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(57) ABSTRACT

Provided is a method of producing an inoculum, which can
drastically reduce a time to complete a reaction for mineral-
izing an organic material into nitrate nitrogen and can add a
large amount of the organic material at one time in a multiple
parallel mineralization for generating nitrate nitrogen as inor-
ganic nutrients from the organic material, resulting in effi-
cient generation of a high concentration of nitrate nitrogen
and drastic reduction of the amount of a microorganism
source added. The method of producing an inoculum com-
prises: placing water in a container that can store water
therein, inoculating microorganisms capable of conducting a
multiple parallel mineralization thereinto, and maintaining an
environment that allows the multiple parallel mineralization
to proceed in the water, thereby culturing the microorganisms
capable of conducting a multiple parallel mineralization;
forming a biofilm on a solid surface that contacts with the
water and then collecting the biofilm; and utilizing the col-
lected biofilm as an inoculum of the microorganisms opti-
mized as a catalyst for the multiple parallel mineralization.
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METHOD FOR PRODUCTION OF
INOCULUM OF MICROORGANISMS
OPTIMIZED AS CATALYST FOR MULTIPLE
PARALLEL MINERALIZATION

TECHNICAL FIELD

[0001] The present invention relates to a method of produc-
ing an inoculum of microorganisms optimized as a catalyst
for a multiple parallel mineralization.

[0002] The present invention also relates to a method of
producing a fertilizer containing nitrate nitrogen as inorganic
nutrients using the inoculum.

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] Also in ‘hydroponics’ without the use of soil, which
is increasingly used in the production of, for example, veg-
etables such as a tomato and flower and ornamental plants,
expectations for the use of the organic fertilizer have been
increased.

[0005] However, the utilization of the organic fertilizer in
hydroponics has heretofore been impossible. This is because
the direct addition of an organic material to a nutrient solution
generates a harmful intermediary metabolite, which damages
the root of a plant. Hence, only the chemical fertilizer has
heretofore been used in hydroponics.

[0006] Many researchers have considered thata technology
for mineralizing an organic material in advance into a mate-
rial easily absorbed by a plant is required to utilize the organic
fertilizer in the hydroponics.

[0007] Thetechnology for mineralizing an organic material
includes a waste water treatment technology using microor-
ganisms (for example, see Patent Literature 1).

[0008] However, the technology is not suitable for collect-
ing nitrate nitrogen and does not match the purpose of use for
a fertilizer containing nitrate nitrogen as inorganic nutrients
because the technology involves a denitrification (a reaction
for reducing nitrate nitrogen to release nitrogen as nitrogen
gas).

[0009] Inview ofthe foregoing, the “multiple parallel min-
eralization method” described in each of Patent Literature 2
and Non Patent Literature 2 has been invented as a technology
capable of collecting nitrate nitrogen (as a nitrate ion) from an
organic material to be utilized as inorganic nutrients.

[0010] The technology is a highly reproducible method of
degrading organic nitrogen while suppressing the denitrifica-
tion, and collecting a nitrate ion which is nitrate nitrogen as
inorganic nutrients. The technology is used to simultaneously
perform ammonification and nitrification in the same reaction
solution by using sequential proliferation of microorganisms
capable of conducting degradation of an organic material
(ammonification) and generation of a nitrate ion (nitrifica-
tion) in the same reaction system. The reaction can suppress
the denitrification unlike the above-mentioned waste water
treatment technology or the like.

[0011] The use of the technology of the multiple parallel
mineralization method enables the use of organic fertilizers in
hydroponics by direct addition, and further, application of the
technology enables mineralization of an organic material into
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nitrate nitrogen to produce inorganic nutrients (for example,
see Non Patent Literatures 1 and 2).

[0012] The invention disclosed in Patent Literature 2
attracts attention as a technology for realizing hydroponics
using an organic fertilizer and for realizing production of
inorganic nutrients such as nitrate nitrogen by using organic
resources as raw materials. Therefore, the technology is
greatly expected from farmers and plant factories which are
interested in the technology as a novel hydroponics technol-
ogy, companies which plan recycling of organic resources,
and the like.

[0013] However, in the above-mentioned method disclosed
in Patent Literature 2, there is no choice but to use a “natu-
rally-occurring microorganism source” such as soil or water
from lake and marsh as the microorganism source.

[0014] The microorganism source is not optimized for the
multiple parallel mineralization, and hence, the conventional
multiple parallel mineralization method has the following
problems to be improved in practical use.

[0015] That is, the first problem is a long period of time to
complete the reactions. This is because it is necessary to wait
for sequential proliferation of microorganisms capable of
conducting an ammonification reaction and microorganisms
capable of conducting a nitrification reaction as the reactions
are allowed to proceed from the ammonification reaction to
the nitrification reaction because the “naturally-occurring
microorganism source (such as soil or water from lake and
marsh)” is not optimized for the multiple parallel mineraliza-
tion.

[0016] Specifically, the time to complete the reactions is
about two weeks or more, which may cause a trouble such as
missing the proper planting time for seedlings in hydropon-
ics.

[0017] Next, the second problem is impossibility of addi-
tion of an organic material in a large amount at one time. As
mentioned above, the “naturally-occurring microorganism
source” is not optimized for the multiple parallel mineraliza-
tion, and hence, nitrifying microorganisms contained therein
(microorganisms capable of conducting nitrification) have a
low tolerance for organic components and are killed by expo-
sure to a large amount of organic components. Therefore, in
the case where the organic material is added in a large amount
atone time in the ‘culture process’, nitrate nitrogen cannot be
collected because the nitrification reaction is not allowed to
proceed.

[0018] Specifically, the upper limit of the amount of the
organic material added is about 2 g per addition per L of water
(solution) of the reaction system. Therefore, to collect a high
concentration of nitrate nitrogen, it is necessary to add the
organic material in several batches (preferably daily), and
hence, the procedure becomes cumbersome.

[0019] Then, the third problem is a large amount of the
microorganism source added.

[0020] The problem is caused because the above-men-
tioned naturally-occurring microorganism source is not one
(microorganism ecosystem) optimized for the multiple par-
allel mineralization, and hence, the nitrifying microorgan-
isms have a very low tolerance for organic components and it
is unavoidable that the nitrifying bacteria are damaged by
exposure to the organic components, and the amount of the
microorganism source added needs to be adjusted in consid-
eration of loss of the microorganisms by the damages.
[0021] Specifically, it is necessary to add soil in an amount
of'about 5 g or more per L. of water (solution) of the reaction
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system. If the amount is 5 g or less, there is a risk that nitrate
nitrogen cannot be collected because the nitrifying microor-
ganisms are killed by exposure to the organic components.
[0022] Further, addition of a large amount of the microor-
ganism source is problematic in the field of hydroponics. In
the field of hydroponics, tons of nutrient solutions are used,
and hence, a few kilos of soil need to be added to the nutrient
solutions. However, if the soil is added in such amount, a
problem of clogging in a flow path by soil particle is often
caused.

[0023] Moreover, if the soil is added in such amount, soil
aggregates become large to make the system anaerobic in
many cases. Therefore, denitrifying microorganisms which
favor an anaerobic environment (microorganisms capable of
conducting a denitrification) may proliferate to lose nitrate
nitrogen as nitrogen gas. Moreover, the anaerobic microor-
ganisms secrete a component undesirable (phytotoxic) for
plants, which inhibits the growth of the plants.

[0024] Therefore, development of a technology for signifi-
cantly reducing the amount of the microorganism source
added has been required.

[0025] Accordingly, it has been desired to develop a
method of generating nitrate nitrogen as inorganic nutrients
from an organic material by performing the multiple parallel
mineralization at a level suitable for practical use in an effi-
cient fashion, to thereby solve the above-mentioned three
problems.

[0026] [Patent Literature 1] JP 2001-300583 A

[Patent Literature 2] JP 2007-119260 A

[Non Patent Literature 1] Research Journal, 2008, 31 (1), p.
44-46

[0027] [Non Patent Literature 2] “Hydroponics using
organic fertilizer”’, Agriculture and horticulture, Vol. 81, p.
753-764 (2006)

DISCLOSURE OF THE INVENTION

[0028] Problem to be solved by the Invention

[0029] To solve the above-mentioned problems, an object
of the present invention is to provide a method which can
drastically reduce a time to complete a reaction for mineral-
izing an organic material into nitrate nitrogen and can add a
large amount of an organic material at one time in a multiple
parallel mineralization for generating nitrate nitrogen as inor-
ganic nutrients from the organic material, resulting in effi-
cient generation of a high concentration of nitrate nitrogen
and drastic reduction of the amount of the microorganism
source added.

Means for solving the Problems

[0030] The inventor of the present invention has found that
the use of an ‘inoculum of microorganisms optimized as a
catalyst for a multiple parallel mineralization” as a microor-
ganism source can drastically reduce the time to complete a
reaction for mineralizing an organic material into nitrate
nitrogen and can add a large amount of an organic material at
one time in the multiple parallel mineralization for generating
nitrate nitrogen as inorganic nutrients from the organic mate-
rial, resulting in efficient generation of a high concentration
of nitrate nitrogen and drastic reduction of the amount of the
microorganism source added.

[0031] It should be noted that known microorganism
sources containing microorganisms capable of conducting
ammonification and microorganisms capable of conducting
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nitrification include inoculums for tropical fish breeding (for
filtration of breeding water) and activated sludge from sewage
plants.

[0032] However, many of the inoculums for tropical fish
breeding contain microorganisms capable of conducting a
denitrification (denitrifying microorganisms) because the
inoculums are originally intended to control an environment
for the growth of fish and mainly used for removing nitrogen.
Nitrate nitrogen is lost by the microorganisms, and hence, an
inoculum capable of generating a high concentration of
nitrate nitrogen has not been provided.

[0033] Inaddition, the activated sludge from sewage plants
is mainly intended to promote the denitrification, and hence,
the activated sludge contains many microorganisms capable
of conducting a denitrification (denitrifying microorgan-
isms).

[0034] Therefore, the inoculums are not “microorganisms
optimized as a catalyst for the multiple parallel mineraliza-
tion”.

[0035] The present invention has been completed on the
basis of those findings.

[0036] That is, a first aspect of the present invention is a
method of producing an inoculum, comprising: placing water
in a container that can store water therein, inoculating micro-
organisms capable of conducting a multiple parallel mineral-
ization thereinto, and maintaining an environment that allows
the multiple parallel mineralization to proceed in the water,
thereby culturing the microorganisms capable of conducting
a multiple parallel mineralization; forming a biofilm on a
solid surface that contacts with the water and then collecting
the biofilm; and utilizing the collected biofilm as an inoculum
of'the microorganisms optimized as a catalyst for the multiple
parallel mineralization.

[0037] A second aspect of the present invention is the
method of producing an inoculum according to the first
aspect, in which the microorganisms capable of conducting a
multiple parallel mineralization to be inoculated is one or
more kinds selected from the group consisting of soil, bark
compost, and water collected from nature.

[0038] A third aspect of the present invention is the method
of producing an inoculum according to the second aspect, in
which the multiple parallel mineralization is allowed to pro-
ceed in the water under such an environment that an organic
material is added in an amount of 0.05 to 1 g in terms of dry
weight per L of the water per 1 to 7 days.

[0039] A fourth aspect of the present invention is a method
of producing an inoculum comprising: placing water in a
container that can store water therein, inoculating an inocu-
lum obtained by the method of producing an inoculum
according to any one of the first to third aspects, and culturing
the microorganisms capable of conducting a multiple parallel
mineralization under the environment that allows the multiple
parallel mineralization to proceed in the water ; forming a
biofilm on asolid surface that contacts with the water and then
collecting the biofilm; and utilizing the collected biofilm as an
inoculum of the microorganisms optimized as a catalyst for
the multiple parallel mineralization.

[0040] A fifth aspect of the present invention is the method
of producing an inoculum according to the fourth aspect, in
which the multiple parallel mineralization is allowed to pro-
ceed in the water under such an environment that an organic
material is added in an amount 0 0.01 to 10 g in terms of dry
weight per L of the water.
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[0041] A sixthaspect of the present invention is the method
of producing an inoculum according to any one of the first to
fifth aspects, in which the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that an aerobic condition is maintained in the water.

[0042] A seventh aspect of the present invention is the
method of producing an inoculum according to the sixth
aspects, in which the aerobic condition is maintained by
aeration or shaking.

[0043] An eighth aspect of the present invention is the
method of producing an inoculum according to any one of the
first to seventh aspects, in which the multiple parallel miner-
alization is allowed to proceed in the water under such an
environment that the water is maintained at a water tempera-
ture of 15 to 37° C.

[0044] A ninth aspect of the present invention is the method
of producing an inoculum according to any one of the first to
eighth aspects, in which the solid surface that contacts with
the water is a wall surface and/or a bottom surface of the
container.

[0045] A tenth aspect of the present invention is the method
of producing an inoculum according to any one of the third
and the fifth to ninth aspects, comprising culturing the micro-
organisms capable of conducting a multiple parallel mineral-
ization while proliferation of microorganisms capable of con-
ducting a denitrification in the formed biofilm is suppressed
by stopping addition of the organic material when the con-
centration of a nitrate ion generated in the water reaches 10to
30mg/L in culturing the microorganisms capable of conduct-
ing a multiple parallel mineralization in the water.

[0046] An eleventh aspect of the present invention is the
method of producing an inoculum according to any one of the
first to tenth aspects, in which the biofilm is collected by
discarding a supernatant of a culture solution obtained after
culturing the microorganisms capable of conducting a mul-
tiple parallel mineralization and then collecting the biofilm
formed on the solid surface.

[0047] A twelfth aspect of the present invention is the
method of producing an inoculum according to any one of the
first to eleventh aspects, in which the biofilm is collected as a
mixture obtained by mixing the biofilm formed on the solid
surface and the supernatant of the culture solution obtained
after culturing the microorganisms capable of conducting a
multiple parallel mineralization.

[0048] A thirteen aspect of the present invention is the
method of producing an inoculum according to the eleventh
or twelfth aspect, comprising removing excess water by cen-
trifugation or filtration after collecting the formed biofilm.
[0049] A fourteenth aspect of the present invention is the
method of producing an inoculum according to the eleventh
aspect, comprising performing a drying treatment after dis-
carding the supernatant of the culture solution.

[0050] A fifteenth aspect of the present invention is the
method of producing an inoculum according to the thirteenth
aspect, comprising performing a drying treatment after
removing the excess water.

[0051] A sixteenth aspect of the present invention is the
method of producing an inoculum according to any one of the
first to fifteenth aspects, in which the inoculum maintains its
function as the inoculum of the microorganisms optimized as
a catalyst for a multiple parallel mineralization when the
inoculum is heated at 50 to 80° C.

[0052] A seventeenth aspect of the present invention is the
method of producing an inoculum according to any one of the
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first to sixteenth aspects, in which the inoculum includes both
microorganisms capable of conducting ammonification and
microorganisms capable of conducting nitrification, and the
amount of the microorganisms capable of conducting nitrifi-
cation is ten thousand to one hundred million cells per g of the
inoculum.

[0053] An eighteenth aspect of the present invention is an
inoculum of the microorganisms optimized as a catalyst for
the multiple parallel mineralization, which is obtained by the
method of producing an inoculum according to any one of the
first to seventeenth aspects.

[0054] A nineteenth aspect of the present invention is a
method of producing a fertilizer containing nitrate nitrogen as
inorganic nutrients comprising: placing water in a container
that can store water therein and adding the inoculum accord-
ing to the eighteenth aspect; allowing the multiple parallel
mineralization to proceed in the water by maintaining an
environment that allows the multiple parallel mineralization
to proceed in the water, i.e., such an environment that an
organic material is added, the water is maintained at a water
temperature of 15 to 37° C., and an aerobic condition is
maintained in the water; providing a reaction solution con-
taining a nitrate ion at a concentration of 100 mg/LL or more;
and utilizing the resultant reaction solution as a fertilizer
containing nitrate nitrogen as inorganic nutrients.

[0055] A twentieth aspect of the present invention is the
method of producing a fertilizer according to the nineteenth
aspect, in which the organic material is added in an amount of
10 g or less in terms of dry weight per L of the water at one
time.

[0056] A twenty-first aspect of the present invention is the
method of producing a fertilizer according to the nineteenth
or twelfth aspect, in which the reaction solution containing a
nitrate ion generated at a concentration of 100 mg/L. or more
can be provided within 8 days.

[0057] A twenty-second aspect of the present invention is
the method of producing a fertilizer according to any one of
the nineteenth to twenty-first aspects, in which the inoculum
is added in an amount of 0.01 g or more per L of the water.
[0058] A twenty-third aspect of the present invention is the
method of producing a fertilizer according to any one of the
nineteenth to twenty-second aspects, in which the multiple
parallel mineralization is allowed to proceed without being
accompanied by a denitrification.

[0059] A twenty-fourth aspect of the present invention is a
fertilizer, containing nitrate nitrogen as inorganic nutrients,
the fertilizer being obtained by the method of producing a
fertilizer according to any one of the nineteenth to twenty-
third aspects.

[0060] A twenty-fifth aspect of the present invention is a
method of cultivating a plant, in which the fertilizer contain-
ing nitrate nitrogen as inorganic nutrients according to the
twenty-fourth aspect is used.

[0061] A twenty-sixth aspect of the present invention is the
method of cultivating a plant, comprising adding a fertilizer
containing an organic material directly to the reaction solu-
tion to perform hydroponics in the reaction solution obtained
according to any one of the twentieth to twenty-fifth aspects.
[0062] A twenty-seventh aspect of the present invention is
the method of cultivating a plant according to the twenty-fifth
or twenty-sixth aspect, in which the plant is a leaf vegetable,
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a fruit vegetable from which a fruit is harvested, a fruit tree, a
tree, or a flower and ornamental plant.

Effects of the Invention

[0063] According to the present invention, it is possible to
provide the ‘inoculum of microorganisms optimized as a
catalyst for a multiple parallel mineralization’.

[0064] According to the present invention, it is possible to
drastically reduce a time to complete a reaction for mineral-
izing an organic material into nitrate nitrogen and to add a
large amount of an organic material at one time in the multiple
parallel mineralization for generating nitrate nitrogen as inor-
ganic nutrients from the organic material, resulting in effi-
cient generation of a high concentration of nitrate nitrogen
and drastic reduction of the amount of the microorganism
source added.

[0065] Moreover, according to the present invention, it is
possible to rapidly degrade organic resources or food wastes
containing a large amount of nitrogen to convert the resources
or the wastes into inorganic fertilizers containing nitrate
nitrogen.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0066] The present invention relates to a method of produc-
ing an inoculum of microorganisms optimized as a catalyst
for a multiple parallel mineralization in the multiple parallel
mineralization for generating nitrate nitrogen as inorganic
nutrients from an organic material.

[0067] The present invention also relates to a method of
producing a fertilizer containing nitrate nitrogen as inorganic
nutrients using the inoculum.

[0068] It should be noted that FIGS. 1(a) to 1(¢) are dia-
grams illustrating embodiments of the method of producing
an inoculum of microorganisms optimized as a catalyst for a
multiple parallel mineralization of the present invention.
[0069] Specifically, FIG. 1(a) is a diagram illustrating an
embodiment of the method using a ‘naturally-occurring
material (such as soil)’ as the inoculum source of the micro-
organisms. Further, FIG. 1(b) is a diagram illustrating an
embodiment of the method using ‘the inoculum of the present
invention” as the inoculum source of the microorganisms.
Further, FIG. 1(c) is a diagram illustrating an embodiment of
the method using a ‘biofilm remaining on a container (solid
surface)’ as the inoculum source of the microorganisms.
[0070] In the present invention, the inoculum of microor-
ganisms optimized as a catalyst for the multiple parallel min-
eralization is produced by: placing water in a container that
can store water therein, inoculating microorganisms capable
of conducting a multiple parallel mineralization thereinto,
and maintaining an environment that allows the multiple par-
allel mineralization to proceed in the water, thereby culturing
the microorganisms capable of conducting a multiple parallel
mineralization ; and forming a biofilm (microbial community
structure) on a solid surface that contacts with the water, and
then collecting the biofilm.

[0071] The first step in the production of the inoculum of
the microorganisms optimized as a catalyst for the multiple
parallel mineralization of the present invention is a step of
‘placing water in a container that can store water therein,
inoculating thereinto microorganisms capable of conducting
a multiple parallel mineralization for mineralizing an organic
material to generate nitrate nitrogen, and maintaining an envi-
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ronment that allows the multiple parallel mineralization to
proceed in the water, thereby culturing the microorganisms
capable of conducting a multiple parallel mineralization’ (cul-
ture step).

[0072] It should be noted that in the culture step, the envi-
ronment that allows the multiple parallel mineralization to
proceed may be maintained ‘after inoculating the microor-
ganisms’ or may be maintained ‘after inoculating the micro-
organisms into water in a state in which the environment that
allows the multiple parallel mineralization to proceed is
maintained’.

[0073] Any container may be used as “a container that can
store water therein” in this step as long as the container can
store water therein.

[0074] Examples of the container include: containers
which can store a relatively large amount of water therein,
such as a water tank, a pot, a bucket, a tank, a water storage
tank, a bathtub, and a pool; and containers which can store a
relatively small amount of water therein, such as a flask, a
beaker, and a test tube.

[0075] Specifically, the pot, tank, or flask maybe used.
Meanwhile, in the case of large-scale production or actual
industrial use, the water storage tank or pool may be used.
[0076] It should be noted that, more preferably, the con-
tainer is desirably one which has a structure where the solid
surface area of the container that contacts with water is large
with respect to the volume and where there are few parts at
which water stream stagnates so as to hardly cause an anaero-
bic condition.

[0077] Inaddition, the area where the biofilm of the micro-
organisms is formed can be increased by placing a solid
support where the microorganisms are easy to adhere in the
container (by immersing the support in water in the con-
tainer).

[0078] Specifically, a solid support such as bamboo char-
coal, charcoal, pearlite, sea sand, vermiculite, ceramic, zeo-
lite, glass, rockwool, urethane, nylon, or a melamine resin
may be used.

[0079] Moreover, the area where the biofilm of the micro-
organisms is formed can be increased by immersing an
immersing object such as a plate (a plate-like object) or a
columnar structure in the container (by immersing the object
when water is placed therein). The immersing object desir-
ably has a structure which is detachable and removable from
water. Specifically, as the immersing object, an object made
of glass, acryl, plastic, ceramics, pottery, etc., which is not
putrefied and corroded in water, may be used.

[0080] As the water used in this step, tap water, distilled
water, distilled pure water, well water, river water, lake water,
sea water, etc. may be used.

[0081] The amount of the water is not particularly limited
as long as the water is at least 50 times the dry weight of the
organic material to be added. To obtain the inoculum in an
adequate amount, specifically, the water is placed in the con-
tainer in an amount of 0.001 to 10,000 L, preferably 0.01 to
1000 L.

[0082] Inthe present invention, the “multiple parallel min-
eralization” is a reaction for generating nitrate nitrogen by
mineralizing an organic material and involves successively
performing degradation of an organic material into ammo-
nium nitrogen (ammonification)and) and nitrification of
ammonium nitrogen into nitrate nitrogen (nitrification) in the
same reaction system.
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[0083] Specifically, the reaction refers to a reaction for
generating nitrate nitrogen by degrading organic nitrogen
contained in the organic material into ammonium nitrogen
and then performing nitrification (oxidation) of ammonium
nitrogen through nitrification in degradation of the organic
material.

[0084] It should be noted that, in the present invention, the
nitrate nitrogen generated by mineralizing the organic mate-
rial includes a nitrate ion and a nitrate salt, but specifically
refers to a nitrate ion.

[0085] The “microorganisms capable of conducting a mul-
tiple parallel mineralization” to be “inoculated” in this culture
step include microorganisms capable of conducting ammoni-
fication and microorganisms capable of conducting nitrifica-
tion, and may be ones which can conduct the multiple parallel
mineralization when cultured under the below-mentioned
predetermined environment.

[0086] 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.

[0087] The inoculum source of the microorganisms
capable of conducting a multiple parallel mineralization in
this step may be specifically a “naturally-occurring material
, such as soil, compost including bark compost, activated
sludge, or water collected from nature (specifically, water
from lake and marsh, spring water, well water, river water, sea
water, etc.).

[0088] However, the naturally-occurring inoculum sources
are not necessarily optimized as a catalysts for a multiple
parallel mineralization. Therefore, in the cases of using the
above-mentioned materials as the inoculum sources, to cul-
ture the microorganisms capable of conducting a multiple
parallel mineralization, specifically, it takes at least 10 days,
usually 15 to 20 days to complete all the steps in production
of'the inoculum of the present invention in the case where the
amount of an organic material added is 1 g or less per L. of
water and the reaction temperature is 25° C.

[0089] Therefore, the “inoculum of the microorganisms
optimized as a catalyst for the multiple parallel mineraliza-
tion” obtained in the present invention is preferably inocu-
lated as the inoculum source of the microorganisms in this
step.

[0090] As mentioned in detail below, the “inoculum” is a
material obtained by collecting the biofilm (microbial com-
munity structure) formed on the solid surface after the culture
step or a material collected so that the material contains the
biofilm.

[0091] When the inoculum is added as the inoculum source
of the microorganisms in this step, the culture step can be
completed rapidly. Specifically, all the steps in production of
the inoculum of the present invention can be completed
within at most 8 days, usually 4 to 8 days in the case where the
amount of an organic material added is 1 g or less per L. of
water and the reaction temperature is 25° C.
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[0092] That is, the time period taken to complete all the
steps in production of the inoculum of the present invention
can be almost halved, and the production efficiency can be
drastically enhanced by increasing the times of the operation.
[0093] It should be noted that the biofilm remaining on the
container (solid surface) after collection of the biofilm may be
used as the inoculum source in this culture step having the
same functions as those of the “inoculum”.

[0094] In actual production, before the “inoculum” of the
present invention is obtained, the above-mentioned “natu-
rally-occurring material” (such as soil, bark compost, or
water collected from nature) is desirably used as the inoculum
source of the microorganisms in this step, and after the inocu-
lum of the present invention is obtained, the “inoculum” is
desirably used from the point of view of the efficiency as
mentioned above.

[0095] Ininoculation of the microorganisms in this culture
step, the amount of the inoculum source added is not particu-
larly limited, but in the case where the “naturally-occurring
material” (such as soil, bark compost, or water collected from
nature) is added, a large amount of the inoculum source needs
to be added to water placed in the container.

[0096] Specifically, in the case of using soil or bark com-
post, the inoculum source is added in an amount of 1 to 10 g
with respect to 1 L of water placed in the container, and in the
case of using water collected from nature, the inoculum
source is added by replacing 100 to 1000 ml out of 1 L of the
water placed in the container with the water collected from
nature (so that the water collected from nature accounts for 10
to 100% of the total volume).

[0097] Onthe other hand, in the case where the “inoculum™
of the present invention is added as the inoculum source, the
amount ofthe inoculum added can be drastically reduced, and
the inoculum may be added in an amount of 0.005 to 1 g in
terms of dry weight per L. of the water placed in the container.
[0098] Specifically, in the case of using dried microbial
cells, 0.05 to 1 g of the inoculum may be added per L. of the
water placed in the container, and in the case of using wet
microbial cells, 0.05 to 10 g of the inoculum may be added per
L ofthe water placed in the container. Meanwhile, in the case
where a mixture of the biofilm and the supernatant of a culture
solution is added, the inoculum source may be added by
replacing 1 to 500 ml out of 1 L of the water placed in the
container with the mixture (so that the mixture accounts for 1
to 50% of the total volume).

[0099] It should be noted that, in the case where the biofilm
remaining on the container (solid surface) after collection of
the biofilm is used as the inoculum. source, 0.005 to 1 g (in
terms of dry weight) of the biofilm may be added with 1 L of
water in the container to prepare water inoculated with the
microorganisms.

[0100] Inthis culture step, the “environment that allows the
multiple parallel mineralization to proceed in the water” spe-
cifically refers to an environment where an aerobic condition
is maintained in the water, an organic material is added to the
water, and further the water is maintained at a water tempera-
ture of 15 to 37° C.

[0101] When such environment is maintained, the micro-
organisms capable of conducting a multiple parallel mineral-
ization can be cultured.

[0102] In this culture step, when “an aerobic condition is
maintained” in the water, the concentration of dissolved oxy-
gen in the water can be increased to create a condition suitable
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for the activity of the microorganisms capable of conducting
a multiple parallel mineralization.

[0103] Meanwhile, microorganisms capable of conducting
a denitrification (denitrifying microorganisms) become
active under an anaerobic condition, and hence, the above-
mentioned environment is preferred for suppressing the pro-
liferation of the microorganisms capable of conducting a
denitrification.

[0104] A method of maintaining an aerobic condition in the
water includes aeration, shaking, dissolution of a high con-
centration of oxygen, and the use of water containing a high
concentration of oxygen. Preferably, aeration or shaking is
employed.

[0105] Inthis culture step, the “water temperature” suitable
for allowing the multiple parallel mineralization to proceed is
one suitable for growing the microorganisms capable of con-
ducting a multiple parallel mineralization. Specifically, the
water temperature is kept at 15 to 42° C., preferably 15 to 37°
C., more preferably 20to 37° C., most preferably about 25° C.
[0106] It should be noted that, in the case where the tem-
perature is lower than 15° C., the temperature is not preferred
because proliferation of the microorganisms is delayed to
require a long period of time for culture. Meanwhile, in the
case where the temperature is higher than 42° C., the tem-
perature is not preferred because part of microorganisms
necessary for allowing the multiple parallel mineralization to
proceed may be killed.

[0107] In this culture step, the “organic material” to be
added to the water may be any material including an organic
fertilizer and an organic resource such as a food residue, a
plantresidue, a livestock waste, or an excrement may be used.
However, a nitrogen-rich organic material having a content
ratio of carbon to nitrogen, a C/N ratio, of 11 or less, prefer-
ably 10 or less is desirably used because the collection effi-
ciency of nitrate nitrogen can be enhanced.

[0108] The organic material desirably contains a protein, a
protein degradation product, and an amino acid in large
amounts. Specific examples thereof include food residues
such as fish-based soluble fertilizer, corn steep liquid, oil
cake, fish flour, milk, soybean cake, yeast cake, sake cake,
shochu cake, and raw garbage . It should be noted that those
are wastes obtained in a food producing process and are
desirable in terms of being free of any component having
toxicity.

[0109] Further, of those, it is more desirable to use fish-
based soluble fertilizer, corn steep liquid, or oil cake. A spe-
cific example of the fish-based soluble fertilizer is bonito-
based soluble fertilizer. Further, the corn steep liquid is, for
example, corn steep liquor (CSL: corn steep liquid obtained
as a by-product during producing corn starch). Further, an
example of the oil cake is rapeseed oil cake.

[0110] It should be noted that the organic material may be
used in a liquid form or in a powder form, but bonito-based
soluble fertilizer and corn steep liquor are particularly desir-
able because they are liquid and easily disperse uniformly in
the water.

[0111] Inthis culture step, a method of “adding the organic
material” to the water varies depending on the type of the
inoculum source of the microorganisms.

[0112] That is, in the case where a “naturally-occurring
microorganism source” (such as soil, bark compost, or natural
water) is added as the inoculum source, to prevent killing of
nitrifying microorganisms contained in the microorganism
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source by exposure to the organic material, it is necessary to
‘gradually’ add the organic material in an amount of2 gor less
per L of water per day.

[0113] Specifically, the organic material is desirably added
in an amount 0f0.01 to 2 g (in terms of dry weight), preferably
0.05to 1 g (in terms of dry weight) per L of the water per 1 to
14 days, preferably per 1 to 7 days, more preferably daily. For
example, in the case of using rapeseed oil cake, the organic
material may be added in an amount 0f 0.01 to 2 g.

[0114] In the case where the organic material is in a liquid
form, the value of the amount in terms of dry weight may be
in the range. For example, bonito-based soluble fertilizer may
be added in an amount of 0.01 to 2 g in terms of liquid weight
(0.007 to 1.4 g in terms of dry weight), while corn steep liquor
may be added in an amount of 0.01 to 2 g in terms of liquid
weight (0.005 to 1 g in terms of dry weight).

[0115] Further, in the case where the “inoculum” of the
present invention is added as the inoculum source, the organic
material can be added ‘at one time’ in anamount up to 10 gper
L of water because the nitrifying microorganisms contained
in the inoculum source has increased resistance to exposure to
organic components.

[0116] Specifically, the inoculum is desirably added “at the
first day of culture’ in an amount 0 0.01 to 10 g (in terms of
dry weight) , preferably 0.05 to 5 g (in terms of dry weight)
per L of the water. For example, rapeseed oil cake may be
added in an amount 0f 0.01 to 10 g.

[0117] Inaddition, in the case where the organic material is
in aliquid form, the value of the amount in terms of dry weight
may be in the range. For example, bonito-based soluble fer-
tilizer may be added in an amount of 0.01 to 10 g in terms of
liquid weight (0.007 to 7 g in terms of dry weight); while corn
steep liquor may be added in an amount of 0.01 to 10 g in
terms of liquid weight (0.005 to 5 g in terms of dry weight).
[0118] In this culture step, the “time to culture” the micro-
organisms capable of conducting a multiple parallel mineral-
ization is desirably a time until half the amount of nitrogen
contained in the organic material added is converted into a
nitrate ion, preferably a time until the increase in the concen-
tration of a nitrate ion in the culture solution reaches a plateau.
[0119] Itshould be noted that, in the case where the amount
of'the organic material added is 1 g or less per L of water, the
reaction temperature is 25° C., and the “naturally-occurring
microorganism source” (such as soil, bark compost, or natural
water) is added as the inoculum source, the number of days
for culture under the above-mentioned environment (culture
until the increase in the concentration of a nitrate ion in the
culture solution reaches a plateau) is specifically 10 days at
shortest, usually 15 to 20 days.

[0120] On the other hand, in the case where the amount of
the organic material added is Igor less per L of water, the
reaction temperature is 25° C., and the “inoculum” of the
present invention is added, the number of days is 8 days at
longest, usually 4 to 8 days.

[0121] In this culture step, in the case where the microor-
ganisms capable of conducting a multiple parallel mineral-
ization are cultured, the microorganisms capable of conduct-
ing a multiple parallel mineralization are cultured while
suppressing proliferation of the microorganisms capable of
conducting a denitrification in the biofilm formed.

[0122] The “denitrification” is a phenomenon where nitrate
nitrogen is reduced into, for example, nitrogen gas or nitrous
oxide gas by the microorganisms capable of conducting a
denitrification (denitrifying microorganisms), thereby losing
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nitrate nitrogen. The reaction tends to be induced when the
following two conditions are simultaneously realized: a con-
dition where there is an organic component serving as an
energy source for the denitrifying microorganisms; and a
condition where nitrate nitrogen serving as an oxygen donor
for the denitrifying microorganisms is generated.

[0123] Therefore, in the present invention, the microorgan-
isms capable of conducting a multiple parallel mineralization
are desirably cultured while suppressing proliferation of the
microorganisms capable of conducting a denitrification
(denitrifying microorganisms) by stopping addition of the
organic material before or immediately after nitrate nitrogen
starts to be generated in the water.

[0124] Specifically, when (before or immediately after) the
concentration of nitrate nitrogen generated in the water
reaches 10 to 50 mg/L, preferably 10 to 30 mg/L. in terms of
a nitrate ion, the addition of the organic material is desirably
stopped.

[0125] It should be noted that the microorganisms capable
of conducting a denitrification (denitrifying microorganisms)
become active under an anaerobic condition, and hence, an
aerobic condition is desirably maintained in the water.
[0126] The above-mentioned culture step is performed to
form the biofilm of the microorganisms capable of conduct-
ing a multiple parallel mineralization on the solid surface that
contacts with the water, and then a step of collecting the
biofilm (collection step) is performed.

[0127] Here, the “solid surface” that contacts with the water
specifically refers to: a wall surface or a bottom surface of the
container; the surface of a solid support immersed in water
separately from the container; or the surface of a plate
immersed in water separately from the container.

[0128] It should be noted that, from the viewpoint of the
operation efficiency of collection of the biofilm, in the case
where the solid surface where the biofilm of the microorgan-
ismms is formed is the wall surface and/or bottom surface of the
container, the solid surface desirably has a structure in which
water stream does not often stagnate, while in the case where
the solid surface is the solid support or plate immersed in
water, the solid surface desirably has a structure which is
detachable and removable from water.

[0129] In this step, the “collection of the biofilm™ refers to
collection of the biofilm formed on the solid surface or col-
lection of a material containing the biofilm.

[0130] Specifically, there are the following cases: (1) the
supernatant of the culture solution obtained after culturing the
microorganisms capable of conducting a multiple parallel
mineralization is discarded, and then the biofilm formed on
the solid surface is collected; and (2) a mixture of the biofilm
formed on the solid surface and the supernatant of the culture
solution obtained after culturing the microorganisms capable
of conducting a multiple parallel mineralization is collected.
It should be noted that FIG. 2(c¢) is a diagram illustrating an
embodiment of the method of collecting the biofilm in the
present invention.

[0131] The method (1) involves discarding the supernatant
of the culture solution and collecting the biofilm formed on
the solid surface.

[0132] In this case, the supernatant of the culture solution
may be discarded by discharge from a drain outlet, decanta-
tion (a method of discarding the supernatant by tilting the
container), aspiration, evaporative drying, or the like. The
supernatant of the culture solution is desirably discarded by
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discharge from a drain outlet, decantation, or aspiration
because a structure can be simplified and a treatment can be
facilitated.

[0133] After the supernatant of the culture solution has
been discarded, specifically, the biofilm may be collected and
harvested by scraping the surface of the container or the
surface of the solid support immersed or the immersed object.
The thus-collected biofilm is collected as a “wet microorgan-
ism cells”. Meanwhile, a support itself to which the biofilm
has adhered may be collected as a wet microorganism cells of
the present invention.

[0134] The method (2) involves mixing the biofilm formed
onthe solid surface and the supernatant of the culture solution
obtained after culturing the microorganisms capable of con-
ducting a multiple parallel mineralization and then collecting
the “mixture”.

[0135] In this case, specifically, mixing of the biofilm
formed and the supernatant of the culture solution may be
performed by: mixing the formed biofilm physically peeled
off by scraping the biofilm using a brush, a wiper, or the like
and the supernatant of the culture solution well; mixing the
biofilm peeled off by water stream and the supernatant; or
mixing the biofilm peeled off by vibrating the whole of the
container and the supernatant.

[0136] Inaddition, in the mixture, the amount of the super-
natant of the culture solution is preferably about 0.5 to 100 ml
per g of the biofilm.

[0137] The “biofilm” formed in the above-mentioned cul-
ture step contains the microorganisms capable of conducting
a multiple parallel mineralization at a high concentration and
contains the microorganisms capable of conducting ammoni-
fication and the microorganisms capable of conducting nitri-
fication (nitrifying microorganisms) at a high concentration.
In particular, the biofilm is suitable for collecting the micro-
organisms capable of conducting nitrification (nitrifying
microorganisms) , which colonize on the solid surface.
[0138] It should be noted that the “supernatant of the cul-
ture solution” obtained after culturing the microorganisms
capable of conducting a multiple parallel mineralization con-
tains the microorganisms capable of conducting ammonifi-
cation of the microorganisms capable of conducting a mul-
tiple parallel mineralization but contains few microorganisms
capable of conducting nitrification (nitrifying microorgan-
isms) .

[0139] Therefore, “only the supernatant of the culture solu-
tion” has very low activity toward the nitrification reaction,
and is not suitable as the inoculum of the microorganisms
capable of conducting a multiple parallel mineralization.
[0140] That is, in the present invention, as in the above-
mentioned method (1) or (2), the collected biofilm formed on
the solid surface or the collected material containing the
biofilm may be used as the “inoculum of the microorganisms
optimized as a catalyst for the multiple parallel mineraliza-
tion”.

[0141] Itshould be noted that, in view of preservation of the
inoculum or problems in transportation, a method involving
using the biofilm collected by the method (1) is desirably
employed because the volume or weight can be easily
reduced.

[0142] Meanwhile, in the case where preservation or trans-
portation is not particularly considered, the method (2)
involving mixing the biofilm and the supernatant of the cul-
ture solution is desirable because the operation of the method
is the easiest.
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[0143] The biofilm collected by the above-mentioned
method (1) or (2) may be used as the “inoculum of the micro-
organisms optimized as a catalyst for the multiple parallel
mineralization” of the present invention, and further, the col-
lected biofilm may be collected as the “wet microbial cells”
obtained by removing excess water by centrifugation or fil-
tration. It should be noted that, in this treatment, both the
centrifugation and filtration may be performed in combina-
tion.

[0144] In this treatment, centrifugation may be performed
at such a centrifugation rate that gives microorganisms no
stress (2000 to 20,000xg). Meanwhile, filtration may be per-
formed by filtering the wet biofilm or the mixture of the
biofilm and the supernatant of the culture solution using a
filter paper, cloth, or the like.

[0145] It should be noted that, in this treatment, the biofilm
is desirably collected as wet microbial cells with a water
content of 90% or less.

[0146] In this collection step, a drying treatment may be
performed to collect the inoculum of the microorganisms
optimized as a catalyst for the multiple parallel mineraliza-
tion in the form of ‘dried microbial cells’.

[0147] In the case where this collection step is performed
by the above-mentioned method (1), the drying treatment
may be performed after discarding the supernatant of the
culture solution. Specifically, after discarding the supernatant
of'the culture solution, the formed biofilm which is adhered to
the solid surface may be subjected to the drying treatment.
Alternatively, the drying treatment may be performed after
collection of the wet biofilm formed.

[0148] Moreover, in the case where this collection step is
performed by the above-mentioned method (1) or (2) and then
excess water is removed by centrifugation or filtration, the
wet microbial cells may be collected and subjected to the
drying treatment, to thereby obtain dried microbial cells.
[0149] The drying treatment may be performed by air dry-
ing, dry-heat treatment, reduced-pressure drying, etc. Spe-
cifically, the drying treatment may be performed by drying
the wet microbial cells with air for about 1 hour to overnight
(about 6 to 14 hours), preferably about overnight (about 6 to
14 hours) under a room temperature condition (15 to 37° C.)
[0150] It should be noted that, in this drying treatment, it is
preferred to obtain dried microbial cells with a water content
0f 20% or less.

[0151] The “inoculum of the microorganisms optimized as
a catalyst for the multiple parallel mineralization” of the
present invention can be produced by the above-mentioned
steps.

[0152] The inoculum may be produced in the form of the
wet microbial cells, dried microbial cells (microorganism
cells after the drying treatment), a liquid (mixture of the
biofilm and the supernatant of the culture solution), a solid
support to which the biofilm is attached, etc.

[0153] From the viewpoint of the preservation or distribu-
tion (to transport or preserve the inoculum in another place),
heat resistance of the dry inoculum, or decrease in the inocu-
lum dose and improvement of the operation efficiency, the
inoculum is preferably produced in the form of the “dried
microbial cells”.

[0154] Meanwhile, in the case where the multiple parallel
mineralization is allowed to proceed again at the same place,
the inoculum is preferably produced in the form of the “wet
microbial cells” or “liquid” because the step of producing the
inoculum is simple.
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[0155] The inoculum of the present invention has a micro-
organism composition including the microorganisms capable
of conducting ammonification and the microorganisms
capable of conducting nitrification (nitrifying microorgan-
isms), and the amount of the microorganisms capable of
conducting nitrification (nitrifying microorganisms) is ten
thousand to one hundred million cells per g of the obtained
inoculum.

[0156] The case where the microorganisms capable of con-
ducting ammonification do not cooperate with the microor-
ganisms capable of conducting nitrification without the pro-
cess of the multiple parallel mineralization in the inoculum of
the present invention is not preferred because the microor-
ganisms capable of conducting nitrification are easily killed
by exposure to a large amount of organic components to lose
the nitrification ability, resulting in failing to allow the mul-
tiple parallel mineralization to proceed.

[0157] That is, in the inoculum of the present invention, the
nitrification ability of the microorganisms capable of con-
ducting nitrification is maintained even in the presence of the
organic components because the microorganisms capable of
conducting ammonification and the microorganisms capable
of conducting nitrification cooperate and interact with each
other.

[0158] The inoculum of the present invention is one which
maintains the function as the inoculum of the microorganisms
optimized as a catalyst for the multiple parallel mineraliza-
tion even after heating at 50 to 80° C., preferably 50 to 60° C.,
more preferably 50° C. Meanwhile, the time to resist the
heating is about 0.1 to 12 hours, preferably about 30 minutes.
[0159] The heat resistance is effective to avoid deactivation
by an assumed high temperature in a truck or a warehouse
during the transportation or preservation of the inoculum.
[0160] The inoculum of the present invention can be used
as the ‘microorganism source’ of the “microorganisms opti-
mized as a catalyst for the multiple parallel mineralization” in
generation of nitrate nitrogen as inorganic nutrients from the
organic material using the microorganisms capable of con-
ducting a multiple parallel mineralization.

[0161] In the present invention, specifically, a “fertilizer
containing nitrate nitrogen as inorganic nutrients can be pro-
duced” by ‘generating nitrate nitrogen as inorganic nutrients
from the organic material using the microorganisms capable
of conducting a multiple parallel mineralization’.

[0162] In the present invention, production of a fertilizer
containing nitrate nitrogen as inorganic nutrients (fertilizer
production step) is performed by: placing water in a container
that can store water therein and adding thereto ‘the inoculum’
of the present invention; allowing the multiple parallel min-
eralization to proceed in the water by maintaining such an
“environment that an organic material is added, the water is
maintained at a water temperature of 15 to 37° C., and is
maintained aerobically”, which allows the multiple parallel
mineralization to proceed in the water; obtaining a reaction
solution containing 100 mg/I. or more of a nitrate ion; and
collecting the obtained reaction solution.

[0163] It should be noted that, in this fertilizer production
step, the environment that allows the multiple parallel min-
eralization to proceed may be maintained ‘after adding the
inoculum’ or ‘after adding the inoculum to water in a state in
which the environment that allows the multiple parallel min-
eralization to proceed is maintained’.

[0164] Any container may be used as “a container that can
store water therein” in this step as long as the container can
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store water therein and has such a structure that dissolved
oxygen is easy to spread evenly.

[0165] Examples of the container include: containers
which can store a relatively large amount of water therein,
such as a water tank, a pot, a bucket, a tank, a water storage
tank, a bathtub, and a pool; and containers which can store a
relatively small amount of water therein, such as a flask, a
beaker, and a test tube.

[0166] Specifically, the pot, tank, or flask maybe used.
Meanwhile, in the case of large-scale production or actual
industrial use, the water storage tank or pool may be used.
[0167] As the water used in this step, tap water, distilled
water, distilled pure water, well water, river water, lake water,
sea water, etc. may be used.

[0168] The amount of the water is not particularly limited
as long as the water is at least 50 times the dry weight of the
organic material to be added. To obtain a fertilizer in an
adequate amount, specifically, the water is placed therein in
an amount of 0.001 to 10,000 L, preferably 0.01 to 1000 L.
[0169] In this fertilizer production step, the amount of the
inoculum of the present invention to be added as the ‘micro-
organism source’ is 0.01 g or more, preferably 0.2 g or more
per L of the water placed in the container. In the case where
the inoculum is added in an amount of only less than 0.2 g, the
time to complete the multiple parallel mineralization may be
delayed, which is not preferred.

[0170] It should be noted that, in a conventional method,
i.e., in the case where bark compost or the like is added as the
microorganism source, it is necessary to add the microorgan-
ism source in an amount of about 5 g or more per L of water.
[0171] That is, the amount of the microorganism source to
be added can be drastically reduced to about one-fiftieth,
preferably about one-twenty-fifth of the amount of the con-
ventional method by using the inoculum of the present inven-
tion as the microorganism source.

[0172] In this fertilizer production step, to maintain the
environment that allows the multiple parallel mineralization
to proceed, it is necessary ‘to maintain the environment where
the organic material is added, the water is maintained at a
water temperature of 15 to 37° C., and is maintained aerobi-
cally’.

[0173] If such environment is maintained, it is possible to
proliferate the microorganisms optimized as a catalyst for the
multiple parallel mineralization in the water to allow the
multiple parallel mineralization to proceed rapidly, and fur-
ther to generate nitrate nitrogen as inorganic nutrients “with-
out being accompanied by the denitrification”.

[0174] In this fertilizer production step, when “an aerobic
condition is maintained” in the water, the concentration of
dissolved oxygen in the water can be increased to create a
condition suitable for the activity of the microorganisms
capable of conducting a multiple parallel mineralization.
[0175] Meanwhile, the microorganisms capable of con-
ducting a denitrification (denitrifying microorganisms)
become active under an anaerobic condition, and hence, the
above-mentioned environment is suitable for suppressing
proliferation of the microorganisms capable of conducting a
denitrification.

[0176] A method of maintaining an aerobic condition in the
water includes aeration, shaking, dissolution of a high con-
centration of oxygen, and the use of water containing a high
concentration of oxygen. Preferably, aeration or shaking is
employed.
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[0177] In this fertilizer production step, the “water tem-
perature” suitable for allowing the multiple parallel mineral-
ization to proceed is one suitable for growing the microor-
ganisms capable of conducting a multiple parallel
mineralization. Specifically, the water temperature is kept at
15 to 42° C., preferably 15 to 37° C., more preferably 20 to
37° C., most preferably about 25° C.

[0178] It should be noted that, in the case where the tem-
perature is lower than 15° C., the temperature is not preferred
because proliferation of the microorganisms is delayed to
require a long period of time for the reaction. Meanwhile, in
the case where the temperature is higher than 42° C., the
temperature is not preferred because part of the microorgan-
isms necessary for allowing the multiple parallel mineraliza-
tion to proceed may be killed.

[0179] The “addition of the organic material” to the water
in this fertilizer production step may be performed by adding
the organic material in a large amount at one time because the
inoculum has been optimized as a catalyst for the multiple
parallel mineralization.

[0180] Specifically, the organic material may be added at
one time in an amount of 20 g or less, preferably 10 g or less
(in terms of dry weight) per L of the water.

[0181] It should be noted that, in this step, the organic
material may be added before the start of the reaction or may
be added again after the start of the reaction.

[0182] It should be noted that the organic material may be
added in the form of a liquid or in the form of powder.
[0183] Specifically, in the case where the organic material
is in the form of a liquid, bonito-based soluble fertilizer may
be added in an amount of 0.1 to 10 g (liquid weight: (0.07 to
7 g in terms of dry weight)), corn steep liquor may be added
in anamount of 0.1 to 10 g (liquid weight: (0.05 to 5 g in terms
of dry weight)), or rapeseed oil cake may be added in an
amount of 0.1 to 10 g.

[0184] It should be noted that, in a conventional method,
i.e., in the case where bark compost or the like is added as the
microorganism source, the microorganism source can be
added in an amount of only about 2 g or less per L of water at
one time.

[0185] Inthe case where a material other than the inoculum
is added as the ‘microorganism source’, when the organic
material is added in an amount of more than 2 g per L of water,
the nitrifying microorganisms contained therein are killed by
exposure to a large amount of the organic component to lose
the nitrification ability, resulting in failing to allow the mul-
tiple parallel mineralization to proceed. Therefore, the micro-
organism sources other than the inoculum of the present
invention is not the microorganisms suitable for multiple
parallel mineralization.

[0186] That is, when the inoculum of the present invention
is used as the microorganism source, the amount of the
organic material which may be added at one time can be
increased to about ten times, preferably about five times that
of the conventional method.

[0187] In this fertilizer production step, a culture solution
containing nitrate nitrogen at a concentration of 100 mg/L. or
more, preferably 200 mg/L. or more in terms of a nitrate ion
can be obtained within 8 days, preferably 4 to 8 days from the
beginning of culture.

[0188] Moreover, to obtain a culture solution with a nitrate
ion concentration of 400 mg/L, the time from the start of the
reaction ‘to completion of mineralization of the organic mate-
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rial into nitrate nitrogen’ is 10 days or less, preferably 8 days
or less, more preferably 4 to 8 days.

[0189] It should be noted that “to completion of mineral-
ization of the organic material into nitrate nitrogen” refers to
a time taken “until the concentration of nitrate nitrogen gen-
erated reaches a peak”.

[0190] It should be noted that, in a conventional method,
i.e., in the case where bark compost or the like is added as the
‘microorganism source’, the time from the start of the reac-
tion “to completion of mineralization of the organic material
into nitrate nitrogen” is 10 days at shortest, usually 15 days or
more.

[0191] That is, when the inoculum of the present invention
is used as the ‘microorganism source * , degradation can be
performed at a rate about twice or more of that of the conven-
tional method, and hence, it is possible ‘to drastically reduce
the reaction time’ to completion of mineralization of the
organic material into nitrate nitrogen.

[0192] In this fertilizer production step, a reaction solution
containing nitrate nitrogen at a “high concentration” of 100
mg/L. or more, preferably 200 mg/IL or more, more preferably
400 mg/L. or more in terms of a nitrate ion can be obtained
‘efficiently’ . The reaction solution may be collected to pro-
duce a fertilizer containing nitrate nitrogen as inorganic nutri-
ents.

[0193] Itshould be noted that as the fertilizer produced, the
reaction solution obtained in the above-mentioned step may
be used as a stock solution without further treatment, or the
reaction solution may be diluted twice to ten times or be
mixed with a chemical fertilizer to produce a liquid fertilizer.
Moreover, the reaction solution may be processed into a con-
centrate, a solid powder, or a solid tablet by drying.

[0194] The fertilizer containing nitrate nitrogen as inor-
ganic nutrients, obtained in this fertilizer production step,
may be used as a fertilizer for cultivating any plants including
vegetables, fruits, flower and ornamental plants, foliage
plants, etc.

[0195] In particular, the fertilizer can be suitably used for
cultivating: leaf vegetables such as Chinese cabbage, komat-
suna, lettuce, or spinach; fruit vegetables from which fruits
are harvested such as tomato; fruit trees; trees; or flower and
ornamental plants. More particularly, the fertilizer can be
suitably used for cultivating Chinese cabbage or komatsuna.
[0196] It should be noted that the fertilizer containing
nitrate nitrogen as inorganic nutrients may be used for general
plant cultivation such as hydroponics or cultivation using soil.
[0197] Further, in the present invention, it is possible ‘to
perform hydroponics by directly adding a fertilizer contain-
ing an organic material’, which has been difficult to be
achieved by a conventional method, by supplying ‘the reac-
tion solution’ obtained in the fertilizer production step to a
nutrient solution for the hydroponics.

[0198] Specifically, direct addition of the fertilizer contain-
ing the organic material to the nutrient solution can be per-
formed by directly performing the above-mentioned step, i.e.,
production of a fertilizer, in the nutrient solution for the
hydroponics.

[0199] Meanwhile, if the container (reaction tank) for the
fertilizer production step is used as an apparatus for the
hydroponics, the hydroponics can be performed by directly
adding the fertilizer containing the organic material.

[0200] It should be noted that, in the hydroponics method,
in the case where conventional bark compost or the like is
used as the ‘microorganism source’ to construct a microor-
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ganism ecosystem in the nutrient solution, although it is nec-
essary to add the microorganism source in an amount of about
5 g or more per L, the organic material can be added in an
amount ofonly about 2 g per L. at one time, and it takes usually
15 to 20 days or more to complete the reaction (because it
takes a time to establish the microorganism ecosystem in the
nutrient solution).

[0201] Onthe other hand, when the inoculum of the present
invention is added as the ‘microorganism source’, it is pos-
sible to reduce the amount of ‘microorganism source’ added
to about one-fiftieth, preferably about one-twenty-fifth of the
amount of the conventional method, to add at most 10 g of the
organic material at one time, and to almost halve the number
of days to complete the reaction (8 days or less, preferably 4
to 8 days).

[0202] The hydroponics method may be used for cultivat-
ing any plants including vegetables, fruits, flower and orna-
mental plants, foliage plants, etc.

[0203] In particular, the method can be suitably used for
cultivating: leaf vegetables such as Chinese cabbage, komat-
suna, lettuce, or spinach; fruit vegetables from which fruits
are harvested such as tomato; fruit trees; trees; or flower and
ornamental plants. More particularly, the method can be suit-
ably used for cultivating Chinese cabbage or komatsuna.

EXAMPLES

[0204] Hereinafter, the present invention is described in
more detail by way of examples, but is not limited by the
examples.

Example 1
[0205] (Production of Inoculum: Formation and Collection
of Biofilm)
[0206] As the step of producing the inoculum of the micro-

organisms optimized as a catalyst for the multiple parallel
mineralization, the microorganisms capable of conducting a
multiple parallel mineralization were ‘cultured’ to form a
biofilm, and the biofilm was ‘collected’ (culture step and
collection step).

[0207] 10 L of water were placed in a Wagner pot (manu-
factured by Fujiwara Scientific Company Co., [.td.), and bark
compost (product name Golden Bark, manufactured by
Shimizu Port Lumber Industry Co-operative Association)
was added thereto in an amount of 5 g per L. of water.
[0208] Bonito-based soluble fertilizer (by-product from a
dried bonito factory) was added in an amount of about 1 g per
L of water (gradually added) daily, and the microorganisms
capable of conducting a multiple parallel mineralization were
cultured for two weeks at a water temperature of 25° C. while
an aerobic condition was maintained in the mixture by aera-
tion using an air pump. After culture, formation of a biofilm
was observed on the wall of the container. Then, the super-
natant of the culture solution obtained after culture was
removed by decantation and discarded.

[0209] Next, the biofilm formed on the wall of the container
was air-dried overnight and collected by scraping the biofilm
using a metal spatula, to thereby obtain dried microbial cells
(Product 1-1 of the present invention).

[0210] FIG. 1(a) is a schematic diagram illustrating the
method of forming and collecting the biofilm in this example.
Moreover, FIG. 2 are photographic images showing the pro-
cess of forming and collecting the biofilm in this example.



US 2011/0126455 Al

[0211] Further, after the supernatant of the culture solution
was removed and discarded by decantation in the above-
mentioned step, the biofilm formed on the wall of the con-
tainer was scraped using a brush without air-drying and
mixed with the supernatant of the culture solution, and the
mixture was collected and centrifuged to remove excess
water, to thereby obtain wet microbial cells as precipitates
(Product 1-2 of the present invention).

Example 2
[0212] (Amount of Inoculum Added and Reaction Time)
[0213] The biofilm formed in the process of the multiple

parallel mineralization was examined whether or not the bio-
film can be used as a novel microorganism source for the
multiple parallel mineralization.

[0214] 50 mL of distilled pure water were placed in a flask
(200-ml volume), and the dried microbial cells obtained in
Example 1 (Product 1-1 of the present invention) were added
as the microorganism source in an amount of 0.2 g, 0.4 g, or
1.0 g per L of water.

[0215] Bonito-based soluble fertilizer (by-product from a
dried bonito factory) was added in an amount of 1 g per L of
water, and the mixture was allowed to react for 16 days at a
water temperature of 25° C. while an aerobic condition was
maintained in the mixture by shaking at 120 rpm.

[0216] It should be noted that a control experiment was
simultaneously performed by adding bark compost (product
name Golden Bark, manufactured by Shimizu Port Lumber
Industry Co-operative Association) as the microorganism
source in an amount of 5 g per L of water to perform a
reaction. FIG. 3 illustrates the results.

[0217] The results reveal that, in the case where the dried
microbial cells obtained in Example 1 (Product 1-1 of the
present invention) were added as the microorganism source,
the reaction time to complete mineralization of the organic
material into nitrate nitrogen (time until the concentration of
nitrate ion reached the peak) was 6 to 8 days.

[0218] On the other hand, in the case of the control experi-
ment, where the bark compost was added as the microorgan-
ism source, the reaction time was found to be 13 days.
[0219] Therefore, when the dried microbial cells obtained
in Example 1 are added as the microorganism source, the
reaction time to complete mineralization of the organic mate-
rial into nitrate nitrogen can be reduced to thereby almost
halve the number of days required in the case of addition of
the bark compost as the microorganism source.

[0220] It should be noted that, in the case of the conven-
tional method, i.e., in the case of using a microorganism
source not optimized for the multiple parallel mineralization
such as soil or bark compost, it is necessary to add a large
amount of the microorganism source because nitrifying
microorganisms contained in the microorganism source are
sensitive to exposure to the organic component and may be
killed under a condition where a relatively large amount of the
organic material is added (if a small amount of the microor-
ganism source is added, the nitrifying microorganisms are
killed to inhibit nitrification). Specifically, in the case where
the organic material is added in an amount of 1 g per L. of
water, it is necessary to add the microorganism source in an
amount of about 5 g per L of water. However, if the microor-
ganism source is added excessively (specifically, in the case
where soil or the like is added in an amount of more than 10
g per L of water), the microorganisms source itself becomes
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aggregates to make the mixture anaerobic, which promotes
proliferation of the denitrifying microorganisms.

[0221] However, this example shows that, in the case where
the biofilm formed in the process of the multiple parallel
mineralization is added as the microorganism source, the
multiple parallel mineralization can be performed without
any difficulty even if the amount of the biofilm added is 0.2 g
per L of water and that the time to complete the reaction can
be reduced compared with the case where a conventional
microorganism source is added (in the case of using Product
1-1 of the present invention, the time was reduced from 14
days to 8 days).

[0222] That is, it was found that it is possible to reduce the
amount of the microorganism source added to about 4% of
that of the conventional method and to reduce the reaction
time almost by half.

[0223] The results reveal that the dried microbial cells as
Product 1-1 of the present invention can be used as the “inocu-
lum of the microorganisms optimized as a catalyst for the
multiple parallel mineralization”.

Example 3
[0224] (Addition of Large Amount of Organic Material)
[0225] An experiment was performed to examine whether

or not “a large amount of the organic material can be added at
one time” in the case of using the biofilm formed in the
process of the multiple parallel mineralization as the micro-
organism source.

[0226] 50 mL of distilled pure water were placed in a flask
(200-ml volume), and the wet microbial cells obtained in
Example 1 (Product 1-2 of the present invention) were added
as the microorganism source in an amount of 5 g per L of
water.

[0227] Bonito-based soluble fertilizer (by-product from a
dried bonito factory) was added in an amount of “10 g per L of
water’, and the mixture was allowed to react for 14 days at a
water temperature of 25° C. while an aerobic condition was
maintained in the mixture by shaking at 120 rpm.

[0228] It should be noted that a control experiment was
simultaneously performed by adding bark compost (product
name Golden Bark, manufactured by Shimizu Port Lumber
Industry Co-operative Association) as the microorganism
source in an amount of 5 g per L of water to perform a
reaction. FIGS. 4 illustrate the results.

[0229] The results reveal that, in the case where the wet
microbial cells obtained in Example 1 (Product 1-2 of the
present invention) were added as the microorganism source,
the microorganisms optimized as a catalyst for the multiple
parallel mineralization were proliferated without any diffi-
culty to generate nitrate nitrogen as inorganic nutrients from
the organic material even if bonito-based soluble fertilizer
(by-product from a dried bonito factory) was added in an
amount of ‘10 g per L. of water’ (addition of the organic
material in a large amount).

[0230] On the other hand, in the case of a control experi-
ment where bark compost was added as the microorganism
source, generation of ammonium was confirmed, but genera-
tion of a nitrate ion (nitrate nitrogen) was not detected. This
shows that, in the control experiment, the reaction was
stopped at the time of completion of ammonification, and a
nitrification reaction was not performed (the multiple parallel
mineralization did not proceed until a final product was
obtained).
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[0231] It should be noted that, in the case of the conven-
tional method, i.e., in the case of using soil or bark compost,
which is not optimized for the multiple parallel mineraliza-
tion, as the microorganism source, the amount of the organic
material which can be added is up to ‘about 2 g per L. of water’
even if the amount of the microorganism source added is
increased.

[0232] However, this example shows that, in the case where
the biofilm formed in the process of the multiple parallel
mineralization is added as the microorganism source, the
multiple parallel mineralization is performed without any
difficulty to generate nitrate nitrogen as inorganic nutrients
from the organic material even ifa large amount of the organic
material (the amount is about five times that in the case of the
conventional method) is added.

Example 4

[0233] (Multiple Parallel Mineralization by Wet Microbial
Cells and Reaction Rate Thereof)

[0234] An experiment was performed to examine the rate of
the multiple parallel mineralization in the case of using ‘wet
microbial cells’ of the biofilm formed in the process of the
multiple parallel mineralization as the microorganism source.
[0235] 50 mL of distilled pure water were placed in a flask
(200-ml volume), and the wet microbial cells obtained in
Example 1 (Product 1-2 of the present invention) were added
as the microorganism source in an amount of 5 g per L. of
water.

[0236] Bonito-based soluble fertilizer (by-product from a
dried bonito factory) was added in an amount of 1 g per L of
water, and the mixture was allowed to react for 16 days at a
water temperature of 25° C. while an aerobic condition was
maintained in the mixture by shaking at 120 rpm.

[0237] It should be noted that a control experiment was
simultaneously performed by adding bark compost (product
name Golden Bark, manufactured by Shimizu Port Lumber
Industry Co-operative Association) as the microorganism
source in an amount of 5 g per L of water to perform a
reaction. FIG. 5 illustrates the results.

[0238] The results reveal that, in the case where the wet
microbial cells obtained in Example 1 (Product 1-2 of the
present invention) were added as the microorganism source,
the reaction time to complete mineralization of the organic
material into nitrate nitrogen (time until the concentration of
nitrate ion reached the peak) was 4 days.

[0239] On the other hand, in the case of the control experi-
ment, where the bark compost was added as the microorgan-
ism source, the reaction time was found to be 11 days.
[0240] Therefore, the results of this example reveal that, in
the case where the biofilm optimized for the multiple parallel
mineralization as the microorganism source is added in the
form of the “wet microbial cells”, the reaction time to com-
plete mineralization of the organic material into nitrate nitro-
gen can be reduced to about one third the number of days
required in the case of using a microorganism source not
optimized for the multiple parallel mineralization, such as
bark compost.

Comparative Example 1

[0241] (Supernatant of Culture Solution is not Suitable as
Inoculum)
[0242] An examination was performed to examine whether

or not the multiple parallel mineralization can be performed
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by using the ‘supernatant of the culture solution’ obtained
after culturing the microorganisms capable of conducting a
multiple parallel mineralization as the microorganism source.
[0243] First, the microorganisms capable of conducting a
multiple parallel mineralization were cultured in the same
way as in Example 1 except that CSL (product name “Yuki-
no-Ekihi”, manufactured by Sakata Seed Corporation) was
added as the organic material in an amount of 1 g per L of
water. Then, the supernatant of the culture solution obtained
after culture was collected gently using a pipette (Compara-
tive product 1).

[0244] Next, six flasks having added thereto 0.5 g of solid
supports, i.e., bamboo charcoal, pearlite, sea sand, bark com-
post, and nursery soil (Nae-ichiban) and no solid support,
respectively, were prepared and 50 ml of distilled water were
added, followed by sterilization in an autoclave.

[0245] Then, 0.5 ml (10 ml per L of water) of the above-
mentioned supernatant after culture (Comparative product 1)
was added as the microorganism source to the respective
flasks.

[0246] CSL (product name “Yuki-no-Ekihi”, manufactured
by Sakata Seed Corporation) was added in an amount of 0.5
g (10 g per L of water), and the mixture was allowed to react
for 17 days at a water temperature of 25° C. while an aerobic
condition was maintained in the mixture by shaking at 120
rpm. FIG. 6 illustrates the results.

[0247] As a result, although the solid supports, on which
the microorganisms capable of conducting nitrification (nitri-
fying microorganisms) were considered to be adhered easily,
were added, only ammonification was conducted in all the
flasks, and generation of a nitrate ion (nitrate nitrogen) was
not confirmed.

[0248] This suggests that few microorganisms capable of
conducting nitrification (nitrifying microorganisms) were
suspended in the supernatant of the culture solution obtained
after culturing the microorganisms capable of conducting a
multiple parallel mineralization, and the microorganisms
were considered to be killed by exposure to the organic com-
ponent added because, even if the supernatant contained the
microorganisms, the amount of the microorganisms was very
small.

[0249] Therefore, the supernatant of the culture solution
obtained after culturing the microorganisms capable of con-
ducting a multiple parallel mineralization was found to be
unsuitable as the inoculum of the microorganisms capable of
catalyzing the multiple parallel mineralization.

Example 5

[0250] (Method of Using Mixture of Supernatant of Cul-
ture Solution After Culture and Biofilm as Inoculum, and
Type of Organic Material in Production of Inoculum)
[0251] A ‘mixture’ obtained by mixing the supernatant of
the culture solution obtained after culturing the microorgan-
isms capable of conducting a multiple parallel mineralization
and the biofilm formed was used as the microorganism source
to perform the multiple parallel mineralization. Meanwhile,
at the same time, an experiment was performed to examine
whether or not, in the case where the multiple parallel min-
eralization was allowed to proceed by adding an ‘organic
material other than bonito-based soluble fertilizer’, the inocu-
lum of the microorganisms optimized as a catalyst for the
multiple parallel mineralization was able to be produced in
the same way as in the case of using bonito-based soluble
fertilizer.
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[0252] First, the microorganisms capable of conducting a
multiple parallel mineralization were cultured in the same
way as in Example 1 except that rapeseed oil cake (manufac-
tured by Rinoru Oil Mills Co., Ltd.) was added in an amount
of'about 1 g per L of water as the organic material. Then, the
biofilm formed on the wall was physically peeled off by
scraping using a brush and mixed well with the supernatant of
the culture solution, and the mixture (Product 5 of the present
invention) was collected.

[0253] Next, 9 L of water were placed in a Wagner pot
(manufactured by Fujiwara Scientific Company Co., Ltd.),
and 1 L of the mixture (Product 5 of the present invention)
obtained in the above-mentioned steps (culture step and col-
lection step) was added thereto as the microorganism source.
[0254] Powder of rapeseed oil cake (manufactured by
Rinoru Oil Mills Co., Ltd.) was added in an amount of 10 g (1
g per L of water), and the mixture was allowed to react for 10
days at a water temperature of 25° C. while an aerobic con-
dition was maintained in the mixture by aeration using an air
pump. FIG. 7 illustrates the results.

[0255] The results reveal that, in the case where the above-
mentioned mixture (Product 5 of the present invention) was
added as the microorganism source, the reaction time to com-
plete mineralization of the organic material into nitrate nitro-
gen (time until the concentration of nitrate ion reached the
peak) was 6 days. Meanwhile, a nitrate ion was generated at
a concentration of more than 350 mg/L. in the reaction solu-
tion after completion of the reaction.

[0256] This suggests that the mixture of the supernatant of
the culture solution obtained after culture and the biofilm
formed can be used as the “inoculum optimized as the micro-
organism source capable of catalyzing the multiple parallel
mineralization”.

[0257] Moreover, the results show that a biofilm obtained
by using a material other than bonito-based soluble fertilizer
can also be used as the inoculum.

Example 6

[0258] (Filtration of Mixture of Supernatant of Culture
Solution After Culture and Biofilm)

[0259] Wet microbial cells obtained by filtering the mixture
of the biofilm formed after culturing the microorganisms
capable of conducting a multiple parallel mineralization and
the supernatant of the culture solution obtained were used as
the microorganism source to perform the multiple parallel
mineralization.

[0260] First, the microorganisms capable of conducting a
multiple parallel mineralization were cultured in the same
way as in Example 1. Then, the biofilm formed on the wall
was physically peeled off by scraping using a brush and
mixed well with the supernatant of the culture solution, and
400 ml of the mixture were filtered using filter paper (manu-
factured by Toyo Roshi Kaisha, [.td.), followed by air-drying,
to thereby obtain 0.15 g of dried microbial cells (Product 7 of
the present invention).

[0261] Next, the dried microbial cells (Product 7 of the
present invention) were suspended in 200 ml of distilled pure
water, and 50 mL of the suspension (containing wet micro-
organism cells in an amount of 37.5 mg per L of water) were
placed in a flask.

[0262] Bonito-based soluble fertilizer (manufactured by
Makurazaki Fisheries Cooperative Associations) was added
in an amount of 0.05 g (1 g per L of water), and the mixture
was allowed to react for 6 days at a water temperature of 25°
C. while an aerobic condition was maintained in the mixture
by shaking at 120 rpm. FIG. 8 illustrates the results.
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[0263] As a result, in the case where the dried microbial
cells (Product 7 of the present invention) obtained by filtering
the mixture of the supernatant of the culture solution and the
biofilm in the above-mentioned steps were added as the
microorganism source, generation of a nitrate ion (nitrate
nitrogen) was observed 6 days after the start of the reaction.
[0264] This suggests that the dried microbial cells obtained
by filtering the mixture of the supernatant of the culture
solution and the biofilm can be used as the ‘inoculum of the
microorganisms optimized as a catalyst for the multiple par-
allel mineralization’.

Example 7
[0265] (Heat Resistance of Inoculum)
[0266] An experiment was performed to examine the

degree of the effect of a ‘heat treatment” on the activity of the
inoculum of the microorganisms optimized as a catalyst for
the multiple parallel mineralization.

[0267] 100 mg ofeach of the dried microbial cells obtained
in Example 1 (Product 1-1 of the present invention) were left
at rest at the respective temperatures including normal tem-
perature (about 25° C.), 50° C., and 80° C. for 30 minutes.
[0268] Next, 30 mL of distilled pure water were placed in
flasks (200-ml volume), and 30 mg (1 g per L. of water) each
of the dried microbial cells after the above-mentioned heat
treatment were added thereto as the microorganism source.
[0269] Bonito-based soluble fertilizer (manufactured by
Makurazaki Fisheries Cooperative Associations) was added
in an amount of 0.03 g (1 g per L of water), and the mixture
was allowed to react for 15 days at a water temperature of 25°
C. while an aerobic condition was maintained in the mixture
by shaking at 120 rpm.

[0270] It should be noted that, as a control experiment, an
experiment to perform a reaction by adding 30 mg (1 g per L
of'water) of bark compost (product name Golden Bark, manu-
factured by Shimizu Port Lumber Industry Co-operative
Association) as the microorganism source was performed at
the same time. FIG. 9 illustrates the results.

[0271] The results reveal that, in the case of addition of the
dried microbial cells subjected to the heat treatment at 50° C.
for 30 minutes as the microorganism source, the reaction time
to complete mineralization of the organic material into nitrate
nitrogen (time until the concentration of a nitrate ion reached
the peak) was 5 days.

[0272] Therefore, the dried microbial cells subjected to the
heat treatment at 50° C. for 30 minutes completely main-
tained its function as the ‘inoculum of the microorganisms
optimized as a catalyst for the multiple parallel mineraliza-
tion’ compared with the microorganisms which were left at
rest at normal temperature (about 25° C.)

[0273] On the other hand, the results reveal that, in the case
of addition of the dried microbial cells subjected to the heat
treatment at 80° C. for 30 minutes as the microorganism
source, the reaction time to complete mineralization of the
organic material into nitrate nitrogen (time until the concen-
tration of a nitrate ion reached the peak) was 9 days, which
was almost the same as that in the case of using bark compost
as the microorganism source.

[0274] Theabove-mentioned results reveal the dried micro-
organism cells subjected to the heat treatment at 50° C. for 30
minutes had heat resistance without impairing the function as
the inoculum of the microorganisms optimized as a catalyst
for the multiple parallel mineralization.

[0275] Meanwhile, it was found that, even in the case of the
heat treatment at 80° C. for 30 minutes, the amount of a nitrate
ion (nitrate nitrogen) generated after completion of the reac-
tion was as high as that generated in the case of the microor-
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ganisms which were left at rest at a normal temperature (about
25° C.), and the commercial value as the inoculum was not
reduced by temporarily exposing the microorganisms to a
high temperature of 80° C.

[0276] It should be noted that, in the case of using bark
compost as the microorganism source, the amount of nitrate
nitrogen generated after completion of the reaction was small
probably because bark compost contained a large amount of
organic components compared with the dried microbial cells
obtained in Example 1 (Product 1-1 of the present invention),
and a nitrate ion was consumed by the microorganisms using
the components, resulting in decreasing the concentration of
a nitrate ion to be collected.

INDUSTRIAL APPLICABILITY

[0277] The inoculum of the present invention is valuable as
a technology for solving the problem of low operation effi-
ciency (the reaction time is about two weeks, the amount of
the microorganism source inoculated is large (about 5 g per
L), and the upper limit of the amount of the organic material
added at one time is about 2 g) in practical hydroponics using
an organic fertilizer, which has attracted attention in recent
years. If the inoculum provided by the present invention is
used, it is possible to reduce the reaction time by half or less,
to decrease the amount of the microorganism source inocu-
lated to 4%, and to increase the amount of the organic material
added to five times, resulting in drastically improving the
operation efficiency.

[0278] Currently, the hydroponics using the organic fertil-
izer attracts attention, and farm producers who try the hydro-
ponics increases rapidly. It is expected that much of the
hydroponics, which continues to expand to 150 ha in Japan or
4000 ha in Netherlands, is replaced with hydroponics using
an organic fertilizer. The inoculum provided by the present
invention contributes much as a technology for supporting
production activities of the farm producers, and hence, is
expected to be widely used, and the market scale is very large.
The inoculum of the present invention can be applied not only
to hydroponics but also to water culture for display such as
room gardening or rooftop gardening, and the marketability is
not limited to agricultural fields.

[0279] Moreover, the present invention can be applied to a
technology for producing an inorganic fertilizer using an
organic waste as a raw material. The market scale of the waste
recycling industry is expected to expand to 2.5 trillion yen,
and the present invention has very large industrial applicabil-
ity as a technology for rapidly and efficiently recycling a large
amount of organic resources into inorganic nutrients.

[0280] In addition, according to the present invention, it is
possible to produce a novel inoculum by using the inoculum
of'the present invention. The number of days for production is
half of that in the case of the conventional multiple parallel
mineralization, and hence, it becomes possible to produce a
large amount of the inoculum rapidly. As mentioned above,
the needs of the inoculum are expected to be large because the
marketability of the inoculum itself is wide, and the market-
ability of provision of a technology for producing a large
amount of the inoculum rapidly is expected to be large.

BRIEF DESCRIPTION OF DRAWINGS

[0281] [FIGS. 1] FIGS. 1(a) to 1(c) are diagrams illustrat-
ing embodiments of the method of producing the inoculum of
the microorganisms optimized as a catalyst for the multiple
parallel mineralization of the present invention. Moreover,
FIG. 1(a) is a schematic view illustrating the method of form-
ing and collecting the biofilm in Example 1.
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[0282] [FIGS. 2] FIG. 2(a) is a schematic view illustrating
an embodiment of formation of the biofilm on the solid sur-
face in the present invention. Further, FIG. 2(b) is photo-
graphic images showing the process for forming and collect-
ing the biofilm in Example 1. Further, FIG. 2(c) is a schematic
view illustrating an embodiment of the method of collecting
the biofilm in the present invention.

[0283] [FIG. 3] A graph showing the results of measure-
ment of the concentration of a nitrate ion in Example 2.
[0284] [FIG. 4] Graphs showing the results of measurement
of'the concentrations of a nitrate ion, a nitrite ion, and ammo-
nium in Example 3.

[0285] [FIG. 5] A graph showing the results of measure-
ment of the concentration of a nitrate ion in Example 4.
[0286] [FIG. 6] A graph showing the results of measure-
ment of the concentrations of a nitrate ion and ammonium in
Comparative Example 1.

[0287] [FIG. 7] A graph showing the results of measure-
ment of the concentration of a nitrate ion in Example 5.
[0288] [FIG. 8] A graph showing the results of measure-
ment of the concentration of a nitrate ion in Example 6.
[0289] [FIG. 9] A graph showing the results of measure-
ment of the concentration of a nitrate ion in Example 7.

1. A method of producing an inoculum, comprising: plac-
ing water in a container that can store water therein, inocu-
lating microorganisms capable of conducting a multiple par-
allel mineralization thereinto, and maintaining an
environment that allows the multiple parallel mineralization
to proceed in the water, thereby culturing the microorganisms
capable of conducting a multiple parallel mineralization;
forming a biofilm on a solid surface that contacts with the
water and then collecting the biofilm; and utilizing the col-
lected biofilm as an inoculum of the microorganisms opti-
mized as a catalyst for the multiple parallel mineralization.

2. The method of producing an inoculum according to
claim 1, wherein the microorganisms capable of conducting a
multiple parallel mineralization to be inoculated is one or
more kinds selected from the group consisting of soil, bark
compost, and water collected from nature.

3. The method of producing an inoculum according to
claim 2, wherein the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that an organic material is added in an amount of 0.05t0 1 g
in terms of dry weight per L of the water per 1 to 7 days.

4. A method of producing an inoculum comprising: placing
water in a container that can store water therein, inoculating
an inoculum obtained by the method of producing an inocu-
lum according to claim 1, and culturing the microorganisms
capable of conducting a multiple parallel mineralization
under the environment that allows the multiple parallel min-
eralization to proceed in the water; forming a biofilm on a
solid surface that contacts with the water and then collecting
the biofilm; and utilizing the collected biofilm as an inoculum
of'the microorganisms optimized as a catalyst for the multiple
parallel mineralization.

5. The method of producing an inoculum according to
claim 4, wherein the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that an organic material is added in an amount 0£0.01to 10 g
in terms of dry weight per L of the water.

6. The method of producing an inoculum according to
claim 1, wherein the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that an aerobic condition is maintained in the water.
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7. The method of producing an inoculum according to
claim 6, wherein the aerobic condition is maintained by aera-
tion or shaking.

8. The method of producing an inoculum according to
claim 1, wherein the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that the water is maintained at a water temperature of 15to 37°
C.

9. The method of producing an inoculum according to
claim 1, wherein the solid surface that contacts with the water
is a wall surface and/or bottom surface of the container.

10. The method of producing an inoculum according to
claim 3, comprising culturing the microorganisms capable of
conducting a multiple parallel mineralization while prolifera-
tion of microorganisms capable of conducting a denitrifica-
tion in the formed biofilm is suppressed by stopping addition
of the organic material when a concentration of a nitrate ion
generated in the water reaches 10 to 30 mg/L in culturing of
the microorganisms capable of conducting a multiple parallel
mineralization in the water.

11. The method of producing an inoculum according to
claim 1, wherein the biofilm is collected by discarding a
supernatant of a culture solution obtained after culturing the
microorganisms capable of conducting a multiple parallel
mineralization and then collecting the biofilm formed on the
solid surface.

12. The method of producing an inoculum according to
claim 1, wherein the biofilm is collected as a mixture obtained
by mixing the biofilm formed on the solid surface and the
supernatant of the culture solution obtained after culturing the
microorganisms capable of conducting a multiple parallel
mineralization.

13. The method of producing an inoculum according to
claim 11, comprising removing excess water by centrifuga-
tion or filtration after collecting the formed biofilm.

14. The method of producing an inoculum according to
claim 11, comprising performing a drying treatment after
discarding the supernatant of the culture solution.

15. The method of producing an inoculum according to
claim 13, comprising performing a drying treatment after
removing the excess water.

16. The method of producing an inoculum according to
claim 1, wherein the inoculum maintains its function as the
inoculum of the microorganisms optimized as a catalyst for
the multiple parallel mineralization when the inoculum is
heated at 50 to 80° C.

17. The method of producing an inoculum according to
claim 1, wherein the inoculum includes both microorganisms
capable of conducting ammonification and microorganisms
capable of conducting nitrification, and the amount of micro-
organisms capable of conducting nitrification is ten thousand
to one hundred million cells per g of the inoculum.

18. Aninoculum of microorganisms optimized as a catalyst
for a multiple parallel mineralization, which is obtained by
the method of producing an inoculum according to claim 1.

19. A method of producing a fertilizer containing nitrate
nitrogen as inorganic nutrients, comprising:

placing water in a container that can store water therein and

adding the inoculum according to claim 18; allowing a
multiple parallel mineralization to proceed in the water
by maintaining an environment that allows the multiple
parallel mineralization to proceed in the water, i.e., such
an environment that an organic material is added, the
water is maintained at a water temperature of 15 to 37°
C., and an aerobic condition is maintained in the water;
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providing a reaction solution containing a nitrate ion ata
concentration of 100 mg/L., or more; and utilizing the
resultant reaction solution as a fertilizer containing
nitrate nitrogen as inorganic nutrients.

20. The method of producing a fertilizer according to claim
19, wherein the organic material is added in an amount of 10
g or less in terms of dry weight per L of the water at one time.

21. The method of producing a fertilizer according to claim
19, wherein the reaction solution containing a nitrate ion
generated at a concentration of 100 mg/I. or more can be
provided within 8 days.

22. The method of producing a fertilizer according to claim
19, wherein the inoculum is added in an amount 0 0.01 g or
more per L of the water.

23. The method of producing a fertilizer according to claim
19, wherein the multiple parallel mineralization is allowed to
proceed without being accompanied by a denitrification.

24. A fertilizer, comprising nitrate nitrogen as inorganic
nutrients, the fertilizer being obtained by the method of pro-
ducing a fertilizer according to claim 19.

25. A method of cultivating a plant, wherein the fertilizer
containing nitrate nitrogen as inorganic nutrients according to
claim 24 is used.

26. The method of cultivating a plant, comprising adding a
fertilizer containing an organic material directly to the reac-
tion solution to perform hydroponics in the reaction solution
obtained according to claim 20.

27. The method of cultivating a plant according to claim 25,
wherein the plant is a leaf vegetable, a fruit vegetable from
which a fruit is harvested, a fruit tree, a tree, or a flower and
ornamental plant.

28. A method of producing an inoculum comprising: plac-
ing water in a container that can store water therein, inocu-
lating an inoculum obtained by the method of producing an
inoculum according to claim 2, and culturing the microorgan-
isms capable of conducting a multiple parallel mineralization
under the environment that allows the multiple parallel min-
eralization to proceed in the water; forming a biofilm on a
solid surface that contacts with the water and then collecting
the biofilm; and utilizing the collected biofilm as an inoculum
of'the microorganisms optimized as a catalyst for the multiple
parallel mineralization.

29. A method of producing an inoculum comprising: plac-
ing water in a container that can store water therein, inocu-
lating an inoculum obtained by the method of producing an
inoculum according to claim 3, and culturing the microorgan-
isms capable of conducting a multiple parallel mineralization
under the environment that allows the multiple parallel min-
eralization to proceed in the water; forming a biofilm on a
solid surface that contacts with the water and then collecting
the biofilm; and utilizing the collected biofilm as an inoculum
of'the microorganisms optimized as a catalyst for the multiple
parallel mineralization.

30. The method of producing an inoculum according to
claim 28, wherein the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that an organic material is added in an amount 0£0.01to 10 g
in terms of dry weight per L of the water.

31. The method of producing an inoculum according to
claim 29, wherein the multiple parallel mineralization is
allowed to proceed in the water under such an environment
that an organic material is added in an amount 0£0.01to 10 g
in terms of dry weight per L of the water.
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