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SUMMARY
(G 8 oHT)

Development of quality potted plant production
by photo—control for energy saving

1. Flowering Response of Long—day Plants to Temperature and Photoperiod
According to Growth Stages for Energy Cost Saving Production

Heating during winter is unavoidable in winter production of spring flowering potted
cyclamen. Long-day (LD) treatment to promote the flowering of many LD plants is
considered as alternative methods to heating. This research is conducted to determine
the flowering response to temperature and photoperiod according to growth stage (Stage
I: flower bud initiation (5-unfolded leaves - 2 mm visible bud (VB)), Stage II: flower
bud development (during 9 weeks after VB). 'Metis Purple’ cyclamen seedlings in Stage
I and I were grown under growth chambers maintained at 8, 12, 16, and 20T in
combination with LD (16h) or short-days (SD, 8h). After treatments, all plants were
transferred to a growth chamber maintained at 24/17C (day/night). In Stage I, VB
initiation was hastened by 8 to 13 days in plants grown at 16 and 20C compared to
those grown at 12C. VB was not observed under either LD or SD at 8C, and 8h at 1
2C. However, total no. of days from planting to flowering was not affected. During
Stage II, high temperature and LD hastened flowering. There was no difference in
flowering between 8h at 20C and 16h 16C, and also no difference between 8h at 16T
and 16h 127C, indicating that supplemental LD could substitute for expensive heating
cost. The information is useful in low energy cost production without flowering delay in
winter.

2. Night Interruption and Cyclic Lighting Promote Flowering of Long-Day Plants
under Low temperature

Heating costs could be considered as a problem in winter flower production. Night
interruption (NI) is used as an alternative method to heating for promoting long-day
plant flowering. To investigate NI effects on flowering, long-day plants (Cyclamen
persicum Mill, Eustoma grandiflorum 'El Paso Deep Blue', Pelargonium x hortorum
Pinto Red’, Antirrhinum majus) were grown under three different temperatures (12, 16,
207C), four NI lightings (0, 2, 4, 6 h), and two cyclic lightings (CL) (6/54, 6/24’ on/off)



around midnight. Photoperiods were 9/15 h day/night, and NI was provided by
three-wave lamp with 3+1 ymol e m-2 e s-1 during the middle of the dark period. Plants
grown at high temperature (20C) came to flower earlier than those at low temperature
(12, 16TC). NI and CL Ilighting hastened flower initiation and flowering in each
temperature regime. Plants grown at 16 C with CL (6/24") lighting reached flowering 10
days earlier than plants grown at 20C. Plant growth and the number of flower buds
and leaves at low temperature (12, 16C) with NI lighting were similar to those of
optimum temperature (207C) without NI lighting. There were no significant differences in
plant height and width at their treatments.These results indicated that NI and CL light
treatments could replace heating for plant flowering. Moreover, NI lighting effects on the
other long-day plants such as Dianthus carthusianorum, Viola x wittrockiana ‘Matrix

Scarlet’, Petunia hybrid ‘Mambo Red’, Primula malacoides ‘Libre Blue, Red’) will be
discussed.

3. Night Interruption Saves the Production Cost in Winter Long-day Plant
Cultivation

The night temperature used to drop below freezing in winter in South Korea.
Greenhouse heating is essential to promote growth and flowering of plants during winter
cultivation. But, as heating cost occupied large proportion on production cost and
increased dramatically recently it is becoming a serious problem. Usually plants grown
in winter are long-day plant (LDP) like a cyclamen in South Korea, and its flowering is
promoted by long-day treatments such as day extension, night interruption (NI and
cyclic lighting (CL). Thus, NI and CL could be used as an alternative method to reduce
heating cost for the same quality of flowers in LDP during winter. In addition, light
quality is concerned in LDP flowering during NI and CL lighting. NI using specified
spectrum light emitting diode (LED) treatment could reduce electricity cost than using
fluorescent and incandescent lamps as light source. To investigate NI and CL effects on
flowering and energy saving, young plants of Cyclamen persicum Mill. ‘Metis Scarlet
Red’ were grown under three different night temperatures and six different daylengths
in greenhouse. Night temperature regime was optimum temperature (200C) and two low
temperatures (120C, 160C). Natural daylength was 9 h in greenhouse. Light treatments
consisted of four NI (0, 2, 4, or 6 h), and two CL (6/54, 6'/24° on/off) around midnight.
NI was provided by three-wave fluorescent lamps with photosynthetic photon flux 3+1
umol e m—2 e s-1. Night temperature was manipulated by oil heater and the amount of oil
used for heating was recorded for calculation of heating cost. Electricity cost was
estimated from the number of bulbs and the capacity of each bulb. To investigate
additional energy saving by using LED, Cyclamen persicum Mill. ‘Metis Scarlet Red’
were grown under two different light duration by four different light quality treatment
in growth chamber. NI (4 h) and CL (6/24 on/off) was provided as light treatment.

Red, far-red, and blue LED, and three-wave fluorescent lamp were used as light source



for providing different light spectrum. Operating cost was calculated in the same way as
described above. NI and CL hastened flower initiation and flowering in the same
temperature regime. Plant grown at 160C with CL reached flowering 10 days earlier
than at 200C with 9 h daylength. Both NI and CL could substitute for additional heating
in winter. Decreasing greenhouse temperature (40C) and using NI could save production
cost about $3,660 per 1,000 m2 cultivation area considering investment and electricity
costs in South Korea. CL could also reduce electricity cost, but the effect was less than
NI. CL treatment was expected to about extra $344 production cost saving. There was
also significant difference on plant flowering and growth among different light sources.
LED consumed a lower electrical charge than fluorescent lamp. Nowadays LED was still
expensive, but price is getting down. Thus, the more energy saving could be expected
for NI lighting by using LED. Furthermore, economical analysis will be discussed

according to both investment and operating cost.

4. Night Interruption and Cyclic Lighting using LEDs Promote Flowering and
Save the Production Cost of Long-day Plants in Winter

Night interruption(NI) and cyclic lighting(CL) are used as an alternative method to
heating for promoting cyclamen flowering. This study was conducted to investigate the
effect light quality during NI and CL on flowering. Two species of cyclamen [Cyclamen
persicum ‘Scarlet Red’(SR) and ‘Scarlet Purple’(SP)] were grown under four different
light sources (fluorescent, red LED, far-red LED, blue LED) with combination of NI (4
h) and CL (67/24’ on/off for 4 h) around midnight in a growth chamber. Short-day (SD)
was 9 h. Photosynthetic photon flux was 300 pmolem-2es-1 with three-wave
fluorescent lamp during day time and 3-15 pmol ® m-2e s-1 with fluorescent lamp and
LEDs of each wavefor NI and CL, respectively. Temperatul and Coptimum for cyclamen
growth (24/160C, day/night). NI and CL and 3-15 phd tenedimum for cyin both Cyclamen
persicum SR and SPtimyclamen persicum SR and SP nd chedimum for cym ximum 19
and 12 SPti, respectively, earlier h Cyc Coptigrown atiSL andditionfor NI and Cnre
spectively. Temperatul in flowering time of both SR and SP th (24light sources aoreach
NI and CLfor NI and Cnrespectively. Temperatul in the number of visibleSP ds andi
mum fos th (24light and 3-15 s andi/night). NI andHm fvfoc Coptill5growtndiwidth
tended to incnd se at both NI and CL with far-red LED h Cycod Cn LEDs in both SR
and SPtiThe number of visibleSP ds spectively.ly decnd sed at CL with blue LED in SPt
In addition, the number of flowers in NI with blue LED were less than those in NI with
red LED. Although, there were some differences between SR and SP, plant grown under
NI and CL with far-red and blue LED produced poor quality commodities of Cyclamen
persicum than those under NI and CL with red LED. Electricity consumption of LED
was about 60 percent of fluorescent lamp. Fluorescent lamp was widely used at NI and
CL treatment in general. These result indicated that red LED could replace the

fluorescent lamp for promoting cyclamen flowering at NI and CL due to electricity cost.



For details in cost saving, more economical analysis is necessary Iincludingboth

investment and operating cost of LED lamps in a commercial greenhouse.
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(k) R et g, 1993, BEEEAT AR, RETRI(ER), at, BA
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FEE. 2006. 2005 33 A wl A &

(2) Adrd x5

[e]
Q) X} 1:‘143_

=3

B 8% o Fisher & Runkle Kiaﬁmgi 2 a7
Al E-2hdl cyclamen Cyclamen persicum DNP+FI DNP FLDP
ol % snapdragon Antirrhinum majus FLDP+FI FLDP
2L A lisianthus Eustoma grandiflorum FLDP FLDP
A etE  zonal geranium Pelargonium x hortorum DNP+FI DNP
Fhdi o] A carnation Dianthus caryophyllus FLDP FLDP
H 5o petunia Petunia x hybrida FLDP FLDP
= X pansy Viola x wittrockiana FLDP -
ZFE primula Primula malacoides OSDP -

campanula Campanula carpatica Quantitative

v lily Lilium spp. FLDP OLDP*

* FLDP: A48 Fd2E OLDP: 2y #d2E DNP: $AANE, FIL FH vbg
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Significance ook

“Duncan’s multiple range test at P=0.05.
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# 22 2k BT Ad gE AAF
Treatment Fresh weight (mg)
Temperature ('C) Night interruption (h) Shoot Root Corm
16 0 20.2¢° 3.3cd 1.2¢
2 22.4bc 3.0d 1.3¢
4 29.6b 4.7ab 1.7ab
Cyclic 6/24 21.6¢c 3.4cd 1.8a
20 0 23.3bc 3.5¢d 1.0¢c
2 29.6b 4.4abc 1.3bc
4 40.8a 5.4a 1.8a
Cyclic 6/24 23.6bc 3.6bcd 1.2¢
Significance Hokok ok *oAk
“Duncan’s multiple range test at P=0.05.
7 2-3 exsh #59 Aol ne VEF
Treatment Dry weight (mg)
Temperature (C) Night interruption (h) Shoot Root Corm
16 0 1.14¢ 0.24bcd 0.14cd
2 1.08¢ 0.19d 0.16bcd
4 2.21b 0.31ab 0.20ab
Cyclic 6/24 1.13¢ 0.22¢d 0.24a
20 0 1.00¢ 0.22¢d 0.10d
2 2.19b 0.31ab 0.14cd
4 3.38a 0.37a 0.19abc
Cyclic 6/24 0.95¢ 0.29b¢c 0.12d
Signjﬁcance ek ok ok sk *k

“Duncan’s multiple range test at P=0.05
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4 AQTHGEE 2-4). AEY 2EZL

= oo N~

Temp. Light No. of Plant width
°C) treatment” leaves flowers (cm?)
12 0 22.3d 7 0.5f 13.9¢
2 h NI 32.1ab 2.2bcd 15.3 cde
4 h NI 32.6ab 2.1bcd 14.7 cde
6'/24" CL 32.7ab 2.5bcd 15.2 cde
6'/54" CL 31.6ab 1.7cde 14.7 cde
6 h DE 30.0ab 2.7bc 16.0 bcd
16 0 23.4cd 0.7ef 14.4 de
2 h NI 31.9ab 2.3bcd 16.6 bc
4 h NI 30.3ab 2.2bcd 18.2 ab
6'/24° CL 31.3ab 2.3bcd 16.4 abc
6'/54" CL 32.8ab 2.4bcd 16.6 abc
6 h DE 30.1ab 2.1bcd 16.2 a-d
20 0 22.7d 1.0ef 15.6 cde
2 h NI 28.2bcd 3.0ab 16.6 abc
4 h NI 30.3ab 3.9a 18.2 a
6'/24" CL 28.1bcd 2.5bcd 16.5 abc
6°/54" CL 29.3abc 2.8bc 17.0 abc
6 h DE 3b.7a 3.8a 18.3 a
Temperature (Temp) #* Hoiok Hok
Night interruption (NI) k% k% ok
Temp. x NL * * *

“ NI' night interruption; CL: cyclic lighting for 4hr; DE: day extension with 3hr
lighting both in the morning and evening.

¥ Mean separation within columns by Ducan’s multiple range test at P=0.05.

* NS, *** *xx Nonsignificantly or significant at P=0.05, 0.01, and 0.001,
respectively.
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B}g B AFUe ot A
12Cel M 9] okt A7} shole) &
£ ANE ¥ 4. wt %‘ ex WolHE ofn A Al 717@} g o

G ZRoA ofn Wiz Ae
=
[e]

E 2°5. o] F AFHH FotEd de} A

o . s Days to
Temperature ("C) Light treatment
VBs flowering

12 0 22.7a” 1016 a

2 h NI 16.9bc 889 ¢

4 h NI 16.1bcd 923 ¢

6’24’ CL 16.3bcd 91.7 c

6’/54> CL 16.9bc 92.7 ¢

6 h DE 14.0cd 87.5 cd
16 0 21.0ab 96.7 b

2 h NI 10.7def 85.5 def

4 h NI 10.0ef 84.1 ef

6°/24> CL 10.8def 82.7 £

6°/54" CL 14.7cde 85.1 def

6 h DE 11.6def 85.1 def
20 0 14.0cd 923 ¢

2 h NI 9.8ef 750 g

4 h NI 10.0ef 76.7 g

6’/24’ CL 10.0ef 784 g

6’/54° CL 9.2¢ef 83.4 ef

6 h DE 8.0f 769 g
Temperature (Temp) Fak kX wkk
Night interruption (NI) *kk *kk

%k *

Temp X NI

Z NI night interruption; CL: cyclic lighting for 4hr; DE: day extension with 3hr
lighting both in the morning and evening.

YMean separation within columns by Ducan’s multiple range test at P=0.05.

*NS s * #%% Nonsignificant or significant at P=0.05, 0.01, and 0.001, respectively.
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Non 27 a 82 b
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£ 31 A9 8% F 4 A e 95, a5, 2%, 2%, ALF, AAF,
Temp. Light No.of Plant Weight(g)
(C) Treatment® leaves florets height (cm) Width (cm® fresh dry
12 0 42.0 ab® 5.3 gh 31.2 h 757.9 d 133.7 e 143 e
2 h NI 41.8 ab 3.4 h 33.4 fg 895.7 abc 164.0 a-e 17.8 a-e
4 h NI 42.8 ab 4.6 gh 32.9 gh 912.1 abc 181.3 ab 19.7 a-d
30 CL 45.2 ab 23 h 33.8 fg 8174 d 185.7 a  20.0 abc
60 CL 46.8 ab 4.7 gh 32.6 fg 823.8 cd 148.7 b~e 16.1 b-e
6 h DE 41.8 ab 8.3 efg 33.4 fg 846.2 bed 176.0 abc 19.7 abc
16 0 43.7 ab 8.3 efg 35.2 ef 883.3 a-d 171.0 a-d 184 a-e
2 h NI 38.1b 11.2 ef 37.8 cd 916.4 abc  157.7 a~e 17.5 a-e
4 h NI 4383 ab 7.9 fg 38.5 ¢ 990.0 a 174.3 abe 19.0 a-d
30 CL 43.4 ab 7.7 ig 36.1 de 1013.1 a 148.7 b-e 19.2 a-d
60 CL 43.6 ab 8.6 efg 37.8 cd 958.6 abc 183.7 ab  19.5 a-d
6 h DE 41.0 b 18.9 d 38.9 ¢ 931.1 abc  179.3 abc  20.3 ab
20 0 433 ab 121 e 39.0 ¢ 914.6 abc  167.3 a~e 18.5 a-e
2 h NI 458 ab 241 ¢ 39.6 be 1002. 9a 137.0 de 15.3 de
4 h NI 43.0 ab  40.5 a 42.1 a 969.2 ab 166.0 a~e  21.4 a
30 CL 46.1 ab  20.3 cd 40.7 b 1029.2 a 144.7 cde 15.7 cde
60 CL 443 ab 21.1 cd 41.2 ab 1018.8 a 144.3 cde 17.2 a-e
6 h DE 50.7 a 280 b 38.4 ¢ 940.6 abc 174.3 abc 19.8 abc
Temperature (Temp) NS” *xk ook o NS NS
Night interruption(NI) NS 5k # * # NS
Temp x NI NS # NS NS * NS

* Mean separation within columns by Ducan’s multiple range test at P=0.05.

v NS &k ok

NI :

Nonsignificant or Significant at P=0.05, 0.01 and 0.0001, respectively.

DE ' day extantion
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£ 3-2. Algtwe sto} 2dAdT o MsLF

o Days to
Temp.(T) NI VBs flowering
12 0 56.1 a” 774 a
2 NI 499 b 71.0 b
4 NI 50.2 b 714 b
30 CL 495 b 71.1 b
60 CL 49.2 b 71.2 b
6 DE 50.8 b 73.9 ab
16 0 45.4 bc 72.3 b
2 NI 39.6 de 63.8 ¢
4 NI 36.6 ef 62.8 ¢
30 CL 389 e 65.3 ¢
60 CL 40.5 cde 66.1 c
6 DE 39.7 de 62.2 ¢
20 0 45.0 bed 66.4 ¢
2 NI 30.1 g 50.3 fg
4 NI 299 g 56.0 de
30 CL 31.0 g 48.0 g
60 CL 33.3 fg 57.3 d
6 DE 29.1 g 53.0 ef
Temperature (Temp) A I
Night interruption (NI) - .
Temp x NI *ook *ok ok

* Mean separation within columns by Ducan’s multiple range test at P=0.05.

vy NS ek fkok

Nonsignificant or Significant at P=0.05, 0.01 and 0.0001, respectively.
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Z
tel 5% ez 2 zpolyl mmaitia & 4 glow wEk 2AHZE7e BA A
FOIAE B ¢ GG AT Folge ol E 20T ok TE AYsne Y
ST Yol e wAZAC uls) kA Ae] solsst Zhe AP B @
T AARTH =3 TS dLFZAHE o= okt xe] Asol wE sopsrt Fb
st A% nddh aey exAY GRAYE FHaol EH9A ol 7
F FEgn & 4 e 12T ok -4 dd A, 60CYA R, 16TC oF=79 &
Aot £x9F Fx7o] FEI 20T FLHHYE ALss ﬁ}‘j Fo oM FA
Aoz FA7F AU BH(FE 3-3).
£33 A2l 15749 §2E0 Q ¢ Sl 273, 2E njos
No. of Plant
T . No. of
emp NI (h) height Width 00
(T) flowers VBs 2 nodes
(cm) (cm®)
12 0 00 g 5.2 d h2.3 ab 13.8 b 16.0 be
2 NI 0.1 fg 114 b 62.3 a 15.9 ab 16.0 be
4 NI 0.3 efg 11.1 b 56.2 ab 16.1 ab 16.3 abc
30 CL 00 g 9.4 bc 58.7 ab 16.4 ab 16.7 abc
60 CL 0.1¢g 7.4 cd 57.7 ab 15.1 b 16.3 abc
6 DE 0.6 efg 104 b 60.5 a 16.3 ab 15.7 bce
16 0 00 g h.2 d 48.9 b 15.2 b 16.3 abc
2 NI 1.4 def 110 b 64.0 a 16.1 ab 17.0 abc
4 NI 1.6 de 116 b 62.1 a 17.2 ab 16.7 abc
30 CL 0.6 efg 9.9 be 62.3 a 156 b 18.3 abc
60 CL 0.6 efg 106 b 58.9 ab 17.4 ab 19.7 a
6 DE 4.1 ¢ 12.3 b 63.7 a 19.7 a 19.0 ab
20 0 0.3 efg 10.8 b 52.9 ab 16.2 ab 17.7 abc
2 NI 55 b 12.1 b 58.0 ab 15.7 b 17.3 abc
4 NI 6.0 ab 9.8 bc 61.7 a 139 b 17.7 abc
30 CL 4.9 be 10.3 b 60.0 ab 16.2 ab 18.3 abc
60 CL 25 d 125 b 61.0 a 13.7 b 17.3 abc
6 DE 7.1 a 165 a 57.3 ab 17.6 ab 15.3 ¢
Temperature (Temp) NS NS NS NS NS
Night interruption (NI) NS NS NS NS NS
Temp x NI NS NS NS NS NS

* Mean separation within columns by Ducan’s multiple range test at P=0.05.

v NS = Nonsignificant or Significant at P=0.05, 0.01 and 0.0001, respectively.
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E 34 f2Evhe solEEAS, AHAS

Temp. Days to
. NI (h) :
() VBs flowering

12 0 95.0 a 127.2 a

2 NI 77.5 fg 115.6 cd

4 NI 79.7 e 113.2 de

30 CL 83.8 cd 118.3 ¢

60 CL 86.8 b 117.7 ¢

6 DE 319 d 116.3 cd
16 0 83.1 cd 122.1 b

2 NI 76.0 g 106.6 f

4 NI 75.7 g 113.7 de

30 CL 77.7 efg 116.3 cd

60 CL 78.6 ef 112.2 e

6 DE 76.1 g 100.5 g
20 0 84.4 ¢ 1119 e

2 NI 67.4 1 98.4 gh

4 NI 67.0 1 93.3 1

30 CL 69.5 h 97.2 h

60 CL 78.4 ef 107.6 £

6 DE 67.6 1 91.81
Temperature (Temp) ok ok sk %
Night interruption (NI) * *
Temp x NI * *%

* Mean separation within columns by Ducan’s multiple range test at P=0.05.
v NS %% Nonsignificant or Significant at P=0.05, 0.01 and 0.0001, respectively.

@ A
O WAE dwHon LEs} Suhztl Wt st wet A2 wath 19
= A 3 = EARoE foRsh et 2

g LEYol e 5
AT EEAYC 9N HYlErt xolAFE Az} weAE PSS B F
AATHE 3-5). kA7t FAeo 98 Agzde] e 2 5 g



® =g &t
O ZeEdte 27, 2% A ol 259 4
gttt stopgo] JAME FAH = FoAI}
AolA 10T 14CTx=UAAM 6CHY slol7F B

Atz =z gt solst #2717} old £xAed =2
oL /\ olcﬂr,}

o ¢

® #HF ol

O #HFYotell e Mtz 6CAA 7Y m=2A JPH[AL, 7 HE oo 14T
10ColA M7t APEAJet. 221 6T 14TCAME ddH o vls) ofg A
A N7t FREE & F AJHE 3-5). AW 6T 14T ZF A3 A3 9
oAM= FAYE Tl S QAT F dS Aolge AP TIAHA FHA =
A 7198 = £,

O 7Hdlolde] A= 10T 14Tl 23 Aol7F gldlert 61T A2 A4
& & F AT Y 3-12). o] el YoM = Okﬁrfﬂal

IdE 7R # ANTH 14T GLdAE T+ 10T oFapA ),
HoE AS vxs Ml dsE ey -a‘H
6CAME 7stel] 285 E= Az 1 Lﬂ AA Yehdt ok Ay £94E 7T F
AATH(E 3-5). olgdd AHRZ v Fo] o] Aol oAM= oF2E AujA
29 14TA 4CHF3 ofg Xl & slFozm Nert HES ¢ F AU

JN rir rﬂd

# 35 £Esh AR @ FANBGHIIM, ZelBeh, ARl WA A%
3} 74 S}t %.
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ZHI R ii?.3 a2 3.7 daf 148 od 4,3 ¢ 117 3¢ 0.9 &b 4.9 =iy
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JRCL & e 1247 3 14 g 3.1 dg S8 ¢ 27
&OCL 1780 1340 a 1z 4.1 .
A0 205 118.7 3 23 ¥y G .
o 137 f Wi e 5.1 buod 3 R w8 5.
piaste 138 wde 880 o &1 ab 1217 at 14.5 o 3.z ed 7.

10 L3 4 o 34 e S0 Ao 123.3 5.8 b 2.7 ed &,
EOUL 13.3 daf .2 ah 1187 abo 11 od 7.4
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&g 135 duf 5.4 bod Z
i E H .2 wde A,
¥ 5.
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_51_



Fynds

~8D 4H PH BDE 80CL 300L SO 4H 2o 6DE socL doct

800L 36CL
Fig. 1. Flowering of Dianthus carthusianorum grown under 8, 10, or 147 combined with different NI or CL at 19 weeks after treatment in the greenhouse.
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A5 A kAN ARFY T

] A 5l B 200849 129714 Meddtn =g AHIstde st
A7 F2 Ayl A2 AFFE ol &d AFHUMLH 5-1). HEAR=
= 2l ‘Metis Scarlet Red'®} ‘Metis Scarlet Purple’® A&t th F1toll=
25 408 o] &84 300£10 pmol - m’ - s & FEE PFo] FY

Ao71E AFe gate s Bl FAT okgAH | AldlE 2048 u

(3]
(]
(o]
o0
T
AL
[ R
o
e

Y2 red, far-red, blue LEDE o|&3}o] 4417t ofmbA 2] e} 44
2l &l F2 v} Sunshine Technigro 20*9*20 Plus %S o] &3
o 1.0dS-m’ ¥EZ 3o AAAFH FUh AY F ASAA FFG A

Fluorescent o LED(far-red)

LED(red) S _‘ )

a9 51 2k 2T ALAW o] dE LEDE HAT A5 i 17
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22300*02-00)/\] ZF, 6/30% JLE.JE% (CY: 22:00722:06, 22:30722:36, ... 01:30701:36)°.
2 AY3 FAo, Growth chambertld -t BE ARSI F7F 24+17T,

oFZF 16£1TC =2 9o Fo)

) A 3 u 3

O Ao Aujol Ao ddA oM Mt ofutAE el WEET Ao
Hlsl A melAw AE & Ak oksA g A o] e Al Fele) e
Rho] ofyet guAe A= #BoFE 4¥E T & F ANtk I A
T AFEle A AEASE 9 #Bo) Ak A A9 <ol
compact 3} Al l‘.f% Qa1 Fo] AAE oAlM Astat= Aol A =2

7N

7 A& 74 A ¥ oA red LED= Fo] ARG AAet= AoE UrE}kb:}(:l
¥ 5-2). 3% red LEDZ o] &3 nsxw oA

H AT Ro AlZ2hde gyt 2AHE AL & F 3 914(4 5-1).

=5

5-1. A& @9 ‘Metis Scarlet Red’d) 8% 16529 AS3 73}

Light Light Stalk length Days to
duration quality leaf flower flowering
SD 4.4d 9.1 ¢ 115 a
N L 50bed  99bc  9b
R 5.5 abc 10.9 bc 103 ab
FR 5.6 ab 8.7c 103 ab
B 5.4 abc 12.5 ab 97 b
c R 51bc  11.0bc  109ab
R 5.2 bc 83c 104 ab
FR 59a 14.4 a 114 a
B 4.8 cd 10.1 be 103 ab
Light duration o . ok
* light quality
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LEDS2 o] Im, £ 15m¢) AHL 7Foz ¥ Qe ¥A39c 18w %— =
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