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1
PLANT GROWTH REGULATOR AND USE

THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

2
CITATION LIST

Patent Literature 1

5 International Application Publication No. WO01/080638
(Publication Date: Jul. 22, 2003)

This application is the national stage application pursuant
to 35 U.S.C. §371 of PCT InternationalApplicationNo. PCT/
JP2007/073795, filed Dec. 10,2007, which claims priority to
Japanese patent application no. 2006-333635, filed Dec. 11,
2006. The contents of these applications are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a plant growth regulator for
regulating growth of a plant and a technique for use thereof.
To be specific, the present invention relates to a plant growth
regulator capable of increasing harvest index by use of glu-
tathione, and a technique for use of the plant growth regulator.

BACKGROUND ART

Conventionally, plants have been deeply involved with
human as foods, ornaments, industrial materials such as paper
and chemicals, and fuels. Further, recently, plants have been
spotlighted as biomass energy that will substitute fossil fuel.
Although plants have been used in such various fields, their

mechanisms such as budding, growth, and anthesis have not
yet been clarified in many regards. Consequently, cultivation
of plants has been mainly based on experiences and intuition,
and harvest of the plants has been greatly influenced by natu-
ral conditions such as weather. Therefore, clarification of
plants' mechanisms such as budding, growth, and anthesis
and regulating and controlling the mechanisms are very
important not only for increasing yields of ornamental plants
and food plants such as grains and vegetables, but also for
growing woods in forests and biomass energy.

In order to regulate growth of plants, there have been made
attempts such as regulation of anthesis by artificial environ-
ments such as a conservatory, and promotion of growth by use
of chemicals such as ethylene. However, most of these con-
ventional attempts are regulations of growth of plants based
on experiences and intuition, and are not based on data that
allows scientific evaluation of growth of plants.

In view of the above, the inventors of the present invention
have researched on the plants' mechanisms of budding,
growth, and anthesis. Consequently, the inventors have
shown that reactive oxygen species (ROS) is essential not
only as a substrate for biosynthesis but also as a factor for
controlling growth of plants (see Patent Literature 1). Spe-
cifically, Patent Literature 1 describes a regulator that con-
tains a redox state regulation substance for cells and that
regulates differentiation of cells or organs, a method for con-
trolling differentiation and morphogenesis of a organism, and
a organism thus obtained.
Further, Patent Literature 2 discloses an adjuvant for regu-

lating growth of plants and a method for preparing rediffer-
entiated plants by used of the adjuvant. Specifically, a callus
induced from a part of a plant such as rice and eustoma is
cultivated in a redifferentiating culture medium containing
glutathione, preferably oxidized glutathione (which may be
hereinafter referred to as GSSG) so as to promote rhizogen-
esis, effectively obtaining a redifferentiated body from the
callus in a short time.

Patent Literature 2

10 Japanese Patent Application Publication, Tokukai, No. 2004-
352679 A (Publication Date: Dec. 16, 2004)

SUMMARY OF INVENTION

15 Patent Literature 1 discloses a technique for controlling
differentiation and morphogenesis of plants by use of a sub-
stance that regulates a redox state of the plants. However, the
control mechanism is not yet sufficiently clarified and it is not

20 
known what substance serves as a factor for controlling
growth of the plants. Further, although Patent Literature 2
discloses a technique for preparing a redifferentiated plant
body, the technique is not sufficient. A new technique for
controlling the amount of biomass, the yield of seeds, the

25 quality of next-generation seeds etc is required.
Scientifically understanding the process of growth of

plants, scientifically predicting anthesis, and regulating them
are very important not only to ornamental flowers and plants
for foods, but also to forests and plant resources for biomass

30 energy. Therefore, there has been a strong request for devel-
oping a technique for specifying a control factor for plants
and effectively controlling budding, growth, anthesis etc. of
plants.
The present invention was made in view of the foregoing

35 problems. An object of the present invention is to provide a
technique for speciFying a control factor for plants and effec-
tively controlling budding, growth, anthesis etc. of plants.

In order to solve the foregoing problems, the inventors of
the present invention have diligently studied and found that

40 cultivation of a plant by use of glutathione allows greatly
increasing the number of seeds and the number of flowers of
the plant. Further, the inventors have found that when a plant
having mutation in its function for synthesizing a plant hor-
mone (e.g. gibberellin) or responding to a plant hormone is

45 cultivated by use of glutathione, it is possible to greatly
increase the number of lateral shoots (axillary buds), and
accordingly to increase the number of flowers (sheaths). The
inventors have completed the present invention based on
these findings. The present invention has been completed

50 based on these new findings and includes the following sub-
ject matters.
(1) A plant growth regulator for increasing harvest index,

comprising glutathione.
(2) The plant growth regulator as set forth in (1), wherein

55 the glutathione is oxidized glutathione.
(3) The plant growth regulator as set forth in (1) or (2), for

increasing the number of seeds and/or flowers of a plant.
(4) The plant growth regulator as set forth in (1) or (2), for

increasing the number of lateral shoots and/or tillers of a
60 plant.
(5) A method for cultivating a plant, comprising the step of

cultivating a plant by use of glutathione so as to increase
harvest index of the plant.
(6) The method as set forth in (5), wherein the glutathione

65 is oxidized glutathione.
(7) The method as set forth in (5) or (6), wherein the

glutathione is supplied intermittently.



3
(8) The method as set forth in any one of (5)-(7), wherein

the glutathione is supplied at around a time of transition from
vegetative to reproductive development.
(9) A method for increasing the number of seeds and/or

flowers of a plant by use of glutathione.
(10) The method as set forth in (9), wherein the glutathione

is oxidized glutathione.
(11) A method for increasing the number of lateral shoots

and/or tillers of a plant by use of glutathione.
(12) The method as set forth in (11), wherein the glu-

tathione is oxidized glutathione.
(13) The method as set forth in (11) or (12), wherein the

plant has mutation in a function for synthesizing a plant
hormone and/or a function for responding to a plant hormone.
(14) The method as set forth in (13), wherein the plant

hormone is gibberellin.
(15) A plant obtained by a method as set forth in any one of
(5)-(14), having increased harvest index.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a drawing illustrating states of Arabidopsis
treated with water, a GSSG solution, or an H202 solution,
observed 3 or 4 weeks after sowing.
FIG. 2 is a drawing illustrating states of Arabidopsis

treated with water, a GSSG solution, or an H202 solution,
observed 6 weeks after sowing.
FIG. 3 is a drawing illustrating states of Arabidopsis

treated with water, a GSSG solution, or an H202 solution,
observed 7 weeks after sowing.
FIG. 4 is a drawing illustrating states of Arabidopsis

treated with water, a GSSG solution, or an H202 solution,
observed 8 weeks after sowing.
FIG. 5 is a drawing illustrating yields and states of seeds

obtained from Arabidopsis treated with water, a GSSG solu-
tion, or an H202 solution.
FIG. 6 is a drawing illustrating the result of examination on

the influence of concentration of oxidized glutathione on
growth of Arabidopsis.
FIG. 7 is a drawing illustrating the result of examination on

the influence of concentration of oxidized glutathione on
growth of Arabidopsis.
FIG. 8 is a drawing illustrating the result of examination on

the influence of oxidized glutathione on seeds of Arabidopsis.
FIG. 9 is a drawing illustrating the result of examination on

the influence of oxidized glutathione on a gibberellin synthe-
sis mutant of Arabidopsis.
FIG. 10 is a drawing illustrating the result of examination

on the influence of a treatment time of oxidized glutathione
and treatment concentration of oxidized glutathione on the
seed weight of Arabidopsis.
FIG. 11 is a drawing illustrating the result of examination

on the influence of a treatment time of oxidized glutathione
and treatment concentration of oxidized glutathione on the
seed weight of Arabidopsis.
FIG. 12 is a drawing illustrating the result of examination

on the influence of a treatment time of oxidized glutathione
and treatment concentration of oxidized glutathione on the
seed weight of Arabidopsis.
FIG. 13 is a drawing illustrating the result of examination

on the influence of a treatment time of oxidized glutathione on
the seed weight of Arabidopsis.

4
FIG. 14 is a drawing illustrating the result of examination

on the influence of a treatment time of oxidized glutathione on
the seed weight of Arabidopsis.
FIG. 15 is a drawing illustrating the result of examination

5 on the influence of a treatment time of oxidized glutathione on
the seed weight of Arabidopsis.
FIG. 16 is a drawing illustrating the result of examination

on the influence of a treatment time of oxidized glutathione
and treatment concentration of oxidized glutathione on the

10 
seed weight, the dry weight, and the harvest index of Arabi-
dopsis.
FIG. 17 is a drawing illustrating the result of examination

on the influence of oxidized glutathione on growth of a rose

15 
(breed; Patiohit alicante).
FIG. 18 is a drawing illustrating the result of examination

on the influence of oxidized glutathione on growth of a rose
(breed; English rose).

FIG. 19 is a drawing illustrating the result of examination

20 on the influence of oxidized glutathione on growth of tsai-
hsin that is a kind of coleseed.
FIG. 20 is a drawing illustrating positions of individual

soybeans in an agricultural field test in which the influence of
oxidized glutathione on growth of soybean is examined.

25 FIG. 21 is a drawing illustrating how to supply oxidized
glutathione in the agricultural field test in which the influence
of oxidized glutathione on growth of soybean is examined.
FIG. 22 is a drawing illustrating the results of examinations

on the weight of seeds, the whole amount ofbiomass, and the
30 harvest index in the agricultural field test in which the influ-

ence of oxidized glutathione on growth of soybean is exam-
ined
FIG. 23 is a drawing illustrating the results of examination

on the influence of oxidized glutathione on formation of floral
35 buds of corn.

FIG. 24 is a drawing illustrating the results of examination
on the influence of oxidized glutathione on the crop yields of
corn.
FIG. 25 is a drawing illustrating the results of examinations

40 on the influence of oxidized glutathione on the amount of
biomass and the harvest index of fruits, ground parts, and
portions other than the fruits of individual corns.
FIG. 26 is a drawing illustrating the results of examinations

on the influence of a treatment time of oxidized glutathione on
45 the amount ofbiomass and the harvest index of fruits, ground

parts, and portions other than the fruits of individual corns.
FIG. 27 is a drawing illustrating the results of examinations

on the influence of a treatment method of oxidized glu-
tathione on the amount of biomass and the harvest index of

50 fruits, ground parts, and portions other than the fruits of
individual corns.
FIG. 28 is a drawing illustrating the results of examinations

on the influence of a treatment method of oxidized glu-
tathione and a treatment time of oxidized glutathione on the

55 harvest index of corn.
FIG. 29 is a drawing illustrating positions of individual

corn in an agricultural field test in which the influence of
oxidized glutathione on growth of corn is examined.
FIG. 30 is a drawing illustrating the results of examinations

60 on the influence of a treatment time of oxidized glutathione on
the whole amount of biomass per area, the crop yields of
pistils per area, and the harvest index in an agricultural field
test in which the influence of oxidized glutathione on growth
of corn is examined.

65 FIG. 31 is a drawing illustrating the results of examinations
on the influence of a treatment time of oxidized glutathione on
the amounts of biomass of fruits, ground parts, and portions
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other than the fruits of individual corns in an agricultural field
test in which the influence of oxidized glutathione on growth
of corn is examined.
FIG. 32 is a drawing illustrating the results of examinations

on the influence of oxidized glutathione on the crop yields of
corn under a nitrogen-deficient condition.
FIG. 33 is a drawing illustrating the results of examinations

on the influence of oxidized glutathione on the amounts of
biomass and the harvest index of fruits, ground parts, and
portions other than the fruits of individual corns under a
nitrogen-deficient condition.
FIG. 34 is a drawing illustrating the result of examination

on the influence of oxidized glutathione on growth of sprout
and anthesis of a rose (breed; Purple rose).
FIG. 35 is a drawing illustrating the result of examination

on the influence of oxidized glutathione on growth of sprout
and anthesis of a rose (breed; JJ scarlet and JJ apricot).
FIG. 36 is a drawing illustrating the results of examinations

on the influences of oxidized glutathione and reduced glu-
tathione on growth of roots of eustoma.
FIG. 37 is a drawing illustrating the results of examinations

on the influence of oxidized glutathione on induction of floral
buds of a rose.
FIG. 38 is a drawing illustrating the results of examinations

on the influence of oxidized glutathione on induction of floral
buds of a rose.
FIG. 39 is a drawing illustrating the results of examinations

on the influences of oxidized glutathione and reduced glu-
tathione on growth and multiplication (number of runners) of
strawberry (Eminent garden series Yokubari-ichigo kurenai
(SUMIKA)).

FIG. 40 is a drawing illustrating positions of individual
plants in cultivation and a time of supplying oxidized glu-
tathione in a test in which the influence of oxidized glu-
tathione on growth of transformants of Arabidopsis to which
a gFBA gene is introduced is examined.
FIG. 41 is a drawing illustrating the results of examinations

on concentration of ammonium nitrate at which the effects of
increasing the harvest index, the whole amount of biomass,
and the seed weight of wild-type Arabidopsis and transfor-
mants of Arabidopsis to which a gFBA1 gene is introduced
are saturated.
FIG. 42 is a drawing illustrating the results of examinations

on the influence of oxidized glutathione on the harvest index,
the whole amount of biomass, and the seed weight of trans-
formants to which a gFBA gene is introduced, under a con-
dition where the effect of nitrogen fertilization is saturated.
FIG. 43 is a drawing illustrating the results of examinations

on the influences of oxidized glutathione, reduced glu-
tathione, and ammonium sulfate on the harvest index, the
whole amount of biomass, and the seed weight of transfor-
mants of Arabidopsis to which a gFBA gene is introduced,
under a condition where the effect of nitrogen fertilization is
saturated.
FIG. 44 is a drawing illustrating the result of examination

on the influence of concentration of GSSG as a fertilizer on
the yields of seeds of transformants of Arabidopsis to which
a gFBA gene is introduced and wild-type Arabidopsis.
FIG. 45 is a drawing illustrating the result of examination

on the influence of concentration of GSSG as a fertilizer on
the harvest index of transformants of Arabidopsis to which a
gFBA gene is introduced and wild-type Arabidopsis.
FIG. 46 is a drawing illustrating the results of examinations

on the influences of fertilization with GSSG, GSH, and
ammonium sulfate as sulfate sources on the yield of seeds of
transformants of Arabidopsis to which a gFBA gene is intro-
duced.

6
FIG. 47 is a drawing illustrating the results of examinations

on the influences of fertilization with GSSG, GSH, and
ammonium sulfate as sulfate sources on the harvest index of
transformants of Arabidopsis to which a gFBA gene is intro-

5 duced.

DESCRIPTION OF EMBODIMENTS

One embodiment of the present invention is described
10 below with reference to the attached drawings. Note that the

present invention is not limited to the embodiment.
A plant growth regulator of the present invention is not

particularly limited as long as it contains glutathione, and
specific factors of the plant growth regulator such as density

15 and other components etc. are not particularly limited. The
glutathione may be reduced glutathione (which may be here-
inafter referred to as "GSH") or may be an oxidized glu-
tathione (which may be hereinafter referred to as "GSSG"),
but GSSG is preferable.

20 As is well known by a person skilled in the art, GSH has a
property of easy oxidization. Consequently, when GSH is
added as glutathione to the plant growth regulator of the
present invention, the plant growth regulator generally con-
tains not a small amount of GSSG. That is, the plant growth

25 regulator ofthe present invention may contain, as glutathione,
GSH and GSSG in a mixed state.
The plant growth regulator of the present invention may be

arranged so as to contain GSH as glutathione and the GSH is
oxidized to be GSSG when the plant growth regulator is

30 stored or used. Further, GSH may be oxidized to be GSSG
after the plant growth regulator was supplied to a plant.
A method for oxidizing GSH to be GSSG is not particularly

limited. For example, GSH can be easily changed to GSSG by
air oxidization. Alternatively, GSH may be changed to GSSG

35 by any conventional artificial method that has been publicly
known so far.
"Oxidized glutathione" in the present invention is a sub-

stance that is well known by a person skilled in the art and
does not require any special explanation. For example, "oxi-

40 dized glutathione" may be defined as a molecule obtained by
disulfide-bonding two-molecular reduced glutathiones.

In general, it is known that most (98% or more) of glu-
tathione in cells of an organism is reduced glutathione. Con-
sequently, a person skilled in art would conceive reduced

45 glutathione as glutathione, and therefore use of oxidized glu-
tathione is not general. Further, a person skilled in the art has
an impression that oxidized glutathione worsens growth of
plants. Therefore, a person skilled in the art would not have
been motivated to use oxidized glutathione for cultivation of

50 plants.
Under such a situation, the inventors have found that func-

tions of fructose-1,6-bisphosphate aldolase that is an enzyme
for Calvin cycle are controlled by bonding with glutathione.
The inventors have added oxidized glutathione necessary for

55 the bonding from outside, succeeding in greatly increasing
the productivity of biomass and the yield.
That is, the inventors of the present invention have found

that cultivation of a plant by use of "oxidized glutathione
(GSSG)" that has not been generally used in cultivation of

60 plants allows greatly increasing the number of seeds of the
plant and the number of flowers of the plant, and thus com-
pleted the present invention. Therefore, the present invention
has a significant originality.
The plant growth regulator of the present invention con-

65 tains glutathione and increases harvest index of plants.
In the present specification, "harvest index" indicates a

ratio of the weight of harvest to the weight of a plant as a
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whole. In other words, "harvest index" indicates a ratio of the
amount ofbiomass of the harvest to the amount of all biomass
of individual plants.

In the present specification, "harvest" indicates a portion of
a plant to be eaten. For example, in a case of a plant whose
fruit is to be eaten, the "harvest" is the fruit. In a case of a plant
whose seed is to be eaten, the "harvest" is the seed. In a case
of a plant whose stem is to be eaten, the "harvest" is the stem.
In a case of a plant whose root is to be eaten, the "harvest" is
the root. In a case of a plant whose flower is to be eaten, the
"harvest" is the flower. In a case of a plant whose leaf is to be
eaten, the "harvest" is the leaf Further, the "harvest" indi-
cates a portion that is not edible but contains a product tar-
geted in cultivating a plant. Specifically, in a case of orna-
mental plants, examples of the "harvest" include flowers,
stems, leaves, roots, seeds etc. each of which is to be appre-
ciated.
Further, in the present invention, "increasing harvest

index" indicates an effect of increasing harvest index com-
pared with a condition under which the plant growth regulator
of the present invention is not supplied, and indicates that a
ratio of the amount ofbiomass of the harvest to the amount of
all biomass can be increased under a conventional and stan-
dard fertilization condition that is optimized to obtain the
maximum amount ofyield per unit area. Although the amount
of yield per unit area increases as a planting rate increases,
this effect gets saturated at a certain planting rate. "Increasing
harvest index" in the present specification indicates that a
ratio of the amount ofbiomass of harvest to the amount of all
biomass can be increased even under such a planting condi-
tion.
Since the plant growth regulator of the present invention

allows increasing harvest index of a plant, it is possible not
only to increase the amount of foods or biomass resources
produced per unit area but also to greatly contribute to
increased production of industrially applicable plants and
harvests obtained therefrom.
Further, it is preferable that the plant growth regulator of

the present invention increases the number of seeds of a plant
and/or the number of flowers of the plant. As described in
later-mentioned Examples, it is clearly demonstrated that use
of the plant growth regulator of the present invention allows
increasing the number of seeds and the number of flowers.
Further, it is also demonstrated that other performance of the
plant growth regulator of the present invention is lengthening
of the life of a plant, causing a leaf to be more round and
larger, shortening the plant length, and thickening a stem of
the plant.
This allows increasing the yield of seeds for example.

Therefore, industrial applicability of the plant growth regu-
lator is quite high not only in a case of selling seeds them-
selves but also in a case of seeds containing fats and oils and
other effective components since the yields of such fats and
oils etc. also increase. Further, such increased yields are also
useful for biomass material production.
When the plant growth regulator is applied to ornamental

plants or shade trees, the performance of lengthening the life
of a plant allows extending the interval of exchanging plants
due to withering of the plants. This reduces work burden on
maintenance of the ornamental plants or the shade trees.
Further, the performance of causing a leaf to be more round
and larger is applicable to production of unique ornamental
plants having unusual appearances. Further, the performance
of shortening the plant length and thickening a stem of the
plant is applicable to production of ornamental plants and to
increasing durability of crops against strong winds.

8
Further, it is preferable that the plant growth regulator of

the present invention increases the number of lateral shoots
and/or tillers of plants. As explained in later-mentioned
Examples, this invention is made on a new finding that when

5 a plant having mutation in function for synthesizing plant
hormone (gibberellin) or function for responding to plant
hormone is cultivated by use of oxidized glutathione, the
number of lateral shoots increases greatly. As the number of
lateral shoots and/or tillers increases, the number of flowers

10 (sheaths) increases.
Therefore, when the plant growth regulator of the present

invention is applied to a plant such as gramineae whose tillers
have a great influence on the yield, it is possible to increase
the yield of seeds.

15 The target plant to which the plant growth regulator is to be
applied is preferably a plant having mutation in function for
synthesizing plant hormone or responding to plant hormone.
This is because application of glutathione, preferably oxi-
dized glutathione to the mutant or a transformant having the

20 same function as the mutant allows further exerting the per-
formance of the oxidized glutathione.
Herein, "a plant having mutation in function for synthesiz-

ing plant hormone or responding to plant hormone" indicates
a plant which has mutation in at least one of an enzyme of a

25 biosynthesis system of plant hormone, a receptor of plant
hormone, a biological substance of a communication system
of plant hormone etc. and which is a plant whose function
concerning plant hormone does not work compared with a
wild-type plant or which is a plant highly susceptive (ac-

30 quired) to plant hormone due to mutation. In particular, it is
preferable to use a mutant whose function concerning plant
hormone is lower than that of a wild-type or whose function
concerning plant hormone is substantially lost.
An example of the plant is, as explained in later-mentioned

35 Examples, a mutant in which a DNA fragment such as T-DNA
is inserted into a gene encoding an enzyme of a biosynthesis
system of plant hormone.
The plant hormone is preferably gibberellin. It is consid-

ered that oxidized glutathione functions at the downstream of
40 plant hormone such as gibberellin or in corporation with plant

hormone.
Further, it is preferable that the plant growth regulator of

the present invention promotes growth of a sprout, induction
of a floral bud, and/or anthesis. As explained in the later-

45 mentioned Examples, it is clearly demonstrated that the plant
growth regulator of the present invention promotes growth of
a sprout, induction of a floral bud, and/or anthesis.
This allows shortening the length of cultivating a plant and

increasing productivity of the plant. In a case of a plant used
50 as foods, this performance contributes to increasing produc-

tion of foods. Further, since the plant growth regulator allows
controlling anthesis or growth of a plant, application of the
plant growth regulator allows effective production of a plant.
This allows regulating supply of the plant to the market in

55 response to demand of the market.
Further, it is preferable that the plant growth regulator of

the present invention promotes growth of roots of a plant. As
explained in the later-mentioned Examples, it is clearly dem-
onstrated that use of the plant growth regulator of the present

60 invention promotes growth of roots of a plant.
This allows obtaining a large number of harvests from a

plant whose roots are harvests in a short time. Therefore,
application of the plant growth regulator to a plant whose
roots are edible allows increasing production of foods.

65 Further, it is preferable that the plant growth regulator of
the present invention prevents deterioration of growth due to
lack of nitrogen. It is known that shortage or lack ofa nitrogen
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source generally reduces growth of a plant. However, as
explained in the later-mentioned Examples, even when a
plant is cultivated under a nitrogen-deficient condition, appli-
cation of the plant growth regulator of the present invention
allows preventing deteriorated growth due to lack of a nitro-
gen source.
Therefore, even when a plant suffers from deteriorated

growth due to lack ofnitrogen, application of the plant growth
regulator to the plant allows promotion of the growth of the
plant.

In a case where the plant growth regulator contains oxi-
dized glutathione, the amount of glutathione is not particu-
larly limited. In a case of Arabidopsis, the amount of glu-
tathione is preferably 10 iM-20 mM, more preferably 0.2
mM-5 mM, and further more preferably 0.5 mM-2 mM.
On the other hand, in a case where the plant growth regu-

lator contains reduced glutathione, the amount of reduced
glutathione is preferably larger than that of oxidized glu-
tathione to be contained in the plant growth regulator. Spe-
cifically, in a case of Arabidopsis, the amount of reduced
glutathione is preferably 100 uM-40 mM, more preferably
0.4 mM-20 mM, and further more preferably 4 mM-10 mM.

In the case where the plant growth regulator contains
reduced glutathione in the above range, when 50% of reduced
glutathione is oxidized while preserving or using the plant
growth regulator, the concentration of oxidized glutathione in
the plant growth regulator ranges at least from 1 mM to 2.5
mM. This yields substantially the same effect as when the
plant growth regulator contains 1 mM-2.5 mM of oxidized
glutathione. Oxidization of 50% ofreduced glutathione in the
plant growth regulator easily occurs because of properties of
the reduced glutathione. This can be easily understood by a
person skilled in the art.

In a case of supplying a specific amount of solution as
explained in the later-mentioned Examples, when the amount
of oxidized glutathione or reduce glutathione is in the above
range, it is possible to control growth of a plant appropriately.
Note that the above concentration range is a range in a case of
supplying a specific amount of solution to Arabidopsis.
Change ofthe amount to be supplied or change of the kinds of
plants (e.g. tree etc.) may allow oxidized glutathione or
reduced glutathione with higher concentration to be supplied.
In some cases, it is possible to realize the performance of the
plant growth regulator of the present invention with oxidized
glutathione or reduced glutathione with lower concentration.
The feature of the present invention is based on the finding

that oxidized glutathione increases the number of seeds and!
or the number of flowers of a plant, lengths the life of the
plant, causes a leaf to be more round and larger, increases the
number of lateral shoots and!or tillers, and increases the num-
ber of flowers (sheaths) in accordance with an increase in the
number of lateral shoots etc. so as to increase the yield of
seeds, and other limitation is not intended. Therefore, the
concentration range in the present invention is not limited to
the above range.
How to supply the plant growth regulator of the present

invention to a plant is not particularly limited, and the plant
growth regulator of the present invention may be used in the
same manner as a conventional and publicly known plant
growth regulator. For example, in a case where the plant
growth regulator of the present invention is in the form of a
liquid or emulsion, the plant growth regulator may be sprayed
to, dropped on, or applied to not only a vegetative point but
also a part of or all of a plant such as a stem and a leaf In a case
where the plant growth regulator of the present invention is in
the form of a solid agent or a powder agent, the plant growth
regulator may be absorbed into a root via the earth. In a case

10
where a plant is a water plant such as a floating grass, the plant
growth regulator of the present invention may be absorbed as
an aquarium additive into a root or the plant growth regulator
in the form of the solid agent may be dissolved gradually in

5 water. In particular, in a case where the plant growth regulator
of the present invention is used for a terrestrial plant, it is
preferable that the plant is subjected to a solution culture by
use of the plant growth regulator in the form of an aqueous
solution.

10 As long as the plant growth regulator of the present inven-
tion contains glutathione (GSH and!or GSSG), other specific
components of the plant growth regulator are not particularly
limited. For example, in a case where the plant growth regu-
lator is in the form of an aquarium additive or a solid agent,

15 carrier components are solid carriers, examples of which
include inorganic materials such as talc, clay, vermiculite,
diatomite, kaoline, calcium carbonate, calcium hydroxide,
white clay, and silica gel, and flour and starch. In a case where
the plant growth regulator is in the form of a liquid agent,

20 carrier components are liquid carriers, examples of which
include: water; aromatic hydrocarbons such as xylene; alco-
hols such as ethanol and ethyleneglycol; ketones such as
acetone; ethers such as dioxane and tetrahydrofuran; dimeth-
ylformamide; dimethylsulfoxide; and acetonitrile.

25 Further, the plant growth regulator of the present invention
may contain other adjuvant if necessary. Examples of the
adjuvant include: negative ion surfactants such as ester alkyl-
sulfates, alkyl sulfonate, alkylaryl sulfonate, and dialkyl sul-
fosuccinate; positive ion surfactants such as salts of higher

30 aliphatic amine; non-ion surfactants such as polyoxyethyl-
eneglycol alkylether, polyoxyethyleneglycol acylester, poly-
oxyethyleneglycol multivalent alcohol acylester, and cellu-
lose derivative; and a thickener such as gelatin, casein, and
gum Arabic; a filler; and a binder.

35 If necessary, other plant growth regulator such as benzoic
acid, nicotine acid, nicotine acid amide, and pipecolic acid
may be added to a product in such an amount that does not
prevent an intended effect of the present invention. Further, a
conventional and well-known fertilizer may be added to the

40 product.
A plant to which the plant growth regulator of the present

invention is to be supplied is not particularly limited, and the
plant growth regulator may be supplied to every kinds of
plants such as monocotyledons, dicotyledons, and trees.

45 Examples of monocotyledons include: Lemnaoideae includ-
ing Spirodela (floating grass) and Lemna (L. perpusilla andL.
trisulca); Orchidaceae including Cattleya, Cymbidium, Den-
drobium, Phalaenopsis, Vanda, Paphiopedilum, and
Oncidium; Typhaceae; Sparganiaceae; Potamogetonaceae;

50 Najadaceae; Scheuchzeriaceae; Alismataceae, Hydrocharita-
ceae; Triuridaceae; Poaceae; Cyperaceae; Arecaceae;
Araceae; Eriocaulaceae; Commelinaceae; Pontederiaceae;
Juncaceae; Stemonaceae; Liliaceae; Amaryllidaceae;
Dioscoreaceae; Iridaceae; Musaceae; Zingiberaceae; Can-

55 naceae; and Burmanniaceae.
Examples of dicotyledonous include: Convolvulaceae

including Pharbitis (morning glory), Calystegia (Calystegia
japonica, Calystegia hederacea, and Calystegia so/dane/la),
Ipomoea (Ipomoea pes-caprae, Ipomoea batatas), and Cus-

60 cuta (Cuscutajaponica, Cuscuta australis); Caryophyllaceae
including Dianthus (Dianthus caiyophyllus etc.), Ste//aria,
Minuartia, Cerastium, Sagina, Arenaria, Moehringia, Pseu-
dostellaria, Honckenya, Spergula, Spergularia salina, Silene,
Lychnis, Melandryum, and Cucubalus; Casuarinaceae; Sau-

65 ruraceae; Piperaceae; Chloranthaceae; Salicaceae; Myri-
caceae; Juglandaceae; Betulaceae; Fagaceae; Ulmaceae;
Moraceae; Urticaceae; Podostemaceae; Proteaceae; Ola-
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caceae; Santalaceae; Viscum album; Aristolochiaceae;
Mitrastemonaceae; Balanophoraceae; Polygonaceae; Che-
nopodiaceae; Amaranthaceae; Nyctaginaceae; Theligo-
naceae; Phytolaccaceae; Tetragoniaceae; Portulacaceae;
Magnoliaceae; Trochodendraceae; Cercidiphyllaceae; Nym-
phaeaceae; Ceratophyllaceae; Ranunculaceae; Lardizabal-
aceae; Berberidaceae; Menispermaceae; Calycanthaceae;
Lauraceae; Papaveraceae; Capparaceae; Brassicaceae; Dros-
eraceae; Nepenthaceae; Crassulaceae; Saxifragaceae;
Pittosporaceae; Hamamelidaceae; Platanaceae; Rosaceae;
Fabaceae; Oxalidaceae; Geraniaceae; Linaceae; Zygophyl-
laceae; Rutaceae; Simaroubaceae; Meliaceae; Polygalaceae;
Euphorbiaceae; Callitrichaceae; Buxaceae; Empetraceae;
Coriariaceae; Anacardiaceae; Aquifoliaceae; Celastraceae;
Staphyleaceae; Icacinaceae; Aceraceae; Hippocastanaceae;
Sapindaceae; Sabiaceae; Balsaminaceae; Rhamnaceae; Vita-
ceae; Elaeaocarpaceae; Tiliaceae; Malvaceae; Sterculiaceae;
Actinidia arguta; Theaceae; Clusiaceae; Elatinaceae; Tama-
ricaceae; Violaceae; Flacourtiaceae; Stachyuraceae; Passiflo-
raceae; Begoniaceae; Cactaceae; Thymelaeaceae; Elae-
agnaceae; Lythraceae; Punica granatum; Rhizophoraceae;
Alangiaceae; Melastomataceae; Trapaceae; Onagraceae;
Haloragaceae; Hippuridaceae; Araliaceae; Apiaceae; Cor-
naceae; Diapensiaceae; Clethraceae; Pyrolaceae; Ericaceae;
Myrsinaceae; Primulaceae; Plumbaginaceae; Ebenaceae;
Symplocaceae; Styracaceae; Oleaceae; Buddlejaceae; Genti-
anaceae; Apocynaceae; Asclepiadaceae; Polemoniaceae;
Boraginaceae; Verbenaceae; Lamiaceae; Solanaceae; Scro-
phulariaceae; Bignoniaceae; Pedaliaceae; Orobanchaceae;
Gesneriaceae; Lentibulariaceae; Acanthaceae; Myopora-
ceae; Phrymaceae; Plantaginaceae; Rubiaceae; Caprifoli-
aceae; Adoxaceae; Valerianaceae; Dipsacaceae; Cucurbita-
ceae; Campanulaceae; and Asteraceae.
The plant to which the plant growth regulator is supplied

may be a mutant or a transformant of the above plant as well
as a wild-type of the above plant. As explained in the later-
mentioned Examples, application of the plant growth regula-
tor of the present invention to a transformant plant to which a
specific gene is introduced increases the effect of the plant
growth regulator of the present invention (in other words,
application of the plant growth regulator of the present inven-
tion to such transformant yields a greater effect than applica-
tion of the plant growth regulator of the present invention to a
wild-type plant).
Therefore, such transformant plant may be regarded as an

object to which the plant growth regulator of the present
invention is preferably applied.
A specific example of such transformant is a transformant

plant to which a gene for encoding glutathione-binding plas-
tid-type fructose-1,6-bisphosphate aldolase (which may be
hereinafter referred to as "gFBA") is introduced.
As explained in the later-mentioned Examples, it is dem-

onstrated that application of the plant growth regulator of the
present invention to a transformant plant to which a gFBA
gene is introduced allows the plant growth regulator to further
enhance the effect of increasing harvest index.
A transformant plant to which the gFBA gene is introduced

and a method for producing the transformant plant are
described in International Application Publication No. WO
2007/091634A1 (published onAug. 16,2007) etc. Therefore,
the contents of the International Application Publication
serve as a reference for the present specification.
The plant growth regulator of the present invention may be

applied to various organisms, organs, tissues, or cells by a
method suitable for the form of the plant growth regulator.
Further, a seed obtained from a plant treated with the plant

growth regulator of the present invention is industrially useful

12
and is encompassed in the present invention. As explained in
the later-mentioned Examples, analysis of ripeness (germi-
nation rate) of such seed showed that such seed germinated
faster than a normal seed. Therefore, it may be considered that

5 a seed obtained from a plant cultivated with glutathione,
preferably oxidized glutathione, has a higher ripeness.
A treatment with the plant growth regulator of the present

invention may be performed in such a manner that the plant
growth regulator with appropriate concentration is used

10 before and/or while normally cultivating a seed or callus of a
target plant. Normally, it is effective to use the plant growth
regulator in a treatment suitable for the nature (such as long-
day property, short-day property) of the target plant. Since
such treatment is well known to a person skilled in the art,

15 detailed explanations thereof are omitted here. For example,
in a case of a relative long-day plant, it is effective to use the
plant growth regulator of the present invention while irradi-
ating light with predetermined intensity or more.
Therefore, the present invention encompasses use of the

20 plant growth regulator in a method of growing any plant
(method of producing a plant) that is normally used in the
field to which the present invention pertains.
The plant growth regulator of the present invention may be

made of only glutathione that is an effective component.
25 However, it is preferable that the plant growth regulator of the

present invention is used in the form applicable to individual
plants, such as a liquid agent, a solid agent, a powder agent, an
emulsion, and an aquarium additive. Such agent may be pro-
duced through a conventional method by appropriately add-

30 ing, to glutathione that is an effective component, a publicly
known carrier and an adjuvant etc. that are pharmaceutically
usable in individual fields in such an amount that does not
impair the effect of the plant growth regulator of the present
invention.

35 Further, the present invention encompasses a method of
cultivating a plant by use of the plant growth regulator. That
is, the method of cultivating a plant in accordance with the
present invention is a method of cultivating a plant by use of
glutathione so as to increase harvest index of the plant, and

40 other specific steps and conditions etc. of the method are not
particularly limited. In the method, glutathione may be GSH
and/or GSSG, but it is preferable that glutathione contains
GSSG.
One embodiment of a method of cultivating a plant in

45 accordance with the present invention is explained below.
Note that the present invention is not limited to the following
embodiment.

In the method of cultivating a plant in accordance with the
present invention, glutathione may be supplied to a plant

50 under a condition that allows the plant to always absorb
glutathione, or glutathione may be supplied to a plant under a
condition that allows a plant to intermittently absorb glu-
tathione during the cultivation (e.g. a condition that glu-
tathione is supplied with an interval, once a week or twice a

55 week). Further, glutathione may be supplied during a specific
time, i.e., during a specific growth time.

Intermittently supplying glutathione allows reducing the
amount of glutathione to be supplied. This reduces costs for
cultivating a plant. In the case of intermittently supplying

60 glutathione, it is preferable to supply glutathione at a constant
interval. Alternatively, glutathione may be supplied at an
inconstant interval.
The interval at which glutathione is supplied is not particu-

larly limited, and may be determined in accordance with
65 concentration of glutathione to be supplied, a plant to which

glutathione is to be supplied, and a time (more specifically, a
growth time) when glutathione is to be supplied. Generally, in
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a case where a plant to which glutathione is to be supplied is
a herbaceous plant, it is preferable that glutathione is supplied
once a week or twice a week or supplied at the same time as
the time of additional fertilization.

In the case of supplying glutathione at a specific time, it is 5

preferable to supply glutathione around at the time of transi-
tion from vegetative to reproductive development (including
the time of transition from vegetative to reproductive devel-
opment) or at the time of forming a floral bed after the tran-
sition from vegetative to reproductive development or at the 10
time of translocation to a target harvest. This allows effec-
tively obtaining the effect yielded by supplying glutathione.
Further, since glutathione is supplied only at a specific time,
it is possible to reduce costs for cultivating a plant.

In the case of supplying glutathione only at a specific time, 15
glutathione may be supplied to a plant under a condition that
allows the plant to always absorb glutathione during a prede-
termined period in the specific time, or glutathione may be
supplied to a plant under a condition that allows the plant to
intermittently absorb glutathione during a predetermined 20
period in the specific time. Intermittently supplying glu-
tathione during a predetermined period in the specific time
allows further reducing costs for cultivating a plant.
Further, the present invention encompasses a method of

increasing the number of seeds of a plant and/or the number of 25
flowers of the plant. In the method, too, glutathione may be
oxidized glutathione or reduced glutathione. It is preferable
that glutathione includes oxidized glutathione.

In the method, a time at which glutathione is supplied to a
plant and the amount of glutathione to be supplied to the plant 30
etc. is not particularly limited. It is preferable that glutathione
is supplied under the condition explained in the method of
cultivating a plant.
Further, the present invention encompasses a plant

obtained by the above method. The plant in accordance with 35
the present invention shows a higher harvest index. Since the
plant in accordance with the present invention shows a higher
harvest index than a plant cultivated under a normally recom-
mended condition, measurement of the harvest index allows
clearly distinguishing the plant in accordance with the present 40
invention from a plant obtained by a method other than the
method of the present invention.
Further, such a plant can be easily and clearly distinguished

from a plant obtained by a method other than the method of
the present invention by examining the amount or the rate of 45
oxidized glutathione in the plant. Other than the method of
examining the amount and concentration of oxidized glu-
tathione in a plant, it is possible to distinguish the plant in
accordance with the present invention from a plant obtained
by a method other than the method ofthe present invention by 50
comparing gene expression patterns by use of a DNA micro
allay etc. Specifically, the gene expression pattern of a plant
cultivated with oxidized glutathione is examined in advance,
and is compared with that of a plant cultivated by a method
other than the method of the present invention so as to specify 55
an expression pattern specific to a case of supplying oxidized
glutathione (GSSG expression pattern). The expression pat-
tern of a plant to be examined is examined, and is compared
with the GSSG expression pattern. Thus, it is possible to
easily determine whether the plant to be examined is a plant in 60
accordance with the present invention or not.
Further, such a plant can be clearly distinguished from a

plant cultivated by a method other than the method of the
present invention by measuring the harvest index of the plant.
The methods as explained above (i.e. the methods for 65

specifying a plant of the present invention) may be carried out
singularly or in combination. Carrying out the methods in
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combination allows further clearly distinguishing the plant of
the present invention from a plant cultivated by a method
other than the method of the present invention.
The following more details the present Embodiment with

reference to Examples. Note that the present invention is not
limited to the following Examples, and various modifications
are possible with respect to details of the present invention.
Further, the present invention is not limited to the description
of the embodiments above, but may be altered by a skilled
person within the scope of the claims. An embodiment based
on a proper combination of technical means disclosed in
different embodiments is encompassed in the technical scope
of the present invention.

EXAMPLES

1. Influence of Oxidized Glutathione on Growth of
Arabidopsis

Arabidopsis was cultivated with light of 100 iE/m2 at 22°
C. under a day length condition that a light period is 16 hours
and a dark period is 8 hours, by use of a culture medium with
two parts of vermiculite (Asahi Kogyo, Inc.) in a lower layer,
one part of The Kureha Ikubyou Baido soil (Kureha) in a
middle layer, and one part of vermiculite (Asahi Kogyo, Inc.)
in an upper layer. Normally, Arabidopsis cultivated under
these conditions does not exhibit the symptom of lacking
nitrogen without additional fertilization.

In the present test, the states of the growing plants were
observed while the plants were treated with only water, a 1
mM oxidized glutathione (GSSG) solution, or a 5 mM H202
solution. Specifically, the plants were cultivated with two or
three plants in one pod of approximately 65 in width, 65 in
depth, and 50 in height, and an appropriate amount of a
treatment solution was supplied.
The effect of the treatment was evaluated with respect to

the number of rosette leaves, the speed of a growing flower
stalk, the number of flowers, and the number of seeds. The
results are shown in FIGS. 1-5.
As shown in FIG. 1, it was found that 3-4 weeks after

sowing, leaves of the plant cultivated with the 1 mM GSSG
solution grew larger and rounder than leaves of the plant
cultivated with only water and than leaves of the plant culti-
vated with the 5 mM H202 solution.
Further, as shown in (a) and (b) of FIG. 2, it was found that

6 weeks after the sowing, the plant cultivated with the 1 mM
GSSG solution grew to have a shorter plant length, a thicker
stem, and larger leaves than the plant cultivated with only
water and the plant cultivated with the 5 mM H202 solution.
(a) and (b) of FIG. 2 are photographs ofthe same sample taken
in different angles.
Further, as shown in FIG. 3, it was found that 7 weeks after

the sowing, the number of flowers and the area of leaves ofthe
plant cultivated with the 1 mM GSSG solution were greatly
larger than those of the plant cultivated with only water and
the plant cultivated with the 5 mM H202 solution.
Further, as shown in FIG. 4, it was found that 8 weeks after

the sowing, the plant cultivated with only water and the plant
cultivated with the 5 mM H202 solution were withering,
whereas the plant cultivated with the 1 mM GSSG solution
showed much amount of green leaves. This shows that the
plant cultivated with the 1 mM GSSG solution elongated its
life.
Further, as shown in FIG. 5, it was found that the yield of

seeds of the plant cultivated with the 1 mM GSSG solution
was greatly larger than the yield of seeds of the plant culti-
vated with water and than the yield of seeds of the plant
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cultivated with the 5 mM H202 solution. The result of the
measurement showed that the effective number of seeds per
plant of the plant cultivated with the 1 mM GSSG solution
was approximately three or four times as large as the effective
number of seeds per plant of the plant cultivated with only 5

water and the plant cultivated with the 5 mM H202 solution
(see the upper photograph in FIG. 5).

Further, it was examined whether any differences in the
shape of a seed and the size of a seed were observed. The
result of the examination was shown by the lower photo- 10

graphs in FIG. 5. As shown in FIG. 5, seeds obtained from the
plant cultivated with the 1 mM GSSG solution had substan-
tially the same shape and the same size as those obtained from
the plant cultivated with only water. It was found that seeds
obtained from the plant cultivated with the 5 mM H202 solu- 15

tion were a bit larger.
The above results clearly show that cultivating a plant by

use of oxidized glutathione increases the number of seeds
and/or the number of flowers.

20

2. Effect of Concentration of Oxidized Glutathione
on Growth of Arabidopsis

The influence of concentration of oxidized glutathione on
growth of Arabidopsis was examined. Specifically, soil filled 25

in a pod of approximately 65 in width, 65 in depth, and 50 in
height was immersed in 0 mM-, 0.01 mM-, 0.2 mM-, 1 mM-,
2 mM-, and 5 mM-GSSG solutions. Seeds of Arabidopsis
were sown in such a manner that approximately three seeds
existed in each pod, and the seeds were observed chronologi- 30

cally 3 weeks after the sowing.
The results of the observation are shown in FIGS. 6 and 7.

As shown in the drawings, performance of making a leaf
rounder and performance of lengthening the life of a plant
were clearly observed at concentration of 0.2-2 mM, and
performance of making a stem thicker was observed at con-
centration of 1-2 mM. In a case where concentration ofGSSG
was 0.01 mM, almost no difference was observed between
Arabidopsis cultivated with GSSG and Arabidopsis culti-
vated with water (0 mM). In a case where concentration of 40

GSSG was 5 mM, the growth of Arabidopsis was greatly
prevented and much of Arabidopsis withered.
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GSSG (1 mM) from the time when they were sown, and the
state of their growth was observed.
FIG. 9 shows the state of plants 8 weeks after the sowing.

The upper photograph of FIG. 9 shows plants observed from
the front side, and the lower photograph of FIG. 9 shows the
plants observed from the upper oblique direction. In the draw-
ing, "Col" indicates a wild-type Columbia, and "ga20ox1"
indicates a mutant in which T-DNA is inserted into a GA2O
oxidase gene that codes an enzyme of a GA biosynthesis.
"ga20ox1- 1" and "ga20ox1-2" are independent mutants in
which T-DNA are inserted into different portions.
As illustrated in the drawing, GA mutant ga20ox1 culti-

vated with GSSG showed significantly increased number of
lateral shoots than plants cultivated with water. In accordance
with the increase in the number of lateral shoots, the number
of flowers (sheaths) also increased. Further, as shown in the
right side of FIG. 9, the seed weight significantly increased,
too.
Therefore, this method allows increasing the yield of seeds

by applying GSSG to a mutant having mutation in synthesis
of a plant hormone and reaction to a plant hormone. In par-
ticular, the method is effective for a plant such as gramineae
whose yield is greatly dependent on tillers. This is evident
from the fact that when rice (Akita 63) was cultivated in
hydroponics with the standard amount of fertilization beingS
kgN/10 a and additional fertilization of 2 kgN/10 a was made
at the panicle formation stage and the meiotic stage, applica-
tion of GSSG in the standard amount of 0.2 gN to each test
location (0.1 m2) in additional fertilization made the number
of ears approximately 1.4 times larger than the number of ears
of the plant cultivated with only water.
The plant growth regulator of the present invention con-

tains oxidized glutathione and therefore can promote growth
of a plant. For example, the plant growth regulator of the
present invention can increase the number of seeds of a plant
and/or the number of flowers (sheaths) of a plant.
Further, cultivating with oxidized glutathione a mutant

having mutation in synthesis of a plant hormone (e.g. gibber-
ellin) or response to a plant hormone allows greatly increas-
ing lateral shoots, and accordingly allows increasing the num-
ber of flowers (sheaths). Consequently, application of the
plant growth regulator of the present invention to a plant such
as gramineae whose tillers greatly influence the yield allows
increasing the number of yield of seeds.3. Influence of Oxidized Glutathione on Arabidopsis

Seeds

Ripeness of seeds obtained from Arabidopsis cultivated
with oxidized glutathione was examined. Specifically, seeds
obtained from plants cultivated with water or a GSSG solu-
tion were sown in ½ MS culture media and germination rates
of the seeds were examined chronologically.
The results of the examination are shown in (a) and (b) of

FIG. 8. As shown in the drawing, seeds of plants cultivated
with the GSSG solution germinated faster than seeds ofplants
cultivated normally. In particular, the germination rate of the
seeds of the plants cultivated with the GSSG solution was
significantly high 2 days after the sowing. However, 7 days
after the sowing, almost no difference was observed between
the seeds of the plants cultivated with the GSSG solution and
the seeds of the plants cultivated normally.

4. Effect of Oxidized Glutathione on Gibberellin
Synthesis Mutant

The effect of oxidized glutathione on gibberellin (GA)
synthesis mutant was examined. Specifically, Arabidopsis
GA synthesis mutants ga20ox1 were cultivated with water or

45

5. Influence 1 of Treatment Condition of Oxidized
Glutathione on Seeds of Arabidopsis

Seeds of Arabidopsis were sown in pods filled with soil
50 immersed in 0 mM-, 0.01 mM-, 0.2 mM-, 1 mM-, 2 mM-, and

5 mM-GSSG. The pods were transferred to trays with water
containing no GSSG 2 days after, 1 week after, 2 weeks after,
3 weeks after, or 4 weeks after the sowing.
Arabidopsis was cultivated under the same conditions as

55 those described in <1. Influence of oxidized glutathione on
growth of Arabidopsis> except for the above condition.
The seed weight per one pod, obtained from Arabidopsis

thus cultivated (three plants in each pod), was measured. The
results of the measurement are shown in FIGS. 10-12. n is the

60 number of plants that can be finally harvested.
In FIG. 10, "Ratio" stands for a ratio of the seed weight of

the plant thus cultivated to the seed weight (considered as 1)
of a plant cultivated in a tray filled with water containing no
GSSG.

65 As shown in FIGS. 10-12, it was found that susceptibility
of Arabidopsis to GSSG varied depending on the amount of
GSSG (concentration of GSSG) to be supplied and the time of
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supplying GSSG. It was found that in a case of supplying
GSSG for a longtime, GSSG with low concentration is more
effective than GSSG with high concentration, and in a case of
supplying GSSG for a short time, GSSG with high concen-
tration is more desirable.

18
glutathione 4 weeks after the sowing yielded the maximum
seed weight obtained. 4 weeks after the sowing corresponds
to around a time of bolting.

5 8. Influence 4 of Treatment Condition of Oxidized
Glutathione on Seeds of Arabidopsis

6. Influence 2 of Treatment Condition of Oxidized
Glutathione on Seeds of Arabidopsis

Seeds of Arabidopsis were sown in pods filled with soil
immersed in water. The pods were transferred to trays with
water containing 1 mM-GSSG 2 days after, 1 week after, 2
weeks after, 3 weeks after, 4 weeks after, 5 weeks after, 6
weeks after, or 7 weeks after the sowing. Further, there was
prepared a pod that kept in a tray filled with water containing
no GSSG, without being transferred into water containing 1
mM-GSSG.
Arabidopsis was cultivated under the same conditions as

those described in <1. Influence of oxidized glutathione on
growth of Arabidopsis> except for the above condition.
The seed weight per one pod, obtained from Arabidopsis

thus cultivated (three plants in each pod), was measured.
The result of the measurement showed that as shown in

FIG. 13, even when concentration of GSSG to be supplied
was the same among the pods, there existed a great difference
in the amount of obtained seeds depending on the time of
treating the plants with GSSG, indicating that there was a
time most suitable for supplying GSSG. On the other hand,
regardless of the time of treating the plants with GSSG, the
treatment with GSSG allowed obtaining more seed weight
than the case of no treatment with the GSSG.

7. Influence 3 of Treatment Condition of Oxidized
Glutathione on Seeds of Arabidopsis

Seeds of Arabidopsis were sown in pods filled with soil
immersed in water. The pods were transferred to trays filled
with water containing 1 mM-GSSG and cultivated there only
for one week that is the first week (oth-7th day), the second
week (8th-i 4th day), the third week (l5th-2 1st day), the
fourth week (22nd-28th day), the fifth week (29th-35th day),
the sixth week (36th-42nd day), and the seventh week (43rd-
49th day) after the sowing. That is, Arabidopsis was treated
with 1 mM-GSSG only for one week in a specific growth
period.
There were prepared a pod that was kept in a tray filled with

water containing no GSSG and that was not transferred into
water containing 1 mM-GSSG consistently from the sowing
and a pod that was kept in a tray filled with water containing
1 mM-GSSG consistently from the sowing.
Arabidopsis was cultivated under the same conditions as

those described in <1. Influence of oxidized glutathione on
growth of Arabidopsis> except for the above condition.
The seed weight per one pod, obtained from Arabidopsis

thus cultivated (three plants in each pod), was measured.
The result of the measurement showed that as shown in

FIG. 14, application of GSSG to Arabidopsis only for one
week in a specific growth period significantly increased the
seed weight compared with the seed weight of Arabidopsis
having not been treated with GSSG, although the effect
yielded by applying GSSG to Arabidopsis only for one week
in a specific growth period was smaller than the effect yielded
by continuously applying GSSG to Arabidopsis.

In this case, too, there existed a great difference in the
amount of obtained seeds depending on the time of treating
the plants with GSSG. In particular, application of oxidized

Seeds of Arabidopsis were sown in pods filled with soil
immersed in water. The pods were transferred to trays filled

10 with water containing 1 mM-GSSG and cultivated there only
for two weeks that are the first and second weeks (0th- 14th
day), the second and third weeks (8th-2 1st day), the third and
fourth weeks (lsth-28th day), the fourth and fifth weeks
(22nd-35th day), the fifth and sixth weeks (29th-42nd day), or

15 the sixth and seventh weeks (36th-49th day) after the sowing.
That is, Arabidopsis were treated with 1 mM-GSSG only for
two weeks in a specific growth period.
There were prepared a pod that was kept in a tray filled with

water containing no GSSG and that was not transferred into
20 water containing 1 mM-GSSG consistently from the sowing

and a pod that was kept in a tray filled with water containing
1 mM-GSSG consistently from the sowing.
Arabidopsis was cultivated under the same conditions as

those described in <1. Influence of oxidized glutathione on
25 growth of Arabidopsis> except for the above condition.

The seed weight per one pod, obtained from Arabidopsis
thus cultivated (three plants in each pod), was measured.
The result of the measurement showed that as shown in

FIG. 15, application of oxidized glutathione to Arabidopsis
30 only for two weeks in a specific growth period significantly

increased the seed weight compared with the seed weight of
Arabidopsis having not been treated with GSSG, although the
effect yielded by applying oxidized glutathione to Arabidop-
sis only for two weeks in a specific growth period was smaller

35 than the effect yielded by continuously applying oxidized
glutathione to Arabidopsis.

In this case, too, there existed a great difference in the
amount of obtained seeds depending on the time of treating
the plants with GSSG.

40

9. Influence 5 of Treatment Condition of Oxidized
Glutathione on Seeds of Arabidopsis

Seeds of Arabidopsis were sown in pods filled with soil
45 immersed in water. The pods were transferred to trays filled

with water containing 0.2 mM-GSSG or 1 mM-GSSG and
cultivated there only for two weeks that were the first and
second weeks (oth-l4th day), the third and fourth weeks
(lsth-28th day), the fifth and sixth weeks (29th-42nd day), or

50 the seventh and eighth weeks (43rd-56th day) after the sow-
ing. That is, Arabidopsis were treated with 0.2 mM-GSSG or
1 mM-GSSG only for two weeks in a specific growth period.
There were prepared a pod that was kept in a tray filled with

water containing no GSSG and that was not transferred into
55 water containing 0.2 mM-GSSG or 1 mM-GSSG consistently

from the sowing and a pod that was kept in a tray filled with
water containing 0.2 mM-GSSG or 1 mM-GSSG consistently
from the sowing.
Arabidopsis was cultivated under the same conditions as

60 those described in <1. Influence of oxidized glutathione on
growth of Arabidopsis> except for the above condition.
The seed weight, dry weight, and harvest index of Arabi-

dopsis thus cultivated (three plants in each pod) were mea-
sured and an average of three pods was calculated.

65 As shown in FIG. 16, the result of the calculation showed
that when Arabidopsis was treated with 0.2 mM-GSSG, the
dry weight increased little compared with a case where Ara-
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bidopsis was not treated with GSSG, while the seed weight
increased, which increased harvest index.
On the other hand, when Arabidopsis was treated with 1

mM-GSSG, the seed weight, dry weight, and harvest index
evidently increased compared with a case where Arabidopsis
was not treated with GSSG, except for harvest index in a case
where Arabidopsis was treated with GSSG 1 or 2 weeks after
the sowing.

In FIG. 16, asterisk indicates a great difference between a
normal cultivation (water) and a GSSG treatment in the t-test
(*p<0.05, **<0.01).

As described above, the results of <5. Influence of treat-
ment condition of oxidized glutathione on seeds ofArabidop-
sis 1>-<9. Influence of treatment condition of oxidized glu-
tathione on seeds of Arabidopsis 5> showed that
susceptibility of Arabidopsis to oxidized glutathione was dif-
ferent depending on the growth time of Arabidopsis. To be
specific, in a case where Arabidopsis was treated with oxi-
dized glutathione for 1 or 2 weeks, when Arabidopsis was
treated at 4 weeks to 5 weeks after the sowing, the yield of
seeds increased effectively. Under the present growth condi-
tion, the time of around 2 weeks after the sowing corresponds
to the time of transition from vegetative to reproductive devel-
opment, and the time of 4 to 5 weeks after the sowing corre-
sponds to around the time of bolting of Arabidopsis. That is,
it was found that treatment of Arabidopsis with oxidized
glutathione at a time ranging from the time of transition from
vegetative to reproductive development to around the time of
bolting allows effectively increasing the yield of seeds.

20
fertilizer that was KUMIAI RIN RYIJANKARI S604 in a
ratio of20 kgN per 10 are, and was additionally fertilized with
5 kgN 3 weeks later.

In a GSSG-treated management zone, 0.5 mM- or 5 mM-
5 GSSG solution was sprayed to surfaces of leaves of the plant

two times a week in such a manner that 1 L of the GSSG
solution was sprayed per 1 zone (3 m2).
Consequently, as shown in FIG. 19, the plant in the GSSG-

treated management zone exhibited significant increase in the
10 amount of growth than the plant in a normal nitrogen man-

agement zone (not treated with GSSG).

13. Influence of Oxidized Glutathione on Growth
and Yield of Seeds of Soybean 2
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10. Influence of Oxidized Glutathione on Growth of
Rose (Breed; Patiohit Alicante)

Soybean (breed: Tsurumusume) and soybean (breed;
Toyomusume) were cultivated for two weeks, and then trans-
ferred to an agricultural field in such a manner as to be
positioned as shown in FIG. 20, and grown with or without the
treatment with GSSG. The soybean was fertilized with a
nitrogen fertilizer that was KUMIAI RIN RYIJANKARI
S604 in a ratio of 20 kgN per 10 are, and was additionally
fertilized with 5 kgN 3 weeks later.
Further, in a GSSG-treated management zone, a 0.5 mM-

GSSG solution was given to the base of a stem (see the arrow
in FIG. 21) in the amount of 50 mL per one individual two
times a week in such a manner that the solution flowed along
the stem.

In a case where it was likely to rain, the GSSG solution was
supplied to the plant after the rain. Similarly, in a case of
watering, the GSSG solution was supplied to the plant after
the watering. When the harvest time of the plant of the control
(i.e. normal nitrogen management zone) was coming, supply
of the GSSG solution to the plant in the GSSG-treated man-
agement zone was stopped.
The seed weight, the amount of biomass, and the harvest

index of the plant thus obtained in the GSSG-treated manage-
ment zone, each relative to that of the plant in the normal
nitrogen management zone, were measured.
Consequently, as shown in FIG. 22, with respect to each

breed, the plant in the GSSG-treated management zone
exhibited a higher seed weight, a higher amount of biomass,
and a higher harvest index than those of the plant in the
normal nitrogen management zone.

20
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Rose (breed; Patiohit alicante) was fertilized with 50 mL of
0.5 mM-GSSG solution two times a week for four months and
then pruned completely and cultivated. In addition to GSSG,
the rose was additionally fertilized with 2 g of S604 per 2
weeks.
Consequently, as shown in FIG. 17, it was found that the 40

plant treated with GSSG (plant positioned in the left-side tray
in the drawing) exhibited significant promotion of growth of
new floral buds compared with the plant that was not treated
with GSSG (plant positioned in the right-side tray in the
drawing). 45

11. Influence of Oxidized Glutathione on Growth of
Rose (Breed; English Rose)

Rose (breed; English rose) was fertilized with 50 mL of a
0.5 mM-GSSG solution two times a week for four months and
then pruned completely and cultivated. In addition to GSSG,
the rose was additionally fertilized with 2 g of S604 every two
weeks.
Consequently, as shown in FIG. 18, it was found that the

plant treated with GSSG (plant positioned in the upper-side in
the drawing) exhibited significantly earlier germination and
significant promotion of growth of new buds compared with
the plant that was not treated with GSSG (plant positioned in
the lower-side in the drawing).

12. Influence of Oxidized Glutathione on Growth of
Tsai-Hsin (Sakata Seed Co.) 1

Tsai-hsin was cultivated for two weeks, and then trans-
ferred to an agricultural field and grown with or without the
treatment with GSSG. Tsai-hsin was fertilized with a nitrogen

14. Effect 1 of Oxidized Glutathione on Productivity
of Corn

Sweet corn (Canberra 90, TAKII & CO., LTD.) was sown,
50 and then transferred to a hydroponics pot (½000 are) filled

with a culture soil (6 L of vermiculite as the lower layer, 3 L
of The Kureha Ikubyou Baido soil as the middle layer, and 3
L of vermiculite as the upper layer) two weeks later and
additionally fertilized with 3 g of KUMIAI RIN RYIJAN-

55 KARl S604 four weeks later and six weeks later. Further, the
GSSG-treated plant was given 200 mL of 0.5 mM-GSSG two
times a week for 12 weeks after germination at its root. As for
the time of the treatment with GSSG, see (c) of FIG. 25. The
time indicated by the hatched part in (c) of FIG. 25 was the

60 time of the treatment with GSSG.
Consequently, as shown in FIG. 23, the plant treated with

GSSG (left-side (a) in FIG. 23) exhibited promotion of for-
mation of floral buds compared with the plant that was not
treated with GSSG (right-side (b) in FIG. 23).

65 Further, as shown in FIG. 24, fruits of the plant treated with
GSSG (upper-left panel (a) in FIG. 24) were larger than pistils
ofthe plant that was not treated with GSSG (upper-right panel
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(b) in FIG. 24) and had more number of edible seeds than the
plant that was not treated with GSSG.
Further, seeds of the plant treated with GSSG (lower-left

panel (c) in FIG. 24) were larger than seeds of the plant that
was not treated with GSSG (lower-right panel (d) in FIG. 24).
This clearly shows that treating corn with GSSG increases

the crop yields of the corn.
Subsequently, the amounts of biomass of fruits, ground

parts, and portions other than the fruits of the plant treated
with GSSG and the plant that was not treated with GSSG were
measured. As shown in (a) of FIG. 25, the result of the mea-
surement showed that there was no great difference in the
amount of biomass of the portions other than the fruits
between the plant treated with GSSG and the plant that was
not treated with GSSG, whereas the amounts of biomass of
the fruits and ground parts of the plant treated with GSSG
were significantly high.

In view of the above, harvest index was calculated. The
result of the calculation showed that as shown in (b) of FIG.
25, the plant treated with GSSG exhibited significantly high
harvest index than the plant that was not treated with GSSG.
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amount of biomass of ground parts per each plant than the
plant that was not treated with GSSG.

16. Effect 3 of Oxidized Glutathione on Productivity
5 of Corn

Sweet corn was cultivated under the same conditions as
those of<15. Effect of oxidized glutathione on productivity of
corn 2> except that GSSG was sprayed to a stem and leaves

10 four times in two weeks after six weeks had elapsed from the
sowing, the zone where sweet corn was cultivated was con-
sidered as a GSSG-treated zone, and GSSG was foliar-
sprayed. See the time of treatment with GSSG in (c) of FIG.

15 
27. The time indicated by the hatched part in (c) of FIG. 27 is
the time of treatment with GSSG.
The amount of fruits and the amount ofbiomass of ground

parts of the plant thus obtained were measured with respect to
each plant and harvest index was calculated.

20 Consequently, as shown in (a) and (b) of FIG. 27, even in a
case of spraying GSSG to a stem and leaves, the treatment
with GSSG increased the amount of fruits, the amount of
biomass of ground parts, and the harvest index of each plant.

15. Effect 2 of Oxidized Glutathione on Productivity
of Corn

Effect of the time of the treatment with oxidized glu-
tathione on productivity of corn was examined.
Sweet corn (Canberra 90, TAKII & CO., LTD.) was sown,

and then transferred to a hydroponics pot (½000 are) filled
with a culture soil (6 L of vermiculite as the lower layer, 3 L
of The Kureha Ikubyou Baido soil as the middle layer, and 3
L of vermiculite as the upper layer) two weeks later and
additionally fertilized with 3 g of KUMIAI RIN RY1JAN-
KARl S604 four weeks later and six weeks later.
Further, the GSSG-treated plant was given 50 mL of 0.2

mM-GSSG solution four times in 2 weeks (two times a week)
after 2 weeks, 4 weeks, or 6 weeks had elapsed from the
sowing. Further, there were prepared a management zone to
which 0.2 mM-GSSG was given 22 times in total for 11
weeks after 2 weeks had elapsed from the sowing and a
management zone to which 0.2 mM-GSSG was not given. As
for the time of the treatment with GSSG, see (c) of FIG. 26.
The time indicated by the hatched part in FIG. (c) of 26 was
the time of the treatment with GSSG.
The amount of fruits and the amount of biomass of ground

parts of each plant were measured and harvest index was
calculated.
Consequently, as shown in (a) of FIG. 26, the plant treated

with GSSG for two weeks after four weeks had elapsed from
the sowing and for two weeks after six weeks had elapsed
from the sowing and the plant treated with GSSG for eleven
weeks after two weeks had elapsed from the sowing exhibited
larger harvest index than the plant that was not treated with
GSSG. In particular, the plant treated with GSSG for two
weeks after four weeks had elapsed from the sowing and the
plant treated with GSSG for eleven weeks after two weeks
had elapsed from the sowing exhibited a great increase in
harvest index.
As shown in (b) of FIG. 26, the plant treated with GSSG for

two weeks after four weeks had elapsed from the sowing and
the plant treated with GSSG for eleven weeks after two weeks
had elapsed from the sowing had a larger amount of fruits and
a larger amount ofbiomass of ground parts per each plant than
the plant that was not treated with GSSG. However, the plant
treated with GSSG for two weeks after six weeks had elapsed
from the sowing had a smaller amount of fruits and a smaller

25 17. Effect 4 of Oxidized Glutathione on Productivity
of Corn

Sweet corn was cultivated under the same conditions as
those of<15. Effect of oxidized glutathione on productivity of

30 corn 2> except that GSSG was supplied to roots in the form of
a solution or sprayed to a stem and leaves for two weeks after
two weeks had elapsed from the sowing, or for eleven weeks
after two weeks had elapsed from the sowing, or for two
weeks after four weeks had elapsed from the sowing, or for

35 two weeks after six weeks had elapsed from the sowing, and
20 mL of 0.2 mM-GSSG was supplied eachtime. See the time
of treatment with GSSG in (b) of FIG. 28. The time indicated
by the hatched part in (b) of FIG. 28 is the time of treatment
with GSSG.

40 Harvest index of the plant thus obtained was measured.
Consequently, as shown in (a) of FIG. 28, harvest index
significantly increased under any of the above conditions
compared with the case of the plant that was not treated with
GSSG.

45

18. Effect 5 of Oxidized Glutathione on Productivity
of Corn

Sweet corn was cultivated in an agricultural field in such a
50 manner that the sweet corn was positioned as shown in FIG.

29 (density: approximately 12000 individuals/lO a).
There were prepared plants treated with GSSG as follows:

plants whose roots were sprayed with GSSG (20 mL of 0.5
mM-GSSG per each time) two times a week for two weeks

55 after two weeks had elapsed from the sowing, for two weeks
after three weeks had elapsed from the sowing, for two weeks
after four weeks had elapsed from the sowing, for two weeks
after five weeks had elapsed from the sowing, for two weeks
after six weeks had elapsed from the sowing, and for seven

60 weeks after two weeks had elapsed from the sowing; plants
that were not treated with GSSG; and plants whose stem and
leaves were sprayed with GSSG (20 mL of 0.5 mM-GSSG per
each time with respect to each plant) two times a week for
seven weeks after two weeks had elapsed from the sowing.

65 See the time of treatment with GSSG in (b) of FIG. 30. The
time indicated by the hatched part in (b) of FIG. 30 is the time
of the treatment with GSSG.
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The whole amount of biomass per area and the yield of

pistils (fruits) per area of plants having grown inside a colony
out of the plants thus obtained were measured and harvest
index was calculated.
Consequently, as shown in (a), (c), and (d) of FIG. 30, any 5

of the conditions for treatment with GSSG did not exhibit a
significant difference in the whole amount of biomass per
area from the case of the plants that were not treated with
GSSG, but exhibited higher yield of pistils (fruits) and higher
harvest index.
Further, the amounts ofbiomass of fruits, ground parts, and 

10

portions other than the fruits of each of the plants were mea-
sured. As shown in FIG. 31, the results of the measurement
showed that any of the conditions for treatment with GSSG
exhibited higher amount of biomass of fruits (i.e. amount of
fruits) than the case of the plants that were not treated with 15

GSSG.
However, any of the conditions for treatment with GSSG

exhibited a lower amount of biomass of the portions other
than fruits than the case ofthe plants that were not treated with
GSSG. Further, any of the conditions for treatment with 20
GSSG exhibited substantially the same or lower amount of
biomass of ground parts than the case of the plants that were
not treated with GSSG. In particular, the plant whose stem
and leaves were sprayed with GSSG for seven weeks after
two weeks had elapsed from the sowing exhibited greatly 25
lower amounts ofbiomass of the portions other than fruits and
ground parts than the case of the plants that were not treated
with GSSG.
The above results show that oxidized glutathione increases

the amount of fruits that were harvests of corn and thus
increases harvest index, without increasing the amount of 

30

biomass of ground parts.
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The rose saplings were fertilized with 50 mL of a 0.5 mM-
GSSG solution in the form of a liquid fertilizer two times a
week. In addition to GSSG, the rose saplings were addition-
ally fertilized with 2 g of S604 every two weeks.
Consequently, the plants treated with GSSG (plants sur-

rounded by full circles of FIG. 34) exhibited promoted growth
of sprout at one month from the fertilization compared with
the plants that were not treated with GSSG (plants surrounded
by broken circles of FIG. 34).
The above result clearly shows that the treatment with

GSSG promotes growth of sprouts and floral buds of roses
(breed; Purple rose).

21. Effect 2 of Oxidized Glutathione on Promoting
Growth of Sprout and Floral Bud of Rose

Rose saplings (breed; JJ scarlet and JJ apricot) were pur-
chased at a hardware store and cultivated in pods for rice
hydroponics. The rose saplings were fertilized with 50 mL of
a 0.5 mM-GSSG solution in the form of a liquid fertilizer two
times a week. In addition to GSSG, the rose saplings were
additionally fertilized with 2 g of S604 every two weeks.
Consequently, the plants treated with GSSG ((a) and (c) of

FIG. 35) exhibited promoted growth of sprout at fourth and
eighth day from the fertilization compared with the plants that
were not treated with GSSG ((b) and (d) of FIG. 35).

In (a)-(d) of FIG. 35, the breeds of three plants are JJ
scarlet, JJ apricot, and JJ scarlet, respectively from the left.

22. Effect of Oxidized Glutathione on Promoting
Growth of Roots of Eustoma

19. Effect of Oxidized Glutathione on Productivity
of Corn Under Nitrogen-Deficient Condition

Sweet corn was sown and cultivated for 84 days (7 weeks)
after the sowing without supplying a nitrogen source to the
sweet corn. Thereafter, the sweet corn was cultivated with 30
kgN/10 a of a nitrogen source. Treatment with GSSG was
performed in such a manner that GSSG solutions with 0 mM-,
0.2 mM-, 0.5 mM, and 1.0 mM-concentrations were supplied
in the amount of 50 mL per one time, two times a week, 8
weeks after the sowing (i.e. after the supply of the nitrogen
source began). See the cultivation conditions in (c) of FIG. 33.
As shown in (a) and (b) of FIG. 32, the plants thus obtained

exhibited a larger amount of fruits than the plants that were
not treated with GSSG in (c) of FIG. 32.

In order to examine the amount of production of the plants
in more detail, the amounts ofbiomass of fruits, ground parts,
and portions other than the fruits were measured, and harvest
index was calculated.
As shown in (a) and (b) of FIG. 33, the results of the

measurement and the calculation showed that the plants
treated with GSSG exhibited larger amounts of biomass of
fruits, ground parts, and portions other than the fruits and
harvest index than the plants that were not treated with GSSG.
The above results clearly shows that when growth of a plant

is restricted due to deficiency in nitrogen in vegetative devel-
opment, the yield of fruits normally drops, but the treatment
with GSSG allows preventing the yield from dropping even
after the growth of the plant was restricted due to the defi-
ciency in nitrogen.

20. Effect 1 of Oxidized Glutathione on Promoting
Growth of Sprout and Floral Bud of Rose

Seeds of eustoma were germinated in an MS culture
medium containing 1 mM-GSSG or GSH, were grown for 1
month, and transferred to a planter. In the planter, 2 parts of
vermiculite, 1 part of The Kureha Ikubyou Baido soil, and 1
part of vermiculite were layered as a lower layer, a middle
layer, and an upper layer, respectively, and the above plants
were transferred thereto.

40 Consequently, as shown in FIG. 36, the plants treated with
GSSG exhibited significant growth of roots compared with
the plants that were not treated with GSSG. On the other hand,
the plants treated with GSH exhibited subdued growth of
roots compared with the plants that were not treated with

45 GSSG.

23. Effect 1 of Oxidized Glutathione on Promotion
of Induction of Floral Bud of Rose

50 Roses (breed; Patiohit alicante) were purchased at a hard-
ware store and fertilized with 50 mL of a 0.5 mM-GSSG
solution in the form of a liquid fertilizer two times a week.
Approximately three and a half months later, plants in a
GSSG-treated zone and plants in a non-GSSG-treated zone

55 were compared with each other.
Consequently, the plants treated with GSSG ((a) of FIG. 37

and (a) of FIG. 38) exhibited greatly larger number of
bloomed flowers than the plants that were not treated with
GSSG ((b) of FIG. 37 and (b) of FIG. 38).

60 The above results clearly show that oxidized glutathione
promotes induction of floral buds of roses.

24. Effect of Oxidized Glutathione on Growth of
Strawberry

65

Rose saplings (breed; Purple rose) were purchased at a A sapling of strawberry (breed; Eminent garden series,
hardware store and cultivated in pods for rice hydroponics. Yokubari-ichigo kurenai (SUMIKA)) was purchased at a



hardware store and cultivated. The strawberry was fertilized
with 50 mL of a 0.5 mM-GSSG solution inthe form of a liquid
fertilizer two times a week. In addition to GSSG, The straw-
berry was additionally fertilized with 2 g of S604 every two
weeks.
Consequently, as shown in FIG. 39, four months after the

fertilization, a Cont zone (non-GSSG-treated zone) exhibited
two or three runners per one stock, whereas a GSSG-treated
zone exhibited a greatly large number of runners, i.e., several
ten runners per one stock.
On the other hand, although a GSH-treated zone exhibited

more number of runners per one stock than a Cont zone, the
increase in the number of runners of the GSH-treated zone
was approximately one third of the increase in the number of
runners of the GSSG-treated zone.
The above results show that oxidized glutathione promotes

growth of strawberry and increases the number of runners,
promoting proliferation of stocks.
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The whole amount of biomass and the seed weight of the

plants thus obtained were measured and harvest index was
calculated. Consequently, as shown in FIG. 42, fertilization
with only oxidized glutathione increased any of the harvest

5 index, the whole amount ofbiomass, and the seed weight, and
the effect of oxidized glutathione was observed under condi-
tions where the effect of ammonium nitrate on growth of the
seed weight was saturated.
Combination of oxidized glutathione and ammonium

10 
nitrate resulted in a greater effect in the transformants to
which the gene encoding gFBA was introduced than in the
wild-type.
The above results show that supplying combination of

15 
oxidized glutathione and ammonium nitrate to the transfor-
mants to which the gene encoding gFBA was introduced
allows further enhancing the effect of GSSG on increasing the
harvest index, the whole amount of biomass, and the seed
weight.

25. Influence 1 of Oxidized Glutathione on Growth
of Transformant Arabidopsis to which a Gene

Encoding gFBA is Introduced

Initially, transformants of Arabidopsis to which a gone
encoding glutathione-binding plastid-type fructose-i ,6-bis-
phosphate aldolase (which may be hereinafter referred to as
"gFBA") was introduced and wild-type Arabidopsis (Colum-
bia; Col) were cultivated under the same conditions as those
in <1. Influence of oxidized glutathione on growth of Arabi-
dopsis> except that the transformants of Arabidopsis and the
wild-type Arabidopsis were fertilized with a liquid of 0 mM-,
3 mM, 9 mM-, or 18 mM-ammonium nitrate in the amount of
25 mL per three individuals one time a week.
The fertilization was performed in such a manner that a pot

was put in a scale and an ammonium nitrate solution was
poured in the scale. As for conditions for cultivating a plant,
see FIG. 40.
The whole amount of biomass and the seed weight of the

plants thus obtained were measured and harvest index was
calculated. Consequently, as shown in FIG. 41, in any of the
plants, the whole amount of biomass and the seed weight
increased as concentration of ammonium nitrate used as a
fertilizer increased, but the increase slowed down at 9 mM,
and the effect was saturated at 18 mM.
On the other hand, in any of the plants, when 3 mM- and 9

mM-ammonium nitrate were used as fertilizers, the harvest
index increased. However, when 18 mM-ammonium nitrate
was used as a fertilizer, the harvest index dropped lower than
the harvest index in a case of using no fertilizer. Such drop in
harvest index was generally seen when nitrogen was exces-
sively used as a fertilizer. In this case, as a fertilization amount
N gets further higher, the drop in harvest is observed. In a case
of crops, in order to avoid reduction of crop yields due to
excessive fertilization, agricultural experimental stations and
nursery companies disclose information on a standard fertili-
zation amount N most suitable for crop yields.
Under fertilization conditions (18 mM-ammonium nitrate)

where the effect of increasing crop yields was saturated with
respect to the fertilization amount N, the effect of supplying
GSSG was compared with the case of supplying no GSSG.
The transformants of Arabidopsis to which a gene encoding
gFBA was introduced and the wild-typeArabidopsis (Colum-
bia; Col) were fertilized with only 1 mM-GSSG, or only 18
mM-ammonium nitrate, or both 18 mM-ammonium nitrate
and 1 mM-GSSG in the form of a liquid fertilizer in the same
manner as fertilization with ammonium nitrate in FIG. 41,
and cultivated.

20

26. Influence 2 of Oxidized Glutathione and
Reduced Glutathione on Growth of Transformant
Arabidopsis to which a Gene Encoding gFBA is

Introduced
25

Under the conditions in FIG. 42, instead of 1 mM-GSSG,
GSH or ammonium sulfate was supplied in the same amount
in terms of the N amount, and the effect ofGSH or ammonium
sulfate was compared with the effect of GSSG. Transfor-

30 mants of Arabidopsis to which a gene encoding gFBA was
introduced and wild-type Arabidopsis (Columbia; Col) were
cultivated in the same manner as in FIGS. 41 and 42 except for
a condition concerning a liquid fertilizer. As the liquid fertil-
izer, 18 mM-ammonium nitrate, 18 mM-ammonium
nitrate+i mM-GSSG, 18 mM-ammonium nitrate+2
mM-GSH, or 18 mM-ammonium nitrate+2 mM-ammonium
sulfate was used.
The fertilization was performed in such a manner that a pot

40 was put in a scale and the above liquid fertilizer was poured in
the scale. As for a condition for cultivating a plant, see FIG.
40.
The whole amount of biomass and the seed weight of the

plants thus obtained were measured and harvest index was

s calculated. Consequently, as shown in FIG. 43, supplying
combination of oxidized glutathione and ammonium nitrate
to the transformants to which the gFBA gene was introduced
allows greatly increasing the harvest index, the whole amount
of biomass, and the seed weight, compared with a case of

50 treating the transformants in other manner.
As for the harvest index, although combination of reduced

glutathione and ammonium nitrate resulted in an effect that
was not so great as the effect of combination of oxidized
glutathione and ammonium nitrate, the combination of
reduced glutathione and ammonium nitrate greatly increased
the harvest index compared with a case of using no fertilizer
or a case of using only ammonium nitrate as a fertilizer.
The above results showed that both of oxidized glutathione

60 
and reduced glutathione allow greatly increasing the harvest
index and significantly increasing crop yields when com-
bined with ammonium nitrate. Further, the above results
showed that the effect increased when the combination was
supplied to plants to which the gFBA gene was introduced.

65 Further, the above results showed that oxidized glutathione
had a higher ability to increase the harvest index and to
significantly increase crop yields than reduced glutathione.
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27. Influence 3 of Oxidized Glutathione on Growth
of Transformant of Arabidopsis to which gFBA is

Introduced

Under the conditions similar to those in FIGS. 41-43
except that only GSSG was supplied as a liquid fertilizer,
transformants of Arabidopsis to which the gFBA gene was
introduced and wild-type Arabidopsis (Columbia; Col) were
cultivated. Concentration of GSSG supplied as the liquid
fertilizer varied from 0 mM to 5 mM.
The whole amount of biomass and the seed weight of the

plants thus obtained were measured and harvest index was
calculated. The result of the seed weight was shown in FIG.
44 and the result of the harvest index was shown in FIG. 45.
The seed weight increased as concentration of GSSG
increased, and the effect was not saturated at the tested con-
centration. This tendency was more clearly observed in the
transformants of Arabidopsis to which the gFBA gene was
introduced.
On the other hand, the harvest index increased as concen-

tration of GSSG increased, and the effect was saturated when
the concentration of GSSG was approximately 2 mM. The
effect of increasing the seed weight and the effect of increas-
ing the harvest index that were yielded by the treatment with
GSSG were greatly larger than the maximum effects yielded
by fertilization with nitrogen resulting from ammonium
nitrate.
The above results showed that the effect of increasing the

seed weight and the effect of increasing the harvest index that
were yielded by GSSG are greater than the effects yielded by
ammonium nitrate and enhancing the gFBA gene allows
increasing the effects.

28. Comparisons of Influences of Oxidized
Glutathione, Reduced Glutathione, and Ammonium

Sulfate as Sulfur Sources on Growth

Under the conditions similar to those in FIGS. 41-45
except that any of GSSG, GSH, and ammonium sulfate was
supplied as a liquid fertilizer, the effects of the liquid fertil-
izers on growth oftransformants to which the gFBA gene was
introduced were compared. The amounts of respective liquid
fertilizers were set so that concentrations of the liquid fertil-
izers were the same in terms of an S amount. The seed weight
and the whole amount ofbiomass of the plants thus obtained
were measured and harvest index was calculated. The result
of the seed weight was shown in FIG. 46 and the result of the
harvest index was shown in FIG. 47.
The effect of ammonium sulfate generally used as a nitro-

gen fertilizer on increasing the seed weight was saturated at a
value similar to that of the effect of ammonium nitrate. On the
other hand, the effects of GSSG and GSH were not saturated
at tested concentrations, indicating that GSSG and GSH yield
higher effects of increasing the seed weight than ammonium
sulfate. On the other hand, in any of the liquid fertilizers, the
effect of increasing the harvest index reached its maximum
when the N amount was 12 mM. Among the three liquid
fertilizers, GSSG yielded the highest effect.
The above results showed that the effect of glutathione is

higher than that of a conventional fertilizer and GSSG yields
a higher effect than GSH.
The embodiments and concrete examples of implementa-

tion discussed in the foregoing detailed explanation serve
solely to illustrate the technical details of the present inven-
tion, which should not be narrowly interpreted within the
limits of such embodiments and concrete examples, but rather
may be applied in many variations within the spirit of the
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present invention, provided such variations do not exceed the
scope of the patent claims set forth below.

INDUSTRIAL APPLICABILITY

The present invention allows increasing harvest index of a
plant. Further, the present invention allows increasing the
number of seeds or flowers of the plant. Further, the present
invention allows increasing lateral shoots and tillers and

10 increasing the yield of seeds. Therefore, the present invention
allows increasing the number of flowers and yields not only in
ornamental flowering grasses and plants to be eaten but also in
forests and plant resources for biomass energy. Therefore, the
present invention has wide industrial applicability not only in

15 agriculture but also food industries and energy industries.
The invention claimed is:
1. A method for preparing a plant having increased harvest

index compared to a harvest index of a wild type plant or
untreated plant, comprising the steps of:

20 applying oxidized glutathione to a plant, or to soil with
which a plant is to be cultivated;

cultivating the plant,
wherein a total amount of the applied glutathione with
which the plant is cultivated is in the range (i) between

25 2.5 mg and 1470 mg per one individual plant, or (ii)
between 0.82 mg and 1800 mg per one liter of soil;

measuring an amount of harvest of the plant;
calculating a harvest index of the plant; and
wherein a plant having a harvest index that is higher than

30 the harvest index of the wild type plant oruntreatedplant
is thereby prepared.

2. The method as set forth in claim 1, wherein the glu-
tathione is supplied intermittently.
3. The method as set forth in claim 1, wherein the glu-

35 tathione is supplied at around a time of transition from veg-
etative to reproductive development.
4. The method as set forth in claim 1, wherein the amount

of harvest is selected from the group consisting of a weight of
harvest, number ofharvest, and amount ofbiomass ofharvest.

40 5. The method as set forth in claim 4, wherein the harvest is
at least one selected from the group consisting of fruit, seeds,
stems, roots, flowers and leaves.
6. The method as set forth in claim 1, wherein applying

glutathione to the plant or to soil comprises applying the
45 glutathione intermittently.

7. The method as set forth in claim 1, wherein applying
glutathione to the plant or to soil comprises applying the
glutathione at about a time the plant transitions from vegeta-
tive to reproductive development.

50 8. The method as set forth in claim 1, wherein applying
glutathione to the plant or to soil comprises applying the
glutathione at a time ranging from a time of transition from
vegetative to reproductive development to about a time of
bolting.

55 9. The method as set forth in claim 1, wherein the plant is
a mutant or transformant plant.
10. The method as set forth in claim 9, wherein the plant is

a transformant plant to which a gene for encoding glu-
tathione-binding plastid-type fructose- 1,6-bisphosphate

60 aldolase (gFBA) is introduced.
11. A method for preparing a plant having an increased

number of seeds and/or flowers compared to a number of
seeds and/or flowers of a wild type plant or untreated plant,
comprising the steps of:

65 applying oxidized glutathione to a plant, or to soil with
which a plant is to be cultivated;

cultivating the plant,



29 30
wherein a total amount of the applied glutathione with
which the plant is cultivated is in the range (i) between
2.5 mg and 1470 mg per one individual plant, or (ii)
between 0.82mg and 1800mg per one liter of soil;

measuring the number of seeds and/or the flowers of the 5

plant; and
wherein a plant having a number of seeds and/or flowers

that is higher than the number of seeds and/or flowers of
the wild type plant or untreated plant is thereby pre-
pared. 10

12. A method for preparing a plant having an increased
number of lateral shoots and/or tillers compared to a number
of lateral shoots and/or tillers of a wild type plant or untreated
plant, comprising the steps of:

applying oxidized glutathione to a plant, or to soil with 15
which a plant is to be cultivated;

cultivating the plant,
wherein a total amount of the applied glutathione with
which the plant is cultivated is in the range (i) between
2.5 mg and 1470 mg per one individual plant, or (ii) 20
between 0.82mg and 1800mg per one liter of soil;

measuring the number of lateral shoots and/or tillers of the
plant; and

wherein a plant having a number of lateral shoots and/or
tillers that is higher than the number of lateral shoots 25
and/or tillers of the wild type plant or untreated plant is
thereby prepared.

13. The method as set forth in claim 12, wherein the plant
has mutation in a function for synthesizing a plant hormone
and/or a function for responding to a plant hormone. 30

14. The method as set forth in claim 13, wherein the plant
hormone is gibberellin.

* * * * *
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