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Development of Rapid Production Technology of Good Quality

Phalaenopsis Potted Plants Using Closed Growing System

2018. 1. 31.
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< SUMMARY >

Purpose
&
Contents

QO Research purposes
e Development of rapid production technology of good quality Phalaenopsis potted

plants using closed growing system

- Development of under-ground environment control technology for growing
Phalaenopsis plants in a closed plant production system

- Development of above-ground environment control technology for growing
Phalaenopsis plants in a closed plant production system

- Development of applied technology of closed growing system for rapid production
of good quality Phalaenopsis potted plants

- Development of technology for commercialization of miniature potted plant with
cost saving

O Research contents

e Determination of the optimum above-ground environment and development of
environment control technology for promoting the growth and improving plant
quality in Phalaenopsis

* Determination of the optimum environment and development of environment
control technology for promoting the flowering induction and improving plant
quality in Phalaenopsis

e Determination of the optimum under-ground environment and development of
environment control technology for promoting the growth and improving plant
quality in Phalaenopsis.

» Development of closed growing system for rapid production of good quality
Phalaenopsis potted plants

 Selection of variety and development of technology for producing miniature potted
plant with high quality

» Farming demonstration using LED production system and technology of packaging
of Phalaenopsis

Results

O Development of under-ground environment control technology for an application of

a closed plant production system in Phalaenopsis

* Determination of adequate methods of irrigation and rhizospheric environment
control for young Phalaenopsis plant production without media

e Determination of adequate potting media for subirrigation of young Phalaenopsis
plants

 Investigation of subirrigation method and frequency for promoting the growth of
young Phalaenopsis plants

e Development of the technology for underground environment control in young
Phalaenopsis plant production




O Development of above-ground environment control technology for an application of

a closed plant production system in Phalaenopsis

» Determination of adequate light quality for the growth of Phalaenopsis plants

 Investigation of light intensity, photoperiod, and daily light integral conditions for
promoting the growth of young Phalaenopsis plants

 Investigation of adequate humidity conditions and CO, concentration for promoting
the growth of young Phalaenopsis plants

» Development of a temperature control technology for reducing heating costs

O Development of closed-type growing system for rapid production of good quality

Phalaenopsis potted plants

e Development of irrigation systems for potted Phalaenopsis in a closed-type plant
production system

» Development of a closed-type growing system for rapid production of young
Phalaenopsis potted plants with good quality

e Making an operation manual and economic analysis of the closed-type Phalaenopsis
production system

O Development of technology to produce high quality miniature Phalaenopsis in a

closed plant production system

 Selection of miniature Phalaenopsis with more flowers and branches in small pots

» Determination of optimal growth stage for flowering of miniature Phalaenopsis

 Investigation of BA concentration and application time to enhance flower quality of
miniature Phalaenopsis

» Development of packaging box for commercialization of miniature Phalaenopsis

» Farming demonstration using a closed-type LED production system and survey for
consumer response of miniature Phalaenopsis

O Expected contributions
» Development of technologies for shortening of production period and improving
plant quality by providing the optimum under- and above-ground environment
conditions in a closed-type plant production system

Expected e Establishment of closed-type plant production system with optimum environment
Contribution conditions for juvenile Phalaenopsis plants
» Solution of problems occurring in acclimatization process of micropropagules
through a closed-type Phalaenopsis production system
e Expansion of flower consumption by commercializing low cost and high quality
miniature Phalaenopsis
) closed plant light emitting . ,
Keywords Phalaenopsis hydroponics energy saving

production system| diodes (LEDs)
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Table 1-1. Orchids production status in Korea.
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w2} A i@%ﬂ'@&%ﬂ%%?kﬂﬁﬂé-%%ﬂﬂﬁ%ﬂﬁ%%@-ﬂ%%li
10] Agtan, FAlel hastel AUF AAA oS

2% % Ak ol7lo] Rl A AzHS ¢
& oo wd =A AEe] Ash) Fe FhelA A
5} 7

=]
=

SUPS

-

(e}

£ oW

T A
O Zoke] BHT A A B AH] B AFHE B0 B3 AFZE AN A9
FH x4 (Wang, 1996; Hwang and Jeong, 2009)°|v} HlR|(Wang and Gregg, 1994; Kim et
al., 2016) Fo] JAAAT LHE A= oA SHTY AstE S g A7=

AZXR THT AEFTA Al2E Agtel gA FHE Ajujol] A7
Aty HA AL 7P| st ddyF WAH FF F71, 283 FEE o] A
o 71XE S dotr A}l 1Tt

U Az 2 i
D AFA=

7199l A 1NLEZr 3" Phalaenopsis  ‘Blanc Rouge’ (E#ZF2)9}  Doritaenopsis

‘Mantefon’ (TH-3)e] =AMIRE THT 207, Bt SHAM Fdste] ¥

& AEAE I HEAsE AT 7Y Al FHC AA ded, Ade 9

27} AelA FEE ZA2HA AASAT. o|F A=A
2cmE B E WA A A & APl FHo] B AEEF H]=(L60xW6e0xH2cm)ol 7]

9 A Ash

A2 20159 3€HH 20161 4€7bA] FEdtisw A& FAol] HXA
H dHovd e Fg 3-1-DollA 3 FHA. dH o H(L8.0XxW3.0xH2.8m) el A
NE WHE AEFF A2HY YRe &% 29+£1C, AUEE 70+5%2 FAEHAL,
warm-white LED(Fig. 3-1-1D)& #do & 3t 3% 150umol - m? - s PPR(Al &4 2 o)),
A& 124 7Hphotoperiod 06:00-18:00, scotoperiod 18:00-06:00)°.2 33374 S ZA3AT. =
S5 dodd dH, JtE7IE ol &t =AU, AT Ao AFAAHLE CO;,
recorder(TR-76Uji, Tand D)<} H o] ¥l 2 A(Ahlborn, ALMEMO 2690-8A),
psychrometer(Ahlborn, FNAD-46), CO, sensor(Ahlborn, FYAD00) &= AF&3] 7153t
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A o7hel AEAE FAEEAeHEFE 3-1-D, 4 @2 #
HE o2 AAHES AZsit 25 a5 2

= 7 dol= HFE S B4 4dE 2A AL, A=
]

24N F71E cFAIH

Warm-white LED

Relative intensity (%)

T T T T T T T
350 400 450 500 550 600 650 700 750

Wavelength (nm)

Fig. 3-1-1. The closed plant factory system (eft) and light spectrum of warm-white
LEDs (right) used in this experiment.

3 & 5 @S] AE

e ZA A FgE PVC A o] Wl =(L60xW60xH6cm)E AF-&3F= HHllg(ebb &
flow) ®W2(EBB)® <=o|7} EEBe 3ujl w=(L60xW60xHI8cmE Al&ste 573
(aeroponics) WAI(AER) & 2714 AHElZ2 AdS st Ao AHgd JFY
Ichihashi %¥<(Ichihashi, 1997)¢] 1/2v} 34 h o= pHE 6.0+£0.1, ECE 0.8+0.1dS- m™
FABIF o, Ao FAAE FHly] Y& 1FAnict wshs) FAh

f

FFA L <1z A@>o) A= =7 (photoperiod)e] A&+l 06:000] 907+ 13](PDS} ¢+
7](scotoperiod)e] A]2FQ1 18:000 90x%3t 13](S1), 06:009} 18:000] Zz+z+ 90x3+ F 23](P1SD)
5 3714 AP R stk 23 A@doA e 1ak Aol BErt o7t H=dHA AAsHE
AFNE 7herete] zF BEAZEE 124 26)<) 18022 B3 Th

i

a8z e 2 #FARE AEY wlE= F Shue ol o H = (LP-40A, Gosung,

Korea)E AH&3te] Al 3715 U@L - minHo 2 3715 HASHT olng Y9 ke &

Fob 7387 duHE gE dud@ds Bejrt ¥ @3Fg 3-1-2)0] @eol vEh &
3}

5
Age] BedY 2 2R BE YA HUh BAE A ¥ A 2ARY 2E,

O
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Fig. 3-1-2. Problems occurred during experiments. (A) Withered plants in EBB irrigation
and (B) root rot.

A AT 1, 22 AF F8] By 27EA, #FARE VEA, SR E 2] o 7 2
7ol 2o 2 12Agen, Mg I /Y HEE ddsted #E sd ‘Blanc
Roge’ ¢} ‘Mantefon’ Z} 1854 ZF 3655 v x|l T

@) A% =4 24 2 SARA

el 167 & ZF AMgFEE HAIE TSR AEPe] HYH A< <d(uppermost

mature leaf)& g o= Woﬂr dEe SASALL, A7, T(Eo] 0.5em o)) B TAE

gty 8 B sReE zolE xAReH] Sl Hy dHS FARAAERA
(scanning electron microscopy, SEM)C. 2 #Zg =], Alge AEFEZ FAFHA F4 9
s =g By oA 2em oA ‘“*OV‘ 3ol A 57H4—‘1 IemE  AFAsHA 2%
glutaraldehyde<} 2% formaldehyde &% wAgHo =z HuA3s 3 (0.2M phosphate buffer=
A A, cacodylate buffer2 FuAsAT o]F FTY bufferZ A&t 50%~100% o ek =
g3 3 isoamyl acetate® X%}, critical point drier(HCP-2, Hitachi, Ltd., Japan)& A}-&3}
o A AxWoE ARE Az Ax" ASE ion sputter(E-1030, Hitachi, Ltd)<
ARgste] ZEE e, 1 5 M AEVE G2 AR IE E@ FARAERA
(FE-SEM, Hitachi, Ltd)o.2 #Z3}9t}.

FHE A5 EAEAM = SPSS 2 13(IBM SPSS Statistics 23, IBM, USA)& A}-&3}
Aew, HgFF 7+ foxk= Duncan’ s multiple range test(p < 0.05)S o] 83 Th.
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o Ay % nF

O 1= 49

b B 9 ALY 2
‘Blanc Rouge’ + A2l A4, 9%, 9Zo|A EBB A TE°] & #2 2y, A
Rl 24, 2% 94 A gE°] AER AHglFol Hla & #e

9} TA} B k= EBB A g oA 7FE A QtKTable 3-1-1). ‘Mantefon’ ol A
Tl A= EBB AT AA, gANAE EBB-PIS1 A& +<9F EBB-P1 A&, FZAE
EBB-P13¥ EBB-S1 A7} =& 38 HYth 2549 A= EBB-P13} EBB-S1, AER-PI,
AER-S1 A7}, SAelA= EBB A2+ A AER-SlollA =& ks X th(Table
3-1-D. ¥tz o g2 EBB A FoA AR AstFE 25 v & S Eo  ‘Blanc
Rouge’ ¢} ‘Mantefon’ EF FFAIGHT= JFPe] o & Y¢S 2 Ao=2 e

WY oHFig. 3-1-3).

™
oy}
os}

of

rr
2

Table 3-1-1. Effect of irrigation method and period on growth and morphological
characteristics in Phalaenopsis ‘Blanc Rouge’ and Doritaenopsis ‘Mantefon’ at 32
weeks after treatment.

T 7 Leaf Leaf Root Disorder Death
Irrigation Treatmgnt Il\é%vgsf length width I\igbg length occurrence  occurrence
Method Period (cm) (cm) (cm) (%) (%)

Phalaenopsis  ‘Blanc Rouge’
EBB P1 4. 4ap’ 11.31b 3.31a 8.8b 35.6a 5.6a 13.9¢c
S1 4.8a 11.47ab 3.46a 12.8a 34.5a 11.1ab 2.8a
P1S1 4.9a 13.10a 3.57a 11.2a 29.9ab 16.70 8.3b
AER P1 3.9b 6.43d 2.21c 6.3c 21.5¢ 41.7d 25.0e
S1 3.9b 6.43d 2.44c 6.1c 25.4bc 13.9ab 19.4de
P1S1 3.9b 8.34c 2.88b 6.7c 26.8bc 25.0c 16.7cd
Significance

Il‘l‘lgatlon method (A) *% *kk *kk *% Kkk *kk *kk

Irrigation period (B) NS * * NS NS NS *

AXB * NS * * * *% *

Doritaenopsis  ‘Mantefon’
EBB P1 4.3ab 7.52b 4.22a 11.3ab 17.6ab 19.4ab 27.8¢c
S1 4.5ab 7.05bc 3.88ab 12.2a 19.1a 16.7a 13.9ab
P1S1 5.1a 9.65a 3.67bc 8.9bc 17.1ab 19.4ab 13.9ab
AER P1 3.7 6.06¢ 3.32c 9.5abc 14.0b 38.9c 8.3a
S1 3.9b 6.08c 3.66bc 10.3abc 16.9ab 22.2ab 19.4bc
P1S1 3.9b 6.47bc 3.54bc 7.6C 13.8b 25.0b 25.0c
Significance

Irrigation method (A) ok i o o o o *

Irrigation period (B) NS * NS E o * NS

A><B * * *% * NS * *%

EBB: ebb-and-flow irrigation, AER: aeroponic irrigation system.

YP1: irrigation for 90 s at the beginning of photoperiod (06:00), S1: irrigation for 90 s at the beginning of scotoperiod (18:00), and PS: P1+S1
(06:00, 18:00).

*Mean separation within columns by Duncan’ s multiple range test, 5% level.
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Phalaenopsis ‘Blanc Rouge’
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—

-
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EBB-P151 EBB-P1 EBB-S1 AER-P151 AER-P1 AERAS1

Fig. 3-1-3. Effects of irrigation method and period on growth in Phalaenopsis “Blanc
Rouge’ and Doritaenopsis ‘Mantefon’ . EBB: ebb-and-flow irrigation, AER: aeroponic
irrigation system. P1: irrigation for 90 s at the beginning of photoperiod (06:00), SI:
irrigation for 90 s at the beginning of scotoperiod (18:00), and PS: P1+S1 (06:00, 18:00).
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3-1-49} Zoh. F7] AAFdd o3 ] A oiEEA F
m = =2

A == d% wEd Eloit‘r tﬂl 8] *71 S+ 7] A EBB M= W7k 30C A=<l

g7l 93] 2C A= A3

R 4
4 EEB7} 98%, AER®] 94%$°.1, $7
o}

571 Fdell o7 SAE AP wE AFel7F EBBEY AERCIAM 2 A2 EBB HlE=
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e £EE 22 BT, $EE O Be 4TS AT ojuFHs FEE wE Ry
7} 2 EBBolA 23 T Bt ol AL T F& kol MlSd Rule] ®elsl EAjs

W 2ole} Al ZH,

- Ebb & Flow Aeroponics
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838 4
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-30 0 3;] 60 9ID 1;0 -30 [I] 3I0 E:o 9'0 1;0
Time after ventilation (min) Time after ventilation (min)
Fig. 3-1-4. Effects of rhizospheric ventilation on root zone environments by lapse of
time in Phalaenopsis hydroponically grown in a closed plant factory system.
Nutrient solution was applied by ebb & flow (Ieft) and aeroponics (right).

Bt 9 2RI APAAE 95 99, 9F, 2ol vx Wse nyed,
EVS} ENAeTe] 2ot %3, ANo| AV A2 FRet %70 vl sdkTable 3-1-2). W
A

AN A< Zalet At T2 ATt BlssAY o B2 A3E Bt #FE
Gl Hol= Apol= R Fol FE7]o eyt Fol & AP Zo] MAE A8t
A & EBBolA = el &Ko o] g7] dEA Ao wetd Fds 43 FFEA

2o A5, AN BASFAL ASE 1A o2& o= AR

‘Blanc Rouge'= |9t 9%, 9F 5 AFEe &9 & 5 AsHE =% EBB A&




T7F AER Ao vl dAHCRE ¥ B A4S Bior ASANE dAY 52 2
=49 471 ¥ ZAtHTable 3-1-2). B ZE T3 ZAF 7] A 3t zol= A9
it w3 ‘Mantefon’ oAM= BE @ FolA EA Tt 718 2o gaAs ngo
o Aok 9, I8 2AA ENol FRHAR B2 e R A5 = B4
& ApolE HolA Foy =2 AE

‘Blanc Rouge’ ¢} ‘Mantefon’ =5 Zuk# 5
o & %S 2o ‘Mantefon® & ZHF 7] ) AN FEFE we BE

2% THFig. 3-1-5).

Table 3-1-2. Effect of irrigation method and rhizospheric ventilation on growth and
morphological characteristics in Phalaenopsis  ‘Blanc Rouge’ and Doritaenopsis
‘Mantefon’ at 32 weeks after treatment.

- 7 Leaf Leaf Root Disorder Death
Imgatl(in Treatmept — Il\é%\/gg length width I\Ergbtgf length  occurrence  occurrence
Method Ventilation (cm) (cm) (cm) (%) (%)

Phalaenopsis  ‘Blanc Rouge’
EBB N 4.5ab* 11.69a 3.37a 11.6a 32.9a 14.8b 5.6a
\% 49 12.23a 3.53a 10.3a 33.8a 7.4a 11.1b
AER N 4.1bc 7.49b 2.68b 7.2b 29.4b 16.7b 22.2¢
Vv 3.7c 6.64b 2.34b 5.5b 19.7c 37.0c 18.5¢
Significance

Iﬁ-igaﬁon method (A) *% *kh% *khk *k% *%% *% *

Ventilation (B) * NS * NS NS NS *

AXB * * * NS * * *

Donitaecnopsis  ‘Mantefon’
EBB N 4.2b 7.37b 3.71b 11.4a 15.0bc 18.5b 18.5a
\ 51a 8.77a 4.13a 10.2ab 20.9a 13.0a 18.5a
AER N 4.4b 6.45bc 3.55b 8.8b 16.5b 14.8a 24.1b
Vv 3.3c 5.95¢ 3.46b 9.5ab 13.5¢ 16.7ab 33.3¢
Significance

Irrigation method (A) * * NS i NS * *

Ventilation (B) * * * NS * * *

AXB *% *% *% * *% *% *%

EBB: ebb-and-flow irrigation, AER: aeroponic irrigation System.
'N: no ventilation, V: ventilation for 1 min every hour with an air pump at 40L - min™! velocity.
*Mean separation within columns by Duncan’ s multiple range test, 5% level.
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Doritaenopsis ‘Mantefon’

Ny

Aeroponics Aeroponics E&F
No ventilation Ventilation

E&F

No ventilation Ventilation

Fig. 3-1-5. Effects of irrigation method and rhizospheric ventilation in Doritaenopsis

‘Mantefon’ and Phalaenopsis ‘Blanc Rouge’ . Plants were irrigated by aeroponics
and ebb-and-flow (E&F) with or without ventilation.

() B R AR Bolo) oie el srsty B4
SEMo.z #9g W

T

o ARZI(Fig. 3-1-6)°lA  ‘Blanc Rouge’ +

= endodermis= 3
cortexZz, velaming-¢] FA o QA= TAA FYA7F YA L} steleF > HFAS7E
1

3k Z9]l EVeF AV AHE+7F 242 0.41mmet 0.37mm=E ¥ FA 50w exodermisz=d # A

21742 EV, EN, AV AHEF7} 71 F7A g tHTable 3-1-3). &9 wWeold MEzF e

¥ 4= AERVF
EBBET @& Aoz ZAEJT. ‘Mantefon’ & endodermiset exodermisZol A+ &
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2 SAE FAEY AelE HolA @3kl steles 3 cortexT, 1Al MA 273 EVel EN,
ANO A, velaminZ-& EVeF AV, ANAHE 77} ¢ FAL ZAoZ2 ZAFEAT. &9 glold A
ZFE ENOA Imm?S 9570 2 7H8 w9kthTable 3-1-3). ©9 Hold Al Z o)A ENo| &
3 A UdevE ofre 2 A AT I AxIsE e AAE Holw, o] 9

e thAF oz ojxe] ZdF AFEAe BT AE BT

}
3 |

Phafaenapsrs ‘Blanc Rouge’

Doritaenopsis ‘Mantefon’

e L

Aeroponics Agroponics E&F E&F
No ventilation  Ventilation No ventilation Ventilation

Fig. 3-1-5. Effects of irrigation method and rhizospheric ventilation in Phalaenopsis
‘Blanc Rouge’ and Doritaenopsis  ‘Mantefon” . (A, E) Ebb-and-Flow with
ventilation, (B, F) Ebb-and-Flow without ventilation; (C, G) Aeropoincs with
ventilation; (D, H) Aeropoincs without ventilation. Plants were irrigated by aeroponics
and ebb-and-flow (E&F) with or without ventilation.
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Table 3-1-3. Effects of application methods of nutrient solution and rhizospheric ventilation
on anatomical characteristics of roots in /Phalaenopsis  ‘Blanc Rouge’  and
Doritaenopsis  “Mantefon” .

Treatment’ Tissqe thickness of root (mm) . . Root diameter  No. of cells

Stele Endodermis Cortex Exodermis Velamin (mm) (mm™
Phalaenopsis  ‘Blanc Rouge’

AN 029 ¥ 0.03 a 0.89 a 0.06 b 0.06 a 2.35 b 49.0 a

AV 037 a 0.03 a 122 a 0.08 a 007 a 317 a 42.0 ab

EN 028 b 0.05 a 1.02 a 0.07 ab 0.07 a 2.68 ab 37.7 bc

EV 041 a 0.03 a 1.20 a 0.07 ab 0.08 a 315a 320 c

Doritaenopsis  ‘Mantefon’

AN 035 a 0.03 a 0.73 ab 0.07 a 0.06 ab 212 a 60.0 b

AV 0.30 b 0.03 a 0.50 b 0.06 a 0.06 ab 158 b 9%.0 a

EN 0.31 ab 0.02 a 0.82 a 0.06 a 0.04 b 218 a 51.0 b

EV 0.35 a 0.02 a 0.78 a 0.07 a 0.08 a 222 a 63.3 b

“EV, EN: ebb & flow without or with ventilation; AV, AN: aeroponics without or with ventilation.
YMeans separation in columns by Duncan’ s multiple range test at p < 0.05.

Phalaenopsis ‘Blanc Rouge’

o : bRy i
Fig. 3-1-6. SEM cross section pictures of Phalaenopsis ‘Blanc Rouge’ (top) and
Doritaenopsis  ‘Mantefon’  (bottom) roots as influenced by application methods of
nutrient solution and rhizospheric ventilation. AV, AN: aeroponics with or without

ventilation; EV, EN: ebb & flow with or without ventilation.

@ 234 4¥: 59N L BEAY) BE FUE P% 54

13} A@ol A Welvh HEss] Agsts @4o) wAsgEel, F2 ‘Blanc Rouge’ oA
9 A% UehkthFig 3-1-5. of @4be Helo] 4% RFoz wuHgion, oo uel 2
A AN BEALE 29 B BA AAHT,

_32_




-

2z2b Ad9ollA - “Janseol” & FAT FF, d, 28, AYFE YAES TAHLE X
ol7F @I, dersk daL, GA, o, TACAE AF EBB ATl w2 #e YE
i L PAR

21 EA 9] &% EBB A FolA woknh =g A4E AT At A S, A

A EStth(Table 3-1-4). ‘Mantefon’ & <
Folf HAm= SA Abol7h filem 942> EBB-AIll dayell A
A T4, TS EBB A FolA Aukdo=z lF?kEP. T AR AT
A AT TAG Ael7E AL AR AATH Ak HdEFT2 EBB A g0l A
ol %2 S(Table 3-1-5), 22t AoM= F2 #SFAIIRTE= EBBS AER 7H9] zpo|7}h +
=& HohFig. 3-1-7).

%7] BF4F0)& AER+S1 A gl FolA 7Hd vol 2Ef 2~ AT 7P S RO,
ojelo] Ho FF@I 2EH: AF, B 8, BAl AAFLES 2 2 A7 oY
A 4% s B w EBB-S1 Ag77F /M A2 2EHAE WdES & F AT
F HA R 2Ed 2 AE7F Y& AE = EBB-PIS1I AHgFH o, ojeld+= Hl=3 A=
£ R HTable 3-1-6).

Table 3-1-4. Effect of irrigation method and period on growth and morphological

characteristics in Phalaenopsis ‘Janseol’ at 8 weeks after treatment.
No. of  Leaf length Leaf width Leaf thickness Chlorophyll No. of new

Treatment

leaves (cm) (cm) (cm) (SPAD) leaves

EBB P1S1 4.5 ap’ 9.24 a 249 a 1.29 a 44.34 ab 20 a

P1 4.4 ab 942 a 251 a 1.25 ab 40.22 b 15 a

S1 46 a 957 a 251 a 1.26 ab 46.68 a 1.7 a

AER PI1S1 3.9 bc 9.67 a 252 a 1.08 c 40.66 b 20 a

P1 3.7 ¢c 8.6 a 258 a 1.12 bc 42.08 ab 1.7 a

S1 3.9 bc 927 a 248 a 1.05 c 4047 b 19 a

No. of Root length Root diameter . o Death

roots (cm) s (cm) Disorder (%) (%)

EBB P1S1 118 a 65.08 a 339 a 417 a 56 b
P1 12.3 a 67.1 a 3.00 a 472 a 2.8 ab

S1 13.8 a 74.26 a 3.27 a 472 a 0.0 a

AER P1S1 51 b 28.61 D 294 b 55.6 a 16.7 ¢

P1 48 b 25.71 Db 3.03 ab 417 a 194 c

S1 46 b 28.62 Db 3.14 ab 52.8 a 25.0 d
Top fresh Root fresh TR ratio Top dry wt  Root dry w TR ratio

wt (g) wt (9) (FW) (2 @ (DW)

EBB P1S1 5.19 ab 277 b 190 a 0.47 a 0.36 a 1.35 a
P1 4.24 bc 263 b 1.69 a 0.39 abc 034 a 1.17 ab

S1 5.76 a 3.56 a 1.73 a 0.43 ab 0.36 a 1.32 a

AER P1S1 315 c 1.08 c 3.06 b 0.30 d 0.18 b 1.75 bc

P1 3.25 ¢ 1.06 ¢ 392 b 0.34 cd 018 b 213 d

S1 3.38 ¢ 1.09 c 340 b 0.37 bcd 0.16 b 245 cd

“Means separation in columns by Duncan’ s multiple range test at p < 0.05.
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Table 3-1-5. Effect of irrigation method and period on growth and morphological

characteristics in Doritaenopsis ‘Mantefon’ at 8 weeks after treatment.
No. of Leaf length Leaf width  Leaf thickness Chlorophyll No. of

Treatment leaves (cm) (cm) (cm) (SPAD) new leaves
EBB P1S1 3.2 a 10.04 a 3.60 a 121 a 53.85 a 0.5 ab
P1 3.2 a 884 b 3.74 a 1.08 a 4777 Db 04 a
S1 3.3 a 8.06 b 350 a 1.18 a 51.55 ab 0.8 ab
AER PIS1 2.7 a 874 b 349 a 1.08 a 43.62 C 09 b
P1 29 a 889 b 3.56 a 1.18 a 43.80 c 0.7 ab
S1 29 a 815 b 343 a 1.09 a 4561 c 0.8 ab
No. of Root length Root diameter Disorder Death
roots (cm) (cm) (%) (%)
EBB PI1S1 92 a 66.45 a 311 a 278 a 2.8 ab
P1 8.6 a 58.04 a 2.80 ab 278 a 2.8 ab
S1 8.8 a 53.30 a 2.96 ab 33.3 a 00 a
AER PIS1 45 b 29.11 b 3.27 a 30.6 a 0.0 a
P1 36 b 29.06 b 3.07 a 278 a 2.8 ab
S1 40 b 3280 b 259 b 30.6 a 56 b
Top fresh  Root fresh TR ratio Top dry wt  Root dry wt TR ratio
wt (2) wt () FW) (2 (@ (DW)
EBB PiIS1 480 a 2.22 a 2.22 a 0.43 a 0.31 a 141 a
P1 4.00 ab 161 b 2.64 a 0.44 a 0.30 a 150 a
S1 4.21 ab 1.73 ab 3.10 ab 044 a 031 a 1.64 ab
AER PIS1 3.73 ab 1.01 c 3.97 bc 0.36 a 018 b 2.08 bc
P1 3.66 b 0.78 c 497 ¢ 0.38 a 017 b 242 ¢
S1 3.85 a 093 c 448 c 0.39 a 0.19 b 217 ¢

“Means separation in columns by Duncan’ s multiple range test at p < 0.05.

Fig. 3-1-7. Effects of irrigation method and period in Phalaenopsis *Janseol” (A~F) and
Doritaenopsis  ‘Mantefon” (G~L). (A, G) EBB-P1S1’ ; (B, H) EBB-P1; (C, I) EBB-SI;
(D, J) AER-P1SI; (E, K) AER-P1; (F, L) AER-S1.

Table 3-1-6. Chlorophyll fluorescence responses (JIP indexes) of Doritaenopsis
‘Mantefon’ as affected by irrigation method and period at 8 weeks after

treatment.
Treatment Fo Fm Fv Fm/Fo Fv/Fm
EBB P1S1 6,408 Db* 25,907 bc 19,500 bc 4.18 ab 0.75 ab
P1 5,470 ab 21,225 a 15,755 a 3.87 a 0.74 a
S1 5,759 ab 26,674 c 20,915 ¢ 463 b 0.78 b
AER P1S1 5,620 ab 24,374 abc 18,754 abc 4.33 ab 0.77 ab
P1 6,164 ab 23,299 ab 17,135 ab 3.84 ab 0.74 a
S1 5,339 a 23,503 ab 18,164 ab 441 ab 0.77 ab

#Means separation in columns by Duncan’ s multiple range test at p < 0.05.
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3 719 DY ¢3tEE AREste] AAIEHAT Zl*o“j AGEIAHLE 2= 28C, 93 124
(06:00-18:00), HhEE 70%, =3 F% 170umol - m? - s'82 GAFTE FF LD AN
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% A% H49 @/NQolA PolyPen RP-4002 AL§3ke] 4 EAelA4E =45
& 1

2)
T AE HA49 ANAolA FluorPen FP-100S AL, A& ZPo =
B

Holx gty G4t &4, -2 WICK A 2ol A

< WICK¥ SMe] x| ZolA & o &&
U =& AV oA eskek(Table 3-1-7).
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‘Mantefon’ & GAANAE BAAE Ho = SM Ag A 7+
A, , AL WICK Ay FoA 7H =& #2, 93, A4+ WICKI SMe]
ANA &L FXE EJtHTable 3-1-8, Fig. 3-1-8). Awrx o2 WICK Az oA 7173
S Bt =25 43 5 AWl TS+, WICK# SM 5 #i #1742 EBB, AER%
TR Aujets 2] A T Aol AY EASHA &%l AER A FolA ®S 3|
£ A% tHTable 3-1-9).
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Table 3-1-7. Effect of irrigation method on growth and morphological characteristics in
Phalaenopsis ‘Janseol’ at 8 weeks after treatment.

Leaf . Leaf
Treatme No. of Leaf width : Chlorophyll No. of new
nt leaves le(gr%t)h (cm) thl(Cé(r;l)eSS (SPAFI)))y leaves
EBB 4.5 bc? 941 a 250 b 1.26 b 43.75 Dbc 1.73 b
AER 38 ¢ 9.18 a 253 b 1.08 ¢ 41.07 c 187 b
WICK 5.8 a 9.50 a 3.02 a 1.86 a 51.08 a 2.60 a
SM 5.0 ab 9.78 a 2.82 a 1.86 a 48.70 ab 2.80 a
Root . . Death
No. of Root diameter Disorder
roots 1%&%}1 (cm) occurrence (%) OCCU(E/EEEHCG
EBB 126 ab 68.81 b 3.22 bc 454 Db 2.8 a
AER 48 ¢ 2765 ¢ 3.04 c 50.0 b 204 Db
WICK 148 a 98.80 a 436 a 0.0 a 0.0 a
SM 114 b 59.92 b 359 b 0.0 a 0.0 a
T%I;t f{§Sh RO\?/‘[t f(ESSh TR ratio (FW) Top (c;rr)y Wt Root dry wt (g) TI?D{)(%SIO
EBB 5.06 ¢ 299 b 1.77 a 0.43 b 035 b 1.28 a
AER 3.26 d 1.08 ¢ 346 b 034 c 0.17 ¢ 211 b
WICK 13.66 a 7.32 a 1.90 a 0.73 a 0.56 a 1.31 a
SM 795 Db 294 Db 277 b 0.66 a 0.38 b 1.75 ab

“Mean separation within columns by Duncan’ s multiple range test, 5% level.
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Table 3-1-8. Effect of irrigation method on growth and morphological characteristics in
Doritaenopsis  ‘Mantefon’ at 8 weeks after treatment.

meament N engtn MM ndiess  Cgropl Nojof rew
EBB 3.2 P 8.98 a 3.61 bc 116 Db 51.06 b 06 b
AER 28 Db 8.59 a 349 c 112 b 44.34 ¢ 0.8 ab
WICK 32 Db 8.76 a 4.04 a 1.71 a 57.48 a 12 a
SM 4.0 a 948 a 3.92 ab 1.78 a 5162 Db 1.0 ab
R . . Death

Nl engn  Root danete e ) occience
EBB 89 a 59.26 b 296 Db 296 Db 19 a
AER 40 Db 30.33 ¢ 298 Db 296 Db 2.8 a
WICK 10.2 a 73.69 a 4.44 a 0.0 a 0.0 a
SM 104 a 52.75 b 334 b 0.0 a 00 a
Tcigt f(réSh RO\% f(SSh TR ratio (FW) Top (cér)y WL Root dry wt (g) TF({D%?O
EBB 433 Db 185 ¢ 265 a 044 b 031 b 152 a
AER 375 b 0.90 d 447 Db 038 b 018 c 223 b
WICK 8.22 a 3.89 a 2.15 a 0.60 a 0.38 ab 1.66 a
SM 756 a 2.76 b 293 a 0.61 a 0.41 a 148 a

“Mean separation within columns by Duncan’ s multiple range test, 5% level.

Fig. 3-1-8. Effects of irrigation method in Phalaenopsis  ‘Janseol” (A~D) and
Doritaenopsis  ‘Mantefon” (E~H). A, E) EBB, B, F) AER, C, G) WICK, D, H) SM.

BT AF BANA QB FA=Fg 3-1-9) NDVIS] A9, 243 AR A4
21 0.29F 0.8 Atolell ‘:0%9}4 SAHCEE AER AeTolA M & @S
Jr. et al, 1973). SR A, SA g AR AFHLA 6.07 10.0 Atolol] Eojen FAH
S 2+ HA] AER AHEFollA 7Hd =2 3he I ohkBirth and Mcvey, 1968).

W
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Fig. 3-1-9. The chlorophyll indexes of Doritaenopsis ‘Mantefon’ as affected by
irrigation method at 3 weeks after treatment: (A) NDVI, (B) SR. E: ebb &

flow, A: Aeroponics, W: wick culture, S: Sphagnum moss. The gray zone
means healthy range.

7t2E o= SA oA =(Fig. 3-1-10) PRIS] A%, SAHkel A5 A4H< 027 -0.2
Abolol Eoj7iH, EAAMNCZE Wick Culture7} 7}2 =2 FAE 7FXIHGamon et al,
1992). =3k SIPIe] 7%, SAFCl A7 AZHELA 0014 2 Atolol Eo7tH, A A #
o217 YA gr=thPenuelas et al., 1995).

EAobA X =(Table 3-1-9) ARI1¥#} ARI2 5 AER AgFolA 71 i1 WICKA A
b e e EAHGitelson et al, 200D). webx] #FHolAE WICK A8+7F |95

A FHEe wo) 4 2EHAT Aor] RAEE %ee HolFu, wulE AER A
To Agole A% FHBE Eo 2EH2E Hol WYow wFHE 1A wWol W
Hol glee B 4 3ok
QS % B A(Table 3-1-10), AN AAATELT A2 A% oA LHFS
A9 G e AxE FAANCR AolE HolX ggith WAl AANLEEL WICK #
ToA 71 Be AEUAE WSS HelFE wY, 92 AW o 4R eAeAE 2
o

38 WICK AHg 77t 718 He 2EFAE g
(Stirbet and Govindjee, 2011).

_38_




0.025 2
b

e
LR

-0.025

=

(]

a a a a
E A w 5
Fig. 3-1-10. The carotenoid indexes of Doritaenopsis ‘Mantefon’ as affected by

irrigation method at 3 weeks after treatment: (A) PRI, (B) SIPL. E: ebb & flow, A:
aeroponics, W: wick culture, S: sphagnum moss. The gray zone means healthy range.

E A w 5

Table 3-1-9. The anthocyanin indexes of Doritaenopsis ‘Mantefon’ as affected by
irrigation method at 3 weeks after treatment.

Irrigation method ARI1 ARI2
Ebb & flow 391 b’ 4.05
Aeroponics 6.72 a 6.58
Wick culture 480 b 4.72 ab
Sphagnum moss 2.03 ¢ 181 ¢

“Mean separation within columns by Duncan’s multiple range test, 5% level.

Table 3-1-10. The OJIP indexes of Doritacnopsis ‘Mantefon’ as affected by irrigation
method at 3 weeks after treatment.

Treatment Fo Fj Fi Fm Fv

EBB 5,879 a* 13,237 a 21,150 a 24,602 a 18,723 a

AER 5,708 a 12,104 a 19,745 a 23,725 a 18,018 a

WICK 5929 a 13,221 a 22,593 a 27,693 a 21,765 a

SM 5750 a 12,535 a 20,497 a 24,923 a 19,173 a
Fm/Fo Fv/Fm ETo/RC DIo/RC

EBB 423 a 0.76 a 0.67 b 037 b

AER 420 a 0.76 a 069 b 0.35 ab

WICK 467 a 0.79 a 0.65 a 0.27 a

SM 434 a 0.77 a 067 b 0.31 ab

“Mean separation within columns by Duncan’s multiple range test, 5% level.
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g AEadd sxes AT o FelA Augs FellM= EBB7F AERE G A
et Aot BF o we ASE EO]U% A 1A} So] FE vuA A Ugo
U WICK3} SMA g]77F 1R o] 2 AFAAE B0, E3 o33 22 olf= uiA
A7t g A EFFNA THT FHEE Austr]el o UL gAog oAz

o] Aol AFor ofolAE AETH 544 2ol A Soz di AF
S AT A FujA Aujo] ASdE $EHo] A §lo] mAAM R 57} AA A
doh ada Aol S48 ebb & flowdt 27732 AHSRE G St} AAsa
AsFsHA H=d, of W gtk A=Al shuets Wl Ay AATH dgd o] =
A7t F Aol HAAA Har, o]F Fdo] AFgFE W FAE FAdE RE 4

1A 7 A A wgale] Fato] w9 WA Al #thSanogo and Moorman, 1993). =g
4% @57 "HE Atele BE7 OdE T35 =E&5o EHo] ni=
g, o] if AEAE FE 2EH2E ¥A HY ol B/t AYUAA A= 9

= 4 2ltkBengough et al., 2011).

do o
ol
2
N

=

o
o

npjeto 2 B AYdx  AFES ‘Mantefon’ FFL dE AuiEE FFo=E
Phalaenopsiss;:©] oV Doritis?s 3}  Phalaenopsis?s 3t &7t %51 Doritaenopsisés 0.2,
UukA © = Phalaenopsisel F3Fe]l AHista Qo Doritisss 2 gho] opbd x Al gho|
Doritaenopsiss=. A A el EA4E 7FA 3 oW (Jantasuriyarat et al, 2012) F-uj=] =juj7}
et ge 5 AT FHlA A Eo] 8 I Ede AW s 2 2-sr|Ut
o & WHH, AR A e A viA 7} FAES ) AEE HEE FASIVE ddH R
AsH, @A Aol AT wiA B ARE ARRED A ST Aol o] & <l VWC(Rhie
et al,, 2016005 FAsk= Ae Hoko

¢

TE B AP o] Wyt A4S AY 1Y ToE AiE ds AT IHES AT
V7o) Bl ZFE(MAFRA, 20152 2 AAA <32 4 4 Jded, AXAue =4
TZ27F o] FFEA Fa Fdo] AAE FIH FEEHO I EHOE Qs Weo] gE
AEAZ HARA] ZFom(Oh and Son, 2008), 1 SOz A3 FEFF T A= HjA|
o] o] g9439dS sl ou AxE= 2EHAE A won Y £ Qv aEE
AAAZY DAE AEFEAA sHE SR AL 7R AR Bolst & 4 Ao
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3. By HEFH ALHS o]&3% THE FUE ALY HFSE wjx] 2
Ay
7k ATEF
& A eH(Phalaenopsis, Doritaenopsis2 ©l=, @ o|Alo}, wEY, AU Aol 5 At oA
of AAAE = 60 Fol ¢HA ot HEEY FTELS F2E 28-35TC, o2& 20-2
4C, AZF ZAEe oF 2,000mm HEQ A Ho| A A dcHAnthura, 2005). #E|7F @i oheF
g EA g F7)15 7R ST AAAAA A a3 E3ztEoltHRunkle et al., 2007).
SHTE s JAsta Ao dFe FHsy] 8 28T o] oA Aol 3t
7] W&o (Runkle, 2007) dHyu]go] wo] AT Auj7|to] A7] wiiFo =3 HEY
Kol

Zvo]l i o Be =FYo] a9t ST AL HFE BH A7 =Yn
o FLsHno nFo] 40%s AAFH. THEE ST YIS EFT] s Au~]
g Eole ol dasdith

[e} gl
2012). ¥HE HEdd A" ST AR HA o A4S At AuirizS
G374 GE el AT 56 SAE Hes AayHas Sol DA
1 o]z =

4-0] 7IsstthLopez and Runkle, 2005; Lopez et a

do =2 9F7(pseudobulb)e §liz, Wi BB o] #H =714 o 7Hth
(Yoon and Jung, 2011). we}x A A& A7zRE= Aol 7] wjie] WHE 2EFH
Ko, A AEAH 2HE F

A 2= "l o] A 1’/}‘:‘r7<H‘ﬂHE gt YA Ae AL F
3 A7 E GEFoEAN LS =Y TheAol Aok
SHG Ajufjeo] Zo] AFEEE wjx]Z+& SEj(sphagnum moss), I E X Z(peatmoss), HF=
(bark) 5ol AHE&ETh FEHE SHT Aujed 7Hd @ol AHgE+= WA, & WARG
o4 vt 83 FHE ol &5td AEAE As W =d9U] A =Fgo] Bl £
(Kim et al, 2016). VERX~E FHREO= AHH, TGS 100 H=
o ok(Shin et al, 2012). JEZAE BEHo| &
AEAE Al b 8ol ol FastA oy, RAH A4S 7HA7] FEo] AHA
ZetslA] FTHRDA, 200D. & HH 3y A EAA 2HloA S ER2S S F A vjA
€ 25 devt ok
ek HHE AEFE A2E WA ST SR ASo] I AHBs Al 2H
I Hg s g WA E et F A

d

)
o
B
il
oi\
1o

o)




U As @ 3y

D AEAE 2 29 H=3% 84 =3
B Ao A8d HTLS Doritacnopsis Queen Beer ‘Mantefon’ .2 ZUujgk & 7)€
MM MY =3A AL ALsIT 1AAFME Hd A7 530, HE 4
8.3cm}l HE o] &8sty 2aAE oA B G547 Sull, B @A) 7.9cme

st9dthTable 3-1-11, Fig. 3-1-11).

Table 3-1-11. Growth characteristics of Doritaenopsis ‘Mantefon’ plants at the beginning

of treatment.

Uppermost leaf No. of Leaf- Fresh wt. (@) Dry wt. (g)
No. Length  Width : Span
(cr% (cm)  SPAD leaves ) Shoot  Root Shoot  Root
Exp. 1 8.33 5.03 54.53 5.33 14.67 16.53 10.78 1.05 1.13
Exp. 2 7.90 5.04 55.24 5.00 12.88 17.39 8.76 1.93 1.78
08
5 a7 v
E 06 ;‘//\\'\
£ os !
% o /’r \\
@ 03 \\
& 0z ,"‘-k 4 RN
2 o /I'I \/ \‘“~H
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B % % e B E g %

&
=l > 5 % %% %

]
2 B B o
Wavelength (nm)

Fig. 3-1-11. Doritaenopsis ‘Mantefon’ Fig. 3-1-12. The wavelength of warm-white
used in the experiment. LEDs used in this study.

AdES IdEdistn 499y Aesd AlzHA oW AuSE e 25 28+0.

5C, A S 4 $7& bar-type warm-white LEDE o] &3]

T 70+£5%S A& Fo
PPFD 150+ 10umol - m™ - s'& SRS 24A7F F712 12417H06:00-18:00) A 5314 th
(Fig. 3-1-12).

_42_




) wjA] B FFAE
b 12 43

Z~®l(sphagnum moss; Alpha Moss Ltd., Chile)?} 3 E X *~(peatmoss; Sunshine Peatmoss,
Sungro, Canada)®] 27}A] WA S AL&3le] 85cm Zet~E 3Hio] AEAES o|slHTt F
efuf Al 13570 A, M ER 28R 13574 A& BA el wet 157 WEE ARS8ty 2 A =0
A e 2 9/RAA wl x| st

37HA A\ AT (e, AR AT, W EAS)H 47HA] d =023/, 13/4, 2
3/, 13l/7)= A8 FAo MEATE WE 3 A6,060cm, LW) 9o FErHdes 9
< M EGingle)#rA et E F A 9o f3REE €& mE(ouble)BTAHYE & F
ATk Furdaet AAH, W EGIngle) i 4714 R =R3)/Y, 138/, 23)/F, 13
[F)E 25 AHgs| 53, vlE(double)#FA e = 2714 A

rl

=
9] Eo)lE 2cmE FA ) F

1
A 1082 B33 FT AARSE T4 Imm AEe] AAE o gake] 1015cmLW)
2

b 23 49

14 4@olA %ol FEWE Fest Agstel BrAY B 107) WEES AHgstel 2
MEo] 20A4AH WASAT. PElrRE, AABEE h B WNE18/Y, 18/29(4
A), 28)/F, 1872 As) FAL, HEBSE 1852 B3 9

o}
2 #Fs FHa, Pl ITe 29 EolE 2emE A FEA 1083 BT

Al == &

= T T

B ooke] 3 2cmE S Wel ANHEF AP 0BT BEAFUG. AP hEFE
FRAATE 13/ B F)Ao

(3) W&y #g
Ao AFR3 ke Ichihashi YFY(EC 1.4+0.1dS-m™?, pH 6.3+0.DS AM&3tATH
(Ichihashi, 1997; Hwang and Jeong, 2009b). %<}5-9] -2 dFHol 3 HA wAs| FUATh

(4) Volumetric water content (VWC) =3

Ao F7 5 A, Hse mE A W FEFFS 2] Hd ESrEAA
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(EC-5, Decagon, USA)E o] &3t 7} A 2]e VWCE S483stAith

12 g VWC SAolA+= 28]/Y, 13]/d # X2l Ao T 5

itk S48t 1, 23]/, 13]/F #5 Ao Agole d F VWC W& Ao #F
FH @ 3 2971A SAsA 23 Ao VWC SAHoA e BE B s

d B¢ N AL R AHH o ZH3A T

MR
2

e
N

©) 454 FF 2 I A4

drAPol B2 42A QS48 BNSS FluorPen FP-100PSI, Czech)& o] §3he] %
Astdeh. ABA HAddel A Yo 1587 AHUZ AF T AUF INAS
=43te] Fv/Fm B#3e 73

Wy
olo

HBrAge] mE A=A FFAE WHIlE dotR7] s HY F 42 ozt CO, &5
FS ARG Y. CO, 532 21.0058E 24:00 Alolo Fojg 33tAd =4 7](Li-6400,
Li-COR, Lincoln, Nebraska, USA)E o] &3}a] 49 2-399 XA =AHsFT =3 DA
CO, ¥%E 450ppm, 3719 H%& 500umol - s'& HEQoem™ IRGA(Gnfra red gas
analyzer) leaf chamber W9 FL& ALL3}R] % AFEoA 28CE HAst ZH3HA

=

o

A2 20173 8¢ 28Y7kA] AE 125 %, 23 A2 20179 12€ 12¥€71A] A€

8% ¥ A% 54 2439tk Mantefon’ o 4% SHe 94, 9F, A%, 94,

%, leafspan, A%k Ao AAZ, ABF, @RS ZARAL. 949 9F, 9
4

7, G Hd9 AMEe o= Z%o}ﬁiﬁ‘r Leafspane 942k G4 Abele] Aol

e [:Ac2

Ll

=439t AL 4 =4Z47](SPAD-502plus, Minolta, Japan)& A&3le] ZAHsAth
EZ& dry oven(DS-80MP-1, Dasol Scientific, Korea)2. 2 80C ol 4] 5¥ 7+ Ax3d & =AH3}

Atk gHze 9wz =A47](WinDIAS 3 Image Analysis System, Delta-T Device Ltd.,
England, UK)Z ZA}stS o

s

FRE 7o EAEAL SPSS Statistics T2 1Z(BM SPSS Statistics 22, IBM, USA)-&
o] &3t Duncan® t& AAHoZ FodS HAIH T
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L= < o =L T
D <AF D A, #54y 2 HxEe] 55
(7B Volumetric water content (VWC)
12 A@oA 2 s N H VWCE S48t 23)/Y, 13/9 & A8l 49l
= 3% e VWC ®EE AtiEE et lauFig. 3-1-13A, D), 23]/, 13]/F &=
Aelo] Afole VWC #sts o & 9= vYelidokFig. 3-1-13B, C, E, P.

semsAels FHA] VWC W8S Avud 7 ool wsstdth 28/ =i 1
o] A5 dEdolA 40%914 50% Afole] VWCE A&Hom A5

28)/F EE 13/F B5e] AfelE B5 AFRE B B JAAA PRI gasts 7
&S BT a8y HHEJ—V“/] 49 single?} double =Fo|A VWC7F #H4&shA] a1 A&
Hoz FUT £XE FANYTL NEWFY o £E FIL WA o] Fus

Zak, 2o o3 £UFHGE MELRE FRo A% FEE w wYITh 1gx
L GE ede uEd g5 ARBrH WA FAHE S

E
nd Tingey, 1985). 1z} A3l A o] thFE2] v Ex<(single, double)

(b wjA e e sH{T FUHEY 54

FEYHE T wiAo] WE sHTY A RS AR 2
AFA, Q242 HHSPAD), <7, FH A, 18l shootd] AAF L HAEFo| IEFES
2o 2 Yehytti(Tables 3-1-12, 3-1-13). #jA] tol&= IERA~RT}

o7 453 AKFEHS YErHIITE Kim et al.(2016)2 I E
o A7, 7, M3ERo 7 SAHA dFE Foh Busnh a8y B AdPdAE
NERZ~BG FHA SHTY Kol o Fohth ol BFRIEA0]Y FFoFE HAITH
Kim et al.(2016)¢] A &A= 100l 13] B A s FAx B 23
74l 13871A #8) Ao wekA] Kim et al.(2016) 2t 2He
Bt} FHolA THTEY] AFo] FUE ZAow Bl

=2
X
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e
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ot
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1 —_-\l:_—:_—“ 20 ‘—-i-—._\_\_‘___\_\_\_\_\_\_‘_
2w 10 10 —u
£ x
: = : |
T
E 50 e | E s F
e — m— — 1
- - — — % _— o
> 404 -
40 40
30 .
0 — 30
20 S
20 e 20
— - —
v 10 \‘\\- 10
0 7 0 ] 4 3
B:00 900 10200 17:00 12:00 13:00 1400 1500 16:00 1 2 2 4 1 2 3 4 5 6
Tirme (hawr) Drays after irngation Diays after irrigation

Fig. 3-1-13. The changes in volumetric water content in peat moss (A, B, C) and
sphagnum moss (D, E, F) as influenced by irrigation methods (overhead,
ebb-and-flow, and mat) and frequencies (once a day, twice a day, once a week,
twice a week) in potted Doritaenopsis 'Mantefon’. A and D, once and twice a day;
B and E, twice a week; C and F, once a week.

THE S AZ7F SFAT gk AzHs 7R Qo] ES HEdtal RS A
= %3}E}(Puust]arv1 1977). Yao et al.2008)q] wW2H T E T 29l FFEo| FH A H
af A v} T2 thRES SHES AN Sl BE SHY A} Al T FE, FE
o] B e HsioF FrkWang et al. 2007). 1¥ 2= JER2HG FH7} 22 A5
Ao = AatFo] FFES A3 AL F A7] Wl FAAE sHT] Aol TA
A FFe F ZoFE Ao
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Table 3-1-12. Growth characteristics of the uppermost mature leaves in Doritaenopsis

‘Mantefon’ as influenced by potting media and irrigation methods after 12 weeks

of treatment.

Medi Irrigation Irrigation : Uppermost mature lea.f
edia method frequenc Length Width LW ratio Thickness Chlorophyll
y (L, cm) (W, cm) (mm) (SPAD)
Peat moss Overhead 1/week 10.29 c-h* 584 b-i 1.76  b-f 1.83 b-i 78.08 e-j
Ebb & 2/day 856 ik 547 f-i 156 fgh 184 b-h 8123 a-f
1/day 9.14 gk 5.84 b-i 1.58 fgh 1.84 b-h 76.06 g-k
2/week 9.46 f-k 5.84 b-i 1.61 e-h 1.86 b-g 79.74 a-g
1/week 8.63 ijk 548 f-i 1.58 fgh 1.86 b-g 78.32 c-j
oick 2/day 1038 b-h 566 e-i 182 a-e 176 e 7838 c-
1/day 10.30 c-h 530 i 1.95 ab 1.65 jk 76.21 g-k
2/week 9.00 h-k 5.39 ghi 1.67 d-h 1.69 h-k 75.44 h-k
1/week 9.04 h-k 5.42 ghi 1.67 d-h 1.30 1 7152 1
Clﬁit?ltr‘e 2/day 8.89 h-k 5.46 f-i 1.64 d-h 1.86 b-g 82.02 a-d
(single) 1/day 8.06 k 5.46 f-i 1.48 h 1.87 b-g 78.11 e-j
2/week 9.40 f-k 578 c-i 1.63 d-h 1.87 b-g 78.59 b-j
1/week 9.40 f-k 5.69 d-i 1.66 d-h 1.75 f-j 7492 ik
Mat 2/week 8.00 k 5.38 hi 1.49 gh 1.81 c-i 75.86 h-k
culture
(double) 1/week 9.09 gk 534 i 1.71 c-f 1.87 b-g 75.33 ik
Sphagnum Overhead 1/week 10.83 a-f 594 a-h 1.82 a-e 1.82 b-i 77.51 £+
moss EBD & 2/day 1068 a-g 630 abc 169 d-h 203 a 82.07 abc
1/day 11.92 ab 6.48 a 1.85 a-d 2.02 a 78.84 b-i
2/week 11.75 abc 6.00 a-f 1.95 ab 1.93 a-d 81.54 a-e
1/week 11.00 a-f 6.22 a-d 1.77 a-f 202 a 80.86 a-f
oick 9/day  12.16 a 6.22 a-d 195 ab 191 a-e 7667 gk
1/day 10.34 b-h 5.63 e-i 1.83 a-e 1.73 g-j 78.32 c-j
2/week 11.61 abc 596 a-g 1.95 ab 1.82 b-i 73.33 Kkl
1/week 10.21 c-i 5.58 f-i 1.83 a-e 1.58 k 7491 jk
copat 2/day 974 d- 571 d-i 170 d-h 190 af 8318 a
(single) 1/day 11.12 a-e 6.16 a-e 1.80 a-e 1.96 abc 82.13 ab
2/week 11.12 a-e 580 c-i 1.93 abc 1.78 d-j 78.29 d-j
1/week 11.31 a-d 5.70 b-i 199 a 1.68 ijk 77.84 e-j
Mat 2/week 9.68 e-j 5.67 d-i 1.71 c-f 1.87 b-g 81.14 a-f
culture
(double) 1/week 11.34 a-d 6.38 ab 1.78 a-f 1.97 ab 79.23 b-h
Significance
Potting media (A) * ok k * ok * koK *xok *x
Irrigation method (B) *% * 4k * ko *kk *kk
Irrigation frequency (c) NS NS NS * Rk *rk
A XB NS NS NS *E *
A XC NS NS NS NS *
BxC _—_— * *x _— _—_
AXBXC NS NS NS NS NS

“Means within columns followed by different letters are significantly different by Duncan’ s multiple range test at p<

0.05. NS, *, ** *** non-significant or significant at p=<0.05, 0.01 and 0.001, respectively.
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Table 3-1-13. Growth characteristics of Doritacnopsis ‘Mantefon’ as influenced by

potting media and irrigation methods after 12 weeks of treatment.

ioati  Lrrigati Fresh weight D ight
Media I";iatl on Leaf span No. of TO;?}E aleaf resh weight (g) ry weight (e)
method frgg;xe (cm) leaves (cm?) Shoot Root Shoot Root
Peat - Overhe ook 1580 P8 544 af 1559 b-e 2650 a-d 11.28 183 d-k 167 e
Mmoss ad . z . . . . g . .
Ebb &  2/day 1543 d-g 378 i1 930 1717 h-k 1552 cde 152 kim 196 a-e
1/day 16.06 b-g 433 g-j 124.2  e-i 2191 ¢+ 17.02 abc 1.94 c-j 2.14 ab
2/week  15.23 efg 433 g-j 111.1  gfi 20.27 e-j 15.64 b-e 1.56 i-m 1.92 a-e
1/week 15.52 c-g 4.44 gfi 115.2  f-i 20.19 f-j 13.43 d-g 1.74 g-1 1.79 b-e
Wick 2/day 16.39 b-f 5.89 abc 158.7 a-e 26.30 a-e 14.64 c-f 1.80 e-k 1.68 e
culture ) jay 1714 b-e 544 af 1550 b-e 2319 b-h 1266 efg 177 f1 189 a-e
2/week  16.08 b-g 5.44 a-f 1239 e-i 19.22 g-k 12.57 efg 133 m 1.78 b-e
1/week 17.01 b-e 489 d-f 1436 d-g 17.52 g-k 12.57 efg 1.60 II:I_ 2.04 a-d
Mat 2/day 15.88 b-g 4.00 f-k 104.3 fijj 18.36 g-k 16.34  bcd 1.57 i-m 1.92 a-e
culture
(single) 1/day 1350 g 3.00 1 75.7 j 13.84 k 15.33 cde 1.30 m 1.84 b-e
2/week  17.13 b-e 4.56 f-i 139.7 d-f 21.36 d-j 16.15 bcd 1.82 d-k 1.92 a-e
1/week 16.30 b-f 3.78 i-l 167.6 a-d 18.37 g-k 14.71  c-f 1.54 j-m 1.80 b-e
Mat 2/week 14.23 fg 3.38 Kkl 151.1 c-f 1590 jk 16.34 bced 1.38 Im 1.97 a-e
culture h-
(double) 1/week 1557 c-g 3.43  jkl 1779 a-d 16.93 ik 14.77 c-f 1.60 m 1.92 a-e
Sphag O"gghe 1/week 1693 b-f 567 a-e 1553 b-e 2584 a-f 1191 fg 182 d-k 168 de
num
moss Eg'gw& 2/day 1670 b-f 511 b-g 1588 a-e 28.27 ab 1529 cde 2.00 b-h 187 a-e
1/day 18.18 a-e 578 a-d 168.3 a-d 30.39 a 18.87 ab 2.31 abc 1.92 a-e
2/week 16.73 b-f 5.7 a-d 175.8 a-d 30.39 a 16.55 bcd 2.09 a-g 1.75 cde
1/week  16.89 b-f 6.11 a 191.1 ab 31.72 a 17.20 abc 240 a 2.06 abc
Wick 2/day 18.22 abc 6.22 a 193.7 a 30.86 a 15.66 b-e 2.19 a-e 1.83 b-e
culture 1/day 17.42 b-e 6.00 ab 157.6 a-e 23.23 b-h 10.75 g 1.83 d-k 1.83 b-e
2/week  20.08 a 6.11 a 182.9 abc 30.14 a 1092 g 2.05 a-g 1.76 cde
1/week 17.72 a-e 6.11 a 153.4 b-e 21.19 d-j 11.06 g 1.87 d-k 1.94 a-e
Mat 2/day 16.93 b-f 500 c-g 1264 e-i 22.93 b-i 16.50 bcd 1.77 f-1 1.79 b-e
culture
(single) 1/day 16.71 b-f 5.11 b-g 154.0 b-e 27.76 abc 17.49 abc 2.16 a-f 1.93 a-e
2/week 17.30 b-e 556 a-e 155.1 b-e 23.58 b-g 15.65 b-e 1.96 b-i 1.82 b-e
1/week 18.36 ab 5.44 a-f 167.6 a-d 26.24 a-f 15.62 b-e 1.96 b-i 1.98 a-e
Mat 2/week 1594 b-g 478 e-f 151.1 c-f 26.36 a-e 17.31 abc 2.22 a-d 2.07 abc
culture
(double)  1/week 16.90 b-f 5.67 a-e 1779 a-d 30.82 a 1991 a 2.34 ab 2.22 a
Significance
Potting media (A) *kk *kk *kk *kk NS Rk NS
Irrigation method (B) *x *kk *kk *kk kK * *%
Irrigation frequency (c) NS NS *k NS NS NS NS
A XB NS *ok ok *ok ok * kK * * NS
AXxC NS kK NS NS NS NS NS
B xC NS *% *kk ETEY * % *% NS
AXBXxXC NS NS Ak ** NS NS NS

“Means within columns followed by different letters are significantly different by Duncan’ s multiple range test at p=<0.05.

NS, *, **, *** non-significant or significant at p=<0.05, 0.01 and 0.001, respectively.
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Fig. 3-1-14. Effects of potting media and irrigation methods after 12 weeks on
maximum photochemical efficiency (Fv/Fm) of Doritaenopsis ‘Mantefon’  plants.
Vertical bars represent standard error (n = 9). O, overhead; M, mat culture; EO0.5,
El, E3.5 and E7, ebb-and-flow at irrigation 0.5/day, 1/day, 1/3.5day and 1/7day
(times per day); WO0.5, W1, W3.5 and W7, wick culture at irrigation 0.5/day, 1/day,
1/3.5day and 1/7day (times per day), respectively.
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Fig. 3-1-15. The changes in volumetric water content in sphagnum moss as influenced by
irrigation methods (overhead, ebb-and-flow, and mat) and frequencies (once a day,
once two days, once a week, twice a week) in potted Doritacnopsis 'Mantefon’. A,
overhead; B, C, D, E, ebb-and-flow; F, mat culture; G, H, I, J, wick culture.
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Table 3-1-14. Growth characteristics of the uppermost mature leaves in Doritaenopsis

‘Mantefon’ as influenced by potting media and irrigation methods after 8 weeks of

treatment.
Irrigation Irrigation Uppern.lost mature leaf
method frequency Length (cm) Width (cm) Th(‘g‘gfss SPAD Lef’cfnf‘zr)ea
Overhead 1/week 8.97 bed® 5.31 ab 2.01 70.42 c 40.25 cd
Mat culture 1/week 9.38 a-d 5.31 ab 2.10 77.43 a 34.49
Ebb&flow 1/day 8.02 e 491 c 2.12 76.12 a 35.24
1/2day 10.12 a 5.63 a 2.27 77.16 a 51.94
2/week 9.77 abc 5.29 ab 2.07 74.34 abc 46.98 ab
1/week 9.44 a-d 5.38 ab 2.08 73.26 abc 46.78 ab
Wick culture 1/day 9.90 ab 5.31 ab 2.03 75.89 a 48.01 ab
1/2day 9.38 a-d 5.31 ab 2.10 75.46 ab 43.06 bc
2/week 8.81 de 5.36 ab 2.14 74.49 abc 43.42 be
1/week 8.94 cd 5.08 bc 2.04 71.34 bc 39.96 cd
Significance
Irrigation method (A) NS NS NS *k *ok
Irrigation frequency (B) NS * NS * *
AXB *xx *x NS NS -

“Means within columns followed by different letters are significantly different by Duncan’ s multiple range test at p<
0.05.
NS, *, ** *** non-significant or significant at p=<0.05, 0.01 and 0.001, respectively.




Table 3-1-15. Growth characteristics of Doritacnopsis ‘Mantefon’ as influenced by

potting media and irrigation methods after 8 weeks of treatment.

No. No. of Fresh weight (g) Dry weight (g)
Irrigation Irrigation Leaf of new Total lez%f
method frequency  span (cm) oo jeaves  area (cm’) Shoot Root Shoot Root
Overhead 1/week 17.51 b 6.11 1.56 150.00 bc 20.11 de 10.27  abc 1.54 de 1.39 a
Mat
culture 1/week 17.72 b 5.67 1.33 120.99 d 17.90 e 7.03 d 1.39 e 0.99 b
Ebb&flow 1/day 15.62 c 5.67 1.56 138.99 cd 21.30 cd 9.44 bc 1.65 bed 1.43 a
1/2day 19.16 ab 6.11 1.56 182.61 a 28.17 a 11.99 a 1.99 a 1.48 a
2/week 18.90 ab 6.89 1.67 176.46 a 26.18 ab 10.36  abc 1.87 ab 1.41 a
1/week 17.86 b 6.44 1.89 165.22 ab 23.81 bc 11.28  abc 1.62 cde 1.43 a
g}ﬁlﬁre 1/day 19.84 a 6.00 1.78 164.05 ab 23.39 bc 10.13  abc 1.78 abc 1.17 ab
1/2day 17.72 b 5.78 1.78 147.88 bc 21.95 cd 10.24  abc 1.56 cde 1.27 ab
2/week 18.68 ab 6.11 1.22 162.28 ab 23.70 bc 11.49 ab 1.68 bed 1.35 a
1/week 18.11 ab 6.33 1.67 145.83 bc 19.73 de 9.10 c 1.53 de 1.34 a
Significance
Irrigation method (A) NS NS NS Ak Ak ** * Ak
Irrigation frequency (B) NS NS NS * *k NS * NS
AXB *kk NS NS EETY *% * **k NS

*Means within columns followed by different letters are significantly different by Duncan’ s multiple range test at p=<0.05.

NS, *, **, *** non-significant or significant at p=<0.05, 0.01 and 0.001, respectively.
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Fig. 3-1-16. Effects of irrigation methods on the maximum photochemical efficiency
(Fy/Fm) of Doritaenopsis ‘Mantefon’ plants after 8 weeks of treatment. Vertical bars
represent standard error (n = 9). O, overhead; M, mat culture; E1, E2, E3.5 and E7,
ebb-and-flow at irrigation 1/day, 1/2day, 1/3.5day and 1/7day (times per day); W1,
W2, W3.5 and W7, wick culture at irrigation 1/day, 1/2day, 1/3.5day and 1/7day (times
per day), respectively.
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Fig. 3-1-17. Effects of irrigation methods on CO, uptake of Doritaenopsis ‘Mantefon’
plants after 8 weeks of treatment. O, overhead; M, mat culture; E1, E2, E3.5 and E7,
ebb-and-flow at irrigation 1/day, 1/2day, 1/3.5day and 1/7day (times per day); W1, W2,
W3.5 and W7, wick culture at irrigation 1/day, 1/2day, 1/3.5day and 1/7day (times per
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4. THT 4 HEAMANZE FHES AT A R e AA &H

Table 3-1-16. &H & F X2 A4S 93 UHd 2 EQAA ~dH o] A3 a4 %A
o5 I Hl 3L
1l <] TEf B FHj A= A8 2
oHal) 4= 5=(ebb-and-flow)
T2
A 2] A vl HEy 7tsAd S A¢-
EBB : 29 13]
P22z 105-7F 2cm &5 VWC 30~40%
A A 1Y 13AAZD
ZA [chihashi <F<d Peters(20-20-200% 7}
ofol EC EC 1.4+0.1dS - m™!
pH 6.3+0.1
- 2% 28+05C(HYAA)
- ,/; 0,
AR 27 I T0=5%
- 3} : warm-white LED
(A B A AEA] 2~ E 1)
PPFD 150+ 10umol - m™ - s
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Fig. 3-2-1. Schematic design for installation of experimental beds to control light conditions

in a closed plant production system.
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timer

Fig. 3-2-2. Experimental beds for controling light conditions in a closed plant production

system.
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HHE Azl gty AuE fsiAe A= AR AR dT Fde Ades
T 83ttt < LEDsE ARE3RE Al=Au7t wobx| il Sl+=tl, LEDs= I

A = e, 33 F=E 944 =24T F s FHol dn

A ol8d & deH dyA g8A4o] ' £l Aues AHE 7HAL 3

AToM = BHE Alz=g oA S-S Al o LEDsE U+

Aol AT A5 AL FES FHsE AL FEE AT ol fd WA

LEDs7} =4 & A5l At FAAA Lotrr] fsf) Al 74 F2 Fd<S vlast=

= APsion, o]F AAHE G A G LA HAo FAe 7] A F5 LT

=< AP

ofd
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>
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_}1_{

b BHE AR ARE AF FY Mg

D As £ I

ok & 171de] At 5-Y  ‘Blanc Rouge’ , ‘Mantefon’ EZ£9 FEE %71EHE
Tt Ad 7R dHEY A" oA &3 AAHESE ARG &3 FHLS
FAUEE 60%, € 12AHo 2 FAtHom, A7t E01d GAl A=A FHo| 27 P+
9.7, 11.9cmol . A& #3lA Al 7R FL(3F 35, cool-white LEDs, warm-white LEDSs)
S Adatgh Fxo wE Fd a3 xolE uydte] A7 Al 80, 160 #mol - m? - s
T 7HA BEoAe auE syt Al Fde] A H]S(blue:green:red:-far-red)-S Zt
Z

ZF 1:1.3:0.8:0.1, 1:1.3:0.6:0.1, 1:2.7:2.3:0.4%2 =ZA}= ] a(Fig. 3-2-3), #Fd AL A=
spectroradiometer(StellarNet, Tampa, FL, USA) 71717} Ab&=E At €48 A g Z*JJr Y3t
A 12Ae. 2 FA AT T8 AS vhEg dotry] g8 A= F 1657 T FAHNA

}.

B Zpolo] i A WhES dotiy] fd 454 FF S JPsid o SH =
PAM-2000(Heinz Walz, Effeltrich, Germany)e] A}-8% %1t} Fo(minimal fluorescence), Fm
(maximum fluorescence)= F3ll, Fv/Fm(maximal quantum efficiency of PSIDE =435 oM,
Fvat2 ‘Fv = Fm - Fo'9] ALkE &3 Tttt A% AR2 g, A&EAd &, 944, 4
=, AAlF, 1 , SPAD valueE #8331, AT, dEs A4 T8 A AL
ow ymz| ZlEt 40ty 2ASER T S8 32 SAS 9.3 versions ©] &3t FA E43)
Fom, ANOVA 243} Duncan’ s multiple range test AF&E21-8 83} t}.
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Fig. 3-2-3. Relative spectral distributions of the fluorescent lamps (A), cool-white
light-emitting diodes (LEDs) (B), and warm-white LEDs (C) used in this study.
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FFol dE WS dolR e AFPAAME H=g Ayt #FHAT
Fho] w2 S-S v ws) HoLS wol= warm-white LEDs 3ol Ao ko] 714 =
rom, B, cool-white LEDs <o 2 & AAako] velytti(Table). ol Fo i}
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2014).
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Table 3-2-1. Vegetative growth of young Phalaenopsis ‘Blanc Rouge’ and ‘Mantefon’

plants after 16 weeks of photo-treatments.

. § N Uppermost mature leaf (cm) Fresh weight (g) Dry weight (g)
Light treatments No. of new leaves  Leaf span (cm) = > = : s
Length Width Shoot Root  S/Rratio Shoot Root  S/Rratio
Phalaenopsis ‘Blane Rouge’
B 1.86a 13.10ab” 7.51 abe 3.04b 6.33a 426¢ 151a 031a 034c¢ 094a
Fis 200a 1281b 7.71 abe 3.17ab 639a  6.74ab  098bc 035a 061b 0.58b
Cy 220a 12440 6.88¢ 3.07b 607a  526bc LI8Db 030a 036¢ 085a
Ci 200a 13.18 ab 7.18be 320ab 613a  674ab  092bc 033a 052b 0.65b
Wy 200a 13.55ab 792 ab 3.08ab 6.09a 419¢ 149a 033a 033¢ 1.05a
Wie 200a 1416a 828a 334a 62la 85la 075¢ 036a 0.78a 048b
Significance
Light quality (LQ) NS * . NS NS NS NS NS NS NS
Light intensity (LI) NS NS NS * NS i #Ak NS ik e
LQxLI NS NS NS NS NS NS NS NS * *
Phalaenopsis “‘Mantefon®
Fe 1.50 abe 13.78 ab 848 abc 422a 9.70a 475¢ 2.06a 056b 060c  093bc
B L17¢ 14.17 ab 750 be 417a 9.80a 8.79a L12e 0.63 ab Ll4a 0.56d
Cyo 200a 1232¢ 740be 3.70b 1022a  642bc 1.66b 0.61b 048¢ 1.29a
Cio 1.30ab 13.08 be 730¢ 382ab 920a  755ab 124¢ 0.60b 092b 0.66d
We 1.29 ab 1426 ab 923a 409 ab 1031a 54lc 192 ab 0.60b 055¢ 1.11 ab
Wa 1.83ab 1503a 8.62 ab 415a 1084a  869a 127¢ 074a 105ab  0.72cd
Significance
Light quality (LQ) NS o L * NS NS NS NS NS *
Light intensity (LI) NS NS * NS NS by whch % bl B
LQx1I ** NS NS NS NS NS NS NS NS NS

2.5 Cg, cool-white LEDs at 80

umol -m?-sh Cu cool-white LEDs at 160 xmol-m?-s™; Wy, warm-white LEDs at 80 xmol-m?-s Wi,

“Fgy, fluorescent lamps at 80 s mol - m?-s™; Fip, fluorescent lamps at 160 xmol - m

warm-white LEDs at 160 mol - m?-s™.

'Means (n = 8) within columns for each cultivar followed by different letters are significantly different by Duncan’ s multiple
range test at p < 0.05.

NS, *, ** *** non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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Fig. 3-2-4. Vegetative growth of vyoung Phalaenopsis  ‘Blanc Rouge’ (A) and
‘Mantefon” (B) plants after 16 weeks of photo-treatments. Fsy, fluorescent lamps at
80 xmol - m?- s Fiy, fluorescent lamps at 160 xmol - m™ - s Cg, cool-white LEDs
at 80 xmol - m™?-s™; Cy, cool-white LEDs at 160 zmol - m™ - s™; Wy, warm-white

LEDs at 80 xmol - m™-s™; Wy, warm-white LEDs at 160 zmol - m™? - s.
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Fig. 3-2-5. Relative chlorophyll content (SPAD value) of young Phalaenopsis *‘Blanc
Rouge’ (A) and ‘Mantefon’ (B) plants after 16 weeks of photo-treatments. The
data shown are the mean = SE (n = 8). Differences were considered significant at p

< 0.05.
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Fig. 3-2-6. Maximum quantum efficiency of photosystem I (Fv/Fm) of the uppermost
mature leaves of young Phalaenopsis ‘Blanc Rouge’ (A) and ‘Mantefon’ (B) plants
after 16 weeks of photo-treatments. The data shown are the mean = SE (n = 6).
Differences were considered significant at p < 0.05.

G 34, AR gl B2 SAG A% WS vm
D A= 2 W

Hjok & 170do] A T ‘Mantefon’ EZ9 FHES B/I2REH FYsty 2437 A
7hA EHE Alz=" ol ¢35t 34 AR &3 #FL 25 28T, dulsE 60% €
2 12417, F%= 100 zmol - m? - s 2§ AT AMF, AAF LEDsE o] &5t A3
A wgo] 24zt 100:0, 50550, 25:75, 0:1000] HE2 HTE A O (Fig 3-2-7),
zt A= 1553 FAH AT
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S AFH mRAR BFEAE SAS Loty fdl dEA 33 S IAPsion
ZAd= PAM-2000(Heinz ~Walz, Effeltrich, Germany)e] AF&-% Il Fo(minimal
fluorescence), Fm (maximum fluorescence)& &3ll, Fv/Fm(maximal quantum efficiency of
PSIDE =A3goH, Fvgte ‘Fv = Fm - Fo'9 A4S S Fadd. A% AEZE A
T, AEA &, 944, 9%, SPAD valuegs &8s 1, AF2AE 4570t AP HPHT. SH
& SAS 9.3 versiong o] &3l HA %5.3}229_134, ANOVA 23} Duncan’ s multiple

range test AFEE2-S 2843}

e e e -l bl

B e IRl [ 1] H 141
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Fig. 3-2-7. Photo-treatments with different blue:red ratio for the growth of Phalaecnopsis

‘Mantefon’ plants.

U AFoA HAP Hgo] &S warm-white LEDsolA Auidt S Ago] 7h3
o HAFE PP &3} v A= HolA HAFI HAB
o A& NS Yol AYS AASAL. 7+ Ao w2 S

< B25R75 ATl AFo] M F2 A2 e
zZkel7 e A2 #AFESY (Table 3-2-2). 3HA|

3 %o Bhe O vehg, ol 7
Y3t P BE A9 o) BLF Folr] Wy Ao HziEch ANF ulgo|
E24E 4B A FAHAT FAFo] L ATl 23 Y5 RAHY 4P




of Urhdths R HASE & e, YurHos YNNG v Lol of 13-149 1)
B4 gl b FA UEds ZoE ged doks oA AFFANE e B
2 s 2o nel

=4 FHSPAD value)s vlnlgk A3 B50:R50 A El7) 7M=& Ao =2 Yehygon, A
A% wY Al ANST FAF vgo] FS5S Fako] Fasts Aol euthFig
3-2-8). A% © Al oslE EFF Aol wd ke Ao ushgth 454 @
o Zgol= Ao BAAT Ave] Utk el HPo] e A TolN Fagol
A Vet Ao molm, FAF B Ao A9 SPAD valuert M4 AEEAE T§
Atk HolA AAAA Y5 A RIE7] BEOR AT GRE FF SN
Ja3 wlgo] e Fo ghol F7hahe Gehga, FvEm e Zasts 3ol
GehgthFig. 3-2-9). o= 9 A@e] A} wAAAE YAF wge] wS W Fv/Fm
grol Z7hste A2 & 4 glow, NPl FAA £ #elsy] EOE YzEnh Fo
grol Eohe Zle QoA e

= e ow wEse WPo] E0E U, Fo gol Fol
ARG gFo] Wl e AoR BT mey sH@e] FRAL s PR
Za% Ao= diHET.

Table 3-2-2. Vegetative growth of Phalacnopsis ‘Mantefon’ plants after 10 weeks of

treatments.
Uppermost mature leaf
Treatment No. of total No. of new Leaf span - -
leaves leaves (cm) Length Width L:W ratio Thickness

(cm) (cm) (mm)
B100:RO 5.75 1.88 a* 16.90 8.58 b 4.21 2.04 1.87
B50:R50 5.50 1.38 b 17.43 9.11 b 4.38 2.10 1.72
B25:R75 5.75 2.13 a 17.04 9.86 a 4.33 2.30 1.95
B0O:R100 6.30 1.90 a 16.54 8.73 b 4.22 2.08 1.81
Significance NS % NS ok NS NS NS

*Means (n = 8) within columns for each cultivar followed by different letters are significantly different by Duncan’ s multiple
range test at p < 0.05.

NS, **, ***; non-significant or significant at p < 0.01, or 0.001, respectively.
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Fig. 3-2-8. Relative chlorophyll content (SPAD value) of the uppermost mature leaf after
10 weeks of treatments under different blue:red ratios. The data shown are the mean

+ SE (n = 8). Differences were considered significant at p < 0.05.
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Fig. 3-2-9. Chlorophyll fluorescence of the uppermost mature leaf after 2 weeks of
treatments under different blue:red ratios. The data shown are the mean £+ SE (n =
4).
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o WA, A4 v g hE B A4S B W
D As 9 Iy

g & 17de] At THT  ‘Mantefon’ FF9
7hA BHE A 2E WellA =3 3HSs AR &35}
T 70%010eH, F A FIFIFLE A% FHF =
Zh BEE 100xmol - m? - stE §-A359 . Warm-white, red LEDsE o] &3} Hﬂ*ﬂiﬂr:@,
AYsg vl &o] Z+z 100:0, 50:50, 33:67, 20:80°0] HE=F AHEFE FASIT AA FH
Al A K AN QA AN W) go] 2tz AARS J|Fo 2 (0.60:1.18:1.00:0.11, 0.21:0.40:1.00:0.05,
0.13:0.26:1.00:0.03, 0.08:0.14:1.00:0.022 Z=A}= JAcHFig. 3-2-10). =3 HoF 5+ oFF &
Lo mE FFA RS A APFY AAE Farste] Fopzt 28/22x= AASIG oW, ofxt
&<t 900ppme] o] 4tstehA AR S AAEATE ZF A e SE F A EH AT

oy

S AFH vTIA R FFAE EAS dotrT] A G54 FF S-S AP oH
Zxo=  PAM-2000(Heinz ~ Walz, Effeltrich, Germany)o] A& <1th.  Fo(minimal
fluorescence), Fm (maximum fluorescence)<= %&3ll, Fv/Fm(maximal quantum efficiency of
PSIDE =A3st¥ oM, Fvat2 ‘Fv = Fm - Fo'9 A4S 3 #3390 AF ARZE F 9
MG, AEA Z, G4, 9EZ, SPAD valueE Z8339 1, A{EAE 4300 P FHY
=43k SAS 9.3 versiong o]&3ld TA EA3IF o™, ANOVA 43} Tukey’ s

honestly significant difference test AF$&E4-& 3P stH T

e
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Fig. 3-2-10. Relative spectral distributions of W100:R0 (A), W50:R50 (B), W33:R67 (O),
W20:R80 (D) treatments used in this study.
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G A3 2433 =,
A S AEAME AN =3 Heste AS & F AUk ool weh WAFI} Ay
F Hlgo wE AT AS RS ¥t AF FUES o83 SHT Aol 3k
B 3AS FEEr] 8 B APS JYsAnt A4F Ay 7]E W33 LEDso| A%
H &S H71e 2E Ao W3 &Y LEDs Ao Hs] a8 48S 2XgE A
o] Uetth ol Al APoA T AE AT Y2 Ad® warm-white LEDs7}
ST S HA FAL oUAd AL YEH, SHT] AKE oS FIA 77 9
qAe ANF HeS =Y a7l S HoFEn

(e]3
=
%

GHa FF ZHNA BALY AhRASE g Mwsge W N4 G Ao )
o A=

A7t BE AHgolA SA-gke] A UEstHFig. 3-2-11). ©] AEE
3 Tlo
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NASh TR A ulge] Jb Fe AR T Aol gho] AriHoR B
ek Ao welth ST RE Aol AAA AN BLHE 08 gl )

& Boy) WEol AA B ol EAZF AW Aow oaEn. B ol
SES vl BokS wl= W33:R67 A El7F W20:R80 A ele Hls) £z &3/} ¢
Z Yelg=dl(Table 3-3), o]= W20:R80 A golA A5 BH]-&o] FolRlo] wel 4
asi ANz E= 02 ATl Hgo] woliy] WEOR BuHc duAow A
Bepgel o] Hof gl MBS Aol 4F Age] HE TG RPN

gA ASE s e AT WS Baw Aok gebd ST A
9% HA BA WIBR6T Ao Hael 7 e Ao werwn
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Fig. 3-2-11. Chlorophyll fluorescence of the uppermost mature leaves under different
white:red ratios. The data shown are the mean = SE (n = 4). Means with the same
letter are not significantly different at p < 0.05 by Tukey’ s honestly significant
difference test.
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Table 3-2-3. Vegetative growth of Phalaenopsis ‘Mantefon’ plants after 20 weeks of

different white:red ratio treatments.

No. of No. of Leaf span Uppermost mature leaf

Treatment total Length . SPAD
new leaves (cm) Width (cm)

leaves (cm)
W100:RO 5.75 3.25 14.98 b* 8.43 b 4.85 71.04
W50:R50 5.88 3.63 16.13 ab 9.91 a 5.05 69.93
W33:R67 6.38 3.63 17.28 a 10.61 a 5.23 72.26
W20:R80 6.13 3.25 17.14 ab 9.91 a 5.11 72.80
Significance NS NS * FEE NS NS

“Means (n = 8) within columns for each cultivar followed by different letters are significantly different by Tukey’ s honestly
significant difference test at p < 0.05.

NS, *, ***; non-significant or significant at p < 0.05, or 0.001, respectively.

THY Y 3 4 NIFEE A HF F=, IdF, dHAFF
34 74
Ab3¥(daily light integral, DLDE 3% &< Im*olM oA He F 3
B3 Adeltth Fxol o &8 FHS A WA "oy ¢S
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Fig. 3-2-12. Schematic diagram of four different light/dark cycle treatments.
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circadian rhythme] #37] ¥4l oluz} &4
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Fig. 3-2-13. The diurnal patterns of net CO, uptake rate of Phalacnopsis Queen Beer
‘Mantefon” under 12/12 h (light/dark, A), 10/10 h (B), 08/08 h (C), and 06/06 h (D)

treatments after 5 weeks and after 10 weeks.
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Fig. 3-2-14. The diurnal patterns of stomatal conductance of Phalaenopsis Queen Beer
‘Mantefon’ under 12/12 h (light/dark, A), 10/10 h (B), 08/08 h (C), and 06/06 h (D)

treatments after 5 weeks and after 10 weeks.
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Fig. 3-2-15. Total CO, uptake during the dark period (black), during the light period (light

gray), and over a cycle of each treatment (dark gray) in the youngest mature leaf of

Phalaenopsis Queen Beer ‘Mantefon’ . Results are means + SE (n

3). Means with

the same letter are not significantly different at p < 0.05 by Tukey’ s honestly

significant difference test.

06/06 h

Fig. 3-2-16. Effects of manipulated light/dark cycle on 4-month-old Phalacnopsis Queen

Beer ‘Mantefon’ after 16 weeks of treatment.
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Table 3-2-4. Effects of four different light/dark cycle on leaf characteristics of the
uppermost mature leaf and on leaf span of Phalacnopsis Queen Beer ‘Mantefon’

after 16 weeks of treatments.

Treatment Uppermost mature leaf Leaf span
Length (cm) Width (cm) Thickness (mm) L/W ratio SPAD (cm)
12/12 h 11.16 6.20 a* 2.23 a 1.80 76.71 20.97
10/10 h 11.14 5.74 a 2.07 b 1.96 76.57 22.47
08/08 h 10.46 5.46 a 194 b 1.91 80.07 20.40
06/06 h 8.97 451 b 1.57 ¢ 1.99 77.60 20.17
Significance NS *x o NS NS NS

“Mean separation within columns by Tukey’ s honestly significant difference test at p < 0.05.

NS, **, *** non-significant or significant at p < 0.01 or 0.001, respectively.

Table 3-2-5. Effects of four different light/dark cycle on growth of the Phalaenopsis Queen

Beer ‘Mantefon’ after 16 weeks of treatment.

Treatment No. of new No. of total Fresh weight (g) Dry weight (g)
leaves leaves Shoot Root Shoot Root
12/12 h 3.14 7.14 34.90 ab” 20.03 2.10 1.43 ab
10/10 h 3.29 5.00 37.72 a 22.84 2.26 1.82 a
08/08 h 2.86 7.00 29.19 ab 19.43 1.90 1.60 ab
06/06 h 3.14 6.71 26.06 b 17.40 1.78 1.18 b
Significance NS NS * NS NS *

“Mean separation within columns by Tukey’ s honestly significant difference test at p < 0.05.

NS, *; non-significant or significant at p < 0.05, respectively.

U 3=, 4%, dF4EF0OLDY mE SHY IEAT vE AL

D Az £ ¥

25 A52E 57/1€ B ‘Mantefon’ FE& AWl s/IEREH FASAT Ful Fol
= Ad AZA AUEs 70% 2= 28T, 9F 12417H08:00~20:00), #= 100 4
mol - m?-s'e] #AFNA BF, &AW, HF AF G AEA] e HF
171+ 1cm{ k. 33 AgE 3712 9 [8(short day, SD), 12(medium day, MD), 16A]7F(long
day, LD)I= 370 33%=(50, 100, 200 xmol-m?-sHE AHgste] ZAFJHo=Z  1.4490 A
11.52mol - m?2 - d'Aole] 748 AE T & DLIE 7Md & Y= Agstgeh Ay 84 ¢
02 34, 5, §5 342 99 5daA FASAL ZF HEl e A EAE o)
AL o] g3t AL, AP 2053 WAHAG

F Aelol o K WSS Tolurl 93 @4 FY YL AYsGor, gL

a9
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3 AZ 4Fug F oAl Ao A3 PAM-2000(Heinz Walz, Effeltrich, Germany) chlorophyll
fluorometer2 Ab&3te] =439 th. Fo(minimal fluorescence), Fm (maximum fluorescence)&
23, Fv/Fm(maximal quantum efficiency of PSIDE ZA3sl o™, gP(Photochemical
quenching)= 338 A% %¢] Fo ‘(minimal fluorescence), Fm’ (maximum fluorescence)
< 7% H Fm® - Fo’ )[Fm’ o F4& 53 €& & I, =& =42 08:00~11:00
Afolof] o] FolFtt. AAFS AR fel A, 9, 9F, 74 & 470 345
Rom, =43 AAFS 5A A4S 93 SAS 9.3 versiong o]&3le] ANOVA £43}
Duncan’ s multiple range testE st AHZH Z+ 2219 7gd=E ZAE7] ¢80
%SSE T AT AAAA L 37 48 Sigma Plot(#A 10.0, Systat Software, Chicago,
IL, USA)< AR&3ste] 3= AT

rulm

@ A3 8 17

b AT o] AojA . T2 YA FAd FATE gFobAlE= @Al YErs
om, o= Y FToi o] =A% FoF HQITtHTable 3-2-6). ¥&2] F$ AY 37
AN Agk o] & Ao Bls] ARl o] FUIEAH. AdTd T A9 o
Zo] dojRA a1 Frrl FVHEFE FUsIATE oA ST A5 BT HopA
Aol Ao we} FFo] F/ETE ASE FAHE Aol UEdodsE AL o F
Atk B A7 Abd AdolAx 16 AREa o] 31 Az stell A Aul H A&l A
A7 S7HE = AS AT ¥k 1o (An ¢, 2013a2), Konow<} Wang(ZOOl)% oF 50~250 1
mol - m? - s el F=vt TEFE G5t FUkeH F o wF g ARG
Hagk v Jvkes HollA B A3 Axrt o] Ao Y 75349} Hsithe 2ls &
T Aok =3 47 Fx, A, DLISF S AFE H9 correlation coefficientE &l & 2
I AH AREFH} DL ZBBAV 7P & Ao= yeyithTable 3-7). watA 3= 9

D
Y S7HE TR FF TP AS FIoR oozl Zloem dAddn.

FELYF SHA ZF A2 Fv/Fm(maximal quantum yield of PSID2 =& A&7}
0.79014 0.822 fFov|gt zol7t gle AS=E YEiykom(Fig. 3-2-17), gP(Photochemical
A% Aol AolAT FEr} 2RSS fovisl Z7hEAT AW AT7E

< 8 HokS o, =2 gP= PSI ?_PEHUrOH o3 &4 @ Ho] PSIl F3}stofA E&8Fo0F
g8 3 g s BAET= HolA(Demmig-Adams ], 1996), &% Z7H7F BFAH &89
T ¥ F AT FFAE E8o] HoHETFE @4 FHF| FUIEHA HEE,

DLI 2717} AR, st 2 & AFe] 2712 olojx Aow 47an.

o] DLIZ} 1.449014 11.52 mol - m?-d'& =
5ol Zzt EUtsteE Ao ®E  yERytHFig.
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3-2-18). 281} DLIZ}F 11.52mol - m? - d'el] 7M7) A4S 271249 71 27)7F Az 7343
T ASZ #AFAEHUOW, wepx] DL g AHF S/ E3hEE A ] YErETh
Faust(2002)= £44¢ a8 A A DL gol °F 6~11mol - m™ - dlo]gtx
ATH QF FUS T8t FF 2He FF ZUE EQ vl T3 ZU1stE Hok
UA g84S agsfiorgitt. AA dHd Al2wl delAe & DL "= Aujzte]
A BN e gl £ QS ASFE HRlTh

f

al

ol
Oﬁ X

Table 3-2-6. Vegetative growth of Phalaenopsis ‘Mantefon’ after 20 weeks of light

treatment.
Photoperiod X ngh't No. of new Total leaf area Mature leaf size Dry weight (g)
W intensity ) )
() (umolem 2es7h) caves (em’) Length (cm) Width (cm) Thickness (mm) Shoot Root Total
8 50 2.3d 1749 b 13.0a 49c¢c 2.7a 0.99d 032f 131e
100 2.6 cd 235.1a 139a 5.5 be 25a 1.52¢ 0.61 def 2.13d
200 2.8 be 2349a 125a 5.9 ab 2.1 bed 1.62 be 0.89 cd 2.50 cd
12 50 23d 2284 a 13.8a 5.7 abe 2.4 ab 1.70 be 0.66 de 2.36 cd
100 2.8 be 232.1a 13.6a 5.2 be 26a 1.80 be 1.08 be 2.88 be
200 33ab 2373 a 99b 5.6 abc 1.8d 1.94 be 1.38 ab 3.31ab
16 50 23d 229.0a 134a 5.5 abe 2.5 ab 1.68 ¢ 0.55 ef 223 cd
100 32ab 2513 a 13.6a 63a 2.2bc 2.18b 1.23b 3.41 ab
200 34a 250.7 a 10.6 b 5.9 ab 1.9 cd 238a 1.59a 398a
Significance (%SS)
Photoperiod (P) *(14.2%) *(31.7%) NS (7.5%) NS (27.3%) NS (16.4%) %% (60.3%) *%% (33.3%) w3k (42.2%)
Light intensity (L) BEX(TT4%)  F*E (46.8%) wEE(72.7%) NS (27.4%) R (68.2%) K (35500) KRR (631%)  FRE(50.6%)
Interaction (P x L) NS (8.4%) NS (21.4%) NS (19.7%) * (45.2%) NS (15.2%) NS 4.1%) NS (3.4%) NS (2.0%)

“Means separation within columns by Duncan’ s multiple arrange test at p < 0.05.

NS = non-significant; *, **, or *** = significant at p < 0.05, 0.01, or 0.001, respectively.
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Fig. 3-2-17. Maximal quantum yield (Fv/Fm) (A) and photochemical quenching (qP) (B) of
the uppermost mature leaves of 5-month-old Phalaenopsis ‘Mantefon’ grown under
8 (SD), 12(MD), or 16 h (LD) photoperiod with a combination of 50, 100, or 200
mol - m? - s light intensity after 20 weeks of treatment. Vertical bars represent
standard errors of the means. Different letters within each panel indicate significant
differences at p < 0.05.
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Table 3-2-7. Correlation

coefficients

photoperiod, light intensity, and DLI.

between vegetative growth parameters

and

Correlation coefficient (/) and significance

Variable

Photoperiod Light intensity DLI
No. of new leaves 0.14™ 0.68** 0.85%**
Total leaf area (cm® 0.30™ 0.26™ 0.39"
Leaf length (cm) 0.03"° 0.62* 0.70%*
Leaf width (cm) 0.19" 0.17% 0.25"
Thickness (mm) 0.15" 0.60* 0.65**
Shoot dry weight (@) 0.58* 0.27" 0.64%*
Root dry weight (g) 0.27"% 0.58% 0.87%**
Total dry weight (g) 0.26™° 0.44M 0.79%*

NS, *, **, *** non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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Fig. 3-2-18. Regression analysis between the DLI and no. of new leaves (A), total leaf area
(B), leaf length (C), leaf width (D), leaf thickness (E), shoot dry weight (F), root dry
weight (G), total dry weight (H). Data points are means + SE. Equations for regression

lines are presented for significant correlations with corresponding 7. NS, *, ** *%%
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non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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o BE, 4%, dF4FZFOLDY 9E ] NIF= ¥ 2A
D As 2 Uy

AE ArEe 12704 59 ‘Mantefon’ FFS A w7t2HEH FASAT. 79 $o
= A3 AR AdsE 0%, 2% 28C, €A 12417H08:00~20:00), F%= 100
mol - m?-s7'e] AN BH@, EFAFoH, AP AF G AEAe e HF
18.2+1cmAitt. F AHgE= 37/0¢ ¥4 [8(short day, SD), 8+8(day extension, DE; 10 u
mol - m™ - s! for additional 8 hours after the SD), 16A1%Hlong day, LD)=} 37)¢] 33=(75,
150, 300 «mol - m?-sHE Azt Azgrgoz 216014 17.28mol - m™ - d'Ake]e] 6712
A= B& DLIE 7H + IA=E Adsitt. Ag &4 9 & 34, 25, 5 4>
Aot ssA FASATE 4 AT AEAs GHYAuIXHE o] &3te] HiX|FH
AL 2057 APHAT 7+ AT AEAE FHAuAHE o] &3t wiX A
AL 1277 A=Y

N ed A 8l 34 =3 A7Ie 3389 5 A A + WHA ExiEY 2
i Ao, 2dnint Z7IE5HA. 3 2dES FUHY F FE A=
T2 Ui oty 4% AAge A A4S 98 SAS 9.3 version ©]-&3}le] ANOVA
#2437} Duncan’ s multiple range test& a3kt AHelE ZF 8219 7|AEE ZASH]
A %SSE TSI AoAA B FA E2e SigmaPlot(H A 10.0, Systat Software,
Chicago, IL, USA)& AR&3te] F=3 = .

o

2 A3 9 &

Ad A3 A HA 3
A7} oF 189 AX
Ao} v&5HA BEVF =
16 A 7 300ym01- 2.g1

ol

rulo R
O

JHU [-m o

o

$ 16413 % xmow oe Aol ms 57 &3
ZhE A tk(Table 3-2-8). =9 A= ol Hd=
dol WE Aoz ke, 4 ADe Hete o

rlo o}i
Fﬂ ol
Lo

e
el

rr

2412]7]- Wi 403¥€2 4298 L7t 7P #kor, 8+8AIFF 75 u
mol - m? st HgolA 71092 b AUtk T HA 34 =@ IA v o E

Eiton, 7 wE AE et 7hE =2 A" ol of 30€ A= Aol with

A7t B Ao} 88417 A AR AE MRS W M 28 Aol
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A F7rstgoH, 8/\]7J 75 umol » m? - st Ao ws] 16A17F 300 zmol - m? - s A& o A
51749 47 2] Be Aow HAEQtHTable 3-2-8). webA AT MafrEolr L3
g2 UERUA grom Fafol| IA whEshe o= dddEckFig 3-2-23). E IY A
dollX e AxRe} FASHA MEfFEodA = DLISH A= AZE Alelol =
coefficient”} YelSTH= HolA FHFo] sHT MIfF=od F8 34 894
2ATHTable 3-2-9).

R

II.

correlation

o FIO

sy %

A DLIZ7to] e JAS #as] 2gks o) 2.16~8.64mol - m™ - d! DLI ol =

AEe A 2L ZE Ao QAT 17.28mol - m? - d'e] M ¥-2 DLIIA A A4S
=
-

tHWithner and Congress, 1964). o] 2| &o] A%

27F YERE W oldf] tig BE rjFto g QI 7ol dEAobde] A Y] wjEolgt
AzZrEoHAlbert et al., 2009; Trojak et al., 2017). ¥ A& = 12mol - m™? - d! ]3] A
oA DLIZV F7hgtell whet 3t fF=7F SAEJAR, T o) FRFoAs Z3H = 74
&S el o] FHoA= o FATE vErwth weba AA] Aol &8 el
12mol - m™ - d'H =¢] DLIZ fA 8= 7k

= Aoz FEY Zolzt AT, ol& T8 AH7
< DSAVIEA Bg 15de sHEe

A S Ae=E A4dHET

Table 3-2-8. Days to the 1st and 2nd inflorescence and the number of inflorescences in

Phalaenopsis ~ ‘Mantefon’ after 20 weeks of light treatment.

Photoperiod ~ Light intensity Days to 1st Days to 2nd No. of
(h) (gzmol - m?-sh inflorescence inflorescence inflorescences
75 69.3 a’ 81.2 ab 1.0d
150 54.2 b 65.8 bc 1.4 bc
300 45.7 cd 57.6 cd 1.8 ab
8+8 75 71.0 a 81.0 ab 1.2 cd
150 53.3 b 69.5 bc 1.4 bc
300 50.7 bc 59.8 cd 1.5 bc
16 75 545 b 63.5 cd 1.5 bc
150 46.5 bcd 55.5 cd 2.0 a
300 40.3 d 49.3 d 2.0 a
Significance (%SS)
Photoperiod (P) **E(22.9%) **(41.0%) **%(36.0%)
Light intensity (L) *** (66.8%) ** (35.4%) **%(51.1%)
Interaction (P x L) * (10.2%) NS (23.5%) NS(12.8%)

“Means separation within columns by Duncan’ s multiple arrange test at p < 0.05.
NS, *, **, *** non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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Fig. 3-2-19. Inflorescence emergence of Phalaenopsis ‘Mantefon’ treated with 8 (SD),
8+8 (DE), or 16 (LD) hour photoperiod with a combination of 75, 150, or 300
mol - m? - s light intensity. Photographs were taken at 12 weeks after the light

treatment.

Table 3-2-9. Correlation coefficients between vegetative growth parameters and

photoperiod, light intensity, and DLI

Correlation coefficient (r?) and significance

Variable — :

Photoperiod Light intensity DLI
Days to 1st inflorescence 0.25 NS 0.57 * 0.68 **
Days to 2nd inflorescence 0.21 NS 0.48 * 0.73 **
No. of inflorescences 0.32 NS 0.44 * 0.70 **

NS, *, **, *** non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
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Fig. 3-2-20. Regression analysis between the DLI and days to the 1st inflorescence (A),
days to the 2nd inflorescence (B), and the number of inflorescences (C). Data points
are means =+ SE. Equations for regression lines are presented for significant

correlations with corresponding 2. ** = significant at p < 0.01.
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DLI
(mol-m2-d)

2.16

Fig. 3-2-21. Leaf color of Phalaenopsis ‘Mantefon’ treated with 8 (SD), 8+8 (DE), or 16
(LD) hour photoperiod with a combination of 75, 150, or 300 zmol-m™-s™? light

intensity. Photographs were taken at 12 weeks after start of the light treatment.

she AN Axd Ag A AR S5 B 24
F5 S AE AF 9 FFAA o T8 FF 84 F shutolth. sEARE, Grange
nd(1987)el ¢}slH 1.00A4 0.2kPa VPD 720 55

¢} Ha T, 55~90% dHismolAel 5 Wl
© AEY ATl o adrt A2 Aos yEyton, 25 £ 3 d7 3o A
Hog o5} Be Ao dA Ut TR BFEI S5V Y A9 FHER
7h SobA AE AE W oitEet: FEVF QolAAY, 57 2 AFole S @
ol FElo] & G FUF Wokd Ut doernw F5 S4 L2 A= Bl H¢
a3 3 84908 ¢ 4 thBumce, 1984; Frankse} Farquhar, 1999).

THTES CAMY ==, CAMAY =9 8¢ F¢ho| FdA4 42 v 7= 7#&82 & dv
(Osmond, 1978; Ting, 1985, Griffiths ¢}, 2002). Phase IdA= ©oFF <t
PEPC(phosphoenol/pyruvate carboxylase) &4& &3l ©]4tstetAE malic acidZ2 1435+
ME ) Az AAgt) Phase I F3F ¢ dojyb™ malic acide] @842 W&
# ®A7} Rubisco(ribulose-1,5-bis- phosphate carboxylase/oxygenase) & 4ol 23] Calvin
cycles AA A= Phase 119} IV PEPC®} Rubisco &4 3He] &4 W3} oA Y

Bt

122 Al M HE FEHE A8l =2 §58 FAMke Aoz 484 3
o AT 24 Al e 2k B B 4 2dS fdl Al 45H @), ALH @
gl B2 Fo] Tashy] wEel ol wet 24 Wi 5% 4] A v 5 Stk 2
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215 A2 T ‘Blanc Rouge’ ¢+ ‘Mantefon’ #F& o|&3tdoen, I/LEE A
v F7h= R FYskide 7 —?Oﬂb AY AR FUlEE 55%, 2% 28C, I 12413
(09:00~21:00), &%= 110 zmol - st BAA B, w3, AY A FA
Ao 2o Z+Z H 14.2 + 1.1cm( ‘Blanc Rouge’ )9} 16.7 + 1.7cm( ‘Mantefon’ )o] it
5 AYE Y8 Wl A9 FulsE AHETE FAoH, 47 30%, 50%, 70%, 90% A&
AAstATE Ad 717F 59kl 24 HEl o] AA HF AusE= 47 32.3%, 50.8%, 69.9%,
88.9%%2 ZAEAT. % 4 ¢ & 2%, ¥ FHL2 A FHA FASAS A A
g 7o HEAs ALY AHE o] &3t HiA|s L, 4P 670 I AP H A

T ol E QIFH AR WS dotiy] s 54 FF SAHS AP o, AL
Ag Az 271d, 91, 2570E & A el ZX PAM-2000(Heinz Walz, Effeltrich,

Germany) chlorophyll fluorometerg AF-&3ted ZA3tHTh  Fo(minimal fluorescence),

=
=

¥

Fm(maximum fluorescence), Fv/Fm(ZAlle] maximum quantum efficiency)& ZA3d}H oM,
RE AL 14:00~16:00 Alolo] o] Foj Tl =3 7zt HF= FAHAAY B WIS Lo}
H7] 93 oligeA wE(FTE)H VFAEE, F4EFES 44 AL
LI-6400XT(Li-Cor Co., Inc., Lincoln, NE, USA) 334 =47]E A&stath &

g3t S A U &%, F &4 AW A sAEA FASAT A FES A
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Fig. 3-2-22. Seasonal variation of humidity conditions in a commercial greenhouse for

cultivating Phalaenopsis plants (Icheon, Gyeonggi).
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Table 3-2-10. Number of total and new leaves, leaf span, length, width, and thickness of
the uppermost mature leaf, and relative chlorophyll content (SPAD value) of
9-month-old Phalaenopsis  ‘Blanc Rouge’ and Phalaenopsis  ‘Mantefon’  plants

grown for 6 months under different humidity conditions.

Uppermost mature leaf
No. of total No. of new Leaf span - -
Treatment Length Width  Thickness SPAD
leaves leaves (cm)
(cm) (cm) (mm)

Phalaenopsis ‘Blanc Rouge’

30% 6.0 3.8 23.7 ab’ 13.8 5.5 a 2.2 80.1
50% 5.8 3.2 225 b 14.2 5.9 a 2.2 79.6
70% 6.4 3.6 25.3 a 14.0 5.3 a 2.1 77.7
90% 5.6 3.0 24.4 a 13.3 5.0 b 2.1 75.1
Significance NS NS * NS ok NS NS
Phalaenopsis ‘Mantefon’
30% 4.7 3.0 18.1 11.0 5.9 2.1 a 75.3
50% 5.0 2.7 18.3 11.6 5.8 2.2 a 77.9
70% 5.3 3.0 20.6 11.6 5.6 1.7 b 74.8
90% 4.7 2.7 19.7 11.9 6.2 2.2 a 71.7
Significance NS NS NS NS NS ok *

"Means (n = 6) within columns followed by different letters are significantly different by Duncan’ s multiple range test at P
< 0.05.

NS, *, **; non-significant or significant at 2 = 0.05 or 2 = 0.01, respectively.
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Fig. 3-2-23. Growth of leaf span of Phalaenopsis ‘Blanc Rouge’ (A) and Phalaenopsis
‘Mantefon” (B) plants during 22 weeks of humidity treatments. The data shown are

the mean = SE (n = 6).
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Fig. 3-2-24. Maximum quantum vyield of photosystem I (F,/Fn) of the uppermost mature
leaves of Phalaenopsis ‘Blanc Rouge’ (A) and Phalaenopsis ‘Mantefon’ (B) plants
grown under different humidity conditions. The measurements were conducted after 2,

9, and 25 weeks of each treatment. The data shown are the mean = SE (n = 4).
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Fig. 3-2-25. CO, exchange (A),

8-month-old Phalaenopsis
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stomatal conductance (B), and transpiration rate of

‘Blanc Rouge’ plants grown for 5 months under 30%, 50%,

or 70% RH conditions. Gray line indicates the night period. The data shown are the

mean = SE (n = 3).
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Fig. 3-2-26. CO, uptake during the night period of 8-month-old Phalaenopsis *Blanc
Rouge’ plants grown for 5 months under 30%, 50%, and 70% RH conditions. The data

shown are the mean = SE (n = 3).
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= =2

t}. Drennan®} Nobel(2000)2] AFANAE 7] F o|4tgetA =7 2812 F71sl9 S o)
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Englebrecht, 1994).
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Fig. 3-2-27. CO, exchange rate (A) and stomatal conductance (B) of the uppermost mature
leaf, which already existed before the treatments, after 2 weeks at 400, 900, 1500, and

2100 »molCO, - mol™ treatments. Vertical bars mean + SE (n = 3).
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Fig. 3-2-28. CO, exchange rate (A) and stomatal conductance (B) of the newly developed
mature leaf after 7 weeks at 400, 900, 1500, and 2100 . molCO, - mol™ treatments.

Vertical bars mean = SE (n = 3).
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Fig. 3-2-29. CO, uptake during night period of the uppermost mature leaf, which already
existed before the treatments, after 2 weeks (A) and the newly developed mature leaf
after 7 weeks (B) at 400, 900, 1500, and 2100 xmolCO, - mol™’ treatments. Vertical
bars mean + SE (n = 3). Differences were considered significant at p < 0.05.
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CO, exchange rate (umol GO, m= 5°7)

Fig. 3-2-30. CO, response curves of the newly developed
400, 900, 1500, and 2100 4 molCO, - mol™ treatments

3).

Table 3-2-11. Vegetative growth of young Phalaenopsis Queen Beer

LR ot
D00 juneod aod”!

L]
-
& 1500 ol |||;\1I:'I
£

2000 pencl ol

T T T
300 600 S 1200 1500

C0O, concentration (umol mol)

after 27 weeks of CO, treatments.

T
L&D

T
2100

mature leaf after 7 weeks at at

. Vertical bars mean = SE (n =

‘Mantefon’ plants

CO, concentration No. of total No. of new Leaf span

Uppermost mature leaf

Length  Width

Thickness  SPAD

( 2molCO; - mol™) leaves leaves (cm)

(cm) (cm) (mm)
400 (control) 7.25 3.88 b* 17.00 11.73 a 6.73 a 2.02 75.66
900 7.00 4.38 ab 16.83 11.10 b 578 b 2.05 72.86
1500 6.88 4.75 a 14.95 980 b 591D 2.00 75.93
2100 6.25 4.75 a 14.64 960 b 6.03 Db 2.09 76.25
Significance NS ** NS ** *x NS NS

"Means (n = 10) within columns followed by different letters are significantly different by Tukey’ s range test at p < 0.05.

NS, **; non-significant or significant at p < 0.01, respectively.

Table 3-2-12. Biomass of young Phalaenopsis Queen Beer

weeks of CO, treatments.

‘Mantefon’

plants after 27

CO, concentration

Fresh weight (g)

Dry weight (g

( 2molCO;, + mol™) Shoot Root Shoot Root
400 (control) 33.54 &’ 17.63 2.09 a 1.43
900 25.90 ab 15.70 163 b 1.37
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1500 25.96 ab 16.25 1.63 b 1.38

2100 23.76 b 16.11 1.60 b 1.40

Significance * NS * NS
"Means (n = 10) within columns followed by different letters are significantly different by Tukey’ s range test at p < 0.05.

NS, *; non-significant or significant at p < 0.05, respectively.
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Fig. 3-2-31. Schematic diagram different intermittent high temperature treatments.
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Fig. 3-2-32. CO, exchange rate of Phalaenopsis ‘Mantefon’ plants under different night
temperature conditions. Means with the same letter are not significantly different at p

< 0.05 by Tukey’ s honestly significant difference test.
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Fig. 3-2-33. Percentages of visible inflorescence of Phalaenopsis ‘Mantefon’ (A) and
‘Hong Seol’ (B) plants during 15 weeks of temperature treatments as affected by

four different temperature conditions.
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Table 3-2-13. Vegetative growth of Phalaenopsis ‘Mantefon’ (A) and ‘Hong Seol’ (B)

plants after 15 weeks of different temperature treatments. (T: treatment, FI: flower

induction)
Uppermost mature leaf
Treatment .Flowgr No. of total No. of new Leaf span Length Width Thickness
induction leaves leaves (cm)
(cm) (cm) (mm)
Phalaenopsis ‘Mantefon’
25/20°C FI 5.60 bc” 1.00 d 21.07 b 13.05 b 6.56 2.05 a
Non-FI - - - - - -
28/28°C FI - - - - - -
Non-FI 6.20 ab 1.90 ab 24.76 a 16.90 a 6.57 1.90 b
1L+ 1H FI 5.50 ¢ 1.25 cd 23.73 bc 14.30 b 6.49 1.94 ab
Non-FI - - - - - -
2L+ 1H FI 6.25 ab 1.50 be 24.85 a 14.15 b 7.20 2.01 ab
Non-FI 6.60 a 2.20 a 25.22 a 15.02 ab 6.82 2.00 ab
Significance T wok koK * ok NS ®
FI TS EEE T * TS NS NS
T=FI NS NS NS NS NS NS
Phalaenopsis ‘Hong Seol’
25/20°C FI 5.80 ¢ 0.80 b 25.50 14.69 b 6.34 ab 2.16 ab
Non-FI - - - - - -
28/28C FI - - - - - -
Non-FI 7.00 a 2.10 a 26.18 16.34 a 6.55 a 2.11 b
1L+ 1H FI 6.29 abc 1.00 b 25.40 14.71 b 5.93 b 1.97 ¢
Non-FI 6.67 ab 2.00 a 26.33 17.23 a 6.47 a 2.26 a
2L+ 1H FI 6.17 bc 1.00 b 25.12 13.80 b 6.27 ab 1.98 ¢
Non-FI 7.00 a 2.25 a 25.10 14.95 b 6.43 ab 2.11 b
Significance T Hkok ok k NS Hkok NS *
FI Hokskk EEEE NS LT * *
T+FI NS NS NS NS NS wox

“Mean separation within columns by Tukey’ s honestly significant difference test at p < 0.05.
NS, *, **, *** **%* pon-significant or significant at p < 0.05 0.01, 0.001 or 0.0001, respectively.

SHTLE F 669FY TS XTIt G AE FO2 Fo] o] Al o] TSt
H 317] Fx7F FE5S5ttE HA 71 A7) e 3 AE F
¢} Chen, 2011; Christenson, 2001). & && ¢F 25C o]3le] &¢xd =54 M3r}t =

% =tl(Sakanishi 9], 1980), §X 713t &<t S&3 Aol o] FAAA F& A¢ =7 M3
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2,861
- = 8 2~(10kg) 1007 /32 X243 = 2,400 | &5 = 2,4004 4
- T8 1 9l/F X275 = 27,0004 < 25 = 27,0004
- F &, T, | 2,700,0009/€ x 1270 € = 32,4001 € 2,100 91 x12¢ = 25,200 <
wj =], 71ekd
H], 173 v]
FH& 67,7453 61,3913
T A Ak 27,0009 F7 s
- e - 34 42} 3,0009/5 % 27,0005
Z 9 81,0004 < 81,0007 ¥
4 9 13,2557 A (A) 19,6097 LB
9] Hlm AL AN2"e AAN F4 FFAB-A = 19,6098 - 13,2558 9 = 6,384

Y. F74H oo} as

O 2oy LA 2" &8 A 7]k BAIQle] A5 & F4 A Jhs

O ¥4 7ls T & ALY 4 7 89 A4 A7) &5, oyA Zx, wAA
2z, 4 F 5
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A3HE> €H3F AEATA LR TR aFE FFEVIeNE R E@F

4% A7
1oHU B3 P4e % oA 2 oey AFEF AR
7). AFEA

%‘Eﬂi/\]é(}?hlaenapsis sppE oFER L 33 Lo 7 Il oyt MAAFSE Q7]
7V & 9 5 stuolH, sddAE R A 3 et Ao tHMAFRA 2016).

—
do
2

TEG FWAAANAE FHEE BAEALE FAS HELS BHoE 2w} ol
Aok, TR AHSA AWMSE HEE o aul7t FA8 AastEA Aol YA
2 2MF 5 U9t 28 T Hy BeEAsel U@ Aol FolXm Yrk o mU A

A Al

g, =38 5 vy &3] 8 FUet A vy el g A=

gsle] 7HE ) oF, *‘Hlﬂ% 5 02 9 FAEFMZ gkt njyud FFEo] MEE Q)
FA27) o} B¥sl FHo]Qlx] } A%

\
& FTAL, FFE Fe, TAVE 5 AFEIE AT Jleido] a7HA St

H}r
o %
2
=)
=,
o

Al 2E

]

F5 met HAFAE AoUh U3 AW F % HE FFO A APF B
o meh vha shas) BY 4 o] AAW FAEST BEY At oo FEFH Us
F% Aol $AHHoE BWasith mebd £ AFelNE Fus) G 28 BERALE

FAskel Z1RA A% L AREAY S Fst oY B APT BAEAZ EF
& Mwety oy BeEA 2ol 71ES phs A Sk
U As 3 Ed

Tl A£F  BHT  CBITE, WA, VRREY OULP’, Dejol
E' . ARbEET 6%F8 $HSGOH, twelA Coffee’ (37D, “Jiaho” s Pink Girl’ (329),

P amabilis x P. Liu’s Bright Ruby’'QE-1) 3%F& F3ste] F 9FFo tist 9%, 4=,
s7d4dol, sk, 2715 2ARIA S

o 23 9 1F

FA 9B 9IS 2AT A% GFS ASGBE, DefolE> whETY, VIULP

WA E > EYF2> P oamabilis x P. Liu’s Bright Ruby’ , Coffee > Jiaho’ s Pink Girl <=
O 2 ZAFJUTHIH 3-4-1, 3-4-2). #¢ EAoA EFFZ2 o] FF& 8cmol e o
AS 7HA D AR, 2EolE EFL 6-8cm A= FAS /A Y EF A= T
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ULP> dilolE, AgtZ e, ntEY, W€, P amabiis x P Liu’s Bright Ruby’
Coffee> EFF=> Jiaho® s Pink Girl =02 ZALHS T 42z ASEEE ZAEIY &=
7b WE AR Uyds] RS m @< vULP, Jiaho' s Pink Girl < 9@lolE, nleE
2,P. amabills x P. Liu's Bright Ruby’ < Coffee < Alg}==, E3F =2 $=ollal, |2 7]
of ASEE Alolo] HFadAl= FAT F lh

' ||1 MEEg YHE L FUR= .-.f-_ri--.' SO E -39 IE-E A%

Leaf length (cm)
New leaf length (cm)

)

Leaf width (cm)

New leaf width (cm)

TH FFT F M3 155 A NSFEAL S ZASE A3, Coffee, Jiaho® s Pink Girl,
EYFZ, P amabilis x P Liu's Bright Ruby’ &2 37d4do]7} 30cm vFto]lal Z£37]|%
S5cm ASQl AOoR FAFEJTHE 3-4-1). MIEA 2L o EAS =3 HYS o

Coffee, Jiaho’ s Pink Girl, 835, P. amabilis x P. Liu’s Bright Ruby’ #%F°] vy E3}
of A3 AoE AAFHHIH 3-4-3).

341 ERT 2P ES) NHEA

=39 3744 o] st F37]
329 10.0 7.9 3.8
EgF= 15.9 5.2 5.1
2E-2 20.6 11.2 4.7
371 25.5 74 4.1
HH E] 33.5 4.0 7.7
S E 32.2 3.5 8.5
u] ULP 33.6 6.8 7.4
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2. MY Y x7|EsE AT ARYSDA 74

MU sREe] AEHE A 7120 R TN LFEW 21 Bojgdel, 2 £
5o 7% el A3 ANED Pt ATHERE B ATAE TN BYHoE
AAAE oF 18-207/1 9] Auj7Izbo] obd U Exol AAF FPARIIE THLA

ST

o AR B P
B AFo= YA AddE 5 5 vUd s P. 'Jiaho's Pink Girl” (A), P. amabilis
x P. ’Liu’s Bright Ruby’ (B), D. 'Coffee’ () 3%%F<S AIAZZ 3T 2 &A= 20153
590 oA ZAu|UEE F£Ustd 27 Sem 3R] 100% FEl(MossAAAA, Ahaura
Plains Moss, Co., Ltd., New Zealand)Z A28t & 371¥ Zo] 27 8cm o] TU3F vl x

_a

Z o] AR, HYAEZATY FEl2ACN3DNA AujE ATt FEFAZL7IT S¢ AE
A3 AL Jé:rid_t Z}z} 30/24°C 9} 23/20C BOM WHEEE T4%SF 55%2 A5 %
T, 2% A0 2 S| LW AN20:P20K20)E 2,000 2 3] 43le] AWty 22| ko)

ARE 8, 10, 127199 9% %717& z AeAYIRTIE B AsfEagon S
M5} 80%old R oF A% D AHENEAE FASAT AW AT 47 A
207147 HE2 gAdefuAsie] ABe A oM, BARLES SAS FAZLIAL

ol&3ty TAFEH F 5% FogEolM #Fodol A= A AT Hotel sk Duncane
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A7)} UrEPB?{E}. ASt BEZE AS7I3t0]l Z71e we} s
ol ZF 90, 100% N33l a, CEZL /MY B oA 90%, 107 € XA 100% 7 3tel o]
AT,

m =F  gaF AAZE @ A% @
E'&‘Ug ‘(lj %?_]—ﬁ] (cm) (mmz) %]_ E,EE] %1 E,‘iﬂ]
Jiaho’s R 13.7 f* 96 c 121 d 25 C 0.74 d 0.20 e
. ) 1071 € 154 d 142 ab 19.1 ab 78 b 1.28 ab 0.70 bc
Pink G1r1‘ (A) 1271 ¥ 16.1 e 158 a 22.1 a 6.4 Db 1.40 a 0.46 d
P. amabilis x 8N 14.7 e 92 ¢ 124 d 2.8 C 0.82 d 0.20 e
P Liu's Bright  1071€ 162bc  137ab  173bc 109a  124ab 124 a
Ruby’ (B) 12744 178a  147ab 215a 112a  1l23ab 083D
8714 140 100 ¢ 134 d 8.1Db 0.90 cd 0.64 c
Coffee (C) 1071<€ 15.0 de 92 ¢ 14.7 cd 77D 1.08 bc 0.85 b
12714 16.7 b 127 b 22.0 a 11.3 a 145 a 0.86 b
& o] A zx Hekk *ok NS ek NS *kk
m PR 1—/]_73" Kk Tk *kk Tk Kk Kk
_u_;x—}%— Kk *ok NS ek NS Kok

? Average values in columns with different letters are significantly different (P < 0.05) using Duncan’s multiple range test.

NS "% "™Non-significant or significant at 2 < 0.01, or 0.001, respectively.

100

ow>

80

40 4

20 4

1% 3-4-4. vy S FEARZTIE NEE

MeEA ] 79 A9 BEZA 39} sAdol7) s/HLERT 10/ LA A 27}
StRA oL 127H dHE 10714 B e ot CEES MdEs 10, 127idR
Alas| BE, sheeh shdde] 5 FAAel7E mmd o2 Yey 8/ldEAME dEst

=
=
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ryEste] 543 AgES ayste &, Ask BEFT A5 FFES 1071 A
T zkEa qYloy ARl Ak 9 2Rt Add Aer AdEAL, CESS
7 de FLIAG7ITeR E7F Thsste] 7€ HIATEY 2-4d AE Aujr]Rto]

oM 1274

w23 5 = 5177 o
£ agwA oo M PG
A2QAF A2QAF cm) (cm)
Tiaho's ) 447 ab’ 873 d 5.8 ef 332 d 67 e
o 10719 40.8 be 115.1 a 7.9 cd 3.79 cd 11.3 d
Pink Girl (A) 12709 38.9 bc 117.4 a 8.9 cd 3.83 cd 128 d
b omabiis x P Livs 871 445 ab 958 ¢ 53 f 3.99 be 81 e
, , 10719 373 ¢ 107.7 b 10.7 b 470 a 220 b
Bright Ruby” (B) 12719 234 e 975 ¢ 141 a 4.43 ab 207 b
8N 479 a 112.4 ab 7.2 de 4.34 abc 185 ¢
Coffee (C) 10719 40.2 be 117.2 a 75 cd 4.14 abc 257 a
12714 30.6 d 116.2 a 9.4 bc 4.34 abc 26.5 a
_(I_Drs./] }\6] %_%_ *kk *kk *kk *kk Kkk
}\g%?}:ﬁ] *kk *kk *kk NS Kk
E_ix‘}_% *% *kk * NS *khk

? Average values in columns with different letters are significantly different (2 < 0.05) using Duncan’s multiple range test.

“Non-significant or significant at 2 < 0.01, or 0.001, respectively.

MY SR £3EdE IFEE A% AR =24 Ve
7k ATEH

Ato] E7]d(Cytokining)-& M Z &3}, 7| #3A3, A28 5 A& Aed wgo e o
e VA ZoE A doH, AllE7Id AHE vt Asggo] #oste NIE F3s)
AY FEAZIGE AFE] By ub ukStirk et al. 2005). Arabidopsis thaliana L. <}
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Boronia megastigma Nees 5 olA solEsl 52 7shdd Al7]o JAEIx2 9] Alo]E7)
d 557 S71sF an(Corbesier et al. 2003; Day et al. 1995), B. megastigmaol A/l = #-2*]
2] Al Benzyladenin(BA)& A #3lq<S w /ML 7]|7te] ZHAasteE AxE HJtHDay et
al, 1994). Lindsay et al.(2006) Ale]E7|do] AThEExA 9] Mshdtdo] #st= FHA
5 2dFo =N st FEFs T AT

QA Aol B71d Ael= FEl A2k =2 E A 2(Doritaenopsis) o] 3ot St S
7k 71 33 dolE Z7kA7]a2(Ho and Yang 1990; Kim et al. 2000; Lin 1994), 7§3}=
AN TE= Barh dokBlanchard and Runkle 2008; Ichihashi 1997; Yoneda and Momose
1990). Aol EZID Y 22 ARAZHAE A2AEE HAANA MSE FE32A AESHA
T EAl 2 BAXEE stegts 26T o]te] A 232 Qlole MEetA e A
2 YelstthBlanchard and Runkle 2008). &, Ale|E7|dL ZdwAl2e solEsts =4
SHAE REAo® HAAstE S & F R‘EEﬂ, ol et Auigtgel wet a3 &
Uetdotar ket (Kim et al. 2000). =3 A5 FFolA= 2ol ghobAIAY FHweol o
2 Fol S71sl71= sFAtHLin 1994). 214 AbolE71d A eg7p ZesAl 204 374
T SV ST ALER o EddA Himo] gtoy} wkgo] Aolstal AWt
H2go tist 1@ E53 AA o

my ZemAl 2 B9 Aol 20cm ool E=717F 3-4eml GEEE
=ul, FF wet AT Eol zpolvt Jom ta fid BY ¢
FHe =Y a7t Aok oA B Aok

I ofN

"
et
O>
O

]

Esty =254 e dH=E 4FA NEHAgel A
o7t A= WY ZElFAlzet =Y HEA 2N BAXEZE AStel mAE dEFS AR,
A

Mt 4 Fde A AA BAsEe AgArZ|E 7838t A it

U4 A= 2wy

B dFodAe B2 34

WS JWAE u|U¥  Phalaenopsis  ‘Jiaho’ s Pink  Girl® ¢}
Doritaenopsis  ‘Coffee’ 2 FF&<

S AFANEZE ST A AE LS A2} LT

HA 12 AgoA T=d Az AES {3 20163 5¢€ 16¥9 127148 A EAE /st
Z2 stz YA s AAR SR eH, o] Wl P ‘Jiaho’ s Pink Girl’ <+
D. ‘Coffee’ & Z=9 Ha A AYE 22 16, 17cmAyth A2 A2 A 2 EA
o] 6-benzylaminopurine (BA) (6-BAP, MBcell, Co., Seoul, Korea)Z 100, 200, 400mg - L9
T2 glEvitt 50mL GHEAESIY 13 At At 259 =71 247
23/21°Ce} 74% =2 A = ATt

221 Ay BAXEAYZ] FHE 93] 2016 9¥ 8Uo 167¥H
P ‘Jiaho’ s Pink Girl’ & D ‘Coffee’ ¥ E=Z9 HF SAYE 242 16, 19cmP ot

- 135 -




A2 (BA Omg-LHE A3ty BARE 100mg - LS 3t&nit} 50mLy #3890
Z1Zo g ANAC 13] A7, 0, +7, +14D3IFE. M) 5% L5 5= zhzh
21/20°Ce} 66%= A = ATt

e W 374 5HMHOBO, Onset Computer, Co., USA)E o] &3l &% HHGES
A A2 dZRE 205 F, '] &£3}st] 0.5cmelde] He BE Ee =3
37 <=(Emerged inflorescences)@ ZA}star, o] Fol 77t ol2& 374 (Flowered
inflorescences)& ZAFstA T 3442 /stE 374 F 7M1 3HA 9 dolg SAst H

TdolZ Yetligion, g d grot o] A AT dEedaadret s
28d5E AXAY AZIE 7IEe® g7 o7t 0.5cm7t He A A FEol ¢
Neet G7A 9] 28 deE A FHEdFE BRI

AE AYTFE BARE 2 HYAZE AP 242 HEd 10, 2AA7F H52 g o) u)
A5kl AP £ Ao, TA BAHE SAS TA ZEIHS o] &3te] EAEA F,

5% o FEAA FelAdel & A A Hol thsl Duncanel 78S AASHAH.

o A3 9 33

BAZX g]o wet 3ol 3= Ede FEHAA UEtRoy BAXEEE, AV, FF
o wgt ¥kgo]l TEA dEuth A2AHY Al BAE sEEE AYsdS 9 vy
P. *Jiaho’ s Pink Girl” ¢ D. ‘Coffee’ 2 FF EFolA =7 S71e ot =d3H4
F7b feoAdow  Zvtelgth. E3 BA  400mg - L 01]/\1 P ‘Jiaho’ s Pink Girl® ¢}
D. ‘Coffee’ o] 3}F 47 244z 299} 3302 FA R 28] o] ZF7lstFtH1dE 3-4-6).
Blanchard and Runkle(2008)e] w=Zw 2 Brother Apollo ‘072° ¢ £ Golden
Treasure ‘470" EZo|A BAZS 400mg - LA 23t9 S o) 3457 o 2u)~3ufi7tA] =713
g1 R, B sRdAE 84S 37 a7 A4Sk

e FAI2e EYEHFA e 2718 wet SH E35A @2+
Ao 2 o] AdowRE AWASL URA dY F& F A BFoA dAB7IzE

4|

o
N
il

N
N
B
K
xo
H

e AD)
&g Z3ste] 317 o] &3 3 rHSakanishi et al. 1980; Wang 1995a). ¥uHz o 2= WM A
FolA BAZFE0] 1% WA BAX A UHA FollAe sAEHL0] 18%E 73T

3 ¥ tHYonenda and Momose 1990). ©]x¥ BAXElZ 3} Es 7 SXHOZH 3170
A stE 2] oA B o] AU Z2 XA Aol 2-3d) o]} st A
2 oloHa, v 29T M4 F Ewol fAY A0 VFsEHI S
59 o] fF=E MItA o2A K= o] TS ATHIH 3-4-7).

E3] £% D ‘Coffee’ ¢ BA%® X 200mg - L'3} 400mg - Lloll A o]8 3 AL Fealf
t}. 2 ‘Jiaho’ s Pink Girl” ¢ Z$ BA 200mg - L'7tx] @345 MstaAd oA &
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ztol7b fll oy % 400mg - Lol A mAE 457 Z7skda, D ‘Coffee’ & BAX

AaQlel mAEL sl7o] wAdstel BA 400mg - L'olA &3340 50%0]4]
Mstol] o] 22 XA THLE 3-4-6). ol= &7 LTI Skt 2388 4718 F3)t
AbEe tigk Ao % U2 #AdEoh =3 BAXHE A ZElsAaY e
A 2ol A o] P sEE dFS Ay EIES S5t RuHUGY dF E9 P
Luchia Pink ‘244° o4 BA 70mg - L' 2]lAl 37¢] ZetA 7]@o] A HWu and Chang
2009) BA 400mg - L-191A4 Doritaenopsis 2 &A2] 5-13%7} &d3}74 o] 7183 =AY 3-7%
v E¥9Y YdE@del At P tHKim et al 2000).

I Ermerged inflorescences
A [ Flowerad inflorascances
3
1
@
it
c
.
L
[=
£ B
o
=]
=z
1_ |j_‘
o T T T
a 100 200 400

BA concentration (mg L)

a3 3-4-6. 7|y - P ‘Jiaho’ s Pink Girl’ (A) 2 D ‘Coffee’ (B)9] BA Fxo w&
37 4
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a9 3-4-7. BA &

vy P ‘Jiaho’ s Pink Girl” ¢+ D. ‘Coffee’

3R] gFgror,
10¢, D. ‘Coffee’

of weh FellmAlzed BAXE Al FAZEG B4 Ede] 13-25¢ A=

= 200 2 400mg - L' A e 713

749 BAX gl E g3 ax= B
233 BA 400mg - LA A7 Fx8)Rtt P ‘Jiaho’ s Pink Girl’ =
= 149 AAFHJTHE 3-4-4). o]= Yonenda and Momose(1990)e] H. a1

23 Rl

= 239 2, Blanchard and Runkle(2008)2] A2 oA = BAX B 7} ZdwA2=9 7l
nz] 2] Fete RIS o] FFY T
$ T} 1l wEt 844

CRNCESES
gl Aozt 9

o ggFe

T

Y

=

.]

ol¢t Bt HAVIVF %

of Apol7} glolom iL
EFTHGE 3-4-4).

o7 Fok

B D “Coffee’ FF9 7
sty sEAIRE Po‘Jiaho’ s Pink Girl” & ¢ 3
A A FAYED Srbeklal, Aol 237 BAE

§24 W7ol we W

2=

= 1007} 200mg - Lo Al F-A g

%9l 400mg - LMol AR 23717 fodow adteE Ao U

3-4-4. 1|y ZHE BA =0 WE I EA

== BA 5% HEZd Netag 3174 o) s 227

o (mg-L™ E R o4 (cm) T (cm)

P, ’Jiaho’s 0 43.0 ab’ 1221 ¢ 13.3 cd 9.5 bc 3.69 b

Pink Girl’ 100 38.6 bc 122.1 ¢ 13.2 cd 12.1 ab 3.67Db
200 49.8 a 125.3 ¢ 11.8 cd 114 ab 3.59 b
400 38.0 bc 132.1 ab 109 d 13.8 a 3.20 ¢

D. ’Coffee’ 0 30.8 cd 1210 ¢ 25.0 a 10.2 bc 419 a
100 26.9 d 1255 ¢ 186 b 10.6 ab 371 b
200 285 d 127.0 bc 15.2 bc 7.0 cd 3.80 b
400 26.3 d 135.2 a 14.3 cd 5.3d 3.68 b

Fo A

%%_ *kk NS *k%k k%% *k%

BA }E'):E NS * k% *kk NS ke k%

F%F “BA S NS NS o s .

“Mean separation within columns by Duncan’s multiple range test, 5% level.

NS, *, ki

Non-significant or significant at £ < 0.05, 0.01, or 0.001, respectively.
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BAXEA71& Zelste] 5 100mg - LS A2)d A, P ‘Jiaho’ s Pink Girl” ¢ 7%
BAX 2] A FA Rt 8457 SUtstd o™, BAX A 7] whet st ol fFo Al A
o7} WAt T. 53] AL 74 ¥ BAAHYA A4UF 2UNE P A SUFsER o,
FXE 1 67% Z71SFAtH1E 3-4-7A). D. ‘Coffee’ FF BAAE A FAHPRTG =
A7t FAH R FUteke AES BYou Al mE {FoAd zole gl
TH1E 3-4-7B). 12y A& 149 ¥ BAXE AFFE AYsta Fieol 2R AU N
shstx 2t sS4t 43 F7kstel AS B4k 8l B Rn dasdta
9 3-4-7B).

Ae 1Y F BAAE Aol the Annc A% 255 Fleed wAste &
oAl Aol&= (U D. ‘Coffee’ o A9 1aF A3@olA+= FH48 Al @34 +7F LA
2 Azt oy 23 Ao e FAHY WS B o2 27 YA A=, o

123 23S YT B 23 do] M= “H HEHo] /id ¥ A AEAE AY

Agz ste] 3G J&FS I Aoz AGHTG = D ‘Coffee’ FFo 2S¢ FHI
Aeddd By FHA FEHo] ZEHH, FIH3R BAﬂﬂﬂ S TE S7HAIIIA
T 23] WA Bl HEAY gt 1-27 DEle 34 SR o3y AEAAS
Goj=#th Wu and Chang(2009)%= §}7§<F =771 3 =717 oo x] gow FETI 3
N ALY A 2 sl STt A AT Bk v itk
A 0 Flowsred nforascances i
204 =T
= i

054

00
304

Ne. of inflorescences

25

H

204

104
05+

0o
Control T 0 T 14

Application time relative to transfer to cooling treatment (days)

a9 3-4-8. vy & P ‘Jiaho’ s Pink Girl” (A) D. ‘Coffee’ (B)2] BAX{ | A|7]of w}&
317
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HA2H22U5E P ‘Jiaho’ s Pink Girl” ¢ A<$ AL 79 & BAX T4 AR
O 89 Z2HHAT 14Y FolHE 288 59 AAHUTHE 3-4-5). D ‘Coffee’ = BAH
= golAel Holt glglon, Aradios B EE
BE BAX A7 0] wE ol wAE A kTHE 3-4-5). P. ‘Jiaho' s Pink Girl” & BA
AT A BALRY B4 ZUheE AFS HAT, AL Foh UY T AT olA Tz
Bp folA 0w ZISHATHE 3-4-5). D ‘Coffee’ o A9 Ao me 5459 fo
Hel Aol Qo) BAdole 2as7l AL 14U F BAA TolA b raside)
ole s A5} e Aeut Z7EEA Yehd Ave s,

# 3-4-5. MY SH BAX A 7o) B AHEA
=z BAX A7) HEZFELY Jisaed A e ZA7
o () - - (cm) B (cm)
P, ’Jiaho’s Control 315 a* 119 a 129 ¢ 115 b 3.60 d
Pink Girl’ -7 25.3 b 119 a 14.4 ¢ 13.9 ab 3.54 d

0 259D 117 a 14.1 ¢ 15.4 ab 341 d
+7 23.5 bc 115 a 15.0 ¢ 15.8 a 3.44 d
+14 36.5 a 117 a 14.7 ¢ 165 a 355 d
D. 'Coffee’ Control 21.5 bc 123 a 278 a 15.1 ab 441 a
-7 18.8 ¢ 125 a 28.1 a 13.6 ab 414 b
0 20.6 bc 124 a 26.2 ab 15.1 ab 414 b
+7 20.6 bc 121 a 28.8 a 13.1 ab 4.02 bc
+14 20.9 bc 121 a 248 b 14.1 ab 3.85 ¢
el A
%_& *k%k NS *% NS *kk
A Z%a]/\] 7" *% NS * K k% *%
%% * BA ;‘(,]E‘l}\]7] * NS kkk *kk *

“Mean separation within columns by Duncan’s multiple range test, 5% level.
NS,*, ** and ***: Non-significant or significant at 2<0.05, 0.01, and 0.001, respectively(n = 12).

BAXE7} F #FF9 FAESAE SV 71 d oy Aiste] tig vk Aolst
Atk P. ‘Jiaho’ s Pink Girl” %9 A9 AL79 3 BA 100mg - L7} 34209} 237
o Zaglel AT s FUHE oox FH FES HE F AMH Ty
D. ‘Coffee’ FF& BRI Ao TX=7) M3t A9 Fd & Az cr F7Fe
nxa 7| 2A o w 2tfef 314 @0l Jhedte] BA A Y2 3T o]4o =
238 7Y AFE ZIIAA FEAHS A A A Blanchard and Runkle(2008)2 24 At
OlEII AHErt FIIEY olss FTVHAA StolEstE FXldtal
sikEo] 3 oo 7l
2 3odn gepa BA A7 e FFY st F2 Fl

& BAg Ae 2AE B EFe) ANEAC) wte APHe 99 ¥ Bat ok
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4. LED A B4 A2"g o83 7t 454
7t ATEH

$7holA AAA o LED 4B AxRS Agstel THES A7) 9% b4

g stelalnA FRAG As) T A sAEANE ABEYT

N
N
>
olN
>
o2
rlo
o\
e

S
2
=
=2
4o
et
oy
=)
(o
rlo
>
2,
>
™
O:Oé",

ol
ok
2
2

o
HolMRE 349 23 F 95 23 5 AFE4S 2AsA
2) M371¢9 LEDHF o] o8-S AES 1A vy &&E P ‘Jiaho’ s Pink Girl” /¥R
S AFAEZE st v AMgEAEH A 20°C HeDalA LED3HR2:B1:W1), #1334, LED%
oA ZdEd FA/ME vh AAFelA MR 3 =21 A F MFFEAES st

=

9 3-4-9. S7H40 ) A< A LED Ao

o 23 9 uz
QD 2 <3 49

ny SHT FEESA FAxH] e ASHln A LEDRACA 458 ofet
AR el AAF 60% 2FERY FAGS FAHA AAE BAT. AR 24T
Ao AEL AAF60%7F LEDRART Frletes AFS BAoy 454870 Hastd
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5 | 2018 | P STOWH Q'e-d <h4# | Environ | SCl
different levels of humidity during the . D
. . A7) Biotechnol
vegetative period
Effects of nutrient solution application
methods on vege?:atlve growth of mare 7144 J People 91
6 | 2018 | young Phalaenopsis plants  without N Plant =u] | SCI
. ) . . 25 . D
potting medium in a multi-layered, Environ
closed plant factory system
Acclimation of Young Doritaenopsis | ., = _
F3 olaH H
7 12018 | Queen Beer  ‘Mantefon’  Plants ; ey 75{]_ e ?Z\gejr &216) = SC]I
under Increased CO, Concentration el moe
2. 598, AFALA
No. T A= £33 SdTERS kel 2; S
‘ 73 A ZH2] _
1 | 58%9 | 2015 AN E E£H 10-2015-0058758 | A E3] A=
1= 0 70
= TAANE dFEE I o .
2 53 =4d 2015 W o Az 10-2015-0092568 27 k=
3 53=4d 2015 A8 A=A 10-2015-0143900 | A &% 2% k=

- 147 -




4 55 =4 2016 zg2 my4 10-2016-0131450 | A &2 22 =
. SAANE HFZE W9 . ]
5 5355 2017 R BT 10-1779779-0000 A EZ b=
Z2 : A o5 |
6 | gAA=Y | 2017 v 2AZE Aol 30-2017-0052024 B} 1 g &gtz} Elen
7 | saz9 | 2018 AERARA BT g 0180007856 | A B E=
= =1 X‘" Oi ‘%]":,'j RLEch o
3. sh&urw
vl 3z
No. | B SRR EICEE) AAw | semay || 0o
Vegetative growth of young ISHS 2016
o , o) & oA : :
1 12016 [_Jhalaenopﬂs‘ Blanc P,\ouge and ] 3% nght in m | =
Doritaenopsis ‘Mantefon’ plants under | o)< 717]41 | Horticulture
different artificial lighting sources Symposium
Photo-control and intermittent high Asian
o)&™W oY
9 | 2016 temperature tr(?atmgnt to reduce 'the | 9% | Horticultural | 2% | =4
production time in Phalaenopsis 2714
o Congress 2016
cultivation
Photoperiod influences the growth of | olgjed @ = ﬁlgdrlgllilfrlgtz s
3 | 2017 Phalaenopsis in a closed type plant uhH 3] otlij;ﬂﬂ_} Chance ’gﬁ] =3
factory system ERia g v
Conference
under nereasng relative rumidity and | - S¥H | ass 201
4 | 2017 | "N g (ALY ¥ PP Annual GIEE
nighttime CO, concentration in young ) Conference
Phalaenopsis orchids A7)
e a6 atfected by mutrient soon | ) AE | asis 2017
5 | 2017 | P et by AAA wd | Annual | 912 | 2R
supply method in a closed plant factory
e Conference
system ==
6 | 2015 Pha\]/:;g;;;gze ‘g];?:rfltch P?éuzzl’mgand olawy oA 2%}1:5?%‘07111}51 o4 | =2y
Doritaenopsis ‘Mantefon’ plants under | °ls@ 2714 e ﬁﬁ‘g T
different light intensity and quality =
Effects of application methods of
nutrient solution on growth mAe 744 =2l of 3t 3]
7 | 2015 | characteristics of potted Phalaenopsis o115 6o 2015 FAg<E | A4 | T4
and Doritanopsisin a closed plant 148 2% gk 5]
factory system
L Fhr o &3]
Photocontrol of growth and flowering in | ¢ ¢ 7174 = o) 52 I
8 | 2015 floriculture crops Erik Runkle ZOISHL_;g*’E A | =
B g A= Aa"AN FA 2 F | magg ons | IEAERAEE
9 12016 | 719 SHF FF Lol Y FE | AAA wed | HEE 2016 | o | T
ARl M 9% 25 FA T3]

- 148 -




Vegetative growth of young
Phalaenopsis ‘Blanc Rouge’ and

391 o 813

A=
Doritaenopsis ‘Mantefon’ plants under 2016]:“ 372] = =
different relative humidity conditions =
Growth and photosynthetic S22 of 5} 3]
characteristics of young Phalaenopsis 2516 = At 2
plants under different relative humidity %—; 3]
conditions -
gH o &3
Determination of optimal growth stage ¥ ;'L;‘Oﬂ - %
RS . 2016 FAst%= =
for flowering in miniature Phalaenopsis ) 57 3]
COquptake behavior and vegetative &9 of 5} 3]
growth of Doritaenopsis ‘Mantefon’ 2‘0‘17 T; 74]’;}% 2
orchids as influenced by light/dark cycle %LI z‘:]j
manipulation -
Investigating vegetative growth of #2291 of 5} 3]
Phalaenopsis orchids under different co e s
. : . . 2017 =A< =
light intensity and photoperiodic 1} 57 5]
conditions =
3329) o) 3 3
Effects of benzyladenine on flowering “%36?; = 2
of Phalaenopsis orchid P
Effects of media and irrigation methods k- o &3]
on growth of young moth orchids in a 2017 FAgE | A | =
closed plant factory system gk 5]
e e .
. reton i resp 2017 ZAste | AH | =)
to different light intensity and 1} 57 3]
photoperiod -
CO, exchange and growth behaviors of Sk o 35
young Doritaenopsis plants acclimated to 2017 FAT s | A | =54
different CO, concentrations W 5
4, 71<olA
7= 71=d AN 13 SUTEHS AANZIERD | 7 | AGAZEL
AEE A=A 5549 10-2015-0143900 = 2016.04.01
L.HHXO]-_] g‘l = =]= 0 7]‘5 =] ].
A o] 55=4 10-2018-0007856 7 2017.10.01

- 149 -




FRE LA E R ERE
7. Adst 43

K AR N 3
Nt & A 7LA 0.3299¢
7N A
I3 347w = 3.00019
vl
N = &R 71A 0.1099¢
A =
g% 33z wiE 3.00949
o = 100%
A 5 @A Ze -
7] kA
Absi 3} B = 0 50%
Ll_ =
3 A i S Ak =9 - %
Ze R . U 80%
A 5 &R 7HA 2ot -
BAAFE
. i © 50%
% 397 e o
A AN A A AF NAANG AAE =9 -9
%349
2=2] 3d & AFE MA AZAEAE =9 -9
U AMLE A8 H uiE 43
3 5 AR P A 2
A3k A 871200d) 5
A8 o AR TEY) 100
oA} W=t & 2 7}A] 39 5%
(1) 05 3 5
Al s A E (%) AA7HA 3dE 5%
Al &F
@1‘%0% =1 80 50 40
=9 - - 10
FF BA7)E, AFS |- 4T Y OEAEE WY AR 2H
S8 g 2d AE |- Ad8 F Aulg A
7N A = - EAEYE AEgA
(9 99 A A 3dF 5%
Z=7
o aa A5 - - -
&= = - 3 5

* FE YD AY

O 7AME =82 434S 349 01U 34F Yae
Fe 8y

O

- 150 -

»
)
A
e
o
2
)




o~ [aN] N (o)) o <
[e>) o [e>] — [e>] —
| S |8l s |8 4|4
| o <] < <] N |~
— — — — — —
[a>] (e} [a>] [a>] [a>] (e
N [aN] N [aN] [aN] N
—_ —_
N X
o | Jo [HM| H O IH|T (T
=| P T T |F|EX|®
T — —_ —_ _ UJ N —
X <IN N N[
KR LWO ‘.Io ‘.Io ‘.Io .Nru w
™ <0
_ =0 =0
ol ~ X X P~
O I O R
1.
%o I z
B 70 —_ —_ Bl <0
ol X || <P
N <0 <0
=K B
— o
.-A v
e A
o =) s %)
-
Ho - | 3
® | o ® I ow |
1 =] % :H _ % oF
n_me o —_ N —_
A R N e B N I
= | o ~ | Ro | o3
2} b ﬂo _Jlo_ﬂ 10 & ~
o | | e I I I = | o
R T e I e S
B A | o | < | R | R
B Ao o | B W
W = % < o Tl T
aM e Palw| e | @
RN N S I s
bof | B | TR | ol | B | o)
m. — [aN] o <A Lo ©

7. AAEE - TH

7 AREE

2 =18
Rls |y
ooul > i
=l = | =
o (e} o
,7A| [aN] [aN]
— —
— | S | N
o &=
W = | =
o o
[aN] N
o |
= |
H o}
o [®
“ ao
ﬂ ._QE
m (R |9
Tl= |T
< = [N
AN g
_r - ro
o R =
wE oo TR
W] A
| <
T oE M
TR o
o
= | L
x| R
g | S|
HE:
N mo| W
Ho W
m. N

U ZH, AN, 48

o ~ [~ |~ |~ |~ |~ |bt~|t~|00 |0 |t~ |—
< S eIl elIelIelelelelel=e
—_ o0 — — — — — — — — — — — N
X | S — [ [y A O [ N [ R
oW | = [ I S S T S I S B I O I S I S Y S Y
— — — — — — — — — — — — —
(e} (e} o [e] (@] (e] [} (e} (e} (e} o o | O
[aN] [a\} N N N N [aN] [a\} [aN] [aN] [aN] AN | AN
g
oo M
S F
&3 - - b
1 N P T o |1 ) N
S R ) O s o T i B
= X o [e) 0 oﬁ o 1Zr 0 0
R | wm| BB e || ®
Pl I LD 2 | P w|, | PP
= o | X < o Hr o
o TF | 38| o] | &m h_ML Zm X | OR| O | OF o
His b w0 R SR ||
Bl | || = %= e = e | F
<4 = W E | Mo e - o o )
W T z ~0 r
~r = o~ = X %!
o I - R T A Wl | Wk
T ol NN 4|~ W~ W~ wN
HA%ﬁﬂuﬂﬂ”@ﬁﬂuwﬁgiﬁm
o) - - - - -, | - - X
w0 e e
o Tl o ol | ol | TR | o [ B | o | ] PN |H|T
THERT|T|N|T|G|F|O|F||T |
< —_— )
%o ﬁ“WEﬁaﬂmE%a¢%m =
= o HE | M| F o =y
B w_ﬁcéiwn%wm@%mW%%
03 | | ! ) BA
= = = Ko | Nio | No | o No No Wm
(AN DA N B T AR BN IO RS O -l ke
| o NOINMNINMNINININMINININ N o | v
— 9 o L o)L B Y o1 e A IR
o_u N o | 2o l=20l 2|20l 2|=0!| 2| =0 = N | N
S I I i I I N I e e o )
X XK IXI|IXK|X|XK|K|XK|X|K
m. — N [ w || bw|lo|~|lo|o |23

- 151 -



NS &
SNIEEE]] 8
o O~ S~ 5| =~
— — — <P — ~ —
[e>] t o ! o t o
N N [aN] [aN]
< < <
™o |
O I
L R < R R
W WK o
o o T RO e
—_
_Z.f _Z,t »._1_ B lr_l
F F [T E
o b ¥ E
s HWﬂf T
w | N | %
G R I
) ﬂ%ﬂw o
Ho im R L._m oo Wi
M N VN mﬁ
=) M,___.H m_x MV__.H NE _;T
Pl | <A =
%%W%Wewﬁ
o™ ol o}l
CASTIET
STEFISEISTE
Ml M| W I|T
] X ] |oF
FF|F WA
_ _~ - ._m.,_ ol
2 I R S
o | o | o X
Ho | Mo | Mo
W | w |
T | ==
& & e
<t Lo © [
— — — —

7h AHEA

B}
3
o
B v |cu|oo|au|eu|oo |
AEEEREEEE
E6667778
%1111111
O IO OO |
%2222222
Tor
A
ﬂ ‘_nﬁ_wl _vo_v _vo_v ;o_l ;oﬁ ‘;lw_| ‘.nw_vﬂ
aoﬂu%u_wﬂuuuunu_.mu,wﬂ_%
3p | 3m | 3r | 38| o | o | 3n
Jo|Bo|Bo|Bo |k | X |B°
ﬁoﬁﬁ%%@ﬂﬂ
o | K| < AR =0 | A | o |
R T E | B or | R T
el el el —_—
(=i SR S ol B £~ g
Jﬂﬂﬂaifﬂﬂ
O Yo | 9P [ | o || o | do
m1234567

_ﬂ_

=

Al | AN
— |~
oSS
NS
oo | |~
A S|
— | —
[N Ne)
AN | AN
EARE]
@aﬁaﬁ
%Wﬂ
1%%
Bo | B
11.._@.0
OvA
S| X |
B |
G
|
%ﬁ%
X |
7A
o
m.12

9. 7€}

7v B 3A 28

W =y = =y =y
7o ol g 3n 3B
| T o T |
N <t N N
< < — —
= = N =
~ S ] & ]
| % < L
S = S S
d-.._ o~ © o~ o~
— — — —
o o (=] o
N [aN] N N
N < gl i+
= |2 5 %
TN { Ay 5m
o | Wy |RT| ST
= | =3 | N | e
7 X 63 EEY
_Z._ 11J| Z.E o1
~ T A+ Ho
| P || &
WA= | XBPOTER| g
N | M ﬁﬂ PR O(EN|
F | Ry | Mo M _M |
X | ® < TR W
N = 7 % ot o - Ho
T |GW Wk
R | LF PR e E e
| L._.O
e |T% |PoRFgp=
B o JﬁmL ° RN o
= oy R I Bl i e
X _ﬂ_ _dﬂ 0° — | T,c N
) ~ ~ do X a
47 W%Mz_o %ﬂﬂﬂ»&
0 = [ _Lk
W o Jmoﬂm_.A ﬁvﬁoﬂwrl.,oo
TR\ U =R (RS o
ol T TH| = W o | BN B RO o]
M — N o <t

- 152 -



D-06

0

A

s

B
-

A14

M

pzel

= o o o o o o o o o o o o
! S S S S S S S S S S S S
_nﬁ — — — — — — — — — — = =
A
oF n " A O oy P By Gl Mo A
Z.e g il < < T = gl
oy ._M_ ~ W o Mn < X B m# HW plo N[ Alm o ol @.un xr
ZT Orn =0 X 0 IFL N A
~ =o X u_.\_ g E X R o To X - = &o © = ﬁﬂ 160 &
e W <] T o A F Mo < X D,L ™ W A = | =5
K T < T .Ql HT_ O l=mo =T . O._L ) _f\:mﬁ 3 N
X :H 3 <X ,_ﬂﬁ = fe o_a _.E | X [ E..ﬁ _ Owl x_.E I3 - murE <
w | % o 3 el v |20 E CadEu . | . x
G A S G 7 P MOy TR B y B
Plaic| ¥ |ea|v |lzp #S ogmldww o T e | F g o
A R - - I T P I R Nt 1 F PR I S I W
| oF X M K oF NI 0 <|F & AF o M| R - | W™ Y
N © (TP laEENwdar T 5T Fkaw x|l o |z N
AR T A I A I S )l T ) O G S O I S o - B
iof ) T ) N R Il - o D BT = S S S 2 S e R A B o | - o
| | | | | | | | | | | | | | | | | | |
X
No © ) © ) o~ © ~ © ~t S To) o)
P
N
oy o o+ 3T ) TR
R N B B i o o @
oo < T % : R 20 N
- I il s 0 —_ |
T = A = < R X T
4 o & |2 |TF| T2 | @ ) e 29 ® | w | B
ey 1+ = (S ~ oL o+ i o hl T | B Hin %0
- oo o < N N = =X <
o) ;b ,,.Ar M- __,o NrL b o W o ™ B~ ‘,.A_w_ " | 0 E
il b o i X 7 o B i 2
R G e o i S % R R m T E do =
iy " ~ ﬁ_ " = TN 0 T w"F o7 ) i S - - o
X (@) ~ )|
o g e w T ot 7t AR Fo
o BRI | BE W R T o %o W B T omn | oy
K U Il I~ U I I jol A < K x A=n R | < ﬂ =T
O O O O O O O O O O O O
7 T & 2
B — T8 N T

- 183 -



100
100
100

100

100
100

A5 14 5
- 7leAd 24

wr

J T

o M
T8 o
<X ®

N215 174

&4

2

A% 24, B

27
[e]
‘,D"

ol

6

Oz 1

K

ﬁo
)

—_
fite)

!

=i

o0
T
n_mo
o
ﬂu
|
3N
rAA
Zo X
i
T JE
w T
B B°
W oH
O

[€)

ok 719 =

P9 Ak 7}

o
il

1. A1AF3A
2. A1 -s3A

A24

o
)A

G

Ho

o

oy

ofo
o

™o

Ho
°

o
o

!

el

A

i
—_

N
olo
G

Jom

o
wK

o

o

ﬁo
)

- 154 -

Sk 7|22 R A A




3. A2¥-FHA

O s3] UHY iAo Age dFAI=8 N

O A3d& A=A, A=Mstzds 24 3 vy a4 A& A= dx 7
A

2 0y YA sEe] BEE Y

4. A3¥FHA

O
=)
v
fol
i)
e
Lo
B
N
T
31'4
i
f
e
o of
o2
o
o
i
2
-
of.
o
fl
3
=
N
@
e
A
ok
off
N
Ve
4
o
o

- 155 -




D-07

Ho
&

O 7143}, F7Hd T, 71<€el

= &7kl A

R E

E
=]

3 JlEd =

- 156 -



Hed AapgoM et sielutstr|a’8

O 2015. 3. 6. ~ 2015. 3. 9. tiwt+
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e« ‘Dr. Cecilia Koo Botanic Conservation Center’ o ®W-&3la] amabilis, equestris,
fasciata, violacea, cornu-cervi, hieroglyphica, pallens, sanderiana, bellina, gigantea &

o TP AT AT & AL,

O 2016. 5. 22. ~ 2016. 5. 26. v]=r

e Light in Horticulture Symposiumeol] #43te] vgd@=, vjsk, B Fo] o FEokoA
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