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< SUMMARY >

| 3Z=®W3sz | D-02

O Purpose
¢ Development of high—quality and low-cost production technique
for exporting Cymbidium
e Demand for distribution site and development of total
post-harvest management technology for export Cymbidium
e Development of high value-added processed products for
exporting Cymbidium
e Establishment of reliable export base of Cymbidium through the
development of high—quality production technique, post-harvest
management technique, and processed products
O Contents
¢ Investigation and analysis of problems in the field of production
site for export Cymbidium
e Development of optimal light conditions and growth control
technology suitable for target export country and production
purpose

Purpose& ¢ Development of temperature reduction technology in the
Contents . .
greenhouse to reduce production cost in summer
¢ Development of appropriate nutrient solution for high—quality
Cymbidium production
e Investigation and analysis of problems during the production,
storage, and distribution
¢ Development of freshness management technique after harvesting
and optimal diseases and pests management technique
¢ Development of total post-harvest management technique and
standard manual
¢ Establishing conditions for the production of high—quality
preserved Cymbidium flowers
¢ Development of techniques to introduce color and aroma into
high—quality preserved Cymbidium
e Establishment of distribution conditions for high—quality preserved
Cymbidium
¢ Consumer preference analysis of target export countries
O Investigation of optimum duration, light quality, and light intensity
for growing high-quality Cymbidium
e Investigation of major effecting light quality, optimal red to
far-red ratio, duration and timing during night
Results

interruption(nighttime supplemental lighting).
O Economic analysis and evaluation between movement to highland
movement and on-site cooling system during Summer
O Selection of suitable substrate and determination of optimal




volumetric water content for solution culture to reduce production
cost
O Development of solution culture system using soil moisture sensor
for Cymbidium cultivation
O Development of optimal post-harvest technology to maintain
freshness on potted Cymbidium
¢ Determination of pre-harvest moisturizer, nutrient treatment, and
post-harvest treatment on potted Cymbidium
O Development of optimal post-harvest technology to maintain
freshness in cut flower Cymbidium
¢ Determination of concentration and time to maintain freshness on
cut flower Cymbidium
O Development of optimum temperature condition in the process of
export and distribution of cut flower Cymbidium
¢ Determination of optimum temperature for quality and
maintenance of Cymbidium cut flowers
O Development and commercialization of optimal packaging materials
and boxes to maintain freshness of cut flower Cymbidium
e Development of optimal packaging materials to maintain
freshness
O Development of standard manual for the total post-harvest
management technology
(O Analysis of current status and problems of export distribution
process and pioneering new export market
e Analysis of problems through the status of export distribution
process and education for farmers’ export promotion
¢ Pioneering new export market(Vietnam)
O Establishing conditions for production of high—quality preserved
flower Cymbidium
¢ Optimum dehydration, substitution, dye use, bleaching, drying
conditions
e Establishment of mass production process for preserved flower
Cymbidium
e Export high—quality preserved flower Cymbidium
O Development of introducing colors and fragrance on high—quality
preserved flower Cymbidium
O Establishing distribution conditions for high—quality preserved flower
Cymbidium
¢ Determination of optimum relative humidity during distribution
e Determination of environmental conditions in packaging box to
prevent rehydration
O Supporting design development and marketing technology for
commercialization
e 9 design patent registrations

Expected

(O Functional aspects




Development of optimal light conditions during night-interruption
by using LEDs to improve quality

Development of alternative cooling technique to replace high—cost
movement of pots to highlands

Development of nutrient solution cultivation system

Improving export competitiveness by cultivating and distributing
holistic post-harvest management technique

Contribution to commercialization by securing source technique
for freshness maintenance agent and treatment

Securing international competitiveness of high—quality processing
technique of Cymbidium

Development of functional processing technique and
commercialization (adding fragrance and colors to preserved
Cymbidium)

Economy and industry aspects

Maximizing energy efficiency by optimizing light conditions

Contribution ¢ Reduction of production costs to lower temperature in summer by

developing alternate technique instead of moving pots to highland

¢ Reduction of production cost due to water and fertilizer use
reduction

¢ Contribution to the creation of economic effect equivalent to 2.6
billion won by exporting Cymbidium

¢ Enhancing export competitiveness of farm households through the
development of high—quality Cymbidium production standard
manual and training

e Diversification of export strategy of Cymbidium through the
high—quality preserved Cymbidium and expansion of export
market

¢ Increasing profits of Cymbidium farms through the development
and application of mass production process manual to increase
added value

e (Global brand development through expansion of Cymbidium
market and creation of 6th industry

) . ) ) Freshness Preserved
Keywords Exportation | Cymbidium |High quality .
maintenance flower
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Table 1. Orchids production status in Korea ( ‘12 flower cultivation status)>.

(Unit : ha, Million pot, mil. won)

2011 2012 Rate of change(%)
Division Sales | Sales Sales | Sales Sales | Sales
Area i Area ) Area )
volume | price volume | price volume | price
Total 213 33| 80,506 202 28 | 80,194 A521 2152 204
W Sub total 185 25| 63,525 177 19 | 59,770 A43 1 4240 A59
0 e Cymbidium 101 51 25,792 93 4| 23,096 A79 | 420.0| 210.5
! S Phalaenopsis 44 10| 25,842 47 8| 24,423 6.8 220.0 A5.5
C
t Dendrobium
h ) 12 31 3,818 11 2| 4,137 AB3| 2333 8.4
. © phalaenopsis
d r Oncidium 5 4 964 4 1 710 | 2200 A750| 2263
| " ETC 23] 4 70| 2| 5| 7404| 43| 250 41
Oriental 19 41 13,821 17 6| 17418 | 210.5 50.0 26.0
Neofinetia 8 41 3,160 8 31 3,006 00| 2250 249
Table 1-2. Cymbidium cultivation status by year ( 12 flower cultivation status).
Year 2002 2004 2006 2008 2010 2012
Cultivation 134.2 1305 198.4 120.1 102.9 92.7
area(ha)
Production value| 4y, 40,600 39,100 32,700 29,600 23,100
(mil. won)
Table 1-3. Cymbidium production and export status.
Division ‘02 ‘06 ‘12
Cultivation area(ha) 134.2 128.4 92.7
Yield (1,000 pot) 63,149 73,679 3,967
Production value (mil. won) 46,192 39,147 23,095
Export value (mil. won) 442 592 1,308
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Fig. 1. Cymbidium export volume by year.
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Fig. 1-1. Potted Cymbidium exportation status.
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Fig. 1-3. Aging facilities; A, poorly managed condition in a commercial greenhouse; B,
highland greenhouse without ground mulching; C.
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warm-white LEDs (GMG Korea Inc., Busan, Korea)Z ©|&3}ich 323 3
T b AEFEe dotry] 9] B 80 £ 160umol - m - sTE
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Sakai, Osaka, Japna). A &4 SAS = 13 (SAS 9.3, SAS Insititute Inc.,
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Table 1-1. Light ratio of fluorescent lamps (FL), warm-white LEDs (WL), and cool-white
LEDs (CL).

Light sources

Parameters

FL WL CL

Light ratio
B (400-500 nm) 0.37 0.17 0.36
G (500-600 nm) 0.37 0.45 0.47
R (600-700 nm) 0.23 0.35 0.17
FR (700-800 nm) 0.02 0.03 0.01

1.8

—— Fluorescent lamp
—— Warm-white LEDs
—— Cool-white LEDs

1.6 1

1.4

1.2 4

1.0

0.8 -

0.6 1

0.4

Photon flux (u mol m 25”1 nm'1)

0.2 1

0.0 A T T T T

300 400 500 600 700 800

Wavelength (nm)

Fig. 1-5. Spectral distribution of three light quality treatments delivered by fluorescent
lamps, warm-white LEDs, and cool-white LEDs, each delivering a photon flux of 100

umol - m? - s,

(th. 243 2 a3
Spectroradiometer2 =% 3%k fluorescent lamps, warm-white LEDs 1|3l
cool-white LEDs®] 32 Ex = FM3y 2433 9S8 £33 400~700nm
Mol A Yelstti(Table 1-1 and Fig. 1-5). white LEDs9] 74-¢ A4 =& =
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S H= LED #3E4ds =Xt AAEHI7] Wi ANFE 72
Z x3sty =59 EA mel warm-white LEDs®} cool-white LEDs=Z 1}
HA Ak B AFo)| AF8E warm-white LEDse] ¢ o2 Qo) vl3) A

F© ™, cool-white LEDs= #24332] v|&o] O & 3¢
of vl B &A yebth fluorescent lampse 335 Kol Atupa Sz =g
FRIFAo™ HA, = HAsgo] vl go] 1E2A Yehe EAS BT
(Fig. 1-5).
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o do] HAHJIY. oln F FF EF 1FEo FA st FEER] F
7Vehe A2 yEhon, 53] Warm-white LEDse} 1355 39S
u, 7ML YIS BYon =72 A8-H Fluorescent lampse} Hl

WatRS wf AFHY AT oF 25%, A T A5 oF 30% F7F= A HTable
1-2). FUF A F} vpR7HA 2 Biomasse] F7HFS 08 = JdE HUE
TE WP E W F FF 2T 1F 59 Warm-white LEDsE 2 A 27}
Fluorescent lamps *] 2] ol H]& Shoot2} Root =5 ¢F 15% o] Z&Fo] H A
o2 g 4 UArHTable 1-3).

A&o] FalE FL e AT AT o &
E| 2|9k, LEDs ¢} Fluorescent lampse] =}o]l = <13 2§ =
ofd =] gjlstr] el FHAP E&EE UHE F e 9454 ¥F &&

() O~

ml
N
i
rlo
b
20
X
A

Nl

(FviIFm)< A3 23 =& ko] 0.75~0.83 Alo] &2 Fh o2 213 ~EF
= = Aoz AAEHAHFig. 1-6).

A3 255 3'? Yang Guifei’ ¢} ‘Happy Day’ & &% 7te] A{4H-8-L H|
wa] BS w), ‘Yang Guifei’ 7} A¥tA o & ‘Happy Day’ Btoh S &

=
7} wgkow, Fig. 1-4oll A ¢t m7tA & F FF BT AJE Boh 13350
A Ago] A FUtE AL FAT 4 e Warm-white LEDs<}
Cool-White LEDs*] 2] 3Fe] Abo]= & + A F3E F AR, A
Table 1-33} Table 1-49] A3-& vlg o2 ] 7]%ko] ‘3 dAoARE A5 1%
%9 Warm-white LEDs*]g]ol| A =}

e
o 2
by

st
bl
R
O
n{o
Lo
ox
-ti
AN
Ho
g
ACh
>
L
o

_36_




= BaEc 4EES FTY A9 2e Free TR AT F
23t FAAANZ FHE D Jov, Autee] FHAR o2 AT
W&o Aol HAPo] B Wol Belsts Aoz B

Table 1-2. Effects of light quality and intensity on vegetative growth of young Cymbidium

‘Yang Guifei’ and ‘Happy Day’ after 25 weeks of treatment.
Light Pseudobulb No. of Leaf Leaf Chlorophyll
0.0
Light Quality (LQ) Intensity diameter . length width content
eaves
(L) (mm) (cm) (cm) (SPAD)
Cymbidium ‘Yang Guifei’
High 11.24bc” 7.57¢ 28.27d 1.10ab 39.47ab
Fluorescent lamps (FL)
Low 9.81bc 7.14c 29.50cd 1.06ab 39.03ab
Warm-white LEDs (WL) High 12.70a 10.00a 31.47bc 1.11a 35.24b
arm-white
Low 10.66¢d 8.57b 32.24ab 1.01b 44.16a
Cool-white LEDs (CL) High 12.24ab 9.57a 30.59b-d 1.04ab 35.56b
ool-white S
Low 11.27bc 10.29a 34.54a 1.01b 4431a
Significance
LQ x LI NS *ok NS NS NS
Cymbidium ‘Happy Day’
High 9.53bc 6.71b 27.00b 0.97ab 3431c¢
Fluorescent lamps (FL)
Low 8.94¢ 5.57¢ 26.70b 0.87b 46.47a
. High 11.67a 8.29a 31.51a 1.03a 32.52¢
Warmrwhite LEDs
ann-white LEDs (WL) Low 8.81c 6.71b 24.36b 0.87b 41.50ab
) High 10.43b 8.29a 30.81a 0.97ab 34.31c
Cool-white LEDs (CL)
Low 9.64bc 8.00a 31.50a 0.87b 46.47a
Significance
LQ * gk ok NS NS
LI skokk skksk * * sk
LQ x LI *x NS * NS NS

"Mean separation for each cultivar within columns in each parameter by Duncan’ s multiple range test; p <

0.05.

NS, *, **, *** Non-significant or significant at p < 0.05, 0.01 or 0.001, respectively.
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Table 1-3. Effects of light quality and intensity on biomass of young Cymbidium ‘Yang
Guifei” and ‘Happy Day’ after 25 weeks of treatment.

Light Fresh weight (g) Dry weight (g)
Light Quality (L T/R ratio
ght Quality (LQ) Intensity (LI)
Shoot Root Shoot Root
Cymbidium ‘Yang Guifei’
High 5.63bc” 12.66¢ 3.34c 3.14b 1.06bc
Fluorescent lamps (FL)
Low 5.14c¢ 7.98¢c 3.27c 2.98¢ 1.10c
. High 10.15a 17.45a 391a 341la 1.15a
Warm-white LEDs (WL)
Low 6.18bc 9.71¢c 3.30c 3.00c 1.10bc
. High 7.66b 13.44b 3.66b 3.21b 1.14a
Cool-white LEDs (CL)
Low 7.45b 12.66b 3.55b 3.14b 1.13ab
Significance
LQ sk ksk skksk sk skskok
LQ X LI * K3k skksk sk *
Cymbidium ‘Happy Day’
- ‘1 (FL) High 4.60b-d 11.22ab 3.28bc 3.003b 1.07c
uorescent lamps
P Low 3.92cd 6.96b 3.13cd 2.85de 1.09a-c
High 7.40a 1391a 3.68a 3.22a 1.14a
Warm-white LEDs
A (WL) Low 3.71d 10.67ab  3.00d 2.78¢ 1.08be
High 5.63ab 10.15ab 3.38b 3.01b 1.12ab
Cool-white LEDs (CL) '8 2 2 ¢ 2
Low 5.24bc 8.84ab 3.23bc 2.93cd 1.10a-c
Significance
LQ * NS NS NS NS

"Mean separation for each cultivar within columns in each parameter by Duncan’ s multiple range test; p <
0.05.
NS, *, ** *** Non-significant or significant at p < 0.05, 0.01 or 0.001, respectively.
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(A) Cymbidium *Yangguifer’ Cvmbidium ‘Happy Day’

High

Worme-White LEDs Cool-White LED Fluorescent Lamps

Low

Y \ \ > /¢

Warm-White LEDs Cool-While LEDs Fleoresceml Lan P Warm-White LEDs Cool-White | EDs Flusoresc et Lannps

25 weeks after treatment 25 weeks after treatment

Fig. 1-6. Vegetative growth of young Cymbidium ‘Yang Guifei’ (A) and ‘Happy Day’ (B)
plants after 25 weeks of treatments. High and low light intensities were 160 and

80 #mol - m™? - s
09 —
Cymbidium 'Yang Guifei' Cymbidium "Happy Day'

0.8
uE E
~ 07 w
g g

0.6

05 - : :

FL-H FL-L WL-H WL-L CL-H CL-L FL-H FL-L  WL-H WLL CL-H CL-L
Light treatment

Fig. 1-7. Changes in the maximum quantum efficiency(Fv/Fm) of Cymbidium 'Yang Guifei’
and 'Happy Day’ under high (-H) or low (-L) light intensity within fluorescent lamps
(FL), warm-white LEDs (WL), and cool-white LEDs (CL). Vertical bars represent
standard errors of the means.
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g4 WhEE dotry] st F3ASA7171(LI-6400XT, Li-Cor, NE, USA)
E ARESl 2443 B =R FAAEFES ZASEAH

FA B24-2SAS =27 3(SAS 9.4, SAS Insititute Inc., Cary, NC, USA)-< l
43l ANOVA(analysis of variance) ¥4 % Duncan T3 % (DMRT)S
Alsted P < 0.058 FoFEolA 2 Ae 3t AolE AAS A liﬂ_*—

SigmaPlot (SigmaPlot 10.0, Systat software, Inc., Chicago, IL, USA)S A}-&3}
o 2 st

Fig. 1-8. Experimental facilities for this study in commercial Cymbidium greenhouse (Gonju,

Chungnam province)

Table 1-4. Light quality emitted from light-emitting diodes(LEDs) between 300 to 800nm.
R:FR ratio for the night interruption are given. R:FR equals 655~665: 725~735nm.

uv Blue Green Red Far-red R+FR

Treatment (G00-400mm)  (400-500mm)  (S00-600nm)  (600-700nm)  (700-800nm)  (600-800nm) R:FR
Control - - - - - - -

R:FR 0.8 0.03 0.07 0.09 46.65 81.89 128.54 0.84
R:FR 1.2 0.04 0.06 0.13 70.55 58.21 128.76 1.21
R:FR 1.5 0.82 1.03 0.60 82.60 48.69 131.30 1.47
R:FR 2.2 0.80 1.04 0.67 96.87 32.23 129.09 2.23
Red 100% 0.96 1.28 0.97 120.68 7.00 127.68 32.05
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Table 1-5. Photosynthetic photon flux (PPF; 400~700nm) of each treatment for night

interruption are given.

Treatment (um O{),I;l;z . s_l)
Control 0.0
R:FR 0.8 46.7
R:FR 1.2 70.6
R:FR 1.5 82.6
R:FR 2.2 96.9
Red 100% 120.7

(th. 23 9 u&
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Table 1-6. Effects of R:FR ratio on psuedobulb diameter, the number of leaves, leaf

length, leaf width, and dry weight in Cymbidium ‘Yang Guifei’ ,

‘Polair’ after 36 weeks after treatment.

‘Happy Day’ , and

Treatments Psuedobulb No. of Leaf Lpaf Dry weight (g) TR Chlorophyll
diameter leaves length width ratio Content
Cultivar R:FR ratio” (mm) (cm) (cm) Shoot Root (SPAD)
Cymbidium  Control 23.55¢" 1750 40.59d  2.15c 2348  23.12b  1.02a  40.10b
Yang Guifei'  R:FR 0.8 2523abc  18.13  4820a  223bc 2499  2323b  1.08a 47.73a
R:FR 1.2 25.87ab 18.75  46.73ab  2.33ab  26.55a  24.68a 1.08ab  46.33a
R:FR 1.5 23.97bc 1825  4236cd  245a  2598ab  24.75a 1.05ab  51.64a
R:FR 2.2 26.10a 1825  44.66bc  240a  24.78b  23.75ab 1.04ab  46.23a
Red 100% 26.15a 1838  46.08ab 248a  26.70a  24.90a  1.07a 51.53a
Significance . NS - s - * * o
Cymbidium  Control 20.99¢ 1538 3971  1.86c  21.81  21.02  1.04 40.48¢
Happy Day’  R:FR 0.8 2220bc  15.50ab 4228 178  21.61 2043 1.06 47.16ab
R:FR 1.2 2240bc  1525b  39.98  196bc  23.12 2189  1.06 45.23bc
R:FR 1.5 2438ab  15.50ab 4133 230a  24.02 2180  1.10 50.21ab
R:FR 2.2 24.6% 17132 43.08  211b 2372 2182  1.09 50.95ab
Red 100% 22.23c 1450b 3971  193bc  23.00  22.18  1.04 52.48a
Significance wx * NS ok NS NS NS ok
Cymbidium  Control 19.49¢ 1400  3549c  1.64  20.19c  18.96c  1.07 45.90b
Polaire’ R:FR 0.8 22.46a 1563  44.11a 190 2228  20.07b 1.1l 43.89b
R:FR 1.2 21.27ab 1513  40.73ab 173 21.54ab 19.61bc  1.10 45.61b
R:FR 1.5 22.07ab 1500  388bc  1.80  21.10bc 19.78b  1.07 50.31b
R:FR 2.2 23.24a 1475  40.85ab  1.86  2247a  20.88a  1.08 58.75a
Red 100% 23.67a 1475  4045ab 179  212bc  19.67bc  1.08 61.15a
Significance * NS Hk NS woE ok NS ok
Significance
Cultivar - - NS s - . . o
RFR Taﬁo sksksk sk sksksk skskosk skskosk skskok * sksksk
Cultivar R:FR ratio NS NS NS wkk ** NS NS *

Red (660 nm) to far-red (V30 nm) ratio

YMean separation for each cultivar within columns in each parameter by Duncan’s multiple range test, p < 0.05.

NS, *, **

and "“Non-significant or significant at p < 0.05, 0.01, and 0.001, respectively.
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—o— 'Happy Day'
—v— 'Polair’
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Fig. 1-9. Diurnal changes in photosynthetic rate (Am) of Cymbidium ‘Yang Guifei’ ,
‘Happy Day’ , and ‘Polair’ grown under R:FR ratio (0.8, 1.2, 1.5, 2.2), red 100%, and
control treatments at 129 + 2umol - m™ - s™* with LEDs. Control plants were grown under

Time (hour)

non-night interruption with natural daylength. Vertical bars are means = S.E. (n=3).
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Table 1-7. Effects of R:FR ratio on increment of psuedobulb diameter, the number of
leaves, leaf length, leaf width in Cymbidium ‘Yang Guifei’ , ‘Happy Day’ , and
‘Polair’ after 36 weeks after treatment.

R:FR ratioZ diﬁg?ﬁgﬂ‘ﬁg) No. of leaves Lea{cirel;lgth Lea(t; r\nv)idth anliéﬁ?ggﬁ}))
Control 9.34¢” 7.03b 15.40c 0.75d 42.16d
R:FR 0.8 11.30ab 7.82ab 21.66a 0.83cd 46.26¢
R:FR 1.2 11.18b 7.78ab 19.28b 0.87¢ 45.72cd
R:FR 1.5 11.47ab 7.65ab 17.63b 1.05a 50.72b
R:FR 2.2 12.68a 8.11a 19.66ab 0.99ab 51.98ab
Red 100% 12.02ab 7.28b 18.8b 0.93bc 55.05a
Significance * k% * *kk * k% k%

Red(660nm) to far-red(730nm) ratio
YMean separation for each cultivar within columns in each parameter by Duncan’s multiple range test, p < 0.05.
NS, *, ***; Non-significant or significant at p < 0.05 and 0.001, respectively.

3 Psuedobulb L 10
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12 1
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T T T
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T
()]

pseudobulb diameter increment (mm)

Fig. 1-10. Effects of R:FR ratio on pseudobulb diameter increment and the number of new
leaves in Cymbidium.
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Fig. 1-11. Changes in the maximum quantum efficiency (Fv/Fm) of Cymbidium ’Yang
Guifei’, 'Happy Day’, and ‘Polair’ grown under R:FR ratio (0.8, 1.2, 1.5, 2.2), red 100%,
and control treatments at 129 =+ 2umol-m™-s?' with LEDs. Vertical bars represent
standard errors of the means (n=8).
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36 weeks after treatment
Fig. 1-12. Effects of R:FR ratio on leaf length and width in Cymbidium after 36 weeks of
treatment.
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Fig. 1-13. Effects of R:FR ratio during night interruption on vegetative growth in
Cymbidium ‘Yang Guifei’ , ‘Happy Day’ , and ‘Polair’ after 36 weeks of treatment.
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ulE Aekats] s a7k A7) ARE F
Fol A AEo] WE WS F U= YFS BAI FolA

ohomEtd B ATRe F ok Y /11 EYORA AN
JEYFE AL 5 A=A FAH] 95 L AT

A 2

AdAZZE =39 S zZh= Cymbidium ‘Yang Guifei’ (Mukoyama
Orchids Co., Ltd., Koshushi, Japan) ZZ|wUdE S 22oA 1 & 5o 314
S Folo] HFEE A3 2.7cme] FEti~Y ZEEZ o] on, 471€¥
AEFo] w2t 10cm 4 ZEo] oA 3k W oAttt R B A5
F7HA17171 S8l AEl F 5/0E 5 A2 dAstE B A ANFAT
T 7 23 AABFA 2" ol &3t B AL, B A vtk 84
Z(EC 1.0mS - cm™; Hyponex professional 20N-20P-20K, Hyponex Japan
Co., Ltd., Osaka, Japan)E& AJH|StH T & AF= A& AAFAA AP
ow Ao IA AA Au SFH FAR I H 25 F S 2457 9
d  FAGE  FFd de  AHYE FHGongju,  Chungnam,
36°22° 1.9” N127° 04° 32.4” E)o] 2015 9€¥FH 2016\d 4¥€71x¢] AT
olH & ARSI AAl w7te] S olE & HiR o E dAS 9€ 12/12h,
10€ 10/14h, 11€ 9/15 h, 12€5H 2€7+#] 7/17h, 3€ 9/15h, 4€ 11/13h &
2 HAAsR ojuf dAS wEoF7] 9% B2 Metal-halide lamps &
ol g5tal 70 B ofukA ](22:00~02:00HR) E¢F 156+ 5umol - m™ - s7&
gttt = 9A AA sy S S g eE 72 9 25 E AR
6

om HisEE
Z

71
l:r’l
<
s
H]

ol
i
32

671, 871 Aot FALTE HExTE HAsATHFig. 1-16).

A 712 &t ARYFY SEAY F7HE Fdstr] A8 A, 94,
Z, TR AA, 454 FEFS SASAT. AFEY AHAe Vernier
calipers (ABS digimatic Caliper; Mitutoyo Co., Ltd., Tsukuba, Japan) = ©]-&3s}
of ZAAL, ELE FFY A 9 F T M AT dE VEeE
SPAD meter (SPAD 502, Konica Minolta Sensing Inc., Sakai, Osaka, Japan) &
o]-&st] FA3ATh ofutA e 7o E Qg FAA BE WHIE FA5)
71 Y& FE5433 =A7](PAM-2000, Heinz Walz, Effeltrich, Germany)=
o] &3] PSIIe] Ho FAF o] 8 EEQ Fv/FmEs A2 FA3FH HGenty et
al,, 1989). =3 43 T5 T 4E W9 ECY pHe 2l &gty FHish
o Al Ab-83+= Pour through extractiondy 02 +=%E(EC 0.35 dS - s pH
7.64) & ol g3 £€4E X33l Hanna HI991300N (Hanna Instrument Inc.,
Woonsocket, RL, USAE ZA3Qa, A EA AEFS AES B2 Mol
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F 70°Ce] =gho] QB 72A12F B3 Ax T =43

2 A7 dAJYMAE Ao A & SHAY JHA eSS F
3 B2ttt SAEA A AMg" T2 SAS ver. 9.4(SAS Institute
Inc,, Cary, NC, USA)elar, Ay} ZELS P < 0.05 FFolA Analysis of
variance (ANOVA) WS o] &3] #4319 2 Tukey’ s honest significance
testZ o] g3lo] ALE HAL 3PP ch. 18 == Sigma Plot(SigmaPlot ver.
10.0, Systat software, Inc., Chicago, IL, USA)& A}-&3te] ZA sk,

1——— Sep.

Temperature (°C)

Time (hour)

Fig. 1-14. Simulated diurnal temperature from September to March in growth chamber.

Fig. 1-15. Cymbidium and growth chambers for experiment.
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Fig. 1-16. Diagram of night interruption duration treatment

(. 259 2 1=

Ag] 87/ & AMIY R ‘Yang Guifei’ o FFAE vH-&S gl 27 8
MEe ofgAElE e AgTolA MEE HEIF FonsA Sk
M, §F2o] Ffol= 8/hd AgelAM 7HE Bl Aoz AFFHUY. o= 2

ki

ozl ofgtAH g7t Anig e AL ZAANATGL & 5 Aot FHA
AESTES IAsIAS 9 6, /1€ ofgt- g & e AeF7t F-A g2t 47)
Ak wk2 A Ftol vl A A vebtHTable 1-8). Kim et al.,(2013)9] A+
| o3t ARITee] YA L oA e F FFAHY TUIE

gt Adeta Baghal gtk o= Alvltgol ojA FFy o] Fxlo] T
o Ao E Q) o] FofA & Aol o}, FAAS & WFY B3P

ZE& o gt u}a}zﬂ B AFoAE ofgtH g A FHEE
£ 156+5umol - m? - 512 Eo] AAIFYSAE B735}

ol gt A7t 2 Ao it siAe] dastnt. oo FdE €S vt
= 954 g% A4S 53 FAN Ao FA4&Fv/FmS &

4 YFSAHo A, BRE AYTY HHFATELS 0.80004]
S ol o] Foll g3 2Efg e A
0154 2o Avl= Ang-e ‘Yang Guifei’ o
4 717k A4S DA A EdtE As

ltli&

o ol

o) v gk
Age AR 2 4L NAE Aol AARAY W, LE, T
o FPast FRIM, B3] W20l A 4B AEUT| FF hFIY

A2 A oh(Daliparthy et al. 1992) An et al, (2012)2 o9} g Al F
Sof wet AAet ZEo ARFE o okdt AvYEe] JfEEFdEoe] Fot
A Baugar o B dAFelAe A7zt b 5Ld FHEC
1.0dS - m™; 20N-20P-20K)& #<= A vt} FFsPoey 43 £8 F *JEA
ECe pHE S8 A okupA el 9] 7|3te] 715 4E W EC7F 44

£ e A 5 ATHTable 1-9). NLSﬂ%AObHWJHQ?Ii
ve ¥ JYLE FFHYL W UE AYT 2O O B JPLT AR
Brks AL oviske, Table 19] AN AAY 84Ul 1) okskA 27k %
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ol ol stshera 1A 4
oluet Hel71zt 5

al
BH O 7

.

s

-

gl S/ME7A = 7742l ©7de] 8-month > 6-mon

0-month oF}x|g] «o g Aol7t Y AL FAT

4-month v} 2]e] AJ57Fo] 0-month o3k ol H]sj

ZEB S oA AP b FAF YERYA] &
E’rE] 21 oHFig. 1-18 and 1—18)

AA]

Table 1-8. Effects of night interruption(ND) duration on vegetative growth in Cymbidium

‘Yang Guifei’ after 8 months of treatment.

| Pse.udobulb No. of No. of Leaf (cm) Chlorophyll Dry weight (g)
NI duration diameter bulb 1 content TR
new bulb [eaves [ength Width Shoot  Root

(mm) £ (SPAD) ratio
0-month 26.73 2.88b" 1238 39.10 1.75b 59.33 6.26a  6.27 1.06ab
4-month 26.57 3.00b 11.63 37.96 1.58c 60.50 6.16a 542 1.18a
6-month 2542 2.88b 11.25 3820 1.59¢ 61.31 545b  6.75  0.85b
8-month 26.12 4.63a 11.75 38.16 1.89a 60.06 5.67b  6.39 0.89ab
Significance NS ok NS NS ok NS *x NS *

“Mean separation for each cultivar within columns in each parameter by Duncan’s multiple range test; p < 0.05.

NS, *, **, and ***; Non-significant or significant at p < 0.05, 0.01 or 0.001, respectively.
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Fig. 1-17. Effects of night interruption (NI) duration on the maximal quantum yield (Fv/Fm)
of Cymbidium ‘Yang Guifei’ after 8 months of treatment.

Table 1-9. Effects of night interruption(ND) duration on substrate (bark) pH and electrical
conductivity (EC) in Cymbidium °Yang Guifei’ after 8 months of treatment.

] EC
NI duration pH 5
(dS-m™)
0-month 4.06b” 1.46a
4-month 4.23ab 1.16ab
6-month 4.14ab 1.17ab
&-month 4.83a 0.77b
P value 0.0375 0.0545

“Mean separation for each cultivar within columns in each parameter by Tukey’s
honest significant difference test; p < 0.05.
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Fig. 1-18. Effects of night interruption (NI) duration on pseudobulb diameter of Cymbidium
‘Yang Guifei’ by month

Cymbidium “Yang Guifer’

(-month 4-month 6-month 8-month

Night intet rupt ion duration treatment

Fig. 1-19. Effects of night interruption (NI) duration on shoot and root growth of
Cymbidium ‘Yang Guifei’ after 8 months of treatment.
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g AR ®BFAE AL 9
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ARYE-& w5 31 Aul 2715 7FA I

o] " a3ltt(Hew and Yong, 2004). 71 AlZF &<k
RS AR 9] &n7t FUSHA He A
= A2 gEo] dAo] Fol ARy RS A5k Fo] 53514 "
webA FE S AMY RS ASE7] 98l Bago] Aol ey Bg
Al Al 2ol mE ol|A S AMTE FUHEH, et e Il e ARt
of mz} ZEn|go] =23 ¥ Aol FoiF o2 H]go] A 3] ufFol
(Markvart et al., 2009) o] m#3l] B3-S a8 02 Hgstr] 93 4y
o] dgsttt. 7|&S AFES Fadl & i, LGS S5 #% 7 =
2] 2 Day-extensione FZ slH, Av|g g QoA ofdle] & AYS

L 39l 3 v} QYA THKIm et al., 2011), B3F x]g] A|7tol] wWE Sz

o
=
o
N

oRo::‘,_INO
E?L["ﬁ_l_,

ol Mg Yol AT glglens B ATE AdsA Ak &, I
B FAR7] AT AHG BB /&S AT BF A A w
2 Audge 453 3PS B Hug B,

As 2 Y

A AR olgd AHYR F£F A 3T £33} FFTo2 3 31A
o] Befo]l ME OE FFTS AA, 4B FFHokuhte & A Al HR660; Fire
Village ‘Wine Shower’ &} =ujol|lA T F=& oz Rl 2 A3z
74 o] AujE a1 9lE FX750; Koushu Moon ‘Yang Guifei’ & &% 7o)
ol & ERlsr] 9 2 FFS AASAT FArIdd FF9 S8 w4
A 2GRS TUSS ML £33 T, AEAE S AT M
& FHOE A Aol AL TE B ATl o] &H A EL 9
ggolm, F A Algbe o2 A& A vheS T
3 R A dAE I 3 -] JMEe I FFHAA AFE ISt

S

e
O
>,

R

Anig e HA A5 F2<] 22°CE AAAFAL
APS APt BFo aIE SUErtr] ¢l
B Alﬂtﬁ ol V&ﬁ}% £ 800umol - mol™t A HIsiFEATE.  FHe Are
H3s A 22 FAE@/16 h) ¢, B3 A Azt wel & F=3HMiddle
of night; MN, 22:00~02:00HR), ¥ 7}A 24l¢] dAaAA2(Day extension;
DE, 17:00 ~ 21:00HR)<} (1/2DE, 07:00 ~ 09:003} 17:00 ~ 19:00HR)Z % 47}X]
o] F A Ao E AYPS AP HFig 1-21). BF BFHEE 7|E AFE
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YAl dAHst AT
3t7] 98 LI-6400(Li-Cor
$E A4S H8 9
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N

Fig. 1-20. Facilities for the experiment in a plant factory system.

Supplemental lighting

Day

Mon — SL {Control)

MN (22:00 - 02:00 1)

DE (17:00 — 21:00 1)

Y2 DE (17:00 - 19:00 plus
07:00 — 09:00 )

() g

17:000 1 20:00 4 24:00 45 0400 09:00

Fig. 1-21. Schematic diagram of supplemental lighting period in a day used in this study.
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Fig. 1-22. Spectrum distribution characteristics of the light sources used for experiment.

%l = SN A, F FFoNA BT BF
Al Aol whet FEAol SUEE AAE FAsIATHFg 1-23). @ Azt
ol = F Sumol CO, m? - s o =FFAHES Bow, B3 P A
Zdels Hg 1.5umol CO.O0m™? - st o ¢=3FAEC] BZFHJY. =33
dES A S EUE, oF S T FFAEFES ALE B A9, 7 EFE
oA BF FAEFRT BF Ao M Al #Afle], T3HEA
Fol] S7tE S g & 4 AATKFig. 1-23 and 1-24). B33 A 2] A|Ztel| whzt
ZT AP FANAY Aol7t FAE o= Y A4 FFo] MY AT
A A3tz FFAEFE 2ol gldes 5L F Atk

xE g A, F FFOA BT AT

£ gelstdon, t& A

= TrA 2171 = @TH} Uelstti(Table 1-1). &, T3 g -9
H] 3 E% Aol A Al A Al FFYA] FUteE AR YE
W}, o] A= 71¥ Markvart et al., (2009)2] Ao AH&HE 3o A x o]
o vl=gk AAE & 3 vk o, A Azt el ASolle= Zolrt gl
ok Ao Ao FAA AATL vl AR dERg o, B33 A8 AIZE
of W& A& FFAE Aol7t fle Z\OE w3z QE‘r Bg3t XJEHLOH
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Fig. 1-23. Net CO, assimilation rate(4, of Cymbidium ‘Yang Guifei’ (closed circle)
and ‘Wine Shower’ (open circle) by the different supplemental lighting period in a day
(A-D). Measurements were taken during the treatment grown for 14 weeks. Vertical bars
represents means and = S.E. (n=3).
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Fig. 1-24. Daily An of Cymbidium ‘Yang Guifei’ and ‘Wine Shower’ by the different
supplemental lighting period in a day. Measurements were taken during the treatment

grown for 14 weeks. Vertical bars represents means and + S.E. (n=3).
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Table 1-10. Effects of supplemental lighting period in a day on vegetative growth of

Cymbidium ‘Yang Guifei’ and ‘Wine Shower’ after 12 weeks of treatment.

Pseudobulb Leaf Leaf Chlorophyll
Treatment No. of bulbs diameter No. of length width content
(mm) feaves (cm) (cm) (SPAD)
Cymbidium ‘Yang Guifei’
Short day (SD) - 22.56b" 17.1 473 1.7 41.6
Middle of night (MN) - 25.32a 17.2 46.0 1.7 39.9
Day extension (DE) - 24.49ab 17.6 46.5 1.7 39.0
1/2DE - 25.37a 18.8 47.6 1.7 42.1
Significance - ok NS NS NS NS
Cymbidium ‘Wine Shower’
Short day (SD) 1.2 26.39b 14.3 46.3 1.9 56.9
Middle of night (MN) 1.1 28.82a 14.5 46.7 1.8 54.2
Day extension (DE) 1.3 27.99ab 15.0 46.0 1.7 54.4
1/2DE 1.1 29.35a 15.5 46.8 1.9 52.4
Significance NS ok NS NS NS NS

“Dash (-) indicates that plants did not induce new bulbs during the treatment.
YMeans seperation within columns by Tukey’ s honestly significant difference test at p < 0.05.
NS, **; Non-significant or significant at p < 0.01
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2 A9 Ao AE3IATHEFig. 1-25). AF 5 249 &
2= ¥ 18~32°CE B'lTMJ. Ht 20°Col A, oFzt

T2 ALHA dFHo)7]d 8/16A7HY IS AT B 53 E
A1 Zkehell 800umol - mol'1 o|4bsl et A E AlHlE) FUT).

3 FAe A8 A7 5Y3HA 640~660nme] A3 LEDsE A3
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S THs7] HelA sk 35715 AA s, 2A3 4 lzl, 6A17t,
8AIZE, 18] Al 2447 B9t F = EEH = 16AIFCE F 579 B E AH
st tHFig. 1-26). F-A & 233 F 16709] oA & 0}951 111, o3 T
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Fig. 1-25. Facilities for experiment in a experimental greenhouse.
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|:| MNSL supplemental lighting

Non — NSL

2 h— NSL (23:00 - 1:00 yz)

4 h -~ NSL (22:00 - 2:00 )

6 h— NSL (21:00 - 3:00 yz) . &h
8 h— NSL (20:00 — 4:00 1,3) 8h
16 h — NSL (17:00 — 9:00 15) ~ 16h

09:00 1

17:00 1 20:00 45 24:00 04:00 09:00 4

Fig. 1-26. Schematic diagram of nighttime supplemental lighting(NSL) duration treatment

used in this study.
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ok7tR3F Al A4k FEFo] QoA 11.52mol - m? - A= 57}901] w2} ‘Yang
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59 tHFig. 1-29).
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g A Non - NSL B 2h-NSLj C 4 h-NSL|

—4— Non - NSL
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61 —— 100 mmol m2 57!

¥— 200 mmol m2 !

Ay (umol COp m2 571

Time (HH:mm)
Fig. 1-27. Net CO, assimilation rate(4n) of Cymbidium ‘Yang Guifei’ (A-F) by the different
duration of non (A), 2 (B), 4 (O), 6 (D), 8 (E), and 16 hours (F) of NSL at different light
intensity (10, 100, and 200 wmol - m™ - s}). Measurements were taken during the treatment
grown for 8 weeks. Vertical bars represents means and + S.E. (n=3).

Non - NSLJ - -
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Time (HH:mm)
Fig. 1-28. Net CO, assimilation rate(4, of Cymbidium ‘Wine Shower’ (A-F) by the
different duration of non (A), 2 (B), 4 (C), 6 (D), 8 (E), and 16 hours (F) of NSL at
different light intensity (10, 100, and 200 wmol - m™ - s™). Measurements were taken during
the treatment grown for 8 weeks. Vertical bars represents means and = S.E. (n=3).
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Fig. 1-29. Relationship of the NSL light integral with daily A, of Cymbidium ‘Yang
Guifei” (A) and ‘Wine Shower’ (B). Vertical bars represents means and + S.E. (n=3).
Equation for regression lines are presented for significant correlation only with
corresponding R,

65 1A 'Yang Guifei' 1B 'Wine Shower'
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Fig. 1-30. Relationships between mean light integral during NI and chlorophyll contents of
Cymbidium ‘Yang Guifei’ (A) and ‘Wine Shower’ (B). Vertical bars represents means and
+ S.E. Equation for regression lines are presented for significant correlation only with
corresponding R° NS, *** Non-significant or significant at p < 0.001, respectively.

Table 1-11. Analysis of variation of the impact of NSL duration, light intensity, and NSL
light integral on number of new bulbs, pseudobulb diameter, number of leaves, leaf length,
and leaf width.
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o No. of new Pseudobulb No. of Leaf length  Leaf width
Source of variation )
bulbs diameter (mm) leaves (cm) (cm)
Cymbidium ‘Yang Guifei’
Duration (D) - HAK * NS NS
Light intensity (I) - wk* Hokk NS wA*
D x I - NS NS NS *E
NSL light integral (NSL) - HAK ok NS HAK
Cymbidium ‘Wine Shower’
Short day (SD) NS HAE *oE NS NS
Middle of night (MN) * Hokok *%%k NS $eokk
Day extension (DE) NS NS NS NS NS
1/2DE NS HA * NS HAK
“Dash (-) indicates that plants did not induce new bulbs during the treatment.
NS, *,** *** Non-significant; Significant at p < 0.05, 0.01, or 0.001, respectively.
A 'Yang Guifei' B 'Wine Shower'
20 A R =0.94%%*T
g R =0.93%%%
g 18 1 E
g k2
§ 16 a
E
[=] i ® Non-NSL
-% 14 o 2h-NSL
k4 v 4h-NSL
12 4 A 6h-NSL
B 8h-NSL
0O  16h-NSL/
0 t t
16 1C 1D
R’ =0.59%*
¥
L 144 !
g : )
5 R =0.67%"*
kS
5 12 4
E
=
z
10 -
8
25 4E {F
_ 20
8
-t R’ =0.49%* = ,
2 3 ¥ R’ =0.70%**
% 1.5 § o ¥ = §
—
1.0 A
00/{ T T T T T [ T T T T T T /(
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

NSL light integral (mol m™2 d1)
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Fig. 1-31. Relationship of the NSL light integral with the pseudobulb diameter (A and B),
number of leaves (C and D), and leaf width (E and F) of Cymbidium ‘Yang Guifei’ (A, C,
and E) and ‘Wine Shower’ (B, D, and F). Vertical bars represents means and =+ S.E.
(n=6). Equation for regression lines are presented for significant correlation only with
corresponding A% **, ***  Significant at p < 0.01 or 0.001, respectively.
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Fig. 1-33. Comparison of temperature in highland(open circle) and lowland(closed circle)
greenhouse from July to September, 2017
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Table 1-12. Initial operation or installation cost of highland movement, fan & pad system,
and air conditioner during summer (3-months).

(&9 - D
T = Highland Fan & Pad Air conditioner
W =) 7l B - 30,000,000 40,000,000
Al - 30,000,000 40,000,000
A= 10,000,000 - -
Q1z1H] 6,000,000 - -
= RHH| 2,000,000 - -
L7gH] A 1,000,000 - -
7] H] - 600,000 3,000,000
B 1,000,000 1,000,000 300,000
Al 20,000,000 1,000,000 3,300,000
4A 20,000,000 31,600,000 43,300,000

Table 1-13. 5-years operation cost when using highland movement, fan & pad system, and
air conditioner for growing Cymbidium.

G

T T Highland Fan & Pad Air conditioner
1AEE F47 20,000,000 31,600,000 43,300,000
22PASE A A 40,000,000 33,200,000 46,600,000
AEE FAA 60,000,000 34,800,000 49,900,000
IS A A 80,000,000 36,400,000 53,200,000
SAHAE A A 100,000,000 38,000,000 56,500,000
gt 2 23 2 A3 Auids AW Al AdE FAAuTe AR
(D. AvYe FAAa ol A3t wj=] A
h. A
A3 P 23} A ee Aujete 71E 222 R uka WA
B ¥ GHISHA RhE A o= BIEFIF BRE olyE S e
R EATE AUt ee TAAE o]F8A 2 & FelAw
A el WA E k= Zo] T E&Fola AMNE ¥E F e
Xt} o of AHYe& AT 5 A= WHol7lo AZHAH
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b Qs L

g
Q%XHE—‘:— B ofulpte] 1A Cymbidium ‘Yang Guifei” & AR&3})
Rom HFEE T2 BYAj AF8-= = barkE WIE3SHe] coir, coconut
chip, sphagnum mossE A8t SAHIERCRZ = FEE B4 544
1 o]E %3] moisture retention curveE T3t} thFig.1-34). ESFEAA =
FDR Al A (10HS, Decagon, USA)E At&3te] 7z} FEe| HEo| 7Hsdtes
sensor calibrationg <=3J3}$t}. Sensor calibratione ¢+A3] HAZx3 HFEQ
a5 SAS, SAHE Fu9 5%% HEZ Z3kE wj7tA] A FH 2
S B39 a8la ZF 9AE 2,160mL X Eof| ZF JETHS dol 324
of thgt sensor output valueE 7153k, 7|Eo] ¢45d FEE 80°C =2t
LB Yo 2k AERAZ F AAES W FAL} dxFe FAE W 3o
2 AA FE U FEo S #7F35Fe] Sensor out value} A FE gk
o] 37 4S FIATHFig. 1-35). HERE 3)A2S 73 T A Ay S
FAst7] el FAAAI~ES A ZpetRon, ojuf AHgH AH|E data
logger (CR-1000, Campbell Scientific Co., Ltd., Logan, UT, USA)$¢} relay
controller (SDM-CD16-AC, Campbell Scientific Co., Ltd., Logan, UT, USA)Z
AHE3EE T relayol]l AlojE= #SFAFAXZE electric valve(NaanDan  Jain
Irrigation Ltd., Israel), PC spray stake (Netafim Ltd., Co., IsraeDo]1o.H,
VWC A3 @R ZE U VWC7 S5 4% 2080t d57) o] FAAX =
5 209 5, 13 #5 A vig 200mL7F #E Ao 2R VWC T
Sensor calibrationg E3l bark’} 7} 4 9= o VWCS 0.2 m™® - m™e] %
tHFig. 1-36). 2+ FEQE A¥dE9 A5S 54 0}7] A8l FAE AvidE
9] 71& A E(bark)E 7l%&o] A ASIAL, 2,160mL EE 2 AJEE 127) A2

4>

AN

¢

AAste] AgSRAT ZPFRoRE ATFY A7, 9%, 4%, 95 G
48, Y BT BEEE %—zgaoa W, 2 dge Aedsta 2554

Fig. 1-34. Measuring moisture retention curve by using Sand box
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Fig. 1-35. Measuring physical properties and total porosity for calibration of soil moisture
sensor to control irrigation system.

Public VWC(12), Dielectric(12),i, P(1,3), PDF, PPFcum, Temp, RH, VP, DLI, Cumlrrig(12), Dailylrr(12), SetPoint(12), SetVWC, Irrigate(16), ResetCumlrrig
Units VWCO=%
DataTable (hourly,1,-1)
Datalnterval (0,60,Min,0)
Average (12,VWC,FP2,0)
Average (1,PPF,FP2 False)
Average (1,VP,FP2 False)
Average (1,RH,FP2,False)
Average (1,Temp,FP2,False)
EndTable
DataTable (Daily, 1, -1)
Datalnterval(0,1440,Min,0)
Average(12,VWC,FP2,0)
Average (1,VP,FP2False)
Average (1,RH,FP2,False)
Average (1,Temp,FP2,False)
Sample (1,PPFcum,FP2)
Sample (12,Cumlrrig,FP2)
EndTable
DataTable (Dailylrr, 1, -1)
Datalnterval(0,1440,Min,0)
Average(12,VWC,FP2,0)
Sample (12,Cumlrrig0,FP2)

EndTable
Datalnterval(0,1440,Min,0)
Sample (12,SetPoint(,FP2)
EndTable
Sub Reset
For i =1 To 12
Cumlrrigd = 0
Next i
ResetCumlrrig = 0
EndSub
BeginProg

Scan (4,sec,0,0)
If SetVWC = 0 Then

SetPoint(1) = 20

SetPoint(2) = 20
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SetPoint(3) = 20
SetPoint(4) = 20
SetPoint(5) = 20
SetPoint(6) = 20
SetPoint(7) = 20
SetPoint(8) = 20
SetPoint(9) = 20
SetPoint(10) = 20
SetPoint(11) = 20
SetPoint(12) = 20
SetVWC = 1
EndIf
VoltDiff (PPF,1,mV2500,7,True ,0,_60Hz,5,0)
PPFcum = PPFcum + (PPF*0.000001*4)
PortSet (9,1)
Delay (0,1,Sec)
SDI12Recorder (P(1,1),7,0,“M!",1.0,0)
VP = P(1,D)
RH = P(1,3)
RH = RH * 100
Temp = P(1,2)
PortSet (9,0)
ExciteV (Vx1,5000,0)
VoltSe (VWC(1),1,mV5000,1,1,0,_60Hz,0.0513,15.328)
VoltSe (VWC(2),1,mV5000,2,1,0,_60Hz,0.0513,15.328)
VoltSe (VWC(3),1,mV5000,3,1,0,_60Hz,0.0513,15.328)
VoltSe (VWC(4),1,mV5000,4,1,0,_60Hz,0.0856,28.41)
VoltSe (VWC(5),1,mV5000,5,1,0,_60Hz,0.0856,28.41)
VoltSe (VWC(6),1,mV5000,6,1,0,_60Hz,0.0856,28.41)
VoltSe (VWC(7),1,mV5000,7,1,0,_60Hz,0.0833,37.167)
VoltSe (VWC(8),1,mV5000,8,1,0,_60Hz,0.0833,37.167)
VoltSe (VWC(9),1,mV5000,9,1,0,_60Hz,0.0833,37.167)
VoltSe (VWC(10),1,mV5000,10,1,0,_60Hz,0.0825,33.631)
VoltSe (VWC(11),1,mV5000,11,1,0,_60Hz,0.0825,33.631)
VoltSe (VWC(12),1,mV5000,12,1,0,_60Hz,0.0825,33.631)
ExciteV (Vx1,0,0)
If IfTime (0,20,min ) Then
For i =1 To 16
If VWC() < SetPoint() Then
Irrigate() = 1
Else
Irrigate() = 0
EndIf
Cumlrrig(i) = Cumlrrig()+Irrigate(i)
Dailylrr(i) = Dailylrr(i)+lrrigate()
Next i
SDMCDI16AC (Irrigate(),1,0)
EndIf
If IfTime (20,1200,sec ) Then
For i =1 To 16
Irrigate(d = 0
Next i
EndlIf
If IfTime (1,1440,Min ) Then
PPFcum = 0
Fori =1 To 12
Dailylrr@) = 0
Next i
EndIf
CallTable Hourly
CallTable Daily
CallTable Dailylrr
CallTable SetPoint
NextScan
EndProg

Fig. 1-36. Program of automated irrigation system for this study.
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ooy 2 W e R

o

, ol213 gl=d B ol &S #l3S uw sphagnum moss, coir, bark * g
A daet A7 A Foat fle AU YEstHTable 1-14).
+ sphagnum moss®} coir’} barkE thAIE 4 A= HAS ou|dr. &
TAAE & AHES ZFole A =3 83 Fxolth. HT A AAHL
T e = 75 24 vt B3 4271 ol AA 2000
o ZRF AFE AHYE AidA| oA Astert 1dEHo B S
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Fig. 1-38. Moistur

e characteristic data and nonlinear regression curves for bark, coir,
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Fig. 1-39. Calibration data and linear calibration equation of four substrates, bark(A),
coir(B), coconut chip(C) and sphagnum moss(D).
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Fig. 1-40. Average substrate water content(%, n=3) of Cymbidium Yang Guifei’ in 2,160mL
containers as maintained by a capacitance sensor-based irrigation system. Plants were
irrigated when volumetric water content(VWC) dropped below 0.2m™ - m™,
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Table 1-14. Growth characteristics of Cymbidium ’Yang Guifei’ within four different
substrates (bark, coir, coconut chip, and sphagnum moss). Volumetric water content(VWC)
was controlled at 0.2m™ - m™ during 12 weeks.

Mother bulb Lead bulb
Pseudobulb Leaf Leaf No. of Pseudobulb Leaf Leaf No. of
Substrate No. of No. of
diameter length width  new SPAD diameter length width  new SPAD
leaves leaves
(mm) (cm) (cm) pseudobulb (mm) (cm) (cm) pseudobulb
Bark 9.4b” 39.8 572 22 0.8 61.6a 11.2ab 28.7a 372 23 0.7 46.0a
Coir 9.4b 40.5 586 2.2 0.6 58.3ab 11.7ab 27.5a 38.6 2.2 0.7 36.7b
Coconut chip 7.1c 39.7 555 23 0.3 52.8¢ 10.4c 24.6b 368 2.1 0.7 36.6b

Sphagnum moss 11.4a 394 539 22 0.8 63.9a 12.2a 28.7a 37.0 22 0.6 42.5ab

Significance ok NS NS NS NS *x o oAk NS NS NS ok

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

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

Table. 1-15. The daily amount of water use of each substrate(n=3) to maintain substrate
volumetric water content(VWC) at 0.2m™ - m™ during the experiment.

Average no. of  Average water usage

Substrate e o

irigation per day per day (mL)
Bark 57.2 11448.4
Coir 0.4 3.6
Coconut chip 0.4 80.5
ﬂ)hag]]mn moss 0.5 108.8

@. Avie g FeiAu A A3 FEaTe 79

7h. A

AA I AHYe 7= barkE AEZ F2 AFE3 L o) Barks

£ 7 EAY R we] 7A x5 o)(Beardsell and Nichols, 1982) 7)ol A& 2t

< #FE S Utk AMIY o] AiEeteEE Aele VIS 3MESE, o
71 T B G E AavvF dojuA "o agla 22 #FEE QS &
AgYgZ Aot LEES o7l A1 F AtH(Wang and Gregg, 1994). whe}A|
ART R BAG A LA S o7 Al E ArteS Avisten 28

d BT HFES FHYT TRV U ol & Yot SR E AHY

=
G BFFS Hust AAY JE -5 (Volumetric water
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content: VWQO)= 313t} sk o).

SERI T

Tl A F=ol &3 2 "3} FEHE 7P Bol FEHo] AuEa
‘Yang Guifei” & thd o2 AAsAT A=A5= ArH: 1942
o] 719 ¢l 83 & A(Gongju-si, Chuoll Al Fdoll X3 ALhstu F&
o2 279 2,160mL ZEo| coir HEES A3t o] 25t T Al A uf A
Hol| JEE AFE3}7] 913l Soil moisture sensor calibrationg <=3 3} .

AA 718 2AFFdA 2858 Data logger CR10X(Campbell Scientific Co.,
Ltd., Logan, UT, USA) & A&3l HE &8 5E8FY d5 355 7] 535}
% a1, Relay Controller SDM CD16AC(Campbell Scientific Co., Ltd., Logan, UT,
USA), Multiplexer AM416(Campbell Scientific Co., Ltd., Logan, UT, USA),
electric valve(NaanDan Jain Irrigation Ltd., Israel), PC spray stake(Netafim
Ltd., Co., IsraeD& Ab&38te] FAAfujA 28-S FF3Hh. VWC+= 0.1, 0.2,
0.3, 0.4 m™ - m*2 AAste 20&vit SHFEFFE ZH3HT, A F
Ho RS A 2mly drt HEE 2209 skt

ARl AEY B FAeE FFS Ayl Al
LI-6400(Li-Cor Co., Inc., Lincoln, NE, USA)E o] &-3}] light response curve
2 =Asdon, HFdAE(maximal quantum efficiency, Fv/Fm)< =
Ast7] Al 95438% =4 AX|(PAM-2000, Walz, Effeltrich, Germany)
AbESt AT SN AEEE BEES guEHE ] FA A, T,
Z 9E, AET AAF, 454 S SHsALL, FES pHe ECE 54
sl7] 93l North Carolina State UniversityellA 7§&$+  pour-through
extraction procedureE Ag3std A3 T8 & ALEH HFEE 3023 ¢4+
gl 2342 H 29 822 pHel ECE SA st & 432 2017
W 2¢€HH 2017 8L7bA] 2853t 3y

o]

AA
=
&

[ o b rr

o 4

A3 9 uz

Ao AMEH coir AES] soil moisture sensor calibrationg E3f 372
(y=0.083x-33.870)= T3t om. & 3JA2 S o] &ato] YA A 28-S T8
(Fig. 1-41). =2 7A% A A 28-S o] &3] 0.1, 0.2, 0.3, 0.4 m™ - m3¢] VWC
S AAsta #Ee A Fg 1-4249 28 A3 gholl GutAl VWC7E Al =<

VWC7F ARt 2] Ao mAls &< Elstr] 9l A8 28 & A=< Blu
g A7 0.1 m” - m® HelolA AudE ‘Yang Guifei” & 3 1Akt Age) b
oJHZE AR 4 e ol YRl AntgelE 0.1m™ - m® o VWCE -
S-S & < UtKTable 1-17). ¥4 0.2, 0.3, 0.4m™ - m* A glo|l & 1A= 71
A glo] Ago] PP FAF & QUAT, wEE| A% 0.3, 04m™ - m® A7}
0.2m™ - m® ol Wl 97Ae) AFe] FojustA F71EE S15HATHTable 1-17).
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A% o]% uhE gt H 94 03,04 m? - m® A7t 02 m?P - m® Bt 97
of M, A, FF BT AFe] FXHAeH, p<0.01 FolgEddAl fozbrt vEr
e oJx}= UeRA @gkATE 03 mP - mPF 04 mP - mPHe 2t
B Wb 04m> - m® 7} Y= BgAE 03 m? - m? A
7F Agol 7H FdE o= FRIFE A
VWC7} 3333l mA= Oé%k% ?%Olom el F=ol wE FFIFES AT A
7} 03m3 - m? 7‘43}?7 gs}aﬂ 04 m?> - m3Eth =4 UrE}kkzttl o 2 04
m> - m?® A7} 02 m® - m® A= P e BIPES 7|25 THFg 1-43).
SEATE HogdA e &FVIFme] ¢ e A+ 11 xPOl A eF3tthFig
1-44). ol= A=o] FFEES & w FF39 33;:%—8— 2o} olsksletAo] g9t 1
Aegoll Al Apol7h drhe AS ofulgitt wehA B Ao A9l #A3] {3l
Aol AHE A ES pHel ECE ZAFSIA S & 28‘!‘-’] AR7IHE AR § HEY
pHe= A 7t zfo]7} YehA] &2 wkde] ECE A2l 2t p< 0.001 F+9] frejas
Uehd e 0.1, 0.2, 0.3, 04m™ - mPA2lellA Z2+ EC 3.9, 35, 2.0, 1.7dS - m™?¢]
s I 4 AUATHTable 1-18). & Aol Al atolE A5 sl 2
2 ¥ TYNSE Aol BFetal o9 22 Ao)rt HAE o]t
#o] Aol wjFEoz A, 0.1 0.2m™ - mP2] & VWC Hzl9] 3§ Ao
Hlsl) FdkeFo] Wol A/7F JHH I 0|2 s FE W EC7F F7He Ao E ARH
o}, 315 0.3 0.4m™° - m®X2lY A$, AEY EC7F 2.0, 1.7dS - m? 2 §AFHQS
™, 53] EC 2.0dS - m™® & 4Jut)gof *ﬂmroﬂ A7 gk ECetar geizlul 7] vl
0.3m™ - m? Aol A 7H & A - AEFTS et 2oz AgdtiFig 1-45).
ol& #F og EC7F AHIY R ‘Yang Guifei” ] AASH A=5ols d3S v
Atk Z& ou|gitta Sk $A AFS & §5 BA 8T oy} AYska] A7t
e

NN A5 ol o] Basjth BEFolA VWCIE Z7Heel whet 35
B B A5 AER BE BEgel %A 04m? - mP APE 5T

352.8mL #F<7F HA, 0.3m™ - mPA P E o)BT) 344% 2L 2134mL o] TR
A& It Table 1-19).

A7 FFsie] B o, AuT e Al o) FAAMAZEE LT A
VWC 0.3m™ - m™ o] 27 VWCeh= A& & 4 dow, JFig S/t ohye}
B AN S 2oz A B 2 $ARTAE 2 G0 ekl Zlow A

ARE 2 oF 33 o] e 1 EES AA ok FFAE0l e e FAE de
T Aok AL 2 A7 ATAHE oGt of 230l e AHI FA
e U0 AAnE asiriets Ao of 30%E e @ o e AL
2% FAAE AR A AT g2 AT Ffolle L a3t
Szt @ Ao ARdn shARt E ATAA A= ok el A A 2

Al
o o

o ol &84 A 717k % AT ol AAR WA 24 Weh R ) B
3 AT 717ke] Ak Q8] $HA BHAT Wt Ao A
2 2750 AA4E Fol7] 9@ F7ATIE A&Holof & Zolt,
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Fig. 1-41 Calibration data and linear calibration equation of coir used in this experiment.
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Fig. 1-42. Average substrate water content of coir during the experiment.

Table 1-16. Effects of substrate water contents on pseudobulb diameter, leaf length, leaf width, the
number of leaves, and relative chlorophyll contents of mother bulb in Cymbidium ‘Yang Guifei’

after 28 weeks of treatments.

Mother bulb Leaf Leaf width No. of

VWCn® - m™) diameter (mm) length (cm) (cm) leaves SPAD
0.1 - - - - -
0.2 33.4b" 52.8 2.2ab 6.5 69.2
0.3 37.0a 55.0 2.1b 6.7 64.9
0.4 39.2a 55.2 2.3a 6.9 65.6
Significance X NS * NS NS

ZOver the half of 0.1 m®- m™ treatments were wilted.
YMeans separation within columns followed by Duncan’ s multiple range test at p < 0.05.
NS, *, ** Non-significant difference or significant at p < 0.05. or 0.01.
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Table 1-17. Effects of substrate water contents on pseudobulb diameter, leaf length and width, the

number of leaves, and relative chlorophyll contents of lead bulb in Cymbidium “Yang Guifei’ after
28 weeks of treatments.

VWCn® - m) dll\e/llgg:eeﬁr t()}lr%r?l) 1en§§4t?1a€cm) Lea(fcr\rﬁ])i(llth Il\é%vgg SPAD
0.1 - - - - -
0.2 24.0b” 51.5b 2.1 12.5b 55.2
0.3 27.6a 57.9a 2.1 15.3a 53.6
0.4 26.6a 56.4a 2.2 13.9ab 52.4
Significance X o NS o NS

Over the half of 0.1 m®- m™ treatments were wilted.
YMeans separation within columns followed by Duncan’ s multiple range test at p < 0.05.
*NS, *, ** Non-significant difference or significant at p < 0.05 or 0.01.

12

_ v 02mm’
w10 4 " 03 mfm"
‘?‘E & 04 m'm?
8 81
43—
2 T :
® A 57— £ @
2y 4 4 =
3 b
A
s BT 1 1 1
& 0 it

[I] ZI:I:IU 4'&'[) ﬁEIFU B'EIFUI 11]'1]{!

Light intensity (umol m™s™)

Fig. 1-43. Effects of substrate water contents on net photosynthetic rate (4n) of Cymbidium ‘Yang
Guifei” after 28 weeks of treatments.
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Fig. 1-44. Effects of volumetric water contents on the maximum quantum efficiency (Fv/Fm) of
mother and lead bulb leaves in Cymbidium ‘Yang Guifei’ after 28 weeks of treatments.

Table 1-18. Effects of volumetric water content (VWC) on substrate pH and EC after 28 weeks of

treatments.

VWC (m?- m™) pH EC (& - m™
0.1 4.9 3.9a*
0.2 4.9 3.5a
0.3 4.8 2.0b
04 5.4 1.7bc
Significance NS FREY
Means separation within columns followed by Duncan’s multiple range test at p <
0.05.
NS, *** Non-significant difference or significant at p < 0.001.
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Fig. 1-45. Effects of volumetric water content (VWC) on biomass of Cymbidium ‘Yang Guifei’ after
28 weeks of treatments.

Table 1-19. Effects of volumetric water content (VWC) on average number of irrigation per day
and average water use per day for 28 weeks of treatments.

5 5 Average no. of Average water
VWC (m® - m™) o
irrigation per day use per day (mL)
0.1 0.8 25.6
0.2 1.8 58.0
0.3 6.7 213.4
0.4 11.0 352.8

2. 524 DEQ B 9 A% QMDY KEEY 14 % £ F 9B velslE AR
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Fig. 2-1. Effect of humectant on senescence rate of pot Cymbidium ‘ER-827° (left) and
FX-750" (right).
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Fig. 2-2. Effect of humectant on ethylene production of pot Cymbidium ‘ER-827° (left) and
‘FX-750" (right).
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wjejol A B Ml Tol 3] i} ha AAEs A%E UehiichFig 2-3, 6)
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Fig. 2-5. Effect of fertilizer (osmocote) on quality of pot Cymbidium ‘ER-827" (left) and
‘FX-750" (right). (left to right : Control, 2, 4, 6, 8g)

Fig. 2-6. Effect of fertilizer (hyponex) on quality of pot Cymbidium ‘ER-827" (left) and
‘FX-750" (right). (left to right : Control, 500, 1000, 2000, 4000, 8000X)
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WFe ER-827° 9 A% skt b bAR 1L0mg - L, 3417 Hel7olAl ol glol
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Fig. 2-7. Effect of 1-methylcyclopropene on senescence rate of pot Cymbidium ‘ER-827" (left) and
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Fig. 2-8. Effect of 1-methylcyclopropene on ethylene production of pot Cymbidium ‘ER-827" (left)

and ‘FX-750" (right).

Fig. 2—9. Effect of 1-methylcyclopropene on quality of pot Cymbidium ‘ER-827° (left) and
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Fig. 2-10. Effect of storage period and temperature on senescence rate of pot Cymbidium
‘ER-827" (left) and ‘FX-750" (right).

29 —— Y27 a0 —— ey
—— =R
2 e 1% TR = e L T
] — TR — T A
g L] i1 TR E 30 — T
2 —— e E —— 1
E g
T R
'E 3
E H
E 104 &2 1o
E i
=1 =
& &
0 a -t
I i 5 7 a I 3 5 7 a4 12
Drays after treatment Davs alter treatment

Fig. 2-11. Effect of storage period and temperature on ethylene production of pot Cymbidium
‘ER-827" (left) and ‘FX-750" (right).

Fig. 2-12. Effect of storage period and temperature on quality of pot Cymbidium ‘ER-827" (left)
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Fig. 2-13. Changes in flower diameter and fresh weight of cut flower Cymbidium ‘In the mood’

as influenced by nutrient pre-treatment. Vertical bars represent SE.
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Fig. 2-14. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood” as influenced by nutrient pre-treatment. Vertical bars represent SE.

s G WE B AVILLe BerHe AP LanE AP A BhETHL oa
Hr AL Jeniglont JEs Aelolas 500 AE Agetn wE AN viaTet
& B VErisith Helgiol B ol ol Ha) WAl BAS| FaHgow
QrmIE A Aelze] W) tha & ool WAHITHTable 2-D).

Table 2-1. Effect of nutrient on vase life and colony of cut flower Cymbidium ‘In the mood.’

Nutrient Vase life” (day) Colony”
drren ase e v (10°CFU/stem)
Control 29.2 b* 663 a
Osmocote 0.5 32.4 ab 111 d
1.0 33.6 ab 115 d
2.0 28.3 bc 205 ¢
4.0 28.3 bc 118 d
8.0 33.1 ab 175 d
Peter's 500 35.3 a 252 bc
1000 29.4 b 368 b
2000 31.2 b 126 d
4000 29.3 b 118 d
8000 294 b 305 b

‘Days after 6 days of storage.
YCount at 11th day after 6 days of storage.
*Mean separation within columns by Duncan’ s multiple range test at p < 0.05

(2. Azl Ay 8 & H8 A=/FAE dAYA A 7e Ad 2 FEEA
2 AT A 1-MCP A glel M2 A3} 4H]tde  ‘In the mood” ¢] &2 9 AY
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Fig. 2-15. Changes in flower diameter of cut flower Cymbidium ‘In the mood’ as influenced by
1-MCP pre-treatment. Vertical bars represent SE.

AAS ks A= 15mg L' s=old tz=TE nxd g A2lTol s
S AATE AAEeH, 1 F 1omg LsEY 1A Heq7t Agte] AgsE
AAZ Apol 5 Ho|HA 7M £& AAITES 3] FAISIATHEE. 2-16). & &%
o 7% 15mg Lo} 30mg L' AelolA vz & a3 Jehjlon, 53] 15mg
L! 3“39] IAZEE 241 Al el A BF Al Ttoll Hlg] B2 Fo] o] 264714 A
&Aoo F4E= Ao AT YTHFg 2-17).

_91_




Table 2-2. Effect of 1-MCP pre-treatment concentration and duration on senescence rate of cut
flower Cymbidium ‘in the mood’ .

Conc.  Duration Senescence rate(%) Colony”
(mgl ™) (hr) 167 21 26 31 (10°CFU/stem)

Control 0.0 13.3 53.3 a* 76.7 555 a¥
0.75 1 3.3 16.7 30.0 abcd  66.7 196 de
2 3.3 6.7 20.0 bed 53.3 193 de

4 0.0 6.7 43.3 abc 63.4 279 b

1.5 1 0.0 6.7 6.7 d 40.0 154 f
2 0.0 0.0 6.7 d 46.7 117 ¢
4 0.0 3.3 23.3 bed 53.3 212 cd

3.0 1 0.0 20.0 46.7 ab 60.0 155 f
2 0.0 3.3 16.7 cd 56.7 172 ef

4 0.0 10.0 20.0 bed 60.0 234 ¢

NSY S ok NS Hkkyx

"Days after 6 days of storage.

YCount at 11th day after 6 days of storage.

*Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNS, or ** and ***: Non-significant or significant at p < 0.01, 0.001, respectively.
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Fig. 2-16. Changes in fresh weight of cut flower Cymbidium ‘In the mood’ as influenced by 1-MCP
pre-treatment. Vertical bars represent SE.
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Fig. 2-17. Changes in water uptake of cut flower Cymbidium
1-MCP pre-treatment. Vertical bars represent SE.
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Aga wAFe] Aol I-MCP Ael A vz A=l 0.75mg Lo} 15mg LA
2ol A thzTol va) vl W $x5 YeckFig 2-18). =3, g By
Fo] AAd Tt g3 Zo| F7|7} tlRE Ay AFS 3, a8 w3t 71
FAT AolE UEhi do] A7 BF FASH UEhd AL FAT F YATHFig
2-15, 18, Table 2-2).

A3 oo ol RE o I-MCP Helsl 49 94 avs Jehjgion,
3] 15mg L7 s=e] 1Az Helte] o] 74 710121:4,

E I ZE gz A
3 6.39(22%) F7Fsted A3t ARIYE ‘In the mood” o 7% A%l 7 &HZ
5998 4 5 QUtHTable 2-3, Fig. 2-19). wheba] o]ite] %?Jr% Z3H o7 yFs
BE 15mg L' w=9 1-MCP 147t ziw} 5 & A3} Anhe] F4 9 A
Aol w9 EHAYS & F AN, FEALRE BB Tl 7P HLH] AAT F
He AN = AATk

Table 2-3. Effect of 1-MCP pre-treatment concentration and duration on vase life of cut flower
Cymbidium “In the mood’ .

Conc. Duration v life? (day)
ase life a
(mgL™) (hr) Y
Control 27.8 ¢
0.75 1 30.6 bc
2 31.2 abc
4 30.0 bc
1.5 1 34.6 a
32.6 ab
4 33.4 ab
3.0 1 30.6 bc
32.6 ab
4 31.4 ab

*X

“Days after 6 days of storage.
YMean separation within a column by Duncan’ s multiple range test at p < 0.05.
*significant at p < 0.05.
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Fig. 2-19. Effect of 1-MCP pre-treatment on the quality of cut flower Cymbidium ‘In the mood’
at 28th day after 6 days of storage. Left: Control, Right: 1-MCP 1.5mg- LY/1hr.
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Oftl AOA 1.0mM 2417+ Ag] Al ©-& Agel Hlg] tha w2 dAEe Yehfo] A3}
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BF s AY Al OE Fol v s dFEEs a3E Yehislen As
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Fig. 2-20. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as
influenced by AOA pre-treatment. Vertical bars represent SE.
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Fig. 2-21. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood’ as influenced by AOA pre-treatment. Vertical bars represent SE.

Table 2-4. Effect of AOA pre-treatment concentration and duration on vase life and colony of cut
flower Cymbidium ‘In the mood’ .

Conc. Duration Vase life” Colony?
(mM) (hr) (day) (10*°CFU/stem)

Control 29.6 bc* 555 b

0.5 0.5 28.8 bc 467 b

1.0 30.4 b 152 d

2.0 34.0 a 147 d

4.0 30.4 b 755 a

1.0 0.5 30.0 b 854 a

1.0 33.3 ab 242 ¢

2.0 31.0 b 115 d

4.0 31.4 b 108 d

1.5 0.5 30.3 b 101 d

1.0 31.8 b 219 ¢

2.0 31.6 b 142 d

4.0 30.5 b 840 a

2.0 0.5 35.0 a 231 ¢

1.0 35.7 a 103 d

2.0 34.8 a 115 d

4.0 34.5 a 462 b

“Days after 6 days of storage.
YCount at 11th day after 6 days of storage.
*Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
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Fig. 2-22. Effect of AOA pre-treatment on the quality of cut flower Cymbidium ‘In the mood’ at
28th day after 6 days of storage. Left: Control, Right: AOA 1.0mgL/2hr.
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Fig. 2-23. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as
influenced by CIO, pre-treatment. Vertical bars represent SE.
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Fig. 2-24. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood” as influenced by CIO, pre-treatment. Vertical bars represent SE.

Table 2-5. Effect of ClO, pre-treatment concentration and duration on vase life and colony of cut
flower Cymbidium ‘In the mood’ .

Conc. Duration Vase life” Colony”

(%) (hr) (day) (102CFU/stem)
Control 29.6 b* 555 ¢
1 0.5 29.6 b 516 ¢
1.0 32.4 ab 452 ¢
2.0 32.2 ab 1137 a
4.0 33.6 a 583 ¢
3 0.5 304 b 260 d
1.0 30.0 b 802 b
2.0 29.7 b 322 cd
4.0 31.0 ab 421 cd
5 0.5 34.0 a 142 e
1.0 29.7 b 82 e
2.0 30.8 b 102 e
4.0 30.8 b 138 e
10 0.5 28.3 bc 281 d
1.0 31.7 ab 193 d
2.0 31.3 ab 75 e
4.0 33.3 a 69 e

“Days after 6 days of storage.
YCount at 11th day after 6 days of storage.
*Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
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Fig. 2-25. Effect of ClO, pre-treatment on the quality of cut flower Cymbidium ‘In the mood’ at
28th day after 6 days of storage. Left: Control, Right: ClO, 5%/0.5hr.
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Fig. 2-26. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as

influenced by preserved solution. Vertical bars represent SE.
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Fig. 2-27. Changes in water uptake and ethylene production of cut flower Cymbidium
mood’ as influenced by preserved solution. Vertical bars represent SE.

Table 2-6. Effect of preserved solution on vase life and colony of cut flower Cymbidium ‘In the

‘In the

mood” .
. Vase life? Colony”
Solution
(day) (10°CFU/stem)

Control 31.8 b* 245 a
Chrysal 31.3 b 246 a
GAs50mg-L™! 21.3 ¢ 209 a
GA:250mg-L™" 20.2 ¢ 212 a
GAs500mg-L ! 21.0 ¢ 55 ab
BA 25mg-L’ 35.0 a 14 b
BA 50mg-L’ 33.4 ab 383 a
BA 100mg-L" 35.5 a 82 ab
3% Sucrose + 250mg-L" 8-HQS 31.5 b 60 ab
3% Sucrose + 200mg-L" NaOCl 33.2 ab 56 ab
3% Sucrose + 10mg-L" ClO, 31.2 b 76 ab
100mg-L" Ascorbic acid 31.0 b 78 ab
500mg-L" Citric acid 28.2 bc 25 b
3% Sucrose + 250mg-L" 8-HQS + 100mg-L" Ascorbic acid 33.3 ab 22 b
3% Sucrose + 250mg-L" 8-HQS + 500mg-L" Citric acid 34.3 a 14 b
3% Sucrose + 200mg-L" NaOCl + 100mg-L" Ascorbic acid 34.8 a 67 ab
3% Sucrose + 200mg-L" NaOCl + 500mg-L" Citric acid 31.7 b 13 b
3% Sucrose + 10% ClO, + 100mg-L" Ascorbic acid 33.3 ab 53 ab
3% Sucrose + 10% ClO, + 500mg-L’1 Citric acid 33.0 ab 85 ab

“Days after 6 days of storage.
YCount at 11th day after 6 days of storage.
*Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
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Fig. 2-28. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as
influenced by storage temperature and duration (3 days). Vertical bars represent SE.

50 z

2
- 1] =

i g
= =
B E
s g
= ] =
z £

Q

1 & 1o I3 | k]
10 Days Days

Fig. 2-29. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood” as influenced by storage temperature and duration (3 days). Vertical bars represent SE.
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Fig. 2-30. Effect of storage temperature and duration (3 days) on the quality of cut flower
Cymbidium ‘In the mood” at 28th day after 6 days of storage. Left: Control (20C), Middle :
Storage temp. at 7C, Right: 11C.
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Fig. 2-31. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as
influenced by storage temperature and duration (6 days). Vertical bars represent SE.
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Fig. 2-32. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood” as influenced by storage temperature and duration (6 days). Vertical bars represent SE.

Fig. 2-33. Effect of storage temperature and duration (6 days) on the quality of cut flower
Cymbidium ‘In the mood’ at 28th day after 6 days of storage. Left: Control (20C), Middle :
Storage temp. at 7°C, Right: 11C.
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Fig. 2-34. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as
influenced by storage temperature and duration (12 days). Vertical bars represent SE.
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Fig. 2-35. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood” as influenced by storage temperature and duration (12 days). Vertical bars represent SE.

Fig. 2-36. Effect of storage temperature and duration (12 days) on the quality of cut flower
Cymbidium ‘In the mood’ at 28th day after 6 days of storage. Left: Control (20C), Middle :
Storage temp. at 7°C, Right: 11C.
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Table 2-7. Effect of storage temperature and duration on vase life and colony of cut flower

Cymbidium “In the mood’ .

Duration Storage temp. Vase life” Colony”
(day) (C) (day) (10°CFU/stem)
3 20 25.8 b* 20 a
7 35.0 a 0 b
11 30.0 ab 7b
W Kk
6 20 224 b 75 a
7 34.4 a 3b
11 29.0 ab 6 b
skok kok
12 20 18.8 b 232 a
7 30.5 a 2 c
11 20.6 b 117 b
skok skokok

“Days after 6 days of storage.

YCount at 11th day after 6 days of storage.

*Mean separation within columns by Duncan’ s multiple range test at P=0.05
Wx ** and ***: Significant at p < 0.05, 0.01, and 0.001, respectively.
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u ol ®l A o= A 3 AFol7} UEhA| SFtTHFig. 2-38). A3trrgel 3
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Fig. 2-37. Changes in flower size and fresh weight of cut flower Cymbidium ‘In the mood’ as
influenced by package material. Vertical bars represent SE.
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Fig. 2-38. Changes in water uptake and ethylene production of cut flower Cymbidium ‘In the
mood’ as influenced by package material. Vertical bars represent SE.

Fig. 2-39. Effect of package material on the quality of cut flower Cymbidium ‘In the mood’ at 28th
day after 6 days of storage. Left: Control, Right: 1-MCP.
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Table 2-8. Effect of package material on vase life and colony of cut flower Cymbidium ‘In the mood’ .

B Vase lifez Colonyy
ackage substances Treatment () (102CFUlstem)
Control 21.7 cx 302 a
Silica gel lea 312 ab 11 cd
2ea 298 b 80 b
KMnOy IN 30.7 b %D
2N 32.0 ab 8 Db
ao, lea 306 b 4d
2ea 30.3 b 8 d
1-MCP lea 340 a 15 cd
2ea 303 b 23 cd

Days after 6 days of storage.
YCount at 11th day after 6 days of storage.
*Mean separation within columns by Duncan’ s multiple range test at p < 0.05.

ot A3}t AuYE] A=A Al 48s 5
A e 5-E water pickt] 2AEH 9 =& AP Y 71548 24 AE 59 d&
g A fiol e A3l AR 8 3 F2S A7) 98] Table 2-93} 2ol
sttt TRT 12 ti=7= water pickd] &S 2o A% F&3Ha, TRT 2+
I-MCP AAgRE AAstaion, TRT 3 A2} water pickt] BA 2A=2& 93,
TRT 4= 1-MCP A *]g]9} water pick W BA A &34, & A3} vkxo 1-MCP 7|1E VIZE
&

do} YR F2HF FAT 2& 6~TColA 3U7 A HESAT:

r

Ir

Table 2-9. Contents of pre-treatment for freshness maintenance of cut Cymbidium.

Pre—treatment Water pick contents Package substances

(1-MCP 1.5mg-L™") (BA 100mg-L™") (1-MCP kit lea/box)
TRT 1 X X X
TRT 2 O X X
TRT 3 O 0 X
TRT 4 0 O O
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Fig. 2-40. Changes of temperature and humidity in the cut Cymbidium packaging box during shipping

to Japan in Feb. 2017.
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Fig. 2-42. Changes in flower senescence of cut flower Cymbidium ‘Golden light” (left) and ‘Kenny
wine color” (right) as influenced by post-harvest treatment. Vertical bars represent SE.

X
15
15
10 1
= gz = g
E - E 3
g - £
= 4
£ .10 £ 3
15 =10
=20
—— =15
=23 e Days
= Days

Fig. 2-43. Changes in flower size of cut flower Cymbidium ‘Golden light” (left) and ‘Kenny wine
color” (right) as influenced by post-harvest treatment. Vertical bars represent SE.
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Fig. 2-48. Effect of quality of cut flower Cymbidium ‘Golden light’ (left) and ‘Kenny wine
color” (right) as influenced by post-harvest treatment.

2. Aultee S8 F 9BRY 7% BE R A%
oA A

2ol YA 5F JW 24 93 Ae Ao BN 2clow 53
A 893 £8 F 20108 TR $7b L FEYANA F 5 A= 2o Aol
WE Yol 4F A AAUE A% 1ee Xgaaaiu} w3 oot 2l gl 4

- 112 -




LEE Bl

N ureR | H2N AEHNED |
——— .
] -
I B e
ML B EAT 1T W Y
[R=2% LEE ENLLET TRPRILE P S e } il
£ | ik
+ M - T TR B S T A
LE LY. = i RS AR A A A
F e e LEE L
B AR g s Al Pl Fedal
P oo 1L SR L D FRE] LN
ipm
Ly 1]
L - )
LEAN AU S s NN .
= i
I =E T TR
LR ] - AT T |
L) 1 WIS EE |
LT LN
& pille el WA
L Dbt

18 W ey
| Wty . TR
W e ke BN TR FRTEE RS RRGET T .- e
R R A - A R g W R
" ¥ LTIt s LA T ]
i e A i Fiik ol BRENA SN R S BT N
B oli @ L o P W e S S8 - S i maam
e PE Tl TR PR TR DR Lo e ! T
[T —— SRR L TR LR e L T e BT BT ————

ArSdmE @de e el Rl

BEF UL RBEECE RN B T R
SECTEE T Rt E T

3. ¢

A D ANg B4 A $EA BAGIEEA: s

ot

IR E FENY F

7k A=A
B ATE U A £E F5 T SE FEFHNE AEse v E
T BSEE YA ME koA, AeEs S AR feRA 7 A A

Hlg LA ik Aok vt Al E B2E ] fd FREAT

TerEe 7] S8 AHE st
73

o]
sieh. ShAEE UERE ARG FH HY F F3 ) ZANA Fo| BAFO she],

- 113 -




U 2% 9EFS FAT =S T Ul S3AN Vs dERE st Sk et
o] FE& US PEoA 201792 UFE-E] o] Avt e AulsrES E3 &8 S
Aol & AoZ distar k. ol wet F= E3F =9 dgte R Al F FE2=1
JEOoZ At &8 2 A A JfHE 53 o] Avlge 5719 58S dla
St B AFIA S FoAsHA HATE B AT F FEQ B A Ve FE 75
A} BAS 58 &8 A3} ARy As 25 2 {5 AdapAo tig FAS 53
MAAES BASY, F7HES] &5 ZAEd 7|dstaA) e, 1o tigh A A=
o3 2
F FEFYA EAF =2 A3kg ANy S-S FESE R oo 2t
i M L
A A - moen e Bl
I Py WY SR
ey HET.‘I-I‘ ey ip
IEEE WEWE 9 -
H M o & HganeEl - M
vy R -y @ At SEN
MR- W) . ferms)
NS WMoY =H9En
L Babie To - Sude LR el] =T e &8 RN
(R YD IR e
T
CNE BT APC
(Je o)

Fig. 3-1 = Al A3} 5 5 A4.

= =7 ARHE A g 01]‘%3 Hatolu, AFAY dAA 2 YFgEe
3, AFAGe AL S AR FEPAR 7%1 FEol HA &1 He HAs
aTshll 384 e A E Afshe 75‘%01]-— A B] el Aegol /\}%QL 357k itk
9 Wfig. 3-D & Faste] e AT I gl oY e vad 2tk =
=7 (D9 ZFe AF=dA dshs Avdes $E317] e 284 sHeF
‘”/Pﬂle AAA Ak ‘?i A AibRsTre] A Adatrde AR AFIAE AFAY

Aol 54378 5 ol tE AW¥HAE o] &3 ¥ o (sAIUR] da
3}‘34, =3k %?Ffim WO Q) F=2 1E AFS 88ty F4S k= e
Holw, A%l weh 15 &2t 42 u= AL OWHE A A T2 olFHAA
xohal Q= AR AT AFAY a7t F S5 AVl 1€-44E, 7P B
& ol EdtEE ARl 2€3 3ol AFAY AALETE ARY R dske] o
YFe = U5 A @2 AR BEY A2aES oA dusts A4 EAHES

- 114 -




AE A Fethe 4] WAl 3 Zo] shte] olwda AR T E ol AlF
SH7E AEatge ol A dAY eFTrhET okt FolA
© Aoz AR A AR EF-AFEel= fig 3-29F 2o] &
g 1E HlAY XPO—.% ojgste] WHFES st AFAA tE At =3 A

sfate] o] AP T AFI-FAYL selol o] Ty 2 F, £HAA 4
3 U WAFFAEAPOMA ALFEES Bk (HLFELE : 125)

Fig. 32 AFE @4 WH FEABAE ezt A% 2 i 4297 24,

THEF= AFEE ALt 718 FAHAM FFat= s34 5o /M dx3
At g e AvEA, FEANYE NN FEEATA BlE =2FoR
WHALE ol&std UF w52 sk Alolzolth 79 tiREe w23(Fv], =3 0
el ALHAL e T =79 224 o, FEAA A s &5 &
AAlFe RS EEAAY o AFol FEEvke sHATA ATl THA, FA|elA
HEZ Azjo] 5 FEdAe] APCE Hl2 0] He o2 F2 ARHE AF2 5

© ddEaL e dudabse] slon, Aedil dAYers F50 webs 6240l
A FAZE Hal 3k

r_!

o
i e
. s — .

- 1156 -




o

& APC7}

&t

1= tssdelr S9Ae 92 dAA

Aolz=oltt. 37FA] Aol

x

<]

HAA = F=dA

SrEatgol @Al 7HA

)

Fol AbgHl Wt thEE Hlev

vt % A3t E37h A2

—_— —_
® | X
AHRAEHE
A o | gm | o
N i 2| i | i |
g | "
W
iy
= = =
J.ﬁ ﬂ 5.0 o &M
— X | x| = | N|2
Koo W | Ho | T
<0 <+ oF
\nﬂu/ JIL —_—
7 ) xR
mﬁ o T X g | LT ok
= O | W © |y | | B
i 1 G| AR
= ~
O
| P | ®
- o oo g | 3T | o
! < 8|y | <
OT ‘_ﬂwO ‘OI — ZT.C ZT.c =
T | N ﬁrﬁ A | AF
=
e
oy
luww 1 = Mﬂ ® | ok
= o1 3m | R
Eﬁ X X —
K= R G
" | o~ G| AR | ok
o I T S Il
| x| T || Ex
? P | R | B
o | T | XV | of ob Hin

lJ

Fig. 3-4. ==F 3714 Z-Fol w

b, TE9A

s migle |

3L R

sy Arksrt A=

o, 2014

A

JibE7E AA

= X
) .

£ AAsiert 201

100%

B

EEECE

145}

ksl
pul

v Wig7iA o) Bl

3o
=

sty ol 2t

B

)AO

b

he

file)
)

1

Aot 44714

|

- 116 -



T % #Fol57} FEEY Al W]
E7F AR E % 19 251,918 87.5
TEAE 24 2 36,010 12,5 3 ()
A 21 287,928 100.0
Fig. 3-5. 20154 S&AIT)$dste] ARACs7E AN FEAE Eahul &) A 2

2)

3 2 Holis7t FEEY A W 3
E7F AA £ 15 200,798 93.1
e 2% 2 13,743 6.9 3 (zal)
A 17 214,541 100.0
Fig. 3-6. 20164 &40 ¢ske) AARAHCE7E AAZPI ZEAH Eeh (55 H AAA
2)
TEAE B T FAH $9F A A8l Aol AT BAAAY 5}

ooz Atk 20159 % Hwste], 2016

=
¢}
AAEZFS oF 254%045 Yo,
ks

A TS A B oF 618% BAEL. ol AAAGe 4
FAA} BAR AEAY I 78 Fapo] Z7hgo] Faslolh

- 117 -




Fig, 3-7. 4%

o>

AT & A3} et A =CE7HA)

m.E 0y

= El

-’F%‘f% *@*“Eﬂoﬂf‘i %% ’é“ﬂlﬁl%g A AFSe olgst, 2L FHASA
A% TAE A DA YA 238 §°ﬂ #2473t
At =SHIAA AREe A AEAe w7F addd e ARlelA A A
& 23 Jlon, dF st Aee A AYA AHE A AL AR %Cﬂ Exi
< dhe A A AgAe 224, 52 AT AEe 1AL
of AA7L Hed, vieEd2 Bas, A HA % o
o7 FE/AE oA A Tz AEAAdA AelE AR
L TFEELE 4" AFES dEBPA Y 40 webd Tgel 2H AeH, v

gl Al dRo® FEdhs HEAN AREE SES vt 2T

T AF-715 4A 3A 2A A
B2 105 o] 105 o] 9% ~ 7w 65 ©]3
&
Zol(cm) 80 o4 70 o)A 70 ~ 60 60 gt
T2l 12% o4 125 olA+ 8~ 11& 7& ©°lst
FAhE
Zol(cm) 70 o] 60 o] A+ 60 ~ 50 50 gt
Fig. 3-9. =4t A8 43 #4x(tlssd 38 719

B % SULAE F2EOR 4 Aol B ANULASE SeiagAdy 24
2 w2l £ Ay F B

oz
A FF71Ee T=, Bt delA e E5- mE A A S& WAsk,

- 118 -




=40 o3l & & ozt s7ks A AYAE oy, dF s7ke A A
ZA AgE 3}Xl = D I 48 T 2 =, eI e AE F
HEATH, Bez T80 8F, 78§ o 2Ho] HuA FFEIE0] TR
il —’F%% Hﬁ*é—‘;— TIAAA L] HreM, FEPA Y] FEHAE T FHAAM THE
TEFEI=E B8] Ad AL 20, v o TAFFS 40 wEpA Bk 78
w158 ool A ZAE = Zo] dntoltt. Bt} 2AL £F T E5H WAE A
sto] o] FH HNE W sheitel] Fatste] AFe] HidEHol o] HEdl HAHEE
sto] 5 WAAYE sto] Z3E Al M, Has UREI FAE TAM FEE
e she W o= Ho Stk

A A3 #‘ﬁ% 171711 5, °l 1gstE £ l"f«-‘-“ir% 01%0}@1 Ht2 ol B AT
Al

o 4= AAA Ak

JN u{n

FESIIE ADE, $ERHIY 44, £33 ESF
A

| SOR o|FAIE AAE T At FEA

- 119 -



U& Ast= 719 100% 7Pk e Asl thssdodA s&& st i, 34
%2 100% FAFES ol &gl weh, =it ARy s dols Bl s A9
< THSL ABALE 7 F, BN AR ARRA7IROR Edehe F-aw el
Aol Hol &g s Ao oW A= Eﬂ i AL 659 ﬂ#ﬂﬁlolﬁ(cﬂ
B OIS AFSshaL glem, e olud AAlE FEARY e 4 SsAEE F
AAE Al s, Aol Ead FEVHESe TS AAdA4s, JJruﬂElc’ﬂ
A ZEIHE AT Fo e BLSY 9ES FEvts A3t iy 3 d&e
2 BEE o] FET A FAFEHE S AR 3 S S8 A ted 2
o

- A4 FEE AddAEedd e A

- WEE - teEd APCollA 74k R g (17571 e ol|sE

- = A=Y AGEe] HIE A9EAN AeddT o EEd)

- A4 %% duze ey Favgel AABL E5d)

- =% ML S, BL, 249 Quolx AAYXE Ao} 3 F2& 1H|

]

—
-
=

e
——

—
e —
—_—
e

—

| ==

Fig. 3-12. AElol] 47, 44, Hasle] 47 34

e $E3 AAFRolL FEANUE Aske] YRAA) =2 AR=AIN(FRF
APl Ae 6} l 54

o LB FdHE

), BL(Y), Qlmols B B7elx
e Qe FRAHE AT
oo QRAX A HBPGS 5

A HE GY 0xZ

rot
Hl
>

>
z
au)

2

N
PI-hI

o

¥o (m

=0 = ‘I‘@O

OHH
s
el
N
N
N
N
i

£ 2
oo 1

oft

r

o

= = g el Al
LEAIT AHAA, FUdE T A AA, A
3 +AsE dEA T ol A ‘%@H% é!
st} FUFTHAAS 6P7ﬂ 5]

O 0

1t

fi

—_

O ~A=]
g S7e

EEE

o A

)

o —[n:
ol

-

it

o =
= 5

™
<
T

- 120 -



Al

=
5
A71%5

[) XN
%= 4

7]
ol B4

7HA A
SR 7)) Agrt Ha,
Fole NN FAFTAE
g= AR Aot

o

ofN m o T o

EAHG LA A 7]H=Ha 5%l et

Atk o] FgolN Helrt AEE A5,
aAel geleld A7AE & AAE @
A7t dudw AR gAs

H,

™ o oR

= o ol

(

==
5
val

30+

okt
ofy

to & & o

I odY o 2

TR

P ————

Fig. 3-13. 9% 7 219 2 53 94
P B R ALAATIEAN A FEOAA BERIUAY F20

FHigR)2A EFAHZ A
AR BEste] 9B ALow HEsts 3AS AXA Aok

A% 5

HoluAz st SRl Al &4+

].

WE e Lo s

- 121 -



Fig. 3-14.

Fig. 3-15.

F207) BRAIE 519 8 AR B, A2 W 34

QEHEA BRAEE AT BRAHZ BRAHY L5 94 5% oz A4l
Hol HAZYCAH I A, A o3 AR BalE, AT FEY ALl
S Qe S5 SN Aol ol ANABoR £EYIUE B 4
Fol Hw, FRoANA FAAE W 87, 1 9] AL whpdr F5e] H1
el WE LAHDANS T T ARAAES ol FFbol
A9)H oz olPAY YRAA {2 +4 A AIAFHFLE
F& 33 gom, Aolu-YReA BRAH-YLEA AN AR S50
o AAY FEAQNZDS LA TARAZ @A Bulolth. FFA FEANITE
Aok QEAA AT 80oi7) Aol YEBuE BulEn YEEA ] SAFE o}
64-ok 8A%E AWE AF, $F LA A An A2 F 200 = 7
3 o} 8AM0AAel ulvk AAET B4 TEE dgmE TR, AR 54
WolAge BRI E SR 10%ele, Auish B4 A Bl SO WA= 39 3
otk I AL SEBE FUHEY HloloDB R Rulzk Kol H, Wl AT
Aol Aol @ate] FEAE Fal ATl BAZ Hi, £E F 109 o] +F
g Paske TR A

o

ofx

o

Qo] HAFMAY B 25

o Mg EOE F F2Io2 4%%}% %%%—g—, ARER AEshE e @u}
SEANT S dsie] fERE AT SZ(she] A olol
71

rlo
E
A,OL
u
IS
of
mgy

AlH
o, Au), T3, WS 4ol T%:a—t— &% ol e} A FE A7 zm
FHL AXNA A QEAG AN 940] we} 919} o] A AR # o}oq
FEWAE AR SEUE ANFE D7} o Tl ol fig. 3-16.9 AZHEIE
RIS éiH IS 22D AEAYY NS 19 e %A]
9

RN X}»i/‘i ZLJ-OPJJ} 0}9515}

- 122 -




T o
X X I
~ q A
Jo N
ﬂo
=
Gl T
o | ¥ T = )
1) o — m =3 E
A I U A R R 2| %3
) ol o | TN | = | H nE W | ol
= 1t — | AR ol iy s
| e - w | = | | =
=0 W o [ BB 7| o |9 N SR R =
AN N R ) i o e ) il B el R I B i
- I e S| = | & | A =) i I Z
¢ _ =K | X % R H oM <0 o iy ol Wﬂ il ) =1
= % S R = T x| o o | o
= R 2, | ™ o (A R ® | g B m | w =
gl |k |s|le| gl |olalw||z x|z 5| i
Tho |2 | |[® k|| |w|s|w|lk|2] 5] |5 |xld|x|x )
IR A A AL A A A N A A =R A AR A A )
AT NAR AR AR T o [ Ao | ™R AR e | WE | R AR | R | W o
gl e8| e|x18|8/8 8 3|83 8 |g|8|e/8|8|8|8
SIEIC|EIZIEIgIEIglglelg|el & 2182l lglElE
sls|glie|ls|d|s|lg sl a| x| 8 || a|s 8|8 38|
N8I S |2 (E2EEIER[IZIS|BBIB| == RE SR IN|IE I/ S
" w " 08
o o e o
[aN] 90 <t Lo
NE iy R u B u U
oy = o IE o T o T w5 o oy
= T A = M X e X
fir % i 4- 2 Gl

- 123 -

TR E), ANZFHEE)AN

9 %1

= T

Q)
=

Fig. 3-16.



4 i
X b
— | N
= % s
ﬂo
=
X R ~
w 4o T =
Blel Lol |F|e|m E 2 |
== (¥ |Z|E|* T Bz
E . C L fisd
i Nﬁ W | BT T g MW ™ X =
M Ao I IR~ B N I o o] 2 =
B <0 T Mﬂ_...lx_ ﬁi N ﬂw_,Hﬁ x| oM :m/
T s [ny 7O
LR
0 - = <
wlw k|l | w0 | zle|w|a| s ||| kb |® (
Mk ||z |m|k|w| 2|5 |w| 2|5 & TRl T | X )
<o M ||| || T ||| TR T b T | &
DA e R e | R R @ 3
glg|glg|g| gl glg|giass sle 8 gl8 8 |8|8|8
(] < O o~ o0 (@)} (e} (e} — o O 0 N O~ (@]
SIZioid|olZIgIsglelslclg &2 218 & 2188
2188|838 8|13|8|8|3|83|8| 8 |83 8 3|88
N8l |EEIE|IESBB 3|2 = e Soi e N =513 S8
G " G ~
o o 3 Q)
[aN] 0] < LO
uE iy ™R 3T wE =
o =5 o |t T o e T
3 fr = o = P X gy i
fir = fir < B B oy

T Ty W Y

. By e

- 124 -

g W e S

T S T

hgos SEIAE LTwste] ul2 oyl goltt




Fig. 3-19. 4% 4] & -

= 15k

= dg =

Zaha) el AHF, <

9&5}

2 thadfig. 3- 20)JJr 2.
AR SHEAIHFTF 271813 A7) ol A

>~
>
]

A 313

e
3¢

ekt 2 BRAE 91X, 20 Bold PEE

BAe) FEIY el &

Al
=& 3Herzo]

e

=
71587171 Td/\lZ}%E TE

F A ] L% 72T

T& A4 A% == SE
14:37 14.1 414
B Yk 18:00 85 735
143t 20:18 79 8.0
21:49 6.9 84.4
08:00 56 88.0
12:00 59 78.8
242k
18:00 9.6 914
24:00 8.1 93.3
06:00 8.2 94.4
12:00 6.7 914
3t
18:00 10.9 91.2
24:00 10.3 92.8
08:00 10.1 85.4
44 =}
08:29 10.8 91.1
Fig. 3-20. =318 &% W3l Aax
F=3} SZAPIAE 1€olghe 984 248 AtsideEls 294 Adus

- 125 -




3 APCol|A]

/\7-1:11—/\0]] 2

= FEUs] LEEI|BAE FUF £EHE o T 54 5B o TAE
F o QRAATH > YREARR > QUAAWIAAY 407 ATLE U1E, A
2% 56EE YT JHhE BT FEAFAYNA ALOE WRBSE £ FolA
I, $E7h Fohgel mE FFoy WY Fo SHE QA FENLYOE $E55]
P
=

H AHE EAoltk FrEedE WA AWES A S ARSCEE

st EE A, FAEFANE, FEIAA =FHE, 5 A 7EHIE, FEUA
HE To% 8% & Atk =4 Xﬂﬂlﬂo a2en] gl 71eE AAH], 4EsE s o s
T20] Ha, sWEFHIGHA A FEHA7IA, FEHA APCRE HHolY A2 A74A|
A EFHDE 23ET
(&) )
T lods
o) AT AR G5 uh) g
1} ) 2,100 1795
SO 90 7.1
Ak 2] AEEEE 85 73
E 91714] 420
A8 27 2359
U 5] A -t 55 9 1,500 1282
T A EH| Hesd-daEdt 162.3
A 762.3
o) uha] s Hujd Z4A] 175
oq = A5 A4 735
d A | dREx) eEwm ARHA 5 1373
B e A A 55E 1942
7 4225
7] B | FEQA R dssd Ha = 11.7
% 3 A 1,196.5
Fig. 3-21. = AvH 243} Ax)E E4%
T FaAE 53 Aok EE ke 29 WU AEA A SRR A REEE
BEE = —’F%—;ﬁl AR T-E90.69/& AL ATHAA S7H4E A& &8). ARk &
Al 20159 B vk @ TASE ILTREAT 244 F)EolH, wanls 9
22| o} tl}*lilé 2 FEHAY YA A, 28 o] A, AHEHEre) FAl

- 126 -




w

Ly
a

o

Mo = )y K

~

oh

’

Ay

Z4H|
&H]

3 =]

g:O

A

-

ABBF ARG 5, Tl 4B
) M SAR-UE AREAP), EAYYA $5EF
.]

Aol WM 74Ao] ARl we, F EgAR] tsEdAM ARE-St

= 28 35 FA AAEE 7FoR sho] A88ith Z1E FAANI(E, Hd

H): AsiAl 2AE7E A7 Al en, dnle s FdEe JA

Hok s EFHE AAtEEY I FHoH, dEsdE I 89eFdATY
Z&

o

FEA7F ALk FAleERE tEsEdods e dA &F0 HE 24%3}%13}

FHFAAFTAAM AdE s SR BESn Adg FREe Adste, dA F
S

e 4
HlgoA GRALSS W A e SSEFE WA ST DIHE A8, %

=
A S5l A FRE OESE-FAE Aol WELER, FEAT B A A

&, FEALES AREE 5 U AEd
Ie)

o A% B F7ulE, $EA UMY E 2
o) HlS(RNG-UR AR, EALYA FFEE Je Aulgolth FAe
AAPRE DEFI-LAG AHlol NELEE, $2UT B BAANE, 75
o ZE| oL E 25l
B} Aulgoltt. theoE Ju

Aulgoltt. 25 AL Hr'd AA(FFol 885 FE7 A THA ARE

AN o185 5), WET AX(LEEA FANIFA(LETD) WP Fr2)71 o,

4 WELEE + FuRIh o $EFY

5 +
NS =FAE AR FFIH@ER)AA drky 77k 3l
5

o] Eujjs =7t w} = HeE A TS Fasor HFTAIHAA &
Alels &E% 8=, 74 2 Hels SANA B HFo] wE Ale AFRFlA

71&3 E‘rﬂiﬁ} = B 78 erEe A A eeR(dEdA] dvlsd el

10% ), S=utolo] HE}J&HH SR(QudA) BlFdel 5% 420/t ol YEwA
ﬁwwu ool 1 E02 % W& A4l vk ARl et i WS}
A BE ATooF BTk THE0R SEgol, +2UA ES PolEFEQLE

A BAFAS 3ty SN, o FEAAS] FrEE BAS B ATCA0E

o,

Fig. 3-22. 5%

B R D Rl

T R T

ARIE w3t =24 AvE

- 127 -




= AHIYR Al FEA0 &85 AN 4 dEe duRd, £ ARYE 1
12 M A E(194.29), 29h2=1](179.59), %Xﬂ
A5 F-A 2 eA713, 162.39), dBdA] &55(137.39), TUesn128.29)<
=4t dujdrtel] dEol Hol %= A8 He NG Aujerris Addsta ‘/}‘jd,
dA 189 285 AUl § FE 2], SFREA, Wz & ANEe 1, 2e9E
ARGl W}, FEANYR 57 S 4# 1, SFHEA, SW)7E Feol 23,
G HsiMe o] 27HA ol tid AF &2 AAA ] A o] FrjjFofof =

Teos YRAFOIAY st Aut e EFE AsEolth EEHIA U4 dRow

FEE I A FEE BADIE LD, $3F A ABRAL D A0

Sae] A Fa QEAGoIA ] A vl

dek. e ARFANEEY FEAHY JF, o
#7108 Wi 19 99 - 52 159, ke a5 *‘Hlﬂ%@@r e 2

o
s
Ol-l'l ﬂ'll:'l
o\
o
fol
b
=2
=
é.’*:
_>L
n)
o
oo oy
,a
9|l_

9] =] Fhoj &7} =9l ETH Fhoj 7}
1 g EAP(K) 3,822.0 41 G306(K) 1,727.0
2 G305(K) 3,040.0 42 nobukoR(K) | 1,725.7
3 I-E(K) 3,023.4 43 FR752R(K) 1,708.0
4 G307(k) 2,605.4 44 LAMAEOCK) | 1,701.6
5 Y1079Y (k) 2,596.7 45 Y188-3(K) 1,695.0
6 FX750tH & (22 %) | 2450.1 46 # = SR(K) 1,694.2
7 ol EZAAAP(H) | 2,432.1 47 ARlEHE(Ea) | 1,680.5
8 FEIZLY(h) 2,361.3 48 2mFA AR R(OA) | 1,652.9
9 SM1078(d 2-%-) 2,335.7 49 FETOIEY(N) | 1,646.7
10 WHBROK) 2,329.3 50 MK2200-1(k) | 1,637.0
11 Q=2 ZGOK) 2,327.2 51 AX1001Y(L) | 1,621.3
12 R603(K) 2,280.0 52 AARN(AZ$) | 1,544.1
13 YX A2 () 2,221.8 53 AR FE(L @A) | 1,5133
14 HEQ AA(R) 2,192.1 54 s ZEG(h) | 1,508.5
15 Z e 2P(K) 2,182.4 55 MK2372-2(K) | 1,452.9
16 27 o) NE(DRZS) | 2,140.3 56 ZEMWMAAY () | 1,434.4
17 ofo] ~2mtdW(rh) | 2,119.3 57 DF8720(t) 1,431.6
18 FR750H & (2] =) 2,053.5 58 HR660R (r1) 1,391.3
19 G1080(K) 2,053.1 59 MK2372-20(K) | 1,317.7

- 128 -




20 JHE11G(+$) 2,039.0 60 sz ABGR) | 12841
21 ~9EFIWOL) | 20131 61 LASI6B(K) | 1,239.0
2 SF-1Y(K) 20118 62 AHSAEERC 1864
23 &l & Hl o1 PCR) 1,988.2 63 2200-1P(K) 963.4
24 EEEEIEN 1,986.8
25 Y1116(th&) 1,982.1 =9 =5 Fvf 7}
26 FAH Y () 1,919.9 1 ABFEMUR2) | 2,3386
27 ANFEED) [ 19152 2 AW E3E ) | 23016
28 WEEY () 1.878.7 3 Au Y EEUn s | 22577
29 AnFE@zs) | 18784 4 A e ) | 21817
30 P205( ) 1.874.7 5 AN FEEEE2) | 1906
31 EEETES 1,849.0 5 A FEER 2 | 17811
32 Bazech) | 1847 6 W] 28) 25 1,3755
33 GS-883Y (K) 1,844.0
34 MKIS88-8(K) | 1,8406 =9 | E%9 o g7}
3% ol =3Ok 1,836.9 1 AW E(Bho] £) | 2,774.7
36 AEZAYPCL) | 1,8020 2 A E(EE) | 19533
37 DX883Y () 1,764.7 3 AndE ) | 19518
38 DHS77G(+4) 17586 4 AU E () | 17488
39 2L MEYOR) | 1,7472 5 AW OB (A2 $) | 14437

40 o2 B (K) 1,7450| |6 AW (2 2AA) | 1,309.8

7 AndEmee) | L2167

Fig. 3-23. Avld A3} J2dA] F59E, A3, 9428 At e9%

9] H(fig. 3-22)& ZIA(LE Wl A 4D, Wyl dst 719, H88(+E
AAHY =3 3g), B7IAR) - &, (F) - T8I, FolE7] A A5 7|E0R Y !
dg P: P, G: 2, W: ZolE, 0 2AAE 7|Foz A4

b Aol o 3 -"'H"'"- '_ﬂ--w

- 129 -




Fig. 3-24. 7= Avb & A3} a3 S8 714 84

oo dE AR whe2 tEd 2ok dEARCNA 7 AEsks A4S SLAIZRE
1

~1570 Abelell A A Al MRATY Fa1, £

o] B o] MA E71thv] 23 AEE 7P AEsta JHAIE w3dtE 1 el Ee
HE T8 &8 T4 dE APids<s 7P A2y, 280Y) A¥HE2 dE&t &

4 3
= T, YEAR FEIFeT AL tEH TECE AR 380 TEHIN. FEEE
= A7), Edhevte] A, AEH 5 o W oA FY’ FELATRE 714
7t A2 BE2A FAo] FHIAoH, 20159 HRE] FEFFOl tig SjAARe deest
A 238F shd fig. 3-253 o] Adst & 4 ATk LR Sstd g, AGEE
= O848 /P dEsta, O g E2s ki, T8y FaAde] Al MAZ VS
AARE, olok= RHE QAR BeAIEE AHIAE] Z|Fdte Ao R JHAT
7F WA AR EAS Bt & e OFSstet YasEete] 2714 A9-E vl
e, Jof o] gl webA sHA) @Ado] EEbEARE tiA o R2s TIEA, kA,
BAA, dAe] 471A A Y=g FASE A T0cmT2] 3Lolu 60cmE 2l 2L Atel=E
THASE Fotetd 7 £ JHUE ALHoR FUsHlve AFaAARe] REeol
7V gkt 9 Ak 22 Aysta v 2o
T 1% 29 39 H| 11
A 4173L 3L 2L
S A a9 dz ZEl 39 BN FF =LA ) A 9
o A By eX: Y Z =
T Bog 1571074 12787} 10777}
3 A7 129 A= ¥ d= 8d T adA A A
e g 102 128

< Adsitt 20143~20163 714 %
el s Arlys 43} 2442 ig. 3-24)7 RH=E7HA & SElsd
A3l At A& oF 0%l Sukh. =) Avit a2 114~ g3 5871 E37b
AL F FEFOAME 11€-1249] E7e 7P BaR s, 54k Anltgo] &3t

i

H A7l h B AL Be 5 gleh SAT o] ArlE Fu) AR 5wt
g 82 Qo) BAHY £3EFL 19 oF Ay, 38o) B BFY £330 o] F
Atk o] @t FrbEo] u%E dgolk

- 130 -




140,000

120,870

100,000 /A‘g\
20,000 ' ]

120,000

4 \ w0145
; .; \ 53,187
60,000 o i Ll NG =i— 70154
43,015/
20,000 s / }%ﬁ'ﬁ 094 32,640 20163
: - s 39,978 \ s /
20,000 = ' L Rl 20,198
23,327 6,000 Rt 75, 17,880
D T T T T 51355 T 1
12 22 32 a2 52 11 123
Fig. 3-26. 20143~2016d F=4A(E57|E, Hesd 25T 719D

PF‘[

-A H#(fig. 3-24)4 F5 o SAxol, 0UA7MA = IHdllM T2 23 +<
Ha o], AiFor dite| FEEdS AL HWolglon, 201595 AZl
dolF T =0 g}ﬂgo , B ATE A 23 FEsrtEe] JelE

A o =M, 01685FE F FE= ¢

N

1o
4N

ml

o o o o
>
N
X
o o

A=A o FEel FI Ade thg 2
= R 25153 1919 HEere
20143 17 221,691 13,040
20154 31 330,339 10,656
20161d 21 239,639 11,411

Fig. 3-27. 2014'3~20163 &3 7125715 Hesd =% 719

F7HH o7 9 H(fig. 3-27)F =34, Az
Wb Aeh $ES PPSHAT, T2 B4 %ﬁ}—g— 5
U H A9 ZAYTHol Ao g, F 7

L 5E D S Agoze
TR S ARG

= 6}%%]:‘%‘ 7‘—:]_-'7"1 Z:l]-—/;\—-

- 131 -




A g 20143 201513 201613
AT 7 7 7
h=y 3 2 2
371 6 6 4
= - 10 6
A 1 2 2
Sk - 4 -
7 17 31 21

Fig. 3-28. 20149~20161 A8 423

£
off
X
(gl
o
=
offl
off
et
&
i
it
o
N
N

FEEYE FYRAT AFE F7150] ALH o2 Hahg ANUES FE3T glon,
B Ade 37 5 Pa, EBAH, Fo) ARE AVHOR FakEste] Aolvt B
M F8% AL AR R BT v A4 E Aolgke Holth ol = AMigE S
uE o 4 Slth YAE AFAYAR, M3k FEol Folshe B BRE FRoE 4
¢ 95 Behgo2 Annee AElt. & R BE02 Bde 45
AoH, giis7tee] JAFTE LeiAEoltt o] Fio] & Aol s d3tg
< A FAS giEo] A7} o] Rofxof ZHAZl 98 AXT 4 Aok AT A
A E=Fel oF 0% =dAIge] 20l IAPHoE w7l U AFEU=E $2 71
Aog AmjE & & AN I BT 12 7HAUE AXSHA| ke AR 2AsE A
otk ol =0 sh= wrk= Ao Ik SOt ol et tiEsd A54
O 7 F7hEE s, FEAE 9 AFASS AEston, T g #EE A&
S8 dh= w7k 9 Hfig 3-29AH 71 o] HEo] fle AFEst AdA Yol

Fo2 o] d7IAlE FHsEA FEIE E4olddl srtus 2 TR Fol B3 A
SR ddUEES AAdad dAnE AW B2 22hdE £5H HYE seS 8
Ak WA s dEZ7F 2ol
(9] - ™)
2RPA = 3ATA =
T2
s IR S iR
siejAlert 24 H a= 3 2 6

1
Fig. 3-29. sj)d&7F 24 9 us(tssd 719

USEHAAE F £EFU QEAY SAARHENBAL DE 2], IA 4
A sl e B4 2 A FR O FRE

F pEF) @70 B 5 ¥ ARl o A

O

- 132 -




A Aol el s A sive Aotk & ATHAlE A e, w7t Al
Haos dA WEste, 2AE AAstfof st RGO WEkslal, AL Hl&o=
W5E AARE A o7t dval A4 AlRAos BHE g7t A~FE A7
AAge TR, FEAY 9 AR FA tigk 4 Agke] A7) mpEsgon, =
ARE7HEH 2849)E W28t AEaAel tigh M4 2 FHE T3 FEe% st
= Ak o] F7hs FRONA ARt § A AEFANA E&-e 7] A7kA] 5410
TEE AlRto]l 285H, AEAEE vh § 487 =21 9 FEELE WA Al

1
AN, @A B Bl e wE-e AN oleh T - 9] A3
g9 A)E 5 Adstel, $EE H8 AT $3712¢ B ke AYE o)

Aslgon, HHA DEL oW AT WAF) AFSHE vHAsHE A7) B

G
2APA A&
i
B3 ES g As
713 %(A7Y) 5 9 12 15
Fig. 3-31. s7tus(d79) A3
EG A% % AN SRS LY, FEBY AW Aol tF WKL A

- 133 -



(&9l - W)
2R = 3R =
75
ol S 54 IES
9E4E @ AFEY I . 1 ;
Fig. 3-32. 542 2 A&d4 3t

o] AHL Ul AHIYR "sto] F2AAY deks ffs I AR AAE B, A
TEY EFHE 2 dEANETH ZHHH&L'%P ohrozd, fejudt vt &%
7holl st ARAF 9 23 WUt AFE g 7ZASEA EEstaat ST Y
oA FESIIA ]l B AHtR H3l 52 7 FAEE LI E 9o HAEH A&
A436~8 Al Basitt ERAAAHAYADA Ao Sstd= 722 2
FEAeh AT HES ol d5d WeS Fashy] vidth

TpAE e R F eE=el AR 9 AtAE AHs] A e dgeith

FEI2 T =%

2015.01.12 w3} 20

2015.01.13 w3} 2,000

2015.01.22 w3} 2,000

2015.01.22 3} 4,840

2015.04.14 = 3} 1,000
Fig. 3-33. HEY 243553 719

S
o
rL
b
s

HE 230 2o 9 QR A8F 5o FUA ¢a, AFAR HEDA
AN HEYAFE BT 5 5
AAFETE 0159 018 1298 FFL o183 F22 ANFHOH, ol
1SR BAES B ¢

a
.
i
%2 4y o
e
mlo

N
s

- 134 -




AS FEAgls TEIS TYH T A
o MEY A Be RS AR 2 T IUINE 3

¥ 2395 S BYOR ST B3 3 ARG o] oY
oh 53] AES tdos BY WA TRRAYAE A,
=]

o
Y T 4 R Segel BE T

s

B 25 +5UA 255 FOBZ9
1 . 2016.01.01 2.200 55.394.500
2 2016.01.11 2.200 55,563,125
W EY A7 4,400 110,957,625
3 1,050 14.262.001
4 . 2.300 31,240,578
5 Ell 2016.01.07 1,500 20.374.288
6 1.150 15,620,283
A7 6,000 81,497,150
= 37 10,400 192,454,775

Fig. 3-34. HlEY 8! S5&3} F=dHssd 719

=
{m

AN ol FF B
% Qrhs Aol B4 S
2 A%

2==0
TE=

OIW 2HE =2 W—r"‘ %ﬂ?oﬂ/ﬂ

= =3 Aol HAERl FAe AR A lem, dAlHos

%_
o AAdEol FAFM 2 Fo= A T AAst, FANAM Bl E

A RN F2 e, 1 9 AR B0 B GojE A2
a3lsE AoR B4

- 135 -




4 TFA ANDE ABLA AT 2 498 A1 AgieD
7h AR g SEIUE 3 DA AEAE AL D a9l

(D. 2F2 Ay ZES ke A% =1 &9 5 @43}

Oh. BES AN FE 54 2 95 g4 24

OREER-E
AP0 g g5 g 22 Bk A3 ATE SEE AIstelE’ | ‘gl
R e T T
9, cshlamE, AN, CBEQARY, BESOE’, ‘)26
=1, tEEEoR), Y, Felz’, dusdb

th BE3} 7hgol Aedst FE52 AEsta &
3 ¥ K colorimeter AR, ZAFA, £2] F7]

A & Ae SAEA

©
r2

:I.L

Al

3}
oAlA FEHIL e AutE ds} FT& dFor 25 2
/\]-3]-0313} F 4-18 Aol AHE AvY R A3t F5o 54

O", A=, FOIE, F, HE o WAL A U= ¢ e, 4%
*—%Pol Ao TS A ¢ e AR AAHEIY R A= welH £

e
ABOrR), a3t e 2] A R), SHA ST o2 Ao,

Do

° _lé o
'r‘
rlo

712 2717} Som Fgke] 28k 480 Som o 4] A8 FHOZ R 5 9

o 239 A% BEINZ 1FY A5 Asels 2 Aol E w17 ofel g o=

Bekslo] YUl RER M FFOE A AL ofele AoE BHHg

£ Som ol T WINSE A8300] HERS 1T Aol YuiriE)
=

EAS AT 22N o SEES 3

= . Ta
AN AHIY 2 X.d_ﬁ‘r e E—’F%&.‘dl 285 Ae S4% Zi#i 3ol E, %JEL

ARt E d3 F5 F Etﬁ}oﬂ A3t FE2 lﬂ——gﬁl% *—‘1 g SAHZAMZE, &
&I FoE aste] AEstr] offe AR AHEFHUTH

- 136 -




Table 4-1. AvlH& AslEF 54
2] Ak
1 O
=Y AR (pink, green, yellow, =L7]em

white, purple)

(FhE A Zx o))

FeEdzg yellow 6.4x5.3x4.4
2nld gHel pink 5.9%x4.6x4.1
S EEE pink 6.7%5.65.4
bR A=) green 8.3%6.1x4.6
Ay purple 3.7x3.4x36
S~ u T green 4.2x3.6%2.9
ol Ea) pink 6.5x5.2x4.9
TEgolE yellow 5.9%x6.8%6.4
slo] E4lH] white 7.4x5.4%5.8
A7) 8tol E white 5.5%x3.9x4.4
=) purple 4.8x3.8%3.2
SFQIAES] purple 5.4x4.2x3.9

- 137 -




AR

-
| Y

g Saol] 29

o

Table 4-2. AWt

0
s |z &
el IS R S
iy <l

2y
my il
o o o o
W OF | W =
<] H
i o
" w
» £ |= | &
10 I ul ™
<] M
=i
x| 2 | 5| E
Bl [F] &
=

ao
) = H] =
o 5 || S
w(| o7 &

o
ul o
°l 2| x| E
FElE el B
n o
<
o S I [
Mo w El M m_m
el g =

X X

ARy & st

KR
R

a9 4-1

9ol 4}

Ay,

—_—

;
K

o

==

o

ALY

o
A

At}

%
joj

S

g

359}

§99) A

o AH-E=

L
o

Aot BES) 7}

23

o] 7}EHAo] nr}

T 3L ~Z
- WO

Fol7] sl e EAo] wWEA dojut

S
=

A A 0 hr

95 g

g 2 A 24hr

ia

Fig. 4-1. Aulg)

- 138 -



B AU A FF Aol OB HrhE A4S 20T AYshs A
sl W5 FYSA e Bsfel AT 2L, Aol 43, 2908 A9
800-4, 95-0443-94, 95-0464-28 T 1¥, 3lolE, FH, A= AE=E HES) 7}
Fol 7F5d Aoz e,

(b, BES AN B9 24

ARl Bl 21E Jrhshr] e Avv s A3t FF ‘EcEoke & o83t
04 F9 Ao Agd 5 20E Fop izt stk AHEE CEEFHON EFF

2 yellow 2440 =2 fresh flower AEjolA He 48t 37] 62.52mm(W 1) x 58.37
mm(W I) X 5413mmH) & Jeflie FE2=2 £ 77 0.84mm, A3 54
1.92mm ¢ A& 7HAI ok @5 ©@A HEolA B3t 2719 FF 5 white,
green, yellow Ao FFo] A5 AT FFol Hls| Mo &%= ARto] #gh

W e Zekste] mu A4l A3t colorimeter & o] &3ke] 2R3 A4
© L 37250, a & 342, b 3193 02 AR Alxbo] Ay REo| IR = A
o Bz} gl FEoITh YWAOE AGHE 05 AT A2 nastel &

So g FNETE Yopuua APS YA

i

©
‘e

A
g A Ae) $HL ok e ENHEE Fa) A QA gL no
AR AGS HAAT) U Egol Ak SIS BAS) e 270 mek EaA
] A8 FE A7te] g4Etd 4 9}1:}‘; Ae Wetale, 2% A= 30T, 40C, 50T
o2 etk B4 A5 AedA EuA A 20 AR
ﬁl°ﬂ Hls) Eao] A gws Mol o ™ed Ao oA Yok E 238 EME
4 22 255 50T, 40C, 30C A A2AZt bhr, 12hr, 18hr, 24hr, 48hro.= A
B S vehd 2102 1243 o4 A A RA¥RE 2Aol 2 CEERED
==

wbE o2 A, AR 5

F

2

ot
}
3.9
i&
)
>
g
O
ﬂi
o
ox
—{o
rtlZ:
3
4 ©
o
o
&
o
_{
F{
o,
ne
2

ok 25 74 w29
& A2l lﬂ ﬂﬂ, %% /\l @217} 2ot & ¢ 9l
o 9 2-2¢ é‘.ﬂlﬂ%% g 2 A AAHA Aol 29 AE HPoR &
T BEFoz il 305014 Agste] thggtt A 288 ¢ e AzEoz A
gttt 18 32 50T 24A1%F AP E 3 Ay ARl ez e EA oA m| Ao
= H

1 Qe ANTES BuHE F s Waks 2 SRStk 53 25 A

o ™!
ol
=)

- 139 -




o me wulAels BaHololA Aol AT WFS vehli s 713kl ls) 20
 ojelz LEv} Wolk B0 A9 2UH FAo) REE W7o A7) 94
=AYt BEAolY ¥ 4 Utk

Table 4-3. A7 xo] ThE Eu(ole] 193} o] TuHeo] wet o] s, £}
A S s AHE HD

30T 40C 50C
6 hr bleach N A e}
12 hr bleach O @) @)
18 hr bleach O O O
24 hr bleach (@] O O
48 hr bleach O Q ©)
B HAEE BN AoE wugds O AW E FE AYsta £ 3ugs O, 19 X3

< A, FY ]k X

Cymbidium ‘Golden Tiara’ Bleach Treatment

'‘Golden Tiara’ ‘Golden Tiara’
Bleach at 50°C Bleach at 50°C
0 hr 24hr 0 hr 24hr

T2 A BFOR UM =

(th). HzEs) Avge Az =21

O Az g 4
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AIYE Tl 2dE Briskr] Sl Avitg A3t 5 A’ S ol&
st Aze At 20S Fohfaat Qi AREE  ‘dejedn s’ FEE
green A0 2 fresh flower Jefoll A He 48t F7] 84mm(W I) X 66.84mm(W 1)
X 68.79mm(H)E Yel= FFo2 £ T4 0.77mm, 2% 57 1.7mm ¢ 54
7HA AL T} @ B A oA B3 27]9] #F 5 white, green, yellow 24/9]
FEol AT AT FZFol Hlal Gl AQEE ATto] U A& 7Ajbete] Hx
ZA4Y AFESFA . colorimeter & o]-838F] =A% A2 L gk 58.06, a @k -
17.08, b gk 25.98 .= I8 AN FFolth by o g A A2 27 vlaste
kel A3t Ax == B7skr] 918l 40C oA 24hr, 48hr, 72hr 2] 3tS)

ATAT
HZAZI|E o] &3l 40T oA 24h, 48h, 72h &3 A7} HAA| A o= Azt
o] ZAojxlo] mE £ A7} Aadte BEFS Ul od, EFHAE sk

=
oY folae glon, $hAsl ni2t 38 AR AFARNNE olgde] Az
102 pukso] R A Az A EeE

l

—}

AHEE 4 E A ETE dxd S By 24
ato] 55 40% oo s fAskE Zlo] ERAd Aow AEon, uige] 9
Fe LTFF A2 A 0] va Fade AE MEAE Ao & 245 BHE
3} A2k Al v S 22 FEE AEE sto] Aol oa 3= 7o) s 54 ) B
o gds] Eoledi o e AAD 45 Aatet vlaste] AA Aol7t YAl= 943
O & 2-5= HEZ} AR Al WY S 294 @2 FHE AxAYE & 42 3
0T, 40C, 50C d31x7A Az & A73& SAT Aoty 43272 A=
Ea= JJr;“OﬂH 7V e 78‘50% Hyou Tr«l A Aol oA g

oM A% A= A B & A7 57

fir
L,
19{#

o
f
2
o
+
Ho
1o
=)

o)t ohuigitk

Table 4-4. 7AZA|Zb] W& R=3} AWt ‘Alice Anderson’ =7] WH3HHIE -2 “JE)
2 1%
Width I (mm) Width II (mm) Height (mm)
after 0 h at 40C 20.75x 7.77 34.30+9.68 45.68+7.26
after 24h at 40C 23.86+ 9.20 33.09+£8.34 45.09+7.07
after 48h at 40C 22.84+ 9.25 30.33+£8.18 40.54+7.34
after 72h at 40C 16.73+10.28 25.72£8.41 38.95+6.64
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Table 4-5. ZAZAI7H] W& ®E3}F 4AH]HE ‘Golden Tiara” =7] W3}

Temperature Time Width I (mm) | Width II (mm) Height (mm)
¢ 30T Ohr 61.43+ 4.94 53.91+£6.45 54.94+5.80
a 24hr 52.92+ 8.65 50.64+6.20 50.42£8.51
at 40C Ohr 61.82+ 7.00 53.95+4.08 57.01+£5.74
24hr 52.38+ 4.19 48.70+£4.28 51.92+7.83
t 50°C Ohr 60.50+ 7.30 55.57+8.85 54.08+6.48
4 24hr 56.48+ 7.54 51.17+7.78 49.06+4.99
at room Ohr 61.46+ 6.43 44.65+6.18 56.96+6.76
temperature 24hr 65.65+ 4.39 45.13+£4.22 54.24+7.79
@h. A g9 =4
O. As 9 9
ANt BESLY] g 2 HIHE 98] RESE A8 HEE o] 83t A Id
71 vpdstuAl AAETE A 282 dst TR met 22 Ao 8%
24 Jeh A HEu2, 28 A5 tig Avgg A4 dde) oigk 71#ekS v}
Astazl AAISFATH
@. A+23

ARTe AF2AL S0l e FHE A8 AFLHe AP o, Xz
AZEE 24M7E ol A7) & Hxshes 210 & sttt A A upe) 2ol
Z &5 2718 H83td "otk Table 4-62 ARt HES} A2hS g A2 alg
71E& vhdsh] 918 AREA 7]E0 %%‘01 B2 Am e vl A3 23S v
Ulth AEF0l No. 25 71202 ot s Al =star, Ar], Anlitgol Aefst
of AA FollA TAH= e vlastith. 2Ao o £ FA T Aol= <l
3 22 Ao AT tE A wdo] o] RFAXA HIUA, ol At 7nt
og AE A M g9l A C)z}olS 9|3t &]"J EF3} FAYe] 7k A EE
SEATE 7181 A el Tgtdlold 7S &-83te] Thalo] opd B0 HES
ALt 71k whEsiith A U] AlellA Bo] ofelR TLetE|old Aol BE

-

N
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s 1 b5l B W kR W, A SAelA agle] Bad Fitelet o
BRNE 91T T AzEe 257 0% 5 A7) Basith TeEeld Y e
F4 ANS BES A LY J143 B Do 2L P 2R
o 2714 ool S ol gste] IRsh WO R T MRS AFY 5 A
2 Felsigon, 2 YRl AuHE A BES A9 B L)L AET
£ BES AL AAEE 2OE Hok Mgl UYL il FaF Hot ¥ &
SIck. the £AE} ol gels Age LSk Zlo] BAle] @ 4 gtk We AHe
E7E Holt YRE A2l 27 e LEoA Ao Ao wAHE Aow B
of e Lol ThpgS 2 AF Aol F5T oleh BRHST Bol %
WY )% nES] 4837 ojel ZoE BRItk ool A thakd ek
ol APy WA o] BE A W sE RES 552 FAT 5 ot

Table 4-6. A/ Wigts = 2 dsol e Aol REsE A W3 A dgHcolorimeter)

Color Color Hi& H % H A% C L a b

o=
D e
Fr
- HIS
W ) b\ﬁ?ﬁtgnsm}'g(‘)’{)%fg =+ 1.0GY 8.7 46 84.59 ~10.96 28.38

0.2GY 8.5 10.7 86.30 -17.67 79.06

Rose Red 622 + Lemon
/Yg(l)lgwl 522 +White 5ml 7.9R 7.6 5.9 72.45 2217 14.98
m

Purple 152t2 + White 9ml _
/300ml 3.2P 7.6 6.5 71.77 15.39 22.62

2.6P 4.9 15.8 50.82 46.37 -50.88

i-_..l.'/
' 9.8R 6.0 12.4 61.25 44.62 48.29
}E

A Lemon Yellow 222 +
Rose red 128t2 + White 9.7R 7.7 6.0 74.10 21.32 17.94
' 9ml /300ml
1.6YR 5.8 13.8 59.86 46.86 59.09
Cherry Pink 3122 + White _
omi/300ml 1.4RP 8.3 5.4 80.69 19.64 6.39
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2.2RP 7.2 8.6 73.28 33.63 -9.93
Cherry Pink 92 + Rose
red 2242 + White 5.4RP 8.2 5.1 79.59 20.10 -0.25
5ml/300ml
1.1R 6.1 11.0 63.16 46.98 13.44
(S:flj]ockin_ T% ;DPOOE‘!% +
erry Pin s+
Purple 10&2S + Rose red 9.5RP 5.7 12.9 51.37 53.86 7.24
3022 /300ml
5.4R 3.3 1.7 33.48 52.52 25.58
. Shocking Pink 13&& +Sky
blue 8%#2 + Purple 6.8P 7.6 6.4 72.34 19.56 -16.02
w 31-2/300ml
‘ 5.4P 5.6 12.2 57.19 38.58 -34.87
o ? i Shocking Pink 152+
' ‘:’ +White 9ml/300ml 4.4RP 8.5 7.8 82.78 34.75 -3.02
. 4.2RP 7.4 13.3 75.57 55.52 -7.43
I?gg? red gg'é!% + iurple
g2 + Cherry pin
' 158t + Sky blue 8.2RP 5.0 7.8 44.05 30.53 2.40
' 1 I 158 2/300ml
. 6.9R 2.5 6.5 25.53 29.55 12.87
. ahocking(;j ?isrmﬂ%’%;
ose re &S + Cherry
i pink 2022 + White 9ml 8.3RP 7.4 9.5 70.28 40.31 4.75
[ /300ml
. 4.5R 5.40 14.40 55.20 59.62 29.18
- Sky blue 2582 + White
' oml/300m! 3.58 7.8 5.3 74.93 -17.81 -14.64
’ 4.58 5.7 9.5 58.19 -27.64 -29.99
Sky blue 202& + Purple _ _
' 5 4582 + White 9ml/300mI 9.58 7.7 4.7 73.76 8.16 17.19
&
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0.18 6.5 7.0 66.79 -10.28 -25.79
Sky blue 1222 + White _ _
9ml/300ml 3.08 8.4 3.5 81.20 13.19 8.80
‘ 4.98 6.1 9.2 63.15 -26.00 -29.49
- Lemon Yellow 1528 +
. 1, White 5ml/300ml 1.0GY 8.7 4.6 84.59 -10.96 28.38
JE
' 0.2GY 8.5 10.7 86.30 -17.67 79.06
- Rose Red 62t= + Lemon
- /Yse(l)l(())wl 592 +White 5ml 7.9R 7.6 5.9 72.45 22.17 14.98
! L'_i m
' 9.8R 6.0 12.4 61.25 44.62 48.29
- Purple 15&2 + White 9ml
. 9 /300m! 3.2P 7.6 6.5 777 15.39 -22.62
¢ it
' 2.6P 4.9 15.8 50.82 46.37 -50.88
- Lemon Yellow 2&2 +
Rose red 1222 + White 9.7R 7.7 6.0 74.10 21.32 17.94
. 9ml /300ml
1.6YR 5.8 13.8 59.86 46.86 59.09
Cherry Pink 3122 + White _
9mi/300ml 1.4RP 8.3 5.4 80.69 19.64 6.39
2.2RP 7.2 8.6 73.28 33.63 -9.93
Cherry Pink 9&¢2 + Rose
red 22t + White 5.4RP 8.2 5.1 79.59 20.10 -0.25
5ml/300ml
1.1R 6.1 11.0 63.16 46.98 13.44
(S)Eockinlg_ ilni(1 é)}OOE!% +
erry Pin s+
Purple 1022 + Rose red 9.5RP 5.7 12.9 51.37 53.86 7.24
30&2t= /300ml
5.4R 3.3 1.7 33.48 52.52 25.53
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o Shocking Pink 132t& +Sky
blue 8EFE + Purple 6.8P 7.6 6.4 72.34 19.56 | -16.02
- 35+2/300ml
=
5.4P 5.6 12.2 57.19 38.58 | -34.87
. ; ; o
3 Siocking Fink 108 44RP | 85 7.8 82.78 34.75 -3.02
. 4.2RP 7.4 18.3 75.57 55.52 -7.43
Rog c>red 508t + Purple
. 1988 1 Shomy pink 82RP | 5.0 7.8 44.05 | 3053 2.40
- v 155t 2/300ml
. 6.9R 2.5 6.5 25.53 29.55 12.87
Shocking DInL(F;1tc'>"§
' Eﬁﬁfgg&;: Shepery | g.3ap 7.4 9.5 70.28 40.31 475
_1 7300m|
‘ 4.5R 540 | 14.40 | 55.20 59.62 29.18
.-' b Sky blao 255i% + Whits 3.58 7.8 5.3 7493 | -17.81 | -14.64
‘ 4.58 5.7 9.5 58.19 | -27.64 | -29.99
’ 5 Ty Plue 208 + Famdle | 958 7.7 47 7376 | -816 | -17.19
‘ 0.18 6.5 7.0 66.79 | -10.28 | -25.79
- - .
. Sky Diue 1228 + White 3.08 8.4 3.5 81.20 | -13.19 | -8.80
‘ 4.98 6.1 9.2 63.15 | -26.00 | -29.49
' . Jollow 1S4+ White 6.2y 9.0 0.7 88.86 -1.44 6.40
. 1.6GY | 87 4.4 8526 | -11.35 | 27.24
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Red 12t=2 + Sky Blue

122 + White 5.8RP 8.5 86.5 83.05 7.09 0.19

602+=/300ml
3.3R 5.9 5.1 53.43 19.03 6.99

Purple 122 + White _

605H2/300m! 0.5RP 8.8 1.0 86.61 1.68 0.62
1.8P 6.9 7.5 64.79 15.15 =27.72

Sky blue 122 + White _ _

60 2/300ml 2.9G 8.9 0.3 87.93 2.19 1.21
3.7B 8.0 3.8 77.40 -12.87 -9.93

Royal Blue 4022 + Purple _ _

102 =/300ml 4.1PB 8.2 2.5 78.62 0.94 8.15
6.0PB 4.7 11.0 41.31 8.03 -50.48

Cherry Pink 22t2 + White

605+2/300m! 9.8RP 8.9 1.7 87.31 4.47 1.18
0.6RP 7.8 6.1 74.60 22.27 -9.18

Black 28/2 + White _

60ErE /300ml 1.5Y 9.0 0.4 88.53 0.05 3.22
2.4GY 8.5 0.6 82.88 -1.94 4.71

Yellow 0.522 + White _

3mi/300mi 5.3Y 9.0 0.5 89.05 0.78 4.09
1.7GY 8.7 1.9 84.77 -5.85 14.51

Purple 0.52/2 + White

3mi/300m! 3.0YR 9.0 0.3 88.15 0.65 1.07
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@. d7EAKNHZFETA Wwd)

=l
2.1P 8.1 3.0 78.01 5.19 -8.75
Sky blue 0.52t2 + White _
3ml/300ml 4.9Y 9.0 0.2 89.02 0.30 1.69
8.08 8.7 1.3 84.78 -2.69 -3.28
Black 0.5%2 + White _
3ml/300ml 5.0Y 8.9 0.5 87.70 0.81 4.62
1.1GY 8.0 1.4 76.77 -4.09 10.71
Yellow 12ml + Blue 9ml+
White 60ml/300m! 5.3GY 8.7 5.2 85.20 -18.07 29.32
65.54 -21.73 32.94
D. A= 2
AT BES AL T 8T ol 27EE $9 A B BE T
e A4g 8l PR AoE JeR ASlelET, ‘selET, ‘Fux
A0, c2EY SR, 20k BEY, CFROEel skl sz
g, AU, BEAES, FEOlE’, ‘mzdugds’, EEe}
2, ‘Ad’, sz, ‘dElxddgE’ 9 ‘¢dlE’, ‘Mocca’ , ‘3ol
Ed’, ‘eiin’ , SR FFS sty 7hedAe Jdstgen, 7 5
ALY, ZQFA, £ A7), B4 & A5t F4 WUt o] &3kt tEFAAE
A3 FAAAFE HAEE At E s7F 32 FEEFHAAA o8 5 3l
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ANTS BES AzE AY 257 40°C AEE 44T AL 129A=H oA
3] Azxshe AL s dFAA Al 2379 AG7E ARt Az 3
AE F% 30% °l3 2% 40°C ol fAsk Az W 23S & 49 Avpd g
5715 9AY e BAHS WAsHA gon, Az 41E o) AxH AH]
Oe HE3F] 749 29 FHo] Ax3E A E Ho AlsEHe €& dAs] Zda
sith Azxa shgoA £ vhAE o] 83 T B B ArisEHE 48 =9
F Ao AEAS FAE F Aok dFHA T QoA SHE AR =2
]9 EAHojw, HAZA Aol wel vEd Aujgg BES] R# 9 FHRA
7} A A= o)t}
4 e 43 =1 g9
Hit 2 BEEste] S84 Hrt
As 2L g

4312 At

AL BE3L] B4 WIS 98 ‘Alice Anderson’  AlRIT]$ % °
2 Agsidth Avv R Asket BEste] HeAd SAS dotiy] f& 83
4 A (dynamic oscillatory shear test)s AT 52 Hed 548 SH4317] 9
3] advanced rheometric expansion system(ARES, Rheometric Scientific Inc.,
Piscataway, NJ, USA)S o]&3dte] 25°CZ =A™ AejolA frequency sweep testo}
strain sweep testE AAFFATE o] A AEA Al Sx(store modulus, G’ ), £AEAIA]
“loss modulus, G” ), <A ekAIE(loss tangent, tan §), 47 =(complex viscosity,
nME =4 vwstgth Auite BEEsle] AT texture analyzer(CT3 4500,
Brookfield Engineering Lab., Middleboro, MA, USA)E o] &3l =435 ch

4g 2
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ox
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fu)

N
3

‘0,

wepy ol wel skl AFe A G 3 EHAEdAF G 2 FaATF LEsH
FAEE s Holed Rel(Fig. 4-54), BE8Le] G 3 G & HAF F7kehe &
&< BATHEE. 4-5B). 714 G & A& B e UehdiH AE oA 9
Hrolal 67 2 AR Hde el 924 &48 oy Hxolmnz 43}t
HEDRe] M SA Aot e & o Utk =7 G’ 2 dynamic rigidityE
ERi7 = stz st Hls] RESL 290 AR wee & o Uth Aot BE

=
3 % UF S57b webgel wek BAHE 5} dashe A4S Bet
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Fig. 4-5. The viscoelastic behavior of fresh (A) and preserved (B) flowers of
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‘Alice Anderson’

Cymbidium as a function of frequency. Dynamic frequency sweep test from 0.1 to 1000 rad/s at 25°C.
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Fig. 4-6. The viscoelastic behavior of fresh (A) and preserved (B) flowers of *Alice Anderson’

Cymbidium as a function of strain at 1 rad/s. Dynamic strain sweep test from 0.01 to 100% at 25°C.
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Fig. 4-7. Hardness of fresh and preserved flowers of ‘Alice
Anderson’ Cymbidium as a compression force using a TA3/100
probe.

2. ATg nEse] AETZe 37}

7.

(.

xHE Eﬂ H]—H—]
AH| TS B 23} /q]* Tz W3S dolrr] 98] “Alice Anderson” AR|T]E
=& ARSIt ARt Ak 29 ARek BESE 29 T 5 E5E AR

At 2 AIRE A4 AR st AAE A 2HERAEE7I(EM UCT, Leica
Microsystems, Wetzlar, Germany)g &3t HAES " & FHAE9HA
(JEM1010, JEOL Ltd., Tokyo, Japan)& o]-&3te] 323}t

A7}
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Fig. 4-9. TEM images of central parts of petal in preserved Cymbidium flowers. A,
x4000. B, x8000. C, x40000.

Fig. 4-10. TEM images of marginal parts of petal in preserved Cymbidium flowers.
A, x4000. B, x6000. C, x50000.
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Fig. 4-12. Principle component analysis (PCA) plot of fragrant compounds in Cymbidium preserved
flowers and essential oils using electronic nose (A: rose-scented preserved flower, B: lily-scented
preserved flower, C: dahlia-scented preserved flower, D: jasmine-scented preserved flower, 1: 1 week
after storage, 2: 2 weeks after storage, 3: 3 weeks after storage, v]: rose-scented essential oil,
3t lily-scented essential oil, t+&# o} dahlia-scented essential oil, AF2~%l: jasmine-scented essential
oil, CON: air)
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Fig. 4-13. Discriminant function analysis (DFA) plots of fragrant compounds in Cymbidium preserved
flowers and essential oils using electronic nose (A: rose-scented preserved flower, B: lily-scented
preserved flower, C: dahlia-scented preserved flower, D: jasmine-scented preserved flower, 1: 1 week
after storage, 2: 2 weeks after storage, 3: 3 weeks after storage, “7|: rose-scented essential oil,
3} lily-scented essential oil, t}&g]o}: dahlia-scented essential oil, &}2~%1: jasmine-scented essential
oil, CON: air)
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Fig. 4-14. Aroma intensities (ARgas/Rair) of sensors for essential oils using electronic nose (n = 3).
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Fig. 4-15. Aroma intensity (ARgas/Rair) of sensors for scented preserved flowers during storage
using electronic nose (n = 3).
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Fig. 4-16. The scent intensity of essential cils using electronic nose (n = 3).

Rose Dahlia  Jasmine Liky Dahlia  lasmine

Intensity (PPhI)

Dahlia lasmine
1 2 3

Weeks after storage

Fig. 4-17. The scent intensity of scented preserved flowers during storage using electronic nose (n = 3).
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Fig. 4-22. The viscoelastic behavior of 0.05 mm (A) and 0.1 mm (B) coating agents as a function of

strain at 1 rad/s. Dynamic strain sweep test from 0.01 to 100% at 25°C.
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Fig. 4-23. The viscoelastic behavior of 0.05 mm (A) and 0.1 mm (B) coating agents as a function of
frequency. Dynamic frequency sweep test from 0.1 to 1000 rad/s at 25°C.
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Fig. 4-24. The viscoelastic behavior of non-coated (A), 1st coated (B), and 2nd coated (C) Cymbidium
preserved flowers as a function of strain at 1 rad/s. Dynamic strain sweep test from 0.01 to 100% at
25°C.
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Fig. 4-25. The viscoelastic behavior of non-coated (A), 1st coated (B), and 2nd coated (C) Cymbidium
preserved flowers as a function of frequency. Dynamic frequency sweep test from 0.1 to 1000 rad/s
at 25°C.
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Fig. 4-26. Hardness of non-coated, 1st coated, and 2nd coated Cymbidium preserved flowers as a

compression force using a TA-FSF probe.
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Fig. 4-27. Different relative humidity.
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Table 4-8. The initial hue angle of Cymbidium preserved flowers at different relative
humidity.

Relative humidity (%) 20 40 60 80
Hue angle 35.4+0.72 33.7+0.24 38.7+0.99 40.2+1.63
*
gg 20% 40%
gg‘/{ 60% 80%
WAT WAT

Fig.4-29. Changes in hue angle of Cymbidium preserved flowers at different
relative humidity.
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Table 4-9. Changes in color (AE) of Cymbidium preserved flowers at different
relative humidity.

Relative humidity (%)

Storage period (weeks)

2 4 6
20 347 £ 0.1 252 = 1.0 540 = 0.1
40 763 £ 0.5 6.42 = 1.1 429 = 1.2
60 319 £ 03 188 £ 0.2 768 £ 0.3
80 6.57 £ 3.1 440 + 4.8 8.68 £ 2.5
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Fig.4-30. The viscoelastic behavior of Cymbidium preserved flowers at different relative
humidity as a function of strain at 1 rad/s. Dynamic strain sweep test from 0.01 to 100%
at 25°C.
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Fig.4-31. The viscoelastic behavior of Cymbidium preserved flowers at different relative
humidity as a function of frequency. Dynamic frequency sweep test from 0.1 to 1000 rad/s at
25°C.
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Fig. 4-32. Hardness of Cymbidium preserved flowers at different relative humidity as a compression
force using a TA-FSF probe.
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Fig. 4-37. The viscoelastic behavior of coated Cymbidium preserved flowers at different relative
humidity as a function of strain at 1 rad/s. Dynamic strain sweep test from 0.1 to 20% at 25°C.
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AlE ook it

Table 4-13. Number of preserved flower product types in internet sale.

Name of shop Product type of each shops (number)

Total

Prices A B ¢ D E F G H I J
~ 20,000 won 28° - - 12 - 2 - 4 - 6 52(9.9%)
20,000760,000 won 62 19 24 5 9 30 16 8 21 8 202(38.5%)
60,0007100,000 won 16 19 14 - 8 - 15 - 43 9 124(23.6%)
100,0007300,000 won 10 41 10 - - - 17 36 7 121(23.0%)
over 300,000 won 1 15 3 - - - 5 1 1 26(5.0%)
Total 117 94 51 17 17 32 53 12 101 31 595(100%)

(22.3%) (17.9%) (9.8%) (3.2%) (3.2%) (6.1%) (10.1%) (2.3%) (19.2%) (5.9%)

“ number of preserved flower goods, there is no product less than 10,000 won
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