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[DESCRIPTION] 

[Title of Invention] 

METHOD FOR RAISING LEAF-AND-STEM VEGETABLES AND LIGHT 

SOURCE DEVICE FOR RAISING LEAF-AND-STEM VEGETABLES 

5 [Technical Field] 

[0001] The present invention relates to a method for raising leaf-and-stem 

vegetables by being irradiated with specific lights on the same, and a light 

source device for raising leaf-and-stem vegetables, which is adapted to be used 

for irradiating the leaf-and-stem vegetables. 

10 [Background Art] 

[0002] A lighting device for piant cultivation, which irradiates a plant with an 

artificial light necessary for growth of plant to cultivate the same, is disclosed in 

Patent Document 1, as prior art. This document discloses a structure of a light 

emission unit that has a plurality of light emission bodies emitting light therefrom, 

15 and is formed such that the light emission bodies are regularly arranged from a 

center of the light emission unit to a periphery thereof. The light emission 

bodies are disposed such that a plurality of or respective light emission bodies 

can be optionally lighted on, dimmed, or lighted off in combination with each 

other in accordance with the growth of the plant. More specifically, the light 

20 emission unit is provided with a plurality of light emission zones that are 

sectioned by a plurality of concentrically circular boundary fines from a central 

part toward a circumference thereof. The light emission zones are arranged such 

that a central light emission zone emits a red light, the second light emission 

zone from the central part emits a blue light, the third light emission zone from 

25 the central part emits a multiple color light composed of the red light, the blue 

light and a green light, and the fourth light emission zone from the central part 
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emits the green iight. In accordance with the growth of the plant, the respective 

light emission zone emits light in order from the central light emission zone to the 

peripheral iight emission zones. With this arrangement, the plant is irradiated 

with optimum light by a lighting control in accordance with the growth state of the 

5 plant while reducing the light irradiated area. 

[Citation List] 

[Patent Literature] 

[0003] 

[Patent Literature 1] JP 2010-279325A 

10 [Summary of Invention] 

[Technical Problem] 

[0004] The above-described conventional lighting device for plant cultivation, 

however, does not disclose what part of the plant is irradiated with the iight of the 

different color sectioned by the iight emission zone, and consequently, it Is 

15 considered that the light of different color is irradiated on the entire plant from 

respective light emission zones without any definite object. Therefore, even if 

the light of different color is irradiated on the plant from the iight emission bodies 

in accordance with the growth period, the parts of the plant, which do not 

require to be irradiated with light, are also irradiated, so that the irradiation 

20 efficiency may be decreased, and thereby power is consumed in waste to 

increase production cost. 

[0005] Further, as shown in Figs. 11 to 14, the present inventors have examined 

the growing condition of a leaf lettuce raised by being irradiated with white LEDs 

light. At first, as shown in Fig. 14, a leaf lettuce 2 placed on a weight meter 17 

25 gives an impression that a stem 26 is extending, leaves 28 are in pale green 

color and the entire leaves 28 were thinly distributed without crowded. When 
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the stem is separated from the leaves, as shown in Fig. 11 and Fig. 12, the 

leaves 28 do not greatly spread, and a leafstalk 28a extends long. As shown in 

Fig. 11 and Fig. 13, the stem 26 extends long as a whole. Since the leaves 28 

of the leaf iettuce are mainly eaten, so that when the stem 26 extends long, the 

5 commercial value of the leaf lettuce may be degraded. 

[0006] The present invention is made considering the above-described 

conventional problem, and provides a method for raising leaf-and-stem 

vegetables, which is capable of reducing production cost and producing the 

leaf-and-stem vegetables of a high commercial value by efficiently irradiating 

10 the ieaf-and-stem vegetables with light suitable for the growth thereof, and a light 

source device for raising the leaf-and-stem vegetables, which is used in the 

above method for raising leaf-and-stem vegetables. 

[Solution to Problem] 

[0007] In order to solve the above-described problem, the method for raising 

15 leaf-and-stem vegetables by irradiating the same with light according to the 

invention of claim 1 includes the step of providing a stem growth-inhibiting period 

when a stem growth-inhibiting light source irradiates tops of the stems with iight 

having a blue component light at high ratio, which inhibits the growth of stems, at 

least during an initial growth period when the stems and leaves become 

20 distinguishable from each other. 

[0008] The method for raising leaf-and-stem vegetables according to the 

invention of claim 2 is characterized in that in the feature of the above invention 

described in claim 1, further including the step for a leaf growth-accelerating light 

source to irradiate the leaves of the leaf-and-stem vegetables with light having a 

25 red component light at high ratio, which accelerates the growth of the leaves. 

[0009] The method for raising leaf-and-stem vegetables according to the 
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invention of claim 3 is characterized in that in the feature of the above invention 

described in claim 1 or 2, the leaf-and-stem vegetables are selected among 

head-non-forming lettuces, Brassica campestris, pak-choi and Spinach. 

[0010] The method for raising leaf-and-stem vegetables according to the 

5 invention of claim 4 is characterized in that in the feature of any one of the above 

inventions described in claim 1 to claim 3, the stem growth-inhibiting light source 

is composed of LEDs or organic ELs. 

[0011] The iight source device for raising leaf-and-stem vegetables, which is 

adapted to irradiate the leaf-and-stem vegetables with Sight to raise the same 

10 according to the invention of claim 5 includes a stem growth-inhibiting light 

source device for irradiating the area facing to the stems of the leaf-and-stem 

vegetables with a stem growth-inhibiting light having a blue component light at 

high ratio, which inhibits the growth of stems, and a leaf growth-accelerating light 

source device for irradiating the area facing to the leaves of the leaf-and-stem 

15 vegetables with a leaf growth-accelerating light having a red component light at 

high ratio, which accelerate growth of leaves. 

[Advantageous Effects of invention] 

[0012] According to the invention of claim 1, there is provided the stem 

growth-inhibiting period when the stem growth-inhibiting light source irradiates 

20 tops of the stems in which there are plant growing points with iight having the 

blue component light at high ratio, which inhibits the growth of stems at least 

during an initial growth period when the stems and leaves become 

distinguishable from each other. Therefore, the growth of the stems that are 

scarcely used for food is inhibited, whereas nutrients used for growth are taken 

25 into the whole leaves, thereby accelerating the growth of the leaves. As a 

result, the leaf-and-stem vegetables are enhanced in appearance as vegetables, 
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thereby improving the commercial value thereof. 

[0013] According to the invention of claim 2, the leaf growth-accelerating light 

source irradiates the leaves with the light having the red component light at high 

ratio, which accelerates the growth of leaves. Therefore, the growth of the 

5 leaves used for food is accelerated, whereby the leaf-and-stem vegetables of an 

increased commerciai value as ingredients can be raised, and the harvested 

amount thereof can be increased. 

[0014] According to the invention of claim 3, the leaf-and-stem vegetables are 

selected among head-non-forming lettuces, brassica campestris, pak-choi and 

10 spinach, and mainly the leaves thereof are used for food, so that the commercial 

value of these leaf-and-stem vegetables can be improved. 

[0015] According to the invention of claim 4, the stem growth-inhibiting light 

source is composed of LEDs or organic ELs so that the power consumption is 

small to save energy, and the durable life as the light source Is long, thereby it is 

15 possible to decrease the running cost. In addition, the LEDs can be readily 

adjusted in the wavelength of light emitted therefrom to produce monochromatic 

lights. With regard to the organic ELs, heat generated from iight sources is 

small to prevent damages to the leaves due to heat. 

[0016] According to the invention of claim 5, the light source device for raising 

20 leaf-and-stem vegetables includes the stem growth-inhibiting light source device 

for irradiating the area facing to the stems of the leaf-and-stem vegetables with 

the stem growth-inhibiting light having the blue component light at high ratio 

adapted to inhibit the growth of stems, and the leaf growth-accelerating light 

source device for irradiating the area facing to the leaves of the leaf-and-stem 

25 vegetables with the leaf growth-accelerating light having the red component light 

at high ratio adapted to accelerate the growth of leaves, and accordingly, the 
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stem growth-inhibiting light source can irradiate tops of the stems with a light 

having a blue component light at high ratio adapted to inhibit the growth of the 

stems, whereas the leaf growth-accelerating light source can irradiate the leaves 

with light having a red component light at high ratio adapted to accelerate the 

5 (eaves. 

[Brief Description of Drawings] 

[0017] [Fig. 1] is a view showing a leaf-and-stem vegetables-raising system in 

which a method for raising the leaf-and-stem vegetables in accordance with the 

present invention is applied to the raising of ieaf lettuces. 

10 [Fig. 2] is an enlarged view showing a part of a light source device for raising the 

ieaf-and-stem vegetables. 

[Fig. 3] is a bottom view showing the arrangement of light emission bodies of the 

light source device for raising the leaf-and-stem vegetables. 

[Fig. 4] is a view showing the irradiation condition of the light source device for 

15 raising the leaf-and-stem vegetables irradiating a top of a plant body with a light 

during an initial growth period. 

[Fig. 5] is a view showing the irradiation condition of a light irradiated from the 

iight source device for raising the leaf-and-stem vegetables on a top of a plant 

body during a middle growth period. 

20 [Fig. 6] is a view showing the irradiation condition of a light irradiated from the 

light source device for raising the leaf-and-stem vegetables on a top of a plant 

body during a late growth period. 

[Fig. 7] is a photograph showing the state in which a leaf lettuce after grown 

according to the present embodiment is divided into leaves and a stem. 

25 [Fig. 8] is a view showing a leaf after grown according to the present 

embodiment 
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[Fig. 9] is a view showing a stem after grown according to the present 

embodiment. 

[Fig. 10] is a photograph showing a leaf lettuce after grown according to the 

present embodiment, which is placed on a weight meter. 

5 [Fig. 11] is a photograph showing the divided state of a leaf lettuce after grown, 

which is raised by being irradiated with white LEDs light, for comparison. 

[Fig. 12] is a view showing a piece of a leaf of a leaf lettuce after grown, which is 

raised by being irradiated with white LEDs light. 

[Fig. 13] is a view showing a stem of a leaf lettuce after grown, which is raised by 

10 being irradiated with white LEDs iight. 

[Fig. 14] is a photograph of a leaf lettuce after grown by being irradiated with 

white LEDs light, which is placed on a weight meter. 

[Description of Embodiments] 

[0018] (Embodiment) 

15 Hereinafter, the method for raising leaf-and-stem vegetables that uses a 

leaf-and-stem vegetables-raising system including a light source device for 

raising the leaf-and-stem vegetables in accordance with the present invention 

will be explained with reference to the drawings. In the present embodiment, 

leaf lettuces 2 were used as the leaf-and-stem vegetables. As shown in Fig. 1, 

20 a leaf-and-stem vegetables-raising system 4 includes iight source devices 6 for 

raising the leaf-and-stem vegetables, each having LEDs, a light source 

supporting device 8 that supports the light source devices 6 for raising the 

leaf-and-stem vegetables so that the light source devices can face optional 

positions of the leaf lettuces, a power supplying unit 10 for supplying power to 

25 the light source devices 6 for raising the leaf-and-stem vegetables, and an 

irradiation controlling device 12 for controlling the variety of combinations of 
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colors of light emitted from the LEDs and the intensity of the light, which are 

emitted from the light source devices 6 for raising the leaf-and-stem vegetables. 

[0019] As shown in Fig. 3, the light source device 6 for raising the leaf-and-stem 

vegetables is constituted such that a plurality of shell type LEDs (light emitting 

5 diodes) 14 are arranged on a bottom surface of a rectangular substrate. A 

plurality of blue LEDs 14b are gathered and disposed on a central part of a 

substrate 15, whereas white LEDs 14w and red LEDs 14r are uniformly mixed 

and disposed on a peripheral part thereof. The blue LEDs 14b are provided in 

the ratio of 20 %, for example, to the entire LEDs 14. The red LEDs 14r are 

10 arranged in the ratio of 30 %, for example, and the white LEDs 14w are arranged 

in the ratio of 50 %, for example, both in the peripheral part. Each blue LED 

14b exhibits a peak wavelength of 470 NM, whereas each red LED 14r exhibits a 

peak wavelength of 660 NM. The white LEDs 14w can be produced by 

applying a yellow phosphor to the blue LEDs 14b, applying green and red 

15 phosphors to the blue LEDs, or applying blue, green and red phosphors to 

ultraviolet LEDs. Sn the present embodiment, the yellow phosphor is applied to 

the blue LEDs. 

[0020] The power supplying unit 10 supplies power, which can cause only LEDs 

14 of a specific color to emit light, or the LEDs 14 to emit light, varying the light 

20 intensity. The blue LEDs 14b and the power supplying unit 10 define a stem 

growth-inhibiting light source device, whereas the red LEDs 14r and the power 

supplying unit 10 define a leaf growth-accelerating light source device. 

[0021] The irradiation controlling device 12 includes a light control circuit (not 

shown), for example, and controls the power supplying unit 10 by means of the 

25 iight control circuit in accordance with the growing condition of the leaf lettuces 2 

to control the lights (lighting on, lighting off, controlling of the irradiation light 
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intensity, for example) irradiated from the blue LEDs 14b, the red LEDs 14r and 

the white LEDs 14w of the light source device 6. The light intensity of the 

irradiated iight ranges from 50 to 500 pmol m-2 s-1, for example, as the 

photosynthesis-effective photon flux density (PPFD). 

5 [0022] The light source supporting device 8 includes a support bar 16 that 

supports the iight source devices 6 for raising the ieaf-and-stem vegetables, a 

support pole 18 that is provided with a ball screw mechanism (not shown) therein 

to vertically movably support the support bar 16, and a driving device 20 for 

driving the bail screw mechanism to move the support bar 16 vertically, and 

10 supports the iight source devices 6 for raising the ieaf-and-stem vegetables such 

that the light source devices 6 is movable to the optional positions to face the 

leaf lettuces 2 to be raised in accordance with the growing condition thereof. 

[0023] in addition, there is provided with a watering device (not shown) for 

supplying water aiong with a liquid fertilizer diluted with water to the leaf lettuces 

15 2. Further, there is provided with a photon sensor (not shown) for detecting the 

volume of the photon on the tops of the leaf lettuces 2 and supplying detection 

signals to the irradiation controlling device 12. 

[0024] Hereinafter, the operation of the light source device for raising the 

leaf-and-stem vegetables thus arranged will be explained with reference to the 

20 drawings. 

First, seeds of the leaf lettuces 2 are planted, and watered. And, as 

shown in Fig. 4, seed leaves 24 are germinated from the seeds, and during a 

period, for example, from the 3rd to 10th day after seeding when the stems 26 

and the leaves 28 become distinguishable (corresponding to the initial growth 

25 period), light is irradiated from only the blue LEDs 14b on tops of the stems 26, 

each having a growing point, whereas light is irradiated from the red LEDs 14r 
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on the leaves 28, The irradiation time is determined to 16 hours, for example, per 

day, and the irradiation light intensity is determined to 50 pmol m-2 s-1, for 

example. 

[0025] As shown in Fig. 5, during a period from the 10th to 20th day, lights from 

5 the blue LEDs 14b, the red LEDs 14r and the white LEDs 14w are irradiated. 

The irradiation time is determined to 24 hours, for example, per day, and the 

irradiation light intensity is determined to 100 pmol m-2 s-1, for example. In this 

case, the period from the 3rd day to the 10th day after seeding and the period 

from the 10th day to the 20th day after seeding, when light is irradiated from the 

10 blue LEDs, correspond to the stem growth-inhibiting period. 

[0026] As shown in Fig. 6, during a period from the 20th to 30th day, the iight 

irradiation from the blue LEDs 14b and the red LEDs 14r is stopped, whereas the 

light irradiation from only the white LEDs 14w is performed. The irradiation time 

is determined to 24 hours, for example, per day, and the irradiation iight intensity 

15 is determined to 150 jjmol m-2 s-1, for example. 

[0027] As shown in Fig. 7 to Fig. 10, the growth state of the leaf lettuce 2 raised 

by being irradiated with LEDs light, as described above, was examined. First, 

as shown in Fig. 10, in the grown leaf lettuce 2, leaves 28 are densely grew, and 

exhibits a deep color, and the weight detected by a weight meter 17 is 115.8 

20 grams. The detected weight is greater than the weight of 102.4 grams of the 

leaf lettuce raised by being irradiated with the white LEDs light, for comparison. 

As shown in Fig. 7 and Fig. 8, the leaves 28 spread widely. As shown in Fig. 7 

and Fig. 9, the stem 26 is short, being inhibited from growing long. As a result, 

the ratio of the leaves 28 used for food increases, and thereby the commercial 

25 value of the leaf lettuce 2 is increased. 

[0028] As is apparent from the above description, in the raising method for 
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raising the leaf-and-stem vegetables according to the present embodiment, at 

least during the initial growing period when the stems 26 and the leaves 28 

become distinguishable from each other, there is provided a stem 

growth-inhibiting period when the tops of the stems 26, each having a growing 

5 point of plant, is irradiated with the blue LEDs light that inhibits the growth of the 

stems 26. Therefore, the growth of the stems 26 that are scarcely used for food 

is inhibited, whereas nutrients used for growth are taken into the whole leaves, 

thereby accelerating the growth of the leaves 28. As a result, the leaf-and-stem 

vegetables are enhanced in appearance as vegetables, thereby improving the 

10 commercial value thereof. 

[0029] Further, light from the red LEDs, which accelerates the growth of the 

leaves, is irradiated on the leaves 28. Therefore, the growth of the leaves 28 

used for food is accelerated, and as a result, the leaf-and-stem vegetables of an 

increased commercial value as ingredients can be raised. In addition, the 

15 harvested amount can be increased. 

[0030] Furthermore, in the case of the head-non-forming lettuces (leaf lettuces), 

the leaves 28 are mainly used for food, so that the commercial value of the leaf 

lettuces can be improved. 

[0031] Moreover, the stem growth-inhibiting light source is composed of LEDs 14 

20 so that the power consumption is reduced, and thereby energy saving can be 

achieved, and since the durable life thereof as the light source is long, running 

cost can be decreased, in addition, LEDs 14 can be readily adjusted in the 

wavelength of light emitted therefrom to produce monochromatic lights. 

[0032] The light source device 6 for raising leaf-and-stem vegetables is provided 

25 with the stem growth-inhibiting light source device (blue LEDs) that irradiates the 

area facing to the stem 26 of the leaf-and-stem vegetable with a stem 
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growth-inhibiting light having a blue component light at high ratio, which inhibits 

the growth of the stem 26, and the leaf growth-accelerating iight source device 

(red LEDs) that irradiates the area facing to the leaves 28 of the leaf-and-stem 

vegetable with a leaf growth-accelerating light having a red component light at 

5 high ratio, which accelerates the growth of the leaves 28, whereby the iight from 

the blue LEDs for inhibiting the growth of the stem 26 can be irradiated on the 

top of the stem 26, whereas the light from the red LEDs for accelerating the 

growth of the leaves can be irradiated on the leaves 28. 

[0033] In the present embodiment, LEDs 14 are used as the light emission 

10 bodies of the light source devices 6, but the light emission bodies are not limited 

thereto, so organic ELs, for example, may be used. At the organic ELs, the 

power consumption is small, which reduces the power cost, and the generation 

of heat as the light source is aiso small to prevent damages to the leaves due to 

heat. 

15 [0034] Further, in the present embodiment, leaf lettuces 2 are used as the 

leaf-and-stem vegetables, but the leaf-and-stem vegetables are not limited to the 

leaf lettuces, so that brassica campestris, pak-choi or spinach, for example, may 

be used. 

[0035] The blue LEDs 14b are arranged in the central part in the ratio of 20 % to 

20 the entire LEDs, whereas the red LEDs 14r and the white LEDs 14 are 

respectively arranged in the peripheral part in the ratio of 30 % and 50 %, but the 

arrangement of the LEDs is not limited to the above-described arrangement, so 

that, for example, the blue LEDs may be arranged in the central part in the ratio 

of 30 % to the entire LEDs, whereas the red LEDs and the white LEDs may be 

25 respectively arranged in the peripheral part in the ratios of 40 % and 30 %, and 

the arrangement of the light emission bodies can be arbitrarily modified in 
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accordance with the plants (leaf-and-stem vegetables) to be irradiated. 

[0036] As is apparent from the preceding explanation, the specific arrangement 

disclosed in the above-described embodiment merely shows one example of the 

present invention, and the present invention is not limited to the above-described 

5 specific arrangement, but is intended to cover various modifications without 

departing from the spirit and scope of the present invention. 

[Industrial Applicability] 

[0037] The present invention can be used where the leaf-and-stem vegetables of 

a high commercial value are efficiently produced. 

10 [Reference Signs List] 

[0038] 2 leaf-and-stem vegetables (leaf lettuce), 4 leaf-and-stem 

vegetables-raising system, 6•••light source device for raising leaf-and-stem 

vegetables, 10 ••• stem growth-inhibiting light source device/leaf 

growth-accelerating light source device (power supplying unit), 14-•-light source 

15 device for raising leaf-and-stem vegetables (LED), 14b-•-light source device for 

raising leaf-and-stem vegetabies/stem growth-inhibiting light source/stem 

growth-inhibiting light source device (blue LED), 14r ••• light source device for 

raising leaf-and-stem vegetables/leaf growth-accelerating light source/leaf 

growth-accelerating light source device (red LED), 14w ••• light source device 

20 for raising leaf-and-stem vegetables (white LED), 26 ••• stem, 28 ••• leaf. 
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[Claims] 

[Claim 1] A method for raising ieaf-and-stem vegetables by irradiating the same 

with light, the method comprising the step of providing a stem growth-inhibiting 

period when a stem growth-inhibiting light source irradiates tops of the stems 

5 with light having a blue component light at high ratio, which inhibits the growth of 

stems, at least during an initial growth period when the stems and leaves 

become distinguishable from each other. 

[Claim 2] The method for raising leaf-and-stem vegetables according to claim 1, 

further comprising the step for a leaf growth-accelerating light source to irradiate 

10 the leaves of the leaf-and-stem vegetables with light having a red component 

light at high ratio, which accelerates the growth of the leaves. 

[Claim 3] The method for raising leaf-and-stem vegetables according to claim 1 

or claim 2, wherein the ieaf-and-stem vegetables are selected among 

head-non-forming lettuces, brassica campestris, pak-choi and spinach. 

15 [Claim 4] The method for raising leaf-and-stem vegetables according to any one 

of claim 1 to ciaim 3, wherein the stem growth-inhibiting light source is 

composed of LEDs or organic ELs. 

[Claim 5] A light source device for raising leaf-and-stem vegetables, which is 

adapted to irradiate the leaf-and stem vegetables with light to raise the same, 

20 comprising 

a stem growth-inhibiting light source device for irradiating the area facing to 

the stems of the leaf-and-stem vegetables with a stem growth-inhibiting light 

having a blue component light at high ratio, which inhibits the growth of stems, 

and 

25 a leaf growth-accelerating light source device for irradiating the area facing 

to the leaves of the leaf-and-stem vegetables with a leaf growth-accelerating 
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iight having a red component iight at high ratio, which accelerates the growth of 

leaves. 


