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Abstract

An aquaponics system including a rearing tank of a rearing
system and cultivation beds of a cultivation system, in which the
cultivation beds of the cultivation system are arranged in two or
more stages in a vertical direction. The aquaponics system includes
a rearing and cultivation circulating system in which a liquid in
the rearing tank is supplied to each of the cultivation beds, and
the liquid in each of the cultivation beds is returned to the rearing
tank, to thereby circulate through the rearing tank, the cultivation
beds, and the rearing tank. Fish and shellfish can be reared in
the rearing tank and a plant can be cultivated in the cultivation

beds, with the liquid circulating through the circulating path.
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Description
Title of Invention: AQUAPCNICS SYSTEM, AND FISHAND SHELLFISHREARING

AND PLANT CULTIVATION METHOD USING THE AQUAPONICS SYSTEM

Technical Field

[0001] The present invention relates to an aguaponics system
including a fish and shellfish rearing apparatus and a hydroponic
cultivation apparatus integrated with each other, and to a fish

and shellfish rearing and plant cultivationmethod using the system.

Background Art

[0002] An aquaponics system is capable of performing both
culture (rearing) of fish and shellfish and cultivation of a plant
in parallel. Therefore, the agquaponics system is drawing attention
and has started being put into practical use.

[0003] The aguaponics system includes growing beds configured
to cultivate a plant, and a fish and shellfish rearing tank
(hereinafter referred to as "rearing tank”). The aquaponics system
can perform rearing of fish and shellfish in the rearing tank and
cultivation of a plant in the growing beds in parallel by supplying
a liquid in the rearing tank to each of the growing beds with a
punmp, and causing the liquid in the growing beds to circulate into
the rearing tank.

[0004] As the related-art aquaponics systems, there are given

systems disclosed in Patent Literatures 1 to 5.
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[0005] InPatent Literaturel, thereisadisclosure of amodular
aquaponics assembly. There is also a disclosure of an aquaponics
system including bell siphons and multi~layer trays. However, in
Patent Literature 1, there is no disclosure that a liquid is caused
to fall with the bell siphons, to thereby aerate a liquid in a water
tank with the falling water stream.

[0006] In Petent Literature 2, there is a disclosure that
discharged water from a water tank module is caused to flow into
a module for gardening, and a plant is cultivated with the water,
a part of which is filtered. There is also a disclosure of the use
of bell siphons. However, themodule for gardeningof this invention
is installed at a position lower than the water level of the water
tank module, and hence there is no disclosure that a water tank
for rearing is subjected to appropriate aeration with the discharged
water falling from the bell siphons.

[0007] In Patent Literature 3, there 1s a disclosure of a
vertical aquaponics vegetable garden system. However, there 1s
neither a disclosure that this system includes multi-layer growing
beds nor a disclosure that this system includes a water discharge
system using bell siphons. Further, there is no disclosure that
a liquid in a water tank is subjected to sufficient aeration.
(0008] In Patent Literature 4, there is a disclosure of an
aquaponics system including a water tank for aguatic animals, a
plant growing device, a biological filter, and a biological waste

digestion unit and a method. However, there is no disclosure that
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this system causes discharged water from multi-layer cultivation
growing beds to fall onto a water tank for rearing fish with bell
siphons to perform aeration.

[0009] In Patent Literature 5, there is a disclosure of a
vertical aquaponics system, and there is also a disclosure of bell
siphons. However, this system is not a water tank for rearing fish,
but a systemconfiquredtopipewater fromthe ecosystemof anexisting
pond or lake. Further, the bell siphons do not discharge water into
a water tank for rearing fish to cause aeration in the water tank

for rearing fish.

Citation Ligst

Patent Literature

[0010] [PTL 1] US 2013/0047508 Al
[PTL 2] US 2014/0041594 Al
[PTL 3] US 2013/0160363 Al
[PTL 4] US 2014/0047767 Al

[PTL 5] US 2013/0098303 Al

Summary of Invention

Technical Problem

[0011] An object of the present invention is toperformrearing
of fish and shellfish and cultivaticn of a plant during liquid
circulaticn through use of cultivation beds in two or more stages.

Aplantcultivationsystemisaclosed type plant cultivationsystem.



A liquid in a rearing tank and a liquid in a water storage tank
are caused to circulate, and the water quality thereof is managed,
to thereby enhance a rearing environment and a plant cultivation

environment.

Solution to Problem
[0012] [Aquaponics System 1]

An aquaponics systemof the present invention is an aquaponics
systemincludinga rearing systemandacultivationsystemintegrated
with each other, the aquaponics system comprising: a rearing tank
of the rearing system; andcultivationbeds of thecultivationsystem,
wherein: the cultivation beds are arranged in two or more stages
in a vertical direction; the rearing tank has a size and a depth
capable of storing a liquid supplied to the cultivation beds in
two or more stages; the aquaponics system furtﬁer comprises a water
supply pipe arranged between the rearing tank énd the cultivation
beds, the aquaponics system further comprises distribution pipes
each arranged so as to extend from the water supply pipe to the
cultivation bed in each of the stages; the water supply pipe is
connected to a pump, and the pump enables the iiquid.supplied from
the rearing tank to the water supply pipe to be supplied to ﬁhe
cultivationbedineachofthestagesthrougheachoffhedistribution
pipes; each of the cultivation beds includes a bell siphon;the
bell siphon of each of the cultivation beds has an outlet, the outlets

of at least two of the bell siphons being connected to a common
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water discharge pipe for merging the liquid discharged from the
at least two bell siphons into.a merged discharge liquid stream;
the water discharge pipe has a lower end arranged above a liquid
surface in the rearing tank so that the merged discharge liquid
stream i1s caused to fall onto the rearing tank, to thereby enable
the liquid in the rearing tank to be aerated; the aquaponics system
thereby forming a rearing and cultivation circulating system in
which the liquid circulates through the rearing tank, the pump,
the water supply pipe, the distributionpipes, the cultivation beds,
the bell siphons, the water discharge pipe, and the rearing tank,
the rearing and cultivation circulating system including both or
any one of a physical filtration device and a biological filtration
device, the liquid circulating through the rearing and cultivation
circulating system being capable of rearing fish and shellfish in
the rearing tank and cultivating a plant in the cultivation beds.
[0013] [Agquaponics System 2]

The aquaponics system of fhe present invention may iﬁclude
acultivationcirculatingsystmninwhichajiquidleawaterstorage
tank circulates through the water storage tank, the cultivation

beds, and the water storage tank, and a rearing circulating system

4a
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in which a liquid in the rearing tank circulates through the rearing
tank, the water storage tank, and the rearing tank. Liquid
circulation may be performed concurrently in both the circulating
systems, to thereby perform cultivation of a plant with the liquid
circulating through a cultivation circulating path and concurrently
perform rearing of fish and shellfish with the liquid circulating
through the rearing circulating system.

(0014] [Aquaponics System 3]

The aquaponics system of the present invention is the
above-mentioned aguaponics system 1 or 2, in which the cultivation
systemmnay be a clcsed circulation type (indoor) cultivation system.
In this casc, an illuminator may bc arranged in the cultivation
system so that the illuminator is capable of illuminating the plant
cultivated in the cultivation beds, to thereby accelerate
photosynthesis.

[0015] [Aquaponics System 4]

The aquaponics system of the present invention is any one of
the above-mentioned aquaponics systems 1 to 3, which may include
both or any one of a water quality management device configured
to manage water guality of the liguid in the rearing tank and an
environment improvement device configured to improve a plant
cultivation environment.

[06016] [Aquaponics System 5]
The aquaporics system of the present invention may include

an air supply device configured to aerate the liquid in the rearing
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tank or the water storage tank. The air supply device may be bell
siphons or other air suppliers mounted on the cultivation beds.
[0017] [Aguaponics System 6]

The agquaponics system of the present invention may include
both or any one of a physical filtration device and a bioclogical
filtration device in the rearing and cuitivation circulating system
or the rearing circulating system. In this case, a sterilization
device may also be added. The physical filtration device 1is a
filtration device configured to filter a solid substance in the
rearing tank or the water storage tank, and the biological filtration
device is a filtration device configured to perform nitrification
of converting at least an ammonia component in the liguid in the
rearing tank or the water storage tank into a nitrite and converting
the nitrite into a nitrate.

[0018] [FistandShellfishRearingandPlantCultivationMethod
1]

A fish and shellfish rearing and plant cultivation method of
the present invention involves rearing fish and shellfish in the
rearing tank and cultivating a plant in the multi-stage cultivation
beds through use of any one of the above-mentioned agquaponics systems
1 to 6.

[0019] [(Fishand ShellfishRearingandPlantCultivationMethod
2]
The fish and shellfish rearing and plant cultivation method

of the present invention may involve causing the liquid to circulate
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through the cultivation circulating system to cultivate the plant
in the cultivation beds and further causing the liquid to circulate
also through the rearing circulating system to rear the fish and
shellfish in the rearing tank through use of the above-mentioned
aquaponics system 2.

[0020] [Fishand ShellfishRearingandPlantCultivationMethod
3]

The fish and shellfish rearing eand plant cultivation method
of thepresent inventionmayinvolve, inthe casewhere thecultivation
system is a closed circulation type (indoor) cultivation system,
illumirnating the plant with the illuminator during cultivation in
the cultivation beds, to thereby accelerate photosynthesis.
[0021] [Fishand ShellfishRearingandPlantCultivationMethod
4]

The fish and shellfish rearing and plant cultivation method
of the present invention may involve managing water quality of the
liquid in the rearing tank or the water storage tank and rearing
the fish and shellfish and cultivating the plant with the managed
liquid.

[0022] [Fiskand ShellfishRearingandPlantCultivationMethod
5]

The fish and shellfish rearing and plant cultivation method
of the present invention may involve aerating the liquid in the
rearing tank or the water storage tank, to thereby perform rearing

of fish and shellfish and cultivation of a plant with the liquid



containing air. In this case, the liquid in the cultivation bed
in each of the stages may be caused to fall onto the ligquid in the
rearing tank or the water storage tank with the bell siphons and
stir the liquid in the rearing tank or the water storage tank, to
thereby aerate the liquid, or may also involve causing the liquid
in the rearing tank or the water storage tank to foam with the air
supplier, to thereby aerate the liquid.

[0023] [Fishand ShellfishRearingandPlantCultivationMethod
6]

The fish and shellfish rearing and plant cultivation method
of the present invention may also involve, during circulation in
the rearing and cultivation circulatingsystemor during circulation
in the rearing circulating system, performing both or any one of
filtration of removing (filtering) a solid substance in the liquid
and biological filtration of nitrification of converting at least
an ammenia component in the liquid intoanitrate. The liquidduring
circulation may also be sterilized as necessary.

According to one embodiment, there is further provided an
aquaponics systemincluding arearing systemandacultivationsystem
integrated with each other, the aquaponics system comprising: a
rearing tank of the rearing system; cultivation beds of the
cultivation system; and a water storage tank, wherein: the
cultivation beds are arranged in two or more stages in a vertical
direction; the rearing tank and the water storage tank each have

a size and a depth capable of storing a liguid supplied to the

CA 3001976 2019-07-31



cultivation beds in two or more stages; the aquaponics system further
comprises a water supply pipe arranged between the water storage tank
and the cultivation beds, the aquaponics system further comprises
distribution pipes each arranged so as to extend from the water supply
pipe to the cultivation bed in each of the stages; the water supply pipe
is connected to a pump, and the pump enables the liquid supplied from
the rearing tank to the water supply pipe tobe supplied to the cultivation
bed in each of the stages through each of the distribution pipes; each
of the cultivation beds includes a bell siphon; the bell siphon of each
of the cultivation beds has an outlet, the outlets of at least two of
the bell siphons being connected to a common water discharge pipe for
merging the liquid discharged from the at least two bell siphons into
a merged discharge liquid stream; the water discharge pipe has a lower
end arranged above a liquid surface in the water storage tank so that
the merged discharge liquid streamis caused to fall onto the water storage
tank, to therebyenable the 1iquid in the water storage tank to be aerated,
the aquaponics system thereby forming a cultivation circulating system
in which the liquid circulates through the water storage tank, the pump,
the water supply pipe, the distribution pipes, the cultivation beds,
the bell siphons, the water discharge pipe, and the water storage tank,
the aquaponics system also forming a rearing circulating system in which
the liquid in the water storage tank is fed to the rearing tank, and
the liquid in the rearing tank is returned to the water storage tank,
to thereby circulate through the rearing tank, the water storage tank,

and the rearing tank, both or any one of the cultivation circulating

8a
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system and the rearing circulating system including both or any one
of a physical filtration device and a biological filtration device,
the liquid circulating through the cultivation circulating system
being capable of cultivating a plant in the cultivation beds, and
the liquid circulating through the rearing circulating system being

capable of rearing fish and shellfish in the rearing tank.

Advantageous Effects of Invention
[0024] The aquaponics system of the present invention has the
following effects.

(1) The cultivation beds are arranged in multiple stages in
the vertical direction, and hence the plant cultivation area is
enlarged even in a narrow space.

(2) The ligquid purified in plant cultivation is caused to

8b
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circulate into the rearing tank, and hence the liquid suitable for
rearing fish and shellfish is allowed to circulate into the rearing
tank.

(3) The water quality management device is arranged, and hence
an environment preferred for rearing of fish and shellfish and
cultivation of a plant can be created.

(4) The cultivation system 1is a closed circulation type
(indoor) hydroponic cultivation system, and hence the cultivation
system is less liable to be influenced by an external temperature
or to be harmed by pests.

(5) The illuminator is arranged in the cultivation system so
that the illuminator is capable of illuminating the plant cultivated
in the cultivation beds, to thereby accelerate photosynthesis, and
hence the growth of the plant can be accelerated.

(6) The air supply device is arranged. Therefore, the liquid
in the rearing tank can be aerated to increase dissolved oxygen

in the liquid, and oxygen can be supplied in a manner preferred

for rearing of fish and shellfish and cultivation of a plant.
(7) Both or one of the physical filtration device and the
blological filtrationdevice is arranged in Lhe circulating system.
Therefore, a solid substance in the rearing tank is filtered, and
ammeonia is nitrified into nitrous acid required for cultivating
the plant. Thus, even the liquid in the rearing tank can be changed
into a liquid suitable for cultivating the plant and supplied to

the cultivation beds.
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{8) When the sterilization device is added, the circulating
liguid is sterilized. Therefore, the liquid that is hygienic for
rearing of fish and shellfish and cultivation of a plant can be
supplied.

[0025] The fish and shellfish rearing and plant cultivation
method using the aquaponics system of the present invention have
the following effects.

Any one of the above-mentioned aquaponics systems is used,

and hence the effects of the aquaponics systems can be obtained.

Brief Description of Drawings
[0026] FIC. 1 is a front vicw for illustrating an cxamplc of
an aquaponics system of the present invention.

FIG. 2 is a front view for illustrating another example of
the aguaponics system of the present invention.

FIG. 3is anexplanatory viewof abell siphon in the aquaponics
system of the present invention.

FIG. 4 is an exploded explanatory view of the bell siphon.

FIG. 5{a}, FIG. 5(b), FIG. 5{(c}, and FIG. 5(d) are each an

explanatory view of ligquid discharge with the bell siphon.

Description of Embodiments
[0027] Embociments of an aquaponics system of the present
invention and a fish and shellfish rearing and plant cultivation

method (hereinafter referredtoas "rearingandcultivationmethod™)
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using the system are described below.
[0028] {Aquaponics System according to Embodiment 1)

An aquaponics system of the present invention illustrated as
an example in FIG. 1 includes a rearing tank 1 for rearing fish
and shellfish, cultivation beds 2 for cultivating a plant, which
are arranged inmultiple stages at intervals inavertical direction,
a water supply pump 3 configured to pump a liquid in the rearing
tank 1 to supply the ligquid to the cultivation bed 2 in each of
the stages, a water supply pipe 4 configured to supply the liquid
in the rearing tank 1 pumped with the water supply pump 3 to the
cultivationbeds 2, bell siphons 5 configured to discharge the 1iquid
in the cultivation bed 2 in each of the stages, and a water discharge
pipe 6 configured so that the discharged liquids discharged from
the bell siphons 5 are merged and caused to fall onto the rearing
tank 1.

[0029] [Rearing Tank]

As the rearing tank 1, a rearing tank which is the same as
that of a conventional closed circulation type land culture system
or a rearing tank having a novel structure, material, and shape
may be used. The size of the rearing tank 1 is a size (capacity)
suitable for rearing fish and shellfish, and has a size and a depth
capable of storing a liquid that can be supplied to the multi-stage
cultivation beds 2. The rearing tank L made of a resin is suitable
from the viewpoint of reduction in weight. In FIG. 1, the rearing

tank 1 is installed at a position lower than the cultivation bed

11
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2 in the lowest stage, but the rearing tank 1 may be installed at
anotherpositionas longas thedischargedliquid fromthecultivation
beds 2 can fall onto the rearing tank 1. For example, the rearing
tank 1 may be buried in the ground or may also be arranged indoors
or outdoors.

[0030] [Water Supply Pump]

The liquid in the rearing tank 1 is pumped with the water supply
pump 3 and supplied to the cultivation beds 2 through the water
supply pipe 4. As the water supply pump 3, a circulation pump which
is the same as that used in the conventional closed circulation
type land culture system or a pump having a novel structure and
function may be used. Pumping horsepower, pumping capacity, and
the like are set so that a liquid required for cultivating a plant
can be supplied to the multi-stage cultivation beds 2.

[0031] [Water Supply Pipe]

The water supply pipe 4 is connected to the water supply pump
3 and includes distribution pipes 7 so as to supply the ligquid in
the rearing tank 1 pumped with the water supply pump 3 to the
cultivation bed 2 in each of the stages. As the water supply pipe
4, a pipe made of a resin or a metal may be used.

[0032] [Cultivation Bed]

As the cultivation bed 2, a cultivation bed which is the same
as that used in a conventional closed circulation type hydroponic
cultivation system or a cultivation bed having a novel structure,

material, and sharemaybeused. The size, depth, length, andlateral

12
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width of the cultivation bed 2 are set to be suitable for plant
cultivation. Thecultivation bed 2 made of a resin is suitable from
the viewpoint of reduction in weight. Soil for plant cultivation,
for example, Hydroton, black cinder, vermiculite, perlite, rock
wool, coco peat, Bakelite, and other culture soils, or a combination
thereof may or may not be laid on the bottom of the cultivation
bed 2. The number of stages of the cultivation beds 2 is selected
50 as to achieve such a scale that the cultivation amount of a plant
can be managed. The multi-stage cultivation beds 2 may be fixed
to a rack 8 or installed on the rack 8 so as to be removed therefrom.
[0033] Althoughthecultivationbeds 2maybe installedoutdoors,
the cultivation beds 2 may also be installed Ll a roum that cannot
let insunlight, tothereby formaclosedcirculationtypecultivation
system. The closed circulation type cultivation system is a
general-purpose systemconfiguredtocultivateaplant by installing
a cultivation system in a room that hardly lets in or cannot let
in sunlight and subjecting the plant toilluminationwithartificial
light. Plant cultivation performed in the cultivation beds 2 may
be any of thin film hydroponic cultivation called nutrient film
technique (NFT), deep flow hydroponic cultivation called deep water
culture (DWC), pebble cultivation called Ebb & Flow, and other
cultivation methaeds. The bell siphons 5 are used for discharging
water generally in the pebble cultivation (may also be used in the
deep flow hydroponic cultivation), and overflowed water is simply

discharged in the other methods. The present invention may use a

13
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drip ventilation system, which is frequently used in strawberry
cultivation and the like, and may also use any of the other systems.
[0034] [I1luminator]

Whenthe closedcirculationtypecultivationsystemisadopted,
it is necessary in the present invention that an illuminator (not
shown) be mounted on the cultivation beds 2 or the rack 8 so as
to accelerate photosynthesis of a cultivation plant with
illumination from the illuminator. As the illuminator, various
light-emitting tools, such as an LED, anelectricbulb, a fluorescent
lamp, a high-pressure sodium lamp, a metal halide lamp, and a plasma
light, may be used. The illuminator is arranged so as to uniformly
illuminate the plant during cultivation. The illuminator may be
arranged on the cultivation beds 2 in all the stages or any of the
stages.

[0035] (Bell siphon]

The bell siphon 5 is mounted on a bottom surface 2a of the
cultivation bed 2 in each of the stages and is configured to collect
a liquid (cultivation liquid) in the cultivationbed 2 to discharge
the liquid outside. In FIG. 1, the bell siphon 5 is connected to
the cultivation bed 2 in each of the stages, and the bell siphon
5 in each of the stages is connected to the water discharge pipe
6 so that a liquid discharged from the bell siphon 5 in each of
the stages falls onto the rearing tank 1 through the water discharge
pipe 6. The liquid in the rearing tank 1l is aerated with the falling

discharged liquid (the liquid in the rearing tank 1 is stirred,

14
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and oxygen is supplied (air is supplied) to the liquid to increase
dissolved oxygen).
[0036] As an example, the bell siphon 5 illustrated in FIG.
3 includes a support pipe ¢ (FIG. 4) that is fixed to the bottom
surface 2a of the cultivation bed 2 so as to pass therethrough,
an introduction pipe 10 that is inserted into the support pipe 9
from above so as to protrude in the cultivation bed 2, an outflow
pipe 11 that is inserted into the support pipe 9 from below so as
to protrude outside of the cultivation bed 2, a stand pipe 13a that
covers an outer periphery of the introduction pipe 10, and a cap
13b that covers anupper portionof the standpipe 13a. Inthepresent
invention, the stand pipe 13a and the cap 13b form a bell 12. The
bell 12 is designed to protrude above & water surface H of a liquid
W in the cultivation bed 2. Inflow ports 14 are opened on a lower
end side of a peripheral wall of the stand pipe 13a so that the
ligquid W in the cultivation bed 2 flows into the stand pipe 1l3a.
The inflow port 14 may have any shape, for example, a groove and
a hole. The number of the grooves and the holes may be arbitrarily
designed in accordance with @ water discharge amount, and an opening
position may also be any axial position of the stand pipe 13a. A
water discharge amount of the bell siphon 5 is designed in accordance
with a water discharge amount of the cultivation bed 2.
[0037] [Water Discharge with Bell Siphon]

When the liquid W in the cultivation bed 2, which has flowed

into the stand pipe 13a through the inflow ports 14 of the stand
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pipe 13a (FIG. 5(a)), is accumulated inthe stand pipe 13 and reaches
a position higher than an upper end surface (inlet) 10a of the
introduction pipe 10 (FIG. 5(b)), excess water automatically flows
into the introduction pipe 10 through the inlet 10a and is discharged
from the outflow pipe 11 to the water discharge pipe 6 (FIG. 5(d)).
In the case where the liquid is intermittently supplied to the
cultivationbed 2, when the excess wateris dischargedas illustrated
inFIG. 5(d), thewater level inthe standpipe 13a lowers. Meanwhile,
in the case where the liguid is continucusly supplied to the
cultivation bed 2, even when the liguid is discharged, the water
level in the stand pipe 13a is kept at a position higher than the
inlet 10a of the introduction pipe 10 as illustrated in FIG. 5(c) .
[0038] (Water Discharge Pipe]

As the water discharge pipe 6, anexisting pipe made of a resin
or a metal may be used. The water discharge pipe © is configured
so that liquids discharged from the bell siphon 5 in the stages
are merged and caused to fall onto the rearing tank 1. In FIG. 1,
the bell siphon 5 arranged in the cultivation bed 2 in the lowest
stage is not connected to the water discharge pipe 6 so as to cause
the ligquid to fall onto the rearing tank 1 directly, and the bell
siphons 5 arranged in the cultivation beds 2 in the second and
subsequent stages fromthe bottomare connected tothewaterdischarge
pipe 6 so that the liquids are merged in the water discharge pipe
6 and caused to fall onto the rearing tank 1.

{0039] [Physical Filtration Device and Biological Filtration
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Device]

The liquid in the rearing tank 1 contains excreta from fish
and shellfish during rearing, leftovers (residues) of feed, other
solid substances, ammonia, and the like. It is desired that the
solid substances such as excreta and leftovers of feed be filtered
with a physical filtration device, and ammonia (NHz) be nitrified
into a nitrite (NOz) and then to a nitrate (NO3) with a bioclogical
filtration device (bioreactor). The nitrate (NO3) is an element
important for growth of a plant.

[0040] <Physical Filtration Device>

As the physical filtration device, a swirl filter, a radial
filtcecr, a scrcecen filter, a spongc, and the like may be uscd alonc
or in combination thereof. The physical filtration device may be
installed in the rearing tank 1 or in any position of the rearing
and cultivationcirculatingsystemin which the liquid in the rearing
tank 1 circulates through the rearing tank 1, the cultivation beds
2, and the rearing tank 1.

[0041] (Biological Filtration Device)

As the biological filtration device, an existing biological
filtration device may be used. The biclogical filtration device
may be installed in the rearing tank 1 or in any position of the
rearing and cultivaticn circulating system in which the liguid in
the rearing tank 1 circulates through the rearing tank 1, the
cultivation beds 2, and the rearing tank 1.

[0042] [Water Quality Management Device]



CA 03001976 2018-04-13

It is desired that a liquid suitable for rearing of fish and
shellfishand cultivationofaplantbeused. ApHvalue, anelectric
conductance (EC), a liquid temperature, dissolved oxygen, and the
like of the liquid vary depending on rearing of fish and shellfish
andcultivationofaplant. Inthepresent invention, awaterquality
management device 15 (FIG. 1) configured to manage the water quality
of the liquid in the rearing tank lmay bearranged. Thewaterquality
management device is configured to measure a pH, an EC, a component
in a liquid, and the like with a reagent, a sensor, or the like
and adjust them. The water quality management device 15 may also
include a warming device, a sterilization device, an air supply
device, and the like. In FIG. 1, the water gualitymanagement device
15 is arranged in the rearing tank 1, but the water quality management
device 15 may be installed at another position as long as the liquid
in the rearing tank 1 can be managed.

[0043] [pH Adjustment Device]

A pH adjustment device is configured to adjust a pH value of
the liquid in the rearing tank 1. As the pH adjustment device, a
pH adjuster, which is capable of detecting a pH value of the liquid
in the rearing tank 1 with a sensor and adjusting the detected pH
value into a pH value suitable for rearing of fish and shellfish
and cultivation of a plant, may be used.

[0044] [EC Adjustment Device]
EC adjustment involves measuring an EC of a liquid with an

existing EC measurement device and automatically or artificially
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adjusting the measurement result based on a predetermined value
so that the EC reaches the predeterminedvalue. AnECmay bemeasured
through use of an existing EC measurement instrument.
[0045] [Warnming Devicel

A warming device is configured to warm a ligquid when a liquid
temperature is low, and a temperature measurement instrument may
be used for measuring a liquid temperature, and an immersion type
heater or other heaters may be used for heating a liguid. In this
case, a control device, a temperature regulating device, and the
like, which are configured to perform drive control of the warming
device based on a measured temperature and reqgulate a preset
temperature, may be arrangsd.
[0046] [Sterilization Device]

A sterilization device is configured to sterilize bacteria,
viruses, algae, and the like in the liquid in the rearing tank 1,
and for example, an ultraviolet sterilization device, an ozone

sterilization device, and other sterilization devices may be used.

The sterilization device may be arranged in the rearing tank 1 or
in any position of the above-menticned circulating system.
[0047] [Air Supply Device]

Whenthe above-mentionedliquidis lackingindissolvedoxygen,
air may be supplied to the liquid from the air supply device to
feed oxygen to the liquid. The air supply device is configured to
maintain or increase dissolved oxygen in the liquid in the rearing

tank 1 and stir the liquid to supply oxygen in ambient air to the
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liguid (perform aeration). An alr pump or a nanobubble generation
device may be used, and stirring of a liquid may be performed by
causing a liquid discharged from the cultivation bed 2 to fall onto
the liquid in the rearing tank 1.

[0048] [Environment Improvement Device]

In the present invention, various environment improvement
devices configured to improve a rearing environment and a plant
cultivation environment, such as a carbon dioxide generation device
and an alr stream generationdevice, may also be arranged in addition
to the above-mentioned devices.

[0049] <Carbon Dioxide Generation Device>

A carbon diozxide generation device is configured to generate
carbon dioxide (C02) to supply the carbon dioxide to air around the
cultivation beds 2, to thereby accelerate photosynthesis.

[0050] <Alr Stream Generation Device>

Anair streamgenerationdevice isconfigured togenerate wind,
and a fan, anair conditioner, or the like may be used. The generated
wind is used for improving the ventilation of the circumference
of the cultivation beds 2. 1In addition, the air stream generation
device may also adjust a temperature and humidity in a room.
[0051] The environment improvement device, for example, the
carbondioxide generationdevice andthe air streamgenerationdevice
may be installed in a room in which a plant is cultivated or outside
the room. The occarrence of pestsmayalsobe suppressedby improving

the ventilation of a plant cultivation environment and adjusting
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the temperature and humidity in the room.

[0052] As a liquid for plant cultivation, a liguid obtained
by blending three major elements of nitrogen, phosphoric acid, and
potassium with other essential elements, such as calcium and
magnesium, anduseful elements, suchassodiumandsilicon, depending
on the kind of the plant, may be used. As the liguid, for example,
a chemical liquid fexrtilizer, such as‘Otsuka House or Hyponica,
may be used. In the case of an aquaponics system of organic
cultivation that does not use a chemical liquid fertilizer,
sufficient nitrogen (nitrate) is supplied through the nitrification
action of the liquid in the rearing tank 1. However, the liquid
is liable to be lacking in phosphioric acid, potassium, and the like,
and hence it is desired to supplement the liquid with those elements
through use of an organic supplement and the like.

[0053] In the aquaponics system of FIG. 1, a bypass passage
BP may be arranged as represented by the imaginary line in FIG.

1, and the physical filtration device, the biological filtration

device, the sterilization device, the water quality management

device 15, and the like may aliso be arranged in the bypass passage

BP.

[0054] [Rearing and Cultivation Method using System of FIG.

Fish and shellfish are reared in the rearing tank 1, and a
plant is cultivated in the cultivation beds 2, through use of the

aquaponics system illustrated in FIG. 1, as described below. The
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liquid in the rearing tank 1 is pumped with the water supply pump
3 to be fed to the water supply pipe 4, and the liquid is branched
into the distribution pipes 7 from the water supply pipe 4 to be
supplied to the cultivation bed 2 in each of the stages. Further,
the liquid in the cultivation beds 2 is collected with the bell
siphons 5 to be fed to the water discharge pipe 6 and caused to
fall onto the rearing tank 1 through the water discharge pipe 6.
In this case, the liquid in the cultivation bed 2 in the lowest
stage is caused to fall onto the rearing tank 1 directly from the
bell siphon 5 mounted on the cultivation bed 2 in the lowest stage.
The liquidin therearingtanklisstirredwith the fallingdischarged
liquid, and oxygen in ambient air is supplied to the liquid in the
rearing tank 1 (the liquid in the rearing tank 1 is aerated). In
this case, the ligquids from the cultivation bed 2 in the stages
are merged in the water discharge pipe 6 and caused to fall onto
the rearing tank 1. Therefore, the discharged ligquid becomes a
relatively strong water stream, thereby being able to aerate the
liguid in the rearing tank 1 sufficiently. The liguidin the rearing
tank 1 is pumped with the water supply pump 3 and caused to circulate
through the system of the water supply pipe 4, the cultivation beds
2, the bell siphons 5, the water discharge pipe 6, and the rearing
tank 1, to thereby perform rearing of fish and shellfish and
cultivation of a plant. During this time, it is desired that water
quality management of the liquid in the rearing tank 1, refilling

of the liquid in a required amount, replacement of the contaminated
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liguid, and the like be performed. The liquid may be pumped with
the water supply pump 3 continuously or intermittently under the
control of time with a timer.

[0055] (Aquaponics System according to Embodiment 2)

The aquaponics system of the present invention illustrated
as another example in FIG. 2 includes the rearing tank 1, the
multi-stage cultivation beds 2, the water supply pump 3, the water
supply pipe 4, the bell siphons 5, and the water discharge pipe
6 in the same manner as in Embodiment 1 illustrated in FIG. 1. The
aquaponics system of the present invention according to another
example further includes a water storage tank 16, a circulation
pump 17, a feed passage 18, a physical filtraticon device 19, a
biological filtration device 20, a sterilization device 21, and
a return passage 22.

[0056] As the rearing tank 1, the cultivation beds 2, the water
supply pump 3, the water supply pipe 4, the bell siphons 5, and
the water discharge pipe 6, the same constituent members as those
in FIG. 1 may be used.

[0057] The circulationpump 17 is configured to feed the liquid
in the rearinyg tank 1 Lo the water storage tank 16 through the feed
passage 18, and a general-purpose underwater pump, a ground
installation type pumping-up pump, or the like may be used.
[0058] In FIG. 2, the liguid in the water storage tank 16 may
be caused to circulate through a cultivation circulating system

of the water supply pump 3, the cultivation beds 2, and the water
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storage tank 16. Concurrently, the liquid in the rearing tank 1
may also be caused to circulate througha rearing circulating system
of the circulation pump 17, the feed passage 18, the physical
filtration device 19, the biological filtration device 20, the
sterilization device 21, the water storage tank 16, the water supply
pump 3, and the return passage 22. In this case, the liquid pumped
with the water supply pump 3 is fed to both the return passage 22
and the water supply pipe 4. Therefore, a regulation valve 23 (FIG.
2) 1s arranged in a branched portion between the return passage
22 and the water supply pipe 4 so as to regulate the water supply
amount to the return passage 22 and the water supply pipe 4 with
the regulation valve 23. The liquid may also be returned to the
return passage 22 through a return dedicated pump (return pump)
separate from the water supply pump 3.

[0059] In FIG. 2, the water storage tank 16 is arranged below
the cultivation ked 2 in the lowest stage, and the liquid in the
multi-stage cultivation beds 2 is caused to fall onto the water
storage tank 16 through the bell siphons 5 and the water discharge
pipe 6, to thereby aerate the liquid in the water storage tank 16.
In this case, the discharged liguid from the cultivation bed 2 in
the lowest stage is caused to fall onto the water storage tank 16
directly from the bell siphon 5 without passing through the water
discharge pipe 6.

[0060] The physical filtration device 19 and the biclogical

filtration device 20 are arranged at some midpoints of the feed
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passage 18. In FIG. 2, the physical filtrationdevice 19 is arranged
on the circulation pump 17 side (front side in the feed direction),
and the biological filtration device 20 is arranged on the water
storage tank 16 side (destination side in the feed direction) with
respect to the physical filtration device 19. However, the
arrangement of the physical filtrationdevice 19 and the biclogical
filtration device 20 may be reversed. Only one of the physical
filtration device 19 and the biological filtration device 20 may
be arranged as long as sufficient filtration can be performed. The
physical filtration device 19 and the biological filtration device
20 are the same as those in Embodiment 1.

[0061] [T1lluminator]

The aquaponics systemof FIG. 2mayalsobeaclosedcirculation
type cultivation system, and an illuminator may be mounted to
accelerate photosynthesis of a cultivation plant with illumination
from the illuminator. The illuminator in this case may also be the
same as that in the case of Embodiment 1.

[0062] [Physical Filtration Device, Biological Filtration
Device, Water QualityManagement Device, and Environment Improvement
Device]

In the aguaponics system of FIG. 2, the physical filtration
device, the Dbiological filtration device, the water quality
management device, and the environment improvement device may also
be arranged in the same manner as in the aquaponics system according

to Embodiment 1.
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[0063] [Rearing and Cultivation Method using System of FIG.

Rearing of fish and shellfish and cultivation of a plant are
performed through use of the agquaponics system illustrated in FIG.
2 in the same manner as in the case of using the aquaponics system
of FIG. 1. In FIG. 2, the liquid in the water storage tank 16 is
pumped with the water supply pump 3 and fed to the water supply
pipe 4, and the liquid is fed from the water supply pipe 4 to the
cultivation bed 2 in each of the stages, to thereby cultivate a
plant in the cultivation bed 2. The liquid in the cultivation beds
2 is caused to fall onto the water storage tank 16 from the bell
siphons 5 through the water discharge pipe 6. The liquid in the
cultivation bed 2 in the lowest stage may be caused to fall cnto
the water storage tank 16 directly from the bell siphon 5 mounted
on the cultivation bed 2 in the lowest stage. The ligquid in the
water storage tank 16 is aeratedwith the fallingliquid. The liquid
having dissolved oxygen increased by the aeration is pumped with
the water supply pump 3 and fed to the return passage 22, and the
liquid is supplied from the return passage 22 to the rearing tank
1, to thereby rear fish and shellfish in the rearing tank 1. The
liquid in the rearing tank 1 is fed to the feed passage 18 with
the circulation pump 17 and fed to the physical filtration device
19, the biological filtration device 20, the sterilization device
21, andthewater storage tank16. Duringthistime, thewaterquality

is managed in the same manner as in Embodiment 1, to thereby improve
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a plant cultivation environment.
[0064] [Refilling of Liquid]

Also in the case of FIG. 2, it is desired that refilling,
replacement, and the like of the liquid in the rearing tank 1 be
performed. The circulation of the liquid from the water storage
tank 16 and the circulation of the liquid from the rearing tank
1 may be performed constantly or regularly (intermittently) at a
preset timing.

[0065] (Aquaponics System according to Embodiment 3)

The aquaponics system of the present invention may be an
aquaponics system other than those illustrated in FIG. 1 and FIG.
2. The number of stages of the cultivation beds 2 may be set to
any number other than the illustrated number. The cultivation beds
2 having different sizes and shapes may also be stacked inmultiple
stages. Two or more rearing tanks 1 and two or more water storage
tanks 16 may also be arranged. In this case, the rearing tanks 1
and the water storage tanks 16 may have different sizes and shapes,
respectively. The water quality management device may include the
above-mentionedequipment anddeviceormaynot include apart thereof.
For example, both or any one of the physical filtration device 19
and the biological filtration device 20 may also be arranged in
two stages. The water storage tank 16 may also be buried in the
ground.

[0066] (Aquaponics System according to Embodiment 4)

In the aguaponics system illustrated in FIG. 1, the rearing
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tank 1 is arrangedbelowthe cultivationbeds 2, and in the agquaponics
system illustrated in FIG. 2, the rearing tank 1 and the cultivation
beds 2 are arranged at the same height. However, the rearing tank
1 may be arranged above the cultivation beds 2. In this case, the
liquid in the rearing tank 1 is caused to fall naturally onto the
cultivation beds 2 to supply water thereto, and the discharged water
from the cultivation beds 2 is caused to circulate into the rearing
tank with a pump.

[6067] (Aquaponics System according to Embodiment 5)

The aquaponics system of the present invention may include
the aquaponics system illustrated in FIG. 1 or FIG. 2 as a basic
unit, and the basic units may be arranged in a lateral direction
or in a front-back direction to enlarge the scale of the rearing
system and the cultivation system. In this case, the cultivation
system in which the cultivation beds 2 are arranged on the rack
8 is used as a basicunit, and the cultivation systems may be arranged

in the lateral direction or in the front-back direction, and the
rearing tank 1 and the water storage tank 16 each having a large
capacitymayalsobeusedinaccordancewiththe increasedcultivation
system. In any ol the above-menllioned cases, at leasL the racks
8 of the cultivation systems arranged in the lateral direction or
in the front-back direction may be connected to each other. If
possible, the cultivation beds 2 in each unit may be configured
to be connectable to each other in the lateral direction or in the

front~-back direction so as to connect the cultivation beds 2 to
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each other.

Reference Signs lList

[0068]

1 rearing tank

2 cultivation bed

2a bottom surface (of cultivation bed)
3 water supply pump

4 water supply pipe

5 bell siphon

) water discharge pipe
7 distribution pipe

8 rack

9 support pipe

10 introduction pipe

10a upper end surface (inlet) (of the introduction pipe)
11 outflow pipe
12 bell

13a stand pipe

13b cap

14 inflow port (of stand pipe)

15 water quality management device
16 water storage tank

17 circulation pump

18 feed passage

19 physical filtration device
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biological filtration device
sterilization device

return passage

regulation valve

bypass passage

water surface

liguid
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Claims

[Claim 1] An aqguaponics system including a rearing system and a
cultivation system integrated with each other,

the aquaponics systemcomprising: a rearing tank of the rearing
system; and cultivation beds of the cultivation system, wherein:

the cultivation beds are arranged in two or more stages in
a vertical direction;

the rearing tank has a size and a depth capable of storing
a liguid supplied to the cultivation beds in two or more stages;

the aquaponics system further comprises a water supply pipe
arranged between the rearing tank and the cultivation beds,

the aquaponics system further comprises distribution pipes
each arranged so as to extend from the water supply pipe to the
cultivation bed in each of the stages;

the water supply pipe is connected to a pump, and the pump
enables the liquid supplied from the rearing tank to the water supply
pipe to be supplied to the cultivation bed in each of the stages
through each of the distribution pipes;

each of the cultivation beds includes a bell siphon;

the bell siphon of each of the cultivation beds has an outlet,
the outlets of at least two of the bell siphons being connected
to a common water discharge pipe for merging the liquid discharged
from the at least two bell siphons into a merged discharge liquid
stream;

the water discharge pipe has a lower end arranged above a liquid

31

Date Regue/Date Received 2020-04-23



surface in the rearing tank so that the merged discharge liquid
stream i1s caused to fall onto the rearing tank, to thereby enable
the liquid in the rearing tank to be aerated;

the agquaponics systemthereby formingarearingandcultivation
circulating systeminwhichthe liquidcirculates through the rearing
tank, the pump, the water supply pipe, the distribution pipes, the
cultivation beds, the bell siphons, the water discharge pipe, and
the rearing tank,

the rearing and cultivation circulating system including both
or any one of aphysical filtrationdevice andabiological filtration
device,

the liquid circulating through the rearing and cultivation
circulating system being capable of rearing fish and shellfish in

the rearing tank and cultivating a plant in the cultivation beds.

[Claim 2] An aquaponics system according to claim 1, wherein:

the outlets of the bell siphons of some of the cultivation
beds are connected to the water discharge pipe, and the outlet of
the bell siphon of one of the cultivation beds is free from being
connected to the water discharge pipe and is arranged above the
rearing tank; and

the liquid is caused to fall onto the rearing tank through
the water discharge pipe and the bell siphon of the one of the
cultivation bed which is free from being connected to the water

discharge pipe, to thereby enable the liquid in the rearing tank
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to be aerated.

[Claim 3] An aguaponics system according to claim 1, wherein:
the outlets of the bell siphons of all the cultivation beds
are connected to the water discharge pipe; and
the liquid is caused to fall onto the rearing tank through
the water discharge pipe, to therebyenable the 1iquid in the rearing

tank to be aerated.

[Claim 4] An aquaponics system according to any one of claims 1
to 3, further comprisingawater qualitymanagement device configured

to manage water quality of the liguid in the rearing tank.

[Claim 5] An agquaponics system according to any one of claims 1
to 4, further comprising an air supply device configured to aerate

the liquid in the rearing tank.

[Claim 6] An aguaponics system including a rearing system and a
cultivation system integrated with each other,

the aquaponics systemcomprising: a rearing tankof the rearing
system; cultivation beds of the cultivation system; and a water
storage tank, wherein:

the cultivation beds are arranged in two or more stages in
a vertical direction;

the rearing tank and the water storage tank each have a size
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and a depth capable of storing a 1liquid supplied to the cultivation
beds in two or more stages;

the aquaponics system further comprises a water supply pipe
arranged between the water storage tank and the cultivation beds,

the aquaponics system further comprises distribution pipes
each arranged so as to extend from the water supply pipe to the
cultivation bed in each of the stages;

the water supply pipe is connected to a pump, and the pump
enables the liquid supplied from the rearing tank to the water supply
pipe to be supplied to the cultivation bed in each of the stages
through each of the distribution pipes;

each of the cultivation beds includes a bell siphon;

the bell siphon of each of the cultivation beds has an outlet,
the outlets of at least two of the bell siphons being connected
to a common water discharge pipe for merging the liquid discharged
from the at least two bell siphons into a merged discharge liquid
stream;

the water discharge pipe has a lower end arranged above a 1iquid
surface in the water storage tank so that the merged discharge liquid
stream is caused to fall onto the water storage tank, to thereby
enable the liquid in the water storage tank to be aerated,

the aquaponics system thereby forming a cultivation
circulating system in which the liquid circulates through the water
storage tank, the pump, the water supply pipe, the distribution

pipes, the cultivation beds, the bell siphons, the water discharge
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pipe, and the water storage tank,

theaquaponics systemalsoformingarearingcirculatingsystem
in which the liquid in the water storage tank is fed to the rearing
tank, and the liquid in the rearing tank is returned to the water
storage tank, to thereby circulate through the rearing tank, the
water storage tank, and the rearing tank,

both or any one of the cultivation circulating system and the
rearing circulating system including both or any one of a physical
filtration device and a biological filtration device,

the liquid circulating through the cultivation circulating
system being capable of cultivating a plant in the cultivation beds,
and

the liguid circulating through the rearing circulating system

being capable of rearing fish and shellfish in the rearing tank.

[Claim 7] An aquaponics system according to claim 6, wherein:

the outlets of the bell siphons of some of the cultivation
beds are connected to the water discharge pipe, and the outlet of
the bell siphon of one of the cultivation beds is free from being
connected to the water discharge pipe and is arranged above the
water storage tank; and

the liquid is caused to fall onto the water storage tank through
the water discharge pipe and the bell siphon of the one of the
cultivation bed which is free from being connected to the water

discharge pipe, to thereby enable the liquid in the water storage
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tank to be aerated.

[Claim 8] An aguaponics system according to claim 6, wherein:
the outlets of the bell siphons of all the cultivation beds
are connected to the water discharge pipe; and
the liquidis causedto fall onto the water storage tank through
the water discharge pipe, to thereby enable the liquid in the water

storage tank to be aerated.

[Claim 9] An aquaponics system according to any one of claims 6
to 8, further comprisingawater qualitymanagement device configured
to manage water quality of the liquid in the rearing tank or the

water storage tank.

[Claim 10] An aquaponics system according to any one of claims 6
to 9, further comprising an air supply device configured to aerate

the liquid in the rearing tank or the water storage tank.

[Claim 11] An aquaponics system according to any one of claims 1
to 10, wherein:

the aquaponics system comprises a closed circulation type
cultivation system in which the cultivation beds in at least two
stages are installed indoors; and

the cultivation system includes an illuminator so that the

illuminator is capable of illuminating the plant cultivated in the
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cultivation beds, to thereby accelerate photosynthesis.

[Claim 12] An aquaponics system according to any one of claims 1
to 11, wherein the cultivation beds in at least two stages of the
cultivation system are used as a basic cultivation unit, and the
basic cultivation unit is capable of being arranged to be increased

in both or any one of a lateral direction and a front-back direction.

[Claim 13] A fish and shellfish rearing and plant cultivation method
using an aquaponics system, which is configured to rear fish and
shellfish in a rearing tank, and to cultivate a plant in cultivation
beds in two or more stages,

the agquaponics system comprising the agquaponics system of any
one of claims 1 to 5,

the method comprising rearing the fish and shellfish in the
rearing tank and cultivating the plant in the cultivation beds,
with the liquid circulating through the rearing and cultivation
circulating system of the rearing tank, the pump, the water supply
pipe, thedistributionpipes, thecultivationbeds, thebell siphons,
the water discharge pipe, and the rearing tank in the aquaponics

system.

[Claim 14] A fish and shellfish rearing and plant cultivation method
according to claim 13, wherein while the liquid in the rearing tank

circulates through the rearing and cultivation circulating system
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in which the liquid circulates through the rearing tank, the pump,
the water supply pipe, the distribution pipes, the cultivation beds,
the bell siphons, the water discharge pipe, and the rearing tank,
the liquid is subjected to both or any one of physical filtration

and biological filtration.

[Claim 15] A fish and shellfish rearing and plant cultivation method
according to any one of claims 13 and 14, wherein while the liquid
in the rearing tank circulates through the rearing and cultivation
circulating systeminwhichthe liquidcirculates through the rearing
tank, the pump, the water supply pipe, the distribution pipes, the
cultivation beds, the bell siphons, the water discharge pipe, and
the rearing tank, both or any one of water quality management of

the liguid and refilling of the liquid is performed.

[Claim 16] A fish and shellfish rearing and plant cultivation method
using an aquaponics system, which is configured to rear fish and
shellfish in a rearing tank, and to cultivate a plant in cultivation
beds in two or more stages,

the agquaponics system comprising the agquaponics system of any
one of claims 6 to 10,

the method comprising cultivating the plant in the cultivation
bedswith the liquidcirculating through the cultivationcirculating
system of the water storage tank, the pump, the water supply pipe,

the distribution pipes, the cultivation beds, the bell siphons,
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the water discharge pipe, and the water storage tank in the aquaponics
system, and rearing the fish and shellfish in the rearing tank with
the liquid circulating through the rearing circulating system of

the rearing tank, the water storage tank, and the rearing tank.

[Claim 17] A fish and shellfish rearing and plant cultivation method
according to claim 16, wherein while the liquid in the rearing tank
circulates through the cultivation circulating system in which the
liguid circulates through the water storage tank, the pump, the
water supply pipe, the distribution pipes, the cultivation beds,
the bell siphons, the water discharge pipe, and the water storage
tank, or therearingcirculatingsysteminwhichthe liquidcirculates
through the rearing tank, the water storage tank, and the rearing
tank, the liquidis subjectedtobothor anyoneofphysical filtration

and biological filtration.

[Claim 18] A fish and shellfish rearing and plant cultivation method
according to any one of claims 16 and 17, wherein while the liquid
in the rearing tank circulates through the cultivation circulating
system in which the liquid circulates through the water storage
tank, the pump, the water supply pipe, the distribution pipes, the
cultivation beds, the bell siphons, the water discharge pipe, and
the water storage tank, or the rearing circulating system in which
the liquid circulates through the rearing tank, the water storage

tank, and the rearing tank, bothor anyoneof water qualitymanagement
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of the liquid and refilling of the liquid is performed.
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