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(57) ABSTRACT

An object of the present invention is to provide a method of
efficiently producing nitrate nitrogen as inorganic nutrients
from an organic material without performing any operation
using constant electrical power such as aeration. Another
object of the present invention is to provide a method of
manufacturing a solid medium for cultivating a plant, which
allows hydroponics to be performed through the direct addi-
tion of an organic fertilizer even in the case of performing
hydroponics with solid medium cultivation. Provided is a
method of manufacturing a carrier on which microorganisms
capable of conducting a multiple parallel mineralization are
immobilized, the method comprising: filling a container with
a carrier having ventilation; adding thereto microorganisms
that can conduct a multiple parallel mineralization by miner-
alization of an organic material to produce nitrate nitrogen;
and subsequently adding an organic material and then leaving
atrestuntil nitrate nitrogen starts to be produced in an effluent
during washing the carrier through the addition of water to
discharge the effluent from the carrier; thereby immobilizing
the microorganisms capable of conducting a multiple parallel
mineralization.
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METHOD FOR PRODUCING CARRIER ON
WHICH MICROORGANISMS CAPABLE OF
CONDUCTING MULTIPLE PARALLEL
MINERALIZATION ARE IMMOBILIZED,
COLUMN REACTOR AND SOLID MEDIUM
FOR CULTIVATING PLANTS

TECHNICAL FIELD

[0001] The present invention relates to a method of manu-
facturing a carrier, on which microorganisms that can conduct
a multiple parallel mineralization by mineralization of an
organic material to produce nitrate nitrogen are immobilized.
[0002] The present invention also relates to a method of
manufacturing a column reactor for producing nitrate nitro-
gen as inorganic nutrients from an organic material using the
carrier. The present invention also relates to a method of
manufacturing a solid medium for cultivating a plant, in
which the carrier is used as the solid medium for cultivating a
plant.

BACKGROUND ART

[0003] Inrecent years, movements of reducing the use of a
chemical fertilizer and promoting the use of an organic fer-
tilizer have been active worldwide from the viewpoint that a
recycling society should be established.

[0004] However, in ‘hydroponics’ without the use of soil,
which is increasingly used in the production of, for example,
vegetables such as atomato and flower and ornamental plants,
the direct addition of an organic material to a nutrient solution
generates a harmful intermediary metabolite, which damages
the root of a plant. Hence, the utilization of the organic fer-
tilizer in hydroponics has heretofore been unthinkable. Only
the chemical fertilizer is therefore used in hydroponics at
present.

[0005] There is a need for a technology for mineralizing an
organic material to a useful inorganic nutrients such as nitrate
nitrogen in order that the organic fertilizer is utilized in hydro-
ponics. A conventional technology for mineralizing an
organic material is, for example, a waste water treatment
technology utilizing microorganisms (see, for example,
Patent Literature 1). However, nitrate nitrogen is lost because
such technology is accompanied by a denitrification involv-
ing reducing produced nitrate nitrogen to release nitrogen
gas. Accordingly, the technology does not meet the purpose of
manufacturing an inorganic fertilizer.

[0006] In view of the foregoing, the multiple parallel min-
eralization method described in each of Patent Literature 2
and Non Patent Literature 1 has been invented as a technology
capable of efficiently collecting nitrate nitrogen (as a nitrate
ion) from an organic material to be utilized as inorganic
nutrients.

[0007] The technology is a highly reproducible method
capable of degrading organic nitrogen while suppressing the
denitrification, and collecting a nitrate ion which is nitrate
nitrogen as inorganic nutrients with high efficiency, and is an
unprecedented technology. This has allowed “hydroponics
employing an organic fertilizer” and “manufacture of an inor-
ganic fertilizer containing nitrate nitrogen using an organic
material as a raw material”, both of which have been hitherto
difficult to be achieved (see, for example, Non Patent Litera-
tures 1 and 3).

[0008] The invention described in Patent Literature 2 has
gained a great deal of attention as a technology for realizing
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hydroponics employing an organic fertilizer, and manufac-
turing inorganic nutrients such as nitrate nitrogen using an
organic resource as a raw material. Therefore, the invention
has had high expectations from, for example, a company
which plans to recycle an organic resource in addition to a
farm or a plant factory having an interest in the invention as a
novel hydroponics technology.

[0009] Further, the utilization of the multiple parallel min-
eralization method described in Patent Literature 2 allowed
‘water culture using an organic fertilizer’ to be performed by
directly adding an organic fertilizer to a nutrient solution to
produce nitrate nitrogen.

[0010] However, when a fertilizer containing inorganic
nutrients is manufactured by the multiple parallel mineraliza-
tion method described in Patent Literature 2, during the deg-
radation of an organic material (ammonification) and the
production of nitrate ion (nitrification), nitrification is con-
ducted by only the action of microorganisms attached on a
culture tank wall surface in a culture tank, and hence, the
surface area of the wall surface determines the rate of a
reaction. Accordingly, there has been a problem in that a very
long time is required in terms of the rate of a reaction of
mineralizing an organic material to nitrate nitrogen.

[0011] In addition, the culture and reaction of the microor-
ganisms require constant aeration (operation of constantly
keeping an aerobic condition through aeration or the like).
Thus, an electrical power cost may be a problem when a
large-scale treatment is assumed. Therefore, in the production
of nitrate nitrogen as inorganic nutrients from an organic
material, there has been a demand for the development of a
method capable of remarkably enhancing the rate of a reac-
tion (efficiently) and being performed without requiring aera-
tion and constant electrical power.

[0012] By the way, in the case of performing hydroponics
using a solid medium such as rockwool which is often utilized
in, for example, the cultivation of a tomato ("hydroponics
with solid medium cultivation”), there has been a problem in
that, when an organic fertilizer is directly added to a nutrient
solution, nitrate nitrogen is hardly produced because of the
putrefaction of an organic material due to its insufficient
degradation (see, for example, Non Patent Literature 2).

[0013] Inview ofthe foregoing, studies have been made on
the utilization of the multiple parallel mineralization method
described in Patent Literature 2. However, also in this case,
when an organic fertilizer is directly added to a nutrient
solution, an organic component is present in the nutrient
solution in a dissolved state, which may cause the clogging in
a drip tube or a solid medium, and may cause problems such
as the putrefaction of an organic material that has caused the
clogging in the solid medium. Hence, there has been a prob-
lem in that the method itselfis difficult to be put into practical
use.

[0014] Accordingly, in order that the method described in
Patent Literature 2 is utilized to perform solid medium culti-
vation, it is necessary to completely mineralize an organic
material into an inorganic nutrient solution (nutrient solution
containing an organic component at as low a concentration as
possible) prior to being used for the nutrient solution in solid
medium cultivation.

[0015] Therefore, in this case, a preparative operation to be
performed before cultivation is complicated and requires a
long time. Thus, there has been a demand for the development
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of a technology that allows an organic fertilizer to be
employed in solid medium cultivation by a more simple
method.

[0016] It should be noted that, although methods involving
fixing microorganisms on a solid medium have been conven-
tionally known (see, for example, Patent Literature 1), those
methods are each accompanied by a denitrification to lose a
fertilizer component (nitrate nitrogen), and hence such solid
medium has not been able to be utilized to perform hydro-
ponics by directly adding an organic fertilizer.

[0017] [Patent Literature 1] JP 2001-300583 A
[0018] [Patent Literature 2] JP 2007-119260 A
[0019] [Non Patent Literature 1] “Hydroponics using

organic fertilizer”, Agriculture and horticulture, Vol. 81, p.
753-764 (2006)

[0020] [Non Patent Literature 2] “Management of nutrients
and solid media in drip Hydroponics” Hakuyusha, p. 119-
155 (2005)

[0021] [Non Patent Literature 3] “Export of inorganic fer-
tilizer produced from kitchen garbage and excrements”
Research journal of food and agriculture, Vol. 31, p. 44-46
(2008)

DISCLOSURE OF THE INVENTION
Problem to be solved by the Invention

[0022] An object of the present invention is to provide a
method of efficiently producing nitrate nitrogen as inorganic
nutrients from an organic material without performing any
operation using constant electrical power such as aeration in
order to solve the above-mentioned conventional problems.
[0023] Another object of the present invention is to provide
a method of manufacturing a solid medium for cultivating a
plant, which allows hydroponics to be performed through the
direct addition of an organic fertilizer even in the case of
performing hydroponics with solid medium cultivation.

Means for solving the Problems

[0024] The inventor of the present invention has found that
the reaction rate of a multiple parallel mineralization can be
remarkably improved without performing any operation
using constant electrical power such as aeration by immobi-
lizing, on a carrier having ventilation, microorganisms that
can conduct a multiple parallel mineralization by mineraliz-
ing an organic material to produce nitrate nitrogen, and using
the carrier as a column reactor for conducting a multiple
parallel mineralization, and nitrate nitrogen as inorganic
nutrients can be efficiently produced from an organic mate-
rial.

[0025] The inventor of the present invention has also found
that the use of the carrier as a solid medium for cultivating a
plant allows hydroponics to be performed by directly adding
an organic fertilizer even in the case of performing hydropon-
ics with solid medium cultivation.

[0026] The present invention has been completed based on
those findings.
[0027] That is, a first aspect of the present invention is a

method of manufacturing a carrier on which microorganisms
capable of conducting a multiple parallel mineralization are
immobilized, the method comprising: filling a container with
a carrier having ventilation; adding thereto microorganisms
that can conduct a multiple parallel mineralization by miner-
alization of an organic material to produce nitrate nitrogen;
and subsequently adding an organic material and then leaving
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atrestuntil nitrate nitrogen starts to be produced in an effluent
during washing the carrier through the addition of water to
discharge the effluent from the carrier; thereby immobilizing
the microorganisms capable of conducting a multiple parallel
mineralization.

[0028] A second aspect of the present invention is the
method of manufacturing a carrier according to the first
aspect, in which the container is equipped with a drain outlet,
and the effluent is discharged from the drain outlet.

[0029] A third aspect of the present invention is a method of
manufacturing a carrier on which microorganisms capable of
conducting a multiple parallel mineralization are immobi-
lized, the method comprising: integrally molding a solid sup-
port having gas permeability so as to maintain a solid shape;
adding thereto microorganisms that can conduct a multiple
parallel mineralization by mineralization of an organic mate-
rial to produce nitrate nitrogen; and subsequently adding an
organic material and then leaving at rest until nitrate nitrogen
starts to be produced in an effluent during washing the carrier
through the addition of water to discharge the effluent from
the carrier; thereby immobilizing the microorganisms
capable of conducting a multiple parallel mineralization.
[0030] A fourth aspect of the present invention is the
method of manufacturing a carrier according to any one ofthe
first to third aspects, the method comprising repeatedly per-
forming treatments of adding the organic material, then leav-
ing at rest, and washing the carrier through the addition of
water to discharge an effluent from the carrier, before nitrate
nitrogen starts to be produced in the effluent discharged dur-
ing washing the carrier.

[0031] A fifth aspect of the present invention is the method
of manufacturing a carrier according to any one of the first to
fourth aspects, in which the leaving at rest is performed until
a nitrate ion starts to be produced at a concentration of 50
mg/L, or more in the effluent.

[0032] A sixthaspect of the present invention is the method
of manufacturing a carrier according to any one of the first to
fifth aspects, in which the carrier is one or more kinds of
porous carriers selected from the group consisting of rock-
wool, vermiculite, pearlite, zeolite, sand, Kanuma soil, glass,
ceramic, urethane, nylon, a melamine resin, wood chips,
straw, bog moss, charcoal, cotton, paper, a polyacrylamide
gel, and agar.

[0033] A seventh aspect of the present invention is the
method of manufacturing a carrier according to any one ofthe
first to sixth aspects, comprising, when nitrate nitrogen is
contained in the carrier in an amount of 10 mg or more in
terms of a nitrate ion with respect to 1 L of the carrier imme-
diately after adding the microorganisms, washing the carrier
through the addition of water to discharge an effluent from the
carrier, thereby removing nitrate nitrogen, in which an
ammonification reaction and a nitrification reaction proceed
without causing the accumulation of intermediate products
and a denitrification does not proceed in the carrier during
adding the organic material.

[0034] An eighth aspect of the present invention is the
method of manufacturing a carrier according to any one ofthe
first to seventh aspects, in which the microorganisms capable
of conducting a multiple parallel mineralization is derived
from one or more kinds of microorganism sources including
microorganisms capable of conducting ammonification and
microorganisms capable of conducting nitrification, the
microorganism sources being selected from the group con-
sisting of a culture solution obtained by culturing microor-
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ganisms capable of conducting a multiple parallel mineral-
ization, dried microbial cells of the microorganisms obtained
by drying the culture solution, the carrier on which microor-
ganisms are immobilized, an effluent discharged from the
carrier by adding water to the carrier on which microorgan-
isms are immobilized, soil, tap water, water from lake and
marsh, spring water, well water, river water, and sea water.
[0035] A ninth aspect of the present invention is the method
of manufacturing a carrier according to any one of the first to
eighth aspects, in which an amount of the organic material is
0.1 to 10 g with respect to 1 L of the carrier.

[0036] A tenth aspect of the present invention is the method
of manufacturing a carrier according to any one of the first to
ninth aspects, in which the organic material is a nitrogen-rich
organic material having a content ratio of carbon to nitrogen,
a C/N ratio, of 19 or less.

[0037] An eleventh aspect of the present invention is a
method of manufacturing a carrier, in which the nitrogen-rich
organic material according to the tenth aspect is one or more
kinds selected from the group consisting of fish-based soluble
fertilizer, fish flour, oil cake, raw garbage, corn steep liquor,
rice bran, soybean flour, a plant residue, milk, powdered milk,
and livestock manure.

[0038] A twelfth aspect of the present invention is a method
of manufacturing a column reactor for producing nitrate
nitrogen as inorganic nutrients from an organic material, in
which the carrier obtained by the method according to anyone
of'the first to eleventh aspects is used as a column reactor for
conducting a multiple parallel mineralization.

[0039] A thirteen aspect of the present invention is a fertil-
izer, which contains nitrate nitrogen as inorganic nutrients
and is produced by using the column reactor obtained by the
method according to the twelfth aspect.

[0040] A fourteenth aspect of the present invention is a
method of cultivating a plant, in which the fertilizer contain-
ing nitrate nitrogen according to the thirteenth aspect is used.
[0041] A fifteenth aspect of the present invention is a
method of manufacturing a solid medium for cultivating a
plant, in which the carrier obtained by the method according
to any one of the first to eleventh aspects is used as the solid
medium for cultivating a plant.

[0042] A sixteenth aspect of the present invention is a solid
medium for cultivating a plant, which is obtained by the
method according to the fifteenth aspect.

[0043] A seventeenth aspect of the present invention is a
method of cultivating a plant, comprising using the solid
medium for cultivating a plant according to the sixteenth
aspect and performing hydroponics by directly adding an
organic fertilizer.

[0044] An eighteenth aspect of the present invention is the
method of cultivating a plant according to the fourteenth to
seventeenth aspects, in which the plant is a leaf vegetable, a
fruit vegetable from which a fruit is harvested, a flower and
ornamental plant, a tree, or a fruit tree.

Effects of the Invention

[0045] The present invention allows providing the column
reactor capable of remarkably improving the reaction rate of
a multiple parallel mineralization, and capable of efficiently
producing nitrate nitrogen as inorganic nutrients from an
organic material.

[0046] Thus, the present invention allows efficiently pro-
ducing a fertilizer containing nitrate nitrogen as inorganic
nutrients from an organic material using an organic resource
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or an organic fertilizer as a raw material without performing
any operation using constant electrical power such as aera-
tion.

[0047] The present invention also allows performing
hydroponics through the direct addition of an organic fertil-
izer even in the case of performing hydroponics with solid
medium cultivation.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0048] The present invention relates to a method of manu-
facturing a carrier on which microorganisms that can conduct
a multiple parallel mineralization by mineralization of an
organic material to produce nitrate nitrogen are immobilized.
[0049] The present invention also relates to a method of
manufacturing a column reactor for producing nitrate nitro-
gen as inorganic nutrients from an organic material using the
carrier. The present invention also relates to a method of
manufacturing a solid medium for cultivating a plant, in
which the carrier is used as the solid medium for cultivating a
plant.

[0050] It should be noted that FIG. 1 is a diagram illustrat-
ing one aspect of a method of immobilizing microorganisms
on a carrier, FIG. 2 is a diagram illustrating one aspect of a
column reactor for producing nitrate nitrogen as inorganic
nutrients from an organic material, and FIGS. 3(a) and 3(b)
are photographic images each showing a state in which a
container equipped with a drain outlet is filled with a carrier.
[0051] In the present invention, a carrier on which micro-
organisms capable of conducting a multiple parallel mineral-
ization are immobilized is manufactured by: filling a con-
tainer with a carrier having ventilation; adding thereto
microorganisms that can conduct a multiple parallel miner-
alization by mineralization of an organic material to produce
nitrate nitrogen; and subsequently adding an organic material
and then leaving at rest until nitrate nitrogen starts to be
produced in an effluent during washing the carrier through the
addition of water to discharge the effluent from the carrier.
[0052] It should be noted that, in the present invention,
when a carrier integrally molded so as to maintain a solid
shape is used, the carrier on which microorganisms capable of
conducting a multiple parallel mineralization are immobi-
lized may also be manufactured without filling the container
with the carrier.

[0053] That is, the manufacture may be performed by: pre-
paring a carrier having ventilation integrally molded so as to
maintain a solid shape; adding thereto microorganisms that
can conduct a multiple parallel mineralization by mineraliza-
tion of an organic material to produce nitrate nitrogen; and
subsequently adding an organic material and then leaving at
rest until nitrate nitrogen starts to be produced in an effluent
during washing the carrier through the addition of water to
discharge the effluent from the carrier.

[0054] A first step in the manufacture of the carrier on
which microorganisms capable of conducting a multiple par-
allel mineralization are immobilized of the present invention
is a step of first filling a container with a carrier having
ventilation (filling step).

[0055] It should be noted that a step of microbial inocula-
tion as the subsequent step may also be performed without
performing the filling step of filling the container by stacking
carriers (specifically, stacking carriers each having ventila-
tion on a planar structure, such as forming a stack of carriers)
so that the stack of the carriers does not fall down during
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performing an operation of directly adding water to the stack
of the carriers to discharge an effluent.

[0056] Further, also when the carrier integrally molded so
as to maintain a solid shape is used, the step of microbial
inoculation as the subsequent step may be directly performed
without performing the filling step of filling the container.

[0057] In the present invention, any carrier may be used as
the carrier, on which microorganisms are immobilized, as
long as the carrier is able to support microorganisms, an
organic component, and water, has ventilation, and is porous.
Particularly preferred is a carrier made of a raw material
having a large ratio of a surface area for immobilization
(fixation) of microorganisms with respect to a volume.

[0058] It should be noted that the phrase “having ventila-
tion” as used herein means that the environment of voids
between and/or in the carriers in the case of filling a column
(columnar container) with carriers or in the case of stacking
the carriers to form a stack of the carriers, or the environment
of'voids in the carrier in the case of using the carrier integrally
molded so as to maintain a solid shape is such a state that a gas
phase is ensured so that nitrification easily proceeds and a
denitrification hardly occurs owing to the maintenance of an
aerobic condition.

[0059] It should be noted that the entire environment
between and in the carriers may hereinafter be simply referred
to as “in the carrier” or “the entire carrier”.

[0060] Specific examples of such carrier which may be
used include: rock and mineral-based materials such as rock-
wool, vermiculite, pearlite, zeolite, sand, Kanuma soil, glass
(specifically glass beads), and ceramic; synthetic resin-based
materials such as urethane, nylon, a melamine resin, and a
polyacrylamide gel; biological materials such as wood chips
(specifically Japanese cedar chips), straw, bog moss, charcoal
(specifically activated charcoal), cotton, paper (specifically
filter paper), and agar.

[0061] Inthe present invention, of those raw materials, it is
preferred to use rockwool, vermiculite, pearlite, urethane,
Japanese cedar chips, straw, bog moss, or filter paper, and it is
more preferred to use rockwool or urethane.

[0062] It should be noted that the use of general soil as the
carrier is not preferred because the addition of an organic
material and water easily causes the excessive propagation of
microorganisms, which leads to a deterioration in ventilation,
a denitrification is caused by denitrifying microorganisms
living in the soil, and finally no nitrate nitrogen is produced.

[0063] It should be noted that the carrier integrally molded
0 as to maintain a solid shape may be any carrier which is
formed into, for example, a cubic shape, a globular shape, a
cylindrical shape, or a rod-like shape so that the entire carrier
has a single structure, or is integrally molded by being sub-
jected to welding, adhesion, or pressure bonding with mod-
erate heat.

[0064] Specifically, there may be used a raw material which
can be handled as an integral carrier as it is, or can be inte-
grally molded by adhesion or the like, being made of the raw
materials such as rockwool, vermiculite, pearlite, zeolite,
sand, Kanuma soil, glass (specifically glass beads), urethane,
nylon, a melamine resin, wood chips (specifically Japanese
cedar chips), straw, bog moss, charcoal (specifically activated
charcoal), cotton, paper (specifically filter paper), a polyacry-
lamide gel, and agar each molded as described above. It is
preferred to use rockwool.
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[0065] Further, the size of the carrier integrally molded so
as to maintain a solid shape is specifically any size of 10 ml or
more in terms of a volume, but is not limited thereto.

[0066] Any container may be used as a container to be filled
with the carrier as long as the container can be filled with the
carrier and can discharge water after the addition of water.
[0067] The container is preferably any container that is
equipped with a drain outlet and has a structure capable of
efficiently discharging water after the addition of water (has a
structure capable of being used as a column after filling with
the carrier). Specific examples of the container which may be
used include a container having a structure like a cup, in
which an opening exists in an upper part, a container having
a structure like a column, in which an opening exists in a
lower part, and a container having a net-like overall structure.
[0068] It should be noted that, even when the container is
not a container equipped with a drain outlet, any container
capable of performing an operation such as tilting the con-
tainer to perform an operation of discharging water (decan-
tation) may be used.

[0069] In filling the container with the carrier, voids (gas
phases) between and/or in the carriers are ensured in order to
prevent the whole system from being water-logged owing to
a capillary phenomenon after the addition of water to dis-
charge an effluent. The height h (unit m) of a solution surface
elevated due to a capillary phenomenon is given based on the
following formula (I). It should be noted that the respective
symbols in the formula (I) are as follows: T represents surface
tension (N/m); 0 represents a contact angle; p represents a
liquid density (kg/m>); g represents gravitational acceleration
(m/s%); and r represents an inner diameter (radius) (m) of a
tube.

[Math. 1]
h=2T cos 0/pgr 4]
[0070] When the voids between and/or in the carriers

become narrower and the rise height h exceeds the filling
height of the carriers, even if a drain outlet is opened in the
case of adding water, the whole carrier is water-logged and
left under an anaerobic state, and the progression of nitrifica-
tion may become insufficient.

[0071] Therefore, it is desirable that such a size that the rise
height h does not exceed the filling height be ensured for the
voids between and/or in the carriers, and it is not preferred
that all the voids become narrower and the rise height h
exceed the filling height of the carriers.

[0072] It is most preferred to ensure both ventilation and
water holding capacity in the entire carrier by allowing to
have various size of voids between and/or in the carriers, to
thereby ensure ventilation in a low-density portion having
large voids and to ensure water holding capacity in a high-
density portion having narrow voids.

[0073] When the voids between and/or in the carriers are
narrow and the rise height h exceeds the filling height of the
carriers, it is necessary to make attempts such as forming the
wall surface of the container with a raw material or structure
(net-like) having ventilation to facilitate gas exchange, or
alternatively such as increasing the concentration of dis-
solved oxygen in water to be added, or exchanging water to be
added with high frequency to promote gas exchange.

[0074] It should be noted that, when the container is filled
with the carrier in consideration of the foregoing as a specific
embodiment, the container may be filled with the carrier in a
volume of 0.1 to 100,000 ml, preferably 1 to 10,000 ml. The
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container may also be filled with the carrier so that a layer
having the filling height of 0.1 to 100 cm is achieved.

[0075] After the container has been filled with the carrier in
the above-mentioned filling step, a step of adding microor-
ganisms that can conduct a multiple parallel mineralization
by mineralization of an organic material to produce nitrate
nitrogen (step of microbial inoculation) is performed.

[0076] It should be noted that, as described above, in the
case of stacking the carriers instead of filling a container with
the carriers or in the case of using the carrier integrally
molded so as to maintain a solid shape as the carrier, the step
of microbial inoculation may be directly performed without
performing the above-mentioned filling step.

[0077] In the present invention, the “multiple parallel min-
eralization” refers to a reaction by which an organic material
is mineralized to produce nitrate nitrogen, wherein the deg-
radation of an organic material to ammonium nitrogen (am-
monification) and the nitrification of ammonium nitrogen to
nitrate nitrogen (nitrification) are continuously performed in
the same reaction system.

[0078] Specifically, the reaction refers to a reaction in
which, in the degradation of an organic material, organic
nitrogen contained in the organic material is degraded to
ammonium nitrogen, and the ammonium nitrogen undergoes
an oxidation reaction (nitrification reaction) through nitrifi-
cation to produce nitrate nitrogen.

[0079] It should be noted that, in the present invention,
nitrate nitrogen to be produced by mineralizing an organic
material refers to a nitrate ion or a nitrate salt, and specifically
assumed is a nitrate ion.

[0080] The microorganisms capable of conducting a mul-
tiple parallel mineralization in the present invention encom-
passes microorganisms capable of conducting ammonifica-
tion and microorganisms capable of conducting nitrification.

[0081] The ‘microorganisms capable of conducting a mul-
tiple parallel mineralization’ which may be used in the present
invention may be any microorganisms including microorgan-
isms capable of conducting ammonification and microorgan-
isms capable of conducting nitrification, and including
microorganisms necessary for mineralizing an added organic
material to produce nitrate nitrogen.

[0082] It should be noted that examples of the kind of the
microorganisms forming the microorganisms described
above include: microorganisms capable of conducting
ammonification such as protozoans, bacteria, fungi, and any
other ammonifying microorganisms; and microorganisms
capable of conducting nitrification (nitrifying microorgan-
isms) such as ammonium-oxidizing microorganisms (or
nitrite-producing microorganisms) belonging to the genus
Nitrosomonas, the genus Nitorosococcus, and the genus
Nitrosospira (including the genus Nitrosolobus and the genus
Nitrosovibrio) and nitrite-oxidizing microorganisms (or
nitrate-producing microorganisms) belonging to the genus
Nitrobacter and the genus Nitrospira.

[0083] There may be specifically used, as the microorgan-
ism source to be added in this step, a culture solution obtained
by culturing microorganisms capable of conducting a mul-
tiple parallel mineralization, dried microbial cells of the
microorganisms obtained by drying the culture solution, the
carrier on which microorganisms are immobilized, an eftlu-
ent discharged from the carrier by adding water to the carrier
on which microorganisms are immobilized; and naturally-
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occurring microorganism sources such as soil, tap water,
water from lake and marsh, spring water, well water, river
water, and sea water.

[0084] In particular, it is preferred to use a culture solution
obtained by culturing microorganisms capable of conducting
amultiple parallel mineralization, dried microbial cells of the
microorganisms obtained by drying the culture solution, the
carrier on which microorganisms are immobilized, or an
effluent discharged from the carrier by adding water to the
carrier on which microorganisms are immobilized because
the microorganisms forming a microorganism ecosystem
required for the progression of a multiple parallel mineraliza-
tion are contained in a sufficient amount, and a risk of induc-
ing an denitrification is also small.

[0085] It should be noted that any carrier on which the
microorganisms are immobilized may be used as ‘the carrier
on which microorganisms are immobilized’, and it is pre-
ferred to use one manufactured through the steps of the
present invention.

[0086] The denitrification refers to a phenomenon in which
nitrate nitrogen is lost by the reduction of nitrate nitrogen to
nitrous oxide gas, nitrogen gas, and the like by denitrifying
microorganisms, and is a reaction that is easily induced in the
coexistence of an organic component serving as an energy
source for denitrifying microorganisms and nitrate nitrogen
serving as an oxygen supplier for denitrifying microorgan-
isms.

[0087] In the carrier of the present invention, the denitrifi-
cation tends to occur in the case where an organic material is
added before the addition of water to remove nitrate nitrogen
in a carrier, to thereby establish the coexistence of an organic
component and a high concentration of nitrate nitrogen, i.e.,
an condition under which the denitrification is easily induced,
or in the case where small voids between and/or in the solid
supports cause a capillary phenomenon to thereby bring into
a water-logged state and an anaerobic condition in the solid
support and satisfy the conditions inductive to the activities of
denitrifying microorganisms.

[0088] Inthe present invention, the occurrence of the deni-
trification in the carrier is not preferred because nitrate nitro-
gen as excellent inorganic nutrients is lost by gasification.
Therefore, in the present invention, for example, attention
needs to be paid for the following: (i) when a high concen-
tration of nitrate nitrogen is produced in a carrier, the carrier
is washed through the addition of water to discharge an eftlu-
ent from the carrier, to thereby remove nitrate nitrogen, (ii) an
organic material is added after the removal of nitrate nitrogen
has been performed by absorbing nitrate nitrogen as a fertil-
izer component by a plant and the like, and (iii) the entire
carrier is prevented from being water-logged and left under an
anaerobic state owing to a capillary phenomenon enhanced
by an excessive decrease in size of the voids between and/or
in the carriers.

[0089] The addition of the microorganism source to a con-
tainer filled with the carrier is performed by adding a culture
of microorganisms capable of conducting a multiple parallel
mineralization when one wishes to immobilize the microor-
ganisms in a short period of time. It should be noted that the
microorganism source may also be added as the microorgan-
ism source in a liquid state or a powder state.

[0090] Theaddition amount of the microorganism source is
not always particularly limited. The microorganism source is
desirably added in an amount of 1 to 1000 ml in the case of a
culture solution, 1 to 1000 mg in the case of dried microbial
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cells, and 1 to 1000 ml in the case of an effluent from the
carrier with respect to 1 LL of the carrier.

[0091] In this step, in the case where nitrate nitrogen is
contained in the carrier owing to the use of a microorganism
source containing nitrate nitrogen (or the use of a carrier
containing nitrate nitrogen as the carrier filled in the previous
step) as the microorganism source, it is preferred to wash the
carrier through the addition of water to discharge an effluent
from the carrier after the addition of the microorganism
source.

[0092] Itshould be noted that the phrase “case where nitrate
nitrogen is contained in the carrier” as used herein refers to a
case where nitrate nitrogen is contained at such concentration
and distribution that may induce a denitrification in the coex-
istence with an organic material.

[0093] That is, in this step, the case where nitrate nitrogen
is ‘not contained’ in the carrier at such concentration and
distribution that may induce a denitrification in the coexist-
ence with an organic material is regarded as a “case where
nitrate nitrogen is not contained in the carrier”.

[0094] It should be noted that a specific operation of the
“washing” is performed by (i) in the case of filling ‘container
equipped with a drain outlet’ with the carrier, adding water
and then discharging an effluent from the carrier through the
drain outlet.

[0095] Further, the operation is performed by (i) in the case
of filling a ‘container equipped with no drain outlet’ with the
carrier, adding water and then performing an operation such
as tilting the container to discharge an effluent from the carrier
(decantation).

[0096] Further, the operation is performed by (iii) in the
case of stacking the carriers instead of filling a container with
the carriers, or in the case of using, as the carrier, the ‘carrier
integrally molded so as to maintain a solid shape’, adding
water and then discharging an effluent from the carrier
directly.

[0097] After the washing, the inside of the carrier is in a
state in which a large amount of nitrate nitrogen has been
removed, that is, a state in which nitrate nitrogen is not con-
tained at such concentration and distribution that may induce
a denitrification in the coexistence with an organic material.
Further, the inside of the carrier is in a state in which excess
water has been discharged.

[0098] Pure water (such as distilled water, ion-exchanged
water, or reverse osmosis membrane-treated water), well
water, river water, lake water, tap water, sea water, or the like
may be used as water used in washing after the addition of the
microorganism source. It should be noted that water contain-
ing nitrate nitrogen at a high concentration (specifically 50
mg NO,/ml or more) is undesirable.

[0099] The water added to be used for the washing is desir-
ably in an amount enough to rinse the entire carrier, and 100
to 10,000 ml per L is desirable.

[0100] The washing can remove nitrate nitrogen to
decrease the concentration of nitrate nitrogen contained in a
carrier. As a result, such a condition that may induce a deni-
trification (coexistence of an organic component and a high
concentration of nitrate nitrogen) is not established, and a
denitrification can be inhibited.

[0101] Accordingly, the inside of the carrier can be brought
into a state in which an ammonification reaction and a nitri-
fication reaction proceed without causing the accumulation of
an intermediate product during the addition of an organic
material and no denitrification occurs.
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[0102] It should be noted that after the addition of the
microorganism source, when ‘nitrate nitrogen is not con-
tained in the carrier at such concentration and distribution that
may induce a denitrification in the coexistence with an
organic material’, the inside of the carrier is in a state in which
no denitrification occurs even if the carrier is not washed, and
hence washing does not need to be particularly performed.
[0103] After the addition of a microorganism source in the
above-mentioned step of microbial inoculation, a step of:
adding an organic material and then ‘leaving at rest” until
nitrate nitrogen starts to be produced in an effluent during
washing the carrier through the addition of water to discharge
the effluent from the carrier; thereby immobilizing the micro-
organisms capable of conducting a multiple parallel mineral-
ization (immobilization step) is performed.

[0104] A carrier of interest on which microorganisms
capable of conducting a multiple parallel mineralization are
immobilized can be manufactured by the immobilization
step.

[0105] This step is a step for immobilizing the microorgan-
isms on the carrier through the fixation, acclimation, and
growth.

[0106] In the immobilization step, the addition of an
organic material is performed by directly adding an organic
material to a carrier. It should be noted that the organic mate-
rial may be added in a liquid state or in a powder state.
[0107] Any organic material such as an organic fertilizer
and an organic resource such as a food residue, a plant resi-
due, livestock waste, or excreta may be used as the organic
material. It is desirable to use a nitrogen-rich organic material
having a content ratio of carbon to nitrogen, a C/N ratio, of 24
or less, preferably 19 or less in order to increase in collection
efficiency of nitrate nitrogen.

[0108] Itis desired to use the organic material which abun-
dantly contains a protein, a protein degradation product and
an amino acid.

[0109] Specific examples thereof include food residues
such as fish-based soluble fertilizer, corn steep liquor, oil
cake, fish flour, soybean cake, yeast cake, sake cake, shochu
cake, rice bran, and raw garbage. It should be noted that those
are desirable because of being obtained as wastes in a food
manufacturing process and being free of any component hav-
ing toxicity. Further, a specific example thereof is livestock
manure, and an organic material containing ammonium nitro-
gen may also be used. In addition, a food itself such as
soybean flour, instant bouillon (containing an amino acid at a
high concentration), milk, or powdered milk may also be
utilized. In addition, a plant residue, which is a plant tissue or
organ that cannot be utilized as an edible part, may also be
utilized.

[0110] Of those, it is more desirable to use fish-based
soluble fertilizer, fish flour, oil cake, raw garbage, corn steep
liquor, rice bran, soybean flour, a plant residue, milk, pow-
dered milk, or livestock manure.

[0111] It should be noted that a specific example of the
fish-based soluble fertilizer is bonito-soluble fertilizer. Fur-
ther, the corn steep liquid is, for example, corn steep liquor
(CSL: corn steep liquid obtained as a by-product during
manufacturing corn starch). Further, examples of the oil cake
include rapeseed oil cake and corn oil cake. Further, examples
of the plant residue include stems and leaves produced by a
pruning treatment during the cultivation management of a
tomato and the like. Further, examples of the raw garbage
include bony fish parts, vegetable scraps and meat slices after
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cooking. Further, examples of the livestock manure include
bovine manure and poultry manure.

[0112] It should be noted that bonito-soluble fertilizer or
corn steep liquor is more particularly desirable because itis a
liquid and easily permeates the carrier.

[0113] The organic material may be added in an amount of
0.01 to 20 g (in terms of dry weight), preferably 0.1 to 1 g (in
terms of dry weight) with respect to 1 L of the carrier.

[0114] It should be noted that, specifically, when the
organic material is in a liquid state, the amount is 0.1 t0 20 g
(liquid weight: (0.07 to 14 g in terms of dry weight)) in the
case of using bonito-soluble fertilizer or is 0.1 to 20 g (liquid
weight: (0.05 to 10 g in terms of dry weight)) in the case of
using corn steep liquor.

[0115] It should be noted that the addition amount of the
organic material exceeding the above-mentioned predeter-
mined amount is not preferred because the amount may
exceed the amount of the organic material which can be
supported by the carrier. Further, the addition amount of the
organic material below the above-mentioned predetermined
amount is not preferred because the concentration of nitrate
nitrogen is low to be collected as a fertilizer component.

[0116] Next, after the addition of an organic material,
“leaving at rest” is conducted for the fixation, acclimation,
and growth of the microorganisms.

[0117] The temperature during leaving at rest is a tempera-
ture of 10 to 42° C., preferably 15 to 37° C. suitable for the
growth of microorganisms capable of conducting ammonifi-
cation and microorganisms capable of conducting nitrifica-
tion. It should be noted that a temperature lower than 10° C.
is not preferred because a long time is required for immobi-
lization owing to the growth retardation of microorganisms.
Further, a temperature higher than 37° C. is not preferred
because part of microorganisms necessary for conducting a
multiple parallel mineralization may be killed.

[0118] With regard to the period of time required for “leav-
ing at rest” in this step, the carrier is left at rest for a period of
time “until nitrate nitrogen starts to be produced in an effluent
during washing the carrier through the addition of water to
discharge the effluent from the carrier’, i.e., a period of time
‘until an assessment is made that the microorganisms have
been immobilized on the carrier (through the fixation, accli-
mation, and growth).

[0119] The period of time required for “leaving at rest” in
this step is specifically overnight (about 8 to 24 hours) or
more, preferably 3 days or more, more preferably 5 days or
more, most preferably 7 days or more in the case of using, as
a microorganism source, a culture solution obtained by cul-
turing microorganisms capable of conducting a multiple par-
allel mineralization, dried microbial cells of the microorgan-
isms obtained by drying the culture solution, the carrier on
which microorganisms are immobilized, an effluent dis-
charged from the carrier by adding water to the carrier on
which microorganisms are immobilized, or the like.

[0120] Further, it takes about 5 days or more, preferably 7
days or more, more preferably 2 weeks or more to complete
the step in the case of using a naturally-occurring microor-
ganism source as the microorganism source.

[0121] It should be noted that the case where a period of
time required for leaving at rest in this step is shorter than a
period of time taken until nitrate nitrogen starts to be pro-
duced is not preferred because ammonium nitrogen is mainly
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produced owing to the insufficient adaptation of microorgan-
isms capable of conducting nitrification (nitrifying microor-
ganisms).

[0122] Next, after having been left at rest as described
above, the carrier is “washed” through the addition of water to
discharge an effluent from the carrier.

[0123] It should be noted that a specific operation of the
“washing” is performed by (i) in the case of filling ‘container
equipped with a drain outlet” with the carrier, adding water
and then discharging an eftfluent from the carrier through the
drain outlet.

[0124] Further, the operation is performed by (ii) in the case
of filling a ‘container equipped with no drain outlet’ with the
carrier, adding water and then performing an operation such
as tilting the container to discharge an effluent from the carrier
(decantation).

[0125] Further, the operation is performed by (iii) in the
case of stacking the carriers instead of filling a container with
the carriers, or in the case of using, as the carrier, the ‘carrier
integrally molded so as to maintain a solid shape’, adding
water and then discharging an effluent from the carrier
directly.

[0126] After the washing, the inside of the carrier is in a
state in which excess water has been discharged as well.
[0127] It should be noted that, after the washing, it is suit-
able to keep the environment in the carrier in an aerobic state
(the carrier may be dried out) in order to inhibit the propaga-
tion of microorganisms capable of conducting a denitrifica-
tion (denitrifying microorganisms).

[0128] Pure water (such as distilled water, ion-exchanged
water, or reverse osmosis membrane-treated water), well
water, river water, lake water, tap water, sea water, or the like
may be used as water used in washing after leaving at rest. It
should be noted that water containing nitrate nitrogen at a
high concentration (50 mg NO,/ml or more) is undesirable.
[0129] The addition amount of water used for the washing
is desirably 100 to 3000 ml per L. of the carrier.

[0130] The washing can remove nitrate nitrogen produced
in the carrier to decrease the concentration of nitrate nitrogen
contained in the carrier. As a result, such a condition that may
induce a denitrification (condition in which an organic com-
ponent and a high concentration of nitrate nitrogen coexist) is
not established, and a denitrification can be inhibited.
[0131] Accordingly, the inside of the carrier can be brought
into a state in which an ammonification reaction and a nitri-
fication reaction proceed without causing the accumulation of
an intermediate product during the addition of an organic
material and no denitrification occurs.

[0132] Whether or not the microorganisms have been
immobilized on the carrier (through the fixation, acclimation,
and growth) may be assessed by measuring the concentration
of nitrate nitrogen in an effluent during the washing.

[0133] That is, when a confirmation is made that ‘nitrate
nitrogen obtained by mineralizing an organic material has
started to be produced in the effluent’ by measuring the con-
centration of nitrate nitrogen in the effluent, it can be assessed
that ‘the microorganisms have been immobilized on the car-
rier’.

[0134] Further, preferably, when a nitrate ion is confirmed
to be produced in the effluent at a concentration of 50 mg
NO;/L or more, more preferably 200 mg NO,/L or more, it
can be assessed that the microorganisms have been ‘suffi-
ciently’ immobilized on the carrier.
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[0135] As described above, in the carrier assessed to have
immobilized thereon the microorganisms, the reaction rate
(in particular, nitrification ability) of a multiple parallel min-
eralization in the carrier is remarkably improved. Therefore,
an added organic material undergoes rapid degradation, lead-
ing to a state in which an organic component serving as an
energy source for microorganisms capable of conducting a
denitrification (denitrifying microorganisms) is lost at the
time of the start of production of nitrate nitrogen. Thus, the
inside of the carrier is under an environment in which a
denitrification hardly occurs.

[0136] It should be noted that, when the microorganisms
are not confirmed to have been immobilized (or ‘sufficiently’
immobilized) on the carrier, “treatments of adding the organic
material and then leaving at rest and washing the carrier
through the addition of water to discharge an effluent from the
carrier” are repeatedly performed until the above-mentioned
standard is satisfied.

[0137] That is, when nitrate nitrogen does not start to be
produced in an effluent discharged during washing the carrier,
the treatments are repeatedly performed until nitrate nitrogen
starts to be produced in the effluent discharged during the
washing.

[0138] As described above, the immobilization step is per-
formed by (1) ‘adding an organic material and then “leaving
at rest” until nitrate nitrogen starts to be produced in an
effluent during washing the carrier through the addition of
water to discharge the effluent from the carrier’ after a micro-
organism source has been added in the step of microbial
inoculation. However, when immobilization of microorgan-
isms is not confirmed on the carrier, the immobilization step
is performed by (2) “repeatedly performing” treatments of
‘adding the organic material and then leaving at rest and
washing the carrier through the addition of water to discharge
an effluent from the carrier’ until nitrate nitrogen starts to be
produced in the effluent discharged during the washing.
[0139] That is, the immobilization step may be performed
using the operations (1) and (2) in combination.

[0140] Further, when a time required for leaving at rest in
the operation (1) is prolonged like the predetermined period
of time as described above, the step can be completed by
washing only once after the addition of an organic material.
[0141] It should be noted that, in this step, in order to
monitor the status of production of nitrate nitrogen contained
in the effluent discharged during the washing, preferably, in
order to confirm whether or not the microorganisms have
been immobilized on the carrier, the “repetition” operation
like the operation (2) may be performed.

[0142] It should be noted that, specifically, in the case of
performing the “repetition” operation like the operation (2),
the production of nitrate nitrogen may be grasped in detail by
repeatedly performing the operation once 1 to 7 days, more
preferably daily.

[0143] It should be noted that, from the viewpoint of sup-
pressing the propagation of microorganisms capable of con-
ducting a denitrification (denitrifying microorganisms), the
frequency of the repetition operation like the operation (2) is
preferably as low as possible. When the frequency of the
“repetition” operation like the operation (2) is high, an
anaerobic condition is easily established because the water
content in a carrier is increased due to washing with high
frequency. This suppresses activities of microorganisms
capable of conducting nitrification (nitrifying microorgan-
isms), with the result that the propagation of the microorgan-
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isms capable of conducting a denitrification (denitrifying
microorganisms) is liable to occur.

[0144] A period of time required for completing the above-
mentioned all steps, i.e., a period of time required for recog-
nizing that the microorganisms have been immobilized or
‘sufficiently’ immobilized on the carrier is overnight (about 8
to 24 hours) or more, preferably 3 days or more, more pref-
erably 5 days or more, most preferably 7 days or more in the
case of using, as the microorganism source, a culture solution
obtained by culturing microorganisms capable of conducting
amultiple parallel mineralization, dried microbial cells of the
microorganisms obtained by drying the culture solution, the
carrier on which microorganisms are immobilized, an eftlu-
ent discharged from the carrier by adding water to the carrier
on which microorganisms are immobilized, or the like.
[0145] Further, in the case of using a naturally-occurring
source as the microorganism source, it takes about 5 days or
more, preferably 7 days or more, more preferably 2 weeks or
more to complete the steps.

[0146] Thus, a carrier on which microorganisms capable of
conducting a multiple parallel mineralization are immobi-
lized can be manufactured.

[0147] Through the above-mentioned steps, the carrier on
which the microorganisms capable of conducting a multiple
parallel mineralization are immobilized (through the fixation,
acclimation, and growth) can be used as a ‘column reactor for
producing nitrate nitrogen as inorganic nutrients from an
organic material’.

[0148] It should be noted that, in the case of performing the
above-mentioned steps using the container equipped with a
drain outlet, the carrier may be used as a column reactor in a
state in which the container equipped with a drain outlet is
filled with the carrier.

[0149] Further, new another container filled with the carrier
on which microorganisms are immobilized may also be used.
[0150] Further, also in the case of using the carrier inte-
grally molded so as to maintain a solid shape without per-
forming the filling step, the carrier on which microorganisms
are immobilized may be used as a column reactor by appro-
priately cutting or grinding and being filled in new another
container.

[0151] The column reactor of the present invention is any
column reactor filled with 100 ml or more of the carrier on
which microorganisms are immobilized when 1 g of the
organic material is degraded.

[0152] Further, the column reactor of the present invention
is filled so that the carrier functions as a column reactor, and
both ventilation and water holding capacity are ensured by
setting part of voids between or in the carriers to the sufficient
size.

[0153] Inother words, filling is performed so as to partially
ensure such a void size (corresponding to r which is an inner
diameter (radius) (m) of a tube) that the height h (unit m) of'a
solution surface elevated due to a capillary phenomenon (to
be calculated with the above-mentioned formula (1)) does not
exceed the filling height of a carrier. Further, during the fill-
ing, a carrier may be filled uniformly, but is more preferably
filled ununiformly.

[0154] It should be noted that the case where all the voids
between or in the carriers are small, and the height h (unit m)
of'a solution surface elevated due to a capillary phenomenon
thus exceeds the filling height of a carrier is not preferred
because addition of water to the column reactor may lead a
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water-logged state and an anaerobic condition, and thus a
denitrification is likely to be induced.

[0155] The use of the column reactor of the present inven-
tion can provide a fertilizer containing nitrate nitrogen as
inorganic nutrients produced from an organic material.
[0156] A fertilizer containing a nitrate ion at a concentra-
tion of 50 mg NO,/L or more, preferably 200 mg NO,/L or
more in an effluent from the column reactor is used as the
fertilizer containing nitrate nitrogen as the inorganic nutri-
ents.

[0157] Further, with regard to the amount of nitrate nitro-
gen as inorganic nutrients to be produced per day from an
organic material in the case of using the column reactor of the
present invention, nitrate nitrogen is produced in an amount
of'about 270 mg NO; or more in terms of a nitrate ion or about
60 mg N or more in terms of nitrogen with respect to 1 L of the
carrier.

[0158] It should be noted that, even when a container is not
filled with the carrier integrally molded so as to maintain a
solid shape on which the microorganisms are immobilized, a
fertilizer containing nitrate nitrogen as inorganic nutrients
can be obtained by directly adding water to the carrier and
collecting an effluent discharged from the carrier.

[0159] As for the amount of the organic material to be
added during the manufacture of a fertilizer containing nitrate
nitrogen as inorganic nutrients using the column reactor of the
present invention, the organic material can be added in an
amount 0f0.01 to 20 g (in terms of dry weight), preferably 0.1
to 1 g (in terms of dry weight) with respect to 1 L of the carrier
on which the microorganisms are immobilized. It should be
noted that, specifically, when the organic material is in a
liquid state, the amount is 0.1 to 20 g (liquid weight: (0.07 to
14 g in terms of dry weight)) in the case of using bonito-
soluble fertilizer or 0.1 to 20 g (liquid weight: (0.05to 10 gin
terms of dry weight)) in the case of using corn steep liquor.
[0160] It should be noted that the addition amount of the
organic material more than the above-mentioned predeter-
mined amount is not preferred because a nitrification reaction
cannot keep up with the amount, resulting in an increase in
concentration of ammonium nitrogen in the effluent. In this
regard, however, the addition amount is acceptable when a
fertilizer having a high ammonium content ratio (e.g.: a fer-
tilizer for soil cultivation) is intended to be manufactured.
[0161] The fertilizer containing nitrate nitrogen as inor-
ganic nutrients may be used as a fertilizer for cultivating all
plants such as a vegetable, a fruit, a flower and ornamental
plant, a tree, and a foliage plant.

[0162] In particular, the fertilizer may be suitably used for
cultivating: a leaf vegetable such as Chinese cabbage, komat-
suna, lettuce, or spinach; a fruit vegetable from which a fruit
is harvested such as a tomato; a flower and ornamental plant;
and a fruit tree. In more particular, the fertilizer may be
suitably used for cultivating a leaf vegetable such as Chinese
cabbage or komatsuna.

[0163] It should be noted that the fertilizer containing
nitrate nitrogen as inorganic nutrients may also be used in
plant cultivation, which is generally performed, such as water
culture, hydroponics with solid medium cultivation, or gen-
eral soil cultivation.

[0164] As described above, the column reactor of the
present invention can remarkably improve the reaction rate of
amultiple parallel mineralization, and can efficiently produce
nitrate nitrogen as inorganic nutrients from an organic mate-
rial.
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[0165] This is because a large surface area of catalyst and a
high aerobic reaction condition can be ensured unlike a mul-
tiple parallel mineralization to be conducted in a water-
logged state as a conventional method. That is, the use of a
carrier on which the microorganisms have been immobilized
at high density can increase a surface area for the catalyzation
of a reaction, ensure water holding capacity through fine
voids of the carrier (due to a capillary phenomenon: given
water holding capacity is required for the growth of microor-
ganisms), and simultaneously ensure ventilation through
large voids (an aerobic reaction condition), to thereby activate
microorganisms capable of catalyzing a multiple parallel
mineralization and suppress a denitrification.

[0166] In addition, the use of the column reactor of the
present invention can produce a fertilizer containing nitrate
nitrogen as inorganic nutrients from an organic material with-
out performing aeration or any other operation using constant
electrical power (by an energy-saving method).

[0167] Inparticular, the use of the column reactor is advan-
tageous during large-scale manufacture. This allows produc-
ing a fertilizer containing nitrate nitrogen as inorganic nutri-
ents using a fertilizer containing an organic resource or an
organic material as a raw material, and manufacturing and
selling the product while keeping an operating cost and an
installation cost at a low level in an organic waste treatment,
which has not produced any valuable product heretofore
despite requiring a high cost. This becomes a landmark tech-
nology in the waste treatment industry, which has not gener-
ated any benefit.

[0168] In addition, in the present invention, through the
above-mentioned steps, the carrier on which the microorgan-
isms capable of conducting a multiple parallel mineralization
are immobilized (through the fixation, acclimation, and
growth) may be used as a ‘solid medium for cultivating a
plant, which allows hydroponics by directly adding an
organic fertilizer’.

[0169] That is, the use of the solid medium for cultivating a
plant can perform ‘hydroponics by directly adding an organic
fertilizer even in solid medium cultivation’.

[0170] It should be noted that the hydroponics with solid
medium cultivation may be performed by repeating an opera-
tion of directly adding an organic fertilizer to a solid medium
after watering.

[0171] The addition of an organic fertilizer is performed by
direct addition to the solid medium for cultivating a plant. It
should be noted that the fertilizer containing an organic mate-
rial may be added in a liquid state or a powder state.

[0172] As for an organic fertilizer which may be used by
being directly added in the case of performing hydroponics
using the solid medium for cultivating a plant, the above-
mentioned organic material may be used as the fertilizer.
However, it is preferred to use a liquid organic fertilizer
whose addition operation is easily automated, that is, fish-
based soluble fertilizer, corn steep liquor, or a suspension or
putrefied solution obtained by finely pulverizing a solid
organic material.

[0173] Further, an organic fertilizer is directly added to the
solid medium for cultivating a plant. It should be noted that
the fertilizer containing an organic material may be added in
a liquid state or a powder state.

[0174] The organic fertilizer may be added in an amount of
0.01 to 20 g (in terms of dry weight), preferably 0.1 to 1 g (in
terms of dry weight) with respect to 1 L of the carrier on which
microorganisms are immobilized. It should be noted that,
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specifically, when the organic fertilizer is in a liquid state, the
amount is 0.1 to 20 g (liquid weight: (0.07 to 14 g in terms of
dry weight)) in the case of using bonito-soluble fertilizer or
0.1 to 20 g (liquid weight: (0.05 to 10 g in terms of dry
weight)) in the case of using corn steep liquor.

[0175] It should be noted that the addition amount of an
organic fertilizer more than the above-mentioned predeter-
mined amount is not preferred because a nitrification reaction
cannot keep up with the amount, resulting in an increase in
concentration of ammonium nitrogen in the effluent. In this
regard, however, such an addition amount that does not cause
growth disorder during cultivation is acceptable.

[0176] It should be noted that, in the case of using the
carrier on which microorganisms are immobilized as the solid
medium for cultivating a plant, all of the raw materials for the
carrier described above may be used as the carrier. Of those,
it is particularly suitable to use preferably rockwool, vermicu-
lite, pearlite, Kanuma soil, or urethane, more preferably to
use rockwool.

[0177] In hydroponics by directly adding a fertilizer con-
taining an organic material with a use of the solid medium for
cultivating a plant, the carrier may be used for the cultivation
of all plants such as a vegetable, a fruit, a flower and orna-
mental plant, a tree, a fruit tree, and a foliage plant.

[0178] In particular, the carrier may be suitably used for
cultivating a plant including: a leaf vegetable such as Chinese
cabbage, komatsuna, lettuce, or a herb; a fruit vegetable from
which a fruit is harvested such as a tomato, an egg apple, a
green pepper, a melon, a watermelon, or a strawberry; a
flower and ornamental plant; and a fruit tree. In more particu-
lar, the carrier may be suitably used for cultivating a leaf
vegetable such as Chinese cabbage or komatsuna.

[0179] In addition, in the present invention, the carrier on
which microorganisms capable of conducting a multiple par-
allel mineralization are immobilized (through the fixation,
acclimation, and growth) to be obtained through the above-
mentioned step can be utilized as a microorganism material
(microorganism source) capable of catalyzing a multiple par-
allel mineralization.

[0180] Specifically, the carrier may be utilized as a ‘micro-
organism source’ of microorganisms of a multiple parallel
mineralization to be added in the filling step in the present
invention. In addition, the carrier may be utilized as an ‘inocu-
Ium of microorganisms optimized for a multiple parallel min-
eralization’ in water.

EXAMPLES

[0181] Hereinafter, the present invention is described in
more detail by way of examples. However, the present inven-
tion is by no means limited by these examples.

Example 1
Study 1 on Raw Material for Carrier

[0182] A study was made to determine whether or not an
organic material was able to be mineralized to produce nitrate
nitrogen by immobilizing microorganisms capable of con-
ducting a parallel mineralization reaction on each of the raw
materials for various carriers (granulated rockwool (manu-
factured by Grodan B.V.), vermiculite (manufactured by BS-
lite Co., Ltd.), pearlite (manufactured by KOMERI Co., [.td.),
Kanuma soil (manufactured by Setogahara Kaen), and ure-
thane (manufactured by WAKO Ltd.)).
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[0183] First, 10 L of water were charged into a Wagner pot
(manufactured by Fujiwara Scientific Co., [.td.), 80 g of a
bark compost (manufactured by Shimizu Port Lumber Indus-
try Co-operative Association) and 8 g of bonito-soluble fer-
tilizer (by-product from dried bonito factory, manufactured
by Makurazaki Fisheries Cooperative Associations) (herein-
after, the same product is used unless otherwise indicated)
were added thereto, and aeration with an air pump was per-
formed to culture microorganisms capable of conducting a
multiple parallel mineralization.

[0184] Next, the bottom of a 500-ml PET bottle was cut
down to obtain the upper half portion of the bottle. The upper
half portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 100 ml of each of the various carriers described above.
FIG. 4 is a photographic image showing a state in which
containers each equipped with a drain outlet are filled with
various carriers.

[0185] Next, after 200 ml of the culture solution obtained
by culturing the microorganisms capable of conducting a
multiple parallel mineralization had been added and inocu-
lated as a microorganism source, 100 ml of distilled pure
water were added to discharge an effluent from the drain
outlet, to thereby wash each of the various carriers described
above.

[0186] Afterthat, treatments of adding 0.1 g (liquid weight)
of bonito-soluble fertilizer as an organic material, leaving at
rest at room temperature (about 25° C.) overnight, and then
washing with 100 ml of distilled pure water were repeated
until the days described in FIG. 5 elapsed. It should be noted
that, during washing, an eftfluent after the washing was col-
lected to measure its nitrate ion concentration.

[0187] The measurement of nitrate ion concentration was
performed by measurement with an RQ-flex (manufactured
by Merck) using riflectoquant nitrate test strip (manufactured
by Merck). (Hereinafter, in this example, a nitrate ion con-
centration was measured by the same method.)

[0188] Further, the container filled with each of the various
carriers described above without the addition of the microor-
ganism source was used as a control experiment (control).
FIG. 5 illustrate the results.

[0189] As a result, the production of a nitrate ion in the
effluent was confirmed in any of the raw materials for the
various carriers described above. In other words, the results
showed that the microorganisms were immobilized on all of
the raw materials for the various carriers described above to
catalyze a multiple parallel mineralization. It should be noted
that the production of a nitrate ion was not confirmed in the
control experiment (control) without the addition of the
microorganism source.

[0190] It should be noted that all of those raw materials for
the various carriers described above were porous raw mate-
rials each having ventilation.

[0191] Further, the results of FIG. 5 specifically showed
that a nitrate ion was produced at a concentration of 30 mg/LL
or more in an effluent on Day 2 to Day 12 or later after the
addition of the microorganism source.

[0192] Inaddition, the results showed that a nitrate ion was
produced at a concentration of about 50 mg/I. or more, in
particular, about 70 mg/L. or more in an effluent on Day 6 to
Day 7 or later after the addition of the microorganism source
in the case of using each of the various carriers described
above excluding Kanuma soil, i.e., urethane, rockwool, pearl-
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ite, or vermiculite, and in more particular, a nitrate ion was
produced at a concentration of about 200 mg/L. or more in the
case of using urethane or rockwool.

[0193] Those results are probably because those raw mate-
rials are raw materials each of which has particularly good
ventilation and hardly undergoes a denitrification, and also
because the surface area of those raw materials per volume is
large enough to immobilize a number of microorganisms
thereon, and hence a multiple parallel mineralization effi-
ciently proceeds.

[0194] Accordingly, the results showed that a column reac-
tor for producing nitrate nitrogen as inorganic nutrients from
an added organic material was able to be manufactured in the
case of using any raw materials for the various carriers
described above.

Example 2
Inoculation of Dried Microbial Cells

[0195] An examination was made to determine whether or
not dried microbial cells (not liquid) were able to be used as
a microorganism source of microorganisms capable of con-
ducting a multiple parallel mineralization.

[0196] A supernatant of the culture solution after the mul-
tiple parallel mineralization described in Example 1 was dis-
carded, and a biofilm (microbial community structure)
formed on a wall surface was dried by air drying to afford
dried microbial cells of the microorganisms.

[0197] Next, the bottom of a 500-ml PET bottle was cut
down to obtain the upper half portion of the bottle. The upper
half portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 20 g of granulated rockwool (volume of 100 ml).
[0198] After 10 mg of the dried microbial cells of the
microorganisms had added and inoculated thereto as a micro-
organism source, 100 ml of distilled pure water were added to
discharge an effluent from the drain outlet, to thereby wash
the granulated rockwool.

[0199] Afterthat, treatments of adding 0.1 g (liquid weight)
of bonito-soluble fertilizer as an organic material, leaving at
rest at 37° C. overnight, and then washing with 100 ml of
distilled pure water were repeated for 2 days.

[0200] The resultant was then left at rest at 37° C. until the
lapse of 22 days (until the lapse of 24 days after the addition
of the microorganism source) without performing the treat-
ments of adding bonito-soluble fertilizer and washing. After
that, washing was performed with 100 ml of distilled pure
water. It should be noted that, during washing, an effluent
after the washing was collected to measure its nitrate ion
concentration. FIG. 6 illustrates the results.

[0201] The results showed that, also when dried microbial
cells were used and inoculated as the microorganism source,
the microorganisms were immobilized on the granulated
rockwool to catalyze a multiple parallel mineralization.
[0202] As evident from the results, the microorganism
source having a shape of dried microbial cells may be inocu-
lated.

Example 3
Study 2 on Raw Material for Carrier

[0203] In addition to the raw materials for the carriers
described above, in order to make a further study to determine
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whether or not an organic material was able to be mineralized
to produce nitrate nitrogen, the microorganisms capable of
conducting a parallel mineralization reaction were immobi-
lized on each of the fifteen different raw materials for carriers
(5 gof straw (manufactured by Fujiwara Chemical Co., Ltd.),
2 g of bog moss (manufactured by KOMERI Co., L.td.), 10 g
of Japanese cedar chips (manufactured by Miura Shoji Co.,
Ltd.), 80 g of activated charcoal (manufactured by GEX. Co.,
Ltd.), 20 g of bamboo charcoal (manufactured by Sudo &
Company, Inc.), 10 g of cotton (manufactured by Aisen
Kougyou Co., Ltd.), 10 g of filter paper (manufactured by
Advantec Toyo), 100 g of a 1.25% polyacrylamide gel (manu-
factured by Wako Pure Chemical Industries, Ltd.), 100 g of
1.6% agar (manufactured by Wako Pure Chemical Industries,
Ltd.), 50 g of zeolite (manufactured by Takamura L.td.), 50 g
of sand (manufactured by Sudo & Company, Inc.), 50 g of
ceramic (manufactured by Sudo & Company, Inc.), 60 g of
glass beads (manufactured by Sudo & Company, Inc.), 6.3 g
of' nylon (manufactured by KOMERI Co., [.td.), and 1 gofa
melamine resin (manufactured by KOMERI Co., Ltd.)).
[0204] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with each of the various carriers described above in the above-
mentioned weight (amount corresponding to 20 to 100 ml).
[0205] Next, after 10 mg of the dried microbial cells of the
microorganisms capable of conducting a multiple parallel
mineralization used in Example 2 had been added and inocu-
lated as a microorganism source, 100 ml of distilled pure
water were added to discharge an effluent from the drain
outlet, to thereby wash each of the various carriers described
above.

[0206] Afterthat, treatments of adding 0.1 g (liquid weight)
of bonito-soluble fertilizer as an organic material, leaving at
rest at about 37° C. overnight, and then washing with 100 ml
of distilled pure water were repeated until the days described
in FIG. 7 or FIG. 8 elapsed. It should be noted that, during
washing, an effluent after the washing was collected to mea-
sure its nitrate ion concentration.

[0207] As a result, the production of a nitrate ion in the
effluent was confirmed in any of 15 different raw materials for
the various carriers described above. In other words, the
results showed that the microorganisms were immobilized on
all of the raw materials for the various carriers described
above to catalyze a multiple parallel mineralization.

[0208] The results also showed that, of those, in particular,
a nitrate ion was produced at a concentration of about 40
mg/L, or more in an effluent on Day 8 or later after the addition
of the microorganism source in the case of using nylon, bog
moss, filter paper, Japanese cedar chips, sand, ceramic, or
zeolite, and in more particular, a nitrate ion was produced at a
concentration of about 50 mg/L. or more (in particular, about
60 mg/L or more) in the case of using nylon, bog moss, filter
paper, or Japanese cedar chips.

[0209] The results revealed that a naturally-occurring
organic resin, a chemical resin, mineral matter such as glass
or sand, ceramic, and the like were also able to be utilized as
the raw materials for the carriers.

Example 4
Study 1 on Kind of Various Organic Materials

[0210] A study was made to determine whether or not an
organic material was able to be mineralized to produce nitrate



US 2011/0126457 Al

nitrogen by a multiple parallel mineralization in the case of
using, as the organic material, any other organic material
excluding bonito-soluble fertilizer used in Example 1 as well.
[0211] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 70 g of vermiculite (volume of 250 ml).

[0212] After 500 ml of the culture solution obtained by
culturing the microorganisms capable of conducting a mul-
tiple parallel mineralization used in Example 1 had been
added and inoculated thereto as a microorganism source, 250
ml of distilled pure water were added to discharge an effluent
from the drain outlet, to thereby wash the vermiculite.
[0213] Afterthat, treatments of adding, as an organic mate-
rial, 0.2 g of rapeseed oil cake or 0.2 g (liquid weight) of corn
steep liquor (CSL: corn steep liquid as a by-product during
manufacturing corn starch), leaving at rest at room tempera-
ture (about 25° C.) overnight, and then washing with 250 ml
of distilled pure water were repeated until the days described
in each of FIG. 9 and FIG. 10 elapsed. It should be noted that,
during washing, an effluent after the washing was collected to
measure its nitrate ion concentration.

[0214] Further, the container filled with the vermiculite
described above without the addition of the microorganism
source was used as a control experiment (control). FIG. 9
illustrates the results in the case of adding rapeseed oil cake
and FIG. 10 illustrates the results in the case of adding CSL.
[0215] As a result, the production of a nitrate ion in the
effluent was confirmed in the case of using any of rapeseed oil
cake and CSL as the organic material. In other words, the
results showed that the microorganisms were immobilized on
the vermiculite to catalyze a multiple parallel mineralization.
It should be noted that the production of a nitrate ion was not
confirmed in the control experiment (control) without the
addition of the microorganism source.

[0216] In particular, the results showed that, when a liquid
containing CSL. was added continuously, a nitrate ion was
produced at a stable concentration on each successive day on
Day 6 or later after the addition of the microorganism source.
The results revealed that the conversion efficiency of organic
nitrogen contained in the CSL into nitrate nitrogen was 98.6%
which was found to be extremely high.

[0217] Accordingly, the results showed that the addition of
CSL as the organic material allowed the collection of an
effluent containing nitrate nitrogen at a particularly high con-
centration.

Example 5
Study 2 on Kind of Organic Material

[0218] A further study was made to determine whether or
not an organic material was able to be mineralized to produce
nitrate nitrogen by a multiple parallel mineralization in the
case of using any organic material excluding those described
above as well.

[0219] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 10 g of granulated rockwool (volume of 50 ml).

Jun. 2, 2011

[0220] After 10 mg of the dried microbial cells of the
microorganisms capable of conducting a multiple parallel
mineralization used in Example 2 had been added and inocu-
lated thereto as a microorganism source, 100 ml of distilled
pure water were added to discharge an effluent from the drain
outlet, to thereby wash the granulated rockwool.

[0221] After that, treatments of adding, as an organic mate-
rial, 0.1 g of fish flour (manufactured by Tosho), corn oil cake
(manufactured by Tosho), or a food residue (raw garbage,
nitrogen content of 6%) leaving at rest at 37° C. overnight,
and then washing with 100 ml of distilled pure water were
repeated until the days described in FIG. 11 elapsed. It should
be noted that, during washing, an effluent after the washing
was collected to measure its nitrate ion concentration. FIG. 11
illustrates the results.

[0222] As a result, the production of a nitrate ion in the
effluent was confirmed in the case of using, as the organic
material, any of fish flour (manufactured by Tosho), corn oil
cake (manufactured by Tosho), and a food residue, suggesting
that an effluent containing nitrate nitrogen was able to be
collected.

Example 6
Study 3 on Kind of Organic Material)

[0223] A further study was made to determine whether or
not an organic material was able to be mineralized to produce
nitrate nitrogen by a multiple parallel mineralization in the
case of using an organic material excluding those described
above as well.

[0224] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 10 g of granulated rockwool (volume of 50 ml).

[0225] After 10 mg of the dried microbial cells the micro-
organisms capable of conducting a multiple parallel mineral-
ization used in Example 2 had been added and inoculated
thereto as a microorganism source, 100 ml of distilled pure
water were added to discharge an effluent from the drain
outlet, to thereby wash the granulated rockwool.

[0226] Afterthat, treatments of adding, as an organic mate-
rial, 0.1 g (liquid weight in the case of milk) of rice bran
(manufactured by TSUKEMOTO Co., Ltd.), powdered milk
(manufactured by Morinaga Milk Industry Co., L.td.), instant
bouillon (manufactured by Shimaya Co., [.td.), soybean flour
(manufactured by Safetek International, Inc.), milk (manu-
factured by Ouchiyamarakunou), plant stems and leaves (ax-
illary buds of a tomato plant), bovine manure (manufactured
by Tosho Co., Ltd.), or poultry manure (manufactured by
Tosho Co., Ltd.), leaving at rest at room temperature (about
25° C.) overnight, and then washing with 100 ml of distilled
pure water were repeated until the days described in FIG. 12
elapsed. It should be noted that, during washing, an effluent
after the washing was collected to measure its nitrate ion
concentration.

[0227] As a result, the production of a nitrate ion in the
effluent was confirmed in the case of using any of the above-
mentioned organic materials, suggesting that an effluent con-
taining nitrate nitrogen was able to be collected.

[0228] It should be noted that the results revealed that, of
those, rice bran, which had a C/N ratio (content ratio of
nitrogen to carbon) as high as 18.1 and was an organic
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resource from which nitrate nitrogen was not able to be col-
lected by a conventional multiple parallel mineralization in
water, was able to be mineralized to produce nitrate nitrogen
through the addition to the above-mentioned column.

[0229] The mainreason is probably that the reaction rate of
a multiple parallel mineralization in the carrier was remark-
ably improved as compared to that of a conventional multiple
parallel mineralization in water. In other words, the reason is
probably that an aerobic condition is constantly maintained
because of high ventilation in the carrier, and that a surface
area on which microorganisms capable of catalyzing a reac-
tion have been immobilized is large, leading to a remarkable
improvement in the rate of a degradation and nitrification
reaction of an organic component. Further, another possible
reason is that the diffusion of an organic component hardly
occurs in the carrier, whereas ammonium easily diffuses by
water supported by the carrier, which generates a localized
site having a low C/N ratio.

Example 7

Utilization of Naturally-Occurring Microorganism
Source

[0230] A study was made to determine whether or not a
naturally-occurring microorganisms contained in soil, sea
water, tap water, or the like was able to be utilized as a
microorganism inoculum source to be immobilized on a car-
rier.

[0231] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 10 g of granulated rockwool (volume of 50 ml).

[0232] After 100 ml of sea water, 100 ml of tap water, or 1
g of soil had been added and inoculated thereto as a microor-
ganism source, 100 ml of distilled pure water were added to
discharge an effluent from the drain outlet, to thereby wash
the granulated rockwool.

[0233] After that, treatments of adding 100 mg of bonito-
soluble fertilizer as an organic material, leaving at rest at
room temperature (about 25° C.) overnight, and then washing
with 100 ml of distilled pure water were repeated until the
days described in FIG. 13 or FIG. 14 elapsed. It should be
noted that, during washing, an effluent after the washing was
collected to measure its nitrate ion concentration.

[0234] Further, the container filled with the granulated
rockwool described above with the addition of distilled pure
water in place of the microorganism source was used as a
control experiment (control). FIG. 13 illustrates the results in
the case of inoculating seawater or tap water as the microor-
ganism source, and FIG. 14 illustrates the results in the case of
inoculating soil as the microorganism source.

[0235] As a result, the production of a nitrate ion in the
effluent was confirmed in the case of adding and inoculating
any of sea water, tap water, and soil as the microorganism
source. In other words, the results showed that the naturally-
occurring microorganisms were immobilized on the granu-
lated rockwool to catalyze a multiple parallel mineralization.
It should be noted that the production of a nitrate ion was not
confirmed in the control experiment (control) in which dis-
tilled pure water was added in place of the microorganism
source.
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[0236] The results revealed that the utilization of the natu-
rally-occurring microorganisms contained in soil, sea water,
or tap water as the inoculum source allowed microorganisms
capable of conducting a multiple parallel mineralization to be
immobilized on a carrier.

[0237] In this regard, however, the results showed that the
immobilization of microorganisms contained in sea water or
tap water tended to require a longer time as compared to the
case of using the culture solution of the microorganisms
prepared in Example 1. The results revealed that the use of
soil as the inoculum source allowed relatively rapid immobi-
lization.

Example 8

Utilization of Column Effluent as Microorganism
Source

[0238] An experiment was performed in which an effluent
from a carrier on which the microorganisms capable of cata-
lyzing a parallel mineralization reaction had been preliminar-
ily immobilized (effluent from a column reactor filled with
the carrier on which microorganisms are immobilized) was
utilized as a microorganism source and immobilized on
another carrier.

[0239] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 20 g of granulated rockwool (volume of 100 ml).
[0240] After 100 ml of the effluent from the column reactor
filled with the granulated rockwool described in Example 1
had been added and inoculated thereto as a microorganism
source, 100 ml of distilled pure water were added to discharge
an effluent from the drain outlet, to thereby wash the granu-
lated rockwool.

[0241] Afterthat, treatments of adding 0.1 g (liquid weight)
of bonito-soluble fertilizer as an organic material, leaving at
rest at room temperature (about 25° C.) overnight, and then
washing with 100 ml of distilled pure water were repeated
until the days described in FIG. 15 elapsed. It should be noted
that, during washing, an eftfluent after the washing was col-
lected to measure its nitrate ion concentration.

[0242] Further, the container filled with the granulated
rockwool described above without the addition of the micro-
organism source was used as a control experiment (control).
FIG. 15 illustrates the results.

[0243] The results revealed that, when the ‘effluent from
the column reactor’ filled with the granulated rockwool on
which the microorganisms were immobilized described in
Example 1 above was added as the microorganism source, the
concentration of a nitrate ion produced in an effluent from the
drain outlet showed as high a value as about 220 mg/L. after
the lapse of 7 days, and the rapid immobilization of microor-
ganisms capable of conducting a multiple parallel mineral-
ization was attained in the same manner as the case where the
culture solution described in Examples 1 and 2 was used as
the microorganism source.

[0244] Itshould be noted that the production of a nitrate ion
was not confirmed in the control experiment (control) in
which the microorganism source was not added.

[0245] The experimental results revealed that the effluent
from the column reactor using the carrier on which the micro-
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organisms had been preliminarily immobilized was able to be
utilized as a microorganism source for another carrier.

Example 9

Study 1 on Immobilization without Using any Con-
tainer

[0246] A study was made to determine whether or not the
microorganisms were directly immobilized on a carrier inte-
grally molded so as to maintain a solid shape without using
the above-mentioned column mode (method involving filling
a container equipped with a drain outlet with a carrier).

[0247] First, komatsuna was cultivated by water culture
using the culture solution after the multiple parallel mineral-
ization described in Example 1. After the cultivation, a ‘cul-
ture solution of the microorganisms free of nitrate nitrogen’
was obtained.

[0248] Next, a rockwool cube (manufactured by Grodan
B.V., 100x100x100 mm: volume 1 L) integrally molded so as
to maintain a solid shape was washed by directly adding 500
ml of distilled pure water to the rockwool cube to discharge
excess water from the rockwool cube.

[0249] 500 ml ofthe culture solution free of nitrate nitrogen
were added and inoculated thereto as a microorganism
source. It should be noted that the rockwool cube was not
washed with distilled pure water after the addition of the
microorganism source.

[0250] After that, 0.5 g of bonito-soluble fertilizer was
added as an organic material, followed by ‘leaving at rest until
the lapse of 6 days’ at room temperature (about 25° C.) and
then washing with 500 ml of distilled pure water. A solution
discharged from the rockwool cube was collected to measure
its nitrate ion concentration. FIG. 16 illustrates the results.

[0251] The results showed that, also in the case of using
rockwool (carrier) integrally molded so as to maintain a solid
shape without the use of the above-mentioned column mode
(method involving filling a container equipped with a drain
outlet with a carrier), a nitrate ion was produced at a concen-
tration of about 50 mg/LL on Day 6 after the addition of the
microorganism source.

[0252] In other words, the results showed that, when a
carrier itselfhad a porous structure in which microorganisms,
an organic material, and water were supported, the carrier
integrally molded so as to maintain a solid shape was able to
be directly subjected to a step of immobilizing microorgan-
isms without being filled into a container.

[0253] Further, the results showed that, in the case of using
a microorganism source free of a nitrate ion, the microorgan-
isms were immobilized on the carrier to catalyze a multiple
parallel mineralization even if the carrier (rockwool cube)
was not washed with water after inoculation. The fact
revealed that a washing operation with water after the addi-
tion of the microorganism source was able to be omitted in the
case of using the microorganism source free of a nitrate ion.
[0254] Further, the results showed that, in this case, there
was no need to repeat an operation of adding an organic
material, followed by leaving at rest and washing with water,
and the acclimation and growth of microorganisms were
achieved by merely adding an organic material and leaving at
rest for several days, to thereby promote the immobilization
on a carrier.
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[0255] A possible reason for the results is that the concen-
tration of nitrate nitrogen in the carrier is low at the time of
adding an organic material, which hardly induces a denitrifi-
cation.

Example 10

Study 2 on Immobilization without Using any Con-
tainer

[0256] A further study was made on a carrier integrally
molded so as to maintain a solid shape without using the
above-mentioned column mode (method involving filling a
container equipped with a drain outlet with a carrier).
[0257] First, a rockwool cube (manufactured by Grodan
B.V,, 100x100x100 mm: volume 1 L), cotton (manufactured
by Aisen Kougyou Co., Ltd., 20 g: volume 100 mL), and a
melamine resin (manufactured by KOMERI Co., Ltd., 2 g:
volume 50 mL) each integrally molded so as to maintain a
solid shape were prepared. It should be noted that the cotton
and the melamine resin were hung with strings (FIG. 17 show
photographic images).

[0258] 10 mg of the dried microbial cells of the microor-
ganisms capable of conducting a multiple parallel mineral-
ization used in Example 2 were added and inoculated thereto
as a microorganism source. It should be noted that, in this
example, the carrier was not washed with distilled pure water
after the addition of the microorganism source because the
addition amount itself of the microorganism source added
was extremely small (i.e., because the amount of nitrate nitro-
gen contained in the microorganism source was also
extremely small).

[0259] After that, treatments of adding 0.1 g of bonito-
soluble fertilizer as an organic material, leaving at rest at 37°
C. overnight, and then washing with 100 ml of distilled pure
water were repeated until the days described in FIG. 18
elapsed. It should be noted that, during washing, an effluent
after the washing was collected to measure its nitrate ion
concentration. FIG. 18 illustrates the results.

[0260] The results showed that, also in the case of using a
carrier other than rockwool, i.e., cotton or a melamine resin,
integrally molded so as to maintain a solid shape, the produc-
tion of a nitrate ion was confirmed on Day 6 after the addition
of the microorganism source.

[0261] Inother words, the results showed that the microor-
ganisms were able to be immobilized without causing any
problem on any carrier such as a resin integrally molded so as
to maintain a solid shape even when not being filled into a
container.

[0262] It should be noted that the results showed that, of
those, in the case of using rockwool, a nitrate ion was pro-
duced at a concentration of about 240 mg/L. in an effluent on
Day 8 after the addition of the microorganism source, and
showed that the rockwool was particularly suitable as a raw
material for a carrier on which the microorganisms were to be
immobilized. This is presumably because the rockwool is a
raw material excellent in terms of ventilation and surface area
for the immobilization of microorganisms.

Example 11

Immobilization of Microorganisms Through Decan-
tation

[0263] A study was made to determine whether or not the
microorganisms were able to be immobilized on a carrier in
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the case of washing through decantation instead of the above-
mentioned column mode (method of filling a container
equipped with a drain outlet with a carrier).

[0264] 10 g (50 mlin volume) of granulated rockwool were
loaded into a plastic cup (200-ml volume). 10 mg of the dried
microbial cells of the microorganisms capable of conducting
a multiple parallel mineralization used in Example 2 were
added and inoculated thereto as a microorganism source. It
should be noted that, in this example, the carrier was not
washed with distilled pure water after the addition of the
microorganism source because the addition amount itself of
the microorganism source added was extremely small (i.e.,
because the amount of a nitrate nitrogen contained in the
microorganism source was also extremely small).

[0265] After that, treatments of adding 0.1 g of bonito-
soluble fertilizer as an organic material, leaving at rest at 37°
C. overnight, then adding 100 ml of distilled pure water,
leaving at rest for a few minutes, and tilting the plastic cup to
discharge excess water (washing treatment through decanta-
tion) were repeated until the days described in FIG. 19
elapsed. It should be noted that, during washing, an effluent
after the washing was collected to measure its nitrate ion
concentration.

[0266] The results showed that, also in the case of washing
through decantation without the use of the above-mentioned
column mode (method involving filling a container equipped
with a drain outlet with a carrier), a nitrate ion was produced
at concentrations of about 40 mg/I. on Day 6 after the addition
of the microorganism source and about 75 mg/L. on Day 8
after the addition.

[0267] The fact showed that the microorganisms were able
to be immobilized on the carrier by washing through decan-
tation even when the carrier was not filled into a column
(container equipped with a drain outlet).

Example 12

Hydroponics with Solid Medium Cultivation by
Directly Adding Organic Fertilizer

[0268] A study was made to determine whether or not
hydroponics in which a fertilizer containing an organic mate-
rial was directly added in solid medium cultivation was
attained by using a carrier on which the microorganisms
capable of conducting a parallel mineralization reaction were
immobilized as a solid medium for cultivating a plant.
[0269] After 500 ml of the culture solution obtained by
culturing the microorganisms capable of conducting a mul-
tiple parallel mineralization used in Example 1 had been
added and inoculated as a microorganism source to a rock-
wool cube (manufactured by Grodan B.V., 100x100x100
mm: volume 1 L, a carrier integrally molded so as to maintain
a solid shape), 500 ml of tap water were added to discharge
water from the rockwool cube, to thereby wash the rockwool
cube. It should be noted that 20 containers filled with the
rockwool were defined as one section.

[0270] After that, with respect to one section formed of the
above-mentioned containers, treatments of adding 0.5 g (lig-
uid weight) of bonito-soluble fertilizer as a liquid containing
an organic material to each rockwool cube, leaving at rest at
room temperature (about 25° C.) overnight, and then washing
with 500 ml of tap water were repeated until the lapse of 7
days after the inoculation of the microorganisms.

[0271] Next, after the production of a nitrate ion in an
effluent had been confirmed on Day 8 after the inoculation of
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the microorganisms, Chinese cabbage seeds were seeded to
the rockwool cube. It should be noted that, after the seeding,
the treatments of adding bonito-soluble fertilizer and washing
were discontinued. The cultivation was performed in a glass
greenhouse (equipped with no heater) on Dec. 6, 2007 to Jan.
9, 2008.

[0272] An operation that repeats the treatments of adding
bonito-soluble fertilizer and washing was restarted on Day 10
after the seeding (on Day 18 after the addition of the micro-
organism source), i.e., at the stage of cotyledon development,
and cultivation was conducted by performing the treatments
of'adding bonito-soluble fertilizer and washing with tap water
twice a week until the lapse of 34 days after the seeding (until
the lapse of 42 days after the addition of the microorganism
source). This one cultivation section was defined as an ‘inocu-
lation and bonito-soluble fertilizer’ section as a section of the
present invention.

[0273] Further, another section was prepared in which the
microorganism source was not added to the above-mentioned
container filled with the rockwool cube, and was defined as a
‘non-inoculation and bonito-soluble fertilizer’ section as a
control experiment.

[0274] In addition, still another section was prepared in
which the microorganism source was not added to the above-
mentioned container filled with the rockwool cube and a
chemical fertilizer was added thereto in place of the liquid
containing an organic material, and was defined as a ‘chemi-
cal fertilizer’ section as a control experiment. FIG. 20 show
the results.

[0275] The results showed that Chinese cabbage in the
‘inoculation and bonito-soluble fertilizer’ section as the sec-
tion of the present invention showed satisfactory growth at the
same level as that of the ‘chemical fertilizer’ section.

[0276] Further, in the ‘non-inoculation and bonito-soluble
fertilizer’ section (i.e., section in which cultivation was con-
ducted with a rockwool cube without the inoculation of a
microorganism source and with the addition of bonito-
soluble fertilizer), the growth of Chinese cabbage was dras-
tically delayed. This is presumably because no microorgan-
ism source was inoculated, and hence the degradation of
bonito-soluble fertilizer did not proceed beyond the stage of
ammonification, resulting in a disorder due to excess ammo-
nium.

Example 13
Growth Experiment Using Column Reactor Effluent

[0277] 100 mg of bonito-soluble fertilizer were mineral-
ized every day using granulated rockwool as a microbial
carrier, and 100 ml of the resultant effluent were used for the
growth experiment of komatsuna.

[0278] To the column reactor filled with granulated rock-
wool on which microorganisms capable of conducting a mul-
tiple parallel mineralization were immobilized obtained in
Example 2, treatments of adding 100 mg of bonito-soluble
fertilizer, leaving at rest at room temperature (about 25° C.)
overnight, and then adding 100 ml of distilled pure water to
collect an effluent (treatments for producing nitrate nitrogen
as inorganic nutrients from an organic material) were
repeated every day.

[0279] An operation of feeding 10 komatsuna seedlings
with 100 ml of the effluent obtained every day as a fertilizer
was repeated daily. (It should be noted that, in this case, a
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solution remaining from the previous day was discarded.) The
seedlings were left at rest under conditions of 25° C. day and
night and natural light.

[0280] Further, an operation of feeding 100 ml of distilled
pure water containing 100 mg of bonito-soluble fertilizer was
repeated daily as a control experiment. FIG. 21 show the
results.

[0281] The results revealed that, also in the case of using, as
a fertilizer, an effluent containing nitrate nitrogen produced
from an organic material using a column reactor filled with a
carrier (granulated rockwool) on which microorganisms
capable of conducting a multiple parallel mineralization were
immobilized, komatsuna grew without causing any problem.
In the control experiment, komatsuna scarcely grew, and a
growth disorder appeared, which was estimated to be a dis-
order due to excess ammonium.

Example 14

Utilization 1 of Carrier on which Microorganisms
are Immobilized as Microorganism Source

[0282] A study was made to determine whether or not a
carrier itself on which the microorganisms capable of con-
ducting a parallel mineralization reaction had been prelimi-
narily immobilized was able to be utilized as a microorganism
source.

[0283] The bottom of a 500-ml PET bottle was cut down to
obtain the upper half portion of the bottle. The upper half
portion was turned upside down leaving the lid of the pet
bottle open, to thereby prepare a container in which the lid of
the pet bottle served as a drain outlet. The container was filled
with 9 g of granulated rockwool.

[0284] After 1 g of the granulated rockwool on which the
microorganisms had been preliminarily immobilized (ready
to catalyze a multiple parallel mineralization) obtained in
Example 1 had been added and inoculated thereto as a micro-
organism source (the volume of granulated rockwool finally
reached 50 ml), 100 ml of distilled pure water were added to
discharge an effluent from the drain outlet, to thereby wash
the granulated rockwool.

[0285] After that, treatments of adding 0.1 g of bonito-
soluble fertilizer as an organic material, leaving at rest at 37°
C. overnight, and then washing with 100 ml of distilled pure
water were repeated until the days described in FIG. 22
elapsed. It should be noted that, during washing, an effluent
after the washing was collected to measure its nitrate ion
concentration.

[0286] The results showed that, when the granulated rock-
wool on which the microorganisms were immobilized
obtained in Example 1 was added as the microorganism
source, a nitrate ion was produced at concentrations of about
20 mg/LL on Day 6 after the addition and about 35 mg/I on
Day 8 after the addition.

[0287] Accordingly, the results showed that the microbial
carrier on which the microorganisms were immobilized were
able to be utilized as a microorganism source for another
unused carrier.

Example 15

Utilization 2 of Carrier on which Microorganisms
are Immobilized as Microorganism Source

[0288] A study was made to determine whether or not a
carrier on which the microorganisms capable of conducting a
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parallel mineralization reaction had been preliminarily
immobilized was able to be utilized as a microorganism
source for a multiple parallel mineralization in water.

[0289] 100 mL of distilled pure water were charged into a
500-ml Erlenmeyer flask, and 1 g of the granulated rockwool
on which the microorganisms had been preliminarily immo-
bilized (ready to catalyze a multiple parallel mineralization)
obtained by adding soil as the microorganism source in
Example 7 was taken out and added and inoculated as the
microorganism source.

[0290] 0.1 g of bonito-soluble fertilizer as an organic mate-
rial was added thereto, culture was conducted at a water
temperature of 25° C. while the flask being shaken at 120 rpm
so that an aerobic condition was maintained until the days
described in FIG. 23 elapsed, and the concentration of a
nitrate ion was measured successively. F1G. 23 illustrates the
results.

[0291] The results showed that a multiple parallel mineral-
ization in water was able to be conducted by using, as the
microorganism source, the carrier on which the microorgan-
isms capable of conducting a parallel mineralization reaction
had been preliminarily immobilized.

INDUSTRIAL APPLICABILITY

[0292] The present invention allows an application to a
technology for manufacturing an inorganic fertilizer using
organic waste as a raw material. The waste recycling industry
is predicted to grow to an industry with a market size of 2.5
trillion yen in the future. The present invention is a first
technology for recycling an organic resource into an inor-
ganic fertilizer and thus has very large industrial applicability.
[0293] Further, a conventional technology requires much
aeration, and thus requires power such as an air pump. In
contrast, the present invention allows the column mode to be
employed, and thus allows an energy-saving degradation
method without requiring electrical power. This is also highly
attractive.

[0294] The present invention also allows hydroponics with
solid medium cultivation using an organic fertilizer, and has a
potential to be applied to the fields of agriculture and horti-
culture. In particular, solid medium cultivation using rock-
wool is mainly performed in hydroponic cultivation of
tomato. If the hydroponics employing an organic fertilizer
could be applied to the hydroponic cultivation of tomato, it is
expected to gain popularity in countries with high environ-
mental consciousness such as Netherlands as well as in Japan.
In particular, the scale of hydroponic cultivation of tomato in
Netherlands exceeds 1000 ha. Thus, even when part of the
hydroponic cultivation of tomato is replaced by the hydro-
ponics employing an organic fertilizer, the market size is
large.

BRIEF DESCRIPTION OF DRAWINGS

[0295] FIG. 1 is a diagram illustrating one aspect of a
method involving immobilizing microorganisms on a cartier.
[0296] FIG. 2 is a diagram illustrating one aspect of a
bioreactor optimized for a multiple parallel mineralization.
[0297] FIG. 3 are photographic images each showing a
state in which a container equipped with a drain outlet is filled
with a carrier.

[0298] FIG. 4 is a photographic image showing a state in
which containers each equipped with a drain outlet are filled
with various carriers.
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[0299] FIG. 5 are graphs illustrating nitrate ion concentra-
tion in Example 1.

[0300] FIG. 6 is a graph illustrating nitrate ion concentra-
tion in Example 2.

[0301] FIG. 7 is a graph illustrating nitrate ion concentra-
tion in Example 3.

[0302] FIG. 8 is a graph illustrating nitrate ion concentra-
tion in Example 3.

[0303] FIG. 9 is a graph illustrating nitrate ion concentra-
tion in the case of using rapeseed oil cake as an organic
material in Example 4.

[0304] FIG. 10 is a graph illustrating nitrate ion concentra-
tion in the case of using corn steep liquor (CSL) as an organic
material in Example 4.

[0305] FIG. 11 is a graph illustrating nitrate ion concentra-
tion in Example 5.

[0306] FIG. 12 is a graph illustrating nitrate ion concentra-
tion in Example 6.

[0307] FIG. 13 is a graph illustrating nitrate ion concentra-
tion in the case of using sea water or tap water as a microor-
ganism source in Example 7.

[0308] FIG. 14 is a graph illustrating nitrate ion concentra-
tion in the case of using soil as a microorganism source in
Example 7.

[0309] FIG. 15 is a graph illustrating nitrate ion concentra-
tion in Example 8.

[0310] FIG. 16 is a graph illustrating nitrate ion concentra-
tion in Example 9.

[0311] FIG. 17 are photographic images showing various
carriers in Example 10.

[0312] FIG. 18 is a graph illustrating nitrate ion concentra-
tion in Example 10.

[0313] FIG. 19 is a graph illustrating nitrate ion concentra-
tion in Example 11.

[0314] FIG. 20 are photographic images each showing a
growth state of Chinese cabbage in Example 12.

[0315] FIG. 21 are photographic images each showing a
growth state of komatsuna in Example 13.

[0316] FIG. 22 is a graph illustrating nitrate ion concentra-
tion in Example 14.

[0317] FIG. 23 is a graph illustrating nitrate ion concentra-
tion in Example 15.

1. A method of manufacturing a carrier on which microor-
ganisms capable of conducting a multiple parallel mineral-
ization are immobilized, the method comprising: filling a
container with a carrier having ventilation; adding thereto
microorganisms that can conduct a multiple parallel miner-
alization by mineralization of an organic material to produce
nitrate nitrogen; and subsequently adding an organic material
and then leaving at rest until nitrate nitrogen starts to be
produced in an effluent during washing the carrier through
addition of water to discharge the effluent from the carrier;
thereby immobilizing the microorganisms capable of con-
ducting a multiple parallel mineralization.

2. The method of manufacturing a carrier according to
claim 1, wherein the container is equipped with a drain outlet,
and the effluent is discharged from the drain outlet.

3. A method of manufacturing a carrier on which microor-
ganisms capable of conducting a multiple parallel mineral-
ization are immobilized, the method comprising: integrally
molding a solid support having gas permeability so as to
maintain a solid shape; adding thereto microorganisms that
can conduct a multiple parallel mineralization by mineraliza-
tion of an organic material to produce nitrate nitrogen; and
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subsequently adding an organic material and then leaving at
rest until nitrate nitrogen starts to be produced in an effluent
during washing the carrier through addition of water to dis-
charge the effluent from the carrier; thereby immobilizing the
microorganisms capable of conducting a multiple parallel
mineralization.

4. The method of manufacturing a carrier according to
claim 1, the method comprising repeatedly performing treat-
ments of adding the organic material, then leaving at rest, and
washing the carrier through the addition of water to discharge
an effluent from the carrier, before nitrate nitrogen starts to be
produced in the effluent discharged during washing the car-
rier.

5. The method of manufacturing a carrier according to
claim 1, wherein the leaving at rest is performed until a nitrate
ion starts to be produced at a concentration of 50 mg/L. or
more in the effluent.

6. The method of manufacturing a carrier according to
claim 1, wherein the carrier comprises one or more kinds of
porous carriers selected from the group consisting of rock-
wool, vermiculite, pearlite, zeolite, sand, Kanuma soil, glass,
ceramic, urethane, nylon, a melamine resin, wood chips,
straw, bog moss, charcoal, cotton, paper, a polyacrylamide
gel, and agar.

7. The method of manufacturing a carrier according to
claim 1, comprising, when nitrate nitrogen is contained in the
carrier immediately after adding the microorganisms, wash-
ing the carrier through addition of water to discharge an
effluent from the carrier, thereby removing nitrate nitrogen,
wherein an ammonification reaction and a nitrification reac-
tion proceed without causing accumulation of intermediate
products and a denitrification does not proceed in the carrier
during adding the organic material.

8. The method of manufacturing a carrier according to
claim 1, wherein the microorganisms capable of conducting a
multiple parallel mineralization is derived from one or more
kinds of microorganism sources including microorganisms
capable of conducting ammonification and microorganisms
capable of conducting nitrification, the microorganism
sources being selected from the group consisting of a culture
solution obtained by culturing microorganisms capable of
conducting a multiple parallel mineralization, dried micro-
bial cells of the microorganisms obtained by drying the cul-
ture solution, the carrier on which microorganisms are immo-
bilized, an effluent discharged from the carrier by adding
water to the carrier on which microorganisms are immobi-
lized, soil, tap water, water from lake and marsh, spring water,
well water, river water, and sea water.

9. The method of manufacturing a carrier according to
claim 1, wherein an amount of the organic material is 0.1 to 10
g with respect to 1 L. of the carrier.

10. The method of manufacturing a carrier according to
claim 1, wherein the organic material is a nitrogen-rich
organic material having a content ratio of carbon to nitrogen,
a C/N ratio, of 19 or less.

11. A method of manufacturing a carrier, wherein the nitro-
gen-rich organic material according to claim 10 is one or
more kinds selected from the group consisting of fish-based
soluble fertilizer, fish flour, oil cake, raw garbage, corn steep
liquor, rice bran, soybean flour, a plant residue, milk, pow-
dered milk, and livestock manure.

12. A method of manufacturing a column reactor for pro-
ducing nitrate nitrogen as inorganic nutrients from an organic
material, wherein the carrier obtained by the method accord-
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ing to claim 1 is used as a column reactor for conducting a
multiple parallel mineralization.

13. A fertilizer, which contains nitrate nitrogen as inor-
ganic nutrients and is produced by using the column reactor
obtained by the method according to claim 12.

14. A method of cultivating a plant, wherein the fertilizer
containing nitrate nitrogen according to claim 13 is used.

15. A method of manufacturing a solid medium for culti-
vating a plant, wherein the carrier obtained by the method
according to claim 1 is used as the solid medium for cultivat-
ing a plant.

16. A solid medium for cultivating a plant, which is
obtained by the method according to claim 15.

17. A method of cultivating a plant, comprising using the
solid medium for cultivating a plant according to claim 16 and
performing hydroponics by directly adding an organic fertil-
izer.
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18. The method of cultivating a plant according to claim 14,
wherein the plant is a leaf vegetable, a fruit vegetable from
which a fruit is harvested, a flower and ornamental plant, a
tree, or a fruit tree.

19. The method of manufacturing a carrier according to
claim 2, the method comprising repeatedly performing treat-
ments of adding the organic material, then leaving at rest, and
washing the carrier through the addition of water to discharge
an effluent from the carrier, before nitrate nitrogen starts to be
produced in the effluent discharged during washing the car-
rier.

20. The method of manufacturing a carrier according to
claim 3, the method comprising repeatedly performing treat-
ments of adding the organic material, then leaving at rest, and
washing the carrier through the addition of water to discharge
an effluent from the carrier, before nitrate nitrogen starts to be
produced in the effluent discharged during washing the
carrier.



