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DESCRIPTION
PLANT, METHOD FOR PRODUCING PLANT, TOLERANCE IMPARNG

METHOD, TOMATO AND METHOD FOR PRODUCING TOMATO

TECHNICAL FIELD
[0001]

The present invention relates to a sodium-rigmipla method for producing the
plant, a method for imparting tolerance to a plagainst diseases and pests, a tomato,
and a method for producing a tomato.

Priorities are claimed on Japanese Patent ApjitaNos. 2016-192096,
2016-191983 and 2016-191962, each filed Septenthe2®.6, the contents of which are

incorporated herein by reference.

BACKGROUND ART
[0002]

For improving the shelf life of crops, it has heeidely practiced to treat plants
with preservatives. As preservatives, for examptajium chlorite aqueous solution,
fumarate, acetic acid, alum and the like are kn(see, for example, Patent Documents 1
to 4). However, the excessive use of preservatases concern about their influence
on health, etc., and suppression of the use oEépratves has been desired.

[0003]

Spread of diseases and pests (harmful inseasthy harm the plant growth
leads to decrease in the yield of crops, causirggelaconomic losses. For preventing
crops from suffering from diseases and pests, algmi@l chemicals have been widely

used in growing plants. However, the excessive afsagricultural chemicals raises
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concern about their influence on ecosystem, ortypafethe chemicals per se, so that
suppression of the use of agricultural chemicassbeen desired.

As a method for imparting tolerance to plantsirgfadiseases and pests, a
method using gene manipulation is known (see, f@nmgple, Patent Document 5).
However, genetically modified plants have a probleatated to safety concerns;
therefore, it is desirable to impart tolerance lans without using gene manipulation.

[0004]

Tomatoes are widely distributed to be eaten rapracessed. In fact, tomatoes
are often eaten raw and those having high nutatimalue as well as good taste and
flavor are favored.

In recent years, tomatoes known as "fruit tomsitaehich have a higher sugar
content than conventional tomatoes are gaining lpoip In addition, tomatoes
cultivated in soil with high salt concentration kumamoto prefecture are called "salt
tomatoes”, and sold as high-grade tomatoes with Biggar content. However, the
yield of salt tomatoes that can be harvested igdom and it is reported that the yield

tends to be very unstable (see, for example, NaeAP®ocument 1).

Prior Art References
Patent Document
[0005]
Patent Document 1: Japanese Unexamined Patgicagon, First Publication
No. 2005-130691
Patent Document 2: Japanese Unexamined PatelicAgon, First Publication
No. 2000-342170

Patent Document 3: Japanese Unexamined PatelicAgon, First Publication
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No. Hei 9-140365

Patent Document 4: Japanese Unexamined PatealicAgon, First Publication
No. Hei 11-137171

Patent Document 5: Japanese Unexamined Patgicagon, First Publication

No. 2014-076052

Non-Patent Document
[0006]
Non-Patent Document 1: Morita, "The Trend of dition in a Tomato
Production Center and Technical Development NeédiseoProducers”, Proceedings of
vegetable and tea science, National Institute gje¥@ble and Tea Science, National

Agriculture and Bio-oriented Research Organizatdarch 2006, No. 3, p.85 - 90

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0007]

In view of the problems described above, an dahlyéthe present invention is to
provide a plant with improved shelf life as compmhte the conventional plant of the
same species, and a method for producing the plant.

In view of the problems described above, anotiispect of the present invention
is to provide a method for imparting excellent talece to a plant against diseases and
pests.

In view of the problems described above, stilbther object of the present
invention is to provide a tomato which can be stdfarvested and has improved flavor,

and a method for producing the tomato.
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Means to Solve the Problems
[0008]

The plant and the method for producing the plactording to the present
invention are as described below in [1] through [6]

[1] A plant corresponding to an item described itanSard Tables of Food
Composition in Japan 2015 (Seventh Revised Versammu) having a mass content of
sodium which is at least 50 times a mass contesbdium of the item described in the
Standard Tables of Food Composition in Japan 28&ugnth Revised Version), the mass
content of sodium being measured per unit massibfeeportion of the plant.

[2] The plant according to [1], which has a sodioamtent of 0.15 % by mass or
more as measured with respect to edible portianfadit of the plant.

[3] The plant according to [1] or [2], which hasvater content of 90 % by mass or
less as measured with respect to edible porti@nfaiit of the plant.

[4] The plant according to any one of [1] to [3]hieh has a sugar content (Brix) of
8 or more as measured with respect to edible podia fruit of the plant.

[5] The plant according to any one of claims [1]4§ which is a tomato.

[6] A method for producing the plant of any ond4fto [5], including:

a salt tolerance imparting step of performing # sasistance imparting
treatment by bringing a salt tolerance impartingradnto contact with at least a part of a
root of a plant, thereby obtaining a salt tolerainagearted plant; and

a cultivation step of hydroponically cultivatitige salt tolerance imparted plant
obtained in the salt tolerance imparting step wvathutrient solution having a sodium

chloride concentration of 1 % by mass or more.
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[0009]

The tolerance imparting method according to thiesgnt invention is as
described below in [1] through [10].

[1] A tolerance imparting method for imparting t@ace to a plant against diseases
and pests, including:

a salt tolerance imparting step of performing # sasistance imparting
treatment by bringing a salt tolerance impartingradnto contact with at least a part of a
root of a plant, thereby obtaining a salt tolerainggarted plant; and

a cultivation step of hydroponically cultivatitige salt tolerance imparted plant
obtained in the salt tolerance imparting step wathutrient solution having a sodium
chloride concentration of 1 % by mass or more.

[2] The tolerance imparting method according I fvhich further includes, as a
step to be performed prior to the salt tolerancpairting step, an initial growth step of
allowing a seed or a bulb of the plant to bud aoot under an environment with a
sodium chloride concentration of less than 1 % lagsn

[3] The tolerance imparting method according i \{#herein the seed or the bulb is
allowed to bud and root in the initial growth stepder an environment with a sodium
chloride concentration of 0.5 % by mass or less.

[4] The tolerance imparting method according ng ane of [1] to [3], wherein the
salt tolerance imparting treatment is a treatméputting at least a part of the root of the
plant into a treatment solution which contains shé tolerance imparting agent, and has
a sodium chloride concentration of 1 % by mass orem

[5] The tolerance imparting method according4p vherein at least a part of the
root of the plant is held in the treatment solufionl hour or more.

[6] The tolerance imparting method according #) fr [5], wherein the salt
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tolerance imparting agent is a microorganism thggarts the salt tolerance to the plant
by adhering to the root, and

the concentration of the microorganism in thattreent solution is TOCFU/mL
or more.
[7] The tolerance imparting method according ng ane of [1] to [6], wherein the
nutrient solution further contains a magnesium téin an amount of 0.5 % by mass
or less.
[8] The tolerance imparting method according ngy ane of [1] to [7], wherein the
salt tolerance imparting agent comprises at leastspecies of the microorganism.
[9] The tolerance imparting method according ny ane of [1] to [8], wherein the
plant is a plant of Solanaceae family.
[10] The tolerance imparting method accordingny one of [1] to [9], wherein the
tolerance is viral disease tolerance.
[11] The tolerance imparting method accordingny one of [1] to [9], wherein the
tolerance is fungal disease tolerance.

[0010]

The tomato and the method for producing the tonagtording to the present
invention are as described below in [1] through [7]
[1] A tomato satisfying at least one of the follogi(1) to (20), which respectively
represent amounts of free amino acids contained @@y of edible portion of a fruit of
the tomato:
(1) free glutamic acid : 200 mg or more,
(2) free aspartic acid : 40 mg or more,
(3) free arginine : 6 mg or more,

(4) free isoleucine : 6 mg or more,
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)
(6)
(7)
(8)
)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
17)
(18)
(19)
(20)
[2]
(13),
[3]
(16) .

[4]

free alanine : 8 mg or more,
free serine : 15 mg or more,
free lysine : 7 mg or more,
free histidine : 7 mg or more,
free phenylalanine : 12 mg or more,
free tyrosine : 4 mg or more,
free leucine : 4 mg or more,
free methionine : 2 mg or more,
free valine : 3.5 mg or more,
free glycine : 2 mg or more,
free proline : 50 mg or less,
free threonine : 10 mg or more,
free tryptophan : 2 mg or more,
free phosphoserine : 1.2 mg or more,
freep-alanine : 2 mg or more, and
freey-aminobutyric acid : 80 mg or more.
The tomato according to [1], which satisfiedestst one of (1), (2), (4) to (6), (8),
(14) and (16) .

The tomato according to [2], which satisfiedesst one of (1), (5), (6), (14) and

The tomato according to [1], which satisfiesledst one of (1) to (6), wherein

the amounts of free amino acids contained per 100 efible portion of a fruit of the

tomato are as follows:

(1)
()

free glutamic acid : 500 mg or more,

free aspartic acid : 100 mg or more,
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(3) free arginine : 10 mg or more,

(4) freeisoleucine : 10 mg or more,

(5) free alanine : 10 mg or more, and

(6) free serine : 70 mg or more.

[5] The tomato according to [4], which satisfiedestst one of (1) and (2):

(1) free glutamic acid : 500 mg or more, and

(2) free aspartic acid : 100 mg or more.

[6] The tomato according to any one of [1] to [Bfich has a sodium content of
0.15 % by mass or more as measured with respeetliide portion of a fruit of the
tomato.

[7] The tomato according to any one of [1] to [@fhich has a water content of
90 % by mass or less as measured with respectlife gubrtion of a fruit of the tomato.
[8] The tomato according to any one of [1] to [Which has a sugar content (Brix)
of 8 or more as measured with respect to ediblgéguoof a fruit of the tomato.

[9] A method for producing the tomato of any orfi¢lg to [7], including:

a salt tolerance imparting step of performing at sesistance imparting
treatment by bringing a salt tolerance impartingragnto contact with at least a part of a
root of a tomato, thereby obtaining a salt toleeaineparted tomato; and

a cultivation step of hydroponically cultivatindgpe salt tolerance imparted
tomato obtained in the salt tolerance imparting stéth a nutrient solution having a

sodium chloride concentration of 1 % by mass oranor

Effect of the Invention
[0011]

The present invention can provide a plant witprnoved shelf life as compared
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to the conventional plant of the same species.

The tolerance imparting method of the presergmtion can impart tolerance to
plants against diseases and pests.

A fruit of the tomato of the present inventionshfiee amino acid contents
different from those of conventional tomatoes aasd hinique flavor.

The tomato production method of the present itisancan provide a tomato
bearing a fruit having free amino acid contentdediint from those of conventional

tomatoes and unique flavor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]
FIG. 1A is a photograph of tomatoes grown byrbpdnics in Comparative
Example 1B.
FIG. 1B is a photograph of tomatoes grown byrbgdnics in Example 1B.
FIG. 2 is a photograph of tomatoes grown by dgdnics in Example 2B.
FIG. 3 shows photographs of tomatoes grown kgrdponics in Example 3B

and Comparative Example 2B.

DESCRIPTION OF THE EMBODIMENTS
[0013]
< Plant>
The plant of the present invention correspondart item described in Standard
Tables of Food Composition in Japan 2015 (Sevemrtised Version) and has a mass
content of sodium which is at least 50 times a nwms#ent of sodium of the item

described in the Standard Tables of Food CompasitiaJapan 2015 (Seventh Revised
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Version), the mass content of sodium being measpeedinit mass of edible portion of
the plant.

The plant of the present invention correspondart item described in Standard
Tables of Food Composition in Japan 2015 (Sevemyised Version) and has a mass
content of sodium which is preferably 55 to 100esanmore preferably 60 to 90 times,
still more preferably 70 to 80 times a mass condésbdium of the item described in the
Standard Tables of Food Composition in Japan 28&8gnth Revised Version), the mass
content of sodium being measured per unit massibfeeportion of the plant.

[0014]

The plant of the present invention preferably daa®dium content of 0.15 % by
mass or more as measured with respect to edibopasf a fruit of the plant. The
sodium content is more preferably 0.18 to 0.4 %niags, and still more preferably 0.2 to
0.3 % by mass. The sodium content can be meabyrkedown method.

[0015]

The plant of the present invention is a raw plahich is not processed except
cutting and is preferably a fruit.

When the plant of the present invention is atfrtie plant preferably has a
water content of 90 % by mass or less as measuttedre@spect to edible portion of a
fruit of the plant. The water content is more prably 80 to 90 % by mass, still more
preferably 83 to 89 % by mass, and still more pedfly 85 to 88% by mass. The water
content can be measured by known method. For deartige water content can be
determined by a heat drying method using a commaléyrcvailable dryer.

[0016]
When the plant of the present invention is atfrtie plant preferably has a

sugar content (Brix) of 8 or more as measured vafipect to edible portion of a fruit of
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the plant. The sugar content (Brix) is more praiéy 8 to 20, still more preferably 10
to 15, and still more preferably 12 to 14. Theaugpntent can be measured by known
method. For example, the sugar content can be ureshsusing a commercially
available sugar content refractometer.

[0017]

The edible part of the fruit means a part of llagvested fruit excluding parts
such as calyx, stem and possibly seeds. Theisrait unprocessed raw fruit.

With respect to the fruit of the present inventithe sodium content, the water
content, and the sugar content can be determineddasuring the respective amounts
with respect to the whole edible part of the fruit.

[0018]

The plant of the present invention may be ana@smgrm, a gymnosperm, or
ferns or moss.

Further, the plant may be a monocotyledonoustmarm dicotyledonous plant.
Specific examples of the plant include plants ef @ramineae family such as rice, corn,
sorghum, wheat, barley, rye, barnyard millet, oitdéd millet; the plant of the Solanaceae
family such as tomato, eggplant, paprika, bell peppotato, or tobacco; plants of the
Brassicaceae family such as Arabidopsis thaliamdzac shepherd’'s purse, radish,
cabbage, violet cabbage, Brussels sprouts (Petjt w&hinese cabbage, bok choy, kale,
watercress, Japanese mustard spinach, broccdifj@aar, turnip, Japanese horseradish,
or mustard; plants of the Cucurbitaceae family saglzucumber, bitter melon, pumpkin,
melon, or watermelon; plants of the Vitaceae farmailgh as grape; plants of the Rutaceae
family such as lemon, orange, navel orange, grapefnandarin orange, lime, Citrus
sudachi, citron, Shikuwasa, or citrus tankan; glartthe Rosaceae family such as apple,

cherry, Japanese apricot, peach, loquat, apridaty gPrumus salicina), prune, almond,



10

15

20

25

12

pear, European pear, strawberry, raspberry, blaokbblack currant, cranberry, or
blueberry; plants of the Leguminosae family suctsagbean, kidney bean, pea, broad
bean, green soybean, green gram, or chick peaspmthe Nelumbonaceae family such
as lotus (lotus root); plants of the Pedaliacearilfasuch as sesame; plants of the
Chenopodiaceae family such as spinach, beet, sagdrquinoa, tumbleweed, amaranth,
or cockscomb; plants of the Arecaceae family sigllae palm, oil palm, coconut, or
acai; plants of the Musaceae family such as barMnaa basjoo, or Manila hemp; plants
of the Malvaceae family such as cotton or okranysaf the Myrtaceae family such as
eucalyptus; and plants of the Capparaceae famidh s3 Cleome gynandra or Cleome
spinose.

Among these plants, the plants of the Solanadaedy are preferable, and
tomato (Solanum lycopersicum) is more preferable.

[0019]

The degree of ripening of tomato can be claskifig the extent (area%) of red
or pink coloration on the fruit surface. For exdm@ tomato goes through a green ripe
period (no coloration), a degreening period (u@@® coloration), a mature period (71
to 90 % coloration), and a ripe period (91 to 100cétoration) to reach an over-ripe
period. With respect to the fruit of the presemweintion, it is preferable that the sodium
content, the water content and the sugar contenvahin the aforementioned ranges in
the mature period or the ripe period.

[0020]

The plant of the present invention has uniqueofiadue to the aforementioned
specific sodium content.

Further, the sodium content per mass of the p&ahigh, whereby the plant can

maintain good flavor for a long period of time drak a long shelf life.
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The plant of the present invention can exhibitedbent shelf life even without

treating the harvested plant with a preservative.
[0021]
< Plant Production Method

The plant production method of the present ineenincludes: a salt tolerance
imparting step of performing a salt resistance ip@ treatment by bringing a salt
tolerance imparting agent into contact with at lemgpart of a root of a plant, thereby
obtaining a salt tolerance imparted plant; and Hivation step of hydroponically
cultivating the salt tolerance imparted plant aledi in the salt tolerance imparting step
with a nutrient solution having a sodium chlorigecentration of 1 % by mass or more.
The salt tolerance imparting step is carried outifioparting salt tolerance to a plant
originally having low salt tolerance by treating thlant with the salt tolerance imparting
agent, thereby enabling the plant to be cultivateder an environment of very high salt
concentration such as the sodium chloride concimtraf 1 % by mass or more. In the
subsequent cultivation step, the salt toleranceamed plant can be grown by
hydroponics with the nutrient solution having aisad chloride concentration of 1 % by
mass or more.

By performing the salt tolerance imparting steg ¢he cultivation step, sodium
derived from sodium chloride contained in the rartisolution is transferred into the
plant, whereby the plant of the present inventiontaining a large amount of sodium
can be produced.

[0022]

A plant at an early stage of growth has lessssttelerance than a sufficiently

grown plant, and is more likely to be influenceddswironmental stress. In particular,

the process of rooting or budding is very sensitivéhe salt concentration. Therefore,
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when grown under a high salt concentration enviremnfrom the stage of seeds or bulbs,
many of the plants are caused to wither due to ajhstress before acquiring sufficient
salt tolerance even if the salt tolerance impartmegtment is carried out. In the plant
production method of the present invention, itrsferable that the plant is grown under
a low salt concentration environment at an earfgetof the growth, and the salt
tolerance imparting treatment is performed after ptant has been grown to a certain
extent. This can noticeably increase a proportdnthe plants to which the salt
tolerance is imparted by the salt tolerance impgrtieatment, thereby making it possible
to efficiently raise seedlings capable of beingicated under a high salt concentration
environment.
[0023]

The plant production method of the present imeenpreferably includes, as an
initial growth step, a step of allowing the plantdrow under an environment with a
sodium chloride concentration of less than 1 % lagsnat least until the rooting and the
budding are completed. The sodium chloride comagoh of the environment in
which the seed or the like is grown in the inigmbwth step may be less than 1 % by
mass, and is preferably equal to or less thanatliesncentration at which a plant of the
same variety as the plant to be obtained by raisimegseedling is capable of being
normally grown. The environment that allows "cdpabf being normally grown”
means an environment in which the cultivation oplarality of plants results in a
survival rate of 80 % or more. In the tolerancepaming method of the present
invention, the sodium chloride concentration of #revironment for the initial growth
step is preferably 0 to 0.5 % by mass, more prbfer@ to 0.3 % by mass, and further
preferably O to 0.1 % by mass.

[0024]
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The initial growth step can be performed by aegahmethod for causing the
seed to bud and root, except that an aqueous aolitaving a sodium chloride
concentration of less than 1 % by mass is usedadsrwinitial growth solution) to be
supplied to the seed or the bulb. Specificallg, sked or the bulb is allowed to bud and
root by placing the seed or the bulb in a statbedfig in contact with the initial growth
solution under a temperature environment whichwaldudding and rooting. For
example, the initial growth solution may be peraadly sprayed onto the seed or the like
which is placed under a suitable temperature enment. Alternatively, the seed or the
like may be placed in a state where at least agddtte surface of the seed or the like is
exposed to air while other parts are in contachlite initial growth solution under a
suitable temperature environment. For examples#esl or the like may be placed on
the surface of a support including the initial gtbwolution, thereby allowing the seed or
the like to be in contact partially with the initgrowth solution. Alternatively, the seed
or the like is placed in the initial growth solutithat is held in a container such that the
surface of the solution is lower than the top & seed or the like, to thereby allow the
seed or the like to be in contact partially witk thitial growth solution.

[0025]

The support is not limited as long as the suppast such a porosity that allows
the initial growth solution contained therein to fagoplied to the seed or the like placed
on the surface of the carrier. However, it is erable that the support has such a
porosity that, after rooting, allows the root oftlseedling to penetrate through the
support. By allowing the plant budded and rootexinf the seed or the like to grow
such that a stem or a leaf grows upward from tippeu, and the root grows downward
into the support, the plant can grow in a statdeihg supported by the support. For

example, when the plant is grown such that the sedk like is allowed to bud and root
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by placing the seed or the like on the surfacehefdupport retained within a cultivation
pot installable in a cultivation tank used for thelroponics performed in the cultivation
step, while allowing the root to grow downward irttee support so as to penetrate
through the support, it is possible, even after dbedling stage, to grow the plant by
installing the cultivation pot as such in the awdtion tank, since the plant is supported in
a state of being retained in the cultivation pot.

[0026]

As a support having such porosity, for examplgebhmaterial, a fiber-shaped
material, or a granular or gravel-shaped materiay he used. Examples of the gel
material include polysaccharide polymers such as, agarose, gellan gum, and alginic
acid; and water absorptive resins such as acrgbir Examples of the fiber-shaped
material include non-woven fabric, cotton, papeckrwool, and glass wool. Examples
of the granular or gravel-shaped material includev@od chip, a bark, pumice,
vermiculite, and sand.

[0027]

After the initial growth step, the salt tolerantmeparting treatment may be
performed, as a salt tolerance imparting step, doyglmg the salt tolerance imparting
agent into contact with at least a part of a rddhe grown seedling. The salt tolerance
imparting treatment may be performed immediatetgrabudding and rooting, but this
treatment can enhance the tolerance against ssdssnhore as the seedling grows more.
Therefore, it is preferable that the salt toleramparting step is performed after the
seedling is grown for at least one week, and pablgrfor approximately three weeks,
after budding.

[0028]

The salt tolerance imparting treatment can béopmed by putting at least a part
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of the root of the seedling into an aqueous satuttoeeatment solution) containing the
salt tolerance imparting agent. The sodium ch®rabncentration of the treatment
solution is not particularly limited, and may bepegpriately adjusted depending on a
kind of the salt tolerance imparting agent used kind of the plant such that a sufficient
salt tolerance imparting efficiency is obtained.or Example, the treatment solution may
be a solution obtained by mixing the salt tolerainggarting agent with the initial growth
solution, a solution obtained by mixing the saltetance imparting agent with the
nutrient solution used in the cultivation step, osolution having a salt composition
different from those of the initial growth solutiamd the nutrient solution. The sodium
chloride concentration of the treatment solutiorecusn the present invention is
preferably 1 % by mass or more, and more prefertiidysame as the sodium chloride
concentration of the nutrient solution.
[0029]

The salt tolerance imparting agent used in tlesgmt invention may be a drug, a
microorganism, or a culture supernatant of the oaganism. Examples of the drug
include pyrroloquinoline quinone (see JapanesenPd&te. 5013326) and strigolactone.
Examples of the microorganism include Paenibacilfiskuinensis (see Japanese
Unexamined Patent Application, First Publication. [8613-75881). The salt tolerance
imparting agent may be formed of one kind of micgamism, or a mixture of two or
more kinds of microorganisms.

[0030]

The concentration of the salt tolerance impartiggnt in the treatment solution
can be appropriately adjusted in consideratiorhefkind of the salt tolerance imparting
agent, the kind of the plant, the growth stageherlike. When the concentration of the

salt tolerance imparting agent in the treatmentits&m is too low, the salt tolerance
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imparting agent is less likely to get in contacthathe root of the plant in the treatment
solution, which may result in insufficient saltéchnce imparting effect. On the other
hand, depending on the kind of the salt tolerangzarting agent, the growth of the plant
may be adversely affected by excessive intake efktit tolerance imparting agent. In
view of this, an appropriate concentration of tilaét $olerance imparting agent in the
treatment solution for obtaining sufficient saltlet@nce imparting effect can be
determined empirically. For example, when the salltrance imparting agent is the
microorganism, the concentration of the microorganin the treatment solution may be
set to be TDCFU/mL or more, whereby sufficient salt toleramegarting effect can be
obtained. @ When the salt tolerance imparting agmsntthe microorganism, the
concentration of the microorganism in the treatmsatution is preferably F0CFU/mL
or more, and more preferably*1I0FU/mL or more. When the salt tolerance imparting
agent is the microorganism, an upper limit of tbeaentration of the microorganism in
the treatment solution is not particularly limitdait for example, the concentration may
be up to 18 CFU/mL, whereby the quality of the treatment solutcan be favorably
maintained. The upper limit of the concentratibthe microorganism in the treatment
solution is preferably ¥ CFU/mL, more preferably?® CFU/mL, still more preferably
10'° CFU/mL, particularly preferably 2aCFU/mL. The range of the concentration of
the microorganism in the treatment solution mayfbegxample, 1dto 10 CFU/mL,
preferably 10 to 10% CFU/mL, more preferably foto 1d* CFU/mL, still more
preferably 18to 10° CFU/mL, especially preferably 16 16 CFU/mL.
[0031]

The time period for performing the salt toleramoparting treatment time once,

that is, the time for holding at least a part & tbot of the plant in the treatment solution,

can be appropriately adjusted in consideratiorhefkind of the plant or the kind of the
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salt tolerance imparting agent to be used. Fom@ka such time period for the salt
tolerance imparting treatment is preferably 1 hmumore, more preferably 18 hours or
more, still preferably one day or more, and furtimerre preferably one day to seven days.
Cultivating the plant for 1 hour or more with traot thereof being held in the treatment
solution ensures sufficient chances for the s#&tramce imparting agent in the treatment
solution to contact the root of the plant, wherétiny salt tolerance can be imparted more
easily.
[0032]

In the initial growth step, when the seedlingdsbe grown in a state of being
supported by the support retained within the catton pot, the cultivation pot may be
installed in a treatment tank containing the treattrsolution such that the root growing
from below the support contacts the treatment swiutthereby carrying out the salt
tolerance imparting treatment. For example, the oan be brought into contact with
the treatment solution by using a float which has or more through-holes for fitting
the cultivation pot thereinto and is floated on theface of the treatment solution, and
fitting the cultivation pot into the float. The lduation pot may be detachably fitted
into the through-hole of the float, or may be fixeddetachably to the through-hole of
the float. Alternatively, the float and the culttion pot may be integrally formed. As
a material of the float to be floated on the swfat the treatment solution, the same
material as the float to be floated on the surfafcthe nutrient solution described later
can be used.

[0033]

The larger the amount of the treatment soluti@eduin the salt tolerance

imparting treatment, the larger the amount of thié t®lerance imparting agent needed.

Therefore, by reducing the amount of the treatmsslution to an amount that is
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necessary and sufficient to allow the root of tlenpgrown from the bottom surface of
the cultivation pot to contact the treatment solutithe amount of the salt tolerance
imparting agent required for performing the saletance imparting treatment once can
be suppressed. However, when the amount of thérest solution is too small, it may

become impossible to allow a sufficient amountta salt tolerance imparting agent to
contact the root of the plant. Therefore, wheratepinto which one cultivation pot is

fitted is installed per treatment tank, the amafrthe treatment solution contained in the
treatment tank is preferably at least 5 mL.

[0034]

Thereafter, the seedling to which the salt toleeais imparted by the salt
tolerance imparting step is grown by hydroponic¢hwhe nutrient solution having a
sodium chloride concentration of 1 % by mass oreanor

[0035]

In the present invention, the sodium chloride csortration of the nutrient
solution in the cultivation step is not limitedlasg as the sodium chloride concentration
is 1 % by mass or more, and may be appropriatglystetl in accordance with the salt
tolerance of the plant to be cultivated. The sodiohloride concentration of the
nutrient solution is preferably 1 to 4 % by massrenpreferably 1.5 to 3.8 % by mass,
further preferably 2 to 3.5 % by mass, and partidylpreferably 2.5 to 3.3 % by mass.

[0036]

The nutrient solution used in the present inwntipreferably contains
magnesium chloride in addition to sodium chloriddvere the amount of magnesium
chloride contained is preferably 0.5 % by massess,| more preferably 0.1 to 0.5 % by
mass.

[0037]
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In addition to sodium chloride and magnesium gt it is preferable that the
nutrient solution used in the present inventiontaims various nutrient components
which are necessary for the growth of the planthe Tutrient components can be
appropriately adjusted according to the type offilamt to be cultivated. Especially, it
is preferable that the nutrient solution contailesrents necessary for the growth of the
plant in the form of salts. Examples of such elet®enclude nitrogen, phosphorus,
potassium, calcium, magnesium, sulfur, iron, maegan copper, molybdenum, and
boron. The nutrient solution may further contaiengents such as aluminum and
silicon in the form of salts thereof, depending tbe type of the plant. Further, the
composition of the nutrient solution may be varastording to the growth stage of the
plant.

[0038]

The nutrient solution to be used in the presewvgntion may be, for example, a
solution prepared by supplementing deficient salths as sodium chloride to
commercially available liquid fertilizer or a salut obtained by diluting commercially
available concentrated liquid fertilizer with seater instead of water. Further, the
nutrient solution may also be a solution obtaingdppropriately adding a deficient salt
such as salt of phosphorus to seawater.

[0039]

In the present invention, the hydroponics in thdtivation step may be
performed by a general hydroponics method, excédytt the sodium chloride
concentration of the nutrient solution is set t&l1by mass or more. The cultivation
step may be performed by a deep flow techniquehichva relatively large amount of
the nutrient solution is stored in the cultivatiank, or a nutrient film technique in which

a culture solution is allowed to flow down little little on a flat surface having a gentle
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slope.
[0040]

In the deep flow technique, the replacement @& tlutrient solution in the
cultivation tank may be carried out by a circulatimethod in which the nutrient solution
used is circulated, or a non-circulation methoavhich the nutrient solution used for a
certain period of time in the cultivation tank ischarged. In case of the circulation
method, the nutrient solution prepared in a nutrgaution preparation tank is charged
into the cultivation tank by a pump or the like,dais collected back to the nutrient
solution preparation tank from the cultivation tamakd the nutrient component or the
like is prepared.

[0041]

For example, the deep flow technique can beedwut by using a hydroponic
apparatus having a cultivation tank for storing tiogrient solution, a cultivation pot for
accommodating the plant, one or more through-hilefitting the cultivation pot, and a
float to be floated on the surface of the nutrieolution. The cultivation pot may be
detachably fitted into the through-hole of the floar may be fixed undetachably to the
through-hole of the float. Alternatively, the floand the cultivation pot may be
integrally formed. The cultivation tank may betalked indoors, or may be installed
outdoors.

[0042]

In the case of a circulation type hydroponic appss, the cultivation tank
includes a water supply hole for injecting the mutr solution, and a drainage hole for
draining the nutrient solution. In the case of en-girculation type hydroponic
apparatus, the cultivation tank may include bothtltg water supply hole and the

drainage hole, or may include a water supply/dgenbole used for both of the water
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supply and the drainage. The water supply andhdga of the nutrient solution in the
cultivation tank are controlled by a pump and a®al
[0043]

The cultivation pot is a container that has opgrportions at least on an upper
surface and a lower surface, and is capable ofnmetathe support. In general, the
cultivation pot formed of a resin material such @Esyethylene, polypropylene, or
polyvinylidene chloride is used. As the supporbéoretained in the cultivation pot, any
of those described above can be used.

[0044]

The float is formed of a material that floats thre surface of the nutrient
solution in a state where the cultivation pot beusgd for cultivating the plant is fitted
into the through-hole. As such a material, for mgke, a foamed resin such as
polystyrene foam or polypropylene foam is used. fiBing the cultivation pot into the
float, the cultivation pot can be constantly pasigd on the surface of the nutrient
solution, regardless of a large or small amounthef nutrient solution, and even if the
amount of the nutrient solution is small, the robthe plant can be allowed to contact
constantly with the nutrient solution.

[0045]

The float to be floated in the cultivation tankyrbe one sheet, or two or more
sheets. When the cultivation tank is installeddoats, it is preferable that the float is
installed to cover most of the surface of the mumirisolution, in order to prevent
evaporation of the nutrient solution from the soceféghereof.

[0046]
In the deep flow technique, it is preferable ttreg hydroponic apparatus used

includes oxygen supply means for keeping the diesbbxygen content of the nutrient
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solution at a predetermined level or higher. Aes dlxygen supply means, for example,
an air pump or an air sucker can be used. Bylimgfahe air pump in the cultivation
tank, air including oxygen can be directly supplitd the nutrient solution in the
cultivation tank. When the air sucker is used, rib&ient solution can be charged into
the cultivation tank after the nutrient solutionnigxed with air by passing the nutrient
solution through the air sucker or the like in atha

[0047]

The pH suitable for the hydroponics varies dependn the kind of the plant,
and is generally approximately 5.5 to 6.5, but pié of the nutrient solution tends to
increase as the cultivation period extends long@&herefore, in order to stably perform
the hydroponics for a long period of time, it ief@rable that the hydroponic apparatus
used includes pH control means for measuring thefHe nutrient solution periodically,
and dosing an acid material in order to adjustgHewithin a predetermined range as
necessary. As the acid material used for the ghisadent, for example, hydrochloric
acid, sulfuric acid, or nitric acid can be used.

[0048]

In the plant production method of the presenteimion, the salt tolerance
imparting step and the cultivation step may beqgreréd in the same cultivation tank, or
the salt tolerance imparting step may performedtha treatment tank storing the
treatment solution, followed by transferring theedleng after the treatment to the
cultivation tank storing the nutrient solution.

[0049]

In the initial growth step, when the salt toleranimparting treatment is

performed in the treatment tank after the seedBngrown in a state of being supported

by the support retained within the cultivation pibte cultivation pot with the seedling
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may be detached from the float of the treatmenk,taamd may be fitted into the
through-hole of the float floating on the surfadetlee nutrient solution stored in the
cultivation tank, or the float into which the cuhtion pot is embedded may be
transferred from the treatment tank to be floatedhe surface of the nutrient solution in
the cultivation tank. Transfer means for trangfgrithe cultivation pot or the float to
the cultivation tank from the treatment tank is patticularly limited, and for example,
the transfer may be performed by means of a wateewt, or a conveyor. When a
plurality of cultivation pots are installed per dtment tank, it is preferable that a
bubbling treatment is performed by the air pumpoider to prevent stagnation of the
treatment solution, and oxygen deficiency.
[0050]

When the salt tolerance imparting treatment rfopmed in the cultivation tank,
first, the treatment solution is charged to thetieation tank, and the root grown
downward in the cultivation pot fitted into the diibis brought into contact with the
treatment solution to thereby perform the saltranlee imparting treatment. In order to
prevent the occurrence of concentration gradiernthefsalt tolerance imparting agent, it
is preferable that the treatment solution is cdaethavith the root of the plant while
suppressing the amount of the water supply andhagai or without the water supply and
drainage.

However, when the amount of the water supply aradndge is small or the
water supply and drainage is not performed, thgnstion may occur in the cultivation
tank, causing adverse effect on the plant itseltherefore, it is preferable that the
treatment solution is suitably stirred by the buddpkreatment with the air pump.

[0051]

After the salt tolerance imparting treatment, theatment solution in the
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cultivation tank is drained, and subsequently,nh&ient solution prepared in advance in
another tank is supplied to the cultivation tanKhen, the cultivation step is initiated by
supplying water and draining under normal condgion When the salt tolerance
imparting agent is composed of a material, sucthasmicroorganism, which does not
adversely affect the plant even in the event ofessive intake of the material, the
nutrient solution may be supplied without drainthg treatment solution, and the water
supply and drainage may be initiated under the mbrwater supply and drainage
conditions.
[0052]

The cultivation with the nutrient solution having sodium chloride
concentration of 1 % by mass or more (hereinadilen referred to as “under the high salt
concentration environment”) need not necessarilypédormed throughout the entire
cultivation period after the salt tolerance impagtitreatment. For example, the
cultivation under the high salt concentration eowment may be performed only for an
arbitrary period after the salt tolerance impartirggatment. In this case, it is preferable
that the cultivation under the high salt concergratenvironment is performed for a
predetermined period immediately after the salereoice imparting treatment. It is
speculated that, by performing the cultivation undkee high salt concentration
environment at an arbitrary time immediately after salt tolerance imparting treatment,
the salt tolerance imparted by the salt toleramopaiting treatment is maintained,
whereby the shelf life of the plant improves. Tperiod of the cultivation under the
high salt concentration environment is not parédyl limited, but for example, may be a
period of approximately 1/3 of the entire cultivatiperiod, a period of approximately
1/2 of the entire cultivation period, or a perioll approximately 2/3 of the entire

cultivation period, from immediately after the salterance imparting treatment. From
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the viewpoint of improving the shelf life of theapit, it is preferable that the cultivation
under the high salt concentration environment isfopeed throughout the entire
cultivation period, from immediately after the salierance imparting treatment.

[0053]

If the seedling with only insufficient salt toderce imparted is cultivated under
the high salt concentration environment for a d¢ertgeriod in the cultivation step, the
seedling withers. The withered plant causes thingp and allows undesirable bacteria
or the like to proliferate in the nutrient solutionin such a case, despite the efforts made
to impart the salt tolerance to the seedling, gexBng may wither by the disease or the
like, due to contamination of the nutrient solutionTherefore, it is preferable that a
removal step of removing the withered seedling esfggmed after the salt tolerance
imparting step or during the cultivation step. &splly when the salt tolerance
imparting step is performed by using the treatnsaitition having a sodium chloride
concentration of 1 % by mass or more, it is prdferdhat the removal step is performed
after the salt tolerance imparting step and beifatition of the cultivation step. In the
cultivation of crops, the yield in an actual cudtion area can be improved by removing
the withered seedling from the cultivation tank.

[0054]

When plants are grown for a certain period urttler high salt concentration
environment after initiation of the salt tolerariogarting treatment, the seedling which
has grown without withering can be confirmed toaelant having the salt tolerance
thereof surely improved by the salt tolerance irtipgr agent. By removing the
withered seedling, the salt tolerant seedling pceduaccording to the present invention
can acquire quality assurance as a salt toleradiing.

[0055]
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The cultivation step may be performed indoorsngisthe cultivation tank
installed indoors, or may be performed outdoorh@open air using the cultivation tank
installed outdoors.

[0056]

When the plant is a fruit, the fruit is harvesfeain the plant cultivated until the
harvest stage of the fruit. The plant productioethnd of the present invention may
further include a selection step of selecting, fithim harvested fruits, those satisfying the
above-mentioned respective ranges with respettet@aodium content, water content, or
sugar content of the edible part of the fruit.

[0057]

According to the plant production method of tmesent invention, the plant can

be produced by using salt water or sea water.
[0058]

< Tolerance Imparting Method

The tolerance imparting method of the presergnition include: a salt tolerance
imparting step of performing a salt resistance irp@ treatment by bringing a salt
tolerance imparting agent into contact with at lemgpart of a root of a plant, thereby
obtaining a salt tolerance imparted plant; a catton step of hydroponically cultivating
the salt tolerance imparted plant obtained in thk ®lerance imparting step with a
nutrient solution having a sodium chloride concatidn of 1 % by mass or more. The
salt tolerance imparting step is carried out fompaming salt tolerance to a plant
originally having low salt tolerance by treating thlant with the salt tolerance imparting
agent, thereby enabling the plant to be cultivateder an environment of very high salt
concentration such as the sodium chloride concamtraf 1 % by mass or more. In the

subsequent cultivation step, the salt toleranceamned plant can be grown by
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hydroponics with the nutrient solution having aisad chloride concentration of 1 % by
mass or more.

By performing the salt tolerance imparting steyl ahe cultivation step, it is
possible to impart tolerance to the plant agairsgases and pests.

[0059]

A plant at an early stage of growth has lessssttelerance than a sufficiently
grown plant, and is more likely to be influencedeéawironmental stress. In particular,
the process of rooting or budding is very sensitovéhe salt concentration. Therefore,
when grown under a high salt concentration enviremnfrom the stage of seeds or bulbs,
many of the plants are caused to wither due to &ajhstress before acquiring sufficient
salt tolerance even if the salt tolerance impartireptment is carried out. In the
tolerance imparting method of the present inventions preferable that the plant is
grown under a low salt concentration environmeraraiearly stage of the growth, and
the salt tolerance imparting treatment is perforraftdr the plant has been grown to a
certain extent. This can noticeably increase @gmn of the plants to which the salt
tolerance is imparted by the salt tolerance impgrtieatment, thereby making it possible
to efficiently raise seedlings capable of beingicated under a high salt concentration
environment.

[0060]

The tolerance imparting method of the presentntion preferably includes, as
an initial growth step, a step of allowing the plemgrow under an environment with a
sodium chloride concentration of less than 1 % lagsnat least until the rooting and the
budding are completed. The sodium chloride comagoh of the environment in
which the seed or the like is grown in the inigmbwth step may be less than 1 % by

mass, and is preferably equal to or less thanahesncentration at which a plant of the
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same variety as the plant to be obtained by raifiregseedling is capable of being
normally grown. The environment that allows "cdpabf being normally grown”

means an environment in which the cultivation oplarality of plants results in a
survival rate of 80 % or more. In the tolerancepaming method of the present
invention, the sodium chloride concentration of #revironment for the initial growth

step is preferably 0 to 0.5 % by mass, more prbfgra to 0.3 % by mass, and further
preferably 0 to 0.1 % by mass.

[0061]

The initial growth step can be performed by aegahmethod for causing the
seed to bud and root, except that an aqueous @olitaving a sodium chloride
concentration of less than 1 % by mass is usedadsrwinitial growth solution) to be
supplied to the seed or the bulb. Specificallg, sked or the bulb is allowed to bud and
root by placing the seed or the bulb in a statbedfig in contact with the initial growth
solution under a temperature environment whichwaldudding and rooting. For
example, the initial growth solution may be peraadiiy sprayed onto the seed or the like
which is placed under a suitable temperature enment. Alternatively, the seed or the
like may be placed in a state where at least agddite surface of the seed or the like is
exposed to air while other parts are in contach whie initial growth solution under a
suitable temperature environment. For examplesé®al or the like may be placed on
the surface of a support including the initial gtbwsolution, thereby allowing the seed or
the like to be in contact partially with the initgrowth solution. Alternatively, the seed
or the like is placed in the initial growth solutithat is held in a container such that the
surface of the solution is lower than the top & seed or the like, to thereby allow the
seed or the like to be in contact partially witk thitial growth solution.

[0062]
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The support is not limited as long as the suppast such a porosity that allows
the initial growth solution contained therein to sugplied to the seed or the like placed
on the surface of the carrier. However, it is erable that the support has such a
porosity that, after rooting, allows the root oftlseedling to penetrate through the
support. By allowing the plant budded and rootexinf the seed or the like to grow
such that a stem or a leaf grows upward from tipgpen, and the root grows downward
into the support, the plant can grow in a statdaihg supported by the support. For
example, when the plant is grown such that the sedlk like is allowed to bud and root
by placing the seed or the like on the surfacehefdupport retained within a cultivation
pot installable in a cultivation tank used for thelroponics performed in the cultivation
step, while allowing the root to grow downward irttee support so as to penetrate
through the support, it is possible, even after sbedling stage, to grow the plant by
installing the cultivation pot as such in the awdtion tank, since the plant is supported in
a state of being retained in the cultivation pot.

[0063]

As a support having such porosity, for examplgebhmaterial, a fiber-shaped
material, or a granular or gravel-shaped materiay he used. Examples of the gel
material include polysaccharide polymers such as, agarose, gellan gum, and alginic
acid; and water absorptive resins such as acrgbinr Examples of the fiber-shaped
material include non-woven fabric, cotton, papeckrwool, and glass wool. Examples
of the granular or gravel-shaped material includev@od chip, a bark, pumice,
vermiculite, and sand.

[0064]
After the initial growth step, the salt tolerantmeparting treatment may be

performed, as a salt tolerance imparting step, dygimg the salt tolerance imparting
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agent into contact with at least a part of a rdahe grown seedling. The salt tolerance
imparting treatment may be performed immediatetgrabudding and rooting, but this
treatment can enhance the tolerance against ssdssnhore as the seedling grows more.
Therefore, it is preferable that the salt toleramparting step is performed after the
seedling is grown for at least one week, and pablgrfor approximately three weeks,
after budding.

[0065]

The salt tolerance imparting treatment can béopmed by putting at least a part
of the root of the seedling into an aqueous satuttoeeatment solution) containing the
salt tolerance imparting agent. The sodium ch®ra@bncentration of the treatment
solution is not particularly limited, and may bepappriately adjusted depending on a
kind of the salt tolerance imparting agent used kind of the plant such that a sufficient
salt tolerance imparting efficiency is obtained.or Example, the treatment solution may
be a solution obtained by mixing the salt toleraingearting agent with the initial growth
solution, a solution obtained by mixing the salletance imparting agent with the
nutrient solution used in the cultivation step, osolution having a salt composition
different from those of the initial growth soluti@md the nutrient solution. The sodium
chloride concentration of the treatment solutiorecusn the present invention is
preferably 1 % by mass or more, and more prefertiidysame as the sodium chloride
concentration of the nutrient solution.

[0066]

The salt tolerance imparting agent used in tiesgot invention may be a drug, a
microorganism, or a culture supernatant of the oaganism. Examples of the drug
include pyrroloquinoline quinone (see JapanesenPdte. 5013326) and strigolactone.

Examples of the microorganism include Paenibacilfiskuinensis (see Japanese
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Unexamined Patent Application, First Publication. [2613-75881). The salt tolerance
imparting agent may be formed of one kind of micgamism, or a mixture of two or
more kinds of microorganisms.

[0067]

The concentration of the salt tolerance impartiggnt in the treatment solution
can be appropriately adjusted in consideratiorhefkind of the salt tolerance imparting
agent, the kind of the plant, the growth stageherlike. When the concentration of the
salt tolerance imparting agent in the treatmenttsm is too low, the salt tolerance
imparting agent is less likely to get in contacthathe root of the plant in the treatment
solution, which may result in insufficient saltéchnce imparting effect. On the other
hand, depending on the kind of the salt toleranggarting agent, the growth of the plant
may be adversely affected by excessive intake e@fHit tolerance imparting agent. In
view of this, an appropriate concentration of tladt $olerance imparting agent in the
treatment solution for obtaining sufficient saltletance imparting effect can be
determined empirically. For example, when the saltrance imparting agent is the
microorganism, the concentration of the microorganin the treatment solution may be
set to be TDCFU/mL or more, whereby sufficient salt toleramegarting effect can be
obtained. £ When the salt tolerance imparting agentthe microorganism, the
concentration of the microorganism in the treatmsmitition is preferably T@CFU/mL
or more, and more preferably®lGFU/mL or more. When the salt tolerance imparting
agent is the microorganism, an upper limit of tbeaentration of the microorganism in
the treatment solution is not particularly limitdat for example, the concentration may
be up to 18 CFU/mL, whereby the quality of the treatment solutcan be favorably
maintained. The upper limit of the concentratidbthe microorganism in the treatment

solution is preferably ¥ CFU/mL, more preferably?® CFU/mL, still more preferably
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10'° CFU/mL, particularly preferably £0CFU/mL. The range of the concentration of
the microorganism in the treatment solution mayfbegxample, 19to 10° CFU/mL,
preferably 10 to 10 CFU/mL, more preferably £0to 10* CFU/mL, still more
preferably 18to 10° CFU/mL, especially preferably 16 16 CFU/mL.

[0068]

The time period for performing the salt toleraimo@arting treatment time once,
that is, the time for holding at least a part & thot of the plant in the treatment solution,
can be appropriately adjusted in consideratiorhefkind of the plant or the kind of the
salt tolerance imparting agent to be used. Fom@ka such time period for the salt
tolerance imparting treatment is preferably 1 hmumore, more preferably 18 hours or
more, still preferably one day or more, and furtimere preferably one day to seven days.
Cultivating the plant for 1 hour or more with treot thereof being held in the treatment
solution ensures sufficient chances for the séramce imparting agent in the treatment
solution to contact the root of the plant, wher#i® salt tolerance can be imparted more
easily.

[0069]

In the initial growth step, when the seedlingdsbe grown in a state of being
supported by the support retained within the catton pot, the cultivation pot may be
installed in a treatment tank containing the treatthsolution such that the root growing
from below the support contacts the treatment swlutthereby carrying out the salt
tolerance imparting treatment. For example, the oan be brought into contact with
the treatment solution by using a float which hae or more through-holes for fitting
the cultivation pot thereinto and is floated on theface of the treatment solution, and
fitting the cultivation pot into the float. The lduation pot may be detachably fitted

into the through-hole of the float, or may be fixeddetachably to the through-hole of
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the float. Alternatively, the float and the cu#ition pot may be integrally formed. As
a material of the float to be floated on the swfat the treatment solution, the same
material as the float to be floated on the surfafcthe nutrient solution described later
can be used.

[0070]

The larger the amount of the treatment soluti@eduin the salt tolerance
imparting treatment, the larger the amount of thié telerance imparting agent needed.
Therefore, by reducing the amount of the treatmssitution to an amount that is
necessary and sufficient to allow the root of tlenpgrown from the bottom surface of
the cultivation pot to contact the treatment solutithe amount of the salt tolerance
imparting agent required for performing the saletance imparting treatment once can
be suppressed. However, when the amount of thgreant solution is too small, it may
become impossible to allow a sufficient amountha salt tolerance imparting agent to
contact the root of the plant. Therefore, wheradepinto which one cultivation pot is
fitted is installed per treatment tank, the amafrihe treatment solution contained in the
treatment tank is preferably at least 5 mL.

[0071]

Thereafter, the seedling to which the salt toleeais imparted by the salt
tolerance imparting step is grown by hydroponicshwhe nutrient solution having a
sodium chloride concentration of 1 % by mass oranor

[0072]

In the present invention, the sodium chloride cemriration of the nutrient
solution in the cultivation step is not limitedlasg as the sodium chloride concentration
is 1 % by mass or more, and may be appropriatglystetl in accordance with the salt

tolerance of the plant to be cultivated. The sodiohloride concentration of the
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nutrient solution is preferably 1 to 4 % by massrenpreferably 1.5 to 3.8 % by mass,
further preferably 2 to 3.5 % by mass, and paridylpreferably 2.5 to 3.3 % by mass.
[0073]

The nutrient solution used in the present inwntipreferably contains
magnesium chloride in addition to sodium chloriddvere the amount of magnesium
chloride contained is preferably 0.5 % by massess,| more preferably 0.1 to 0.5 % by
mass.

[0074]

In addition to sodium chloride and magnesium gt it is preferable that the
nutrient solution used in the present inventiontaims various nutrient components
which are necessary for the growth of the planthe Tutrient components can be
appropriately adjusted according to the type offilamt to be cultivated. Especially, it
is preferable that the nutrient solution contailesnents necessary for the growth of the
plant in the form of salts. Examples of such elet®enclude nitrogen, phosphorus,
potassium, calcium, magnesium, sulfur, iron, maegan copper, molybdenum, and
boron. The nutrient solution may further contaiengents such as aluminum and
silicon in the form of salts thereof, depending tbe type of the plant. Further, the
composition of the nutrient solution may be varéadording to the growth stage of the
plant.

[0075]

The nutrient solution to be used in the presewgntion may be, for example, a
solution prepared by supplementing deficient salths as sodium chloride to
commercially available liquid fertilizer or a sdlt obtained by diluting commercially
available concentrated liquid fertilizer with seater instead of water. Further, the

nutrient solution may also be a solution obtaingdppropriately adding a deficient salt
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such as salt of phosphorus to seawater.
[0076]

In the present invention, the hydroponics in thdtivation step may be
performed by a general hydroponics method, excédytt the sodium chloride
concentration of the nutrient solution is set t&1by mass or more. The cultivation
step may be performed by a deep flow techniquehithva relatively large amount of
the nutrient solution is stored in the cultivattank, or a nutrient film technique in which
a culture solution is allowed to flow down little little on a flat surface having a gentle
slope.

[0077]

In the deep flow technique, the replacement @& mutrient solution in the
cultivation tank may be carried out by a circulatimethod in which the nutrient solution
used is circulated, or a non-circulation methoavhich the nutrient solution used for a
certain period of time in the cultivation tank ischarged. In case of the circulation
method, the nutrient solution prepared in a nutrgaiution preparation tank is charged
into the cultivation tank by a pump or the like,dais collected back to the nutrient
solution preparation tank from the cultivation tamakd the nutrient component or the
like is prepared.

[0078]

For example, the deep flow technique can beeadwut by using a hydroponic
apparatus having a cultivation tank for storing tiogrient solution, a cultivation pot for
accommodating the plant, one or more through-hfmlegtting the cultivation pot, and a
float to be floated on the surface of the nutrieolution. The cultivation pot may be
detachably fitted into the through-hole of the floar may be fixed undetachably to the

through-hole of the float. Alternatively, the floand the cultivation pot may be
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integrally formed. The cultivation tank may betaiked indoors, or may be installed
outdoors.
[0079]

In the case of a circulation type hydroponicigation apparatus, the cultivation
tank includes a water supply hole for injecting therient solution, and a drainage hole
for draining the nutrient solution. In the caseafon-circulation type hydroponic
apparatus, the cultivation tank may include bothtteg water supply hole and the
drainage hole, or may include a water supply/dgenbole used for both of the water
supply and the drainage. The water supply andhdga of the nutrient solution in the
cultivation tank are controlled by a pump and a/®al

[0080]

The cultivation pot is a container that has opgrportions at least on an upper
surface and a lower surface, and is capable ofnmetathe support. In general, the
cultivation pot formed of a resin material such @ayethylene, polypropylene, or
polyvinylidene chloride is used. As the supporbéoretained in the cultivation pot, any
of those described above can be used.

[0081]

The float is formed of a material that floats the surface of the nutrient
solution in a state where the cultivation pot beirsgd for cultivating the plant is fitted
into the through-hole. As such a material, for mgke, a foamed resin such as
polystyrene foam or polypropylene foam is used. fiBing the cultivation pot into the
float, the cultivation pot can be constantly pasigd on the surface of the nutrient
solution, regardless of a large or small amounthef nutrient solution, and even if the
amount of the nutrient solution is small, the robthe plant can be allowed to contact

constantly with the nutrient solution.
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[0082]

The float to be floated in the cultivation tankaynbe one sheet, or two or more
sheets. When the cultivation tank is installeddoats, it is preferable that the float is
installed to cover most of the surface of the mumirisolution, in order to prevent
evaporation of the nutrient solution from the sceféghereof.

[0083]

In the deep flow technique, it is preferable tthet hydroponic apparatus used
includes oxygen supply means for keeping the diesbbxygen content of the nutrient
solution at a predetermined level or higher. Aes dlxygen supply means, for example,
an air pump or an air sucker can be used. Bylimgfahe air pump in the cultivation
tank, air including oxygen can be directly suppligd the nutrient solution in the
cultivation tank. When the air sucker is used, riizient solution can be charged into
the cultivation tank after the nutrient solutionnigxed with air by passing the nutrient
solution through the air sucker or the like in atha

[0084]

The pH suitable for the hydroponics varies dependn the kind of the plant,
and is generally approximately 5.5 to 6.5, but pié of the nutrient solution tends to
increase as the cultivation period extends long&herefore, in order to stably perform
the hydroponics for a long period of time, it i®farable that the hydroponic apparatus
used includes pH control means for measuring thefiHe nutrient solution periodically,
and dosing an acid material in order to adjustgHewithin a predetermined range as
necessary. As the acid material used for the ghisadent, for example, hydrochloric
acid, sulfuric acid, or nitric acid can be used.

[0085]

In the tolerance imparting method of the presawméntion, the salt tolerance
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imparting step and the cultivation step may begrareéd in the same cultivation tank, or
the salt tolerance imparting step may performedthe treatment tank storing the
treatment solution, followed by transferring theedleng after the treatment to the
cultivation tank storing the nutrient solution.

[0086]

In the initial growth step, when the salt tolaanimparting treatment is
performed in the treatment tank after the seedngrown in a state of being supported
by the support retained within the cultivation pibte cultivation pot with the seedling
may be detached from the float of the treatmenk,taamd may be fitted into the
through-hole of the float floating on the surfadetlee nutrient solution stored in the
cultivation tank, or the float into which the cuhiion pot is embedded may be
transferred from the treatment tank to be floatedhe surface of the nutrient solution in
the cultivation tank. Transfer means for trangfgrithe cultivation pot or the float to
the cultivation tank from the treatment tank is patticularly limited, and for example,
the transfer may be performed by means of a wateewt, or a conveyor. When a
plurality of cultivation pots are installed per dtment tank, it is preferable that a
bubbling treatment is performed by the air pumpoider to prevent stagnation of the
treatment solution, and oxygen deficiency.

[0087]

When the salt tolerance imparting treatment régpened in the cultivation tank,
first, the treatment solution is charged to thetieation tank, and the root grown
downward in the cultivation pot fitted into the dlbis brought into contact with the
treatment solution to thereby perform the saltranlee imparting treatment. In order to
prevent the occurrence of concentration gradiernthefsalt tolerance imparting agent, it

is preferable that the treatment solution is cdaethavith the root of the plant while
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suppressing the amount of the water supply anchagai or without the water supply and
drainage.

However, when the amount of the water supply aradnedge is small or the
water supply and drainage is not performed, thgnstdon may occur in the cultivation
tank, causing adverse effect on the plant itseltherefore, it is preferable that the
treatment solution is suitably stirred by the biddptreatment with the air pump.

[0088]

After the salt tolerance imparting treatment, theatment solution in the
cultivation tank is drained, and subsequently,nh&ient solution prepared in advance in
another tank is supplied to the cultivation tanKhen, the cultivation step is initiated by
supplying water and draining under normal condgion When the salt tolerance
imparting agent is composed of a material, suctheasmicroorganism, which does not
adversely affect the plant even in the event ofessive intake of the material, the
nutrient solution may be supplied without drainthg treatment solution, and the water
supply and drainage may be initiated under the mbrwater supply and drainage
conditions.

[0089]

The cultivation with the nutrient solution having sodium chloride
concentration of 1 % by mass or more (hereinadiisg referred to as “under the high salt
concentration environment”) need not necessarilypedormed throughout the entire
cultivation period after the salt tolerance impagtitreatment. For example, the
cultivation under the high salt concentration eoninent may be performed only for an
arbitrary period after the salt tolerance impartirggatment. In this case, it is preferable
that the cultivation under the high salt concergratenvironment is performed for a

predetermined period immediately after the salereoice imparting treatment. It is
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speculated that, by performing the -cultivation undke high salt concentration
environment at an arbitrary time immediately after salt tolerance imparting treatment,
the salt tolerance imparted by the salt toleramopaiting treatment is maintained,
whereby the shelf life of the plant improves. Tperiod of the cultivation under the
high salt concentration environment is not parédyl limited, but for example, may be a
period of approximately 1/3 of the entire cultietiperiod, a period of approximately
1/2 of the entire cultivation period, or a periofl approximately 2/3 of the entire
cultivation period, from immediately after the salterance imparting treatment. From
the viewpoint of maintaining the tolerance agailiseases and pests, it is preferable that
the cultivation under the high salt concentratiodienment is performed throughout the
entire cultivation period, from immediately aftbetsalt tolerance imparting treatment.
[0090]

If the seedling with only insufficient salt toderce imparted is cultivated under
the high salt concentration environment for a ¢erferiod in the cultivation step, the
seedling withers. The withered plant causes tttengy and allows undesirable bacteria
or the like to proliferate in the nutrient solutionln such a case, despite the efforts made
to impart the salt tolerance to the seedling, gexlBng may wither by the disease or the
like, due to contamination of the nutrient solutionTherefore, it is preferable that a
removal step of removing the withered seedling eésfggmed after the salt tolerance
imparting step or during the cultivation step. &splly when the salt tolerance
imparting step is performed by using the treatnsaitition having a sodium chloride
concentration of 1 % by mass or more, it is prefierahat the removal step is performed
after the salt tolerance imparting step and befatiation of the cultivation step. In the
cultivation of crops, the yield in an actual cudtilon area can be improved by removing

the withered seedling from the cultivation tank.



10

15

20

25

43

[0091]

When plants are grown for a certain period urttier high salt concentration
environment after initiation of the salt tolerariogarting treatment, the seedling which
has grown without withering can be confirmed toaelant having the salt tolerance
thereof surely improved by the salt tolerance irtipgr agent. By removing the
withered seedling, the salt tolerant seedling pceduaccording to the present invention
can acquire quality assurance as a salt toleraaliag.

[0092]

The cultivation step may be performed indoorsngisthe cultivation tank
installed indoors, or may be performed outdoorh@open air using the cultivation tank
installed outdoors. The plant cultivated in thdtieation step according to the present
invention is also suitable for the cultivation merhed outdoors in the open air, since the
tolerance against diseases and pests is impartbd fant.

[0093]

According to the tolerance imparting method oé thresent invention, it is
possible to impart tolerance to the plant againstates and pests, and to achieve an
effect of prevention, cure or extermination of geshd/or diseases. This is considered
to be attributable to the fact that exposing thanplto the high salt concentration
environment improves the tolerance against diseasdspests as well as the tolerance
against salt stress.

[0094]

In the present invention, the plant to which tbkerance against diseases and
pests is imparted may be an angiosperm, a gymnosjeeiferns or moss.

Further, the plant may be a monocotyledonoustmarm dicotyledonous plant.

Specific examples of the plant include plants e&f @ramineae family such as rice, corn,
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sorghum, wheat, barley, rye, barnyard millet, oitdéd millet; the plant of the Solanaceae
family such as tomato, eggplant, paprika, bell peppotato, or tobacco; plants of the
Brassicaceae family such as Arabidopsis thaliamdzac shepherd’'s purse, radish,
cabbage, violet cabbage, Brussels sprouts (Petjt w&hinese cabbage, bok choy, kale,
watercress, Japanese mustard spinach, broccdifj@aar, turnip, Japanese horseradish,
or mustard; plants of the Cucurbitaceae family saglzucumber, bitter melon, pumpkin,
melon, or watermelon; plants of the Vitaceae farmailgh as grape; plants of the Rutaceae
family such as lemon, orange, navel orange, grajpefnandarin orange, lime, Citrus
sudachi, citron, Shikuwasa, or citrus tankan; glartthe Rosaceae family such as apple,
cherry, Japanese apricot, peach, loquat, apridaty gPrumus salicina), prune, almond,
pear, European pear, strawberry, raspberry, blaokbblack currant, cranberry, or
blueberry; plants of the Leguminosae family suctsagbean, kidney bean, pea, broad
bean, green soybean, green gram, or chick peaspathe Nelumbonaceae family such
as lotus (lotus root); plants of the Pedaliacearilfasuch as sesame; plants of the
Chenopodiaceae family such as spinach, beet, fegarquinoa, tumbleweed, amaranth,
or cockscomb; plants of the Arecaceae family suldate palm, oil palm, coconut, or
acai; plants of the Musaceae family such as barMusa basjoo, or Manila hemp; plants
of the Malvaceae family such as cotton or okranfdaf the Myrtaceae family such as
eucalyptus; and plants of the Capparaceae famdi ss Cleome gynandra or Cleome
spinose.

Among these plants, the plants of the Solanataady are preferable, and
tomato (Solanum lycopersicum) is more preferable.

[0095]
In the present invention, the pests against wthehtolerance of the tolerance

imparted plant is exerted include all organismsciwharm the growth of the plant, and
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the examples thereof include aphids such as arcaeipbid (Aphis gossypii), a green
peach aphid (Myzus persicae), and Kaltenbach (Aulhuom solani), leafminer flies
such as an eggplant leafminer fly (Liriomyza bra®)i a bean leafminer fly (Liriomyza
trifolii), and a tomato leafminer fly (Liriomyza 8aae), whiteflies such as a greenhouse
whitefly (Trialeurodes vaporariorum), a tobacco tefly (Bemisia tabaci), and a silver
leaf whitefly (Bemisia argentifolii), thrips sucls @ western flow thrip (Thrips parmi), a
Japanese flow thrip (Thrips setosus), and an latdlasver thrip (Frankliniella intonsa),
and rust mites such as a tomato rust mite (Aculogpersici).

[0096]

In the present invention, the pathogens agairtstiwthe tolerance of the
tolerance imparted plant is exerted include alhaigms which may cause diseases of the
plant, and the examples thereof include fungi, owetss, bacteria, virus, and the like.

Regarding these pathogens, it is preferable tihatplant is imparted with
tolerance against a viral disease in which thequgh is a virus or a fungal disease in
which the pathogen is fungi. There are many wiigeases and fungal diseases for
which effective agricultural chemicals are scarnd the prevention or extermination of
pathogen is difficult. However, according to tlwetance imparting method of the
present invention, it is possible to easily imph#g tolerance to the plant against viral
diseases or fungal diseases.

[0097]

Examples of viral disease of tomato include aatmryellow leaf curl disease
(Tomato yellow leaf curl virus: TYLCV), a tomato isaic disease (Tomato mosaic virus:
ToMV), and a tomato spotted wilt disease (Tomatottsgl wilt virus: TSWV).
Examples of fungal disease of tomato include torpatedery mildew.

[0098]
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According to the tolerance imparting method oé thresent invention, it is
possible to impart the tolerance to the plant bggisalt water or sea water. Therefore,
the amount of the agricultural chemical used htthéor preventing diseases and pests
can be reduced, and it becomes possible to remlizdtivation method that is friendly to
natural environment.

[0099]

< Tomato>»

The tomato of the present invention satisfiekeast one of the following (1) to
(20), which respectively represent amounts of xe®no acids contained per 100 g of
edible portion of a fruit of the tomato:
(1) free glutamic acid : 200 mg or more,
(2) free aspartic acid : 40 mg or more,
(3) free arginine : 6 mg or more,
(4) free isoleucine : 6 mg or more,
(5) free alanine : 8 mg or more,
(6) free serine : 15 mg or more,
(7) freelysine : 7 mg or more,
(8) free histidine : 7 mg or more,
(9) free phenylalanine : 12 mg or more,
(10) free tyrosine : 4 mg or more,
(11) free leucine : 4 mg or more,
(12) free methionine : 2 mg or more,
(13) free valine : 3.5 mg or more,
(14) free glycine : 2 mg or more,

(15) free proline : 50 mg or less,
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(16) free threonine : 10 mg or more,

(17) free tryptophan : 2 mg or more,

(18) free phosphoserine : 1.2 mg or more,

(19) freep-alanine : 2 mg or more, and

(20) freey-aminobutyric acid : 80 mg or more.
[0100]

With respect to the amounts of free amino acmsained per 100 g of edible
portion of a fruit of the tomato, it is preferalthat the tomato satisfies at least one of (1),
(2), (4) to (6), (8), (13), (14) and (16) , andsitmore preferable that the tomato satisfies
at least one of (1), (5), (6), (14) and (16). Wielspect to the amounts of free amino
acids contained per 100 g of edible portion of @it fof the tomato, it is still more
preferable that the tomato satisfies all of (1), (6), (14) and (16), and it is particularly
preferable that the tomato satisfies all of (1), (2) to (6), (8), (13), (14) and (16) .

[0101]

With respect to the amount of free glutamic amdtained per 100 g of edible
portion of a fruit of the tomato, the amount is fprably 200 mg or more, more
preferably 300 mg or more, and still more prefeydi®0 mg or more. The upper limit
of the amount of free glutamic acid contained @ ¢ of edible portion of a fruit of the
tomato is not particularly limited, and for exampieay be 2000 mg, 800 mg, 700 mg or
600 mg. With respect to the range of the amourfted glutamic acid contained per
100 g of edible portion of a fruit of the tomator £xample, the amount is preferably 200
to 2000 mg, more preferably 300 to 800 mg, stillrenpreferably 400 to 700 mg, and
particularly preferably 500 to 600 mg.

Glutamic acid is a flavor ingredient and givegoad taste to the fruit of tomato.

In addition, glutamic acid is an excitatory neuaogmitter and effective for fatigue
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recovery.
[0102]

With respect to the amount of free aspartic acidtained per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 50 mg or more, more preferably
70 mg or more, still more preferably 85 mg or maned particularly preferably 100 mg
or more. The upper limit of the amount of free aatip acid contained per 100 g of
edible portion of a fruit of the tomato is not peutarly limited, and for example, may be
300 mg, 200 mg, 180 mg or 150 mg. With resped¢héorange of the amount of free
aspartic acid contained per 100 g of edible portiba fruit of the tomato, for example,
the amount is preferably, 40 to 300 mg, more padfigr 50 to 300 mg, still more
preferably 70 to 200 mg, further more preferably 85180 mg, and particularly
preferably 100 to 150 mg.

Aspartic acid is effective for fatigue recoveayd is also a fast-acting energy
source.

[0103]

With respect to the amount of free arginine ammdtained per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 6 mg or more, more preferably
10 mg or more, still more preferably 15 mg or maned particularly preferably 20 mg or
more. The upper limit of the amount of free am@nacid contained per 100 g of edible
portion of a fruit of the tomato is not particulatimited, and for example, may be 100
mg, 50 mg, or 30 mg. With respect to the range¢hefamount of free arginine acid
contained per 100 g of edible portion of a fruitleé tomato, for example, the amount is
preferably 6 to 150 mg, preferably 10 to 150 mg/enpreferably 10 to 100 mg, still
more preferably 15 to 100 mg, and particularly erably 20 to 50 mg.

Arginine has an effect of improving immune functj vasodilating action and
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the like.
[0104]
With respect to the amount of free isoleucinetamed per 100 g of edible
portion of a fruit of the tomato, the amount isfprably6 mg or more, more preferably

mg or more, still more preferabB mg or morefurther preferably 10 mg or morand

particularly preferably 15 mg or more. The uppenitl of the amount of free isoleucine
contained per 100 g of edible portion of a fruittlé tomato is not particularly limited,
and for example, may be 100 mg, 80 mg, 50 mg an0 With respect to the range of
the amount of free isoleucine contained per 100 gdible portion of a fruit of the
tomato, for example, the amount is preferably &G0 mg, more preferably 7 to 100 mg,
still more preferably 10 to 80 mg, further prefdyali3 to 50 mg, and particularly
preferably 15 to 30 mg.

Isoleucine is an essential amino acid and seagean energy source. Also,
isoleucine has effects such as vasodilation, growtimotion, muscle strengthening,
fatigue recovery and the like.

[0105]

With respect to the amount of free alanine comt@iper 100 g of edible portion
of a fruit of the tomato, the amount is prefera®lgng or more, more preferably 9 mg or
more, still more preferably 10 mg or more, stillmm@referably 20 mg or more, further
more preferably 40 mg or more, and particularlyfgmably 50 mg or more. The upper
limit of the amount of free alanine contained p@® 3 of edible portion of a fruit of the
tomato is not particularly limited, and for exampheay be 200 mg, 150 mg, 100 mg or
80 mg. With respect to the range of the amourited alanine contained per 100 g of
edible portion of a fruit of the tomato, for examplhe amount is preferably 8 to 200 mg,

more preferably 10 to 150 mg, still more preferaB to 150 mg, further more
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preferably 40 to 100 mg, and particularly prefeyei to 80 mg.

Alanine serves as an energy source and has eféech as improvement of
immune function and improvement of activity of liv@lcohol decomposition) and the
like.

[0106]

With respect to the amount of free serine coetiper 100 g of edible portion
of a fruit of the tomato, the amount is preferabbymg or more, more preferably 30 mg
or more, still more preferably 40 mg or more, stilbre preferably 50 mg or more,
further more preferably 70 mg or more, and paréidylpreferably 90 mg or more. The
upper limit of the amount of free serine contaiped 100 g of edible portion of a fruit of
the tomato is not particularly limited, and for exale, may be 300 mg, 250 mg, 200 mg
or 150 mg. With respect to the range of the amaofiritee serine contained per 100 g
of edible portion of a fruit of the tomato, for emple, the amount is preferably 15 to 300
mg, more preferably 30 to 250 mg, still more prefdy 40 to 250 mg, still more
preferably 50 to 200 mg, further more preferably t60200 mg, and particularly
preferably 90 to 150 mg.

Serine has effects of improving sleep qualitgififunction assistance, and the
like.

[0107]

With respect to the amount of free lysine corgdiper 100 g of edible portion
of a fruit of the tomato, the amount is preferablgng or more, more preferably 10 mg or
more, still more preferably 15 mg or more, and ipalarly preferably 20 mg or more.
The upper limit of the amount of free lysine con& per 100 g of edible portion of a
fruit of the tomato is not particularly limited, @Mor example, may be 100 mg, 50 mg, or

30 mg. With respect to the range of the amourfte# lysine contained per 100 g of
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edible portion of a fruit of the tomato, for examplhe amount is preferably 7 to 100 mg,
more preferably 10 to 100 mg, still more preferahlly to 50 mg, and particularly
preferably 20 to 30 mg.

Lysine is an essential amino acid, and has badye repairing action. The
deficiency of this amino acid causes growth disiade. Lysine also has a virus
suppressing effect.

[0108]

With respect to the amount of free histidine eamd per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 7 mg or more, more preferably
10 mg or more, still more preferably 15 mg or maueg particularly preferably 20 mg or
more. The upper limit of the amount of free histed contained per 100 g of edible
portion of a fruit of the tomato is not particulatimited, and for example, may be 100
mg, 80 mg, or 60 mg. With respect to the rangethef amount of free histidine
contained per 100 g of edible portion of a fruitleé tomato, for example, the amount is
preferably 7 to 100 mg, more preferably 10 to 1@f) still more preferably 15 to 80 mg,
and particularly preferably 20 to 60 mg.

Histidine is an essential amino acid and hasdpaletic/erythropoietic action.
Histidine also has an anorectic effect.

[0109]

With respect to the amount of free phenylalamastained per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 12 mg or more, more preferably
20 mg or more, still more preferably 23 mg or maned particularly preferably 25 mg or
more. The upper limit of the amount of free phafgiine contained per 100 g of
edible portion of a fruit of the tomato is not peutarly limited, and for example, may be

100 mg, 80 mg, or 60 mg. With respect to the raofiethe amount of free
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phenylalanine contained per 100 g of edible portiba fruit of the tomato, for example,
the amount is preferably 12 to 100 mg, more préfgr20 to 100 mg, still more
preferably 23 to 80 mg, and particularly prefera®iyto 60 mg.

Phenylalanine is an essential amino acid anghakgesic action, antidepressant
action, memory improvement effect and the like.

[0110]

With respect to the amount of free tyrosine cioveteh per 100 g of edible portion
of a fruit of the tomato, the amount is preferadlgng or more, more preferably 7 mg or
more, and still more preferably 9 mg or more. Tipper limit of the amount of free
tyrosine contained per 100 g of edible portion dfust of the tomato is not particularly
limited, and for example, may be 100 mg or 50 m@lith respect to the range of the
amount of free tyrosine contained per 100 g of lediortion of a fruit of the tomato, for
example, the amount is preferably 4 to 100 mg, npoederably 7 to 100 mg, and still
more preferably 9 to 50 mg.

Tyrosine is a precursor of a neurotransmitter thedike, and has an effect such
as concentration improvement.

[0111]

With respect to the amount of free leucine comdiper 100 g of edible portion
of a fruit of the tomato, the amount is preferadblgng or more, more preferably 6 mg or
more, and still more preferably 7 mg or more. Tipper limit of the amount of free
leucine contained per 100 g of edible portion dfuit of the tomato is not particularly
limited, and for example, may be 100 mg or 50 m@lith respect to the range of the
amount of free leucine contained per 100 g of edddrtion of a fruit of the tomato, for
example, the amount is preferably 4 to 100 mg, npoegerably 7 to 100 mg, and still

more preferably 7 to 50 mg.
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Leucine is an essential amino acid and servesnasnergy source. Leucine

also has effects such as muscle strengthening\a@rdunction improvement.
[0112]

With respect to the amount of free methioninetamed per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 2 mg or more. The upper limit
of the amount of free methionine contained per Qi edible portion of a fruit of the
tomato is not particularly limited, and for examplmay be 100 mg or 50 mg.

With respect to the range of the amount of fre¢hinaine contained per 100 g
of edible portion of a fruit of the tomato, for emple, the amount is preferably 2 to 100
mg, and more preferably 2 to 50 mg.

Methionine is an essential amino acid and hasrgadl reaction suppressing
effect, depressive effect, liver/kidney functionpiraving effect, and the like.

[0113]

With respect to the amount of free valine corgdiper 100 g of edible portion
of a fruit of the tomato, the amount is preferaBly mg or more, and more preferably 7
mg or more. The upper limit of the amount of fuedine contained per 100 g of edible
portion of a fruit of the tomato is not particulatimited, and for example, may be 100
mg or 50 mg.  With respect to the range of thewamof free valine contained per 100
g of edible portion of a fruit of the tomato, faxample, the amount is preferably 3.5 to
100 mg, more preferably 7 to 100 mg, and still nmeferably 7 to 50 mg.

Valine is an essential amino acid and servesianargy source. Valine also has
effects such as growth promotion and liver functimprovement.

[0114]
With respect to the amount of free glycine carediper 100 g of edible portion

of a fruit of the tomato, the amount is preferablgng or more, more preferably 3 mg or
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more, still more preferably 5 mg or more, and paitirly preferably 7 mg or more.
The upper limit of the amount of free glycine congal per 100 g of edible portion of a
fruit of the tomato is not particularly limited, @for example, may be 100 mg, 50 mg, or
30 mg. With respect to the range of the amourite# glycine contained per 100 g of
edible portion of a fruit of the tomato, for exampthe amount is preferably 2 to 100 mg,
more preferably 5 to 50 mg, and still more prefgrabto 30 mg.

Glycine has effects of improving sleep qualityl dine like.

[0115]

With respect to the range of the amount of fresipe contained per 100 g of
edible portion of a fruit of the tomato, for exampthe amount is preferably 50 mg or
less, more preferably 1 to 50 mg, still more praiddy 5 to 40 mg, and particularly
preferably 10 to 30 mg.

Proline has effects of ameliorating joint paieabtifying skin and the like, and
is also a natural moisturizing ingredient.

[0116]

With respect to the amount of free threonine aimmetd per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 10 mg or more, more preferably
15 mg or more, and still more preferably 23 mg aren The upper limit of the amount
of free threonine contained per 100 g of edibletiporof a fruit of the tomato is not
particularly limited, and for example, may be 10§,180 mg, or 50 mg. With respect to
the range of the amount of free threonine contapexdl00 g of edible portion of a fruit
of the tomato, for example, the amount is prefgrdldl to 100 mg, more preferably 15 to
80 mg, and still more preferably 23 to 50 mg.

Threonine is an essential amino acid and hastsff@ich as growth promotion

and liver function improvement.
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[0117]

With respect to the range of the amount of frgptbphan contained per 100 g
of edible portion of a fruit of the tomato, for emple, the amount is preferably 2 mg or
more, and more preferably 2 to 50 mg.

Tryptophan is an essential amino acid and hasamaqtilizing action as a
serotonin precursor. Tryptophan also has a sexlaffect, a sleep improving effect, and
the like.

[0118]

With respect to the amount of free phosphosesor@ained per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 1.2 mg or more, and more
preferably 1.5 mg or more. The upper limit of tamount of free phosphoserine
contained per 100 g of edible portion of a fruittlké tomato is not particularly limited,
and for example, may be 20 mg, 10 mg, or 5 mg. h\Wtspect to the range of the
amount of free phosphoserine contained per 100 gddile portion of a fruit of the
tomato, for example, the amount is preferably @.2G mg, more preferably 1.2 to 10 mg,
and still more preferably 1.5 to 5 mg.

Phosphoserine is a precursor of serine, andffedof improving sleep quality,
brain function assistance and the like as in tise od serine.

[0119]

With respect to the amount of fr@lealanine contained per 100 g of edible
portion of a fruit of the tomato, the amount isfprably 2 mg or more, more preferably 3
mg or more, and still more preferably 4 mg or mor&he upper limit of the amount of
free B-alanine contained per 100 g of edible portion ofrut of the tomato is not
particularly limited, and for example, may be 20, mg, or 8 mg. With respect to

the range of the amount of fr@ealanine contained per 100 g of edible portion &fué
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of the tomato, for example, the amount is prefgr&blo 20 mg, more preferably 2 to 10
mg, still more preferably 3 to 10 mg, and particylpreferably 4 to 8 mg.

B-alanine has effects such as suppression of fatanee cognitive function
improvement.

[0120]

With respect to the amount of frgeaminobutyric acid contained per 100 g of
edible portion of a fruit of the tomato, the amoimtpreferably 80 mg or more, more
preferably 100 mg or more, and still more prefeyal0 mg or more. The upper limit
of the amount of freg-aminobutyric acid contained per 100 g of edibletipa of a fruit
of the tomato is not particularly limited, and fexample, may be 500 mg, 300 mg, or
250 mg. With respect to the range of the amourfitegfy-aminobutyric acid contained
per 100 g of edible portion of a fruit of the tomgafor example, the amount is preferably
80 to 500 mg, more preferably 100 to 300 mg, siitire preferably 100 to 250 mg, and
particularly preferably 150 to 250 mg.

y-aminobutyric acid has brain function improving eeff, blood pressure
improving effect, and the like.

[0121]

With respect to the total amount of free proteigeamino acids excluding
asparagine and glutamine contained per 100 g dleegortion of a fruit of the tomato,
the total amount is preferably 300 mg or more, npvegerably 400 mg or more, and still
more preferably 500 mg or more. The upper limit tbé total amount of free
proteogenic amino acids excluding asparagine anthmliine contained per 100 g of
edible portion of a fruit of the tomato is not peutarly limited, and for example, may be
3000 mg or 2000 mg. With respect to the rangéeftotal amount of free proteogenic

amino acids excluding asparagine and glutamineagoed per 100 g of edible portion of
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a fruit of the tomato, for example, the amount isf@rably 300 to 3000 mg, more
preferably 400 to 3000 mg, and still more prefeyattlO to 200 mg.
[0122]

For example, in the case of a tomato grown byrdyahics by the tomato
production method described below with a cultivgtsolution having a sodium chloride
concentration of 1 mass% or more, the tomato pabfgrsatisfies at least one of the
following (1) to (12), which respectively represamiounts of free amino acids contained
per 100 g of edible portion of a fruit of the tomat
(1) free glutamic acid : 200 mg or more, prefey&80 mg or more,

(2) free aspartic acid : 40 mg or more,

(3) free isoleucine : 6 mg or more,

(4) free alanine : 8 mg or more,

(5) free serine : 15 mg or more, preferably 30angiore,

(6) free histidine : 7 mg or more,

(7) free valine : 3.5 mg or more, preferably 4 ongnore,

(8) free glycine : 2 mg or more,

(9) free threonine : 10 mg or more,

(10) free phosphoserine : 1.2 mg or more,

(11) freep-alanine : 2 mg or more, preferably 3 mg or mong a
(12) freey-aminobutyric acid : 80 mg or more, preferably 1®@ or more, more
preferably 150 mg or more.

With respect to the above (1) to (12), it is prable that 5 or more of (1) to (12)
are satisfied, it is more preferable that 10 orevufr(1) to (12) are satisfied, and it is still
more preferable that all of (1) to (12) are satidfi

With respect to the total amount of free protemgeamino acids excluding
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asparagine and glutamine contained per 100 g dleegortion of a fruit of the tomato,
the total amount is preferably 300 mg or more, imade preferably 400 mg or more.
[0123]

For example, in the case of a tomato grown byrdyahics by the tomato
production method described below with a cultivgtsolution having a sodium chloride
concentration of 2 mass% or more, the tomato pabfersatisfies at least one of the
following (1) to (15), which respectively represamiounts of free amino acids contained
per 100 g of edible portion of a fruit of the tomat
(1) free glutamic acid : 200 mg or more, prefeyaBd0 mg or more, more preferably
500 mg or more,

(2) free aspartic acid : 40 mg or more, preferédflymg or more, more preferably 70
mg or more,

(3) free arginine : 6 mg or more,

(4) free isoleucine : 6 mg or more, preferably @ on more, more preferably 8 mg or
more,

(5) free alanine : 8 mg or more, preferably 9 mgnore, more preferably 10 mg or
more, still more preferably 20 mg or more,

(6) free serine : 15 mg or more, preferably 30 angnore, more preferably 40 mg or
more, still more preferably 50 mg or more,

(7) freelysine : 7 mg or more,

(8) free histidine : 7 mg or more, preferably 1§ ar more,

(9) free leucine : 4 mg or more,

(10) free valine : 3.5 mg or more,

(11) free glycine : 2 mg or more,

(12) free threonine : 10 mg or more, preferablyridhor more,
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(13) free phosphoserine : 1.2 mg or more, preferad mg or more,

(14) freep-alanine : 2 mg or more, preferably 3 mg or monere preferably 4 mg or

more.
(15) freey-aminobutyric acid : 80 mg or more, preferably 1®@ or more, more
preferably 150 mg or more.

With respect to the above (1) to (15), it is prable that 5 or more of (1) to (15)
are satisfied, it is more preferable that 10 oremufr(1) to (15) are satisfied, and it is still
more preferable that all of (1) to (15) are satidfi

With respect to the total amount of free protemgeamino acids excluding
asparagine and glutamine contained per 100 g dleegortion of a fruit of the tomato,
the total amount is preferably 500 mg or more, muneferably 600 mg or more, still
more preferably 800 mg or more, and particularBf@rably 900 mg or more.

[0124]

For example, in the case of a tomato grown byrdpehics by the tomato
production method described below with a cultivatsolution having a sodium chloride
concentration of 3 mass% or more, the tomato pabfgrsatisfies at least one of the
following (1) to (16), which respectively represamiounts of free amino acids contained
per 100 g of edible portion of a fruit of the tomat
(1) free glutamic acid : 200 mg or more, prefeya®D0 mg or more, more preferably
500 mg or more,

(2) free aspartic acid : 40 mg or more, preferdlymg or more, more preferably 70
mg or more, still more preferably 85 mg or moratipalarly preferably 100 mg or more,
(3) free arginine : 6 mg or more, preferably 10ongnore,

(4) free isoleucine : 6 mg or more, preferably @ on more, more preferably 8 mg or

more, still more preferably 10 mg or more,
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(5) free alanine : 8 mg or more, preferably 9 mgmore, more preferably 10 mg or
more,

(6) free serine : 15 mg or more, preferably 30 angnore, more preferably 40 mg or
more, still more preferably 50 mg or more, partielyl preferably 70 mg or more,

(7) freelysine : 7 mg or more, preferably 10 mgnore,

(8) free histidine : 7 mg or more, preferably 1§ or more, more preferably 15 mg or
more, still more preferably 20 mg or more,

(9) free phenylalanine : 12 mg or more,

(10) free tyrosine : 4 mg or more,

(11) free leucine : 4 mg or more, preferably 6ongnore,

(12) free methionine : 2 mg or more,

(23) free valine : 3.5 mg or more, preferably 7 ongnore,

(14) free glycine : 2 mg or more, preferably 3 angnore,

(15) free threonine : 10 mg or more, preferablymd or more, more preferably 23 mg
or more, and

(16) free tryptophan : 2 mg or more.

With respect to the above (1) to (16), it is prable that 5 or more of (1) to (16)
are satisfied, it is more preferable that 10 oremufr(1) to (16) are satisfied, and it is still
more preferable that all of (1) to (16) are sagidfi

With respect to the total amount of free proteigeamino acids excluding
asparagine and glutamine contained per 100 g dleegortion of a fruit of the tomato,
the total amount is preferably 500 mg or more, nuneferably 600 mg or more, still
more preferably 800 mg or more, and particularBf@rably 900 mg or more.

[0125]

The mass ratio of free glutamic acid/free prqglwwkich are contained per 100 g
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of edible portion of a fruit of the tomato, is peedbly 1 or more, more preferably 1 to 30,
still more preferably 5 to 27, and further moreferably 10 to 25.
[0126]

The mass ratio of free aspartic acid/free prolmeich are contained per 100 g
of edible portion of a fruit of the tomato, is peedibly 0.5 or more, more preferably 0.5 to
10, still more preferably 0.7 to 7, and further mmpreferably 1 to 5.

[0127]

The amounts of amino acids can be measured byoavrk method. For
example, a commercially available amino acid autarenalyzer can be used, and the
amounts of amino acids can be determined by anaatid automatic analysis method
or a high performance liquid chromatography.

[0128]

The tomato of the present invention has unigaeofl due to the aforementioned

specific contents or ratios of amino acids.
[0129]

The tomato of the present invention preferably &asodium content of 0.15 %
by mass or more as measured with respect to gatibbteon of a fruit of the tomato. The
sodium content is more preferably 0.18 to 0.4 %nags, and still more preferably 0.2 to
0.3 % by mass. The sodium content can be meabyrkdown method.

[0130]

The tomato of the present invention preferably davater content of 90 % by
mass or less as measured with respect to edibieparf a fruit of the plant. The water
content is more preferably 80 to 90 % by masd,mtire preferably 83 to 89 % by mass,
and still more preferably 85 to 88% by mass. Tlaewcontent can be measured by

known method. For example, the water content camddtermined by a heat drying
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method using a commercially available dryer.
[0131]

The tomato of the present invention preferably &agugar content (Brix) of 8 or
more as measured with respect to edible portioa &lit of the tomato. The sugar
content (Brix) is more preferably 8 to 20, still ragoreferably 10 to 15, and still more
preferably 12 to 14. The sugar content can be meddwy known method. For example,
the sugar content can be measured using a comiheraiailable sugar content
refractometer.

[0132]

The edible part of the fruit means a part of laevested fruit excluding calyx
and stem. The fruit is an unprocessed raw fruit.

With respect to the fruit of the tomato of thegent invention, the amounts of
free amino acids, the sodium content, the watetetinand the sugar content can be
determined by measuring the respective amountsregect to the whole edible part of
the fruit.

[0133]

As regards the species of the tomato of the ptasgention, tomato (Solanum

lycopersicum) is preferable.
[0134]

The degree of ripening of tomato can be claskifig the extent (area%) of red
or pink coloration on the fruit surface. For exde@ tomato goes through a green ripe
period (no coloration), a degreening period (uF@c% coloration), a mature period (71
to 90 % coloration), and a ripe period (91 to 100cétoration) to reach an over-ripe
period. With respect to the fruit of the tomatotloé present invention, it is preferable

that the amounts of free amino acids, the sodiunterw, the water content and the sugar
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content are within the aforementioned ranges immb&ure period or the ripe period.
[0135]
< Tomato Production Method

The tomato production method of the present itigarincludes:

a salt tolerance imparting step of performing & sasistance imparting
treatment by bringing a salt tolerance impartingragnto contact with at least a part of a
root of a tomato, thereby obtaining a salt toleeaineparted tomato; and

a cultivation step of hydroponically cultivatindgpe salt tolerance imparted
tomato obtained in the salt tolerance imparting stéth a nutrient solution having a
sodium chloride concentration of 1 % by mass orenofThe salt tolerance imparting
step is carried out for imparting salt toleranceatglant originally having low salt
tolerance by treating the tomato with the saltraolee imparting agent, thereby enabling
the tomato to be cultivated under an environmenteoy high salt concentration such as
the sodium chloride concentration of 1 % by massnmare. In the subsequent
cultivation step, the salt tolerance imparted tantan be grown by hydroponics with the
nutrient solution having a sodium chloride concatidn of 1 % by mass or more.

By performing the salt tolerance imparting stewl dhe cultivation step, the
tomato of the present invention can be produced.

[0136]

A plant at an early stage of growth has lessssttelerance than a sufficiently
grown plant, and is more likely to be influencedeéaywironmental stress. In particular,
the process of rooting or budding is very sensitovéhe salt concentration. Therefore,
when grown under a high salt concentration enviremnfrom the stage of seeds or bulbs,
many of the plants are caused to wither due to &ajhstress before acquiring sufficient

salt tolerance even if the salt tolerance impartiegtment is carried out. In the tomato
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production method of the present invention, it ief@rable that the tomato is grown
under a low salt concentration environment at aty esage of the growth, and the salt
tolerance imparting treatment is performed aftertthmato has been grown to a certain
extent. This can noticeably increase a proportdnthe plants to which the salt
tolerance is imparted by the salt tolerance impgrtieatment, thereby making it possible
to efficiently raise seedlings capable of beingicated under a high salt concentration
environment.
[0137]

The tomato production method of the present ihwanpreferably includes, as
an initial growth step, a step of allowing the taant grow under an environment with a
sodium chloride concentration of less than 1 % lagsnat least until the rooting and the
budding are completed. The sodium chloride comagoh of the environment in
which the seed or the like is grown in the initigbwth step may be less than 1 % by
mass, and is preferably equal to or less thanatliesncentration at which a plant of the
same variety as the plant to be obtained by raifivegseedling is capable of being
normally grown. The environment that allows "cdpabf being normally grown”
means an environment in which the cultivation oplarality of plants results in a
survival rate of 80 % or more. In the tomato prtechn method of the present invention,
the sodium chloride concentration of the environimiem the initial growth step is
preferably 0 to 0.5 % by mass, more preferably 0018 % by mass, and further
preferably 0 to 0.1 % by mass.

[0138]

The initial growth step can be performed by aegahmethod for causing the

seed to bud and root, except that an aqueous @olitaving a sodium chloride

concentration of less than 1 % by mass is usedasrwinitial growth solution) to be
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supplied to the seed or the bulb. Specificallg, seed or the bulb is allowed to bud and
root by placing the seed or the bulb in a statbedfig in contact with the initial growth
solution under a temperature environment whichwaldudding and rooting. For
example, the initial growth solution may be peraadly sprayed onto the seed or the like
which is placed under a suitable temperature enment. Alternatively, the seed or the
like may be placed in a state where at least agfahte surface of the seed or the like is
exposed to air while other parts are in contach whie initial growth solution under a
suitable temperature environment. For examples#esl or the like may be placed on
the surface of a support including the initial gtbwolution, thereby allowing the seed or
the like to be in contact partially with the inltgrowth solution. Alternatively, the seed
or the like is placed in the initial growth solutithat is held in a container such that the
surface of the solution is lower than the top & seed or the like, to thereby allow the
seed or the like to be in contact partially witk thitial growth solution.
[0139]

The support is not limited as long as the suppast such a porosity that allows
the initial growth solution contained therein to agplied to the seed or the like placed
on the surface of the carrier. However, it is erable that the support has such a
porosity that, after rooting, allows the root oftlseedling to penetrate through the
support. By allowing the plant budded and rootexinf the seed or the like to grow
such that a stem or a leaf grows upward from tipgpen, and the root grows downward
into the support, the plant can grow in a statdaihg supported by the support. For
example, when the plant is grown such that the seék like is allowed to bud and root
by placing the seed or the like on the surfacehefdupport retained within a cultivation
pot installable in a cultivation tank used for thelroponics performed in the cultivation

step, while allowing the root to grow downward irttee support so as to penetrate
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through the support, it is possible, even after sbedling stage, to grow the plant by
installing the cultivation pot as such in the awdtion tank, since the plant is supported in
a state of being retained in the cultivation pot.

[0140]

As a support having such porosity, for examplgebmaterial, a fiber-shaped
material, or a granular or gravel-shaped materiay he used. Examples of the gel
material include polysaccharide polymers such as, agarose, gellan gum, and alginic
acid; and water absorptive resins such as acrgbir Examples of the fiber-shaped
material include non-woven fabric, cotton, papeckrwool, and glass wool. Examples
of the granular or gravel-shaped material includev@od chip, a bark, pumice,
vermiculite, and sand.

[0141]

After the initial growth step, the salt toleranmeparting treatment may be
performed, as a salt tolerance imparting step, fdygimg the salt tolerance imparting
agent into contact with at least a part of a rdahe grown seedling. The salt tolerance
imparting treatment may be performed immediatetgrabudding and rooting, but this
treatment can enhance the tolerance against ssdsgnore as the seedling grows more.
Therefore, it is preferable that the salt toleramparting step is performed after the
seedling is grown for at least one week, and pablgrfor approximately three weeks,
after budding.

[0142]

The salt tolerance imparting treatment can béopmed by putting at least a part
of the root of the seedling into an aqueous satuttoeeatment solution) containing the
salt tolerance imparting agent. The sodium chér@bncentration of the treatment

solution is not particularly limited, and may bepeagpriately adjusted depending on a
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kind of the salt tolerance imparting agent used kind of the plant such that a sufficient
salt tolerance imparting efficiency is obtained.or Example, the treatment solution may
be a solution obtained by mixing the salt tolerainggarting agent with the initial growth
solution, a solution obtained by mixing the saltetance imparting agent with the
nutrient solution used in the cultivation step,aosolution having a salt composition
different from those of the initial growth solutiamd the nutrient solution. The sodium
chloride concentration of the treatment solutiorecusn the present invention is
preferably 1 % by mass or more, and more prefertiidysame as the sodium chloride
concentration of the nutrient solution.
[0143]

The salt tolerance imparting agent used in tlesgmt invention may be a drug, a
microorganism, or a culture supernatant of the oaganism. Examples of the drug
include pyrroloquinoline quinone (see JapanesenP&te. 5013326) and strigolactone.
Examples of the microorganism include Paenibacilfiskuinensis (see Japanese
Unexamined Patent Application, First Publication. [8613-75881). The salt tolerance
imparting agent may be formed of one kind of micgamism, or a mixture of two or
more kinds of microorganisms.

[0144]

The concentration of the salt tolerance impartiggnt in the treatment solution
can be appropriately adjusted in consideratiorhefkind of the salt tolerance imparting
agent, the kind of the plant, the growth stageherlike. When the concentration of the
salt tolerance imparting agent in the treatmenutsmi is too low, the salt tolerance
imparting agent is less likely to get in contacthathe root of the plant in the treatment
solution, which may result in insufficient saltéchnce imparting effect. On the other

hand, depending on the kind of the salt toleranggarting agent, the growth of the plant
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may be adversely affected by excessive intake e@fHit tolerance imparting agent. In
view of this, an appropriate concentration of tla¢t $olerance imparting agent in the
treatment solution for obtaining sufficient saltlef@nce imparting effect can be
determined empirically. For example, when the saltrance imparting agent is the
microorganism, the concentration of the microorgamin the treatment solution may be
set to be 1IDCFU/mL or more, whereby sufficient salt toleramegparting effect can be
obtained. £ When the salt tolerance imparting agentthe microorganism, the
concentration of the microorganism in the treatrsaiution is preferably T@CFU/mL
or more, and more preferably*I0FU/mL or more. When the salt tolerance imparting
agent is the microorganism, an upper limit of tbeagentration of the microorganism in
the treatment solution is not particularly limitdait for example, the concentration may
be up to 18 CFU/mL, whereby the quality of the treatment solutcan be favorably
maintained. The upper limit of the concentratiérth@ microorganism in the treatment
solution is preferably ¥ CFU/mL, more preferably?® CFU/mL, still more preferably
10'° CFU/mL, particularly preferably £0CFU/mL. The range of the concentration of
the microorganism in the treatment solution mayfbegxample, 19to 10° CFU/mL,
preferably 16 to 13? CFU/mL, more preferably fOto 10" CFU/mL, still more
preferably 18to 10° CFU/mL, especially preferably 160 10 CFU/mL.

[0145]

The time period for performing the salt toleraimo@arting treatment time once,
that is, the time for holding at least a part & thot of the plant in the treatment solution,
can be appropriately adjusted in consideratiorhefkind of the plant or the kind of the
salt tolerance imparting agent to be used. Fom@ka such time period for the salt
tolerance imparting treatment is preferably 1 hmumore, more preferably 18 hours or

more, still preferably one day or more, and furtimere preferably one day to seven days.
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Cultivating the plant for 1 hour or more with treot thereof being held in the treatment
solution ensures sufficient chances for the s#dramce imparting agent in the treatment
solution to contact the root of the plant, wherétiny salt tolerance can be imparted more
easily.

[0146]

In the initial growth step, when the seedlingdsbe grown in a state of being
supported by the support retained within the catton pot, the cultivation pot may be
installed in a treatment tank containing the treattrsolution such that the root growing
from below the support contacts the treatment swiutthereby carrying out the salt
tolerance imparting treatment. For example, the oan be brought into contact with
the treatment solution by using a float which has or more through-holes for fitting
the cultivation pot thereinto and is floated on theface of the treatment solution, and
fitting the cultivation pot into the float. The ltmation pot may be detachably fitted
into the through-hole of the float, or may be fixeddetachably to the through-hole of
the float. Alternatively, the float and the cu#ition pot may be integrally formed. As
a material of the float to be floated on the swfat the treatment solution, the same
material as the float to be floated on the surfaicthe nutrient solution described later
can be used.

[0147]

The larger the amount of the treatment soluti@eduin the salt tolerance
imparting treatment, the larger the amount of thié telerance imparting agent needed.
Therefore, by reducing the amount of the treatmmsitition to an amount that is
necessary and sufficient to allow the root of tlenpgrown from the bottom surface of
the cultivation pot to contact the treatment solutithe amount of the salt tolerance

imparting agent required for performing the saletance imparting treatment once can
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be suppressed. However, when the amount of théreant solution is too small, it may
become impossible to allow a sufficient amounthe salt tolerance imparting agent to
contact the root of the plant. Therefore, wheratepinto which one cultivation pot is
fitted is installed per treatment tank, the amafrthe treatment solution contained in the
treatment tank is preferably at least 5 mL.

[0148]

Thereafter, the seedling to which the salt toleeais imparted by the salt
tolerance imparting step is grown by hydroponicshwhe nutrient solution having a
sodium chloride concentration of 1 % by mass oremor

[0149]

In the present invention, the sodium chloride asontration of the nutrient
solution in the cultivation step is not limitedlasg as the sodium chloride concentration
is 1 % by mass or more, and may be appropriatglysteti in accordance with the salt
tolerance of the plant to be cultivated. The swodiahloride concentration of the
nutrient solution is preferably 1 to 4 % by massrenpreferably 1.5 to 3.8 % by mass,
further preferably 2 to 3.5 % by mass, and pardidulpreferably 2.5 to 3.3 % by mass.

[0150]

The nutrient solution used in the present inmntipreferably contains
magnesium chloride in addition to sodium chloriddvere the amount of magnesium
chloride contained is preferably 0.5 % by massess,| more preferably 0.1 to 0.5 % by
mass.

[0151]

In addition to sodium chloride and magnesium gt it is preferable that the

nutrient solution used in the present inventiontaims various nutrient components

which are necessary for the growth of the planthe Tutrient components can be
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appropriately adjusted according to the type offilamt to be cultivated. Especially, it

is preferable that the nutrient solution contailesnents necessary for the growth of the
plant in the form of salts. Examples of such eletmenclude nitrogen, phosphorus,

potassium, calcium, magnesium, sulfur, iron, maegan copper, molybdenum, and
boron. The nutrient solution may further contaieneents such as aluminum and
silicon in the form of salts thereof, depending the type of the plant. Further, the

composition of the nutrient solution may be varéadording to the growth stage of the
plant.

[0152]

The nutrient solution to be used in the presewention may be, for example, a
solution prepared by supplementing deficient salths as sodium chloride to
commercially available liquid fertilizer or a salut obtained by diluting commercially
available concentrated liquid fertilizer with seater instead of water. Further, the
nutrient solution may also be a solution obtaingdppropriately adding a deficient salt
such as salt of phosphorus to seawater.

[0153]

In the present invention, the hydroponics in thdtivation step may be
performed by a general hydroponics method, excédytt the sodium chloride
concentration of the nutrient solution is set t&1by mass or more. The cultivation
step may be performed by a deep flow techniquehithva relatively large amount of
the nutrient solution is stored in the cultivattank, or a nutrient film technique in which
a culture solution is allowed to flow down little kittle on a flat surface having a gentle
slope.

[0154]

In the deep flow technique, the replacement @& mhutrient solution in the
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cultivation tank may be carried out by a circulatimethod in which the nutrient solution
used is circulated, or a non-circulation methodvhich the nutrient solution used for a
certain period of time in the cultivation tank ischarged. In case of the circulation
method, the nutrient solution prepared in a nutrgaiution preparation tank is charged
into the cultivation tank by a pump or the like,dais collected back to the nutrient
solution preparation tank from the cultivation tamlkd the nutrient component or the
like is prepared.
[0155]

For example, the deep flow technique can beeawut by using a hydroponic
apparatus having a cultivation tank for storing tlsgrient solution, a cultivation pot for
accommodating the plant, one or more through-hileftting the cultivation pot, and a
float to be floated on the surface of the nutrieoiution. The cultivation pot may be
detachably fitted into the through-hole of the flaar may be fixed undetachably to the
through-hole of the float. Alternatively, the floand the cultivation pot may be
integrally formed. The cultivation tank may betaiked indoors, or may be installed
outdoors.

[0156]

In the case of a circulation type hydroponic appss, the cultivation tank
includes a water supply hole for injecting the mutr solution, and a drainage hole for
draining the nutrient solution. In the case of aen-girculation type hydroponic
apparatus, the cultivation tank may include bothtteg water supply hole and the
drainage hole, or may include a water supply/dgenhole used for both of the water
supply and the drainage. The water supply andhdga of the nutrient solution in the
cultivation tank are controlled by a pump and a/®al

[0157]
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The cultivation pot is a container that has opgrportions at least on an upper
surface and a lower surface, and is capable oinretathe support. In general, the
cultivation pot formed of a resin material such @Esyethylene, polypropylene, or
polyvinylidene chloride is used. As the supporbéoretained in the cultivation pot, any
of those described above can be used.

[0158]

The float is formed of a material that floats tive surface of the nutrient
solution in a state where the cultivation pot beusgd for cultivating the plant is fitted
into the through-hole. As such a material, for mgke, a foamed resin such as
polystyrene foam or polypropylene foam is used. fiBing the cultivation pot into the
float, the cultivation pot can be constantly pasigd on the surface of the nutrient
solution, regardless of a large or small amounthef nutrient solution, and even if the
amount of the nutrient solution is small, the robthe plant can be allowed to contact
constantly with the nutrient solution.

[0159]

The float to be floated in the cultivation tankynbe one sheet, or two or more
sheets. When the cultivation tank is installeddouots, it is preferable that the float is
installed to cover most of the surface of the mumirisolution, in order to prevent
evaporation of the nutrient solution from the sceféghereof.

[0160]

In the deep flow technique, it is preferable tthet hydroponic apparatus used
includes oxygen supply means for keeping the dissbbxygen content of the nutrient
solution at a predetermined level or higher. Aes dlxygen supply means, for example,
an air pump or an air sucker can be used. Bylimgfahe air pump in the cultivation

tank, air including oxygen can be directly suppligd the nutrient solution in the
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cultivation tank. When the air sucker is used, riizient solution can be charged into
the cultivation tank after the nutrient solutionnixed with air by passing the nutrient
solution through the air sucker or the like in atha

[0161]

The pH suitable for the hydroponics varies dependn the kind of the plant,
and is generally approximately 5.5 to 6.5, but pie of the nutrient solution tends to
increase as the cultivation period extends long&herefore, in order to stably perform
the hydroponics for a long period of time, it ief@rable that the hydroponic apparatus
used includes pH control means for measuring thefaHe nutrient solution periodically,
and dosing an acid material in order to adjustgHewithin a predetermined range as
necessary. As the acid material used for the ghisadent, for example, hydrochloric
acid, sulfuric acid, or nitric acid can be used.

[0162]

In the tomato production method of the presememtion, the salt tolerance
imparting step and the cultivation step may begrereéd in the same cultivation tank, or
the salt tolerance imparting step may performedthe treatment tank storing the
treatment solution, followed by transferring theedieng after the treatment to the
cultivation tank storing the nutrient solution.

[0163]

In the initial growth step, when the salt tolaanimparting treatment is
performed in the treatment tank after the seedngrown in a state of being supported
by the support retained within the cultivation pibte cultivation pot with the seedling
may be detached from the float of the treatmenk,taamd may be fitted into the
through-hole of the float floating on the surfadetlee nutrient solution stored in the

cultivation tank, or the float into which the cuhiion pot is embedded may be



10

15

20

25

75

transferred from the treatment tank to be floatedh® surface of the nutrient solution in
the cultivation tank. Transfer means for transfigrithe cultivation pot or the float to
the cultivation tank from the treatment tank is patticularly limited, and for example,
the transfer may be performed by means of a wateewt, or a conveyor. When a
plurality of cultivation pots are installed per dtment tank, it is preferable that a
bubbling treatment is performed by the air pumpgpider to prevent stagnation of the
treatment solution, and oxygen deficiency.
[0164]

When the salt tolerance imparting treatment rfopmed in the cultivation tank,
first, the treatment solution is charged to thetication tank, and the root grown
downward in the cultivation pot fitted into the diibis brought into contact with the
treatment solution to thereby perform the saltraolee imparting treatment. In order to
prevent the occurrence of concentration gradienhefsalt tolerance imparting agent, it
is preferable that the treatment solution is cdaethavith the root of the plant while
suppressing the amount of the water supply anchagai or without the water supply and
drainage.

However, when the amount of the water supply arandge is small or the
water supply and drainage is not performed, thgnstion may occur in the cultivation
tank, causing adverse effect on the plant itseltherefore, it is preferable that the
treatment solution is suitably stirred by the biddptreatment with the air pump.

[0165]

After the salt tolerance imparting treatment, tineatment solution in the
cultivation tank is drained, and subsequently,nthiient solution prepared in advance in
another tank is supplied to the cultivation tanKhen, the cultivation step is initiated by

supplying water and draining under normal condgion When the salt tolerance
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imparting agent is composed of a material, suctheasmicroorganism, which does not
adversely affect the plant even in the event ofesgive intake of the material, the
nutrient solution may be supplied without drainthg treatment solution, and the water
supply and drainage may be initiated under the mbrwater supply and drainage
conditions.

[0166]

The cultivation with the nutrient solution having sodium chloride
concentration of 1 % by mass or more (hereinadilen referred to as “under the high salt
concentration environment”) need not necessarilypedormed throughout the entire
cultivation period after the salt tolerance impagtitreatment. For example, the
cultivation under the high salt concentration emwment may be performed only for an
arbitrary period after the salt tolerance impartirggatment. In this case, it is preferable
that the cultivation under the high salt concemratenvironment is performed for a
predetermined period immediately after the salereoice imparting treatment. It is
speculated that, by performing the -cultivation undee high salt concentration
environment at an arbitrary time immediately after salt tolerance imparting treatment,
the salt tolerance imparted by the salt toleramoparting treatment is maintained,
whereby the amino acid contents of the tomato ivgaro The period of the cultivation
under the high salt concentration environment tspaaticularly limited, but for example,
may be a period of approximately 1/3 of the entitdtivation period, a period of
approximately 1/2 of the entire cultivation period,a period of approximately 2/3 of the
entire cultivation period, from immediately aftdéretsalt tolerance imparting treatment.
From the viewpoint of improving the amino acid eamts of the tomato, it is preferable
that the cultivation under the high salt concemgratenvironment is performed

throughout the entire cultivation period, from inuliegely after the salt tolerance
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imparting treatment.
[0167]

If the seedling with only insufficient salt toderce imparted is cultivated under
the high salt concentration environment for a d¢ertgeriod in the cultivation step, the
seedling withers. The withered plant causes thingy and allows undesirable bacteria
or the like to proliferate in the nutrient solutionin such a case, despite the efforts made
to impart the salt tolerance to the seedling, texling may wither by the disease or the
like, due to contamination of the nutrient solutionTherefore, it is preferable that a
removal step of removing the withered seedling esfggmed after the salt tolerance
imparting step or during the cultivation step. &splly when the salt tolerance
imparting step is performed by using the treatrsmiution having a sodium chloride
concentration of 1 % by mass or more, it is prdferdhat the removal step is performed
after the salt tolerance imparting step and befatation of the cultivation step. In the
cultivation of crops, the yield in an actual cudtilon area can be improved by removing
the withered seedling from the cultivation tank.

[0168]

When plants are grown for a certain period urtter high salt concentration
environment after initiation of the salt tolerariogarting treatment, the seedling which
has grown without withering can be confirmed toaelant having the salt tolerance
thereof surely improved by the salt tolerance irtipgr agent. By removing the
withered seedling, the salt tolerant seedling pceduaccording to the present invention
can acquire quality assurance as a salt toleraaliag.

[0169]
The cultivation step may be performed indoorsngisthe cultivation tank

installed indoors, or may be performed outdoorh@open air using the cultivation tank
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installed outdoors.
[0170]

The fruits of the tomatoes are harvested fromtoneatoes cultivated until the
harvest stage of the fruits. The tomato producti@thod of the present invention may
further include a selection step of selecting, fithin harvested fruits of the tomato, those
satisfying the above-mentioned respective rangel wispect to the amounts of free
amino acids, the sodium content, water contersugar content of the edible part of the
fruit of the tomato.

[0171]

According to the tomato production method of pinesent invention, the tomato
can be produced by using salt water or sea water.
Examples

[0172]

Hereinbelow, the present invention will be desed with reference to Examples

which, however, should not be construed as limitimgpresent invention.
[0173]
[Example 1A]

After the surfaces of seeds of a tomato (Kanpulkere sterilized with
hypochlorous acid, the seeds were sowed on a spsuffieiently including water
(freshwater). After budding, seedlings were grdamntwo weeks, and were grown for
one week in the natural environment while graduddiyering humidity in order to
acclimatize the seedlings to the environment. THeedlings were planted in a
hydroponic bed, and were further grown for sevedeais.

Microorganisms described in Plant, Cell and Emwinent, (2009) 32,

1682-1694 were incubated and centrifuged, therelytaiming a pelletized
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microorganisms.

The freshwater in a water tank of the hydropdmed described above was
replaced with salt water (sodium chloride concdinnaof 1 % by mass). A suspension
obtained by resuspending the pelletized microosyasi obtained above in a buffer
solution was added to the salt water in the wadek,t thereby preparing a treatment
solution. Using the prepared treatment solutiorsak tolerance imparting treatment
was performed by allowing a root of the plant tysnh contact with the microorganisms
for 3 hours or more.

Next, the treatment solution of the water tanktloé hydroponic bed was
replaced with sea water (sodium chloride concenttabf 1 % by mass), and
hydroponics was performed in a greenhouse. Ins#iewater used in this Example,
various nutrients necessary for the hydroponiceweded.

Borne fruits were harvested from the plant calidd above, and the amount (%
by mass) of sodium contained in the edible parthef fruit of tomato was measured
(Examples 1A-1 to 1A-3). The results are showmahle 1.

[0174]
[Comparative Example 1A]

A fruit of tomato marketed under the trade nar8ai6 tomato" (Salt tomato)
was obtained, and the amount (% by mass) of sodmained in the edible part of the
fruit of tomato was measured (Comparative Examfkesl to 1A-4). The results are
shown in Table 1.

[0175]

The amount (% by mass) of sodium contained énettiible part of the fruit of

tomato, which is described in the Standard TabfeBood Composition in Japan 2015

(Seventh Revised Version), is also shown in Table 1
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[0176]
[Comparative Example 2A]

After the surfaces of seeds of a tomato (Kanpukere sterilized with
hypochlorous acid, the seeds were sowed on a spsuffieiently including water
(freshwater). After budding, seedlings were grdantwo weeks, and were grown for
one week in the natural environment while graduddhering humidity in order to
acclimatize the seedlings to the environment. TBbkedlings were planted in the
hydroponic cultivation bed, and the hydroponic ivalion was performed in the
greenhouse. In the hydroponics, a hydroponic mmunhcluding the nutrient for the

hydroponics was used.

[0177]
[Tablel]
Example 1A Comparative Example 1A Standarc
Tables of Food
1Al | 1A-2| 1A-3 1A1 | 1A-2| 1A-3| 1A-4 | Composition in
Japan
Sodiun
[% by 0.22 | 0.28| 0.21| 0.0 0.09 0.039 0.1p4 0.003
mass]
Wate!
[% by - 87.2 - - - - - 94.0
mass]

2% "-" in the table means “not unmeasured”.

[0178]

The results of Example 1A revealed that the droit the tomatoes obtained in
Example 1A had higher sodium concentration and fomegter content than the fruit of
tomato described in the Standard Tables of Foodgosition in Japan and the fruits of
the tomatoes obtained in Comparative Example 1A.

[0179]

Separately from the tomatoes used above for mem&mts of sodium content
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and the water content, a tomato was obtained bysé#mee cultivation method as in
Example 1A except that the hydroponics was caroetl using sea water (sodium
chloride concentration : 3 % by mass), and the rsogatent (Brix) of the edible portion
of a fruit of the tomato was measured. As a resiudt sugar content (Brix) of the edible
portion of the fruit was found to be 12.9. In tBeamples and Comparative Examples,
the sugar content (Brix) was measured with respedtuit juices of tomatoes using a
sugar content refractometer.

[0180]

(Shelf Life)

After harvesting the tomato fruits of Example 4®d Comparative Example 2A,
the fruits were allowed to stand at room tempeegtand the degree of damage (degree
of putrefaction) of the fruits with the lapse ahg was observed. As a result, it was
found that the fruits of the tomatoes obtained xarEple 1A were less likely to rot and
had superior shelf life, as compared to those pbthin Comparative Example 2A.

[0181]
[Example 2A]

A tomato (Kanpuku) was grown by hydroponics by same cultivation method
as in Example 1A, and the resulting fruits borndgl@tomato plant were harvested.

After harvesting the tomato fruits, the fruits weallowed to stand at room
temperature, and the degree of damage (degreetwdfamtion) of the fruits with the
lapse of time was observed (Examples 2A-1 and 2A-2s the nutrient solution for
hydroponics, salt water (sodium chloride concerrat 1 % by mass (Example 2A-1))
or sea water (sodium chloride concentration : 3ynass) (Example 2A-2)) was used.
To the nutrient solution, various nutrients necgsdar the hydroponics were added.

The results are shown in Table 2.
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[0182]
[Comparative Example 3A]

A tomato (Kanpuku) was grown by hydroponics by $ame cultivation method
as in Comparative Example 2A, and the resultingsroorne on the tomato plant were
harvested. After harvesting the tomato fruits, fituits were allowed to stand at room
temperature, and the degree of damage (degreetwdfamtion) of the fruits with the

lapse of time was observed (Comparative ExamplelBA-The results are shown in

Table 2.
[0183]
[Table 2]
Comparative
Example 2A Example 3A
2A-1 2A-2 3A-1
Nutrient Salt wate Seawate Freshwater
solution (NaCl 1% by mass) | (NaCl 3% by mass)
[r)lay 1 after Normal Normal Normal
arvesting
Day 6 after Normal Normal Start to deform
harvesting
Dhay 14 a_lfter Over-riped Over-riped Start to decay
arvesting
Day 20 after ; i
harvesting Over-riped Over-riped pecay
[0184]

The tomato fruits obtained in Comparative Exanebegan to deform from
day 6 after harvesting, and began to decay on dagfteér harvesting. On day 20 after
harvesting, the decay had progressed and leak&gdtgtiice was observed.

On the other hand, regarding the tomato fruitsiokd in Example 2A, both of
the fruits obtained in Examples 2-1 and 2-2 hadhed a state of being over-riped on
day 14 after harvesting, but did not begin to demagn on day 20 after harvesting.

[0185]
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[Example 1B]

After the surfaces of seeds of a tomato (Kanpuleye sterilized with
hypochlorous acid, the seeds were sowed on a spsuffieiently including water
(freshwater). After budding, seedlings were grdamntwo weeks, and were grown for
one week in the natural environment while graduddiering humidity in order to
acclimatize the seedlings to the environment. THeedlings were planted in a
hydroponic bed, and were further grown for sevdegfs.

Microorganisms described in Plant, Cell and Emwinent, (2009) 32,
1682-1694 were incubated and centrifuged, therelytaiming a pelletized
microorganisms.

The freshwater in a water tank of the hydropdomed described above was
replaced with salt water (sodium chloride conceitnaof 1 % by mass). A suspension
obtained by resuspending the pelletized microosyasi obtained above in a buffer
solution was added to the salt water in the weadek,tthereby preparing a treatment
solution. Using the prepared treatment solutiorsak tolerance imparting treatment
was performed by allowing a root of the plant t@ysn contact with the microorganisms
for 3 hours or more.

Next, the treatment solution of the water tanktlé hydroponic bed was
replaced with salt water (sodium chloride concdimma of 1 % by mass), and
hydroponics was performed in a greenhouse. Irs#iitewater or sea water used in this
Example, various nutrients necessary for the hyahms were added.

[0186]
[Comparative Example 1B]
After the surfaces of seeds of a tomato (Kanpuleye sterilized with

hypochlorous acid, the seeds were sowed on a spsuffieiently including water
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(freshwater). After budding, seedlings were grdamntwo weeks, and were grown for

one week in the natural environment while graduddiwering humidity in order to

acclimatize the seedlings to the environment. TFbkedlings were planted in the

hydroponic bed, and the hydroponics was performedthe greenhouse. In the

hydroponics, a hydroponic solution including thérmnt for the hydroponics was used.
[0187]

FIG. 1A is a photograph of the tomatoes growrhgroponics in Comparative
Example 1B. FIG. 1B is a photograph of the tomsitgeown by hydroponics in
Example 1B.

In the tomato plants cultivated in Comparativeaiiple 1B, plants with leaves
having yellow spots in the vicinity of the respegetigrowing points were observed, and
five plants out of ten plants were confirmed toén&een infected with the tomato yellow
leaf curl virus (TYLCV).

On the other hand, in the tomato plants culttyateExample 1B, none of the
ten cultivated plants were confirmed to have beéecied with TYLCV.

[0188]

The tomato yellow leaf curl disease is a virgkedise in which the tomato yellow
leaf curl virus (TYLCV) is a cause of the diseasé#. is considered that the tomato
yellow leaf curl virus is transmitted by the mediush a whitefly, and has strong
spreading power. In Example 1B and Comparativenipta 1B, the tomatoes were
cultivated simultaneously in the same greenhouseeker, in the tomato cultivated in
Example 1B, the infection with the yellow leaf cwitus was not recognized. The
above results indicate that the tolerance against disease was imparted to the tomato
by the tolerance imparting method of the presergrntion.

[0189]
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[Example 2B]

A tomato (Kanpuku) was grown by hydroponics by same cultivation method
as in Example 1B. As the nutrient solution for toybnics, salt water (sodium chloride
concentration : 3 % by mass) was used. To theiemiitisolution, various nutrients
necessary for the hydroponics were added.

[0190]

FIG. 2 is a photograph of the tomatoes grown Ygréponics in Example 2B.

None of the tomato plants cultivated in Example W8re confirmed to have
been infected with Tomato yellow leaf curl virus.

[0191]
[Example 3B]

A tomato (Kanpuku) was grown by hydroponics by same cultivation method
as in Example 1B. As the nutrient solution for toybnics, salt water (sodium chloride
concentration : 1.5 % by mass) was used. To theenu solution, various nutrients
necessary for the hydroponics were added.

[0192]
[Comparative Example 2B]

A tomato (Kanpuku) was grown by hydroponics by $ame cultivation method
as in Comparative Example 1B.

[0193]

FIG. 3 shows photographs of the tomatoes growhnylyoponics in Example 3B
and Comparative Example 2B. In the tomato plantvated in Comparative Example
2B, eight plants out of eight plants were confirmiechave been infected with powdery
mildew.

On the other hand, in the tomato plants cultd@eExample 3B, none of the 24
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cultivated plants were confirmed to have been ief@evith powdery mildew.
[0194]

Powdery mildew is a fungal plant disease in whitie pathogen is an
ascomycete belonging to the Erysiphaceae familyowdery mildew infections are
airborne; therefore, it is generally consideredt timdections will spread through the
population of plants grown in the same room. Hasvein spite of the fact that the
tomato plants were cultivated were cultivated stamgously in the same greenhouse in
Example 3B and in Comparative Example 2B, only thenato plants cultivated in
Comparative Example 2B were infected with powderidew, while the tomato plants
cultivated in Example 3B were not. This resultwhdhat by the tolerance imparting
method of the present invention, the tolerancersfjgiowdery mildew was imparted to
the tomato.

[0195]
[Example 1C]

After the surfaces of seeds of a tomato (Kanpuleye sterilized with
hypochlorous acid, the seeds were sowed on a spsuffieiently including water
(freshwater). After budding, seedlings were grdamntwo weeks, and were grown for
one week in the natural environment while graduddiyering humidity in order to
acclimatize the seedlings to the environment. THeedlings were planted in a
hydroponic bed, and were further grown for sevdegfs.

Microorganisms described in Plant, Cell and Emwinent, (2009) 32,
1682-1694 were incubated and centrifuged, therehytaiming a pelletized
microorganisms.

The freshwater in a water tank of the hydropdmeéd described above was

replaced with salt water (sodium chloride concermraof 1 % by mass). A suspension
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obtained by resuspending the pelletized microosyasi obtained above in a buffer
solution was added to the salt water or the seaniathe water tank, thereby preparing
a treatment solution. Using the prepared treatreehition, a salt tolerance imparting
treatment was performed by allowing a root of th@npto stay in contact with the

microorganisms for 3 hours or more.

Next, the treatment solution of the water tanktlé hydroponic bed was
replaced with sea water (sodium chloride conceptrabf 3 % by mass), and the
hydroponics was performed in the greenhouse. dénstit water or sea water used in
this Example, various nutrients necessary for gagdponics were added.

[0196]

A tomato fruit was harvested from the tomato plantivated in Example 1C,
and the amounts of free amino acids and the sugdect were measured with respect to
the edible portion of the tomato fruit. The resw@te shown in Table 3.

The amounts of free amino acids contained in tfiele part of the fruit of
tomato, which are described in a table for amindsam the Standard Tables of Food
Composition in Japan 2015 (Seventh Revised Vers&m)also shown in Table 1.

[0197]
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[Table3]
Tomato fruit (St Tocrlnaéo_lfrttj)ilt f
andard Tables o
(Exarr;zllttaivlactiic;ns)eawater Food Composition in
Japan)
Arginine 23 3.2
Lysine 21 5.9
Histidine 26 -
Phenylalanin 27 10.€
Tyrosine 10 3.5
Leucine 8 3.7
Isoleucine 18 3.7
aljrrﬂelso Methipnine 4 -
acid Xla"f‘e 585 ii
anine :
[mgg/] 100 Glycine 9 11
Proline 26 106
Glutamic acid 573 93.6
Serine 104 7.8
Threonint 26 5.5
Aspartic acid 122 22.7
Tryptophan 4 -
Cysteine <1 -
Sugar cotent (Brix) 12.¢ -
[0198]

The results of Example 1C revealed that the fofiithe tomato obtained in
Example 1C contained free amino acids in larger warso per gram than the fruit of
typical tomato described in the Standard TablesFobd Composition in Japan.
Especially, in Example 1C, the amounts per grarfra amino acids such as arginine,
isoleucine, alanine, glutamic acid, serine and iispacid were 5 times or more higher
than those of typical tomato fruit shown in therslard Tables of Food Composition in
Japan. Especially, the amounts of glutamic acwknas flavor ingredient and aspartic
acid were large.

[0199]

Separately from the tomatoes used above for measunts of the amounts of
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free amino acids and the sugar content, tomatoes @@ained by the same cultivation
method as in Example 1C except that the hydropon&s carried out using salt water
(sodium chloride concentration : 1 % by mass), #m sodium contents and water
contents of the edible portions of the tomatoeseweeasured. As a result, the sodium
contents of the edible portions of three tomatdatdrwere found to be 0.22 % by mass,
0.28 % by mass and 0.21 % by mass, and the watégrdoof one tomato fruit was found
to be 87.2 % by mass.

[0200]
[Example 2C]

A tomato (Kanpuku) was grown by hydroponics by same cultivation method
as in Example 1C, and the resulting fruits borneéhentomato plant were harvested. As
the nutrient solution for hydroponics, salt watgwdium chloride concentration : 1 % by
mass (Example 2C-1) or sodium chloride concenmati® % by mass (Example 2C-2))
or sea water (sodium chloride concentration : 3yniass) (Example 2C-3)) was used.
To the nutrient solution, various nutrients neces&ar the hydroponics were added.

With respect to the edible parts of the obtaimedato fruits, the amounts of free
amino acids and the water contents were measureaim(ides 2C-1 to 2C-3). The
results are shown in Table 4 and Table 5.

[0201]
[Comparative Example 1C]

After the surfaces of seeds of a tomato (Kanpulkeye sterilized with
hypochlorous acid, the seeds were sowed on a spsuffieiently including water
(freshwater). After budding, seedlings were grdamntwo weeks, and were grown for
one week in the natural environment while graduddiwering humidity in order to

acclimatize the seedlings to the environment. Bkedlings were planted in the



10

hydroponic bed, and the hydroponics was performedthe greenhouse.

90

hydroponics, a hydroponic solution including theri@nt for the hydroponics was used.

A borne fruit was harvested from the plant calted above, and the amounts of
free amino acids and the sugar content were meahsuitk respect to the edible part of

the tomato fruit (Comparative Example 1C-1).

Theutts are shown in Table 4 and

Table 5.
[0202]
[Table 4]
Comparative
Example 2C Example 1C
2C-1 2C-2 2C-2 1C-1
Salt water| Salt water | Sea water
Nutrient solution (NaCl 1% | (NaCl 2% by| (NaCl 3% | Fresh water
by mass) mass) by mass)
Arginine 4 6.3 12 5.9
Lysine 4.4 7 10 3.6
Histidine 7.€ 12.1 28 4.€
Phenylalanine 6.4 5.9 14 5.9
Tyrosine 1.7 1.6 4 1.8
Leucine 3.4 4.1 6 3.2
Isoleucint 6.€ 8.2 14 2.C
Standard —yemionine 1 13 2 12
a;g'igo Valine 4.1 3.8 10 2.8
[mg/ Alan!ne 9.1 22.C 12 3.€
100 g] Glycine 2 2.C 3 1.1
Proline 33.9 88.3 134 1.2
Glutamic acid 321.9 650.1 607 185.9
Serine 32.C 66 72 8.€
Threonine 12.3 18 29 54
Aspartic acid 47.9 87.3 124 34.6
Tryptophan 1.3 1.5 3 1.6
Cysteint 0.1 0.2 <1 0.04
Total amount
[mg / 100 ] 500.2 987.7 1084 273.94
Sugar content (Brix) 10.7 13.4 - 4.0

[0203]

In the
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[Table 5]
Comparative
Example 2C Example 1C
2C-1 2C-2 2C-2 1C-1
Salt water | Salt water | Sea water
Nutrient solution (NaCl 1% | (NaCl2% | (NaCl3% | Fresh water
by mass) by mass) by mass)

Non Phosphoserine 1.4 1.9 - 0.8
standard B-Alanine 3.€ 4.4 - 0.7
Amino

acid R

[mg / aminobutyric acid 185.8 173.3 - 36.2

100 (GABA)
gl
[0204]

The above results revealed that the fruits ofttimeatoes obtained in Example
2C contained proteogenic amino acids in larger antsoper gram than the fruit of the
tomato obtained in Comparative Example 1C.

Further, the above results also revealed thalrtits of the tomatoes obtained in
Example 2C contained nonproteogenic amino acids aagphosphosering;alanine and
y-amino acid in larger amounts per gram than thét foél the tomato obtained in
Comparative Example 1C. The fruit of tomato cated with a nutrient solution with
high sodium chloride concentration tended to havarger total amount of proteogenic

amino acids and a larger amount of amino acideerl.

INDUSTRIAL APPLICABILITY
[0205]
The present invention can provide a plant witprnoved shelf life as compared
to the conventional plant of the same species.
The tolerance imparting method of the presergrnition can impart tolerance to
plants against diseases and pests.

A fruit of the tomato of the present inventionshfiee amino acid contents
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different from those of conventional tomatoes aad tinique flavor.
The tomato production method of the present itisancan provide a tomato
bearing a fruit having free amino acid contentdediint from those of conventional

tomatoes and unique flavor.
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CLAIMS

1. A plant corresponding to an item described imn8ard Tables of Food

Composition in Japan 2015 (Seventh Revised Versamm) having a mass content of
sodium which is at least 50 times a mass contesbdium of the item described in the
Standard Tables of Food Composition in Japan 28&8dnth Revised Version), the mass

content of sodium being measured per unit massdibfeeportion of the plant.

2. The plant according to claim 1, which has awwodcontent of 0.15 % by mass

or more as measured with respect to edible podi@nfruit of the plant.

3. The plant according to claim 1 or 2, which hagager content of 90 % by mass

or less as measured with respect to edible podtfi@nfruit of the plant.

4. The plant according to any one of claims 1 tal3ich has a sugar content (Brix)

of 8 or more as measured with respect to edibleguoof a fruit of the plant.

5. The plant according to any one of claims 1 talich is a tomato.

6. A method for producing the plant of any onelafms 1 to 5, comprising:

a salt tolerance imparting step of performing d sasistance imparting
treatment by bringing a salt tolerance impartingradnto contact with at least a part of a
root of a plant, thereby obtaining a salt tolerainggarted plant; and

a cultivation step of hydroponically cultivatitige salt tolerance imparted plant

obtained in the salt tolerance imparting step wvathutrient solution having a sodium
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chloride concentration of 1 % by mass or more.

7. A tolerance imparting method for imparting talece to a plant against diseases
and pests, comprising:

a salt tolerance imparting step of performing at gesistance imparting
treatment by bringing a salt tolerance impartingradgnto contact with at least a part of a
root of a plant, thereby obtaining a salt toleraingearted plant; and

a cultivation step of hydroponically cultivatitige salt tolerance imparted plant
obtained in the salt tolerance imparting step wathutrient solution having a sodium

chloride concentration of 1 % by mass or more.

8. The tolerance imparting method according &nel7, which further comprises,
as a step to be performed prior to the salt tomramparting step, an initial growth step
of allowing a seed or a bulb of the plant to bud avot under an environment with a

sodium chloride concentration of less than 1 % lagsn

9. The tolerance imparting method according tancl8, wherein the seed or the
bulb is allowed to bud or root in the initial grdwstep under an environment with a

sodium chloride concentration of 0.5 % by mas®ss.|

10. The tolerance imparting method accordingrny @ne of claims 7 to 9, wherein
the salt tolerance imparting treatment is a treatroéputting at least a part of the root of
the plant into a treatment solution which contdhnes salt tolerance imparting agent, and

has a sodium chloride concentration of 1 % by noassore.
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11. The tolerance imparting method accordingdorc 10, wherein at least a part of

the root of the plant is held in the treatment 8ofufor 1 hour or more.

12. The tolerance imparting method accordingléint 10 or 11, wherein the salt
tolerance imparting agent is a microorganism thgdarts the salt tolerance to the plant
by adhering to the root, and

the concentration of the microorganism in thattreent solution is FOCFU/mL

or more.

13. The tolerance imparting method accordingtp @ne of claims 7 to 12, wherein
the nutrient solution further contains a magnesahioride in an amount of 0.5 % by

mass or less.

14. The tolerance imparting method accordingtp @ne of claims 7 to 13, wherein

the salt tolerance imparting agent comprises &t leae species of the microorganism.

15. The tolerance imparting method accordingtp @ne of claims 7 to 14, wherein

the plant is a plant of Solanaceae family.

16. The tolerance imparting method accordingitp @ne of claims 7 to 15, wherein

the tolerance is viral disease tolerance.

17. The tolerance imparting method accordingtp @ne of claims 7 to 15, wherein

the tolerance is fungal disease tolerance.
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18. A tomato satisfying at least one of the followi(1) to (20), which respectively

represent amounts of free amino acids contained @@ig of edible portion of a fruit of

10

15

20

25

the tomato:

Yy
)
®3)
(4)
()
(6)
()
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

(20)

19.

free glutamic acid : 200 mg or more,
free aspartic acid : 40 mg or more,
free arginine : 6 mg or more,
free isoleucine : 6 mg or more,
free alanine : 8 mg or more,
free serine : 15 mg or more,
free lysine : 7 mg or more,
free histidine : 7 mg or more,
free phenylalanine : 12 mg or more,
free tyrosine : 4 mg or more,
free leucine : 4 mg or more,
free methionine : 2 mg or more,
free valine : 3.5 mg or more,
free glycine : 2 mg or more,
free proline : 50 mg or less,
free threonine : 10 mg or more,
free tryptophan : 2 mg or more,
free phosphoserine : 1.2 mg or more,
freep-alanine : 2 mg or more, and

freey-aminobutyric acid : 80 mg or more.

The tomato according to claim 18, which sasstt least one of (1), (2), (4) to
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(6), (8), (13), (14) and (16) .

20. The tomato according to claim 19, which sasfat least one of (1), (5), (6),

(14) and (16).

21. The tomato according to claim 18, which sasfat least one of (1) to (6),
wherein the amounts of free amino acids contairedlPO g of edible portion of a fruit
of the tomato are as follows:

(1) free glutamic acid : 500 mg or more,

(2) free aspartic acid : 100 mg or more,

(3) free arginine : 10 mg or more,

(4) freeisoleucine : 10 mg or more,

(5) free alanine : 10 mg or more, and

(6) free serine : 70 mg or more.

22. The tomato according to claim 21, which sasht least one of (1) and (2).

23. The tomato according to any one of claims 18%owhich has a sodium content
of 0.15 % by mass or more as measured with regpemdible portion of a fruit of the

tomato.

24. The tomato according to any one of claims 183owhich has a water content
of 90 % by mass or less as measured with respeetitwe portion of a fruit of the

tomato.
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25. The tomato according to any one of claims 184owhich has a sugar content

(Brix) of 8 or more as measured with respect tbledportion of a fruit of the tomato.

26. A method for producing the tomato of any onelaims 18 to 25, comprising:

a salt tolerance imparting step of performing # sasistance imparting
treatment by bringing a salt tolerance impartingradnto contact with at least a part of a
root of a tomato, thereby obtaining a salt toleeaineparted tomato; and

a cultivation step of hydroponically cultivatintgpe salt tolerance imparted
tomato obtained in the salt tolerance imparting stéth a nutrient solution having a

sodium chloride concentration of 1 % by mass oremor



