CULTIVATION DEVICE, MULTI-LAYER THREE-DIMENSIONAL CULTIVATION
SYSTEM AND PLANT FACTORY PLANTING SYSTEM
Technical Field

The present invention relates to the technical field of stereo-planting, in particular to a planting
device mainly used for the multilayer stereo-planting, a multilayer stereo-planting system using the
planting device, and a planting system of a plant factory using the multilayer stereo-planting system.
Background

The existing hydroponic bed structure for growing plants is mainly composed of a planting
rack, LED lights, grow beds, planting boards, and corresponding nutrient solution circulation
pipelines, etc. The LED lights and the grow beds are fixed on the rack structure, and the planting
boards are placed in the grow beds. During the cultivation process, the planting boards are taken
out or put in together with the plants, so as to achieve the cycle planting of plants. At present, the
majority of plant factories aim to achieve the constant production of plants all year around and
harvest a constant amount of vegetables every day. To this end, the operations such as sowing,
planting, harvesting and the like are regularly performed in the factory every day. One planting
area may be planted with plants of different species and the same species of plants of different grow
stages. In some plant factories using beds and racks, one grow bed may even be planted with plants
of different grow stages, resulting in the mutual interference between planting and harvesting.
Especially, being unable to change the nutrient solutions and clean the planting right after the
harvesting leads to the problems such as the ion imbalance of nutrient solutions, the algae and
bacteria breeding in the grow beds and so on.

Meanwhile, when the vegetables are taken out and put in the grow bed frame together with
the board, the roots of the plants will be separated from the nutrient solution in the grow bed. As a
result, problems such as the root system injury, the leaf drop, the nutrient solution spilling and the
like, will be caused, thereby affecting the quality of the seedlings. During transportation, the
nutrient solution is dropped on the passage, which causes big troubles to production management.

Moreover, growing plants under an artificial light source is essentially characterized by the
multilayer stereo-planting in the closed factory building, which can greatly improve the land
utilization rate and achieve the efficient output. The more the stereo layers, the higher the utilization

rate of the factory building, and the larger the effective planting area. However, in order to achieve
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the stereo-planting with more layers in height, it is increasingly difficult to design the factory
building with an increase in the layer number. There are many technical problems in aspects such
as the load of the planting device, the difficulty and safety in climbing up and down the rack, the
automation degree, the accurate adjustment and control of the nutrient solution and the
environmental control system, etc. In most current plant factories, the stereo-planting system
usually has six, seven, or less layers. It is uncommon to see the use of a stereo-planting system with
20-30 layers or more. Besides, in the planting factory building of a large number of layers in height,
it is also problematic to clean each layer of the planting rack, so that increased labor consumption
is caused. Further, the operators are required to climb up to each layer by using tools to do the
cleaning. The limited space of each planting layer increases the difficulty for operations, and the
high factory building also puts potential risks on the operators working high above the ground.

Summary

In view of the above-mentioned disadvantages in the prior art, the basic objective of the
present invention is to provide a planting device, a multilayer stereo-planting system using the
planting device, and a planting system of a plant factory using the multilayer stereo-planting system.
The planting tray and the planting board of the planting device can be moved as a whole, which
solves the problems caused by the fact that the planting board and the grow bed cannot be moved
simultaneously.

In order to achieve the above-mentioned objectives and the other related objectives, an
embodiment of the present invention provides a planting device including a planting tray and a
planting board. The planting tray includes a bottom plate and a sidewall. The planting tray includes
a nutrient solution inflow and outflow area and a planting area. The planting board is placed in the
planting area. The nutrient solution inflow and outflow area includes a nutrient solution inflow area
and a nutrient solution outflow area. The nutrient solution inflow area and the nutrient solution
outflow area are located on the same side of the planting tray. The sidewall of the same side of the
planting tray serves as a sidewall of the nutrient solution inflow and outflow area. The nutrient
solution inflow area and the nutrient solution outflow area are separated by a partition member
connected to the sidewall of the nutrient solution inflow and outflow area. A nutrient solution inlet
is provided on a top of the planting tray at the nutrient solution inflow and outflow area, and a

nutrient solution outlet is provided on the bottom plate of the planting tray at the nutrient solution
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outflow area. A middle partition plate is provided inside the planting tray. The middle partition
plate is connected to the partition member, and the middle partition plate extends along a direction
perpendicular to the sidewall of the nutrient solution inflow and outflow area in the planting area.
Further, a gap is provided between the middle partition plate and the sidewall of the planting tray
at a side opposite to a side of the sidewall of the nutrient solution inflow and outflow area.

In one embodiment, a side partition plate is provided inside the planting tray. The side partition
plate is arranged in parallel to the sidewall of the nutrient solution inflow and outflow area, and the
side partition plate separates the nutrient solution inflow and outflow area from the planting area.
A liquid inflow buffer tank is defined by the partition member, the sidewall of the nutrient solution
inflow and outflow area, and the side partition plate located in the nutrient solution inflow area.
The side partition plate located in the nutrient solution inflow area is provided with a nutrient
solution inflow port. The side partition plate located in the nutrient solution outflow area is provided
with a nutrient solution outflow port.

In one embodiment, the planting tray is provided with a liquid receiving tank. The liquid
receiving tank includes a bottom plate, two sidewalls opposite to each other, and an end wall. An
end of the liquid receiving tank opposite to the end wall is an open end. The liquid receiving tank
is fixed at the nutrient solution inlet of the planting tray. The open end faces toward the nutrient
solution inflow area.

In one embodiment, a plurality of liquid blocking ribs parallel to the sidewall of the nutrient
solution inflow and outflow area are provided on the bottom plate of the planting tray at the planting
area to divide the planting area into a plurality of liquid storage areas.

In one embodiment, a filter is provided at the nutrient solution outflow port. The filter includes
a full-filtration screen and a semi-filtration screen. Each filter screen includes a laterally placed
rectangular base plate and a filter mesh installed in an opening of the base plate. The two base
plates are parallel to each other and identical in height. The two base plates are fixed together with
a gap between them. A height of a filter mesh of the semi-filtration screen is less than a height of
the filter mesh of the full-filtration screen.

In one embodiment, two ends of the filter are respectively embedded in the side partition plates
at two sides of the nutrient solution outflow port in a snap-fit manner.

In one embodiment, the present invention provides a multilayer stereo-planting system,
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including a support rack, a nutrient solution supply system installed on the support rack, and a
planting device according to any embodiment described above. The planting device is installed on
the support rack and can be disassembled as a whole. The nutrient solution supply system includes
a main nutrient solution pipeline installed on a top of the support rack, funnel-type flow guiding
devices, and a liquid discharging pipe installed on a bottom of the support rack. The funnel-type
flow guiding devices are installed on each layer of the support rack, and the funnel-type flow
guiding devices are located above the nutrient solution inlet of the planting device. Further, the
funnel-type flow guiding devices are arranged as one line or multiple lines along a vertical center
line from top to bottom.

In one embodiment, the multilayer stereo-planting system includes a ventilation and heat
dissipation system. The ventilation and heat dissipation system includes a main cool air pipeline
and a main CO; pipeline which are installed at the top of the support rack, and a branch cool air
pipeline and a branch CO: pipeline which respectively extend downward from the main cool air
pipeline and the main CO: pipeline. The branch cool air pipeline and the branch CO; pipeline are
each provided with a plurality of air outlets at each layer of the support rack.

In one embodiment, the multilayer stereo-planting system includes light source modules
installed on each layer of the support rack.

In one embodiment, the present invention provides a planting system of a plant factory
including a multilayer stereo-planting system according to any embodiment described above.

The planting tray and the planting board of the planting device provided by the present
invention can be placed in or taken out together, and transported as a whole. As a result, the plant
seedlings can be protected from injuries, and the leakage and dropping of the nutrient solution can
be avoided, thereby facilitating the cleaning management of the production workshop. Each
planting device is independently taken out and placed in without affecting the growth of other
plants on the support rack. Thus, the problem in separately managing the plants of different species
or the plants of the same species but different growth stages in the same workshop can be solved,
and the production management is simplified. The modularization of the planting device also
facilitates the use of mechanical automation. The multilayer stereo-planting system provided by
the present invention solves the problems in the stereo-planting, especially the problems in aspects

of liquid supplying, automatic operation, planting device, pipeline cleaning, and environmental
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control, etc. of stereo-planting with a large amount of layers in height.
Brief Description of the Drawings

Fig. 1 is a perspective structural schematic diagram showing a multilayer stereo-planting
system according to one embodiment of the present invention;

Fig. 2 is a front structural schematic diagram of the multilayer stereo-planting system shown
in Fig. 1;

Fig. 3 is a perspective structural schematic diagram showing a planting device according to
one embodiment of the present invention;

Fig. 4 is a perspective structural schematic diagram showing a planting tray according to one
embodiment of the present invention;

Fig. 5 is a perspective structural schematic diagram showing a planting tray provided with a
liquid receiving tank according to one embodiment of the present invention;

Fig. 6 is a perspective structural schematic diagram showing a liquid receiving tank according
to one embodiment of the present invention;

Fig. 7 is a bottom structural schematic diagram showing a limiting plate according to one
embodiment of the present invention;

Fig. 8 is a partial front structural schematic diagram showing that the liquid receiving tank is
fixed by the limiting plate shown in Fig. 7 according to the present invention;

Fig. 9 is a front structural schematic diagram of a filter according to one embodiment of the
present invention;

Fig. 10 is a rear structural schematic diagram of the filter shown in Fig. 9;

Fig. 11 is a top structural schematic diagram of the filter shown in Fig. 9;

Fig. 12 is a rear structural schematic diagram of the filter shown in Fig. 9 under a deep flow
mode;

Fig. 13 is a partial perspective structural schematic diagram showing that the filter is installed
in the planting tray according to one embodiment of the present invention;

Fig. 14 is an installation schematic diagram showing that the planting device is taken out and
placed in the multilayer stereo-planting system shown in Fig. 1; and

Fig. 15 is a perspective structural schematic diagram showing a multilayer stereo-planting

system according to another embodiment of the present invention.
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The description of the reference designators is as follows.
1: planting device;

10: planting tray;

101: nutrient solution inlet;

102: nutrient solution outlet;

103: middle partition plate;

104: planting tray bottom plate;

105: planting tray sidewall;

106: side partition plate;

1061: nutrient solution inflow port;
1062: nutrient solution outflow port;
107: partition member;

108: liquid inflow buffer tank;

109: liquid receiving tank;

1091: liquid receiving tank bottom plate;
1092: liquid receiving tank sidewall;
1093: liquid receiving tank end wall;
1094: liquid receiving tank open end;
1095: limiting notch;

110: limiting plate;

120: liquid blocking rib;

130: filter;

131: full-filtration screen;

1311: base plate;

1312: filter mesh;

132: semi-filtration screen;

1321: base plate;

1322: filter mesh;

133: vertical plate;

134: pillar;



135: overflow discharge port;

136: extension segment;

137: vertical rib;

20: planting board;

201: planting hole;

21: main nutrient solution pipe;

22: funnel-type flow guiding device;

23: liquid discharging pipe;

24: liquid supply pipe;

25: liquid recycle pipe;

31: main cool air pipeline;

32: branch cool air pipeline;

33: main CO; pipeline;

34: branch COz pipeline;

35: air outlet;

4: light source module;

51: main support rack;

52: secondary support rack;

Detailed Description of the Embodiments

The implementations of the present invention are described hereinafter through the specific
embodiments. A person skilled in the art can readily understand other advantages and functions of
the present invention according to the disclosure of the present description.

It should be noted that the structure, proportion, size, and the like that are illustrated in the
drawings are merely used for the purpose of illustrating the disclosure of the specification, so a
person familiar with the technique can read and understand it, rather than limit the implementable
limit condition of the present invention. Thus, technically, these features are not essential. Any
structural modifications, proportional relationship changes, or size adjustments without affecting
the effects and results that can be achieved by the present invention should still be considered as
falling within the scope covered by the disclosure of the present invention. Meanwhile, the terms

such as "upper", "lower", "left", "right", "middle", "one", etc. recited in the present description are
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merely for the purpose of concise description rather than limiting the implementable scope of the
present invention. The changes or adjustments of the relative relationship without a substantial
modification to the technical solution are regarded as being covered by the scope of the present
invention.

The present invention provides a multilayer stereo-planting system which is suitable for the
stereo-planting in the space of a high factory building with multiple layers and other applicable
sites. The multilayer stereo-planting system includes a nutrient solution supply system and a
planting device capable of being moved as a whole, and may further include a ventilation and heat
dissipation system and a light source module. Each multilayer stereo-planting system forms an
independent unit which can be used independently or a plurality of multilayer stereo-planting
systems may be connected in parallel to form a planting system for the plant factory. In the planting
system, each individual unit is operated relatively independently, and the planting in the units is
irrelevant to each other. Moreover, the layer number and the planting height of each unit can be
customized. Taking the following embodiment for instance, the multilayer stereo-planting system
and the components thereof provided by the present invention will be described hereinafter.

As shown in Figs. 1 and 2, the planting device 1, the nutrient solution supply system, the
ventilation and heat dissipation system, and the light source module 4 of the multilayer stereo-
planting system are all installed on the support rack. The support rack may be any type of support
structure such as a corbel type, a storage shelf type, etc. In the present embodiment, a corbel-type
support rack is taken as an example. The support rack includes the vertical main support rack 51
which may be made of the I-section steel, and the multiple layers of horizontal secondary support
racks 52 which are installed on the main support rack 51 from top to bottom. The horizontal
secondary support racks 52 may be made of the U-section steel. The secondary support rack 52
may be fixed on the main support rack 51 or adjustable for positions. For example, a plurality of
installation positions for the secondary support racks are arranged on the main support rack 51;
each layer of secondary support rack 52 is detachably fixed at the installation position, and the
layer height can be adjusted according to the requirement.

The nutrient solution supply system includes the nutrient solution main pipeline 21, the
funnel-type flow guiding device 22, and the liquid discharging pipe 23. The nutrient solution main

pipeline 21 is installed at the top of the support rack, and supplies the nutrient solution to the funnel-
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type flow guiding device 22 through the liquid supply pipe 24. The nutrient solution main pipeline
21 is interconnected to the inlet of the nutrient solution supply pipe 24, and the outlet of the nutrient
solution supply pipe 24 is interconnected to the funnel-type flow guiding device 22 located below
the nutrient solution supply pipe 24. Specifically, the outlet of the nutrient solution supply pipe 24
may be connected to the inlet of the funnel-type flow guiding device 22, or the outlet of the nutrient
solution supply pipe 24 may be placed inside or above the inlet of the funnel-type flow guiding
device 22 without a direct connection. The upper side of each layer of secondary support rack 52
is provided with one funnel-type flow guiding device 22. Each of the funnel-type flow guiding
devices 22 includes an inlet and an outlet. All the funnel-type flow guiding devices 22 are installed
on the main support rack 51, and arranged along the vertical centerline from top to bottom, so that
the nutrient solution can directly flow from the funnel-type flow guiding device 22 on the upper
layer to the funnel-type flow guiding device 22 on the lower layer without the planting device. The
liquid discharging pipe 23 is provided below the secondary support rack 52 on the lowermost layer.
The liquid discharging pipe 23 is interconnected to the outlet of the liquid recycle pipe 25. The inlet
of the liquid recycle pipe 25 is funnel-type, and is located right below the nutrient solution outlet
of the planting device on the lowermost layer. The nutrient solution supply system further includes
a nutrient solution tank (not shown in the drawing). The nutrient solution is transported to the
nutrient solution main pipeline through a circulation pump (not shown in the drawing) and a liquid
dispenser (not shown in the drawing). A solenoid valve (not shown in the drawing) may be provided
between the nutrient solution tank and the circulation pump, between the circulation pump and the
liquid distributor, between the liquid distributor and the nutrient solution main pipeline, and/or
between the nutrient solution main pipeline and the nutrient solution supply pipe to control the flow
rate of the nutrient solution. The nutrient solution recycled by the liquid discharging pipe 23 can
reflow to the nutrient solution tank for recycling after being treated by processes such as
sterilization, filtration, and the like. The arrows in Fig. 2 show the flow direction of the nutrient
solution.

The ventilation and heat dissipation system includes the main cool air pipeline 31 and the
branch cool air pipeline 32. The CO: system includes a main CO: pipeline 33 and a branch CO:
pipeline 34. The main cool air pipeline 31 and the main CO» pipeline 33 are installed at the top of

the support rack. The branch cool air pipeline 32 and the branch CO> pipeline 34 are respectively
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located on both sides of the liquid supply pipe 24, and respectively extend downwards along the
main support rack 51 from the main cool air pipeline 31 and the main CO: pipeline 33 to the bottom
end of the main support rack 51, at least on the upper side of the secondary support rack 52 on the
lowermost layer. A plurality of air outlets 35 are provided on the branch cool air pipeline 32 and
the branch CO> pipeline 34 on the upper side of each layer of secondary support rack 52 to supply
the cooling air and the COx> to the planting device 1 and the plants planted in the planting device 1.
In the present embodiment, the light source module 4 is an LED light source module, which is
installed on each layer of the support rack, and is suspended below the secondary support rack 52.
Each light source module 4 has a power interface in a parallel connection to the three-way main
cable. The light source is modularized, so the light source can be directly disassembled and replaced
after damage, which facilitates the maintenance.

As shown in Fig. 3, the planting device 1 is a device used for cultivating plants, which includes
the planting tray 10 and the planting board 20. The planting board 20 is located at the top of the
planting tray 10, and is provided with a plurality of planting holes 201 for placing the planting cups
(not shown in the drawings). The plant is planted in the planting cup, and the root of the plant is
inserted into the planting tray 10. The nutrient solution inlet 101 is provided at the top of the
planting tray 10, and the nutrient solution outlet 102 (as shown in Fig. 5) is provided at the bottom
of the planting tray 10. After the planting tray 10 is installed on the secondary support rack 52 of
the support rack, the nutrient solution inlet 101 is interconnected to the outlet of the funnel-type
flow guiding device 22 on the same layer, and the nutrient solution outlet 102 is interconnected to
the inlet of the funnel-type flow guiding device 22 on the lower layer. Specifically, the above-
mentioned interconnection is in a detachable or plug-in manner, or is in an up-down positional
arrangement without a direct connection. When the latter mode is adopted, the nutrient solution
inlet 101 and the nutrient solution outlet 102 are located on the same side of the planting tray 10.
When the planting device 1 is installed in position, the nutrient solution inlet 101 is located below
the outlet of the funnel-type flow guiding device 22 on the same layer, and the nutrient solution
outlet 102 is located above the inlet of the funnel-type flow guiding device 22 on the lower layer.
As shown in Fig. 4, in this case, the middle partition plate 103 is provided inside the planting tray
10. A gap is provided between the middle partition plate 103 and the planting tray sidewall 105 on

the opposite side of the nutrient solution inlet 101 and the nutrient solution outlet 102. An O-shaped
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flow route of the nutrient solution from the nutrient solution inlet 101 to the nutrient solution outlet
102 is formed in the planting tray 10. The planting device 1 is modularized, so that the planting
tray 10, the planting board 20, and the plants planted in the planting device 1 can be moved as a
whole, and installed on or removed from the support rack, preferably are combined with the
secondary support rack in the plug-in manner. For example, as shown in Fig. 14, the planting device
1 can be inserted into or removed from the secondary support rack 52 by a forklift.

In the multilayer stereo-planting system of the above-mentioned embodiment, as shown in
Fig. 1, the secondary support rack 52 can be symmetrically arranged on both sides of the main
support rack 51. Accordingly, the liquid supply pipe 24, the funnel-type flow guiding device 22,
the branch cool air pipeline 32, the branch CO; pipeline 34, the liquid discharging pipe 24, and the
liquid recycle pipe 25, etc. are also symmetrically arranged on both sides of the main support rack
51.

Fig. 15 shows an embodiment of the storage-shelf-type support rack. The main support rack
51 includes a plurality of vertical pillars and horizontal or sloped bars connected between the pillars,
and the secondary support rack 52 is horizontally installed on the main support rack 51. Fig. 15
merely shows the basic structure of the storage-shelf-type support rack, and more layers and more
combinations may be set according to actual needs.

Figs. 3 and 4 show a planting device according to one embodiment of the present invention.
The planting device includes the planting tray 10 and the planting board 20. The planting tray 10
includes the bottom plate 104 and the sidewalls 105. The planting tray 10 is divided into a planting
area and a nutrient solution inflow and outflow area. The planting board 20 is put in the planting
area. The nutrient solution inflow and outflow area is defined between one of the sidewalls 105 of
the planting tray 10 and the side partition plate 106 parallel to the inner side of the sidewall 105,
and the nutrient solution inflow and outflow area and the planting area re separated by the side
partition plate 106. The nutrient solution inflow and outflow area is divided into the nutrient
solution inflow area and the nutrient solution outflow area by the partition member 107 connected
between the side partition plate 106 and the planting tray sidewall 105 configured to define the
nutrient solution inflow and outflow area. The planting tray bottom plate 104 on the nutrient
solution outflow area is provided with the nutrient solution outlet 102. The nutrient solution inflow

area is the liquid inflow buffer tank 108 defined by the partitioning member 107, the planting tray

11



sidewall 105 configured to define the nutrient solution inflow and outflow area and the side
partition plate 106. The planting tray 10 further includes the middle partition plate 103 extending
from the side partition plate 106 to another planting tray sidewall 105 opposite to the planting tray
sidewall 105 configured to define the nutrient solution inflow and outflow area, and a gap is
provided between the middle partition plate 103 and the other planting tray sidewall 105. The
nutrient solution outflow port 1062 configured to flow the nutrient solution is provided on the side
partition plate 106 on the nutrient solution outflow area. The nutrient solution inflow port 1061 is
provided on the side partition plate 106 of the nutrient solution inflow area. For example, as shown
in Fig. 4, the side partition plate 106 is provided with two notches, preferably arc-shaped notches.
In other embodiments, one or more than two notches may be provided. When the nutrient solution
flows from the nutrient solution supply system, specifically from the funnel-type flow guiding
device 22 into the nutrient solution buffer tank 108, the nutrient solution is buffered by the four
walls of the liquid inflow buffer tank 108, so as to make the liquid flow gently. The two or more
notches of the nutrient solution inflow port 1061are configured to uniformize the liquid flow. When
flowing over the side partition plates 106, the liquid will uniformly flow to the planting area through
the notches. The nutrient solution flows from the nutrient solution inflow area of the planting tray
10, namely the liquid inflow buffer tank 108, to the side of the middle partition plate 103 of the
planting area, and then flows into the other side of the middle partition plate 103 of the planting
area through the gap between the middle partition plate 103 and the sidewall 105 of the planting
tray. After that, the nutrient solution enters the nutrient solution outflow area and flows out through
the nutrient solution outlet 102 to form an O-shaped flow route of the nutrient solution, which
realizes the inflow and outflow of the nutrient solution on the same side. Further, the planting
device and the nutrient solution supply system work collectively to realize a nutrient solution
multilayer circulation mode of the plant cultivation.

As shown in Figs. 5-8, the planting device further includes the liquid receiving tank 109. The
liquid receiving tank 109 includes the bottom plate 1091, the two sidewalls 1092 opposite to each
other, and the end wall 1093. The side opposite to the end wall 1093 is open, namely the end
opposite to the end wall 1093 of the liquid receiving tank is an open end 1094. In the present
embodiment, the strip-shaped limiting plate 110 is placed on the upper portion of the nutrient

solution inflow and outflow area of the planting tray 10, and the liquid receiving tank 109 is
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installed on the limiting plate 110 through the snap-fit fastener 112 as shown in Figs. 7 and 8.
Besides, the limiting notch 1095 matched with the reinforcing rib 111 on the bottom of the limiting
plate is further provided on the sidewall 1092 of the liquid receiving tank (or even the end wall
1093 of the liquid receiving tank), so as to limit the position of the liquid receiving tank 109 by the
combination of the limiting notch 1095 and the reinforcing rib 111. After installation, the open end
1094 of the liquid receiving tank 109 is located above the liquid inflow buffer tank 108. In the
present embodiment, the specific structure of how the liquid receiving tank 109 is installed on the
planting tray 10 is merely an example. In other embodiments, the liquid receiving tank 109 may be
installed on the planting tray 10 in other proper manners, e.g. the liquid receiving tank 109 is
installed on the sidewall 105 of the planting tray and the side partition plate 106 in a snap-fit manner,
without the need of the limiting plate 110. As shown in Fig. 3, in the case where the limiting plate
110 is required, the opening located above the liquid receiving tank 109 is provided in the limiting
plate 110, namely the nutrient solution inlet 101. As in the case where the limiting plate 110 is not
required, the upper opening of the nutrient solution inflow area of the planting tray may serve as
the nutrient solution inlet 101. When the planting device 1 is installed in position on the support
rack, the nutrient solution inlet 101 is located below the outlet of the funnel-type flow guiding
device 22 of the nutrient solution supply system. As shown in Fig. 6, the bottom plate 1091 of the
liquid receiving tank is inclined from the end wall 1093 toward the open end 1094, which facilitates
the nutrient solution to flow into the liquid inflow buffer tank 108. Further, the arc-shaped
chamfering is formed at the junction portion of the sidewall 1092 and the bottom plate 1091 of the
liquid receiving tank may be provided with fillet to reduce the impact when the nutrient solution
flows in, thereby facilitating to guide the flow of the nutrient solution. The limiting plate 110 not
only can limit the position of the liquid receiving tank, but also has a light-proof function. With the
addition of the liquid receiving tank 109 at the inlet of the planting device 1, the pressure from the
liquid flow dripping in from the nutrient solution inlet can be buffered, and the liquid flow is
prevented from splashing onto the leaf and the ground.

As shown in Fig. 4, in order to make the flow of the nutrient solution in the planting tray 10
more uniform, in the present embodiment, a plurality of strip-shaped liquid blocking ribs 120
perpendicular to the flow direction of the nutrient solution are provided on the bottom plate 104 of

the planting tray of the planting area. These liquid blocking ribs 120 divide the planting area into a
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plurality of liquid storage areas. After entering the planting area, the nutrient solution is blocked
by the liquid blocking ribs 120 and gradually distributed uniformly in the first liquid storage area.
When reaching a certain height, the nutrient solution flows over the liquid blocking rib 120 and
then enters the next liquid storage area. After being uniformly distributed in the present liquid
storage area, the nutrient solution then enters the next liquid storage area. By using this structure,
the nutrient solution flows in a wavelike manner, and flows in the planting area more uniformly,
thereby ensuring that the root system of the plant can sufficiently absorb nutrients. Preferably, the
liquid blocking rib 120 is designed as an arc-shaped protrusion to form an arc-shaped liquid
blocking structure.

As shown in Figs. 9-13, in the above-mentioned embodiment of the planting device 1, the
filter 130 is further provided on one side of the nutrient solution outflow area. In this case, the side
partition plate 106 on the side of the nutrient solution outflow area is evenly divided into two parts,
the space between the two parts is the nutrient solution outflow port 1062. The filter 130 is installed
at the nutrient solution outflow port 1062 for filtration and liquid level adjustment. Taking the
embodiment shown in Figs. 9-12 as an example, the structure of the filter will be described
hereinafter. The filter is a double-sided structure, including the full-filtration screen 131 and the
semi-filtration screen 132. Each filtration screen includes the laterally placed rectangular base
plates 1311, 1321 and the filter meshes 1312, 1322 installed in the opening of the base plate. For
example, a certain number of nylon fabrics are attached to the base plates 1311, 1321 by an integral
injection molding technique to form the filter meshes. The filter mesh 1322 of the semi-filtration
screen 132 has a height less than that of the filter mesh 1312 of the full-filter mesh screen 131, e.g.
a height half of or less than a half of the height of the filter mesh 1312 of the full-filtration mesh
screen 131. The two base plates are parallel to each other, and are connected together by two
symmetric vertical plates 133 perpendicular to the base plate. In use, if the filter mesh 1322 of the
semi-filter mesh screen 132 is placed at the lower portion, the shallow flow mode (as shown in Fig.
10) is performed; if the filter mesh 1322 of the semi-filter mesh screen 132 is placed at the upper
portion, the deep flow mode (as shown in Fig. 12) is performed. The liquid level is controlled to
have different heights according to the growing need of the plant by switching between the shallow
flow mode and the deep flow mode. In order to strengthen the structure, one or more pillars 134

(as shown in Fig. 10) are additionally provided in the opening of the base plate to avoid deformation
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of the filter. Although the pillar 134 is merely shown in the semi-filtration screen 132 in Fig. 10,
yet the full-filtration mesh screen 131 may also be provided with this structure. In order to make
sure that the nutrient solution is automatically drained after stopping the nutrient solution supply,
the overflow ports 135 are provided on the top and bottom of the two base plates (as stated above,
the top and bottom are opposite to each other, and can be interchanged while using), thereby
reducing the workload of discharging the nutrient solution. For example, the nutrient solution in
the planting tray 10 can be naturally drained through the overflow port 135 after the nutrient
solution supply is cut off at night.

Figs. 11 and 13 show a fixation mode of the filter. Each of the two ends of the two base plates
includes an extension section 136 extending beyond the vertical plate, and the extension sections
136 on the two ends clamp on the side partition plates 106 on both sides of the nutrient solution
outlet, thereby achieving the installation and fixation in the planting tray. In order to improve the
stability at the fixation position, the vertical rib 137 is provided on the inner side of the end portion
of the extension section 136 of the base plate, so that the extension section 136 can clamp on the
side partition plate 106 more tightly. In addition, the vertical rib 137 may also be provided on the
outer side of the middle portion of the vertical plate 133, and abuts against the end surface of the
side partition plates 106 to further increase the stability of the fixation position. By using the
vertical ribs 137, the stability of the fixation position is increased, while the water-tightness
performance is increased.

As one can conclude from the above description of the embodiments, the multilayer stereo-
planting system provided by the present invention solves the problems in the stereo-planting,
especially the problems in aspects of liquid supplying, automatic operation, planting device,
pipeline cleaning, and environmental control, etc. of stereo-planting with a large amount of layers
in height. During the cultivation and harvesting, the planting device, namely the planting tray and
the plants on the planting board, is placed in or taken out together in the plug-in manner, and is
transported as a whole. By doing so, the plant seedlings are protected from injuries and the leakage
and dropping of the nutrient solution can be avoided, thereby facilitating the cleaning and
management of the production workshop. Each planting device is independently taken out and
placed in without affecting the growth of other plants on the support rack. Each planting device is

independently taken out and placed in without affecting the growth of other plants on the support
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rack. Thus, the problem in separately managing the plants of different species or the plants of the
same species but different growth stages in the same workshop can be solved, and the production
management is simplified. The modularization of the planting device, especially the plug-in type
pick and place facilitates the use of mechanical automation. For example, the quick pick-and-place
operation and transportation can be performed by a stacker or a small forklift with rail guidance.
The transportation of the nutrient solution in the nutrient solution supply system is realized by the
flow guiding device fixed on the support rack. The nutrient solution flows in from the top of the
support rack and passes through the flow guiding device in each layer, and is discharged from the
bottom for recycling, so as to realize the automatic flow from top to bottom under gravity effect.
The flow route on the flow guiding device is relatively independent to the planting device. When
the planting device is placed on the support layer, the nutrient solution flows into the planting
device of the present layer from the flow guiding device of the upper layer for circulation, and then
enters the flow guiding device of the lower layer for the circulation of the lower layer. When no
planting device is placed on the support rack, the nutrient solution directly reflows to the liquid
discharging pipe in the bottom after passing through the flow guiding devices of every layer for
recycling. When the present planting device is taken out, the new planting device is timely placed
in. The circulation of the nutrient solution is uninterrupted during the replacement, and there is no
need for cutting off the water and power supply, so the nutrient solution will not splash elsewhere.
After the planting device is taken out, only the light source module and the nutrient solution supply
system still are left on the support rack, and no cleaning is required. The planting devices are taken
out and then transported to the operation station together to perform the operations such as planting,
harvesting, and planting tray cleaning, etc. The whole board with the newly planted plants is
transported together with the planting tray to the support rack for cultivation again, thereby
improving the turnover rate of the support rack, while reducing the labor intensity and the working
risk for the operators.

The above-mentioned embodiments are merely indicative of the principles and functions of
the present invention without any intention of limiting the present invention. A person skilled in
the art can make modifications or changes on the above-mentioned embodiments without departing

from the spirit and scope of the present invention. Hence, all equivalent modifications or changes
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made by those of ordinary skill in the art without departing from the spirit and technical ideas of

the present invention should also be considered as falling within the scope of the appended claims.
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Claims

What is claimed is:

1. A planting device, comprising: a planting tray and a planting board, characterized in that

the planting tray comprises a bottom plate and a sidewall; the planting tray comprises a
nutrient solution inflow and outflow area and a planting area; the planting board is placed on the
planting area;

the nutrient solution inflow and outflow area comprises a nutrient solution inflow area and a
nutrient solution outflow area; the nutrient solution inflow area and the nutrient solution outflow
area are located on a same side of the planting tray; the sidewall of the same side of the planting
tray serves as a sidewall of the nutrient solution inflow and outflow area; the nutrient solution
inflow area and the nutrient solution outflow area are separated by a partition member connected
to the sidewall of the nutrient solution inflow and outflow area;

a nutrient solution inlet is provided on a top of the planting tray at the nutrient solution inflow
and outflow area, and a nutrient solution outlet is provided on the bottom plate of the planting tray
at the nutrient solution outflow area;

a middle partition plate is provided inside the planting tray; the middle partition plate is
connected to the partition member, and the middle partition plate extends along a direction
perpendicular to the sidewall of the nutrient solution inflow and outflow area within the planting
area; and a gap is provided between the middle partition plate and the sidewall of the planting tray
on an opposite side of the sidewall of the nutrient solution inflow and outflow area.

2. The planting device according to claim 1, characterized in that

a side partition plate is provided inside the planting tray; the side partition plate is arranged in
parallel to the sidewall of the nutrient solution inflow and outflow area, and the side partition plate
separates the nutrient solution inflow and outflow area from the planting area;

a liquid inflow buffer tank is defined by the partition member, the sidewall of the nutrient
solution inflow and outflow area, and the side partition plate located in the nutrient solution inflow
area; the side partition plate located in the nutrient solution inflow area is provided with a nutrient
solution inflow port; and

the side partition plate located in the nutrient solution outflow area is provided with a nutrient

solution outflow port.
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3. The planting device according to claim 1 or 2, characterized in that

the planting tray is provided with a liquid receiving tank; the liquid receiving tank comprises
a bottom plate, two sidewalls opposite to each other, and an end wall; an end of the end wall
opposite to the liquid receiving tank is an open end; the liquid receiving tank is fixed at the nutrient
solution inlet of the planting tray; and the open end faces toward the nutrient solution inflow area.

4. The planting device according to claim 1, characterized in that

a plurality of liquid blocking ribs parallel to the sidewall of the nutrient solution inflow and
outflow area are provided on the bottom plate of the planting tray and the planting area to divide
the planting area into a plurality of liquid storage areas.

5. The planting device according to claim 2, characterized in that

a filter is provided at the nutrient solution outflow port; the filter comprises a full-filtration
screen and a semi-filtration screen; the full-filtration screen and the semi-filtration screen each
comprise a laterally placed rectangular base plate and a filter mesh installed in an opening of the
base plate; two base plates of the full-filtration screen and the semi-filtration screen are parallel to
each other and identical in height; the two base plates are fixed together with a space; and a height
of the filter mesh of the semi-filtration screen is less than a height of the filter mesh of the full-
filtration screen.

6. The planting device according to claim 5, characterized in that

two ends of the filter are respectively embedded in the side partition plates at two sides of the
nutrient solution outflow port in a snap-fit manner.

7. A multilayer stereo-planting system, comprising a support rack, and a nutrient solution
supply system installed on the support rack, characterized in that

the multilayer stereo-planting system further comprises the planting device according to any
one of claims 1-6; the planting device is installed on the support rack and can be disassembled as
a whole;

the nutrient solution supply system comprises a main nutrient solution pipeline installed on a
top of the support rack, funnel-type flow guiding devices, and a liquid discharging pipe installed
on a bottom of the support rack; the funnel-type flow guiding devices are installed on each layer of
the support rack, and the funnel-type flow guiding devices are located above the nutrient solution

inlet of the planting device; and the funnel-type flow guiding devices are arranged as one line or
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multiple lines along a vertical center line from top to bottom.

8. The multilayer stereo-planting system according to claim 7, characterized in that

the multilayer stereo-planting system comprises a ventilation and heat dissipation system; the
ventilation and the heat dissipation system comprises a main cool air pipeline, a main CO> pipeline,
a branch cool air pipeline, and a branch CO: pipeline, wherein the main cool air pipeline and the
main COz pipeline are installed at the top of the support rack, the branch cool air pipeline and the
branch CO: pipeline respectively extend downward from the main cool air pipeline and the main
CO; pipeline; and the branch cool air pipeline and the branch CO> pipeline are each provided with
a plurality of air outlets at each layer of the support rack.

9. The multilayer stereo-planting system according to claim 7, characterized in that

the multilayer stereo-planting system further comprises light source modules installed on each
layer of the support rack.

10. A planting system of a plant factory, comprising the multilayer stereo-planting system

according to any one of claims 7-9.
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