DESCRI PTI ON

PLANT CULTI VATI ON METHOD

TECHNI CAL FI ELD

[ 0001] The present invention relates to a plant cultivation
technique for controlling factors involved in differentiation
into fl ower buds and | eaf buds, flowering and fruiting, |eaf
bud sprouting, growth of new shoots, and the I|iKke.

BACKGROUND ART

[0002] In natural conditions, blueberry plants flower in
spring, the fruit thereof matures in sumrer, and the plants
shed | eaves and enter dormancy during autumm and w nter.

[ 0003] Specifically, in tenperate regions of the northern

hem sphere (e.g., Tokyo), flower buds format distal ends of
new shoots (newly extended stens) or at joints (leaf axils) of
upper | eaves of new shoots by about Septenber in response to
shorteni ng of days from about July after the sunmer sol stice,
sheddi ng of | eaves is conpleted in Novenber when daytine air
tenperatures are about 10 to 15°C, and flowering in the
foll ow ng year occurs follow ng dormancy. 1In a normal life
cycle, leaf buds begin to sprout after flowers have bl ooned
and scattered (around April), or at the same tinme as flowering,
| eaf buds extend into | eaves and stens to form new shoots, and
as the new shoots grow, fruit flesh fornms/ matures around seeds
in approxi mately 60 days, and harvest occurs at the beginning
of sumer (June). Specifically, blueberry is a deciduous
fruit tree that can be harvested only once per year. The sane

1



life cycle is observed in so-called one-season-bearing fruit
trees such as cherry, plum peach, and appl e.

[ 0004] Consequently, the harvest period for blueberries under
natural conditions (sunlight only) in Japan is fromJune to
Septenber at best, considering a conbination of varieties
having different fruit maturation periods and ot her
characteristics. Even in the case of protected cultivation
usi ng greenhouses, the harvest tine is frommd-April to early
June, and a hiatus in donmestic harvesting and exporting of

bl ueberries occurs from Cctober to March of the foll ow ng year
(of f-season). The supply of fresh blueberries is therefore
insufficient for demand from Cctober to May of the foll ow ng
year, and bl ueberries inported from Chile and ot her sout hern-
hem sphere countries are expensive.

[ 0005] Patent Reference 1 fromthe present inventors discloses
a cultivation nethod whereby harvesting even in the off-season
i s made possible through use of a blueberry variety having a
relatively short chilling requirenment of about 100 to 500
hours for breaking dormancy. The nethod discl osed in Patent
Ref erence 1 includes a step for inducing flowering by placing
t he bl ueberry plant in an environment having a tenperature

hi gher than the dormancy-inducing tenperature thereof after
the formation of flower buds (about Septenber under natural
conditions in Tokyo), and a step for then (starting in about
Novenber) placing the blueberry plant in conditions having a

| onger light period than during induction of flowering. This
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met hod nakes it possible to cause continuous fl ower bud
formation/flowering/fruiting to occur while fruit is harvested
t hroughout the off season (from Decenber to about July of the
follow ng year in this case).

[ 0006] However, although the technique disclosed in Patent

Ref erence 1 enabl es continuous flower bud formation, flowering,
and fruiting, the amount of growh of new shoots is suppressed
when | arge anounts of fruit are produced, |eading to reduced

| eaf area. Fruit size is thereby reduced, and |l arge yields
cannot be expected.

[ 0007] Consequently, when the nmethod of Patent Reference 1 is
applied, although flowering and fruiting are repeated and the
period for such reproductive growh is dramatically |engthened,
vegetative gromh of foliage is inadequate, and tree vigor is
therefore difficult to maintain. Specifically, in a blueberry
or ot her one-season-bearing fruit tree, sprouting of |eaf buds
and growt h of new shoots begin at the same tine as flowering
or after flowers have bl ooned and scattered. Therefore, in
the system of Patent Reference 1 for producing repeated
flowering after flowers have bl oonmed and scattered, the
vegetative gromh period for foliage until the next flowering
is extrenely short or al nost absent. Therefore, in order to
achi eve nore |l ong-term continuous production of blueberries,
there is a strong need for sprouting of |eaf buds and grow h
of new shoots to be initiated together with flowering, and
also for foliage to be devel oped. Patent References 2 and 3
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di scl ose systens for controlling the growth environnent of

pl ants, but do not suggest nethods of control capabl e of
satisfying the above requirenents.

PRI OR ART REFERENCES

PATENT REFERENCES

[ 0008] Patent Reference 1. WD 2012/161351

Pat ent Reference 2: Japanese Lai d-open Patent Application No.
2011- 120555

Pat ent Reference 3: Japanese Lai d-open Patent Application No.
2011- 150557

SUMVARY OF THE | NVENTI ON

PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0009] An object of the present invention is to provide a
technique for controlling factors involved in differentiation
into fl ower buds and | eaf buds, sprouting, flowering and
fruiting, growh of new shoots, and the like. The nost
interesting subject of this technique is the control of flower
bud and | eaf bud differentiation. The control of sprouting of
fl ower buds and | eaf buds differentiated as described above
may al so be included as a subject of the present invention.
Preferably, in a plant to which such a technique is applied,

| eaf buds sprout in tandemw th flower buds, and flowering and
fruiting are repeated on new foliage.

MEANS USED TO SOLVE THE ABOVE- MENTI ONED PROBLEMS

[ 0010] The present inventors have di scovered that
differentiation of flower buds and | eaf buds can be controlled
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by specific environnmental stinmuli. Specifically, the present

i nventors have di scovered that by applying the control

techni que of the present invention, flower bud differentiation
can be further pronoted, or that flower bud differentiation
can instead be suppressed and priority given to |eaf bud
differentiation. More surprisingly, the present inventors
have di scovered that flower bud differentiation and |eaf bud
differentiation can be advanced sinultaneously in a plant to
whi ch the present invention is applied. Consequently, a first
aspect of the present invention is:

[1] a plant cultivation nethod conprising applying, to a
plant, a first environnmental stinmulus for controlling flower
bud differentiation and/or |eaf bud differentiation.

[ 0011] The abovenenti oned environnental stinmulus nmust be
applied before flower buds and | eaf buds are forned, but a
time imediately after harvesting of fruit can be cited as an
exanple of the preferred timng of application. Specifically,
the reason for this is that in a blueberry or other one-
season-bearing plant, differentiation into flower buds from

t he appearance of leaf prinordia begins at a tine
substantially imediately after harvesting of fruit.
Consequently, a preferred enbodi nrent of the present invention
iS:

[2] the method according to aspect [1], the first
environnental stinulus being applied imediately after

harvesting of fruit.



[0012] The first environnental stinmulus is applied by
conbining an air tenperature of 16 to 40°C (a m dday
tenperature of about 40°C and a night tenperature of about
16°C) and a day length of 8 to 13 hours. For exanple, when
the air tenperature is set to 16 to 23°C (a m dday tenperature
of about 23°C and a ni ght tenperature of about 16°C), al nost
all buds differentiate (convert) into flower buds. Meanwhile,
when the light-period air tenperature is maintained at 25°C or
hi gher, conversion to flower buds can be suppressed (i.e.,
differentiation into fl ower buds can be suppressed, and
formation of |eaf buds can be pronoted). It has al so been
shown that by setting a day length of 12 to 13 hours in
conbi nation with the conditions descri bed above, the ratio of
| eaf buds can be increased, and by setting a day |length of 8
to 10 hours, flower buds can be fornmed in a suitable ratio.
Consequently, other preferred enbodi nents of the present
invention are:

[3] the nmethod according to [1] or [2], the first
envi ronnmental stinmulus being applied by placing a plant in an
envi ronnment having an air tenperature of 16 to 40°C and a day
length of 8 to 13 hours;

[4] the method according to [3], the air tenperature
being set to 16 to 23°C, thereby pronoting devel opnment of
fl ower buds;

[5] the method according [3], the air tenperature of a
[ ight period being set to 25°C or higher, thereby increasing a
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differentiation rate of |eaf buds in conjunction with growh
of new shoots;

[6] the method according to [3], the day | ength being set
to 12 to 13 hours, thereby increasing the ratio in which | eaf
buds are forned; and

[ 7] the method according to [3], the day | ength being set
to 8 to 10 hours, thereby increasing the ratio of flower bud
differentiation.

[0013] In a particularly preferred enbodi nent of the present
invention, flower buds and | eaf buds are forned at the sanme
tinme in a good bal ance, |eaf buds thereby sprout in tandem
with flower buds, and flowering and fruiting are repeated on
new foliage. Regarding a typical exanple of the environnenta
stinmulus, the present invention includes:

[8] the method according to [3], the tenperature of a
[ ight period being set to 25°C or higher, and the day |length
being set to 8 to 10 hours.

[ 0014] The present inventors have al so discovered a suitable
environmental stimulus for controlling the sprouting tinme of

fl ower buds and/or |eaf buds fornmed as described above. A
typical stinmulus includes placing a plant in a | owtenperature
condition of about 3 to 7°C. In this stinulus, an extrenely

| ow-tenperature stinulus of a tenperature of about 3 to 7°Cis
abruptly applied to a plant subsequent to harvesting, the

pl ant typically having been grown at a m dday tenperature of
30°C or higher and a day |length of 14 hours, and differs from
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so-cal |l ed breaking of dormancy. Specifically, a second aspect
of the present invention and a preferred enbodi nent thereof
are:

[9] the method according to any of [1] through [8],
further conprising applying, to the plant, a second
environnmental stinmulus for controlling a sprouting tinme for
fl ower buds and/or |eaf buds; and

[10] the nethod according to [9], the second
envi ronnmental stinmulus being applied by placing a plant in an
envi ronnment having an air tenperature of 3 to 7°C.

[ 0015] Even when a plant subjected to the first environnental
stinmulus or subjected to the first and second environnent al
stimuli in sequence is returned to natural conditions, it is
concei vabl e that sprouting and growth of new shoots will each
begin at appropriate tinmes, and that fruiting will occur as
foliage is adequately devel oped. However, the present
invention is intended also to apply environnmental conditions
appropriate for sprouting and control generation of foliage
and the flowering and fruiting subsequent thereto.
Application of an air tenperature of 16 to 23°C (a m dday
tenperature of about 23°C and a night tenperature of about
16°C) and a day length of 8 to 11 hours can be cited as an
exanpl e of typical environnental conditions. A third aspect
of the present invention and a preferred enbodi nent thereof
are therefore:

[11] the nethod according to [9] or [10], further
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conprising applying, to a plant, a third environnental
stinmulus applied by placing a plant in an environnent suitable
for sprouting of |eaf buds, sprouting of flower buds,
generation of foliage, flowering, and fruiting; and

[ 12] the nethod according to [11], the environnental
stinmulus conprising an air tenperature of 16 to 23°C and a day
length of 8 to 11 hours.
[ 0016] The present invention may also be treated as a fruit
production nethod using an environnmentally variable facility
such as a plant factory. Consequently, other aspects of the
present invention are:

[13] a fruit production nethod, the nethod conprising:

1) a step for placing a plant in an environnment having an
air tenperature of 16 to 40°C and a day length of 8 to 13
hours immedi ately after harvesting of fruit;

2) a step for placing the plant in an environnment having
an air tenperature of 3 to 7°C after the 1) step; and

3) a step for placing the plant in an environnment having
an air tenperature of 16 to 23°C and a day length of 8 to 11
hours after the 2) step; and

[ 14] the nethod according to [13], the 1) environnment
having a light-period tenperature of 25°C or higher and a day
length of 8 to 10 hours.
[0017] Suitable durations for treatnent in the aforenentioned
production nmethod are descri bed bel ow

[ 15] The nethod according to [13] or [14], the duration
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of the 1) step being 30 to 90 days, the duration of the 2)
step being 15 to 45 days, and the duration of the 3) step
bei ng 15 days or greater.

ADVANTAGES OF THE | NVENTI ON

[0018] In plant cultivation by the present invention, it is
possi ble to appropriately control factors involved in
differentiation into fl ower buds and | eaf buds, flowering and
fruiting, |eaf bud sprouting, growth of new shoots, and the
like. Therefore, fruit can be delivered even in the off

season for outdoor cultivation or normal protected cultivation,
for exanple. In a preferred enbodi nent of the present

i nvention, |eaf buds sprout in tandemwth flower buds, and
flowering and fruiting are repeated on new foliage. Fruit can
t her eby be continuously produced wi thout |oss of tree vigor.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[0019] [FIG 1] Is a photograph of an entire plant to which
the environnmental stinulus of Exanple 1 was applied. FIG 1
shows sound grow h of the plant body and flowering amd growh
of foliage. Nunerous new shoots have al so al ready appear ed.
[FIG 2] Is a photograph of a bearing branch of a plant to

whi ch the environnental stinulus of Exanple 1 was appli ed.

FIG 2 shows that after sprouting of |eaf buds and fl ower buds,
foliage growh and fl owering progressed simltaneously. Fruit
stens are al so |onger than usual, and spaces are forned

bet ween flower clusters (fruits).

[FIG 3] Is a photograph of an entire plant to which the
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environnental stinulus of Exanple 2 was applied. FIG 1 shows
sound growt h of the plant body and flowering am d growh of
foliage. Nunerous new shoots have al so al ready appeared.

[FIG 4] Is a photograph of a bearing branch of a plant to

whi ch the environnental stinmulus of Exanple 2 was appli ed.

FIG 4 shows that after sprouting of |eaf buds and flower buds,
foliage growmh and flowering progressed sinmultaneously. Fruit
stens are al so |onger than usual, and spaces are forned

bet ween flower clusters (fruits).

[FIG 5] Is a photograph of an entire plant to which the
environnental stinmulus of Exanple 3 was applied. The plant is
fruiting, but new shoots are not observed.

[FIG 6] Is a photograph of a bearing branch of a plant to

whi ch the environnental stinulus of Exanple 3 was appli ed.
Vigorous fruiting is observed.

[FIG 7] Is a photograph of an entire plant to which the
environnmental stinmulus of Reference Exanple 1 was appli ed.

New shoots have appeared, but flowering is not observed.

[FIG 8] Is a photograph of a bearing branch of a plant to

whi ch the environnental stinulus of Reference Exanple 1 was
applied. Flowering is not observed.

[FIG 9] Is a photograph of an entire plant to which the
environnent al stinulus of Reference Exanple 2 was applied.
Flowering is present, but foliage growh is not observed.

[FIG 10] Is a photograph of a bearing branch of a plant to
whi ch the environnental stinulus of Reference Exanple 2 was
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applied. Vigorous flowering is present, but sprouting of |eaf
buds is not observed.

[FIG 11] Is a photograph of an entire plant to which the
environnental stinulus of Conparative Exanple 1 was appli ed.
Nei t her flowering nor new shoots are observed.

[FIG 12] |Is a photograph of a bearing branch of a plant to
whi ch the environnental stinulus of Conparative Exanple 1 was
applied. Buds have grown | arge.

[FIG 13] Is a photograph of an entire plant to which the
envi ronnmental stinmulus of Conparative Exanple 2 was appli ed.
Spindly branch growh and flowering/fruiting are present, but
new shoots have not appear ed.

[FIG 14] |Is a photograph of a bearing branch of a plant to
whi ch the environnental stinulus of Conparative Exanple 2 was
applied. New shoots have not appeared.

[FIG 15] Is a photograph of the entire plant of Conparative
Exanpl e 3 (under natural conditions). Al |eaves have turned
red.

[FIG 16] Is a photograph of a bearing branch of the plant of
Conparative Exanple 3 (under natural conditions). Al |eaves
have turned red.

[FIG 17] Is a photograph of an entire plant to which the
environmental stinmulus of Exanple 4 was applied. FIG 17
shows sound growt h of the plant body of Exanple 4 in
conparison wth controls, and fruiting is conti nued.

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
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[0020] In the present specification, “factors involved in
flower bud differentiation, |eaf bud differentiation,

fl owering, sprouting, dormancy, and the like” are factors
causing reception of stinmuli fromthe outside environnent by
pl ant organs, tissues, or cells, and the resultant signal
transducti on and expression of specific genes. Consequently,
in the present specification, to control these factors neans
to subject a plant individual to stimuli fromthe outside
envi ronnment thereof, particularly to air tenperature, day

| ength, and other environnental stimuli. However, the
environmental stinmuli of the present invention to which plant
i ndi vi dual s are subjected al so include stinmuli which could not
be encountered by the plant individuals in the wild, and are
used as appropri ate.

[0021] First Environnmental Stimulus (or First Step)

In the present invention, a first environnmental stinulus
for controlling flower bud differentiation and/or |eaf bud
differentiation is applied to a plant. In other words, the
stinmulus nust be applied at | east before flower bud
differentiation is conpleted. More precisely, the stinulus
nmust be applied before a |eaf prinordiumconverts to a flower
bud. A leaf prinordiumthat does not convert (differentiate)
to a flower bud differentiates to a |eaf bud.

[ 0022] Despite seasonal differences according to plant species
or variety, many one-season-bearing fruit trees formfl ower

buds from |l eaf prinordia of apical buds or axillary buds at
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harvest tinme, i.e., when fruit is mature. In the case of

bl ueberries, for which harvest tinme begins about June in the
climate of Tokyo, leaf prinordia at the tops of apical buds
and axillary buds differentiate into fl ower buds by about

Cct ober from about early July when harvesting is ended.
Consequently, in this case, the first environnental stimnulus
of the present invention nust be applied to a plant before
Septenber at the latest. For exanple, the first environnental
stinmulus of the present invention can be shown to be applied
to plants starting i mediately after fruit harvest at any tine
fromearly July to early August (i.e., within about one nonth).
Although it is also possible to apply the first environnmental
stinmulus of the present invention starting before fruit
harvest or during harvest time, out of concern for decreased
yield when an extrenely short daytine condition or the like is
selected as the first environmental stimulus, it is probably
not necessary to change the environnment before harvest is
conpl et ed.

[0023] The first environnental stinmulus of the present
invention is applied by a conmbination of an air tenperature in
the range of 16 to 40°C and a light period in the range of a
day length of 8 to 13 hours. Applying the environnental
stinmulus in the abovenentioned ranges to a plant imediately
after harvest can pronote differentiation of |eaf prinordia
into fl ower buds and/or |eaf buds. For exanple, when the air
tenperature is set to approximately 16 to 23°C and the day
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length to 8 to 10 hours, alnost all buds convert
(differentiate) to flower buds. Meanwhile, conversion to

fl ower buds is suppressed when the light-period air
tenperature is approximately 25°C or higher and the day | ength
is maintained at about 12 to 13 hours, and as a result, |eaf
bud formation can be pronoted.

[ 0024] The ratio of |eaf buds can be increased when the day
length is set to approximately 12 to 13 hours in conbination
with the air tenperature condition described above, and fl ower
buds can be fornmed in a suitable ratio when the day length is
set to approximately 8 to 10 hours. Consequently, in a
particularly preferred enbodi nent of the present invention,
flower buds and | eaf buds are fornmed at the same tinme in a
good bal ance, | eaf buds thereby sprout in tandemwth flower
buds, and flowering and fruiting are repeated on new foliage.
A typical exanple of the environmental stinmulus is a

conbi nation of a light-period tenperature of 25°C or higher
and a day length of 8 to 10 hours.

[ 0025] The present inventors are unaware of any reported

i nstances of flower buds and | eaf buds differentiating at the
sane tinme and flowering and new shoot growth occurring

sinmul taneously as in the present invention in a blueberry

pl ant placed in a conventional protected horticul tural

envi ronnment under ordinary natural conditions. Specifically,
it is reasonable to infer that the first environnenta
stimulus of the present invention produces plant physiol ogical
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and nol ecul ar bi ol ogi cal changes not obtai nabl e under ordinary
envi ronment al conditions.

[ 0026] Al though the present invention is not bound to any
particul ar theory of operation, in conparison with the Tokyo
early sumrer (i.e., immediately after harvest) day |length of
approximately 14 hours or nore, the day length of 12 to 13
hours of the first environmental stimulus of the present

i nvention corresponds to an autum of sorts (around Septenber
and later). Particularly when the day length is about 8 to 10
hours, such a day length corresponds to |ate autumm (around
Novenber and later). Consequently, the first environnental
stinmulus of the present invention can be considered to change
the grow h environnment of the plant non-continuously and at
once. The conbination of a light-period tenperature of 25°C
or higher and a day length of 8 to 10 hours as an enbodi nent
of the first environmental stimulus is also cannot normally
occur under natural conditions. Specifically, an environnment
of high tenperature and short days does not occur at any tine
of year in the tenperate region in which blueberries and the
like naturally grow. Fromthis perspective as well, such an
enbodi ment of the present invention whereby it is possible to
cause differentiation of flower buds and | eaf buds at the sane
time (i.e., it is possible to suppress conversion of all | eaf
prinordia into fl ower buds) is deenmed capabl e of applying
significant stress to a plant.

[ 0027] The unusual physi ol ogi cal and nol ecul ar bi ol ogi cal
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change indicated by sinultaneous differentiation into flower
buds and | eaf buds may possi bly occur in response to such a
stress factor as descri bed above, which cannot occur under
natural conditions. |In this regard, the nodern climate is
relatively stable fromthe perspective of plant evol utionary
hi story, while the ancient environnent was harsh.

Consequently, the present inventors have reasoned that

al t hough plants were originally provided with the ability to

i mredi ately begin reproductive growth and vegetative growth
upon settling of environmental conditions, as a result of
adaptation to the nodern stable change of seasons, or for such
reasons as having been artificially selected for the sake of
constancy of harvest tine, the cultivated plants of today
sinply do not manifest such characteristics.

[0028] In any case, bud differentiation can be pronoted by the
first environmental stinmulus of the present invention, i.e., by
an air tenperature and day | ength conbination in the range of
an air tenperature of 16 to 40°C and a day length of 8 to 13
hour s.

[ 0029] The air tenperature condition described above for the
first environmental stinulus can be realized using various
types of tenperature control devices singly or in conbinations
t hereof, such as heaters, air-cooling equipnment, ventilation,
(de)hum difiers, ventilating fans, dry m st, and shadi ng
curtains. A closed-system chanber including these tenperature
control devices or an ordinary greenhouse provided with the
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tenperature control devices may be used for this purpose.
Sui t abl e exanpl es of such a facility are disclosed in Japanese
Lai d- open Patent Applications 2011-120555 and 2011- 150557,

[ 0030] The term “light period” which constitutes “day |ength”
in the environnental stimuli of the present invention refers
to a continuous tinme period (hours) for which a plant is
placed in a light intensity condition under which

phot osynthesis is possible. A light intensity (photosynthetic

photon flux density (PPFD)) in the range of approximately 100

1 -1

to 1000 pmol-m’z-s' PPFD, preferably 700 to 800 pmol-m’z-s
PPFD, can be cited as an exanple of a light intensity
condi tion under which photosynthesis is possible. The primry
wavel ength (spectral energy accounting for the majority) of

the light radiated in the light period is not particularly
limted, but a wavelength in the range of approxinmately 400 to
730 nmis suitable. Consequently, the light radiated in the
light period for the day |length condition of the first

envi ronmental stinmulus may be sunlight (natural 1ight),
artificial light, or both. Specifically, the source of the
light radiated in the light period is not particularly limted,
and may, of course, be the Sun, or a high-pressure sodium | anp,
a netal halide lanp, a light-emtting diode (LED), a |aser

light source, or the like. A single |light source may be used,
or an appropriate conbination of a plurality of |ight sources
may be used. Wien the intensity of natural light falls bel ow

t he abovenenti oned range, such as during rainy weather or
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cl oudy skies, for exanple, supplenental lighting is preferred.
The light intensity is preferably adjusted using shadi ng
curtains or the Iike when the intensity of natural [|ight
exceeds the abovenenti oned range, such as on extrenely hot

m dsumrer days. Suitable facilities for controlling the day

| ength condition of the first environmental stimulus of the
present invention are also disclosed in Japanese Lai d-open

Pat ent Applications 2011-120555 and 2011- 150557.

[ 0031] The tinme period for which the first environnental
stinmulus is applied to a plant may be approxi mately 30 days to
90 days, for exanple. A period of about 30 days is adequate
for controlling flower bud differentiation and/or |eaf bud
differentiation. Al though the upper limt of this period is
not particularly limted fromthe perspective of bud
differentiation, fromthe perspective of enabling off-season
harvesting, there is no need to make the period | onger than
necessary. Wien new shoots are formed, the period until the
new shoots are adequately grown can be cited as an exanpl e of
acriterion for the upper limt. The neaning of one day in
the present specification is the unit conposed of one I|ight
period and one dark period. Specifically, when the sum of one
[ight period and one dark period is 24 hours, 24 hours
constitutes one day. Unless otherw se specified in the
present specification, 24 hours corresponds to one day.

[0032] While the first environnmental stinmulus is being applied,
relative humdity, CO, concentration, soil pH, soil electric
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conductivity (EC) (whereby fertilizer concentration can be
estimated), and various other paraneters are preferably
adjusted in ranges appropriate for plant gromh. For exanple,
the relative humdity is preferably in the range of
approximately 30 to 80% the CO, concentration is preferably in
the range of approximately 400 to 600 pmol-mol’!, the soil pH
is preferably in the range of approximately 5.0 to 6.0, and
the soil ECis preferably in the range of approximately 0.7 to
1.2.

[ 0033] Second Environnental Stimulus (or Second Step)

The second environnental stinulus of the present
invention is also a stinmulus for changing the growth
envi ronment of a plant non-continuously and at once.
Specifically, this stimulus suddenly changes the growth
environnent of a plant to an extrenely | ow tenperature, the
growt h environnent typically including a day |ength of 14
hours and a m dday tenperature of 30°C or higher before
application of the environnmental stinulus. The purpose of
appl ying the second environnental stinulus of the present
invention to a plant is not the sane as that of a so-called
breaki ng of dormancy. Specifically, blueberries or cherry,
peach, plum and other deci duous trees have a dornmant stage,
and nust be exposed to |low tenperature for a certain tine
period to break dormancy. This characteristic is called a
chilling requirenent, and poor sprouting occurs when the
chilling requirenment is not satisfied. However, the present
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i nventors have di scovered that the second environnental
stimulus of the present invention nakes it possible to control
the sprouting time for flower buds and/or |eaf buds

i ndependently of chilling requirenents.

[ 0034] Consequently, the second environnmental stimulus of the
present invention can naturally be applied separately fromthe
first environmental stimulus of the present invention as
desired, and application of the second environnental stinmulus
to a plant subjected to the first environnental stinulus of
the present invention is a preferred aspect of the present
invention. Specifically, when a plant is left in a state of
application of the first environnental stinulus, neither

fl ower buddi ng, | eaf budding, nor sprouting occurs even after
a period of 100 days has el apsed. Meanwhile, although
sprouting also is anticipated to occur spontaneously as soon
as the dormancy requirenent is satisfied even when the plant
is returned to a natural environnent, for exanple, after being
subjected to the first environnental stimulus, the second
environnental stinmulus of the present invention should be
applied at the desired tine in order to obtain nore deliberate
flowering, fruiting, and harvest. For exanple, the second
environnental stinmulus is applied imediately after
application of the first environnental stinulus.

[ 0035] Consequently, the second environnental stinmulus of the
present invention can be applied by placing a plant in a | ow
tenperature environnent. Specifically, the plant is placed in
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an environnent having an air tenperature of 3 to 7°C, for
exanple. Such an air tenperature condition can be consi dered
to correspond to the col dest period of weather in Tokyo.

[ 0036] When the tine period for which the second environnent al
stinmulus of the present invention is applied is too short, the
nunber of bearing branches that sprout |eaf buds is small, and
t he nunber of bearing branches having only flowers increases.
It was al so di scovered that when the tine period of the second
environnmental stimulus is too |long, the nunber of |eaf bud
sprouts or the anpbunt of new shoot growth increases, and the
nunber of flower clusters decreases. Fromthe perspective of
mai ntai ning an appropriate ratio of |eaf buds and fl ower buds,
the tinme period for which the second environnmental stinulus of
the present invention is applied to plants is preferably
approxi mately 15 days to 45 days, and nore preferably

approxi mately 30 days.

[ 0037] The nethod and facility for applying the second
environmental stinmulus of the present invention are the sane
as described for the first environnental stinulus of the
present invention. The day length is not particularly limted,
but the second environnmental stimulus is preferably applied
only in a dark period.

[0038] Third Environnental Stimulus (or Third Step)

The third environnental stimulus of the present invention
is for generating foliage and causing the flowering/fruiting
subsequent thereto in an environnent appropriate for sprouting
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of both |eaf buds and flower buds. Specifically, after the
first and second environnmental stinmuli are applied, the plant
is placed in conditions of an air tenperature of approximtely
16 to 23°C and a day length of approximately 10 to 11 hours,
and sprouting is pronmoted. In a blueberry plant subjected to
the first and second environnental stimuli of the present

i nvention, |eaf buds sprout and foliage develops in axillary
buds of bearing branches typically about 15 to 30 days from
the third environnental stimulus of the present invention.

Fl owering occurs in a blueberry plant subjected to the third
environmental stinmulus of the present invention in about 30 to
60 days at api cal buds of bearing branches and in several buds
bel ow t he api cal buds.

[0039] The timng for applying the third environnental
stinmulus of the present invention to a plant is not
particularly limted insofar as the timng is after the first
and second environnental stimuli, but the third environnental
stinmulus of the present invention should, of course, be
applied at an appropriate tine fromthe perspective of
obtaining nore deliberate flowering, fruiting, and harvest.
The third environnental stimulus is applied inmediately after
application of the second environnental stinulus, for exanple.
The third environnental stimulus of the present invention can
al so be considered to correspond to a Tokyo autum weat her
condition. The nmethod and facility for applying the third
environmental stinmulus of the present invention are the sane
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as described for the first environnental stinulus of the
present invention.

[ 0040] Subject Pl ant

The present invention is suitable for application to so-
cal | ed one-season-bearing blueberries, cherries, peaches,
pl uns, apples, and the |like. However, as described in the
exanpl es bel ow, applying the environnental stinmuli of the
present invention also enables continuous flowering/fruiting
cultivation while developing foliage in summer in a strawberry
rootstock after the end of harvest. Consequently, raspberries
and the |like can also be included as plants to which the
present invention can be appli ed.
[ 0041] The description above is sufficient for a person
skilled in the art to inplenment the present invention.
Exanpl es are given bel ow for the purpose of further
description, and the present invention is therefore not
limted to the described exanpl es.

Exanpl es

[ 0042] WMaterials and Met hods

<Test Plant> The “M sty” variety of Southern H ghbush
bl ueberry was used. Plants were planted in pots and grown in
t he natural environnent of Fuchu G ty, Tokyo (outdoors in
Tokyo) until the start of experinentation.

<Experinment Facility> In order to apply the first through
third environmental stimuli of the present invention to the
pl ant, a gl ass chanber or an artificial-light-type cl osed-
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envi ronnent chanber in the Advanced Pl ant Factory Research
Center at Tokyo University of Agriculture and Technol ogy
having a facility corresponding to the system di scl osed in
Japanese Lai d-open Patent Application 2011-120555 or 2011-
150557 was used.

<Environnental Conditions> The gl ass chanber or
artificial-light-type cl osed-environnent chanber descri bed
above was set to the air tenperature and day |ength conditions
descri bed bel ow.

|. First Environnental Stinulus

1-A) The day length in the glass chanber was set to 8
hours, the air tenperature for |ight periods was set to 25 to
30°C, and the air tenperature for dark periods was set to 15
to 20°C. The air tenperature for |ight periods was set so as
to be no |l ower than 25°C. The chanber set to this environnment
is referred to bel ow as <Chanber 1A>.

1-B) The day length in the artificial-light-type cl osed-
envi ronnent chanber was set to 8 hours, the air tenperature
for light periods was set to 25 to 28°C, and the air
tenperature for dark periods was set to 16 to 18°C. The CO
concentration in the chanber was 0.04 to 0.08% and the
relative humdity was 50 to 90% The chanber set to this
environnent is referred to bel ow as <Chanber 1B>.

I1. Second Environnental Stinulus

The day length in the artificial-light-type cl osed-
envi ronnent chanmber was set to O hours, and the air
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tenperature was set to 3 to 7°C. The CO, concentration in the
chanber was 0.04 to 0.08% and the relative humdity was 70 to
100% The chanber set to this environnent is referred to
bel ow as <Chanber 2>.

[11. Third Environnental Stinul us

The day length in the artificial-light-type cl osed-
envi ronment chanber was set to 8 to 11 hours, the air
tenperature for light periods was set to 21 to 26°C, and the
air tenperature for dark periods was set to 14 to 16°C. The
CO, concentration in the chanber was 0.04 to 0.08% and the
relative humdity was 50 to 90% The chanber set to this
environnent is referred to bel ow as <Chanber 3>.

V. Oher Environnental Treatnents

The day length in the glass chanber was set to 14 hours,
the air tenperature for light periods was set to 25 to 32°C
and the air tenperature for dark periods was set to 18 to 25°C
The chanber set to this environment is referred to bel ow as
<Chanber 4>.

[ 0043] Exanple 1

Test plants were noved to <Chanber 1A> in early July (day
| ength: 14 hours; highest air tenperature: about 28°C, | owest
air tenperature: about 20°C) imedi ately after harvesting of
the fruit thereof, and the test plants were then grown therein
for 67 days. The plants were then imedi ately noved to
<Chanber 2> and grown therein for 30 days. The plants were
then i medi ately noved to <Chanber 3>.
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[ 0044] The growth status of the plants after the treatnents
descri bed above is illustrated in FIGS. 1 and 2. From
observation in the period of Septenber to Decenber, the
appear ance of new shoots in m d-Novenber, and flowering in
early Decenber were confirmed. Mre specifically, the
appear ance of new shoots from base parts of bearing basa
branches was observed, followed by flowering from buds at
di stal ends of bearing basal branches.
[ 0045] Furthernore, not only did the tree as a whol e grow
soundly, but fruit stenms thereof were long. Spaces were
t hereby forned between fruits, making long stens a preferred
characteristic for ease of harvesting. The peduncles and
rachi ses of flowers attached in flower clusters were |onger
than those occurring in natural conditions, and transformation
of florets into | eaves was observed.
[ 0046] Exanple 2

Test plants were noved to <Chanber 1A> in |ate August
(day length: 13 hours; highest air tenperature: about 30°C
| onest air tenperature: about 20°C) immedi ately after
harvesting of the fruit thereof, and the test plants were then
grown therein for 30 days. The plants were then i mredi ately
noved to <Chanmber 2> and grown therein for 45 days. The
pl ants were then i medi ately noved to <Chanber 3>
[ 0047] The growt h status of the plants after the treatnents
descri bed above is illustrated in FIGS. 3 and 4. From

observation in the period of Septenber to Decenber, the
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appear ance of new shoots and flowering were confirmed. More
specifically, the appearance of new shoots from base parts of
beari ng basal branches was observed, followed by flowering
frombuds at distal ends of bearing basal branches.
[ 0048] Exanple 3

Test plants were noved to <Chanber 1B> in early July
i medi ately after harvesting of the fruit thereof, and the
test plants were then grown therein for 80 days, whereupon
fl owering was observed fromaxillary buds of distal ends and
top parts of all new shoots. The test plants were pollinated
by bunbl ebees, and normal fruit matured and was harvested
begi nning in early Decenber.
[ 0049] The growt h status of the plant after the treatnents
descri bed above is illustrated in FIGS. 5 and 6. As described
above, from observation in the period of Septenber to Decenber,
fl owering occurred from about |ate Septenber, and it was
possi ble to begin harvesting in early Decenber. New shoots
began appearing in m d- Decenber.

[ 0050] Reference Exanple 1

Ref erence Exanple 1 is of a case in which test plants
were noved to <Chanber 2> in |ate August (day |length: 13
hours; highest air tenperature: about 30°C, |owest air
tenperature: about 20°C) after formation of flower buds and
grown therein for 60 days, then i medi ately noved to <Chanber
3> and grown therein for 60 days.

[0051] In this condition, flowering was absent on all bearing
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basal branches, and only new shoots occurred. New shoots
appeared beginning in early Novenber (see FIGS. 7 and 8).

[ 0052] Reference Exanple 2

Ref erence Exanple 2 is of a case in which test plants
were noved to <Chanber 1B> in |ate August after formation of
fl ower buds and grown therein for 120 days.

[0053] In this condition, flowering occurred in | ate Novenber,
but growth of foliage was not observed, and | eaves appeared
after maturing of fruit (see FIGS. 9 and 10).

[ 0054] Conparative Exanple 1

Conparative Exanple 1 is of a case in which test plants
were noved to <Chanber 1A> in |ate August after formation of
fl ower buds and grown therein for 120 days.

[0055] In this condition, flowering and the appearance of new
shoots were not observed, but buds were of a |arger size than
t hose occurring under natural conditions, and flowering
occurred after 150 days (see FIGS. 11 and 12).

[ 0056] Conparative Exanple 2

Conparative Exanple 2 is of a case in which test plants
were noved to <Chanber 4> in early July inmediately after
harvesting of fruit fromthe test plant, and the test plants
were grown in <Chanber 4> for 140 days.

[0057] In this condition, after flowering/fruiting was
observed at apical buds of branches exhibiting spindly growth
i n about m d-Cctober, flowering gradually progressed toward

t he base part, and flowering/fruiting occurred al so on bearing
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basal branches. However, new shoots did not appear (see FIGS.
13 and 14).

[ 0058] Conparative Exanple 3

Conparative Exanple 3 is of a case in which test plants
were grown in natural conditions (see FIGS. 15 and 16). Al
| eaves turned red.
[ 0059] Exanple 4

Exanpl e 4 shows the results of applying the present
invention to other plants. The strawberry varieties
“Tochi ot ome” and “Aki hi ne” were used as test plants. The
plants were planted in pots and force-cultivated in a gl ass
chanber in Fuchu Cty, Tokyo until the start of
experi mentati on.
[ 0060] Test plants were noved to <Chanber 3> in early My
i medi ately after harvesting of the fruit thereof, and the
test plants were then grown therein for 195 days. Cultivation
of plants was continued in the glass chanber for conpari son.
[ 0061] The growth status of the plants after the treatnents
descri bed above is illustrated in FIG 17. During the period
descri bed above, budding stopped in June to July in control -
group individuals, but continuous buddi ng was observed
t hroughout the period in exanple individuals.
[ 0062] For the exanples, the yield per rootstock during the
period was five to eight tines that of the control group

| NDUSTRI AL APPLI CABI LI TY

[ 0063] The present invention is useful as a technique for
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freely controlling the time of flowering and foliage growh in
crop cultivation. The present invention can therefore be used

in agriculture-related fields.
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CLAIMS

[Claim 1] A plant cultivation method comprising:

applying, to a plant, a first environmental stimulus for controlling flower bud
differentiation and/or leaf bud differentiation before flower buds and leaf buds are
formed or immediately after harvesting of fruit from the plant, wherein the plant is a
blueberry plant; and

applying, to the plant, a second environmental stimulus for controlling a
sprouting time for flower buds and/or leaf buds;

said first environmental stimulus being applied by placing a plant in an
environment having an air temperature during light and dark periods of 16 to 40°C and
a day length of 8 to 13 hours for 30 days to 90 days, and said second environmental
stimulus being applied by placing a plant in an environment having an air temperature
during light and dark periods of 3 to 7°C for approximately 15 to 45 days, wherein the

entire period of the second environmental stimulus is a dark period.

[Claim 2] The method according to claim 1, said first environmental stimulus being

applied immediately after harvesting of fruit.

[Claim 3] The method according to claim 1 or 2, the air temperature in said first
environmental stimulus being set to 16 to 23°C and the day length being set to 8 to 10

hours, thereby promoting development of flower buds.

[Claim 4] The method according to claim 1 or 2, the air temperature of a light period in
said first environmental stimulus being set to 25°C or higher, thereby increasing a
differentiation rate of leaf buds in conjunction with growth of new shoots.

[Claim 5] The method according to claim 1 or 2, the day length in said first
environmental stimulus being set to 12 to 13 hours, thereby increasing the ratio in

which leaf buds are formed.
[Claim 6] The method according to claim 1 or 2, the day length in said first

environmental stimulus being set to 8 to 10 hours, thereby increasing the ratio of

flower bud differentiation.
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[Claim 7] The method according to claim 1 or 2, the temperature of a light period in
said first environmental stimulus being set to 25°C or higher, and the day length being

set to 8 to 10 hours.

[Claim 8] The method according to any of claims 1 through 7, further comprising
applying, to a plant, a third environmental stimulus applied by placing a plant in an
environment suitable for sprouting of ieaf buds, sprouting of flower buds, generation of
foliage, flowering, and fruiting, said third environmental stimulus being applied by
placing a plant in an environment having an air temperature during light and dark

periods of 16 to 23°C and a day length of 8 to 11 hours for 15 days or greater.

[Claim 9] A fruit production method, said method comprising:

1) a step for placing a plant in an environment having an air temperature during
light and dark periods of 16 to 40°C and a day length of 8 to 13 hours immediately
after harvesting of fruit from the plant, wherein the plant is a blueberry plant;

2) a step for placing the plant in an environment having an air temperature
during light and dark periods of 3 to 7°C after said 1) step, wherein the entire period of
the 2) step is a dark period; and

3) a step for placing the plant in an environment having an air temperature
during light and dark periods of 16 to 23°C and a day length of 8 to 11 hours after said
2) step,

wherein the duration of said 1) step is 30 to 90 days, the duration of said 2)
step is 15 to 45 days, and the duration of said 3) step is 15 days or greater.

[Claim 10] The method according to claim 9, said 1) environment having a light-period
temperature of 25°C or higher and a day length of 8 to 10 hours.
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