (29, 60) and an outlet (32, 61) for
nutrient solution at one end and the other,
respectively, and is provided with a removable cover

10 (18) which is displaceable in the longitudinal direc-
tion of the channel and has an opening (19) to receive
a root clump (11) consisting of porous material for the
plant (10) with the root clump introduced into the
channel, and that the channel is received for longi-

15 tudinal displacement by a-supporting frame (24, 52)
which is displaceable in the transverse direction of
the channel.

2. An installation as claimed in claim 1,
characterized in that the opening (19)

20 joins a socket (20) projecting at the under side of
the cover (18).

3. An installation as claimed in claim 1 or 2,
ch.aracterized 1in that said covers (18) are
alternated with completely covering coversv(]8').

25 4. An installation as claimed in one of the
claims 1 to 3, characterized in that the
supporting frame (24) is mounted for movement in the
transverse direction of the channel in a stationary

- stand (22).

30 5. An installation as claimed in one of the
claims 1 to 3, characterized in that the
supporting frame is arranged as a stand (52) which can
be moved in the transverse direction of the channel
(12).

35. 6. An installation as claimed in claim 4 or 5,
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characterized in that disposed in the
stand (22, 52) under the channel (12) there is a con-
duit (36, 67) extending in the longitudinal direction
thereof for the supply of air.

5 7. An installation as claimed in claim 6,
characterized 1in that the conduits
(36, 67) for the supply of air are provided with out-
lets (37) at the lower side thereof. '
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