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SUMMARY

The protocol and methodology for utilization of LEDs as an alternative lighting source for the
growth and morphogenesis for commercial plant production of several flowering plants and some
potted horticultural plants were considered. Based on our study, it appears that a controlled light
treatmentwith an appropriate ratio of blue, red, or far-red provided by a fluorescent lamp using
LEDs may improve lateral branching, suppress stem elongation, or prolong the blooming period
on flowering plant production in a closed system such as growth chamber. Such the system could

be considered for use on a commercial scale.

1. Characteristics of growth and flowering of some flowering
plants grown in mixture irradiation of a fluorescent lamp with
LEDs

The objective of this experiment was to investigate characteristics of growth and flowering of
some bedding plants grown in mixing light conditions with fluorescent tubes and blue, red, and
far-red Light-Emitting Diodes. Ageratum (cv. Blue Field), marigold (cv. Orange Boy), and salvia
(cv. Red Vista) plants which developed with two true leaves were grown for 70 days in a growth
chamber, where air temperature and relative humidity were maintained at 25°C and 60%,
respectively. The experiment had four treatments with different mixing lights; Fluorescent lamp
(FL), FL+Blue LED (FLB), FL+Red LED (FLR), and FL+Far-red LED (FLFr). Photosynthetic
photon flux on the culture shelf was kept at 90 umol m™ s in all the treatments, and photoperiod
was provided at 16 hour per day. Total dry weight per plant of ageratum seedlings was not
significantly different in FLB, FLR, and FLFr treatments. Plant height per plant of ageratum and
marigold was not significantly different between FL and FLR treatments, and it was the longest in
FLFr treatment. Number of flowers in marigold plants was not significantly different in all the
treatments, however, did not bloom in FLFr during the growing period. Number of stomata of

marigold seedlings was greater in FLR and FLFr than in FL.

2. Growth responses of marigold and salvia flowering plants as affected by
monochromic or mixture irradiation by a Light-Emitting Diode (LED)



The experiment was conducted to examine the effects of monochromic blue or red light and
mixture radiation with fluorescent lamp and LED of blue, red, or far-red on growth and
morphogenesis of marigold and salvia seedlings. The plants, which developed with two leaves,
were grown in a growth chamber for 70 days, where air temperature and relative humidity were
maintained at 25°C and 60%, respectively. Photoperiod of a 16 hour was provided by FL,
monochromic LED of B or R, and mixture light (FLB, FLR, or FLFr) with fluorescent lamp and
blue, red, or far-red maintained at 90+10 pmol m’s” photosynthetic photon flux during the culture
period. Dry weight of salvia plants was greater in the mixture treatments with supplemented blue,
red, or far-red region to conventional FL, respectively. Stem length of marigold was greatest in B
and R treatments, and was smallest in FL and FLR treatments with increased spectral energy of red
region compared with FL spectral distribution. On the other hand, the stem length per plant of
salvia seedlings was greatest in FLFr, and it was about three times higher in FLFr than in R
treatment with lower plant height. In salvia seedlings, number of flowers per plant was highest in
FLFr and FL treatments, and there were not significantly different both of them.

3. Effect of mixture irradiation with Light-Emitting Diodes on growth and
development of some flowering plants

Stem elongation, lateral branching, or leaf extension is influenced by light quality on plant
production. The experiment was conducted to investigate the effect of mixture lights providing by
Light-Emitting Diodes (LEDs) of blue, red, or far-red used as an artificial light for plug seedling
production. All of the seedlings of ageratum (cv. Blue Field), marigold (cv. Orange Boy), and
salvia (cv. Red Vista) which developed two true leaves, was kept in the growth chamber which
controlled at 25°C air temperature and 60 % relative humidity for 28 days. Photosynthetic photon
flux in each mixture treatment of bluetred, blue+far-red or red+far-red (1:1 in spectral energy)
was maintained at 90+£10 pmol m’s’ provided with photoperiod of 16 hrs. On day 28, number of
lateral branches in ageratum was 14.3 times greater in monochromic Red light treatment than in
the treatments with mixing light of Red (R) or Far-red (Fr) light in BR and BFr, and it was above 2
times greater than in FL. In marigold, the first node length was not significantly different in FL,
BR, and BFr treatments and gave the smallest in R treatment. The fourth node length in BFr, on
the otherhands, was the longest, although it was not significantly different in FL, B, R, and BR

treatments. Total dry weight of salvia was 2 times higher in the BR treatment than in FL.



4. Supplemental blue and red light with low PPF during sunrise and sunset
twilight influence on growth and morphogenesis of some flowering
plants

The effect of supplemental blue or red light with low light intensity in sunrise and sunset
twilight on growth and morphogenesis of Ageratum houstonianum Mill., Tagetes erecta L., and
Salvia splendens F. Sello ex Ruem & Schult. was investigated. The seedlings, which developed
with two true leaves, were used for plant materials. Different supplemental lights with 30 or 60
minute per day were established in greenhouse, which controlled at 25/15°C (day/night) air
temperature and 40% relative humidity in average. The photosynthetic photon flux for the
supplemental lighting except for natural condition without any supplemental light was about 15
pmol m” s for 70 days. The treatment of supplemented red light with 30 minute, respectively, in
sunrise and sunset twilight (totally 60 minute per day) gave the greatest shoot and root dry weights
in marigold seedling. Blue and red supplemental lights regardless of the lighting time significantly
stimulated development of lateral branches in marigold. Plant height per plant in ageratum and
salvia seedlings was significantly shorter in supplemental red treatment with 30 or 60 minute than
in natural light treatment during the culture period. Number of flower buds in marigold was about
2 times higher in red light treatment with 60 minute per day than in other treatments. In salvia
seedling, number of open flowers was 2 times greater in natural light than in the supplemental
treatments, although the number of flower buds was no remarkably difference in the supplemental
light qualities. Different characteristics on formation and development of stomata in all the
seedlings could be observed by the treatment of supplemental blue or red light in sunrise and
sunset twilight during a day compared to natural light without supplemental light.

5. Effect of light quality on variations in CO; and ethylene concentrations
inside culture vessels during the growth of ageratum, marigold and
salvia seedlings

Ageratum (Ageratum houstonianum Mill. 'Blue Field), Marigold (Tegetes erecta L. 'Orange
Boy") and Salvia (Salvia splendens F. Sello ex Ruem & Schult. 'Red Vista') that developed two
true leaves were used as plant materials. The plants were grown in a growth chamber, which



controlled at 25°C air temperature, 60% relative humidity, and 90 pmol m” s for 14 days. Blue,
red or blue plus red lights provided by Light-Emitting Diode were used as a light source. In
marigold and salvia seedlings, significant differences of CO, concentration inside and outside
growing vessel was shown in blue light treatment than others during 14 days, and were gradually
decreased from 5 days after treatment. On day 14, there was no significantly different in net
photosynthetic rate per seedling. In the seedlings, dry weights per plant were not significantly
different in all the treatments. Dry weight of ageratum was increased by mixture radiation of blue
and red. Maximum leaf area in marigold was shown in red or blue plus red light compared with
fluorescent lamp. It was suggested that the net photosynthetic rate were influenced by the light

qualities at the beginning stage of plant growth.

6. Influence of light quality and photoperiod on flowering of Cyclamen
persicum Mill. cv. 'Dixie White'

The effect of light quality (spectral quality) and lighting period (day length) were studied on
flowering of Cyclamen persicum cv. 'Dixie White'. Light generated from light emitting diodes
(LED) i.e. monochromic blue (10 or 12 h per day), monochromic red (10 or 12 h per day) and blue
plus red (10 or 12 h per day) and fluorescent lights were used in these studies. It was found that
blue plus red LEDs were useful for flower induction in cyclamen and the number of flower buds
and open flowers were highest in the plants grown under blue plus red LED (10 h per day). Blue
and red LEDs alone reduced the flowering response. Peduncle length (flower stalk length) and
blooming period of flowers were also influenced by light qualities and lighting period treatments.
Peduncle length was 23.8 cm with the plants grown under red LED (12 h per day) treatment and it
was 14 cm with the plants grown under fluorescent light. Blooming period of flowers grown under
fluorescent light was 20 days, whereas it was 40 days with the plants grown under red LEDs (10 h
per day). The accumulation of sucrose and reducing sugars was highest in the plants grown under
red LEDs. These results indicate that flowering and further growth can be controlled with the

manipulation of light quality and lighting period in cyclamen.



7. Growth and development of dieffenbachia and ficus plants under
different supplemental light qualities in a greenhouse

The effect of supplemental lighting providing by Light-Emitting Diodes at daytime on growth
of two ornamental plants was investigated. 'Camella' Dieffenbachia amoena and 'Melany' Ficus
pumila were grown under different supplemental lights of blue, red, or blue plus red for 50 days.
The supplemental lights with 30 pmol m” s in photosynthetic photon flux were established in
greenhouse which controlled at 27.5°C air temperature and 75% relative humidity in average from
15th June to 4th August. Fresh weight of 'Camella’ was the greatest in the supplemental treatment
of blue plus red light, although there was no significant difference in dry weight. Higher plant
height was shown in the mixture light of blue plus red and in control of natural lighting. The fresh
and dry weights of 'Melany' were significantly higher in the mixture treatment than in control
without any supplemental light. Number of unfolded leaves of 'Camella’ and Melany' was
increased in the mixture treatment. Net photosynthetic rate (NPR) of 'Camella’ was the greatest in
the mixture light and control, and the red alone and mixture light treatments gave the highest NPR
in 'Melany'. Wax content per leaf of blue plus red treatment in 'Melany' was significantly higher
than in control.

8. Longevity and quality of cut 'Master' carnation and 'Red Sandra' rose
flowers as affected by red light

Carnation (cv. Master) and rose (cv. Red Sandra) with stem length of 45 cm were placed in the
test tube filled with distilled water used as vase water. The flowers were treated with the vase
water plus commercial preservative of 20 ml 1" under fluorescent tubes and under fluorescent
tubes of 50+10 pmol m™ s”' PPF without the solution as a control. Mixture radiation of fluorescent
tubes plus red light provided by Light-Emitting Diodes (LEDs) and red alone of low 50 or high
90+10 pmol m™ s without the keeping solution were also tested. Red light with high PPF and in
the mixture radiation under low PPF both extended the vase life in cut carnation, and flower
freshness could be maintained for 10.9 days compared with control of the solution-free water
under the fluorescent tubes. In cut rose, the vase life in the treatment containing the solution under
conditions of fluorescent tubes alone and in red alone regardless of light intensity could be
prolonged for 4.6 and 4.2 days than that of control, respectively. Complete petal opening in
carnation flowers was accomplished by the treatment of red LEDs with high PPF during vaselife.



9. Continuous or Intermittent Radiation Using Light-Emitting Diodes
Influence on the Growth and Morphogenesis of Sweetpotato Plantlets
Cultured In Vitro

The study was conducted to investigate the effect of continuous or intermittent lighting by
Light-Emitting Diodes (LEDs) on growth and morphogenesis in Sweetpotato ([pomoea batatas
(L.) Lam. 'Beniazuma') cultured in vitro. The explants of single node cutting were cultured under
MS medium with half strength for 35 days. Photoperiod was provided at 16 h in the continuous
radiation treatments, and 20 or 10 sec. (photo/dark) was intermittently treated. Fresh and dry
weight in the treatment of intermittent blue lighting with 20 and 10 sec. (on/off) were greater than
in continuous fluorescent tube. Intermittent red and blue plus red or continuous blue plus red had
greater no. of nodes, otherwise there was shorter shoot length in the treatments. Maximum root
length was shown in intermittent blue lighting condition among the treatments. The results suggest
that the growth of in vitro Sweetpotato plantlet can be successfully cultured under the intermittent
or continuous radiation provided by LEDs, and morphology also established by control of light
quality or radiation time with an interval.
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1-1. Number of flowers and blooming period of ageratum, marigold, and salvia

-
It

flowering plants grown under mixture irradiation with LEDs for 70 days.

Light

Blooming period (days)

No. flowers

Salvia

Ageratum  Marigold Salvia Ageratum  Marigold

sources
FL

9c¢

17
12
16

25a
23 a

1.2 a
04a
0.8a

0.4a
0.3a

5.6 a”
46a
46a

17 a

FLB

19 a

22b

1.0a
0.0 a

FLR

I5b

20b

1.2a

1.2b
*Means followed by a same letter are not significantly different at 5% level by Duncan’s

FLFr

multiple range test.

YBloomed still under the FLFr treatment during the experimental period.
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D AEAR

AEAQRE EHo] 2n] A )E Marigold (Tagetes erecta L. cv. Orange Boy) 3 Salvia
(Salvia splendens F. Sello ex Reum & Schult. cv. Red Vista)E F A3t th A8l 7/l A] 14
Aol Hez= B Adol AdARE VYERZ B EgielE g HoolEVL &gty
&34 E (BMI, Berger Horticulture Co. Ltd., quebec, Canada)’} 4% Z22E E
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i 2-1. Composition of fertilizers used in the experiment.

N:P:K Nutrients (%)

ratio (%) Mg Fe B Mn Cu Mo Zn Ca
No.1 20:10:20 0.15 0.1 0.01 0.05 0.05 0.015 0.05 -
No.2 14:0:14 2.90 0.1 0.02  0.05 0.05 0.015 0.05 5.9
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3t 2-2. Internode length per plant of marigold and salvia flowering plants grown under blue/red
monochromic light and mixture irradiation with conventional fluorescent lamp and LED of blue,

red, or far-red for 70 days.

Light sources Marigold Salvia

Ist(cm) 2nd 3rd Ist (cm) 2nd 3rd
FL (Cont.) 224 0.8d 09d l.lc 1.6¢ 24c¢
B (Blue) 2.6a 37a 37a 57a 49a 41D
R (Red) 1.7b 290 34a 290 2.7b 22c¢
FLB (FL+Blue) 24a 1.0d l4c l.lc 1.7¢ 22¢
FLR (FL+Red) 22a 0.7d 1.0d l4c 19¢ 22c¢
FLFr (FL+Far-red) 23a 1.6¢ 2.5b 340 S51a 50a

"Means followed by a same letter are not significantly different at 5% level by Duncan's multiple

range test.

3£ 2-3. Number of visible flower buds and blooming period per plant of marigold and
salvia flowering plants grown under blue/red monochromic light and mixture irradiation

with conventional fluorescent lamp and LED of blue, red, or far-red for 70 days.
Marigold

Light sources Salvia

No. buds Blooming period (days) No. buds Blooming period
FL 14.8 a* 17 30a 9
B 24c 7 04b -
R 34c 6 04b -
FLB 82Db 12 34a 17
FLR 164 a 16 4.0a 19
FLFr 74b = 3.0a 15

“Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.

YThere was no open flower as affected by the monochromic or mixing lights for 70 days.
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TEF A e Aot AR Jfstgo Aole A fle Ae® Ueuth ol
g Airiy ggeo]l F2 AAFolu AR vgEs AR stopia s o
Aet= Aoz Addd. d7dAde]  ostd dde AR Fe&AQ
cryptochrome®] & 3Fol] ]3| arabidopsis®] 7H3}WF3-S A AAZItha sl=d|, o4 32

I A HEE WIS obF EE st

a5y oot E3FAe AR szt FFES v =, d
Zo] H]&) FLBT, FLRT 2 FLFr7-ol A A2 o2 &ostA M3l7|zho] A==
AL & 5 AAT (F 2-3). Avlofe] A, ©de] AHAFolyp HAG ZALF A=

slolr} wrekslx] gkorow, wElF = oA FLFrFol Al golgd Aol A== o=

3£ 2-4. Number of stomata in marigold and salvia flowering plants grown under
blue/red monochromic light and mixture irradiation from a conventional fluorescent
lamp and LED of blue, red, or far-red for 70 days.

Light sources Marigold (per mm?) Salvia (per mm?)
FL 49 ¢* 110.6 ¢
B 34d 44d
R 19.6d 6.5d
FLB 61.0c 164.0 b
FLR 107.8 b 190.7 a
FLFr 112.1a 145.0 b

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test. Treatment codes see Table 2.2.

AT Bore] ARFE EASA AT grlel Ao, AwAen gl sz
Wgol AAHnkn AW Aol W A Bd dFunE A g
Zlo] @4l o]t}h. Phytochrome 21 &4 ¢] 7H3ub&of d3dS wX = FFEAZ <elA
9J =, arabidopsis®] 7| 3}wt3-& WU A7kt FE 33} phytochrome A A7 #o]d



HA ggkod, A2 o

= AFT

1

A

_—
o

o

bl o]

9]

ARl R=
g Lo M)

=

7F dA38 S

o}

9

=
T

R

R

o

ar

g A A4

& A el 7]

Aujo} AARdglolA 713 7]

<
R

s

2-4).

-
it

eI (

o

oj
00
go
o

il
o

=
ﬂmmo

pu
L

A=

=9

3L
=

Faen, vl

7}3

=
<]

SEEN R

o}

ol

o)

T

3%

i
=

Aol gl

L

R

g d7an
} o}y 2} phytochrome?] wj7}7}

o
R4

H

R

B

TE&A

o
o

o

b Wl A o] 2= A akel] gle] A

Ho

s
N
=

%

o)

=K

N

=
o
o
=
Ba

zel

X
0
4

A

o
o

N
Bl

s
ﬂo

R

k!

o1}, ob4

AR

o)

AT ATEo] BIH T

.

1

|

2

o

K

O

ICECEE!

o
i
;S.O



it
>,
>
il

ol wste Atk T, M2 GE EFFAstelA Ad olg AR
o) g R AR FFWste] vAE FAo] JFL AR VE9 DA FFE e
Ao AAREE3} W skt
7h AN
1) /\1 o XH =

AENEE EHo] 2v] A/NE Ageratum (Ageratum houstonianum Mill. cv. Blue
Field), Marigold (Tagetes erecta L. cv. Orange Boy) % Salvia (Salvia splendens F. Sello
ex Reum &Schult. cv. Red Vista)E AT A 7]7F 5 AAEE HelolE 2
Mol getelErh E4E EGAENA AMHYou NPKe) Hlgo] AR rhe oug

FoAe FERAF Al2de ST o|e=E B o g = LED system (GF-series,
Good Feeling Co. Ltd., Sungnam, Korea)E ©o| &3l o AFF= &334 Aol
gol g e 4o AgTE AAAAT ) AT} ANBL L1g AU
&2 E9e BRY, ) FAEI AAAZE 1o ouA vE&ER E93 BFr,
©) AR AAARE 119 UA W &2 EFD RRE @) JE0] FRES B

o
do shz tzT FLT. 24 487 olA B4EE 90 pmol m” 52 A
o FEAF AIZHE 16412k) T A1z Ee 7 AARE 7)€ 25°C, AUlGETt

60% = A= *M“J@IOM 28 7F A ul = At

AYFRF 4 AR ARF, AxZel, Fols % FAFE ZPsdgor 9u

& Leaf-area-analysis program (Skyeleaf, Skye Instruments Co. Ltd., UK.)& o]&3}
sk we, AEAWe % W AR FFe wsps AUl 0, 7, 14, 21
2 28Yel A, sbEstR o, AFVIZE 0-7Y, 7-14¢, 142197 21-28 a‘oﬂ o
2o BAL o geo] 7 AARY ARFS /22 @ ANULEES HEan,

A A 4% (day!) = [In (Wo)-In (W))] / (To-T))
Wi 2 Wois Ti B T AlZE lolA] ofAlgtd, diglas B |l AEFOE T T < Ty
2) BAEA

ZF AP FT 1270A)19) HAES AlEtg o SAS g7 (Version 6.21, SAS
Institute Inc. Cary, NC, USA)S o]-&3lo] 79| thgxlgo] oa SAFEA st
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it 3-1. Relative growth rate (RGR) of ageratum, marigold, and salvia seedlings grown
under different mixture irradiation on dry weight basis, for the time periods of day 0 to
7,710 14, 14 to 21, and 21 to 28 after treatments.

Light sources Time period Dry weight basis (d)
(day) Ageratum Marigold Salvia
Fluorescent Lamp (FL)  0-7 0.09 0.00 0.04
7-14 0.04 0.06 0.05
14-21 0.13 0.05 0.01
21-28 0.03 0.15 0.19
Bluet+Red (BR) 0-7 0.09 0.01 0.05
7-14 0.07 0.05 0.05
14-21 0.03 0.03 0.09
21-28 0.11 0.06 0.06
BluetFar-red (BFr) 0-7 0.06 0.02 0.01
7-14 0.05 0.03 0.03
14-21 0.07 0.00 0.06
21-28 0.06 0.06 0.10
Red+Far-red (RFr) 0-7 0.07 0.01 0.01
7-14 0.05 0.03 0.05
14-21 0.05 0.02 0.02
21-28 0.05 0.06 0.07

Eggdel obAlehg, MAIE % Pulo} AR GUA Frlo] vAE Jge
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3-2. Influence of different mixture irradiation on leaf area and stem length per plant

of ageratum, marigold, and salvia seedlings after 28 days.

Light sources Leaf area (cm?) Stem length (cm)
Ageratum  Marigold  Salvia Ageratum Marigold  Salvia
FL 43.0 a” 3720 559a 82¢c 6.1c 6.6 c
BR 479 a 44.6 a 473 a 92¢ 6.6 ¢ 5.8¢
BFr 2150 246 ¢ 2790 142b 15.1a 135D
RFr 2390 444 a 3320 293 a 11.8b 159a

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test. Treatment codes see Table 3.1.

3 3-3. Fluorescence parameters qP, qN, and Fv/Fm in leaf of ageratum (Ag), marigold

(Ma), and salvia (Sa) seedlings grown under different mixture irradiation after 28 days.

Light sources qP gN Fv/Fm

Ag Ma Sa Ag Ma Sa Ag Ma Sa

FL 0.740b* 0.711 ¢ 0.687d 0.739b 0.711 ¢ 0.687 ¢ 0.621 ¢ 0.681 ¢ 0.541 ¢
BR 0.729 ¢ 0.744b 0.709a 0.729c¢ 0.744b0.709 a 0.644b 0.691b 0.596 a
BFr 0.756a 0.767a 0.704b 0.756a 0.767a 0.704b 0.617d 0.745a 0.556b

RFr 0.707d 0.744b 0.652c 0.707d 0.744b 0.652d 0.701 a 0.744a 0.540 c

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test. Treatment codes see Table 3.1.
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3 3-4. Flowering responses per plant of ageratum (Ag), marigold (Ma), and salvia (Sa)
seedlings grown under different mixture irradiation after 28 days.

Light Flowering node No. flowering buds No. open flowers
sources Ag Ma Sa Ag Ma Sa Ag Ma Sa
FL 7b* Sa 7a la 13b 0b 0b 8a la
BR 8a S5a 7a 0b 21a la la 5b 0b
BFr 7b 5a 7a la 8¢ la 0b 0d 0b
RFr 7b 5a 7a 0b 14b 1la 0b 3¢ 0b

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test. Treatment codes see Table 3.1.



WA #ss BRTOA ol Folgow welzEs) Aulole)
Saopele] Basl Aol gl Ao ekttt (E 4y e Ees) st

7 gl

G GHE 2T ds BRTEGA o 20 Fhgo AFHoR Asre @
PErA FASE AshE YEInt. B, RE 8 BReROAL Selgye §
=990 NS Adss 3 dehd AdBse] 39 R WA gt o
Folxl A@TE REFA. oldd A9 443 gEugs 443 944539 W
& zA o8] ABA AAE 24T & AT 2L AAE,

@9, dele L duole] seluae Az Ax AR BERAel s I
2 e Qo urhath 448 g% gy 489 2)04¢ S0 B
ohet AsheS HW ), FYFol wal Aot AAABLL FAA 25
oA zehAEel sohlus HxeAL AsIzte] AgHhE AFAIA Ak



18 1.2
Ageratum -+ FL Ageratum

15 1.0
12 0.8

w
<
DN

0
£ .
2 Marigold 1; Marigold
g o5 5 10
2 € 7
= 20 ) 0.8
5] &0
= o5 £ .
o &b [3)
5 Eo0 = B
2 s & 02
0 : 0
12
>0 Salvia Salvia

B B
S D
—
.O

35 0.8
30
25 0.6
20
15 0.4
10 0.2
5
o o
0 7 14 21 28 0 7 14 21 28
Days after treatment Days after treatment

a9 33 @Rgeles 9% THY 242D FAA F AR I}
AEGF W5



Ao

S

RFr7-ol A @A

BR9| w3l BFr+ %

=i
=

o,

;3

A= vy

RFr—-°l| A

PCRIEY EEE

AFHNA 21-28 9

)
—_

o
X
o
o

;Of

of whe} thErhe

=
<

g0l 48]

s

<

ol
=

A g

=9

dEA A 37

ol
=

-
o]

4

EK

i

il

N
Bl

e
|
B

o

R

o] HE L

0

oo

A

°]

o)

ol
o
Mo
)

o}

—~

<

SRETI

!

719 A 2 = A o] A

ol
=

SR
Aol o5

o)

nA= Ao deA vk

o
o0

Bo

O

ol A

B
Al
o
i
.‘_Oﬁl

ol

~
_:\,0

o]

7
e

23
\_._vmo

~
_:\,0

e

== 94

Aol Ha ot

toll Ao A& Abel glolA 2 &A 9] A

e

-

HPSE ol wiet

=1
=

, HIDw, ¥4, 9ds

(A= R

297 AE

oA 21

L
JE

, By WA =dolz

Hlo
)

!



25H Azl FAAA ol 8ol HESI =], ol wFrie]
= o

[©)
co SHoERE ABANE HseA e ARE AFFACEA o §7H5H
At}

% Asol Al AZ3} QA ARFES] WHrio] 9. Eof
A A, A L A A9 EGP 2 DAY, A EE L A 4
we 4% 2 ge@ el vl

7h AdHH

1) /\1 b zﬂ =

AEAaes Ego] 2v] H/ME Ageratum (Ageratum houstonianum Mill. cv. Blue
Field), Marigold (Tagetes erecta L. cv. Orange Boy), & Salvia (Salvia splendens F. Sello
ex Ruem & Schult., cv. Red Vidta)E A5t ASRAIE 14U A ] 50 x 50 cm 2]
THEE 7_‘}4% Egole] o]4stglon A7 5k NiP:Ke| Hl&o] A2 &

T e A dEsidth Al R0 AAEE Y2 = 25°C0/15°C 3 ddFETL
W% A7 Sl 1022 AN

238 FYdo =2+ LED system (GF-series, Good Feeling Co. Ltd., Sungnam, Korea)S-
olg3tgom BFPREE O% % AEA A7 15 pmol m” sT® AASITh WY
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= E
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3E 4-1. Total fresh weight per plant of ageratum, marigold, and salvia seedlings grown
under supplemental blue or red lighting with a duration of 30 or 60 min. per day during

sunrise and sunset twilight for 70 days.

Light sources Ageratum Marigold Salvia
(2) (2) (2
NL* 49a" 1.7 be 52a
B30¥ 34a 12¢ 34D
B60Y 35a 12¢ 36D
R30* 34a 2.1b 32b
R60* 36a 2.7a 35D
Light quality (a) ns ok ns
Irradiation time (b) ns ns ns
(a)x(b)" ns ns ns

“Natural light during the experiment.

YSupplemental blue light irradiation for 30 or 60 min. during sunrise and sunset per day.
*Supplemental red light irradiation for 30 or 60 min. during sunrise and sunset per day.
"Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.

YRepresent interaction between light quality and irradiation time.
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th Ag-Anel ostH wde] HAP-L arabidopsis®] 7SS A AA 7| AL W)

of hstE AQAIGaL sk, 2 APl oM = AARRG gAsgo] ofAtd
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3t 4-2. Days to flowering and blooming period per plant of ageratum, marigold, and
salvia plug seedlings grown under supplemental blue and red lighting with a duration of

30 or 60 min. per day during sunrise and sunset for 70 days.

Light Days to flowering Blooming period
sources (days) (days)

Ageratum  Marigold Salvia Ageratum  Marigold  Salvia
NL 52.0 b* 323c  353a 70" 293¢ 237¢
B30 60.0 a 320c 353a 70 323b 28.0b
B60 50.0b 330c 353a 70 34.0b 29.7b
R30 38.7¢ 350b 36.0a 70 36.0b 29.7b
R60 39.7¢ 383a 363a 70 413 a 353 a

Days to flowering (days) Blooming period (days)
Ageratum  Marigold  Salvia Marigold Salvia

Light quality (a) *x *x ns *x *x
Irradiation time (b) ~ ** *x ns * o
(@) x (b)*¥ * * ns * *

“Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.
YStill blooming after experiment in all the treatment.

“Represent interaction between light quality and irradiation time.
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3 4-3. Hypocotyl and internode length of ageratum, marigold, and salvia plug
seedlings grown under supplemental blue and red lighting with a duration of 30 or 60
min. per day during sunrise and sunset for 70 days.
Light Length (cm)
sources Ageratum Marigold Salvia

hypocotyl 1st 2nd  hypocotyl Ist 2nd  hypocotyl 1st 2nd
NL(cont) 2.5a”° 25a 25abc 2la 10a 12ab 24a 26b 35¢c

B30 19bc 24a 2.8ab 23a 1.0a 15a I.1c 27b 39bc
B60 22ab 28a 3.0a 22a 1.0a 12ab 25a 3.7a 53a
R30 l.6c 21la 22c 19a 1.0a 1.1b 22a 3.1ab 46ab
R60 04c 21a 23bc 23a 1.0a 12ab 1.8b 3.3ab 4.7ab
Hypocotyl length
Ageratum Marigold Salvia
Light quality (a) o ns ns
Irradiation time (b) * ns HoE
(a)x(b)’ ns ns o
1st internode length
Ageratum Marigold Salvia
Light quality (a) *x ns ns
Irradiation time (b) ns ns *
(a)x(b) ns ns ns
2nd internode length
Ageratum Marigold Salvia
Light quality (a) *ok * ns
Irradiation time (b) ns ns ns
(a)x(b) ns ns ns

“Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.

YRepresent interaction between light quality and irradiation time.
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3t 4-4. Number of internodes per plant of ageratum, marigold, and salvia plug
seedlings grown under supplemental blue and red lighting with a duration of 30 or 60

min. per day during sunrise and sunset for 70 days.

Light sources Ageratum Marigold Salvia
NL 11.0 a* 54b 7.6 a
B30 11.6 a 82a 6.6 a
B60 10.8 a 92a 8.0a
R30 10.8 a 9.0a 6.6a
R60 11.0a 9.6a 7.0 a
Light quality (a) ns ok ns
Irradiation time (b) ns ns ns
(a)x(b)’ ns ns ns

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.
YRepresent interaction between light quality and irradiation time.



3t 4-5. Number of lateral branches per plant of ageratum, marigold, and salvia plug
seedlings grown under supplemental blue and red lighting with a duration of 30 or 60

min. per day during sunrise and sunset for 70 days.

Light sources Ageratum Marigold Salvia
NL 20.4 a* 54b 7.6a
B30 192a 82a 6.6a
B60 184 a 92a 80a
R30 17.0b 9.0a 6.6a
R60 17.8b 9.6a 7.0a
Light quality (a) * * ns
Irradiation time (b) ns ns ns
(a) x (b)” ns ns ns

“Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.

YRepresent interaction between light quality and irradiation time.
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¥ 5-1. Leaf area per plant of ageratum, marigold, and salvia plug seedlings grown

under different light qualities for 14 days.

Light sources Ageratum Marigold Salvia

(em?) (em’) (em’)
FL (cont.) ' 9.7bv’ 93a 8.7b
B (Blue light) 7.8¢ 6.6 ¢ 81b
R (Red light) 88b 8.0b 9.6a
BR (Blue+Red light %) 10.5a 8.1b 99a

*1:1 in spectral energy.
YMeans followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.
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5-2. Plant height and number of internodes per plant of ageratum, marigold, and

=
It

salvia plug seedlings grown under the different light qualities for 14 days.

No. internodes

Plant height (cm)

Light sources

Sa
30a

Ma

Sa
39b
48a
48a

Ma

30a
23b
30a
30a

43 a

9.7 ab
8.6¢C

10.7 a

6.5¢”

FL (cont.)

20b
20b

4.1a
44 a

8.7b
11.0a

2.1b

34b 41a

9.1 bc
“Means followed by a same letter are not significantly different at 5% level by Duncan’s

6.1c

BR

multiple range test.
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3 6-1. General description of the experiment.

Light sources Light Quality Photoperiod Daily integrated PPF”
(h day™) (umol m?2 s
FL (cont.) fluorescent lamp 12 8310
B10 blue light 10 100+10
B12 blue light 12 83+10
R10 red light 10 10010
R12 red light 12 83+10
BR10 blue plus red light 10 10010
BR12 blue plus red light 12 83+10

“Photosynthetic photon flux.
Y1:1 ratio in spectral energy.

2) EA A
B oAge 7 49TY MEsE Rgon, ARNEFE 12 9w, PR
dzel oEd gl o8 AR s

Y. 234 & 3%

B AZehdel stobf s ol fF JFS v
STk (E 62). Sobrst sk B4

Xt
uiel At AAas LivER E9ste] WIIAE 1043

= = o=
Atk A 9N (AP BEOE stopuatol} Aol FoIF FFL v
A7 e Aoz vehgo H Fol gelME B R BN BEAEe 7
ok AAEE Ea, s FAF W AARE WA T A Fee )
HE s Aew ek,

2 M3 Arabidopsis A=A 9] IS A AA 7| AP GA] Cryptochrome o] 571
of o]a} Arabidopsis®] 7istE A AAZITE AFAA BuEI Qv AAEE
phytochrome?] F7iol <& #2142 Cryptochrome?] 7jo] <& 2] &2 33 e
Aol d3E mA= Aom dEA de=d, AEAdd oA st A=A W
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29 63. A= e 3 2 WA A A Asddd 4%

Nogdy SAFe #d 2L F7IANT 9% Pob FTAA A AEAEG
AAH 2 FYzASAN AARA e ez dEyH (29 63; 6-4).
99 HAFE ZAG BIOT, BI2F R EFF 2ATF BRIOTAA 3738 A%
& gzTo v gase AFE 1ged, 333 AL FEAEe 3134
o] EANCZ $9% 9P AL A ¢ F A TR o3td AF2
79 HANFL e =AY 3 Fo AZEEE WS FESHEGL e, £
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oo, 23, gdAge 8% 2Ae BETo H& 209 o EFHE RoZ
UEtsth (& 6-3).
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3£ 6-2. Number of flowering buds and open flowers per plant of miniature cyclamen
‘Dixie White’ grown under different light qualities and photoperiods on day 63.

Light sources No. flowering buds No. open flowers
FL (cont.) 15.0 ab” 6.0a
B10 92¢ 2.2 be
B12 244d 02c¢
R10 98¢ 3.4 ab
R12 11.0 be 3.6 ab
BR10 162 a 4.0 ab
BRI12 11.4 abc 58a
Light quality (a) *oH ok
Day length (b) ns ns
(a)x(b)’ ns *

"Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.

YRepresent interaction between light quality and photoperiod.

Light quality (a) ** i
Day length (b) * i

(a)x(b)

Length of flowestalk
(cm)

FL B10 Bl12 RI10 R12 BR10 BRI12
Treatment
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6-3. Days to flowering and blooming period of miniature cyclamen ‘Dixie White’

-
it

grown under different light qualities and photoperiods on day 63.

Blooming period (days)

Days to flowering

Light sources
FL (cont.)

B10
B12
R10
R12

20 ¢

25a”

25¢

9c¢

26 be

7c

40 a

8¢
15b

35 ab
39a

3¢
16 b
skk

BR10

24 ¢
skk

BR12

Light quality (a)
Day length (b)

(@x(by’

kK

kK

ns

ns

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.

YRepresent interaction between light quality and photoperiod.
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3 6-4. Reducing sugar content per dry weight of shoot and root in miniature
cyclamen ‘Dixie White’ grown under different light qualities and photoperiods for
63 days.

Light sources Shoot Root Total
(mg g DW™) (mg g DW™) (mg g DW™)

FL 206.6 b 2552b 461.8 cd
B10 194.5b 238.4b 4329 cd
BI2 177.5b 2193 b 396.8d
R10 4623 a 335.6a 797.8 a
RI12 4299 a 253.0b 682.9b
BR10 257.1a 246.4b 503.4 ¢
BR12 214.0b 233.7b 447.6 cd
Light quality (a) ok ok *oH
Day length (b) * *k *k
(a)x(b)’ ns * ns

“Means followed by a same letter are not significantly different at 5% level by Duncan’s
multiple range test.

YRepresent interaction between light quality and photoperiod.
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3t 7-1. Shoot and root fresh weight per plant of dieffenbachia ‘Camella’ and ficus

‘Melany’ plants grown under different supplemental lights for 50 days.

Light Dieffenbachia (g) Ficus (g)

sources Shoot Root Total Shoot Root Total
NL? 1497b" 19.43b 3440 b 14.45 be 5.18a 19.63 b
BY 1595ab 20.10b 36.05b 16.93 ab 6.17 a 23.09 a
R* 16.62 ab 18.18 b 3480 b 13.20 ¢ 6.36 a 19.60 b
BRY 19.63a 25.08a 4471 a 1891 a 6.87 a 25.78 a

“Natural light without any supplemental lighting during the experiment.

YSupplemental lighting with blue LEDs.

*Supplemental lighting with red LEDs.
“Supplemental lighting with blue plus red LEDs of 1:1 ratio in spectral energy.

YMeans followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.
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3£ 7-2. Leaf area and plant height per plant of dieffenbachia ‘Camella’ and ficus
‘Melany’ plants grown under different supplemental lights for 50 days.

Light Dieffenbachia Ficus

sources Leaf area Plant height Leaf area Plant height
(cm?) (cm) (cm?) (cm)

NL 265.3 b* S5.1a 222.7b 11.0a

B 298.7b 420 259.6 ab I1.1a

R 278.5b 420 211.2b 990

BR 326.6 a 4.8 a 280.7 a 12.5a

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.

3 7-3. Number of lateral branches and leaf length/leaf width ratio (LL/LW ratio) per
plant of dieffenbachia ‘Camella’ and ficus ‘Melany’ plants grown under different
supplemental lights for 50 days.

Light Dieffenbachia Ficus

sources No. branches LL/LW ratio No. branches  LL/LW ratio
NL 5.6 b 1.8 a - 23a

B 6.6b 1.8a - 23a

R 74D 1.8a - 24 a
BR 8.4a 1.8a - 23a

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.
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3 7-4. Chlorophyll and carotenoid content in shoot fresh weight of dieffenbachia and

ficus plants grown under different supplemental lights for 50 days.

Light Dieffenbachia (mg gFW'l)

sources Chlorophyll a Chlorophyll b Carotenoid
NL 1.163 a 0.366 a 0.506 a
B 0.639 a 0.538 a 0.286b
R 1.051a 0.294 a 0.480 a
BR 1.246 a 0.361 a 0.530 a
Light Ficus (mg gFW™)

sources Chlorophyll a Chlorophyll b Carotenoid
NL 1.094 a 0.441 a 0.508 a
B 1.345a 0.509 a 0.514 a
R 1.332a 0.406 a 0.589 a
BR 1.329 a 0.498 a 0.526 a

“Means followed by a same letter are not significantly different at 5% level by Duncan’s

multiple range test.
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3t 8-1. Influence of light qualities on vase life in carnation and rose cut flowers.

Vase life (days)
Light treatment Carnation 'Master’ Rose 'Red Sandra'
Fluorescent tubes (FT) of low* PPF (cont.) 10.5b*** 3.8¢c
FT of low PPF + preservation solution (FTP) 10.5b 8.4a
Mixture light of FT + red of low PPF (FTR) 10.8a 3.6¢c
Red alone of low PPF (RL) 10.0b 7.0b
Red alone of high** PPF (RH) 10.9a 8.0a

* 50£10 pmol m’s’.
** 90£10pumol m’s’.
*** P<0.05.
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7h 2@y
1) 2 AENE
AEA &= GE G 2] v} (Ipomoea batatas (L.) Lam., cv. Beniazuma)E ©] 83} 4 t}.

Bl ¥ H 2] =1/2MS (Murashige & Skoog, 1962) 2 3t o™ wijx] D5 ==30gL-1 AT =
E7gl1 23 9 pHE 5602 248t}

WA EAE 7] £ 25C, AT ¢ 60%, ol AHB A E A gelA) e zro o)

o, wjFAY F7 %= 90 mmol m-2 s-1 2 AAa on, wjdr| e 359 2 vt
FEAA 03_47‘5‘—"}"?01]}\1 16A1 7t 2 39l o 2+ Aol Al = 20 sec. (photo) /
10 sec. (dark) 2 Lo} & 164170 2 a4tk A8 i s 2 3 x4 dhwlof] whal & 77)
= 22lst7] 91ellA4] LED XA}

o AETE ARSFAT (G 0-1). 2 AR Tl Aol B2
System (LPRS, Goodfeeling Co. Ltd., Sungnam, Korea)S ©|

AENA 35D Ao ek wjFaEAe HET, GHA, A de], MG 2

=
24e 24, PN o) s FEAL P BAHAFERE 2RTHSE
g AR B, DT LA BA ) OB R TR ARFEE SHAATh

2) EAHA
ZF AT 61 AAEAE FAGI o AY o] SAS X & 13 (Version 6.21,
SAS Institute Inc. Cary, NC, USA) & o] -§-3}o] T 2] th5 Aol 93] & A4 353t

<

N
el

3 9-1. Experimental design of the experiment.

Treatments Light Source Radiation type
FL (Cont.) Fluorescent lamps continuous
B Blue LEDs continuous
BI Blue LEDs intermittent
R Red LEDs continuous
RI Red LEDs intermittent
BR BluetRed LEDs* continuous
BRI Bluet+Red LEDs intermittent

*1:1 in spectral energy.
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Betalain synthesis by hairy root of red beet cultured in vitro under different light quality.
2002. Acta Horticulturae. 5807. 209 - 214.

Characteristics of growth and flowering on some bedding plants grown in mixing
fluorescent tube and light-emitting diode. 2002. Acta Horticulturae. 580d. 77 - 83.
Growth reponses of marigold and salvia bedding plants as affected by monochromic or
mizture radiation provided by a light-emitting diode. 2002. Plant Growth Regulation. 38:
225-230.

Influence of light quality and photoperiod on flowering of Cyclamen persicum Mill. cv.
Dixie White. 2002. Plant Growth Regulation. 40: 7-10.

Longevity and quality of cut 'Master' Carnation and 'Red Sandra' Rose flowers as affected

by red light. 2003. Plant Growth Regulation. in press.

[= A &< o 3]

Characteristics of growth and flowering on some bedding plants grown in mixing
fluorescent tube and light-emitting diode. 4th international ISHS symposium on artificial
lighting. 2000. Abst. P 14.

Betalain synthesis by hairy root of red beet cultured in vitro under different light quality.
2000. Abst. P 42.

Supplemental blue or red light with low photosynthetic photon flux in sunrise and sunset
twilight influence growth and morphogenesis of Ageratum, Marigold, and Salvia seedlings

cultured in greenhouse. 2001. HortScience. 36 35. 565.
[FHst<d 3]
Effect of red light on the vase life of cut flowers, carnation and rose. 2000. 3}=;3}38}7]

=X, 189 23. 156.

Effect of mixing light with fluorescent lamps and light-emitting diodes on growth and

- 113 -



morphogenesis of ageratum, marigold, and salvia plug seedlings. 2000. 3F=r3}38}7]& 4],
18 2%, 153.

The growth and morphogenesis of plug seedlings cultured under conditions of the different
mixing light with light-emitting diodes (LEDs) as a plant lighting source. 2000. 3=} =}3}
714, 189 55, 662.

Flowering and growth of cyclamen miniature 'Dixie White' influenced by control of light
quality and day length using light-emitting diode. 2001. &=+ 3}38}7] <%, 194, 47.
Growth of 'Camella' dieffenbachia and '"Melany' ficus ornamental plants as affected by light
quality. 2001. gh=53}38}7]< =], 19¢. 34,

Continuous or intermittent radiation using light-emitting diode influence on the growth and
morphogenesis of sweetpotato plantlets cultured in vitro. 2002. 3t=3}87]&=]. 204, 33.
Effect of light quality on photosynthesis and growth of ageratum, marigold and salvia plug
seedlings. 2002. $t=-3}38t7]w <], 20H. 40.

Storage physiology and growth after transplanting of marigold and salvia seedlings under
low temperature condition as affected by green light. 2002. 3F=3}38}7]< %], 20H. 40.
Light quality influence on growth and sugar metabolism of grape rootstock 5BB cultured
in vitro. 2002. ¥=3}8H7] =], 207, 88.

Light quality influence on growth, starch content, and antocyanine synthesis in red curled
lettuce spp.. 2002. St 3}38}7]%==]. 204, 31.

Growth of mustard cress grown under conditions of continuous or intermittent lighting
provided by light-emitting diodes (LEDs). 2002. &= 2}3}7]<%%]. 209. 64.
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