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(57) ABSTRACT

A disease control device has light emitting diodes (D1 to Dn)
emitting green light and a controller (2) controlling a drive
circuit (1) for turning on the light emitting diodes (D1 to Dn).

(86) PCT No.: PCT/IP2007/054561 The drivecircuit (1) is controlled by the controller (2) to cause
the light emitting diodes (D1 to Dn) to emit green light to
§ 371 (©)(1), irradiate plants with the light. The irradiation with the green
(2), (4) Date: May 26, 2009 light enthances resistance of the plants against diseases.
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DISEASE CONTROL METHOD AND DISEASE
CONTROL DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a control method for
protecting plants from diseases by enhancing disease resis-
tance. The present invention also relates to a device and a
system which utilize the method.

BACKGROUND ART

[0002] Plant disease control measures in cultivation of agri-
cultural products which aim for securing yields of the agri-
cultural products and maintaining and improving the quality
are one of the most important processes in cultivation control,
As amethod for plant disease control, a control method using
pesticide agents has been most widely applied (refer to Patent
Document 1).

[0003] Many conventional pesticide agents directly target
plant pathogens, such as filamentous bacteria, bacteria,
viruses, and viroids, and insect pests. Since different active
components in such agents show effects for different target
pathogens and insect pests, these agents are used preventa-
tively or are selected after inference of what disease is
involved based on observation of developed symptoms in the
present circumstances. Accordingly, if an appropriate agent is
not selected on the basis of accurate disease diagnosis, the
control effect is decreased, resulting in an increase in the
number of agent applications.

[0004] Furthermore, when a single agent is applied, patho-
gens and insect pests develop resistance against the agent.
Accordingly, a multiple kinds of agents are used. As a result,
there arises a problem of an impact of toxicity of the agents to
the human body and the ambient environment. For this rea-
son, probenazole, acibenzolar-S-methyl or the like has been
used as a chemical substance which activates the intrinsic
biological defense mechanism of a plant so as to induce
disease resistance in the whole plant. Induction of systemic
disease resistance by activation of the intrinsic biological
defense mechanism in a plant is called Systemic Acquired
Resistance (SAR).

[0005] Induction of systemic acquired resistance princi-
pally refers to a phenomenon in which, when some kind of
stress is applied to a part of a plant, new resistance against the
stress is induced in the whole plant body while the informa-
tion on the stress reaches the whole body. The detailed mecha-
nism of the systemic acquired resistance induction has not
been revealed. However, it is generally considered that a plant
acquires disease resistance by firstly recognizing a plant
pathogen or an elicitor substance (a general term for sub-
stances which induce biological defense reactions of a plant
by activating the secondary metabolic system therein); and
then by generating active oxygen and causing signal trans-
duction involving salicylic acid, spermine and the like to
generate a PR protein (an infection-specific protein) or the
like.

[0006] Commonly-used systemic acquired resistance
inducers, such as probenazole, are considered to induce this
reaction. In the meantime, it is known that, in the case where
a plant receives stress such as injury, a signal transduction
involving jasmonic acid, ethylene, and the like occurs, which
improves notonly disease resistance but also insect pest resis-
tance, fruit ripening, flowering promotion, dormancy break-
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ing, germination control, and stress resistance against dry-
ness, low temperature, and the like.
[0007] As a pesticide agent utilizing induction of systemic
acquired resistance in a plant, probenazole has been put into
practical use, and has an extremely large market scale of
inhibitor agents for rice blast disease. However, these pesti-
cide agents have a small application range other than rice
blast disease. Accordingly, development of an effective prod-
uct of the next generation is desired. In the meantime, a
jasmonic acid derivative and an ethylene preparation have
also been utilized for the purpose of fruit ripening and flowing
promotion. However, the range of their effects is limited.
[0008] Moreover, in addition to complexity of the second-
ary metabolic system in a plant, activation of the enzymes
occurs in a short period of time Accordingly, very little of the
mechanism regarding activation of the plant protection sys-
tem involving elicitors has been revealed.
[0009] On the other hand, there have been attempts to ster-
ilize pathogens by using light, especially using ultraviolet
light, and to induce resistance by using red light. However, it
has been reported that resistance in a plant is decreased by
ultraviolet light. Accordingly, there are many unconfirmed
points regarding the mechanism and effects. Furthermore,
growth inhibition by ultraviolet light and effects by red light,
such as succulent growth of leaves and stems and inhibition of
flower bud differentiation, have also been reported. There-
fore, it is considered that, even if a control effect can be
obtained by these lights, their practical use would be difficult.
[0010] Patent Document 1: Japanese Patent Application
Publication 2001-294581
[0011] Patent Document 2: Japanese Patent Application
Publication 2005-328702

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0012] In recent years, an issue of heat-loving plant dis-
eases which have occurred mainly in a range from warm to
subtropical zones has become complicated by occurrence of
these diseases all over Japan due to global warming. Accord-
ingly, measures for plant diseases have become more difficult
year after year. As measures for plant disease in cultivation of
agricultural products, a control method using pesticide agents
has been conventionally adopted.

[0013] However, control using pesticide agents requires
several times of applications during cultivation. Accordingly,
while the producers incur labor and financial burden involved
in the applications, there are problems of environmental con-
tamination affecting the cultivation area and its vicinity and of
safety for the human body. Furthermore, it has been recently
pointed out how residual pesticide agents on agricultural
products affect the human body. Accordingly, a demand for
pesticide-free agriculture or agriculture using less pesticide
agents is becoming increasingly stronger.

[0014] An object of the present invention is to provide a
plant disease control method and a control device which are
capable of enhancing disease resistance in a plant and thereby
reducing an amount of pesticide agents to be used.

Means for Solving the Problems

[0015] Inorder to achieve the above object, a plant disease
control method according to Example of the present invention
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is characterized by enhancing disease resistance of a plant by
irradiating the plant with a light beam in a green wavelength
range.

Effects of the Invention

[0016] According to the present invention, which enhances
disease resistance of a plant by irradiating a light beam to the
plant, it is possible to dramatically reduce an amount of
pesticide agents to be used. In addition, without causing
adverse effects on the human body, environmental contami-
nation can also be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 11is an explanatory view showing the relation-
ship between an expression level of a disease resistant gene,
which was analyzed by Northern blotting, and color of an
irradiated light.

[0018] FIG. 2 is an explanatory view showing synthesis of
jasmonic acid and related enzymes.

[0019] FIG. 3 is a graph showing the relationship between
a period of time for irradiation and a gene expression level.
[0020] FIG. 4 is a graph showing the relationship between
an elapsed time after irradiation and a gene expression level,
[0021] FIG. 5 is a table showing the relationship between
development of grey mold disease and light irradiation.
[0022] FIG. 6 is a graph showing an effect of light intensity
on the expression of a disease resistant gene.

[0023] FIG. 7 is a graph showing an effect of pulsed irra-
diation on the expression of a disease resistant gene.

[0024] FIG. 8 is a graph showing an inhibitory effect on
strawberry anthracnose by green light irradiation.

[0025] FIG. 9 is a graph showing an inhibitory effect on
cucumber anthracnose by green light irradiation.

[0026] FIG. 10 is a graph showing an effect of a period of
time for irradiation on occurrence of cucumber anthracnose.
[0027] FIG. 11 is a graph showing an effect of a pulsed
irradiation on occurrence of cucumber anthracnose.

[0028] FIG. 12 is a graph showing an effect of a time of
pulsed irradiation on the number of lesions of cucumber
anthracnose.

[0029] FIG. 13 is a block view illustrating a configuration
of a control device.

[0030] FIG. 14A is a front view schematically showing the
enclosed-type seedling raising chamber for illustrating an
example of application of a fixed control device to an
enclosed-type seedling raising facility.

[0031] FIG. 14B is a lateral view schematically showing
the enclosed-type seedling raising facility for illustrating the
example of application of the fixed control device to the
enclosed-type seedling raising facility.

[0032] FIG. 15A is a front view schematically showing the
seedling raising facility, for illustrating an example of appli-
cation of a fixed control device to a seedling raising facility.
[0033] FIG. 15B is a lateral view schematically showing
the seedling raising facility, for illustrating the example of
application of the fixed control device to the seedling raising
facility.

[0034] FIG. 16A is a front view schematically showing the
facility, for illustrating an example of application of a fixed
control device 10 a protected horticulture.

[0035] FIG. 16B is a lateral view schematically showing
the facility, for illustrating the example of application of the
fixed control device to the protected horticulture.
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[0036] FIG. 17A is a front view schematically showing the
open field, for illustrating an example of application of a fixed
control device to open-field culture.

[0037] FIG. 17B is a lateral view schematically showing
the open field, for illustrating the example of application of
the fixed control device to open-field culture.

[0038] FIG. 18A is a lateral view schematically showing
the mobile control device, for illustrating an example of appli-
cation of a mobile control device.

[0039] FIG. 18B is a front view schematically showing the
mobile control device, for illustrating the example of appli-
cation of the mobile control device.

[0040] FIG. 19 is a diagrammatic view showing patterns of
pulsed irradiation, intermittent irradiation, and intermittent
pulsed irradiation.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0041] Inthe present invention, “plant” refers to ones rec-
ognizable from the term plant itself, including vegetables,
fruit, fruit trees, grains, seeds, bulbs, flowering grasses, herbs,
and taxonomic plants, and the like.

[0042] Induction of systemic disease resistance by activa-
tion of the intrinsic biological defense mechanism in aplantis
called systemic acquired resistance. Induction of systemic
acquired resistance principally refers to a phenomenon in
which, when some kind of stress is applied to a part of a plant,
new resistance against the stress is induced in the whole plant
body while the information of the stress reaches the whole
body. In the present invention, discovered is an effect of green
light which induces disease resistance in a plant, and this is a
completely new phenomenon by irradiation with green light.
[0043] Under the circumstances in which effects of conven-
tional pesticide agents on the human body and the environ-
ment have been strongly pointed out, the present invention is
an invention which is possibly capable of dramatically reduc-
ing an amount of pesticide agents to be used. To be more
specific, it 1s a phenomenon in which green light on a plant
induces expression of a resistant gene therein, and then vari-
ous proteins which confer disease resistance to the plant body
are created, and it is a basically-important research achieve-
ment which can be widely applicable to plant activity
enhancement methods and other eco-friendly control meth-
ods.

[0044] InExamples ofthe present invention, a possibility in
that expression of a pathogen- and stress-responsive gene
group in a plant was induced by irradiation with green light so
that resistance enhancement to pathogens and disease dam-
age was promoted was indicated.

[0045] The present invention utilizes light irradiation hav-
ing an effect of enhancing disease resistance in a plant, that is,
irradiation with green light in a wavelength range from 480
nm to 580 nm, more preferably, from 500 nm to 560 nm. A
plant is irradiated with the green light in these wavelength
ranges at night or in a combination of solar light.

[0046] As fora part to be irradiated in a plant in the present
invention, either a part of the plant or the whole plant body
may be a target to be irradiated with green light. As long as a
part of a plant body is irradiated with green light, induction of
disease resistance is initiated at the irradiated part, and the
induced disease resistance spreads from the part of the plant
body to the whole plant body.
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[0047] As fora periodof time forirradiation to a plant in the
present invention, when irradiation with green light is per-
formed for approximately 1 to 3 hours, disease resistance can
be maintained after 12 hours.

[0048] As foranirradiation method to a plant in the present
invention, various methods can be adopted. For example,
listed are methods of irradiation of a plant in a protected
culture oraplant in an open-field culture, irradiation of a plant
in hydroponic culture or a plant in soil culture, irradiation of
aseedling or a grafted seedling in raising seedling, irradiation
of a plant in a tissue culture incubator, irradiation of a natu-
ralized plant from a tissue culture seedling, and irradiation in
postharvest storage of agricultural products.

[0049] As for a light source to be used, various kinds of
light sources can be used as well. For example, in the case of
directly using an artificial light source, listed are a light emit-
ting diode (LED), a fluorescent tube, a cold-cathode tube, an
arc lamp, a neon tube, electroluminescence (EL), an elec-
trodeless discharge tube, an electrical bulb, a laser light, lights
by chemical reactions, such as phosphorescence and fluores-
cence, and the like. Furthermore, it is not limited to irradiation
using an artificial light source, and a light source may be
anything as long as it can selectively emit green light using
solar light.

[0050] For example, listed are materials such as a colored
film, a permeable film, a polarizing filter, a permeable mate-
rial, glass, and the like, which are capable of exhibiting green
light. As for an irradiation method, listed are an irradiation
method in which the whole plant body is evenly irradiated, an
irradiation method for irradiating a base part of a plant, an
irradiation method in which plants are irradiated sequentially
with the use of a mobile light source, an irradiation method
utilizing a reflection light in a mirror-ball system, and the like,
and any can be selected according to how and where the plant
is cultured.

[0051] A target plant in the present invention may be any
plant as long as it recognizes irradiation with green light as
stress, activates a resistant gene group against the stress, and
exhibits an effect of promoting an increase of resistance
against pathogens and diseases. Resistance-related genes
whose expression was induced by irradiation with green light
in Examples are genes involved in a common plant defense
system among a wide range of plant species. The fact that the
gene analysis result observed in a tomato plant exhibits a
similar effect in other plants was confirmed in experimental
systems in Examples using a cucumber seedling and grey
mold fungus and anthracnose fungus and using a strawberry
seedling and anthracnose fungus.

[0052] As for a plant in which induction of disease resis-
tance by light irradiation of the present invention is expected,
listed fruit vegetables are cucumber, pumpkin, watermelon,
melon, tomato, eggplant, green pepper, strawberry, okra,
string bean, fava bean, pea, soy bean, and the like.

[0053] Listed leaf vegetables are Chinese cabbage, green
leaves for salting, qing-geng-cai, cabbage, cauliflower, broc-
coli, brussel sprout, onion, green onion, garlic, Allium chin-
ense, Chinese leek, asparagus, lettuce, butter lettuce, celery,
spinach, garland chrysanthemum, parsley, Japanese hone-
wort, Japanese parsley, udo, Japanese ginger, Japanese but-
terbur, Japanese basil, and the like.

[0054] Listed root vegetables are Japanese radish, turnip,
burdock root, carrot, potato, amid, sweet potato, yam, ginget,
lotus root, and the like. In addition, the present invention is
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also applicable to rice plant, barley plants, corn, feed crops,
flowers and ornamental plants, fruit trees, and timber trees,
and the like.

[0055] A green-light LED used in the following tests has a
bandwidth in a range from 500 to 560 nm.

[0056] [Test 1]

[0057] An effect of light irradiation on the expression of a
gene involved in disease resistance induction was investi-
gated using a tomato seedling.

[0058] [Materials and Methods]

[0059] (Materials)

[0060] As for a sample tomato variety, a Momotaro 8 vari-
ety (Takii Seed Co., Ltd.) was used. Seeds were sowed in a
propagation medium (Zen-noh, Yosaku), and a true leaf of a
two-week old seedling was used.

[0061] (Test Conditions)

[0062] A tomato seedling was transferred into a constant-
temperature unit set to a room temperature of 25° C., and light
irradiation was performed on the tomato seedling using LED
light sources (blue, green, yellow, and red). The number of
LED lamps was 360 for each of the light sources, and the
whole plant body was evenly irradiated from 1 cm above the
top of the plant body.

[0063] (RNA Extraction)

[0064] A tomato leaf was ground in liquid nitrogen using a
pestle and a mortar immediately after the treatment. For RNA
extraction from a ground tissue powder, an RNeasy Mini Kits
(QIAGEN) was used.

[0065] (Northern Blot Analysis)

[0066] For Northern blotanalysis, aPCR product including
a T7 promoter region was amplified using a primer set 60F/
260Rv+17 (5"-TCAACCTAGTACGAGAGGAACCG-3'/5'-
TAATACGACTCACTATAGGGAACGA-
CACGTGCCCTTGG-3) targeting 25S rRNA and a primer
set 501F/1301Rv+T7 (5-TTCGTATCTCGACCCATCT-
GAA-3'/5-TAATACGACTCACTATAGGGGGTTGG-
TACCCGAATAGGATTTC-3") targeting AOS, and an RNA
probe labeled by using a Dig RNA labeling kit (SP61T7)
(Roche) was used.

[0067] AnRNA sample was prepared by well mixing 10 pg
of total DNA (2 ug of 25S rRNA), 1 pl of a 20x MOPS, 3.5 pl
0f 37% (v/v) formaldehyde, and 10 pl of formaldehyde, and
adjusted the total volume to 20 ul by adding water. The
prepared sample was denatured by heating at 65° C. for 10
minutes, and applied to electrophoresis at 100 V for 40 min-
utes using a denaturing agarose gel containing /formaldehyde
immediately after addition of 2 pl of'a 10x dye solution.
[0068] After the electrophoresis, the gel was washed twice
for 15 minutes in a 10xSSC, and the RNA was transferred to
a Hybond-N+ membrane (Amersham Biosciences) by a cap-
illary method. After the transfer, the RNA was fixed by leav-
ing the membrane stand still at 80° C. for 2 hours. The mem-
brane after having been subjected to determination of the
RNA level by methylene blue staining was placed in a hybrid-
ization bag, and subjected to prehybridization at 68° C. for
more than 3 hours in an approximately 10 ml of a Northern
blot hybridization buffer (5xSSC, 0.1% (w/v) N-lauroyl sar-
cosine, 0.02% (w/v) SDS, 2% blocking agent, and 50% (v/v)
formamide).

[0069] After the prehybridization, the RNA probe was
denatured by boiling for approximately 10 minutes, and
added to the hybridization buffer. Thereafter, the membrane
was shaken at 68° C. overnight for hybridization. After the
hybridization, the membrane was washed twice with a wash
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buffer 1 (2xSSC, 0.1% SDS) for 5 minutes and twice with a
wash buffer 2 (0.5xSSC, 0.1% SDS) (68° C.) for 15 minutes.
Thereafter, the membrane was lightly washed with a maleic
acid buffer (0.15 M NaCl, 0.1 M maleic acid) containing
Tween 20, and then subjected to blocking in a blocking buffer
(the maleic acid buffer, 1x blocking buffer) for more than 1
hour.

[0070] After the blocking, the membrane was washed three
times with the maleic acid buffer containing Tween 20 for 15
minutes. Signal detection was carried out by a chromogenic
reaction using NBT/BCIP.

[0071] [Results and Discussion]

[0072] Asaresultofthe investigation ofan expression level
of disease resistance in the case of irradiating a tomato seed-
ling with LED light sources (blue, green, yellow, red, and far
red) using the above-described analysis technique, it was
found as shown in FIG. 1 that expression of an allene oxide
synthase (AOS) gene, which is one of typical genes deeply
involved in disease resistance, was specifically induced only
by irradiation with green light.

[0073] AOS is an enzyme which is, along with lipoxyge-
nase (LOX), involved in a lipid peroxidation pathway, and, as
shown in FIG. 2, plays an important role in biosynthesis of
jasmonic acid which is known to be deeply involved in induc-
tion of disease resistance.

[0074] Tt is known in a plant that this lipid peroxidation
pathway is activated in a quite early stage by stress, such as a
pathogen and injury, and, as a result, signal transducers, such
as jasmonic acid and salicylic acid, are synthesized, and a
defense mechanism is activated. The fact that the AOS gene
was activated by irradiation with green light indicates that
recognition of green light by tomato led to activation of a
stress-responsive reaction pathway. The present result sug-
gests the possibility that irradiation with green light activates
apathogen- and stress-responsive gene pathway ina plant and
promotes an increase in resistance against pathogens and
diseases.

[0075] Green light is considered to be difficult to use for a
photosynthetic reaction and the like in plants. To be more
specific, plants are green because they reflect unnecessary
green light or allow it to go through them. Therefore, being
continuously irradiated with green light as a monochromatic
light is considered to be a stressful state for a plant. In addi-
tion, all the resistance-related genes whose expression was
induced by irradiation with green light are genes involved in
a common plant defense mechanism among a wide range of
plant species. Accordingly, this effect observed in tomato is
highly likely to have a similar effect in other plants.

[0076] [Test 2]

[0077] An effect of light irradiation condition on the
expression of a gene involved in disease resistance induction
was investigated using a tomato seedling.

[0078] [Materials and Methods]

[0079] (Materials)

[0080] As for a sample tomato variety, a Momotaro 8 vari-
ety (Takii Seed Co., [td.) was used. Seeds were sowed in a
propagation medium (Zen-noh, Yosaku), and a true leaf of a
two-week old seedling was used.

[0081] (Test Conditions)

[0082] A tomato seedling was transferred into a constant-
temperature unit set to aroom temperature of 25° C., and light
irradiation was performed on the tomato seedling using LED
light sources (blue, green, yellow, and red). The number of
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LED lamps was 360 for each of the light sources, and the
whole plant body was evenly irradiated from 1 cm above the
top of the plant body.

[0083] (RNA Extraction)

[0084] A tomato leaf was ground in liquid nitrogen using a
pestle and a mortar immediately after the treatment. For RNA
extraction from a ground tissue powder, an RNeasy Mini Kits
(QIAGEN) was used.

[0085] (Real-Time PCR Method)

[0086] An individual sample used for Real-time PCR was
c¢DNA obtained by reverse transcription of 1 pl of total RNA
extracted from the tomato leaf with the use of Quantitect
Reverse Transcription kit (QIAGEN).

[0087] As for primers and probe, a TagMan probe kit
(156F/177Taq/220Rv; 5'-CCAAGCCTGGTGGAAGGA-3'/
5-CCGCGAAGAAGGACATGGCGA-3/5-GCCAC-
CAAGGCTCATCTT-3") targeting LOX was used, and FAM
was used as a reporter dye.

[0088] Forareaction, a PreMix (25 ul of Tag Man Universal
PCR Master Mix, 0.5 ul of 50 uM Fw primer, 0.5 ul of 50 uM
Rv primer, 0.5 ul of TagMan probe, 21.5 pl of distilled water)
was prepared, 2 pl of each sample cDNA was added thereto,
and a reaction was carried out in a 50 pl reaction volume ABI
PRISM 7000 Sequence Detection System (Applied Biosys-
tems) was used, and a reaction cycle was a cycle of 50° C. for
2 minutes and 95° C. for 10 minutes, and 40 cycles of 95° C.
for 15 seconds and 60° C. for 1 minute.

[0089] For detection, a standard curve was created by cal-
culating a logarithm of a Th line (Threshold line) on an
amplification curve of individual samples, and the value of an
expression level of chitinase was quantified as a relative value
to an expression level of 255 rRNA gene.

[0090] [Results and Discussion]

[0091] As aresultof the investigation ofa period of time for
green light irradiation to induce a LOX gene, which is one of
the resistance-related genes, it was revealed that the gene
expression level was rapidly increased by irradiation for a few
hours, approximately 1 to 3 hours. Moreover, as a result of the
investigation of the duration of the gene expression, it was
confirmed that the expression continued even 12 hours after
the gene expression, although it was gradually decreasing
(FIG. 3). Therefore, it was considered that disease resistance
can be continuously induced by intermittently performing
approximately 1 to 3 hours of irradiation with green light
(FIG. 9.

[0092] Induction of LOX gene expression by irradiation
with green light further supports the above-described effects
of green light irradiation on disease resistance.

[0093] [Test 3]

[0094] [Materials and Methods]

[0095] Using a disease causing system of cucumber and
grey mold fungus (Botrytis cinerea), which is a typical patho-
gen in cucumber, an effect of green light irradiation on
cucumber in aseedling stage during an infectious episode was
investigated. p (Seedling-Raising Method of an Inoculated
Plant)

[0096] One cucumber seed (variety: creeping cucumber)
was sowed in a black plastic pot having a diameter of 6 cm
filled with vermiculite on December 1*, Heisei 17, and
sprouted and raised at a room temperature of 23° C. under the
lighting of a fluorescent lamp having an illumination intensity
in a range 6,000 to 8,000 lux. For inoculation of a pathogen,
a cucumber seedling having developed seed leaves and a true
leaf was used.
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[0097] (Thes Conditions)

[0098] Setting of experimental sections was: a control sec-
tion; a probenazole-applied section to which a commercially-
available agent probenazole having an effect of improving
disease resistance is applied; and a light-irradiation section.
In the control section, pathogen inoculation was carried out
on a seedling raised under the above-described seedling rais-
ing conditions. In the probenazole section, a 0.1% (w/v)
aqueous solution of granulated Olizemate (manufactured by
Meiji Seika Kaisha Ltd., active ingredient: 8% probenarole)
was sprayed 2 hours before pathogen inoculation.

[0099] Thereafter, the section was placed back under the
above-described seedling raising conditions, and pathogen
inoculation was carried out after 2 hours. In the light irradia-
tion section, a seedling raised under the above-described
seedling raising conditions was subjected to 2-hour light irra-
diation in which the whole plant was evenly irradiated from
approximately 8 cm above the top of the plant body using a
green LED light source before pathogen inoculation. After
completion of the light irradiation treatment, a pathogen was
immediately inoculated by an inoculation method described
below. The number of cucumber plants used in each of the
experimental sections was 6.

[0100] (A method for Preparing a Pathogen Suspension for
Inoculation and a Method of Pathogen Inoculation)

[0101] Grey mold fungus (Botrvtis cinerea NBRC9760
strain) was used for pathogen inoculation. The concentration
of a spore suspension of the grey mold fungus was adjusted in
a range from 10° to 10° spores/ml to prepare a pathogen
suspension. The suspension was filled into a spray container,
and sprayed evenly onto the leaf surface of a cucumber seed-
ling for inoculation. Inoculation was carried out on December
12, Heisei 17.

[0102] (A Cultivation Method after Inoculation)

[0103] After the inoculation of the pathogen suspension,
the cucumber seedling was covered by a plastic bag, and
cured for 2 days ina plant raising constant-temperature cham-
ber at aroom temperature of 20° C. and humidity of 90% with
a day length of 12 hours. After the curing, the plastic bag was
removed, and the seedling was cultured for 2 weeks in a plant
raising constant-temperature chamber at a room temperature
0f30° C. and humidity of 85% with a day length of 12 hours.
[0104] (Determination of Disease Damage)

[0105] After carrying out the culture for approximately 2
weeks after the inoculation, incidence of disease damage was
investigated. To be more specific, determination was carried
out by identifying acucumber seedling showing development
oflesionon the underside of a seed leaf as a diseased plant and
a seedling not showing such lesion as a healthy plant. Deter-
mination of disease damage was carried out December 26,
Heisei 17.

[0106] [Results and Discussion]

[0107] As a result of the determination of disease damage
development approximately 2 weeks after inoculation of the
grey mold fungus, formation of lesion in a seed leaf in all the
plants in the control section was observed, and an incidence of
100% was shown. On the other hand, the incidence was 50%
in the probenazole applied section and 67% in the light-irra-
diating section (refer to Table 1 in FIG. 5).

[0108] Furthermore, it was also observed that the degree of
disease development in the diseased plants both in the
probenazole treatment section and the light-irradiation treat-
ment section was made lighter than those in the control sec-
tion. Therefore, it was revealed that disease resistance can be
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improved by green light irradiation and infection of a patho-
gen can be prevented. In addition, such an effect was proved
to be equivalent to that of probenazole.

[0109] These phenomena are considered to be induction of
systemic acquired resistance, and the possibility that disease
resistance by local irradiation can reach the whole body was
also suggested. The present control method is not a method
for sterilizing a pathogen itself' but a method for decreasing an
infection with a disease by improving disease resistance in a
plant body so as to prevent infection and invasion of a patho-
gen into the plant body.

[0110] In other words, it is assumed that a condition in
which disease resistance is enhanced in a plant body by peri-
odically receiving light irradiation can be continuously main-
tained, and infection with a pathogen can be prevented.
Hence, a prospect has been obtained for a pioneering optical
control technique which can replace conventional control
using a pesticide agent.

[0111] [Test 4]

[0112] An effect of light intensity on the expression of a
disease-resistant gene was investigated using a cucumber
seedling.

[0113] [Materials and Methods]

[0114] (Materials)

[0115] A cucumber seed (‘Alpha Fushinari’ Kurume Veg-
etable Breeding Co., Ltd.) was sowed in a nursery soil, and a
seedling obtained one week after the sowing was used.
[0116] (Test Conditions)

[0117] Inachamber setto 25° C.,a cucumber seedling was
irradiated for 2 hours using a green LED as a light source at a
light intensity of 30 umol/m*/s, 60 umol/m*s, or 120 umol/
m*/s. Immediately after the irradiation, RNA was extracted
from a seed leaf and a true leaf of the individual cucumber
seedling.

[0118] (RNA Extraction)

[0119] A cucumber leaf was ground in liquid nitrogen
using a pestle and a mortar immediately after the treatment.
For RNA extraction from a ground tissue powder, an RNeasy
Mini Kits (QIAGEN) was used.

[0120] (Real-Time PCR Method)

[0121] An individual sample used for Real-time PCR was
cDNA obtained by reverse transcription of 2 pug of total RNA
extracted from the cucumber leaf with the use of High Caoac-
ity cDNA Reverse Transcription Kit (Applied Byosystems).

[0122] As for primers and probes, a TagMan probe (16F/
128Tag/279Rv;  5'-acaggttagtittaccetactgatgaca-3'/5'-cge-
gaagetacegtgtgctggattat-3'/5"-cegtegeggegactta-3') targeting
258 rRNA and a TagMan probe (Cucu-Fw550F/Cu-
cuTag571/CucuRv616;  5'-gecgeagtgtecaatacca-3Y5'-cget-
cacctagacgecgegate-3Y5'-aacggaategaacagtecagtt-3") target-
ing chitinase were used, and FAM was used as a reporter dye.
[0123] Forareaction, a PreMix (25 pl of Tag Man Universal
PCR Master Mix, 0.5 ul of 50 uM Fw primer, 0.5 ul of 50 pM
Rv primer, 0.5 pl of TagMan probe, 21.5 ul of purified water)
was prepared, 1 pl of each sample cDNA was added thereto,
and a reaction was carried out in a 50 pl reaction volume For
detection, ABI PRISM 7000 Sequence Detection System
(Applied Biosystems) was used, and a reaction cycle was a
cycle of 50° C. for 2 minutes and 95° C. for 10 minutes, and
40 cycles of 95° C. for 15 seconds and 60° C. for 1 minute.

[0124] For detection, a standard curve was created by cal-
culating a logarithm of a Th line on an amplification curve of
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individual samples, and the value of an expression level of
chitinase was quantified as a relative value to an expression
level of 255 rRNA gene.

[0125] (Results)

[0126] As a result of the gene analysis of the effect of light
intensity on the expression of the disease resistance gene, it
was observed that the expression level of the resistant gene
was highest at 60 umol/m?/s in the case of immediately after
2-hour irradiation of green light (FIG. 6). On the other hand,
in a control effect confirmation test using a disease system,
which will be described later, the control effect was high at
approximately 80 umol/m*/s for strawberry and approxi-
mately 120 pmol/m?/s for cucumber.

[0127] According to these results, it was supported by the
gene analysis that the light intensity which showed the effect
in the control test using a disease system was also an appro-
priate light intensity in expression of disease resistance.
[0128] The fact that the gene of chitinase, which is one of
typical PR proteins, was induced by green light further
strongly supports the above-described disease resistance
inductive effect of green light irradiation.

[0129] [Test 5]

[0130] An effect of pulsed irradiation on the expression of
a disease-resistant gene was investigated using a cucumber
seedling.

[0131] [Materials and Methods]

[0132] (Materials)

[0133] A cucumber seed (Alpha Fushinari Kurume Veg-
etable Breeding Co., Ltd.) was sowed in a nursery soil, and a
seedling obtained one week after the sowing was used.
[0134] (Test Conditions)

[0135] Inachambersetto 25° C., a cucumber seedling was
irradiated for 2 hours using a green LED as a light source at an
irradiation interval of 1 time/0.5 seconds or 1 time/5 seconds
or continuously. One day after the irradiation, RNA was
extracted from a seed leaf and a true leaf of the individual
cucumber seedling.

[0136] (RNA Extraction)

[0137] A cucumber leaf was ground in liquid nitrogen
using a pestle and a mortar immediately after the treatment.
For RNA extraction from a ground tissue powder, an RNeasy
Mini Kits (QTAGEN) was used.

[0138] (Real-Time PCR Method)

[0139] An individual sample used for Real-time PCR was
c¢DNA obtained by reverse transcription of 2 pg of total RNA
extracted from the cucumber leaf with the use of High Caoac-
ity ¢cDNA Reverse Transcription Kit (Applied Byosystems).
[0140] As for primers and probes, a TagMan probe (16F/
128Tag/279Rv;  S'-acaggttagttttaccctactgatgaca-3'/5'-cge-
gaagctacegtgtgctggattat 375 -cegtegeggegactta-3') targeting
258 rRNA and a TagMan probe (Cucu-Fw550F/Cu-
cuTaq571/CucuRv616;  5'-gccgeagtgtecaatacca-3Y5'-cget-
cacctagacgecgegate-3'/5'-aacggaatcgaacagtccagtt-3') target-
ing chitinase were used, and FAM was used as a reporter dye.
[0141] Forareaction, a PreMix (25 pl of Tag Man Universal
PCR Master Mix, 0.5 ul of 50 uM Fw primer, 0.5 pl of 50 pM
Rv primer, 0.5 pl of TagMan probe, 21.5 pl of purified water)
was prepared, 1 pl of each sample cDNA was added thereto,
and a reaction was carried out in a 50 pl reaction volume For
detection, ABI PRISM 7000 Sequence Detection System
(Applied Biosystems) was used, and a reaction cycle was a
cycle of 50° C. for 2 minutes and 95° C. for 10 minutes, and
40 cycles of 95° C. for 15 seconds and 60° C. for 1 minute.
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[0142] For detection, a standard curve was created by cal-
culating a logarithm of a Th line on an amplification curve of
individual samples, and the value of an expression level of
chitinase was quantified as a relative value to an expression
level of 25S rRNA gene.

[0143] [Results and Discussion]
[0144] (Results)

[0145] As a result of the gene analysis of the effect of
irradiation interval on the expression of the disease resistance
gene, it was observed that the expression level of the disease
resistance gene tended to be higher when pulsed irradiation is
carried out than when continuous irradiation is carried out
(FIG. 7). On the other hand, in a control effect confirmation
test using a disease system, which will be described later, the
control effect was high with pulsed irradiation of 1 time every
5 seconds. According to these results, it was supported by the
gene analysis that the pulsed irradiation which showed the
effect in the control test using a disease system was also an
effective irradiation method in expression of disease resis-
tance.

[0146] [Test 6]

[0147] (Inhibitory Effect on Strawberry Anthracnose by
Green Light Irradiation)

[0148] [Materials and Methods]

[0149] Using a disease causing system of strawberry and
grey mold fungus (Glomerella cingulata), which is a typical
pathogen in strawberry, an effect of green light irradiation on
strawberry in a seedling stage during an infectious episode
was investigated.

[0150] (Seedling-Raising Method of an Inoculated Plant)

[0151] A runner of strawberry (variety: Sachinoka) was
collected into a black plastic pot having a diameter of 8 cm
filled with a soil for strawberry seedling raising (Sukusuku
system Senyou Baido, Marusan Industry Co., Ltd.), and
raised for approximately 1 month. For pathogen inoculation,
a strawberry seedling having 3 true leaves was used.

[0152] (Test Conditions)

[0153] Setting of experimental sections was: a non'treat-
ment section; a pesticide agent-applied section to which a
commercially-available agent having an effect of improving
disease resistance is applied; and a green light irradiation
section.

[0154] In the non-treatment section, pathogen inoculation
was carried out on a seedling raised under the above-de-
scribed seedling raising conditions. In the pesticide agent-
applied section, a 0.1% (w/v) aqueous solution of granulated
Olizemate (manufactured by Meiji Seika Kaisha Ltd., active
ingredient: 8.0% probenazole) was sprayed 2 hours before
pathogen inoculation. The seedlings were left at rest at aroom
temperature of 23° C. under a fluorescent lamp having an
illumination intensity in a range 6,000 to 8,000 lux for 2
hours, and then subjected to pathogen inoculation.

[0155] Inthe green light irradiation section, in a chamber
setto 25° C., a strawberry seedling was irradiated for 2 hours
using a green light LED as a light source at a light intensity of
15 umol/m*/s, 30 umol/m?/s, or 80 umol/m*/s hefore patho-
gen inoculation. After the completion of the light-irradiation
treatment, the pathogen was immediately inoculated by an
inoculation method which will be described below. The num-
ber of strawberry plants used in each of the experimental
sections was 7.
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[0156] (A method for Preparing a Pathogen Suspension for
Inoculation and a Method of Pathogen Inoculation)

[0157] Anthracnose fungus (Glomerella  cingulata
NBRC6425 strain) was used for pathogen inoculation. The
concentration of a spore suspension of the anthracnose fun-
gus was adjusted in a range from 10° to 10° spores/ml to
prepare a pathogen suspension. The suspension was filled
into a spray container, and sprayed evenly onto the leaf sur-
face of a strawberry seedling for inoculation.

[0158] (A Cultivation Method after Inoculation)

[0159] After the inoculation of the pathogen suspension,
the seedling was covered with a plastic bag, and cured for two
days in a plant raising constant-temperature chamber at a
room temperature of 20° C. and humidity of 90% with a day
length of 12 hours. After the curing, the plastic bag was
removed, and the seedling was cultured for 2 weeks in a plant
raising constant-temperature chamber at a room temperature
0f30° C. and humidity of 85% with a day length of 12 hours.
[0160] After carrying out the culture for approximately 2
weeks after the inoculation, incidence of disease damage was
investigated. To be more specific, determination was carried
out by identifying a strawberry seedling showing develop-
ment of lesion on the leaf surface as a diseased plant and a
seedling not showing such lesion as a healthy plant. The
degree of lesion in a diseased plant was classified into 3
stages, and the degree of disease development was observed.
[0161] [Results and Discussion]

[0162] As aresult of the determination of disease damage
development approximately 2 weeks after the inoculation of
the strawberry anthracnose fungus to a strawberry seedling, it
was observed that the degree of disease development was
made lighter in the green light-irradiation section than in the
control section. Therefore, it was revealed that disease resis-
tance can be improved by green light irradiation and infection
with strawberry anthracnose fungus can be prevented.
[0163] Furthermore, it was revealed that the effective light
intensity in the case of 2"hour irradiation was approximately
80 pmol/m?/s for strawberry (FIG. 8).

[0164] [Test7]

(Inhibitory Effect on Cucumber Anthracnose by
Green Light Irradiation)

[0165] [Materials and Methods]

[0166] Using a disease causing system of cucumber and
anthracnose fungus (Colletotrichum orbiculare), which is a
typical pathogen in cucumber, an effect of green light irradia-
tion on cucumber in a seedling stage during an infectious
episode was investigated.

[0167] (Seedling-Raising Method of an Inoculated Plant)
[0168] One cucumber seed (variety: Alpha Fushinari) was
sowed in a black plastic pot having a diameter of 6 cm filled
with vermiculite, and sprouted and raised at a room tempera-
ture of 23° C. under the lighting of a fluorescent lamp having
an illumination intensity in a range 6,000 to 8,000 lux. For
inoculation of a pathogen, a cucumber seedling having devel-
oped seed leaves and a true leaf was used.

[0169] (Test Conditions)

[0170] Setting of experimental sections was: a non-treat-
ment section; a pesticide agent-applied section to which a
commercially-available agent having an effect of improving
disease resistance is applied; and a green light irradiation
section.

[0171] In the non-treatment section, pathogen inoculation
was carried out on a seedling raised under the above-de-
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scribed seedling raising conditions. In the pesticide agent-
applied section, a 0.1% (w/v) aqueous solution of granulated
Olizemate (manufactured by Meiji Seika Kaisha Ltd., active
ingredient: 8.0% probenazole) was sprayed 2 hours before
pathogen inoculation.

[0172] The seedlings were left at rest at a room temperature
of 23° C. under a fluorescent lamp having an illumination
intensity in a range 6,000 to 8,000 lux for 2 hours, and then
subjected to pathogen inoculation. In the green light-irradia-
tion section, in a chamber set to 25° C., a cucumber seedling
was irradiated for 2 hours before pathogen inoculation using
a green light LED as a light source at a light intensity of 30
umol/m?/s, 60 pmol/m*/s, or 120 pmol/m*/s. After the
completion of the light-irradiation treatment, the pathogen
was immediately inoculated by an inoculation method
described below. The number of cuacumber plants used in each
of the experimental sections was 9.

[0173] (A Method for Preparing a Pathogen Suspension for
Inoculation and a Method of Pathogen Inoculation)

[0174] Anthracnose fungus (Colletotrichum orbiculare
NBRC33130 strain) was used for pathogen inoculation. The
concentration of a spore suspension of the anthracnose fun-
gus was adjusted in a range from 10° to 10° spores/ml to
prepare a pathogen suspension. The suspension was filled
into a spray container, and sprayed evenly onto the leaf sur-
face of a cucumber seedling for inoculation.

[0175] (A Cultivation Method after Inoculation)

[0176] After the inoculation of the pathogen suspension,
the cucumber seedling was covered by a plastic bag, and
cured for two days in a plant raising constant-temperature
chamber at a room temperature of 20° C. and humidity of
90% with a day length of 12 hours. After the curing, the
plastic bag was removed, and the seedling was cultured for 2
weeks in a plant raising constant-temperature chamber at a
room temperature of 30° C. and humidity of 85% with a day
length of 12 hours.

[0177] [Results and Discussion]

[0178] As aresult of the determination of disease damage
development approximately 2 weeks after the inoculation of
the cucumber anthracnose fungus to a cucumber seedling, it
was observed that the degree of disease development was
made lighter in the green light irradiation section than in the
control section. Therefore, it was revealed that disease resis-
tance can be improved by green light irradiation and infection
with cucumber anthracnose fungus can be prevented.

[0179] Furthermore, it was revealed that the effective light
intensity in the case of 2-hour irradiation was approximately
120 pmol/m?/s for cucumber (FIG. 9).

[0180] [Test 8]

[0181] (EffectofaPeriod of Time for Irradiation on Control
Effect)

[0182] [Materials and Methods]

[0183] Using a disease causing system of cucumber and
anthracnose fungus (Colletotrichum orbiculare), which is a
typical pathogen in cucumber, an effect of green light irradia-
tion on cucumber in a seedling stage during an infectious
episode was investigated.

[0184] (Seedling-Raising Method of an Inoculated Plant)
[0185] One cucumber seed (variety: Alpha Fushinan) was
sowed in a black plastic pot having a diameter of 6 cm filled
with vermiculite, and sprouted and raised at a room tempera-
ture of 23° C. under the lighting of a fluorescent lamp having
an illumination intensity in a range 6,000 to 8,000 lux. For
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inoculation of a pathogen, a cucumber seedling having devel-
oped seed leaves and a true leaf was used.

[0186] (Test Conditions)

[0187] Setting of experimental sections was: a control sec-
tion; a probenazole-applied section to which a commercially-
available agent probenazole having an effect of improving
disease resistance is applied; and a light irradiation section. In
the control section, pathogen inoculation was carried out on a
seedling raised under the above-described seedling raising
conditions. In the probenazole section, a 0.1% (w/v) aqueous
solution of granulated Olizemate (manufactured by Meiji
Seika Kaisha Ltd., active ingredient: 8.0% probenazole) was
sprayed 2 hours before pathogen inoculation.

[0188] Theseedlings were left atrestata room temperature
of 23° C. under a fluorescent lamp having an illumination
intensity in a range 6,000 to 8,000 lux for 2 hours, and then
stbjected to pathogen inoculation. In the green light-irradia-
tion section, in a chamber set to 25° C., a cucumber seedling
was irradiated for 1 hour, 2 hours, or 6 hours using a green
light LED as a light source at a light intensity of 120 umol/
m*/s before pathogen inoculation. After the completion of the
light-irradiation treatment, the pathogen was immediately
inoculated by an inoculation method described below. The
number of cucumber plants used in each of the experimental
sections was 9.

[0189] (A Method for Preparing a Pathogen Suspension for
Inoculation and a Method of Pathogen Inoculation)

[0190] Anthracnose (Colletotrichum orbiculare
NBRC33130 strain) was used for pathogen inoculation. The
concentration of a spore suspension of the anthracnose fun-
gus was adjusted in a range from 10° to 10° spores/ml to
prepare a pathogen suspension. The suspension was filled
into a spray container, and sprayed evenly onto the leaf sur-
face of a cucumber seedling for inoculation.

[0191] (A Cultivation Method after Inoculation)

[0192] After the inoculation of the pathogen suspension,
the cucumber seedling was covered by a plastic bag, and
cured for two days in a plant raising constant-temperature
chamber at a room temperature of 20° C. and humidity of
90% with a day length of 12 hours. After the curing, the
plastic bag was removed, and the seedling was cultured for 2
weeks in a plant raising constant temperature chamber at a
room temperature of 30° C. and humidity of 85% with a day
length of 12 hours.

[0193] (Determination of Disease Damage)

[0194] After carrying out the culture for approximately 2
weeks after the inoculation, incidence of disease damage was
investigated. To be more specific, determination was carried
out by identifying acucumber seedling showing development
oflesionon the underside of a seed leaf as a diseased plant and
a seedling not showing such lesion as a healthy plant.

[0195] [Results and Discussion]

[0196] As a result of the determination of disease damage
development approximately 2 weeks after inoculation of the
cucumber anthracnose fungus to a cucumber seedling, it was
observed that the disease development was made lightest by
2-hour irradiation. Therefore, as for the time of green light
irradiation, it was revealed that 2-hour irradiation has the
highest inhibitory effect (FIG. 10).

[0197] (Effect of PulsedIrradiation on Control Effect) [Ma-
terials and Methods]

[0198] Using a disease causing system of cucumber and
anthracnose fungus (Colletotrichum orbiculare), which is a
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typical pathogen in cucumber, an effect of green light irradia-
tion on cucumber in a seedling stage during an infectious
episode was investigated.

[0199] (Seedling-Raising Method of an Inoculated Plant)
[0200] One cucumber seed (variety: Alpha Fushinari) was
sowed in a black plastic pot having a diameter of 6 cm filled
with vermiculite, and sprouted and raised at a room tempera-
ture of 23° C. under the lighting of a fluorescent lamp having
an illumination intensity in a range 6,000 to 8,000 lux. For
inoculation of a pathogen, a cucumber seedling having devel-
oped seed leaves and a true leaf was used.

[0201] (Test Conditions)

[0202] Setting of experimental sections was: a control sec-
tion; a probenazole-applied section to which a commercially-
available agent probenazole having an effect of improving
disease resistance is applied; and a light irradiation section. In
the control section, pathogen inoculation was carried outon a
seedling raised under the above-described seedling raising
conditions. In the probenazole section, a 0.1% (w/v) aqueous
solution of granulated Olizemate (manufactured by Meiji
Seika Kaisha Ltd., active ingredient: 8.0% probenazole) was
sprayed 2 hours before pathogen inoculation.

[0203] The seedlings were left at rest at a room temperature
of 23° C. under a fluorescent lamp having an illumination
intensity in a range 6,000 to 8,000 lux for 2 hours, and then
subjected to pathogen inoculation. In the green light-irradia-
tion section, in a chamber set to 25° C., a cucumber seedling
was irradiated continuously, at intervals of 1 time/0.5 sec-
onds, or at intervals of 1 time/5 seconds using a green light
LED as a light source at a light intensity of 120 umol/m¥s
before pathogen inoculation. After the completion of the
light-irradiation treatment, the pathogen was immediately
inoculated by an inoculation method described below. The
number of cucumber plants used in each of the experimental
sections was 9.

[0204] (A method for Preparing a Pathogen Suspension for
Inoculation and a Method of Pathogen Inoculation)

[0205] Anthracnose fungus (Colletotrichum orbiculare
NBRC33130 strain) was used for pathogen inoculation. The
concentration of a spore suspension of the anthracnose fun-
gus was adjusted in a range from 10° to 10° spores/ml to
prepare a pathogen suspension. The suspension was filled
into a spray container, and sprayed evenly onto the leaf sur-
face of a cucumber seedling for inoculation.

[0206] (A Cultivation Method after Inoculation)

[0207] After the inoculation of the pathogen suspension,
the cucumber seedling was covered by a plastic bag, and
cured for two days in a plant raising constant-temperature
chamber at a room temperature of 20° C. and humidity of
90% with a day length of 12 hours. After the curing, the
plastic bag was removed, and the seedling was cultured for 2
weeks in a plant raising constant-temperature chamber at a
room temperature of 30° C. and humidity of 85% with a day
length of 12 hours.

[0208] (Determination of Disease Damage)

[0209] After carrying out the culture for approximately 2
weeks after the inoculation, incidence of disease damage was
investigated. To be more specific, determination was carried
out by identifying a cucumber seedling showing development
oflesion on the underside of a seed leaf as a diseased plant and
a seedling not showing such lesion as a healthy plant.
[0210] [Results and Discussion]

[0211] As a result of the determination of disease damage
development approximately 2 weeks after inoculation of the
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cucumber anthracnose fungus to a cucumber seedling, it was
found that the disease damage inhibitory effect was further
enhanced by pulsed irradiation (FIG. 11). The number of
lesions per one plant was measured, and it was observed that
the disease development was made lightest by green light
irradiation at intervals of 1 time/5 seconds (FIG. 12). There-
fore, it was clarified that the control effect can be improved by
pulsed irradiation of green light.

Examples
Example 1

[0212] FIG. 13 is a block view of a configuration of an
example of a control device which carries out a control
method of the present invention. InF1G. 13, D1 to Dn are light
emitting diodes (light emitting means) which irradiate a plant
by emitting green light, 1 is a driving circuit which causes the
light emitting diodes D1 to Dn to light up, and 2 is a controller
(control means) which controls the driving circuit 1.

[0213] The controller 2 which is composed of, for example,
CPU and the like irradiates a plant intermittently with green
light emitted from the light emitting diodes D1 to Dn by
repeatedly causing the light emitting diodes D1 to Dn to light
up for 3 hours, for example, and then go off for 12 hours, for
example, by controlling the driving circuit. This irradiation
may be on the whole plant body or on a part of a plant. For
example, a leaf may be irradiated or a part of a stem may be
irradiated.

[0214] In the above-described example, the light emitting
diodes D1 to Dn are caused to emit light intermittently; how-
ever, it is not necessarily required to cause them to intermit-
tently emit light. Furthermore, the light emitting diodes D1 to
Dn are caused to emit green light; however, it is not limited to
this, and a lamp, for example, may also be applicable.
[0215] In addition, it may be configured that only green
light is irradiated by using a colored film or the like with solar
light, or that another color light having a wavelength region of
a color other than green may be included. In such a case, it is
only required that green light is stronger than another color
light.

Example 2

[0216] FIG. 14 to FIG. 17 illustrate a control device which
is capable of irradiating the whole culture surface at once
according to the scale and specifications of a seedling-raising
or culture facility. This control device is composed of a green
light source and a controller, which is not shown in the draw-
ings. This controller is composed of a CPU, a memory and the
like, which are not shown in the drawings. In the memory, a
control program is recorded. This controller is configured to
perform, based on the control program, automatic control
regarding irradiation under, for example, the following con-
ditions: (1) at set irradiation intervals (1 time/L days) (L is a
desired integer number); (2) in a time zone for irradiation set
to, for example, midnight, after sunset, or before sunrise; (3)
for a period of time set for 1 session of irradiation set (M
minutes/time) (M is a desired integer number); (4) for irra-
diation by an irradiation method set to, for example, continu-
ous irradiation or pulsed irradiation; and (5) at a set light
intensity (umol/m?/s). In addition, in order to reduce cost for
automatic control, it is possible to simplify the automatic
control by configuring that only (2) and (3) are automatically
controlled by use of a simple timer, and (1), (5), and the like
are manually adjusted and driven by a user, for example.
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[0217] FIG. 14A and FIG. 14B illustrate an application
example to an enclosed-type seedling raising chamber 140.
FIG. 14A is a front view schematically showing the inside of
the enclosed-type seedling raising chamber 140, and FIG.
14B is the lateral view thereof. In the enclosed-type seedling
raising chamber 140, double-deck seedling-raising shelves
141 are provided. On the shelves 141A and 141B of the
seedling-raising shelves 141, multiple pots 142 each having
plant T planted therein are placed. According to this applica-
tion example, green light irradiation to the plant T placed on
the seedling-raising shelves 141 prevents disease damage on
the seedlings and achieves high-quality seedling production
and seedling storage. Here, the enclosed-type seedling raising
chamber refers to a seedling raising chamber which can be
controlled to provide an optimal environment (temperature,
humidity, illumination, and the like) for seedling production
and seedling storage.

[0218] Above plants T on the selves 141 A and 141B, light
emitting diodes D1al to Dlan, D2al to D2an, Dabl to D1bn,
and D2b1 to D2br which emit monochromatic green light are
arranged. These light emitting diodes are attached to, for
example, a holding part, which is not shown in the drawings,
provided on the seedling-raising shelves 141. The light emit-
ting diodes D1al to Dlar, D2al to D2an, Dab1 to D1b#, and
D251 to D2bn are controlled in terms of lighting time, pulse
cycle, light emitting intensity, and the like by a controller
which is not shown in the drawings. When these controls are
carried out according to the type of the plant T, it is possible
to effectively obtain a control effect.

[0219] FIG. 15A and FIG. 15B illustrate an application
example to a seedling-raising facility 150 in a plastic green-
house or in a building. FIG. 15A is a front view schematically
showing the inside of the seedling-raising facility 150, and
FIG. 15B is the lateral view thereof. Irradiation of green light
to plant T (seedling) prevents disease damage on the seedling
and achieves high-quality seedling production. In this seed-
ling-raising facility 150, a seedling-raising shelf 151 is pro-
vided. On this seedling-raising shelf 151, multiple pots 152
each having plant T planted therein are placed.

[0220] Above the plant T, multiple light emitting diodes
D1cl to Dicr, D2c1 to D2 ¢cn, and D3c1 to D3 c¢n which emit
monochromatic green light are arranged, and these light emit-
ting diodes D1c¢ to D3¢ are attached to a holding member 153
(for example, a building aggregate or the like) provided in the
seedling-raising facility 150. The light emitting diodes Dlc to
D3¢ are controlled in terms of lighting time, pulse cycle, light
emitting intensity, and the like by a controller which is not
shown in the drawings. When these controls are carried out
according to the type of the plant T, it is possible to effectively
obtain a control effect.

[0221] FIG. 16A and FIG. 16B illustrate an application
example to a protected horticulture. F1IG. 16A is a front view
schematically showing the inside of a facility 160, and FIG.
168 is the lateral view thereof. Irradiation of green light on a
culture surface prevents disease damage during a culture
period and achieves high quality and an increased yield of
plant T. In this facility 160, seedling-raising shelves 161 and
161 are provided in two rows. On each of shelves 164 of the
respective seedling-raising shelves 161 arranged in two rows,
a pot 162 having plant T planted therein is placed.

[0222] Above the seedling-raising shelves 161 and 161,
multiple light emitting diodes D141 to D1dr and D2d1 to
D2dn which emit monochromatic green light along a longi-
tudinal direction are arranged. These light emitting diodes
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D1d1 to D1dn and D2d1to D2dn are attached to, for example,
a holding member 163 provided in the facility 160. The light
emitting diodes D1d1 to D1dr and D2d1 to D2dn are con-
trolled in terms of lighting time, pulse cycle, light emitting
intensity, and the like by a controller which is not shown in the
drawings. When these controls are carried out according to
the type of the plant T, it is possible to effectively obtain a
control effect.

[0223] FIGS. 17 illustrate an application example to open-
field culture. FIG. 17A is a front view schematically illustrat-
ing an open field 170, FIG. 17B is the lateral view thereof.
Irradiation of green light to the culture surface of the open-
field culture, in which disease damage is apt to occur since
plants are exposed to rain with no cover, prevents disease
damage during the culturing period and achieves high quality
and an increased yield. In this open-field culture, ridges 172
and 172 each having plant T planted therein are arranged in
wo rows in the open field 170.

[0224] Above these ridges 172 and 172 arranged in two
rows, multiple light emitting diodes Dlel to Dler and D2el
to D2en which emit monochromatic green light along each of
the ridges 172 and 172. These light emitting diodes D1el to
Dler and D2el to D2en are attached to, for example, a
holding member 171 provided in the open field. The light
emitting diodes Dlel to Dler and D2el to D2 en are con-
trolled in terms of lighting time, pulse cycle, light emitting
intensity, and the like by a controller which is not shown in the
drawings. When these controls are carried out according to
the type of the plant T, it is possible to effectively obtain a
control effect.

[0225] Although LED is used as the green light sources Da
to De in FIG. 14 to FIG. 17, a green fluorescent lamp, HID
(high-intensity discharge lamp), or the like may also be used.

Example 3

[0226] FIG. 18A and FIG. 18B illustrate a large-scale seed-
ling-raising facility 180 in which a mobile controlled device
188 capable of irradiating the entire culture surface while
moving on the culture surface according to the scale and
specifications of a seedling-raising or culture facility. FI1G.
18A is a lateral view schematically illustrating the seedling-
raising facility 180, and FIG. 18B is the front view thereof. In
the seedling-raising facility 180, a seedling-raising shelf 185
is provided. On the seedling-raising shelf 185, multiple pots
184 having plant T planted therein are placed.

[0227] Above the plant T, multiple light emitting diodes
D1f to Dnf which emit monochromatic green light are
arranged in a matrix form on a holding board 186. The hold-
ing board 186 is movably and detachably attached to a rail
183.

[0228] A control device 188 includes the light emitting
diodes D1fto Dnf provide on the holding board 186, a moving
unit (moving means) 200 which moves the holding board 186
along the rail 183, and a controller 181 which carries out
control of the moving unit 200 and light emission control of
the light emitting diodes D1f'to Dnf.

[0229] The moving unit 200 is composed of a driving pul-
ley, which is not shown in the drawings, provided on, for
example, one end side of the rail 183; a driven pulley, which
is not shown in the drawings, provided on the other end side
of the rail 183; a belt, which is not shown in the drawings,
wound around the driving pulley and the driven pulley; a
motor M for rotating the driving pulley; and the like. The
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holding board 186 is connected to the belt, and it is configured
that the holding board 186 moves along the rail 183 according
to movement of the belt.

[0230] The controller 181 is composed of a CPU, a
memory, and the like which are not shown in the drawings. A
predetermined program for controlling the motor M, the light
emitting diodes D1/ to Dnf and the like is stored in this
memory. The motor M is driven according to the control
program, and the holding board 186 is moved to a predeter-
mined block position of B1 to B6, which will be described
later, within the facility 180 by the motor M being driven. The
light emitting diodes D1f'to Dnf on the holding board 186
irradiate plant T by emitting light according to the control
program.

[0231] A secedling-raising shelf 185 is divided along its
longitudinal direction into 6 blocks B1 to B6 having the same
size.

[0232] The holding board 186 is set to have approximately
same transverse and longitudinal dimensions as those of the
individual blocks B1 to B6. Accordingly, it is configured that
the entire block of the individual blocks B1 to B6 can be
irradiated by the light emitting diodes D1fto Dnf.

[0233] Next, an example of an irradiation method of the
individual blocks B1 to B6 will be described.

[0234] Inthe case where the individual blocks B1 to B6 are
irradiated, for example, 1 time/2 days, and irradiated for 2
hours at night, (1) the block B1 is irradiated during a period
from 23:00 to 01:00 on the first day, and (2) the block B2 is
irradiated during a period from 01:00 to 03:00 on the first day.
Then, (3) the block B3 is irradiated during the period from
03:00 to 05:00 on the first day, (4) the block B4 is irradiated
during the period from 23:00 to 01:00 on the second day, (5)
the block BS is irradiated during the period from 01:00 to
03:00 on the second day, and (6) the block B6 is irradiated
during the period from 03:00 to 05:00 on the second day. After
the third day, the process from (1) to (6) is repeated.

[0235] The light emitting diodes D1f'to Dnf are used for
2-hour irradiation of the individual blocks B1 to B6. When the
irradiation intensity is set according to the type of the plant T
and the type of disease, it is possible to reliably obtain a
control effect.

[0236] In the present example, 2-hour continuous irradia-
tion is carried out using the light emitting diodes D1f'to Dnf.
However, as shown in FIG. 19, pulsed or intermittent irradia-
tion may be applied, or pulsed irradiation may be carried out
intermittently. Such pulsed irradiation and intermittent irra-
diation may be carried out according to the type of the plant T
or the type of disease.

[0237] Inthe control device 188, it is configured that mal-
function in the movement of the holding board 186 and abnor-
mality in light emission of the light emitting diodes D1f'to
Dnf are displayed in a display (not shown in the drawings),
and that irradiation status is displayed in the display.

[0238] The merit of having mobile light emitting diodes
D1fto Dnf'serving as a light source of the control device 188
as described above is that it is not necessary to install light
source equipment for irradiating the entire culture surface at
once. Accordingly, the facility costs can be reduced. For
example, in the case of irradiation at the rate of 1 time/3 days,
light-source equipment having an area that is %4 of the whole
area is sufficient. Therefore, according to the above mobile
control device 188, it is possible to reduce light-source equip-
ment costs especially in a large-scale facility.
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[0239] In the application example in FIG. 18A and FIG.
18B, the light source of green light is suspended from the
ceiling. However, the light source may be installed in a floor
rail mobile system as long as it can move on the upper surface
of the culture. Furthermore, a method in which a light source
is fixed while a culture shelf or a culture bed is mobile may be
applicable.

[0240] Inthe control device 188, it is configured to perform
setting of irradiation time zones (irradiation time) in a day,
selection of blocks B1 to B6 to be irradiated in each of the
irradiation time zones, setting of irradiation light intensity
(photon level) in each of the irradiation time zones, setting of
pulse intervals of the light source in each of the irradiation
time zones, setting of an interval in intermittent irradiation in
each of theirradiation time zones, and the like by operation of
an operating part 182. In addition, switching between an
automatic operation mode and a manual operation mode is
possible.

[0241] Furthermore, by operating the operating part 182, it
is possible to re-set contents of control by re-writing the
control program in the memory. Furthermore, if the type of
plant and the type of disease are input by operating the oper-
ating part 182, it is also possible to perform setting of irradia-
tion time zones (time period) in a day which are suitable for
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the type of the plant and the type of disease, selection of the
blocks B1 to B6 to be irradiated in each of the time zones,
setting of irradiation light intensity (photon level) in each of
the irradiation time zones, setting of pulse intervals of the
light source in each of the irradiation time zones, and setting
of an intervals in intermittent irradiation in each of the irra-
diation time zones.

[0242] By detaching the holding board 186 from the rail
183, in the case where, during the day, the plant T is not
irradiated with the light emitting diodes D1/ 'to Dnf and the
plant T is exposed to white light, such as solar light, the
seedling-raising surface or the culture surface is not blocked
from the light.

[0243] An LED is used as the light source of green light in
the drawings; however, a fluorescent lamp, HID (high-inten-
sity discharge lamp), or the like may also be used.

INDUSTRIAL APPLICABILITY

[0244] According to the present invention, disease resis-
tance in a plant is enhanced by irradiating the plant with a
light beam. Therefore, it is possible to greatly reduce an
amount of pesticide agents to be used, and to prevent envi-
ronmental contamination without causing adverse effects on
the human body.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against tomato 25S ribosomal

gene
<400> SEQUENCE: 1

tcaacctagt acgagaggaa ccg

«210> SEQ ID NO 2

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

23

<223> OTHER INFORMATION: Primer directed against tomato 255 ribosomal

gene
<400> SEQUENCE: 2

taatacgact cactataggg aacgacacgt geccttgg

<210> SEQ ID NO 3

<211> LENGTH: 22

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

38

<223> OTHER INFORMATION: Primer directed against tomato AOS gene

<400> SEQUENCE: 3

ttegtatcete gacccatcetg aa

<210> SEQ ID NO 4

22
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-continued
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<211> LENGTH: 43

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against tomato AOS gene

<400> SEQUENCE: 4

taatacgact cactataggg ggttggtacc cgaataggat ttc 43

«210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against tomato LOX gene

<400> SEQUENCE: 5

ccaagcctgg tggaagga 18

<210> SEQ ID NO ¢

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against tomato LOX genhe

<400> SEQUENCE: 6

ccgcgaagaa ggacatggeg a 21

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against tomato LOX gene

<400> SEQUENCE: 7

gecaccaagy cteatettte 20

<210> SEQ ID NO 8

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against cucumber 25S ribosomal
gene

<400> SEQUENCE: 8

acaggttagt tttaccctac tgatgaca 28

<210> SEQ ID NO 9

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer directed against cucumber 25S ribosomal
gene

<400> SEQUENCE: 9
cgcgaagcta ccgtgtgctg gattat 26
<210> SEQ ID NO 10

<211> LENGTH: 16
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Primer directed against cucumber 25S ribosomal

gene
<400> SEQUENCE: 10

ccgtegegyge gactta

<210> SEQ ID NO 11

«<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

1le

<223> OTHER INFORMATION: Primer directed against gene encoding cucumber

chitinase
<400> SEQUENCE: 11

gcegeagtgt ccaatacca

<210> SEQ ID NO 12

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

19

<223> OTHER INFORMATION: Primer directed against gene encoding cucumber

chitinase
<400> SEQUENCE: 12

cgctcaccta gacgecgega te

<210> SEQ ID NO 13

<211l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

22

<223> OTHER INFORMATION: Primer directed against gene encoding cucumber

chitinase

<400> SEQUENCE: 13

aacggaatcg aacagtccag tt

22

1. A plant disease control method, comprising irradiating a
plant with a light beam having a green wavelength region so
as to enhance disease resistance of the plant.

2. The plant disease control method according to claim 1,
wherein:

the light beam includes a light beam having a green wave-

length range and a light beam having a wavelength range
of a different color from green; and

the green light is stronger than the different color light.

3. The plant disease control method according to claim 1,
wherein a photon level and a period of time for irradiation
with the light beam are determined by a type of plant and a
type of disease.

4. The plant disease control method according to claim 1,
characterized in that the light beam is emitted intermittently.

5. The plant disease control method according to claim 1,
wherein pulsed irradiation is carried out while the light beam
is emitted.

6. The plant disease control method according to claim 4,
wherein a photon level of the light beam, a period of time for

irradiation with the light beam, and an intermittence interval
of the light beam are determined by a type of plant and a type
of disease.

7. The plant disease control method according to claim 5,
wherein a photon level of the light beam, a period of time for
irradiation with the light beam, and a pulse interval of the light
beam are determined by a type of plant and a type of disease.

8. A plant disease control device, comprising:

a light emitting unit to emit green light and irradiate a plant
with the emitted green light; and

a control unit to control light emission of the light emitting
unit.

9. The plant disease control device according to claim 8,

wherein:

a light beam from the light emitting unit includes green
light having a green light wavelength range and different
color light having a wavelength range of a different color
from green; and

the green light is stronger than the different color light.
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10. The plant disease control device according to claim §,
wherein:

the light emitting unit is provided movably;

a moving unit to move the light emitting unit is provided;

and

the control unit controls the moving unit and the light

emitting unit.

11. The plant disease control device according to claim 8,
wherein the control unit controls a photon level of a light
beam from the light emitting unit and a period of time for
irradiation with the light beam according to a type of plant and
a type of disease.

12. The plant disease control device according to claim 8,
wherein the control unit causes the light emitting unit to emit
light intermittently.
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13. The plant disease control device according to claim 8,
wherein the control unit causes the light emitting unit to emit
pulsed light while the light emitting unit is on.

14. The plant disease control method according to claim
12, wherein the control unit controls a photon level of a light
beam from the light emitting unit, a period of time for irra-
diation with the light beam, and an intermittence interval of
the light beam according to a type of plant and a type of
disease.

15. The plant disease control method according to claim
13, wherein the control unit controls a photon level of a light
beam from the light emitting unit, a period of time for irra-
diation with the light beam, and a pulse interval of the light
beam according to a type of plant and a type of disease.

k ok ok k%
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