Description
Titl eof I nventi on: AQUAPONI CSSYSTEM ANDFI SHAND SHELLFI SHREARI NG

AND PLANT CULTI VATI ON METHOD USI NG THE AQUAPONI CS SYSTEM

Technical Field

[ 0001] The present invention relates to an aguaponi cs system
i ncluding a fish and shellfish rearing apparatus and a hydroponi c
cultivation apparatus integrated with each other, and to a fish

and shel | fishrearingandplant cultivationmnethodusingthesystem

Background Art

[ 0002] An aquaponics system is capable of perform ng both
culture (rearing) of fish and shellfish and cultivation of a pl ant
inparallel. Therefore, the aguaponics systemi s drawi ngattention
and has started being put into practical use.

[ 0003] The aquaponi cs syst emi ncl udes growi ng beds confi gured
to cultivate a plant, and a fish and shellfish rearing tank
(hereinafter referredtoas "rearingtank™). The aquaponics system
can performrearing of fish and shellfish in the rearing tank and
cultivationof aplant inthe growi ng beds in parallel by supplying
aliquidin the rearing tank to each of the growing beds with a
punp, and causing the liquidinthe growi ng beds to circulate into
the rearing tank.

[ 0004] As the rel at ed-art aquaponi cs systens, there are gi ven

systens disclosed in Patent Literatures 1 to 5.



[ 0005] InPatent Literaturel, therei sadiscl osureof anodul ar
aquaponi cs assenbly. There is al so a di scl osure of an aquaponi cs
systemi ncl udi ng bell siphons and nmulti-Ilayer trays. However, in
Patent Literature 1, thereis nodisclosurethat aliquidis caused
tofall wwththe bell siphons, tothereby aeratealiquidinawater
tank with the falling water stream

[ 0006] In Patent Literature 2, there is a disclosure that
di scharged water froma water tank nodule is caused to flowinto
a nodul e for gardening, and a plant is cultivated with the water,
apart of whichisfiltered. Thereis also a disclosure of the use
of bel | si phons. However, thenodul e for gardeni ngof thisinvention
isinstalled at a position | ower than the water | evel of the water
tank nodul e, and hence there is no disclosure that a water tank
for rearingis subjectedtoappropriateaerationw ththedi scharged
water falling fromthe bell siphons.

[ 0007] In Patent Literature 3, there is a disclosure of a
vertical aquaponics vegetable garden system However, there is
nei t her a di scl osure that this systemincludes nmulti-Ilayer grow ng
beds nor a disclosure that this systemincludes a water discharge
systemusi ng bell siphons. Further, there is no disclosure that
aliquidin a water tank is subjected to sufficient aeration.

[ 0008] In Patent Literature 4, there is a disclosure of an
aquaponi cs systemincluding a water tank for aquatic animals, a
pl ant grow ng device, a biological filter, and a bi ol ogi cal waste

di gestion unit and a net hod. However, there is no disclosure that



this systemcauses di scharged water frommulti-layer cultivation
grow ng beds to fall onto a water tank for rearing fish with bell
si phons to perform aeration.

[ 0009] In Patent Literature 5, there is a disclosure of a
vertical aquaponics system and there is al so a di scl osure of bell
si phons. However, this systemis not awater tank for rearingfish,
but asystemconfi guredtopi pewater fromtheecosyst emof anexi sting
pond or | ake. Further, the bell siphons do not di scharge water into
a water tank for rearing fish to cause aeration in the water tank

for rearing fish.

Ctation List

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 I nvention

Techni cal Probl em

[ 0011] An obj ect of the present inventionistoperformrearing
of fish and shellfish and cultivation of a plant during liquid
circul ation through use of cultivation beds in two or nore stages.

Aplant cultivationsystemisaclosedtypepl ant cultivationsystem



Aliquidin arearing tank and a liquid in a water storage tank
are caused to circul ate, and the water quality thereof i s nanaged,
to thereby enhance a rearing environnment and a plant cultivation

envi ronnent .

Sol ution to Probl em
[0012] [ AQuaponi cs System 1]

An aguaponi cs syst emof t he present i nventi oni s an aguaponi cs
systemi ncl udi ngareari ngsystemandacul tivati onsystemi nt egrated
Wi th each other, the aquaponics systemincluding a rearing tank
of therearingsystemandcul tivationbedsof thecultivationsystem
The cul tivation beds are arrangedintwo or nore stagesinavertical
di rection. A liquid in the rearing tank is supplied to the
mul ti-stage cultivation beds in two or nore stages, and the | i quid
inthe cultivation beds is returned to the rearing tank, thereby
circulating through a rearing and cultivation circul ati ng system
of the rearing tank, the cultivation beds, and the rearing tank.
Fi sh and shellfish can be reared in the rearing tank and a pl ant
can be cultivated in the cultivation beds, with the circul ating
l'iquid.

[ 0013] [ AQuaponi cs System 2]

The aquaponi cs systemof the present invention may include
acultivationcirculatingsysteminwhichaliquidinawater storage
tank circul ates through the water storage tank, the cultivation

beds, and t he wat er storage tank, and arearing circul ati ng system



inwhichaliquidintherearingtank circul ates throughtherearing
tank, the water storage tank, and the rearing tank. Li qui d
circul ation may be perforned concurrently in both the circul ating
systens, to thereby performcultivation of aplant withthe liquid
circulatingthroughacultivationcirculatingpathandconcurrently
performrearing of fish and shellfishwith the liquid circulating
through the rearing circulating system

[ 0014] [ AQuaponi cs System 3]

The aquaponics system of the present invention is the
above- nenti oned aquaponi cs systeml1 or 2, inwhichthe cultivation
systemmay be acl osed circul ati ontype (i ndoor) cul tivationsystem
In this case, an illumnator may be arranged in the cultivation
systemso that theillum nator is capable of illum natingthe pl ant
cultivated in the cultivation beds, to thereby accelerate
phot osynt hesi s.

[ 0015] [ AQuaponi cs Syst em 4]

The aquaponi cs systemof the present inventionis any one of
t he above-nmenti oned aquaponi cs systens 1 to 3, which may incl ude
both or any one of a water quality managenent device confi gured
to manage water quality of the liquid in the rearing tank and an
envi ronnent i nprovenent device configured to inprove a plant
cul tivation environnent.

[ 0016] [ AQuaponi cs Syst em 5]
The aquaponi cs systemof the present invention may include

an air supply device configuredto aeratetheliquidintherearing



tank or the water storage tank. The air supply device may be bel |
si phons or other air suppliers nounted on the cultivation beds.
[ 0017] [ AQuaponi cs Syst em 6]

The aquaponi cs systemof the present invention nmay include
both or any one of a physical filtration device and a bi ol ogi cal
filtrationdeviceintherearingandcultivationcirculatingsystem
or therearing circulating system |Inthis case, a sterilization
device may al so be added. The physical filtration device is a
filtration device configured to filter a solid substance in the
rearingtankor thewater storagetank, andthebiol ogical filtration
deviceis afiltration device configured to performnitrification
of converting at | east an ammoni a conponent in the liquid in the
rearing tank or the water storagetankintoanitrite and converting
the nitrite into a nitrate.

[ 0018] [ Fishand Shel | fi shReari ngand Pl ant Cul tivati onMet hod
1]

Afish and shell fish rearing and pl ant cul tivati on nethod of
t he present invention involves rearing fish and shellfish in the
rearingtank and cultivatingaplant inthenulti-stagecultivation
beds t hr ough use of any one of t he above- nenti oned aquaponi cs syst ens
1to 6.

[ 0019] [ Fishand Shel | fi shReari ngand Pl ant Cul ti vati on Met hod
2]
The fish and shellfish rearing and plant cultivation nmethod

of the present i nventi on may i nvol ve causingtheliquidtocircul ate



through the cultivation circulating systemto cultivate the pl ant
inthe cultivation beds and further causingtheliquidtocircul ate
al so through the rearing circulating systemto rear the fish and
shellfish in the rearing tank through use of the above-nenti oned
aquaponi cs system 2.

[ 0020] [ Fishand Shel | fi shReari ngand Pl ant Cul tivati onMet hod
3]

The fish and shellfish rearing and pl ant cul tivation net hod
of thepresent i nventionmayi nvol ve, i nthecasewherethecultivation
systemis a closed circulation type (indoor) cultivation system
illTumnating the plant with the illum nator during cultivationin
the cultivation beds, to thereby accel erate photosynthesi s.

[ 0021] [ Fishand Shel | fi shReari ngand Pl ant Cul tivati onMet hod
4]

The fish and shellfish rearing and plant cul tivation net hod
of the present invention nay i nvol ve managi ng 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 nanaged
l'i quid.

[ 0022] [ Fishand Shel | fi shReari ngand Pl ant Cul tivati onMet hod
5]

The fish and shellfish rearing and pl ant cul tivation net hod
of the present invention nmay involve aerating the liquid in the
rearing tank or the water storage tank, to thereby performrearing

of fish and shellfish and cultivation of a plant with the |iquid



containing air. In this case, the liquid in the cultivation bed
i n each of the stages may be caused to fall ontothe liquidinthe
rearing tank or the water storage tank with the bell siphons and
stir theliquidinthe rearing tank or the water storage tank, to
thereby aerate the liquid, or may al so i nvol ve causing the liquid
inthe rearing tank or the water storage tank to foamwi th the air
supplier, to thereby aerate the |iquid.

[ 0023] [ Fishand Shel | fi shReari ngandPl ant Cul tivati onMet hod
6]

The fish and shellfish rearing and pl ant cul tivation net hod
of the present invention may al so involve, during circulation in
therearingandcultivationcircul ati ngsystemor duringcirculation
inthe rearing circulating system perform ng both or any one of
filtration of renoving (filtering) asolidsubstanceintheliquid
and bi ol ogical filtration of nitrification of converting at | east
an ammoni a conponent intheliquidintoanitrate. Theliquidduring

circulation may also be sterilized as necessary.

Advant ageous Effects of Invention
[ 0024] The aquaponi cs systemof t he present i nvention has the
foll owm ng effects.

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

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



circulate into the rearing tank, and hence the Iiquid suitable for
rearing fishandshellfishisallowedtocirculateintothe rearing
t ank.

(3) The wat er qual i ty managenent devi cei s arranged, and hence
an environnment preferred for rearing of fish and shellfish and
cultivation of a plant can be created.

(4) The cultivation systemis a closed circulation type
(i ndoor) hydroponi c cultivation system and hence the cultivation
systemis less liable to be influenced by an external tenperature
or to be harned by pests.

(5) Theillum nator is arrangedinthe cultivation systemso
that theillum nator i scapableof illumnnatingtheplant cultivated
inthe cultivation beds, tothereby accel erat e phot osynt hesi s, and
hence the growt h of the plant can be accel erated.

(6) The air supply deviceis arranged. Therefore, theliquid
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
bi ol ogical filtrationdeviceisarrangedinthecirculatingsystem
Therefore, a solid substance intherearing tank is filtered, and
amonia is nitrified into nitrous acid required for cultivating
the plant. Thus, eventheliquidintherearingtank can be changed
intoaliquid suitable for cultivating the plant and supplied to

the cultivati on beds.



(8) When the sterilization device is added, the circul ati ng
liquidis sterilized. Therefore, theliquidthat is hygienic for
rearing of fish and shellfish and cultivation of a plant can be
suppl i ed.

[ 0025] The fish and shellfish rearing and plant cultivation
nmet hod usi ng t he aquaponi cs systemof the present invention have
the follow ng effects.

Any one of the above-nenti oned aquaponi cs systens i s used,

and hence the effects of the aguaponics systens can be obt ai ned.

Brief Description of Draw ngs
[ 0026] FIG 1is afront viewfor illustrating an exanpl e of
an aquaponi cs system of the present invention.

FIG 2is afront viewfor illustrating another exanpl e of
t he aguaponi cs system of the present invention.

FI G 3is anexplanatoryviewof abell siphonintheaquaponics
system of the present invention.

FIG 4 is an expl oded expl anatory view of the bell siphon.

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

expl anatory view of liquid discharge with the bell siphon.

Descri ption of Enbodi nents
[ 0027] Enbodi ments of an aquaponi cs system of the present
i nvention and a fish and shellfish rearing and plant cul tivation

nmet hod (herei nafter referredtoas"rearingandcul tivati onnet hod")
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usi ng the system are descri bed bel ow.
[ 0028] (Aquaponi cs System accordi ng to Enbodi nent 1)

An aquaponi cs systemof the present inventionillustrated as
an exanple in FIG 1 includes a rearing tank 1 for rearing fish
and shellfish, cultivation beds 2 for cultivating a plant, which
arearrangedinnultiplestagesat intervalsinavertical direction,
a water supply punp 3 configured to punp a liquid in the rearing
tank 1 to supply the liquid to the cultivation bed 2 in each of
the stages, a water supply pipe 4 configured to supply the liquid
inthe rearing tank 1 punped with the water supply punp 3 to the
cul tivationbeds 2, bell siphons5configuredtodischargetheliquid
inthecultivationbed?2ineachof the stages, and a wat er di schar ge
pi pe 6 configured so that the discharged |iquids di scharged from
the bell siphons 5 are nerged and caused to fall onto the rearing
tank 1.

[ 0029] [ Reari ng Tank]

As the rearing tank 1, a rearing tank which is the sanme as
that of a conventional closed circulationtypeland 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 si ze and a depth
capabl e of storingaliquidthat can be suppliedtothe nulti-stage
cultivation beds 2. Therearing tank 1 nade of aresinis suitable
fromthe viewpoi nt of reductioninwight. InFIG 1, therearing

tank 1 is installed at a position | ower than the cultivation bed
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2 inthe | owest stage, but the rearing tank 1 may be installed at
anot her positionaslongasthedi schargedliquidfromthecultivation
beds 2 can fall onto the rearing tank 1. For exanple, the rearing
tank 1 may be buried in the ground or may al so be arranged i ndoors
or outdoors.
[ 0030] [ Wat er Supply Punp]

Theliquidintherearingtank 1is punpedw ththewater supply
punp 3 and supplied to the cultivation beds 2 through the water
supply pipe 4. As the water supply punp 3, acirculation punp which
is the sane as that used in the conventional closed circulation
type land culture systemor a punp having a novel structure and
function may be used. Punping horsepower, punping capacity, and
the like are set sothat aliquidrequired for cultivating a pl ant
can be supplied to the nmulti-stage cultivation beds 2.
[ 0031] [ Wat er Supply Pipe]

The wat er supply pipe 4is connectedto the water supply punp
3 and i ncludes distribution pipes 7 so as to supply theliquidin
the rearing tank 1 punped with the water supply punp 3 to the
cultivation bed 2 in each of the stages. As the water supply pipe
4, a pipe nade of a resin or a nmetal may be used.
[ 0032] [ Cul tivation Bed]

As the cultivation bed 2, acultivation bed whichis the sane
as that used in a conventional closed circulation type hydroponic
cul tivation systemor a cultivation bed having a novel structure,

mat eri al , and shape may beused. Thesi ze, depth, | ength, andl ateral
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width of the cultivation bed 2 are set to be suitable for plant
cultivation. Thecultivationbed?2nmadeof aresinis suitablefrom
t he vi ewpoi nt of reductioninweight. Soil for plant cultivation,
for exanple, Hydroton, black cinder, vermculite, perlite, rock
wool , coco peat, Bakelite, and other culturesoils, or aconbi nation
thereof nmay or may not be laid on the bottomof the cultivation
bed 2. The nunber of stages of the cultivation beds 2 is sel ected
so as to achi eve such a scal e that the cultivation anount of a pl ant
can be managed. The nulti-stage cultivation beds 2 nay be fi xed
toarack 8 or installedontherack 8 soas to be renoved therefrom
[ 0033] Al t houghthecul tivati onbeds2maybei nstal | edout doors,
the cultivation beds 2 may al so be installed in aroomthat cannot
| et insunlight, totherebyformaclosedcirculationtypecultivation
system The closed circulation type cultivation systemis a
gener al - purpose systemconfiguredtocultivateapl ant byinstalling
a cultivation systemin a roomthat hardly lets in or cannot |et
i nsunlight andsubjectingtheplant toillumnationwithartificial
light. Plant cultivation perfornmed in the cultivation beds 2 may
be any of thin film hydroponic cultivation called nutrient film
techni que (NFT), deep fl owhydroponi c cultivationcall ed deep wat er
culture (DWC), pebble cultivation called Ebb & Flow, and other
cul tivation nmethods. The bell siphons 5 are used for discharging
wat er generally in the pebble cultivation (rmay al so be used in the
deep fl ow hydroponi c cultivation), and overfl owed water is sinply

di scharged in the ot her nethods. The present invention nmay use a
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drip ventilation system which is frequently used in strawberry
cultivationandtheli ke, and may al so use any of t he ot her syst ens.
[ 0034] [1l1um nator]

Whent hecl osedcircul ati ontypecul tivationsystemi sadopt ed,
It is necessary in the present invention that anillum nator (not
shown) be nounted on the cultivation beds 2 or the rack 8 so as
to accelerate photosynthesis of a cultivation plant wth
illumnation fromthe illumnnator. As the illum nator, various
light-emttingtools, suchasanLED, anel ectricbul b, afluorescent
| anp, a hi gh-pressure sodi uml anp, a netal halidelanp, and a pl asma
light, may be used. Theillum nator is arranged soastouniformy
i1lumnate the plant during cultivation. The illum nator may be
arranged on the cultivation beds 2 in all the stages or any of the
st ages.

[ 0035] [ Bel | siphon]

The bell siphon 5 is nounted on a bottomsurface 2a of the
cultivationbed 2ineach of the stages andis configuredto collect
aliquid(cultivationliquid) inthe cultivation bed 2 to di scharge
the liquid outside. In FIG 1, the bell siphon 5is 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 fromthe bell siphon 5 in each of
the stages falls onto the rearing tank 1 through the outlet 2b of
each of the cultivation beds and the water di scharge pipe 6. The

liquidintherearingtank 1is aeratedwith the falling di scharged
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liquid (the liquid in the rearing tank 1 is stirred, and oxygen
I's supplied (air is supplied) tothe liquidto increase dissolved
oxygen).

[ 0036] As an exanple, the bell siphon 5 illustrated in FIG

3 includes a support pipe 9 (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
fromabove so as to protrude in the cultivation bed 2, an outfl ow
pipe 11 that is inserted into the support pipe 9 frombel ow so as
to protrude outside of the cultivation bed 2, a stand pi pe 13a t hat
covers an outer periphery of the introduction pipe 10, and a cap
13bt hat cover s anupper porti onof thestandpi pel3a. Inthepresent
i nvention, the stand pi pe 13a and the cap 13b forma bell 12. The
bell 12 i s designed to protrude above a water surface Hof aliquid
Win the cultivation bed 2. Inflowports 14 are opened on a | ower
end side of a peripheral wall of the stand pipe 13a so that the
liquid Win the cultivation bed 2 flows into the stand pi pe 13a.

The inflow port 14 may have any shape, for exanple, a groove and
a hol e. The nunber of the grooves and the hol es may be arbitrarily
desi gned i n accordance wi t h awat er di scharge anount, and an openi ng
position may al so be any axial position of the stand pipe 13a. A
wat er di schar ge anount of the bell si phon5i s designedinaccordance
with a water discharge anmount of the cultivation bed 2.

[ 0037] [ Water Discharge with Bell Siphon]

When the liquid Win the cultivation bed 2, which has fl owed

15



into the stand pipe 13a through the inflow ports 14 of the stand
pi pe 13a (FIG 5(a)), isaccunulatedinthe stand pi pe 13 and reaches
a position higher than an upper end surface (inlet) 10a of the
i ntroduction pipe 10 (FIG 5(b)), excess water automatically fl ows
intotheintroductionpipelOthroughtheinlet 10aandis di scharged
fromthe outfl owpi pe 11 to the water discharge pipe 6 (FIG 5(d)).
In the case where the liquid is intermttently supplied to the
cul tivationbed?2, whenthe excesswater i sdischargedasillustrated
IinFIG 5(d), thewater | evel i nthestandpi pel3al owers. Meanwhil e,
in the case where the liquid is continuously supplied to the
cultivation bed 2, even when the liquid is discharged, the water
| evel in the stand pipe 13a is kept at a position higher than the
inlet 10a of the introduction pipe 10 asillustratedin FIG 5(c).
[ 0038] [ Wat er Di scharge Pi pe]

As t he wat er di schar ge pi pe 6, an exi sting pi pe nade of aresin
or a netal may be used. The water discharge pipe 6 is configured
so that |iquids discharged fromthe bell siphon 5 in the stages
are nerged and caused to fall ontotherearing tank 1. In FIG 1,
the bell siphon 5 arranged in the cultivation bed 2 in the | owest
stage i s not connected to the water di scharge pi pe 6 so as to cause
the liquidto fall onto the rearing tank 1 directly, and the bel
si phons 5 arranged in the cultivation beds 2 in the second and
subsequent st agesfromt hebottomareconnectedtothewat er di scharge
pipe 6 so that the Iiquids are nerged i n the water di scharge pi pe

6 and caused to fall onto the rearing tank 1.
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[ 0039] [ Physical Filtration Device and Bi ol ogical Filtration
Devi ce]

The liquidinthe rearing tank 1 contains excreta fromfish
and shel | fish during rearing, |eftovers (residues) of feed, other
solid substances, amonia, and the like. It is desired that the
sol i d substances such as excreta and | eftovers of feed be filtered
wi th a physical filtration device, and anmonia (NH) be nitrified
intoanitrite (N) and thento anitrate (NG) wth a biol ogical
filtration device (bioreactor). The nitrate (N&) is an el enent
i nportant for gromh of a plant.

[ 0040] <Physical Filtration Device>

As the physical filtration device, aswirl filter, a radial
filter, a screen filter, a sponge, and the |i ke nay be used al one
or in conbination thereof. The physical filtration device may be
installed inthe rearing tank 1 or in any position of the rearing
andcultivationcircul atingsysteminwhichtheliquidintherearing
tank 1 circul ates 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 biol ogica
filtration device may be used. The biological filtration device
may be installed in the rearing tank 1 or in any position of the
rearing and cultivation circulating systeminwhichtheliquidin
the rearing tank 1 circulates through the rearing tank 1, the

cultivation beds 2, and the rearing tank 1.
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[ 0042] [Water Quality Managenent Devi ce]

It is desiredthat aliquidsuitable for rearing of fish and
shell fishandcul tivationof aplant beused. ApHval ue, anel ectric
conductance (EC), aliquid tenperature, dissolved oxygen, and the
i ke of the liquid vary depending on rearing of fish and shellfish
andcultivationof aplant. Inthepresent invention, awater quality
managenent device 15 (FI G 1) configuredto nanagethewater quality
of theliquidintherearingtank1lmay bearranged. Thewater quality
managenent device i s configuredto nmeasure a pH, an EC, a conponent
inaliquid, and the like with a reagent, a sensor, or the like
and adjust them The water quality managenent devi ce 15 may al so
i nclude a warm ng device, a sterilization device, an air supply
device, andthelike. InFIG 1, thewater quality nmanagenent device
15isarrangedintherearingtank 1, but t hewater qual ity mnagenent
devi ce 15 may be i nstal | ed at anot her positionaslongastheliquid
in the rearing tank 1 can be nmanaged.

[ 0043] [ pH Adj ust ment Devi ce]

A pH adj ust ment device is configured to adjust a pHval ue of
the liquidinthe rearing tank 1. As the pH adjustnent device, a
pH adj ust er, which is capabl e of detecting a pHval ue of the liquid
intherearing tank 1 wwth 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 Adj ust ment Devi ce]

EC adj ustment i nvol ves neasuring an EC of a liquid with an

18



exi sting EC neasurenent device and automatically or artificially
adj usting the neasurenent result based on a predeterm ned val ue
sothat t he ECreachest he predet erm nedval ue. An ECmay be neasur ed
t hrough use of an existing EC neasurenent instrunent.

[ 0045] [ War m ng Devi ce]

Awarm ng deviceis configuredtowarmaliquidwienaliquid
tenperature is | ow, and a tenperature neasurenent instrunent my
be used for neasuring a liquid tenperature, and an i mrersi on type
heater or other heaters may be used for heatingaliquid. Inthis
case, a control device, a tenperature regul ati ng device, and the
i ke, which are configured to performdrive control of the warm ng
devi ce based on a neasured tenperature and regulate a preset
tenperature, may be arranged.

[ 0046] [Sterilization Device]

A sterilization deviceis configuredto sterilize bacteri a,
viruses, algae, and the like inthe liquidinthe rearing tank 1,
and for exanple, an ultraviolet sterilization device, an ozone
sterilization device, and other sterilization devices nay be used.
The sterilization device may be arranged in the rearing tank 1 or
in any position of the above-nentioned circul ating system
[ 0047] [ Alr Supply Device]

Whent heabove-nentionedliquidislackingindissol vedoxygen
air may be supplied to the liquid fromthe air supply device to
feed oxygento the liquid. The air supply device is configuredto

mai ntai n or increase dissolved oxygenintheliquidinthe rearing
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tank 1 and stir the liquid to supply oxygen in anbient air to the
liquid (performaeration). An air punp or a nanobubbl e generati on
devi ce may be used, and stirring of a liquid may be perforned by
causing a |l i quid di scharged fromthe cultivationbed2tofall onto
the liquid in the rearing tank 1.

[ 0048] [ Envi ronment | nprovenent Devi ce]

In the present invention, various environment inprovenent
devi ces configured to inprove a rearing environnent and a pl ant
cul tivationenvironnent, such as a carbon di oxi de generati on devi ce
and an ai r streamgener ati on devi ce, may al so be arrangedi naddi tion
to the above-nenti oned devi ces.

[ 0049] <Car bon Di oxi de Generation Device>

A car bon di oxi de generation device is configuredto generate
carbon di oxi de (CO) to supply the carbon di oxide to air around t he
cultivation beds 2, to thereby accel erate photosynt hesi s.

[ 0050] <Air Stream Generation Device>

An ai r streamgenerati ondevi ceisconfiguredtogeneratew nd,
andafan, anair conditioner, or thelikenay beused. The generated
wind is used for inproving the ventilation of the circunference
of the cultivation beds 2. Inaddition, the air streamgeneration
device nay al so adjust a tenperature and humdity in a room
[ 0051] The environnent inprovenent device, for exanple, the
car bon di oxi de generati ondevi ceandt heair streamgenerati ondevice
may be installedinaroominwhichaplant is cultivated or outside

theroom Theoccurrenceof pestsmy al sobesuppressedby i nproving
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the ventilation of a plant cultivation environnment and adj usting
the tenperature and humdity in the room

[ 0052] As a liquid for plant cultivation, a liquid obtained
by bl endi ng t hree maj or el enents of nitrogen, phosphoric acid, and
potassium with other essential elenments, such as calcium and
magnesi um and usef ul el enments, suchas sodi umandsi | i con, dependi ng

on the kind of the plant, may be used. As the liquid, for exanple,

a chemical liquid fertilizer, such as G suka House or Hyponi ca,
may be used. In the case of an aquaponics system of organic
cultivation that does not use a chemical liquid fertilizer,

sufficient nitrogen(nitrate) i ssuppliedthroughthenitrification
action of the liquid in the rearing tank 1. However, the liquid
isliabletobelackinginphosphoric acid, potassium andthelike,
and henceit isdesiredtosupplenent theliquidwththose el enents
t hrough use of an organic supplenent and the I|ike.
[ 0053] I n the aquaponics systemof FIG 1, a bypass passage
BP nmay be arranged as represented by the inmaginary line in FIG
1, and the physical filtration device, the biological filtration
device, the sterilization device, the water quality nanagenent
device 15, and the |i ke may al so be arranged i n t he bypass passage
BP.
[ 0054] [ Rearing and Cul tivation Method using Systemof FIG
1]

Fish and shellfish are reared in the rearing tank 1, and a

plant is cultivated in the cultivation beds 2, through use of the
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aquaponi cs systemillustrated in FIG 1, as described below. The
liquidinthe rearing tank 1 is punped with the water supply punp
3to befedtothe water supply pipe 4, and the liquid is branched
into the distribution pipes 5 fromthe 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 bel

siphons 5 to be fed to the water discharge pipe 6 and caused to
fall onto the rearing tank 1 through the water di scharge pipe 6.
In this case, the liquid in the cultivation bed 2 in the | owest
stage is caused to fall onto the rearing tank 1 directly fromthe
bel | siphon 5 nounted on the cultivation bed 2 inthelowest stage.
Theliquidintherearingtanklisstirredwiththefallingdischarged
liquid, and oxygen in anbient air is suppliedtotheliquidinthe
rearing tank 1 (the liquidinthe rearing tank 1 is aerated). 1In
this case, the liquids fromthe cultivation bed 2 in the stages
are nerged in the water discharge pipe 6 and caused to fall onto
the rearing tank 1. Therefore, the discharged liquid becones a
relatively strong water stream thereby being able to aerate the
liquidintherearingtank 1sufficiently. Theliquidintherearing
tank 1is punped wi ththe water supply punp 3 and causedto circul ate
t hrough t he systemof the wat er supply pipe 4, the cul tivation beds
2, the bell siphons 5, the water di scharge pi pe 6, and the rearing
tank 1, to thereby perform rearing of fish and shellfish and
cultivationof aplant. Duringthistinme, it is desiredthat water

qual i ty managenent of the liquidinthe rearing tank 1, refilling
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of theliquidinarequiredanmunt, repl acenent of the contam nated
liquid, and the |like be perfornmed. The |liquid may be punped with
the wat er supply punp 3 continuously or intermttently under the
control of time with a tiner

[ 0055] (Aquaponi cs System accordi ng to Enbodi nent 2)

The aquaponi cs systemof the present invention illustrated
as another exanple in FIG 2 includes the rearing tank 1, the
mul ti-stage cultivation beds 2, the water supply punp 3, the water
supply pipe 4, the bell siphons 5, and the water discharge pipe
6 inthe same manner as in Enbodinent 1illustratedinFIG 1. The
aquaponi cs system of the present invention according to another
exanpl e further includes a water storage tank 16, a circul ation
punp 17, a feed passage 18, a physical filtration device 19, a
bi ol ogical filtration device 20, a sterilization device 21, and
a return passage 22.

[ 0056] Astherearingtank 1, thecultivationbeds 2, the wat er
supply punp 3, the water supply pipe 4, the bell siphons 5, and
t he wat er di scharge pi pe 6, the same constituent nenbers as those
in FIG 1 may be used.

[ 0057] Thecirculationpunpl1l7isconfiguredtofeedtheliquid
intherearingtank 1to the water storage tank 16 t hrough the feed
passage 18, and a general -purpose underwater punp, a ground
installation type punping-up punp, or the |ike may be used.

[ 0058] InFIG 2, theliquidinthe water storage tank 16 nay

be caused to circulate through a cultivation circulating system
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of the water supply punp 3, the cultivation beds 2, and the water
storage tank 16. Concurrently, the liquid in the rearing tank 1
may al so be causedtocircul atethrougharearingcircul ati ng system
of the circulation punp 17, the feed passage 18, the physical
filtration device 19, the biological filtration device 20, the
sterilizationdevice?2l, thewater storagetank 16, the water supply
punp 3, and the return passage 22. Inthis case, the liquid punped
with the water supply punp 3 is fed to both the return passage 22
and t he wat er supply pipe 4. Therefore, aregulationvalve 23 (FIG
2) is arranged in a branched portion between the return passage
22 and the water supply pipe 4 so as to regul ate the water supply
anmount to the return passage 22 and the water supply pipe 4 wth
the regulation valve 23. The liquid may al so be returned to the
return passage 22 through a return dedicated punp (return punp)
separate fromthe water supply punp 3.

[ 0059] In FIG 2, the water storage tank 16 i s arranged bel ow
the cultivation bed 2 in the | owest stage, and the liquid in the
mul ti-stage cultivation beds 2 is caused to fall onto the water
storage tank 16 through the bell siphons 5 and t he wat er di scharge
pipe 6, tothereby aerate the liquidin the water storage tank 16.
In this case, the discharged liquid fromthe cultivation bed 2 in
the | owest stage is caused to fall onto the water storage tank 16
directly fromthe bell siphon 5 wi thout passing through the water
di scharge pi pe 6.

[ 0060] The physical filtration device 19 and the bi ol ogi ca
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filtration device 20 are arranged at sone mdpoints of the feed
passage 18. InFI G 2, thephysical filtrationdevicel9is arranged
onthe circulationpunp 17 side (front sideinthe feed direction),
and the biological filtration device 20 is arranged on the water
storage tank 16 side (destination sideinthe feed direction) with
respect to the physical filtration device 19. However, the
arrangenent of the physical filtration device 19 and t he bi ol ogi cal
filtration device 20 may be reversed. Only one of the physical
filtration device 19 and the biological filtration device 20 may
be arranged as | ong as sufficient filtration can be perforned. The
physi cal filtration device 19 and t he bi ol ogical filtration device
20 are the same as those in Enbodi nent 1.

[ 0061] [1l1um nator]

The aquaponi cs systemof FIG 2nmay al sobeacl osedcircul ati on

type cultivation system and an illumnator may be nounted to
accel erat e photosynthesis of acultivationplant wwthillum nation
fromtheillumnator. Theillumnator inthis case nay al so be the

same as that in the case of Enbodi nent 1.
[ 0062] [ Physical Filtration Device, Biological Filtration
Devi ce, Wat er Qual i ty Managenent Devi ce, and Envi r onnent | npr ovenent
Devi ce]

I n the aquaponi cs systemof FIG 2, the physical filtration
device, the biological filtration device, the water quality
managenent devi ce, and t he envi ronnment i nprovenent devi ce nay al so

be arranged i nt he same manner as i nt he aquaponi cs syst emaccor di ng
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to Enbodi nent 1.
[ 0063] [ Rearing and Cul tivation Method using Systemof FIG
2]

Rearing of fish and shellfish and cultivation of a plant are
per f orned t hrough use of t he aquaponi cs systemillustratedin FIG
2 in the same manner as in the case of using the aguaponi cs system
of FIG 1. InFIG 2, theliquidin the water storage tank 16 is
punped with the water supply punp 3 and fed to the supply pipe 4,
and the liquid is fed fromthe supply pipe 4 to the cultivation
bed 2 in each of the stages, to thereby cultivate a plant in the
cultivation bed 2. Theliquidinthe cultivation beds 2 is caused
tofall ontothewater storagetank 16 fromt he bel |l si phons 5t hrough
the water discharge pipe 6. The liquid in the cultivation bed 2
in the | owest stage nmay be caused to fall onto the water storage
tank 16 directly fromthe bell siphon 5 nounted on the cultivation
bed 2 in the | owest stage. The liquid in the water storage tank
l16is aeratedwththefallingliquid. Theliquidhavingdissolved
oxygen i ncreased by the aeration is punped with the water supply
punp 3 and fed to the return passage 22, and the liquidis supplied
fromthe return passage 22 to the rearing tank 1, to thereby rear
fishand shellfishintherearingtank 1. Theliquidintherearing
tank 1 is fed to the feed passage 18 with the circul ati on punp 17
and fed to the physical filtration device 19, the biological
filtration device 20, the sterilization device 21, and the water

storage tank 16. During this tinme, the water quality i s managed
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in the same manner as in Enbodi ment 1, to thereby i nprove a pl ant
cul tivation environment.
[ 0064] [ Refilling of Liquid]

Also in the case of FIG 2, it is desired that refilling,
repl acenent, and the like of the liquid in the rearing tank 1 be
performed. The circulation of the liquid fromthe water storage
tank 16 and the circulation of the liquid fromthe rearing tank
1 may be perforned constantly or regularly (intermttently) at a
preset tim ng.

[ 0065] (Aquaponi cs System accordi ng to Enbodi ment 3)

The aquaponi cs system of the present invention may be an
aquaponi cs systemother than those illustrated in FIG 1 and FI G
2. The nunber of stages of the cultivation beds 2 may be set to
any nunber other thantheillustrated nunber. The cultivation beds
2 having di fferent sizes and shapes may al so be stacked in nmultiple
stages. Two or nore rearing tanks 1 and two or nore wat er storage
tanks 16 may al so be arranged. In this case, the rearing tanks 1
and t he wat er storage tanks 16 may have di fferent sizes and shapes,
respectively. The water quality managenent devi ce may i ncl ude t he
above- nent i oned equi pnent and devi ceor may not i ncl udeapart t hereof.
For exanpl e, both or any one of the physical filtration device 19
and the biological filtration device 20 may al so be arranged in
two stages. The water storage tank 15 may al so be buried in the
gr ound.

[ 0066] (Aquaponi cs System accordi ng to Enbodi nent 4)
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I n the aquaponi cs systemillustrated in FIG 1, the rearing
tank 1is arranged bel owt hecul tivationbeds 2, andi nthe aquaponi cs
systemillustratedinFIG 2, therearingtank 1 andthe cultivation
beds 2 are arranged at the same hei ght. However, the rearing tank
1 may be arranged above the cultivation beds 2. In this case, the
liquidinthe rearing tank 1 is caused to fall naturally onto the
cul tivationbeds 2tosupplywater thereto, andthe di scharged wat er
fromthe cultivationbeds 2is causedtocirculateintotherearing
tank with a punp.

[ 0067] (Aquaponi cs System accordi ng to Enbodi nent 5)

The aquaponi cs systemof the present invention nmay include
t he aquaponics systemillustrated in FIG 1 or FIG 2 as a basic
unit, and the basic units nay be arranged in a lateral direction
or in a front-back direction to enlarge the scale of the rearing
systemand the cultivation system |Inthis case, the cultivation
systemin which the cultivation beds 2 are arranged on the rack
8isusedasabasicunit, andthecultivationsystens may be arranged
inthe lateral direction or in the front-back direction, and the
rearing tank 1 and the water storage tank 16 each having a | arge
capaci ty may al sobeusedi naccordancewiththeincreasedcultivation
system |In any of the above-nentioned cases, at |east the racks
8 of the cultivation systens arranged in the |l ateral direction or
in the front-back direction nay be connected to each other. |If
possible, the cultivation beds 2 in each unit may be confi gured

to be connectable to each other inthe lateral direction or in the
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front-back direction so as to connect the cultivation beds 2 to
each ot her.

Ref erence Si gns Li st

[ 0068]

1 rearing tank

2 cultivation bed

2a bottom surface (of cultivation bed)
2b outlet (of cultivation bed)
3 wat er supply punp

4 wat er supply pipe

5 bel | siphon

6 wat er di scharge pi pe

7 di stribution pipe

8 rack

9 support pipe

10 i ntroduction pipe

10a upper end surface (inlet) (of the introduction pipe)
11 out f |1 ow pi pe
12 bel

13a stand pipe

13b cap

14 i nfl ow port (of stand pipe)

15 wat er qual ity managenent device
16 wat er storage tank

17 circul ation punp
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18

19

20

21

22

23

BP

feed passage

physical filtration device
bi ol ogical filtration device
sterilization device

return passage

regul ati on val ve

bypass passage

wat er surface

liquid
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Cl ai s
[Caim1l] An aquaponics systemincluding a rearing systemand a
cultivation systemintegrated with each other

The aquaponi cs syst emconpri sing: areari ngtankof therearing
system and cultivation beds of the cultivation system wherein:

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

the rearing tank has a size and a depth capabl e of storing
aliquid supplied to the cultivation beds in two or nore stages;

t he agquaponi cs systemfurther conprises a water supply pipe
arranged between the rearing tank and the cultivation beds,

t he aquaponi cs systemfurther conprises distribution pipes
each arranged so as to extend fromthe water supply pipe to the
cultivation bed in each of the stages;

the water supply pipe is connected to a punp, and the punp
enabl estheliquidsuppliedfromtherearingtanktothewater supply
pipe to be supplied to the cultivation bed in each of the stages
t hrough each of the distribution pipes;

each of thecultivationbeds has anoutl et connectedto awater
di scharge pi pe;

t he wat er di schar ge pi pe has al ower end arranged above al i qui d
surface in the rearing tank so that the liquid collected in the
wat er di scharge pipe fromthe outlet of each of the cultivation
beds is caused to fall onto the rearing tank, to thereby enable

the liquid in the rearing tank to be aerat ed;
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theconfigurationfornsarearingandcultivationcircul ating
systemin which the liquid circul ates through the rearing tank,
the punp, the water supply pipe, the distribution pipes, the
cul tivation beds, the outlet of each of the cultivation beds, the
wat er di scharge pipe, and the rearing tank;

therearing and cultivation circul ati ng systemi ncl udes both
or any one of aphysical filtrationdeviceandabiological filtration
devi ce;

the liquid circulating through the rearing and cul tivation
circulating systemis capabl e of rearing fish and shellfishinthe

rearing tank and cultivating a plant in the cultivation beds.

[Claim?2] An aquaponics systemaccording to claim1, wherein:
the outlets of a part of the cultivation beds are connected
to the wat er di scharge pi pe, and the outl et of the cultivation bed,
which is free from being connected to the water discharge pi pe,
I's arranged above the rearing tank; and
the liquidis caused to fall fromthe above Iiquid surface
of therearingtank ontotherearingtankthroughthewater di scharge

pi pe, tothereby enabletheliquidintherearingtanktobe aerated.

[Caim 3] An aquaponics system according to claim1, wherein:
the outlets of all the cultivation beds are connected to the
wat er di scharge pi pe; and

the liquidis caused to fall fromthe above Iiquid surface
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of therearingtank ontotherearingtankthroughthewater di scharge

pi pe, tothereby enabletheliquidintherearingtanktobe aerated.

[Claim4] An aquaponics systemincluding a rearing systemand a
cultivation systemintegrated with each other

t he aquaponi cs syst emconpri sing: areari ngtankof therearing
system cultivation beds of the cultivation system and a water
storage tank, wherein:

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

the rearing tank and t he wat er storage tank each have a si ze
and a dept h capabl e of storingaliquidsuppliedtothecultivation
beds in two or nore stages;

t he agquaponi cs systemfurther conprises a water supply pipe
arranged bet ween the water storage tank and the cul tivation beds,

t he aquaponi cs systemfurther conprises distribution pipes
each arranged so as to extend fromthe water supply pipe to the
cultivation bed in each of the stages;

the water supply pipe is connected to a punp, and the punp
enabl estheliquidsuppliedfromtherearingtanktothewater supply
pipe to be supplied to the cultivation bed in each of the stages
t hrough each of the distribution pipes;

each of thecultivati onbeds has anoutl et connectedto awater
di schar ge pi pe;

t he wat er di schar ge pi pe has al ower end arranged above al i qui d
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surface in the rearing tank so that the liquid collected in the
wat er di scharge pipe fromthe outlet of each of the cultivation
beds i s causedtofall ontothe water storagetank, tothereby enable
the liquid in the water storage tank to be aerated;

the configuration fornms a cultivation circulating systemin
which the liquid circulates through the water storage tank, the
punp, t he wat er supply pi pe, thedistributionpipes, thecultivation
beds, the outl et of each of thecultivationbeds, thewater di scharge
pi pe, and the water storage tank;

the configurationalsofornms arearingcirculatingsystemin
which the liquid in the water storage tank is fed to the rearing
tank, and the liquidin the rearing tank is returned to the water
storage tank, to thereby circul ate through the rearing tank, the
wat er storage tank, and the rearing tank;

bot h or any one of the cultivationcircul ating systemand t he
rearing circul ati ng systemi ncl udes both or any one of a physica
filtration device and a biological filtration device;

the liquid circulating through the cultivation circulating
systemis capable of cultivating a plant in the cultivation beds;
and

theliquidcirculatingthroughtherearingcirculatingsystem

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

[Caim5] An aquaponics system according to claim4, wherein:

the outlets of a part of the cultivation beds are connected
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to the wat er di scharge pi pe, and the outl et of the cultivation bed,
which is free frombeing connected to the water discharge pipe,
i s arranged above the water storage tank; and

the liquidis caused to fall fromthe above Iiquid surface
of the water storage tank onto the water storage tank through the
wat er di schar ge pi pe and t he outl et of each of the cultivation beds,

tothereby enabletheliquidinthewater storagetankto be aerated.

[Caim6] An agquaponics system according to claim4, wherein:
the outlets of all the cultivation beds are connected to the
wat er di scharge pipe; and
the liquidis caused to fall fromthe above Iiquid surface
of the water storage tank onto the water storage tank through the
wat er di scharge pipe, to thereby enable the liquid in the water

storage tank to be aerat ed.

[Caim7] An aquaponics system according to any one of clains 1
to6, further conprisingawater qual i ty managenent devi ce confi gured
to manage water quality of the liquid in the rearing tank or the

wat er storage tank.

[Caim 8] An aquaponics system according to any one of clains 1

to 7, further conprising an air supply device configuredto aerate

the liquid in the rearing tank or the water storage tank.
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[Claim9] An aquaponics system according to any one of clains 1
to 8, wherein:

t he aquaponi cs system conprises a closed circulation type
cultivation systemin which the cultivation beds in at |east two
stages are installed indoors; and

the cultivation systemincludes an illum nator so that the
i1lumnator is capable of illum nating the plant cultivatedinthe

cul tivation beds, to thereby accel erate photosynt hesi s.

[ aim10] An aquaponics systemaccording to any one of clains 1
to 9, wherein the cultivation beds in at |east two stages of the
cultivation systemare used as a basic cultivation unit, and the
basic cultivationunit i s capabl e of bei ng arranged to be i ncreased

I nbothor any one of alateral directionandafront-backdirection.

[Cai mll] Afishandshellfishrearingandplant cultivation nethod
usi ng an aquaponi cs system which is configured to rear fish and
shellfishinarearingtank, andtocultivate aplant incultivation
beds in two or nore stages,

t he aquaponi cs syst emconpri si ng t he aguaponi cs syst emof any
one of clainms 1 to 3,

the nethod conprising rearing the fish and shellfish inthe
rearing tank and cultivating the plant in the cultivation beds,
with the liquid circulating through the rearing and cultivation

circul ating systemof the rearing tank, the punp, the water supply
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pi pe, the distribution pipes, the cultivation beds, the outlet of
each of the cultivation beds, the water discharge pipe, and the

rearing tank in the aquaponics system

[C aiml12] Afishandshellfishrearingandplant cultivation nethod
usi ng an aquaponi cs system which is configured to rear fish and
shellfishinarearingtank, andtocultivateaplant incultivation
beds in two or nore stages,

t he aquaponi cs syst emconpri si ng t he aquaponi cs syst emof any
one of clains 4 to 6,

t he met hod conprisingcultivatingtheplant inthecultivation
bedswiththeliquidcirculatingthroughthecultivationcircul ating
systemof the water storage tank, the punp, the water supply pipe,
the distribution pipes, the cultivation beds, the outlet of each
of the cultivation beds, the water discharge pipe, and the water
storage tank in the aquaponics system and rearing the fish and
shellfishintherearing tank with the liquid circulating through
therearingcirculatingsystemof therearingtank, thewater storage

tank, and the rearing tank.

[C aim13] Afishandshellfishrearingandplant cultivation nethod
usi ng an aquaponi cs systemaccordi ng clains 11 or clai m12, wherein
whiletheliquidintherearingtank circul ates throughthe rearing
and cul tivation circul ating systemin which the liquid circul ates

through the rearing tank, the punp, the water supply pipe, the
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di stribution pipes, the cultivation beds, the outlet of each of
the cultivation beds, the water discharge pipe, and the rearing
tank, or therearingcircul ati ngsystemi nwhichtheliquidcircul ates
t hrough the rearing tank, the water storage tank, and the rearing
tank, theliquidissubjectedtobothor anyoneof physical filtration

and biological filtration.

[C ai m14] Afishandshellfishrearingandplant cultivation nethod
usi ng an aquaponi cs system according to any one of clains 11 to
13, whereinwhiletheliquidintherearingtank circul ates through
the rearing and cul tivation circul ati ng systemin whichtheliquid
circul ates through the rearing tank, the punp, the water supply
pi pe, the distribution pipes, the cultivation beds, the outlet of
each of the cultivation beds, the water discharge pipe, and the
rearing tank, or therearingcirculating systeminwhichtheliquid
circul ates through the rearing tank, the water storage tank, and
the rearing tank, both or any one of water quality managenent of

the liquid and refilling of the liquid is perforned.

38



