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Development of an Apparatus for Graft-taking Enhancement
and Photomorphogenesis of Grafted Seedlings
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SUMMARY

I. TITLE

Development of an Apparatus for Graft-taking Enhancement and Photomorphogenesis

of Grafted Seedlings Using Artificial Lighting

. OBJECTIVES AND NECESSITY

Grafting has become a major technique for the production of fruit-bearing vegetables.
Considering the production area and planting density of vegetable, the demand of grafted
seedlings for vegetables in Korea is estimated approximately 500 millions. Inarching,
insertion, slant-cut or horizontal-cut grafting were used to produce grafted seedlings in
domestic nursery.

Grafting requires time, space and materials. Also a high expertise is required for
grafting, healing and acclimatization. Usually the shading materials and plastic film are
used to keep the high relative humidity and low light intensity around grafted seedlings in
greenhouse or tunnel. Farmers or managers rely on their experience for the production of
grafted seedlings. However, it is quite difficult to optimally control the environment for
graft-taking, healing and acclimatization of grafted seedlings under natural light. Therefore
it is required to develop an apparatus to enhance the grafi-taking of massive grafted
seedlings. And the optimal environment for successful graft-taking should be provided.

Wilting of scions, which is related to excessive evapotranspiration, was prevented to
increase the graft-taking of grafted seedlings. High relative humidity is an effective way to
prevent the wilting after grafting. And then, it is suggested to lower the relative humidity

and increase light intensity for smooth joining of grafted seedlings.

._14_



If artificial light is used as a lighting source for graft-taking of grafted seedlings, the
light intensity, quality and photoperiod can be easily controlled. Although earlier study
showed the suitable conditions for healing of graft unions on tomato scions in a growth
chamber, there was no report for the effect of light quality on graft-taking enhancement of
whole grafted seedlings under artificial lighting.

The purpose of this study was to develop an apparatus for graft-taking enhancement
using artificial lighting and to apply the photomorphogenesis of grafied seedlings for the

production of watermelon grafted seedlings with quality.

. SCOPES OF THE STUDY

A. Development of an Apparatus for Grafi-taking Enhancement of Grafted Seedlings

(AGEGS) Using Artificial Lighting

1. Survey on the traditional graft-taking of grafted seedlings
2. Development of AGEGS
1) Design of pilot AGEGS
2) Distribution of air current speed, air temperature and relative humidity in AGEGS
3) Analysis of spectral characteristics and light intensity of artificial lighting sources
4) Comparison of particle size by the type of humidifiers
5) Calculation of electric energy consumed in AGEGS
3. Evapotranspiration and graft-taking of grafted seedlings
1) Measurement of evapotranspiration rate (EVTR) of grafted seedlings
2) EVTR and graft-taking of grafted seedlings as affected by photoperiod

3) EVTR and grafi-taking of grafted seedlings as affected by air temperature
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4) EVTR and graft-taking of grafted seedlings as affected by relative humidty

5) EVTR and grafi-taking of grafted seedlings as affected by photosynthetic photon
flux

6) EVTR and graft-taking of grafted seedlings as affected by air current speed

7) EVTR and graft-taking of grafted seedlings as affected by steps of relative humidity
and photosynthetic photon flux

8) Acclimatization characteristics of grafted seedlings

9) Measurement of net photosynthetic rate of grafted seedlings

10) Massive graft-taking of grafted seedlings

4. Optimal environment for raising seedlings under artificial lighting

1. .

nnnnn y cariad @i
wth of bott 10toperioa ait

Ty Qoo o offa~ead L .
E) Gr ttle gcurd aecdhuga as affected oy pr

d photosynthetic
photon flux

2) Growth of watermelon and bottle gourd seedlings as affected by air temperature and
photosynthetic photon flux

3) Growth of watermelon and bottle gourd seedlings as affected by photosynthetic

photon flux and DIF

B. Photomorphogenesis and in-vivo Information of Grafted Seedlings

1. Photomorphogenesis of grafted seedlings
1) Analysis of spectral characteristics and light intensity of light emitting diodes (LED)
2) EVTR and grafi-taking of grafted seedlings graft-taken under LED
3) EVTR and grafi-taking of grafted seedlings graft-taken under blue, green, red, and
far-red LED

4) EVTR and graft-taking of grafted seedlings graft-taken under combination LED of
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blue and red

5) Grafi-taking of grafted seedlings using blue and red fluorescent lamps

6) Growth and quality of watermelon after transplanting as affected by light quality

2. In-vivo measurement of grafied seedlings

1) Tmage processing for joining part of rootstock and scion

2) Three dimensional visualization of vascular bundles

3) Comparison of three dimensional visualization of vascular bundles by grafting
method

4) Measurement of thermal imaging of grafted seedlings

5) Analysis of plant temperature of joining part by thermal images

6) Analysis of mechanical properties of grafted seedlings

IV. RESULTS AND RECOMMENDATIONS

1. Development of an AGEGS using artificial lighting

1) Insertion grafting was widely applied for the production of watermeion grafted
seedlings in survey on the traditional graft-taking of grafted seedling. Farmers or managers
relied on their experience to environment control for graft-taking of grafted seedlings. Thus
the quality of grafted seedlings was not uniform.

2) An apparatus with polyurethane panel of 100mm thick for graft-taking enhancement
of grafted seedlings using artificial lighting was developed. It has 2,800mm long by
3,300mm wide by 2,860mm high. Grafted seedlings of 6,400 to 9,000 can be graft-taken
on two shelves in AGEGS at the same time.

3) Since the perforated steel plates with different perforation ratio were attached at the
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inlet and exit of air duct in AGEGS, air current speed, air temperature and relative
humidity were uniformly distributed in AGEGS.

4) Spectral characteristics and light intensity of fluorescent lamps as an artificial lighting
source for grafi-taking enhancement were analyzed.

5) Mean diameters of particle generated from a ultrasonic and steam type humidifier
were 7.58+0.14um, 9.01 £0.06pum, respectively. Since a ultrasonic type has smaller
particle, it can be effective for humidifying.

6) Electric energy and electricity cost consumed in AGEGS were analyzed. Electric
energy for heating, cooling, lighting, humidifying and air circulation were 57%, 28%, 11%,
3%, and 1%, respectively. Therefore the countermeasures for energy saving in air

be considered.

[=9)

conditioning shoul

7) Air current speed, air temperature and relative humidity in AGEGS using artificial
lighting sources with adequate light intensity and quality can be fully controlled. This
AGEGS can be used for a room for germination of seed or acclimatization of cultured
seedlings.

8) A wind tunnel for the measurement of evapotranspiration rate (EVTR) from grafted
seedlings was designed. Also, a measurement system to analyze quantitatively for the
effect of physical environments on EVTR was developed.

9) Effects of photoperiod, air temperature, relative humidity, air current speed and
photosynthetic photon flux (PPF) on EVTR and grafi-taking of grafted seedlings were
analyzed. Optimal conditions for grafi-taking were 25-27°C fo air temperature, more than
90% for relative humidity, 0.1m - s for air current speed, 50umol - m?-s' for PPF, 12
h-d' for photoperiod, respectively. Grafi-taking higher than 90% was found as these
conditions.

10) Humidity decrease of 10% from 95% and PPF increase of 25umol - m? - s’ from 50
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pmol - m” - s™ at 3 days after grafting would be effective for the production of healthy

grafted seedlings.
11) Although grafted seedlings at 2 days after grafting had a low net photosynthetic rate
of 42-64mgCO; - dm? - h”', but net photosynthetic rate increased with the increasing days

after grafting. Net photosynthetic rate of grafted seedlings at PPF of 75umol - m™ - s

increased by 26% as compared to those at PPF of 50umol - m™> - s,

12) Effect of photoperiod on the growth of bottle gourd for rootstock was higher than
those of PPF. At the treatment of photoperiod, all growth indices except root activity were
highly significant

13) Application of adequate PPF and DIF would be effective for the stem elongation of
watermelon and bottle gourd seedlings. In rootstock, hypocotyl of 4-5cm long was needed
for slant-cut and insertion grafting used in this study. Optimum environment for the
production of healthy rootstock was 200-300pmol » m™ - s for PPF, 25-27°C for air
temperature, 10°C for DIF, 50% for relative humidity, and 12h - d' for photoperiod,

respectively.

2. Photomorphogenesis and in-vivo information of grafted seedlings

1) Spectral characteristics and light intensity of blue, green, red, and far-red LED
modules were analyzed.

2) Effect of light quality of LED on EVTR of grafted seedlings was investigated.
EVTR of grafted seedlings at photoperiod of 2 days after grafting was 50.5g - m™> - h™" for
blue LED, 40.7g - m? - h"' for far-red, 37.6g - m? - h' for green, and 32.15¢ - m™? - h"' for
red, respectively. Effect of light quality on EVTR decreased with the increasing days after

grafting.

_19_



3) Graft-taking of grafted seedlings grafi-taken under red, green, blue, and far-red LED
was 100%, 100%, 96%, and 80%, respectively. Graft-taking of grafted seedlings under red,
green, and blue LED was almost same as compared to those under fluorescent lamps.

4) Effect of the addition of blue LED to red LED on EVTR of grafied seedlings was
analyzed. Graft-taking of grafted seedlings at the treatment of R (red only), RB32
(red:blue = 3:2), RB23 (red:blue=2:3), B (blue only), and RB41(red:blue=4:1) was 100%,
100%, 96%, 96%, and 92%, respectively. Combination LED of the addition of blue light
to red light as well as monochrome LED such as blue or red light would be effective as
an artificial lighting source for graft-taking.

5) Effect of light quality using LED on grafi-taking and acclimatization of grafted
seedlings existed. Since the seedlings quality of grafted seedlings under biue, green, red,
and far-red LED was continued to the acclimatization stage, LED will be effectively used
as an artificial lighting source for detection of the continuation of seedlings quality.

6) Grafted seedlings grafted-taken under blue, red, blue plus red, and white fluorescent
lamps in AGEGS controlled to 27°C for air temperature, 90% for relative humidity, SO0u
mol - m? . s' for PPF, 0.lm-s' for air current speed, and 12h - d' for photoperiod
showed visually uniform growth. But grafted seedlings grafted-taken under natural lighting
showed spindly and succulent growth.

7) Among the growth indices after transplanting of watermelon grafted seedlings
grafted-taken under blue, red, blue plus red, and white fluorescent famps, difference of
number of leaves and length of intenode for blue light were significant. Leaf length and
width, stem diameter, plant height, fruit setting, fruit length, height and weight showed no
significance by the treatment of light

8) Watermelon graft-taken under red and blue plus red fluorescent lamps had high

marketable yield, because they had no puffy fruit and low yellow belt. But watermelon
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under white fluorescent lamps had high malformed fruit compared to other treatment. It is
no certain that whether these results came from by the treatment of light quality at
graft-taking stage.

9) Yield of watermelon in the treatments of light quality using fluorescent lamps were
higher than those of the control. Yield and soluble solid of watermelon in the treatment of
blue fluorescent lamps reached 1,580kg per 10a and 11.8 °Bx. and were greater than in
other treatments.

10) Three dimensional visualization for wvascular bundles of scions and rootstock
watermelon was performed using images captured by computer vision system. It is possible
to understand visually the process for the joining of scion and rootstock at any angle of
view. Three dimensional visualization for vascular bundles of joining part of grafted
seedlings was compared by the grafting method.

11) Plant temperature at the joining part of grafted seedlings was measured using infrared
thermography which can detect intactly any material's temperature. Plant temperature at the
joining part of scion and rootstock was lower by 0.1-4.2°C than those in other part at the
initial stage after grafting. Difference in temperature between joining part and other part of
grafted seedlings decreased with the increasing days after grafting.

12) Mechanical properties of grafted seedlings by the grafting method were analyzed. At
5 days after grafting, tensile strength of grafted seedlings by slant-cut and insertion,
inarching, and insertion grafting reached 434.3kPa, 345.6kPa, and 129.9kPa, respectively.
Hardness of grafted seedlings by grafting method were 130.2kPa for slant-cut and
insertion, 214.5kPa for inarching, and 211.8kPa for insertion, respectively. Shearing strength
by grafting method reached 683.6kPa for slant-cut and insertion, 439.5kPa for inarching,
and 447.3kPa for insertion, respectively. Considering the tensile and shearing strength,

slant-cut and insertion applied in this study will be adequate as the grafting method for
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production of grafted seedlings with quality.

The developed an apparatus for graft-taking enhancement of grafted seedlings (AGEGS)
using artificial lighting has many advantages regarding the quality of produced grafted
seedlings, capacity, and simple management. The developed AGEGS will be utilized to
produce the grafted seedlings with quality in nursery and commercialized in conjunction
with any private company. Since the air current speed, air temperature, and relative
humidity in AGEGS using artificial lighting sources can be uniformly controlled, this
AGEGS also can be used for a room for germination of seed or acclimatization of
cultured seedlings. Possibility for the treatment of light quality to produce the grafted

seedlings with quality was considered. More interests and efforts are needed in this area
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Aoiel dge AFHoz Fysiad 7] FH 8L Aot stedES EAF
AZR 7 AA D AR olol wrh B Aol dA E AFd FHASAZA
M A 2xlA AAE vl go] 7L, Adsx: 2 VFEEr 24U BX
olm AolFx, FF T FAL AL uA FE doo FHd AT FFAEARED
2k 7} 2= (photosynthetic photon flux, PPF), &, BAlZ % 5o FA=9 Fd 4 o
3% AFNE nlstd AHEE st B dFoA At EFFIFA= 7124
oz o1ZTFaldA FIZre THEL HIJAF7] AT oz AAHASY, THASH

i

P J—

o = Zid Eig
=2 98 Frremn HL£Y 4 Yt E 3 ASUTFw FPTIATEHN AdTR
23| 5

FA 84 Ao A 717 A

3,

8 &=

oS

b

= AY T O A 9 = O =AY
ofEx s = Clew o=

ga&xgAe] A7) YF 3,500(W) x 3,200D) x 3,060(H), W 3,300(W) x
2,800m(D) x 2,860m(H)o|u, A ZAE= F7 100mme] Z &9 S(polyurethane)S &
gHz AT BFHE ARG 6, 1Y 8). FAEAZA URA= =717t
2,810(W) x 580(D) x 2.050(HD2A ~E|du2= AZE 452 ANke HAFHATH
9 7. 29 9). Aute] 7 welE 2] 260(W) x S30(D)Y EelEd 0|7} 8744 Fol
A ok asgez g Myt EaEHCE fXAH o FHHIFA A |
ol Y A5 HHEEL FeeE GE5H ZH

- 509 TP aEedHOE AHET BS
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- 28] ZTEEHE ALY AL

72F/7) x 870/& x 4v/d x 49 = 92165

A% Teasdole THel) Fdl we wolst ok, BAEALA Yol 13

2 5@ YBEE 6400921650tk /Y SHE HASHAA 13 du %
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Aol HeY : 10~40T
Aol A= : £05C
Aol A : PID Ao
Aol W9 : 30~100%
AlEE Aol A% : +5%RH
Aol ¥ : PID Ao
Aol He) : 0~1.0m- s
REE Aol %= 2 £0.0m - s
1

>

. =l Z
Ao Y FAE

Aol ML : 0~100pmol - m™ - 5™
3 Alo] A% : +10umol - m2 - s~
Ao vH2A : On-Off Ao
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H¥as 53 a7

QW=KA(to'ti)

Qw: FI#F F(keal - h)

K: 3gd A2 A S (keal - m? - h' - TN

G: 2718k el AAbole] o) F W DA F(=20keal - m? - b - T
Aol QAR A keal - m? K- T

¢: 9ol F(m)

ai WA} ANF7) Aol dF A2 A F(=8keal - m?-h' - T
Ar EW D) |

to: 2|71 2(C)

t: A7) &(C)
2) Bl

Qi = Qis + Qig

Qs =7 CoV (b -t)n

Vv
Q¢ = — L (X% - xi)n
v

Qi #7]3 ¥ F(keal + h)

Qs EE #7717 F(keal - h')

Qie: HEE 7)1 F F(keal - h™)

y: F719 WE(=12kg - m>)

Co: &719] ¥ ¥(=0.24keal - kg’ - T

v: A A A (m?)
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n:

(7}

L:

Xo:

Xi.

#7138 4([E - h™)

g1} WA H(=0.83m - kg™)
2o Z2ad(=597keal - kg')
9]7]9] AL E(ke - ke')
AErle] Buoig=(kg - ke

3) AF AL ZHQ,, keal - h') : NFHRLFL FA T

4 2

Qp

5) 21
Qe
Qe:

P:

EA2RE e LEF
R=1p (x - X) = (@/Cp) (x5 - X) 6)
=LRA )
: A B A2 REle] W F(keal - h)
Futakg - m” - b
2} v ¥ 2 (m®)
D EANGASKg - m” - h)
cEwaEesd o dugEke - kg
79 IVIexse U AdiF ke - kg
R A AL (keal - m? - h! - T
FHozRE) WIH
= 0.86 P (3)
AFFozREl o] B F(keal - h)
WELIW), & FLF SRS Y Aol AN Fele ¥

Z 3o}

6) THozRE] AIHF

Qm
Qm
Qm

= 1300 W 0.15kW =< W
= 1080 W 0.75kW = W
= 1000 W 4kW <= W <
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< 0.5kW (9a)
< 3kW (9b)
15kW (9¢)



Qn
Qm
Qm B8 oz RE 9 e F(keal - h')

960 W 17kW < W < 45kW (9d)

950 W 45kW = W (9e)

W: AE719 = (EW)

471 HollA AdE @FE 083 FER FHZNFA A3 WHsHL AH
T
33C, 15%R.H.2 dgloen, didA7eq FasEe] dA4Xes Z42 18T, 70%R.H.
2 3. g2 WiEste A AAHE ebd ol

7 EEE 5T dBFFQW

fr

ok Adde] AHEE AREZA 712 FueEEE AEdY Jaried A%

HERS SHEUPAY AWAEA F7 100mme] Bsdee gz =3

i

ZRe A2t @2 GASASF7}E 0.016keal - m? - b - Tl @A)

i

Al

ofo

dRE o, HUg Y QVFRL e 2ol Avdch

1 1 ) 1 1 0.1 1
= + + = + +
K Qo A a; 20 0.016 8

6.425

A = (3.5)3.2)(2) + (3.5)(3.06)(2) + (3.2)(3.06)(2) = 63.404m>

I

Qw = K A (t - t) = (0.156)(63.404)(33-18) = 148.4kcal - h’
8) &7 AL Q)
9712 AB3T, T5%RH)H} AWZA(18C, 70%R.H)S nejste] 7| AdLGe A
stgich. o] W &7 1@ -h'2 Jhgsd
V = (3.3)(2.8)(3) = 27.72m’

Qs = 7 G V (b - t) n = (1.2)(0.24)(27.72)(33-18)(1) = 119.8kcal - b

Vv 27.72
Qe = — L (X - xi) n = (
Y 0.83

)(597)(0.0241-0.0090)(1) = 301.1kcal - h
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Qi = Qi + Qi¢g = 119.8 + 301.1 = 420.9cal - h"
9) A% P HQ, keal - h') 1 AFHIFL FAGT
Q =0
10) A EAZRE ] LD HQ)
RN LASES 03keal -m? - b - T, F9 FreES FUEEE 47 18T,
70%R.H, 2RHXEE 19CE 714359 AEANZREY FEIFE 2HSAT
R=0 (% - X) = (@Cp) (xs - X) = (0.3/0.24)(0.0138-0.0090) = 0.006kg - m™” - h"
A = (0.26)(0.53)(8)(4)}4) = 17.64m’
Q, = (597)(0.006)(17.64) = 63.2kcal - h”
1) 9 F3FoZRE o FEHQ.
g A4 40w, FE 3,350ime] 354 FFF
e A28 o FHEZFAL B[ 5P ZFA S (photosynthetic photon flux, PPF)e] A7
7129 50pmol - m” - 572 w3t} Hute] 2 wo) 49 FRFE HAEIUG. o
Ae QFBosREe] wgdHe dF Fo| ALdEG.
Q. = (0.86)(4)(2)(4)(4) = 110.1kcal - h''
12) ¥ 2R 2 EHQm)
FREAGX AN FFES AT Do dEr)e] FERsE AR 3S5WE )
A3 Aot
Qm = (1,000)(4.5) = 4,500kcal - h"
olare] A ERE AU AL 18CE X o aFd3s YFPds o
rig=
Q=Quw+ Qi+ Qe+ Q+Q +Qu

= 1484 + 4209 + 0 + 63.2 + 110.1 + 4,500

5,242 6kcal - b

WakAl2Ele] olAgS 308 7Y AHS Ax ARRIE 6242603 =
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15,727.8kcal - h™* o]t}

&£ AAC Z1x3te @RFHAFA WA 2" WEVEAM "WAY ¢

H
N

(AGAS561EXT, Tecumseh)S M A3 Q i, 7147124 2¢ -h'e] Ao 7553 xd
25375 71(HU-4200, 2 4AHE A3kt 834 oA 78 ¢3X7)e dF

E grauna Yukaawo $ylE8(unit cooler)ol]l 20 m® - min'e £
5754 %718 2d FEsA. FAE23H4A U 7L U s Al

2 918l PID A|o7)(UP750, Yokogawa)E Alg3lgiom, 7|BE&5E Ao s iz}

o

%

o
o
W
i 2

L2

N
67

!
(MOSCON-G3, SAMSUNG)E A x|38lict. ABEE 4~20mA2 AAAFZA 43I
9] AAEEE APt

= ATl AHEE PID A|o7]9] 8 A F 2ol Ao B 49 29 109 &
Zh A3 9t PID Alejrle) o AHE F759E g 2ok AA, fEPe) X2
R dAe] 7hestth. &, 300 patterne] T2 {lHo] JpEd By ol

patternmhth 300 segmente] FH G Yo] sl Tmoawe] wEo] Aol 999571

At 7PHFub(variable voltage variable frequency, VVVF) ur2le] <lug

btk A, O9® AR v15e2A FH, 4FA, WA, 271D, sensor HA
AR T 309 7iAle] AR 15E B3 Qe =z MAA | segment F
time event® 167§7t% A48 4 ol A, touch screen Wa|oj] olafA] 793 5w
A7 7hsdte, wrud 2348+ Jde v e d2E F4E =2 J)E
£ 3 3o xFo] Lol UAl, TEaw Aojel Ax|Aold & o] 19
AojZ12 A o] FojAn fuzzy®2 T over-shoot AA 715 ztm Yt} o)uto,
2 LCD 38 & Ab8ste] SAX, AAX, X, ZE, o3 A8 59 I AR
£ e FHwlol TAIE 4 glou, RS-4850] ©]§ 1% interface (3t 38.4 kbps) 7|
Te I AT 39 1@ PID AMojrlel dHA AqMdAe] & Aoz 3d
g

2% )yE T2ade £ sue Jed Rel

[}

-

o ¥AE =xE Y=RE 4z 71, AULE, time interval® < v) ko).

4z
Me
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¥ 4. PID Aol719) &4

Item

Specifications

Number of I/O signals
Inputs
Control outputs
Digital inputs
Digital outputs

2 (thermocouples, RTD, DC voltage, DC current)
2 (4~20mADC or 0~20mADC) £ 0.3% of span

7 (non-voltage contact or transistor open collector)

7 (3 relay output, 4 transistor open-collector output)

Displays 7-segment red LEDs for 5-digit
Power 100 ~240VAC(=* 10%), 50/60Hz
Communication RS-485
f N — Power supply
Measured ower - 1000 240 VAC
input 1 @:;Eﬁ[:: AD Supply 1
Converter N
Power supply for transmission
M D/A [EJ output-sensor
input 2 AD Convertcr (0 to 2044 to 20 mA)
UP750-5x, o .
UP750-7x onl .l Amnalog-voltage pulse
rory CD/A gE—_—] Control output 1
D18 omventer (0 to 20/4 to 20mA/15V)
m7 :
Contact D16
input D15 x Amalog-voltage pulse UP750-5x.
o Digital CD{:‘ Control output 1 UPT750-7x,
*DIs, D13 Toput onventer (¢ 10 20/4 to 20mMA/15V)  UP550-2x oaly
UP550-1x DI2 -
only p AD ;:?@ Feedback resistor
€O Comverter ™ 1000210 25k0

PC-link RD
ortmunication RD.
Ladder SDB
communication SDA!
Remate 140 SG

PCLRE S0 1 only

o Motor

communication RSB
Ladder RSA
ication
Remots 10 SG
TPTSOXTTmy
boo '
'

Contact ¥l :
autput ' '

DO,

l [ae)

]

—
Auxiliary input
UPT50-x1,

UP550-x1 onty

Insulated (function) scction

3 10.PD M2 312 714

- 62 -

. UPS550-1x only
NC. Relay
N.O. Contro} output 1
c (250VAC, 30VDC/3A)
NG Ealay tmasn £
NO Control owtput 2 UP750-7x,
c (250VAC, 30VDC3 A} UP550-2x only
DO3 Relay
paz Corntrol output
ggl\ld (alarm owput)

(240VAC, 30VDC/1A)
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=
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22X el JREEE A} AVE FAstzA sPpEAS JMaFas
(variable voltage variable frequency, VVVF) %2l 2] QIHE & Al8sle $£3Z 7)o 3A&
EE Ao

H
AEEE Aol & A AR AF7] SEAle] FAN2A, Ao 220 D =ZA
A AFYer FRAY A2 So| Hyo) A8sEo] A FeHo
29 EE Aolgad ARIIZ o|Fojh WA o3 @F
Ade ARAYLR AR o W NE 2AFALe] WAESippl)S W7l 9
) dalEdAsE AbgHch olgA WMBY AFALS A o8 @Kk TFA
doz WAVH I, Fupe UY PP we} Yele] FeE pE EEN dge=
z3d.

Aoz FEAFI] A4 HASEE ThgH o] EAH



N 120 f (1-S)
. (10)
N: A57] 3]7AAe] 3] A& E(pm)
f: F34(Hz)
S: (%)

P: 2@ 4

N0 AEr] HAA HASEE Fohs] wAHE ¢ 5 Atk WA, F

B4g Aolstd FEAT WA DA WFrlY 9E FEAI Ak 2™
0 dErlel Rdde FIREERBOOT AT Fol waddh FIASL AY
B Fohso] oig Akl wle) vy W] Fukiwt AojstAl HW 5&HA I
AP HANL F Q. B ATelAE Fhes 2 A waAHen Aoy
czx AP FEA I HEHES AAYG bEFTS tae] AvES 278
o 2 AFdAE ARA pAFSs B9 AMEE Agste 4-20mAsl I
AFZA $F719 AAE=E A4St

£%7)e) HAWEES Alojsts ° eFHE 4~20mAs HFE AWEC] 229
PID Alol7lel T2ad 4R HUe ool YA AYAFe AN A2 e

AAZ AT AL 3719 FEo] o FoIAA AT AL 4mAd A o] ol

2WMAZLA ImARN Z7AFIHA XV FAESE Alolzln S F A3 gy
49 Mm =X % L) 34 $9A% Z F90) FAYFeR IR@HZAFA
vlel o 2 2 E Z+Z} 0.4m, 1.1m, 1.8md) 3FEHE Fol), & AR 9/ AHAAM ZI/FSH

58 24832
AeAFE ANz AAFAE FXEAZA Qe FEE7 1.0m s 03t
Aee YehEz 2 @TqME E Sl HAY A% AW =FE F&)
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(CLIMOMASTER 6521, KANOMAX)Z A} &3le] 78252 =490}

5 A% AW 2H4 TSA 54

Item Specifications

0.05~0.99m/s *+ 0.02m/s
1.00~2.00m/s £ 0.05m/s

Air temperature -10.0~60.0C = 0.5T

3.0~79.9% £ 2%
80.0~98.0% = 3%

Air current speed

Relative humidity

$2.5 (velocity sensor grip)
®11(grip part $20) x 190

Probe dimension

Analog output 0~1VDC, linear
Digital output RS-232C, Baud rate 4800

a8 12¢ AR utgdo 2 BEl ztzb 0.4m, 1.Im, 1.8me] ZolojAe] HA
ZIFEEE JdEbd Aotk 1] AR ZIFEEE 302 B 23" e PP
Aol FAS. JHRFIF SALFE FRENZA WY NFEES A HAHo
2 Z7bate] QAMEel oF £ HASE Aojst EHHOZ oj=o]Pe A &

et olgh e Azte AWEl g £Fr)9 sHEE Aojo s BHER

o

A el NFEES FUEA FAE £ Qe ouats Aol Fold sRsnE
HBE QHAFIE 1mA o)delNE Eoldl WE JFEES o]t Ao Ul
4 10mA ool e BASUFAY wREE FVES JBEES} B4 JERTH

ES m A VIFEEE ol JF5Te FFXY A9 $AstA e
olgkll 0.lm -s'e) ¥e JFHEE Uyt dH WL YA 8~9mAS el
o).
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0.6 ry

A Height
=~ 05 | A A 04m
'y A @ [Lim
E o4 I A ool ® 18m
-

o 'R ® average
A
§ 03 I A ' a
g ] ] * *
2 - e *
E 0.2 [ z ‘ = . PP
5 i 2 DA
< 0.1 ‘ ‘ | ] A A
A ‘ [ [
0 -
0 5 10 15 20
Supplied current (mA)
O 12, BEEFEX e 2IRE 2
2) 712 Ao

el FAZAZH Wolld 54 9iAd o & 712 EE Adskd A 71F
&z Zrld el gz dehd & Utk B A7dAe & BRAA ANG AR
&5 Aol W 7z JFEE] AXJF FAEAFA Wl 712 FX A H
= 9%s AHESdn

FRAZAZAX UollA 7129 2" ol ZFEEY FH Eo|(BAFAAA 2 ut
oz RE 77 04m, Llm, 1.8mo] HYRE woDet TU, 712E5AE AME
ga2282 ol 4@ 2H L Fge 5 2ol dAFAt 2H22 F5H
& dxE AR 157 Agel A=A AL33E ANZA =7 03mm9
copper-constatan G A& AH&3t 2w, dlo]lE 2 (23X, Campbell Scientific Inc)E A}

axlad 108 JlAo s E=AE
[ | ' - L P —_— ) (S}

o \:'l'-.

2y 132 BAEALA e FUEEE 5% FAA hed AwEHY AAA
52 4mAZRE 20mAdl 027744 4mA BASR YHAFE FANANNEA 2
& BHEAPA W 7L BEE Uehd Zolth o o FHENFA el sed
Woleh ehle) meh zhzh 25, 2002 AASAT. 1P BAR e ¥HEUP
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Ao v PO ZRE 0.4m, 1Llm, 1.8m Holz Eole N2 ot XM =357 57
@l Mo 71 Fd A st

9%
=

[78)

(=

Air temperature (C)
[ 2o (o]
[=] i
Alr temperature (C)
[ [ ]
=] W
}

—
[=]
—
<

4mA

N\

—
th
—
w

n n hed i A d A i L A

2 4 6 8 10 12 14 16 18 0 2 4 6 8 10121416 1820 22 24
Time (h) Time (h)

[

L]

o
[79)
<

< 12mA 2
é:; 25 ! é; 25 4
g 20f 520
S 5
: 15 ;’ IS5
< 1 1 1 L 1 Il 1 1 1 < 1 i I 1 ' 1 1 I s e

10 ;

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10121416 1820 2224
Time (h) Time (h)
30

20mA Height

s —*— 04 m
~&- 1.1m
—* 1.8m

0 2 4 6 8 10 12 14 16
Time (h)

N
w

—
¥
o

Air temperature (C)
N
S

—
<

18 13. QIHES =AM RO M

i
(L
I

PRI LS DI 3t

E 62 ARAF wet Frjg ool e) s)ee) 24 A%E B Aol
HAF7E 4mA, F $F717F TEEX 2= 2PAH FRERRA U9 21F o)FL
LA AddFo AT o] FAN R Byl HLe 719 2 AR H]
A 04~39C HFE A et Buk olua) At w2 s Wsrt =A L}
Btth 2eu 8mA ool AR e 2HAE AR 2AMEHA e

sor, JAAR FARSS slee BAE G gase Aoz Uewo. w9,

_67_



a9 2gAE AAARS 2rlel we L Frlel MM HA wE e A
o ZAaA etk

 QH AR e BAENFA W sl

Input current Mean & standard deviation of air temperatures Average air current
(mA) Photoperiod Dark period speed (m - s ™)
4 23.6TC+0.7C 19.2°C £047TC 0
8 244C*0.7C 192 £0.57C 0.08
12 243TC x0.7C 19.0C*£09TC 0.16
16 244 +£047TC 19.1C£0.5C 0.30
20 245C 04T 19.2TC +£05TC 0.42

3) AUEE A

eRAo A ARB o} 2e WHoE YFAFE V)t AFAFA W 4
s B¥o mAE 98¢ BEFA

48 27ldE QET Reel FExAe] AdHA Ronz fu 2R F
H P mE FPo AFAA ERHoR AYHA @gED. o2 st FE 4
A NEA e d, AERe AL FPAVHY AFF @] o FAANAN A
ol EMAEEES As7] M 90-95% o w2 AUFEE AASE Aol
Bestt 2dd 712 AUGE SHE ANE AHEHE 0% olate AUEE ¥
Aol wlms PAPE A, 0% ol gel TEE BRsANE Aol F2

A As=HAY AdAe] AstEe EAAH dehdh. dFy AUEEE AR

[«

W 27 e Ades BAE HZ2er] A% Pue mesA Qo FPAAA w3

HoigE AR 2A vebg 5 Ak
SHER B AFAE 0% ol4e LEE BARIAE AR AL vm

T

A A FASEA Aol mE 5T FdsE FAE AMAM(CHS-UPS, TDK)E
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9 BRE U BFRY A48 IFSe FR A

ax Y 1)
> ® b e a2 | B | e=ae
(Im) (Im W
(W) (mm) | (mm)
FL20SD/18 18 580 28 1,070 | 34 59
FL20SEX-D/18 18 580 28 1,380 | F24 77
FL20SPG/18 8 580 28 420 | - 23
FL20S - B 18 580 28 250 | A 14
FL20S - R 8 580 28 700 | A A 39
DULUXL55W/21-840 | 55 533 17.5 { 4,800 | vy 87

1) Values are cited from the manufacturer's catalogue.

2) Luminous efficacy is defined as the ratio of luminous flux to lamp wattage.

T3 ¥BSo FAEE B TA B S FF ZFA<S(photosynthetic photon flux,
PPF), Z=(illuminance), EA}% K (irradiance)d A 3P o, o|F 3t FFAAA
(LI-COR, LI-190SA), =% A4 (LI-COR, LI-210SA), ¥ A}4lA{(LI-COR, LI-200SA)E A&
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SBe Qe gRE] FFSL 400~700nme] FFAH FEEA G0l Bl
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AFFAA HAHE de JBFFNe TR AGD Qe w A o
a9 302 PBFo2REY A wE BAZREE U ol Yoz
Bl Sem Holx X HoA o)F3dATe] XX 123W - mP2A dF3RLE
R YWFel vlalAd 22 256, 2.80), 340 E=A UERt FS5LS AEE
Al oF 10%7F tA7 ol galiA 2vEEN d2 dEHE Nez By
Heg B dFd AH8E o1F3n 353 Fol e IS wEIHE ABITANE ¢
718 8T ARl AAsta] WRstE A st Aol ntg s}

4) FFEAFEFEAS, 25 D BAxE A 97

delel F&E e Fhol AN 23E FAAFELFAS, 25 2 BAzxs
Abolel e Bl @AY HYstoz 45 WEo] itk asjmg FPE Alole W
AT dAAA 71A9 FPEZREH E 08 FRFE o) sl Adws,

LaFo

2 5~50cm o]z XA A Scm TF
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o standard
= PG

120 ¥ a single 3-band

&,; e twin 3-band
= 90  °
3 .
g 60 *
S *
2 1 .
= 30 ﬁ 8 . ° . !

0 1 L L ? ? 4{ , . j

5 10 15 20 25 30 35 40 45 50
Distance (cm)
08 30. S REE S =EHE|of WE JAIEE
tH 51

Ao =AW PPF, 25 2 HARE Alojo] 435 w@ASs o T A7 & 10
of A2 <glth. PPFe] gk =9 WBASLr duts, dF B oF3AFTAME 7
6~791x/umol - m? - s o]}, PGS 9 A& 29.7x/pmol - m?.s'z gA ey, @4,
B zEd Ojg PPFe] WEAFF 4.85~534pmol - m” - sUW - mP 2N Aol A

g gAE Aolo 2 Aozt P Aoz yehdd

¥ 10. 395 2H0 o2 BFAFEZTFAS, =22 R BANxEE
A3k A
l PN | = - ) | P .
3 s s O
Ix/umol - m™ - 57 umol + m™ - s/W - m™
FL20SD/18 78.2 5.27
FL20SPG/18 29.7 5.09
FL20SEX-D/18 76.2 5.34
DULUXLS55W/21-840 79.2 4.85
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5. 7}

fy

FAol e JiE 4Are BE AR FFH L B4

7 &R d AFEA(F712D)el A BAE S dRe E3E 27 &3

T, EvtE T de AHEHE AY, 33, 93 59 HE AN E A
g &o] ddd dEeA HFEo] o]Foljxlth. mejnz Are HE wyo) Hegd o
Hae =8 WA JH55e] ZHALE FUAZIEE A5 27)d HEr24HY
SHte] HEEAl o] FoiA A FEF FA Aol x| ojol Frh. AT FalolA
245 FFEERYH FENE AdAFHEA 23S golad TERA oM 90%
o] Fe] ¥& FUFEI FAE ok o).

Andos FHANe] FUEFE 2R 2eH JFv), AZBA(EA) shE),
R =2 5ol ALHT AT AE7] BEE x2S B4 FHE e 9 27
B g3 o AugE 2X 9% vA Hoz BUHY, oARA AgTIER
B £%d 7ta 4AY 274 3¢ d7 Z3s RuER gxn o 2z B
ATFAME T28 7I5712 48 AE8H2 e &9 74 71(HU-4200, 242D
ASE4 7FF71(SBU-10, &A1 =)ol o 7t YA 27 BEXE B4
AAEAZIZE R71AFA TN BH383 Qe Laser diffraction  particle
sizer(2600C series, Malvern)& AL23IUTH2E 31). 7147) EZ T2 8E particle sizer
9] laser beamol] ]2+ AT E 20cmE IAT Jtd FAHED 2R AFE 29
7hs d4A =27 BXe A 8o 1y 320 A7 Uth B Y} =)o) we
ard Bx9 73 Fgol BAHY UAFE & F IY EHE YA EXE IAER
gt A" A A71E D[4.3], DB212 EAHE d, oA &z 7ig YAt 3
27 (mean diameter)@} Yzpe] TARA ] g MA e H)L, = Sauter mean diameter
£ ovlditt. 7t47] EEF 2 3E particle sizere] laser beamol] 0|2 A2 E 20cme
B FhEd 3WtEd 3 FAY A =27 B 11 A3 Yok

E NZRE 28947 4324 A4 248 g Ao 9F AL 7

z} 7.58+0.14um, 9.010.06um=4 5 w4 B [0pm ©]3t9 7}E YRS LA EY
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31. Laser diffraction particle sizer
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o, AFFA WA 2855 sAErlN BAE SHE Axel BE ARl FuiA
02 Age & F AT AEvlolA TAR A F5E 6D A B1 BRot
A7 gomz ddgxel BY B BFASA duY & Ao aF2 83 )
AN nEEe] AP I} 2FHNE B DB 0 Aw Yoz 2eBNel &

A9 Reg Agd).

E 1L 7F592e 3 47 v

Type Particle size
Ultrasonic humidifier Steam humidifier using electrodes
Mean diameter Sauter mean Mean diameter Sauter mean
Repl. (um) diameter (um) (um) diameter (um)
1 7.61 5.86 9.01 8.62
2 7.70 5.53 8.96 8.48
3 7.42 5.74 9.07 8.64
Mean 7.58 5.71 9.01 8.58
Standard
0.14 0.17 0.06 0.09
deviation

24 AT 2bE gAY gE 2] mXE 9%

7tE71 EETRRE paricle sizers] laser beamol ol=2& A7t st YRS A7)
A WA= 9FE AR}1A JMEY) EETEEE Y ARE 22 10em, 20cm, 30cm
= 29 7led 92 2718 245 AT Mg FR @E stadxe 9E A
A7 Sauter mean diameterd] FFE P& EEFFEREH Az At 27 339
SERLE

ZE94 7tg7ldAd B8 AFLE ESTF25E 10em, 20cm, 30em "ol x| of A]
Z2f 7.48um, 7.58um, 8.12imEAH EETFZREHY ALVt 712542 sbe dRte) =

717v 284 Frtste A2z eyt A8 stEr)e AS EETZRE 10cm,
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3t —e— Ultrasonic
—&— Electrodes

3F —e— Ultrasonic
—&— Electrodes

Mean diameter (um)
o))
Sauter mean diameter (um)
(=3}

Q 10 20 30 40 0 10 20 30 40

Distance (cm) Distance (cm)

(a) Mean diameter (b) Sauter mean diameter

g 33, 757 EF2RE ] Halof wE ZigelAtel Ha HE

20cm, 30cm "ol Ao} HF HAHL ztzt 9.83um, 9.01pm, 9.06um=A 10cm
dolA AH L Adetd EETEZREH A= FEFE JtE 4R =00 2§
A Z7tstE Aoz vehyo. o d A stEvldA A" JAV EETER
B "oldA5E A Azzhe] Aol oA dx =Yzt 2FY SRS nEte
Aotk $¥, Sauter mean diameters BF F A wlsA YA A7)o) MAE BET
PEo Ay FFe] AA FL A= YERT.
B b HAS AHET BFA UiY HdgE £4

) A8 7hg Al 74 " HA
A2EA Jbgrle Adoued AAd AT Aoz AFIE EH F2E e
2, =9 S48 A5, 45 mde, AiTE de, Ao, AR so2 A4

29 A% mee 294 2SN tE QAT BAHDE FAe
gtrol $HF oz fFosior stm, FHEAFLA el G ANHIEol -] dsiA
Qe WA FEE FHENZ) N HAFF F dxHojof Aok Hyt =%
EETrt 9 233 FysiA AX=AG oAl 2 AAXA dAE A% =€ ®

A
A A 2H(steam)S WAAIE FAEA, AVAEE FHE dF T FF
pe!



Zo] Az o|FAXR Y& u o] P fdstelol Brh B AFgNE 2ge &
FHQ BEW FWE AN AFRA EIE BREAPH PR AN UE
Fzbol AASPS. 2 ATl AEE AFTEA 4719 AR U Hust o
Y 340) 22 A

T2 34. B224 1SD19 HOE 812
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z 549 79
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0% SHAFAFA N AF384 715718 AT T Fds
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Aok FUEE WAAZA FrlnEuu gvds Ws 2E e FEaA

(CHS-UGS, TDK)E Ap&3ten, a4y 37 7=, 298, &34 vgo
E5EH SAYFOZ 04m, L.im, 1.8m Hol A do] AR o”del SnMAS AX 3}
Aot B3 FEAMZ dx® A 49 A7 03mme Copper-constantan & 3 o

g Axse] Ao 25 REE ZHNAT LEE AMRRES L gof



EI 271(23X, Campbell Scientific Inc.)o] 93} 102 DA 2 ZAHFY. B3 o
duiwEs 712E SAY o BF NRSES 015m -5'S FAINEE $£E5)9 F
F& -3 oh

IR 352 RAEARA U AdeE Aold ALEE sl FRH BE %
TEE Ve Ro =2 A, §AEFHAX N Fes AuFEe ZxxE 77 287,
00%2 A AN FAEEE AT Bholth 2P FUeEs vaw
ogRY FIT w0l PTE, FTYE, FFZNAH 23W 2 FFAo HFer)
A8 HE718 Agsde AS 2onddMe ntistx e Baae] Foro]A

$38 FdEEe B9 R4 EA deneon, 3%oz Fuss 23N 7
=
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ol F o X7l wlFEe Pxte] nak Ayt AdFezw Fu oo 42 ooz g3
Aol vtgdd B2 $x7F A YEYZ, x50 3 B¥s BAAsA JEG

AoE Addrt. 8FF3FA A LgxEe 44 RX7 8 7HE 38 29

_95_



4d FRAEHAFR] Jo £H|AY £4
LA
BaFel A7} &
ol3tm, Mubg ol&® dw T s BAY INL EANoD BEY F Ao
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F 12, dukE(3he A7 8 F

y ARz AEH 2 F (Y/kWh)
T (kW) oqF =, 7t& AE&
(7~-8%) (7—-6, 98) (10~34)
A}A= 5,720 101.20 67.50 71.80
79 A 101.00 67.30 71.70
A= 1 5,890
73 B 98.10 65.30 69.60
% A 96.50 62.80 67.20
A 00 6,780
¢ B 93.60 60.80 65.10
* Bt -S AL AlefA g 3,000kW mjgk mAo] 24
¥ 13. 2289 A7) 4
y LR AEF 27 (Y/kWh)
T (/W) =E 2, e Ae
(7-8%) (4—6, 99) (10~3%)
A gA=A 5,210 93,00 59.70 64.30
9 A 92.50 59.40 64.10
Ad 5,520
9l B 91.80 59.00 63.40
319t A 88.40 55.30 60.00
A= I 6,330
319 B 87.70 54.90 59.30
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* 14 AAEEDE B2 87

g ez AHF 27 ((/kWh)
T (2/kW) = =, 7F A&
(7~8€) (4~6, 99) (10~3¢)
2 QA 4,240 65.10 49.10 52.90
¢t A 64.80 48.90 52.50
Ag 1 4,490
%t B 63.90 48.10 51.70
519 A 61.40 45.50 49.10
A I 4,140
29 B 60.60 44.80 48.40
I 15 A B 89
2w 7NERE ART a7
(kW) (2/KWh)
7} 360 21.40
& 960 27.20
B 1,100 37.80
e wor 19.809 (2 HAAQF : 660%)
E 16. AHopdHe A7) 87
o J1Eag | HE T a7
S (A /kW) (2/kWh)
7t 2320 (2 HA L 4649)
Z1VEFAIZE ARE- A Aot Azt : 2620
2 62109 x -
47k F AR HF 71et A2k 2 76.80
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THE ol &Y YER FAEIFA ANFE Ase Yorseld 44 4L =
F 2004 FEEe 34 A% 40 B2 AYaAwF FREIZA oA
A7 ko] AAE ook .

3.85 AAE AriaFe] ¥l

s

FE 17¢ 018 34X 712, AUEE 2 754558 zZHz 27C, 90%, 0.1
m-s'2 Aojst, Hx 24439 F=AL AA HIV/LYIZE 12/12hQ R AN Z
2Ed el WX TN FREFEFFASES Soumol - m? -5’2 FAY @ 5~6
Azbe] BF 7o) J1EY), A=A, $E7), tE7), FFE AR A, LA

S YERd Zolt. Add g dAH2E ol @Ea}ﬂz} A7 A 24, 8
4, 1049 3xtello] B HAFAHAE A gste AFLRFE ZHsAT) o 13k
rE7), AZAAM, 57, 757, RS AT WEF AL DL 22 234kW,
2.51kW, 0.08kW, 0.19kW, 021kW=RA] o]E9] FAuvE= Z}z} 43.9%, 47.1%, 1.5%,
3.6%, 3.9%= e}t Za SRAEZ2AZA A A6)EE AP 91.0%7F Fr) =3
A zwlol A o] Foix ZAZHFAAN 2uHdHe Wzhs)

A 2ulE H2ste £ gle W] $X¥e2 mEH ool g L 4 ok

HPxEe 45AE 7122 8o A2dd 119 $%2] 2uAA s 22 A
d d718wE 2§ 3690 HEUAY. dukg, T58, APLL A w8 Fof

AW FRA ="M ]

5oz RaEel 2uAY 2T AY 87 2 ABHT~8D)o] Y xow,
deoz ALH0~3WT B, HF@~6, 99)9 &A= Yt @, wAE 3
Aoki®e AR FRAA YT 2Fo) HEgwD AAFez aF AAW M7

f5< Hustd dRbg) IS5 8> A8 HopAd) FAIE £M42 =A Uy
ohoo] ZEEHl EARE Aok ArIeFL oEHe dngEHo HlsA zZzt
31.3%, 45.0%°) E 338t AHI Aoz elyo).
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E 17. 8FFJZA A 2vd 7]y A

Electric Operating Average electric
Item consumption time energy consumed
(kWh) (h) (kW)
1} 190.68 87 2.19
2%} 267.90 102 2.63
714 7] -
34 318.90 144 2.21
R AT 259.16 111 2.34
12} 245.10 87 2.82
22} 278.20 102 2.73
A x| A

3F 286.70 144 1.99
g 270.00 111 2.51
1z} 7.40 87 0.08
2z} 9.10 102 0.09

371
3z} 11.10 144 0.08
- Ty 9.20 i11 0.08
12} 17.25 87 0.20
2} 22.90 102 0.22

771
3 25.49 144 0.14
g 7 20.23 111 0.19
1=} 7.17 32 0.22
. 2% 8.32 42 0.20

R
3zt 13.15 60 0.22
g 7 9.55 45 0.21
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Humidifier (3%) \

—_—

Lighting (11%)
Fan (1%)

Compressor (28%)

Heater (57%)

o o EHE SEstl, JHE0 ) FEHMAA 4HEHE A™¥o] H4AE HER

axstAe] ¥ FWE wiRos BAFNTA LuFHS YA st
DAY + Y= VUL TSD LT A, TAZARA HHS B B2 u2 I

2 4FRAZILE =2, SRS AFAE AR F=HME TH F
HE714 FID Ao 2lefA W P1E0] RADE BE =M 2EHA0E 4]
oy A, FEHAMLG FEIE et coden E FHY FHWAZE ] HF
AlZITE dHa, E=RE] HdE ZE J[=0] TA29CE

TR 2EHAE WA g= HH WA 22 FRs 0] a7AL tER, F
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Humidifier (3%)

Compressor (28%)
Lighting (11%) '

Heater (57%)
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zed 4 Q& e e vk A, FF2UAAY HHL £3 GeAg 7
2A717] Ase] B wHrt 5L AAE AHLan, BRI Ve Br)FPse
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A5d 4 &

AEZRe #ie ZUAY T, B3 el 23HE w=de APsnd AED
g ATE BAEAFAE YR AT P 2okad o g

o

L FW SEFFe WBE A4 2 B3 4UE 2A9 AT Y20 Bol &P
= A opEe Fud AHoR Uehhdch =@ 83 87 Bt gRy
2ol EFYSA vEhTh

=4
=717} 3,300(W) x 2,800(D) x 2,860(H)F) & &AAAE ssict. 8322 %4x)
el =717k 2,810(W) x 580(D) x 2.050(H)Q) 4t Hute 2% AXst¥gE v}, 13
o 6,400~9,00052] HEEE ¢ud $ Ao}

3. FA£ARAA] e By F2o FIVI N2 08 9FERe AAs, PID A
A71¢k AHHEA 7]FEE, 712 2 JUESEE AF A3 FAEAFR) 9
AFEE, 71€ 2 FUEE BE2} o) FIsA UEth

4. FERS &3 Fo) o)lgFE HF FHTFT B SAH FAEE BAsAC

5. 2gsAn AFFAFVN) ASVAA 24D AEYAY) BT 9AE AR

|

A3} zhzb 7.58+0.14um, 9.01£0.06imEA, FREAFR Yold LEE AU

gae 2o ERHY Aoz BoH.

6. THEAZA YolA 2vld Y A7l FTL BASUG. TAEAZA YA
2¥lE Aol 57%7t 7t@rlA o) Fe)y s wA vehgow, I A(28%),
Z9(11%), 7t5713%), $£F71(1%)e &M Z YExt. SHSJAZA A 4=

A7 shed B2 AZW, Z 9 - Wge] AXs: wFe] AA 85%2A w$ &
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A vebd w, @REAFACNN L6 HHe PSR stgrle AZAANA &
ElE deel Az el Mo B oo} gt

7. AR BAFAFA W 7L, FUEE R NFSES
97, BFE} FAE LHEQ ATFAL NYT & Qoh 2P2E B AT

Ay BAEAFAE ATHEL o8 SEY =

+ qo

agdoz Add %

= ujgEe ¢HURE FEY
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£ tg #Hel ol SE Al g nvlFel A& Frtetzm Yok
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ol 7bedl Azkalel WA, jiFiE T WEHES 25, A8 244 23 2
Rde FEAS FANIN AF Fuez PuHE HAF WBFEE nEIY B
ek o] FaHEM 12 57t AL T Frhsm ACHEEEESH HUK, 1990; Oda,
1995). S AL E& Bt AAFE FF me H85E ol stxe] HE upy
% ASHELA ALl o} B2 QAN P49 e A%y AR T A
559 ¢58 =RsdA dFe] BRES PPz YUY 5 d= WP AL
o] a7Hm gt

HEEe $42e Eoldd T3 AN A5 92E dolol Brh ¥ ¥E
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ASEA BHES FolddW UZ IF PY%E 79 FV)Y FUESES A FAF
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7} B @ Aotk TR FHS AN Z, &7 B ATFHE =¥ d
ZAA71EW 3ol g HA ARz AAH Ok At o] A HARFE 24
3 2o g AR xd HlEte] AFFE o] & HAHY Aol Ho 4
A ol = vk

o] & 7} %] Nobuoka et al(1996, 1997)oll olsjr EulE Hy o Falel nlile Fds

s FATe &, T Exe vl AEE v o, FER AT %

B2 AAZe] T4 vAs I¥FE A

E a7dA AdE HER FUAEE 244 TS AREA, A5E, 37
FAHEch v E7) A& 53] (American  Society of

=
Mechanical Engineers, ASME)= FEUle] 7#d3d 7154558 Fusr) 98 A74H

(air flow conditioner)e] A A 71&S &= Zol AA AT

d € D/4 am
L >8d (12)
n nd¥4 < 0.5 nD4 (13}
od7]4, d: AHFAH2 FFoelZ HA®m), D: TF AZAm), L: AFZA e Aolm),

n: A Futo]L ol Foln.
szl ASAd Z 028 m, Zo] 0.55 me T Eol(plug tray) 2747} o)

Pgoz goli Aoz AT F, A4 (D=0 olgdtd #UW JFEEE 27
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23 ALY FFo| IWe ZolE 0315 m=E AASY £33, AEFHH 9 HFulo
Z24 W7 20 mm, 917 23 mm, Z°] 063 m & HA Ho)ZE AT 1Y
399} ol Fxo T2l 4rle) AFFNE AASHR o, AKSHL F7 5 mme
otadA oz AZ3GTE E 1894 E F e nle) o], $FI)|(DVN-121)¢9] H )
$FFL 30 m' - min' 024, w71 on AR $EVE FrIHLE Az AL
Stk EEWY VIREEE $3719 £FTTS AlosE WA ols zHH,
e aEHol FAJE ¥iA EHOZRE 18 cm "ol EoldA ARG rHFE

S FAHEE JREE Aol A2dWE TS

E 18 498 T35 A

Total size: W 315 mm x H 315 mm X L 2430 mm

Air flow conditioner
material: Steel pipes
size: ID 23 mm x OD 25 mm X L 630 mm

Plant growth room
material: Acrylic plate (5 mm thick)
sizet W 315 mm x H 315 mm x L 1150 mm

Fan & fan controller
fan: axial flow type (DVN-121, Dongkun)
air flow rate : 30 m’ - min’
fan controller: transformer (DAEKWANG)

Light source: fluorescent twin lamp (DULUXL55W/21-840, OSRAM)

FAo2E 397 ¥335(FL20SEX-D/18, Keumho Electric Co.)& Al£-3- 4t} 7] 5§ A)
ool @3 AP AW FiFErst 72t 25205T, 65E3%E S X 5= s
FA WA o)FolHh JF £5EE ZEY0lY wx FWoZRE 18cm ¥

A EoldlA 02, 04, 06 R 08m-s' o 4 £EOE ¥AW e, UFEH
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(CLIMOMASTER 6521, KANOMAX)ol| olsiAx &4 =3t ZIHEEe =4 A= A

gaxe 2728 ZZF 03, 08 2 13m G 2 Ho|A iz EH 9 3cm FH

27em 7R 3em A9l golo) AFHEh KU see JIFEE 54 A

13t 9)x o] 27 03mme] Copper-constantan G H S MAX) st FHsAT 47
b Bt EYaEdeld wix BWA FIFEFIFASe] BIEAS F

do =R Ee
22727} S50cm ¥ © 50 pmol - m™

5t o=z g UL
28 402 EZE U YHEEE 24z 02m s, 0.8m - s 2 AT b viA B

omnge FAzd WE 7|HFEE EXE vl Aok Z|F&EEe AAATL
02m -s'¢ A FA1Y JNBHEe] PFHE 0.1710.03m - s”, 0.8m

.57, -57Q o=
0.78+0.05m - s & EhGT}

Main air flow conditioner
1 1

Plant growth room
I

—_
1 1

Polycarbonate pipes Fan Transformer

Plywood 1
| /; cryhc board F uorescent lam|ps \ ‘

ing points for air
temperature & current speed

315

S RT LI

45

Grafted seedlings

630 o, 250

i
Ll ) gl B}

O 39. 2R swe 53

Ot
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o O 08m = | |© 0.8m
S 5 Fla 13m = 15 A 13m
L (3
T 10 = 10 L

5 F 5

0 | | ] | 0 ) ] 1 L

0 5 10 15 20 25 0 02 04 06 08 1.0
Air current speed [x 102 mes!) AIir current speed [mes!]

(a) (b)

13 40. S S UH2A JISST )E 22l 858 IIS2H ME A
EXZRH2 H2 (D)0 GEIJNBREE 2
(a)u=0.17m*s?  (b)u=1.50 mes’!

2
>
N
AhJ
)
12}
I
!
i
L
L
S
S
2
N
N
N
X
i)
ol
o
ofN
123
ol
I

IFEE, B $9 9% AFYeE AWnaz FLAEE 2 A2de 7Ay
ShAT Dol Azd 2488 TF WA gifhol TN 2EYe) 107t Fd 5
e &FvEwe AFsta, FFoEW 55 load cel(MLP-25, Transducer Technic)
= At FEaEdele FA UAE ALHoR 2AG e 4 (148 AL

E=—- (14)
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714, EB: 42 ge ZdaskE(gH0-cm?-h'), W: ZaEdocle] AT F
A AS(gHO0 - h), S: TelaEF ol BAH(em®) olth

® 19& load cell?] 8 Ab¥S Ve Rolw, 213 412 load celld] A 337
3o BAE VEFE Aot

T 19. 2= 4o AL

Item Specifications
Measurement range 0 ~ 25 Ibs
Linearity 0.1% F.S.
Rated output A 2mV/V monial
Excitation voltage 10 vDC

20
16 F y=1.7705x - 0.129
R*=0.9998
% 12 F
=]
[29
g sl

4 -

0 Fl | Fl '

0 2 4 6 8 10
Weight (kg)
DE41.313U 22 EHC| 3| &

a8 2% 7L, AEE 2 FAEsF 22 25T, 95%, S0umol - m” - s'A W HE
wo % Ws 2 Zwa&E5E Jebd Zojth ZEAAYY JFEEE 0Im-s'2

AT HE AE 4ANe dxAew AP HE T 27| 4A%e dxd
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Days after grafting

& Weight ® Evapotranspiration rate

HEZ 127k Lefd SwabEcE d00g .o m”  W'REA WS 2 U A

g SRHSEs 29N He e FASEEL e RHs E5HE

o

B =
WEIF 3 UEHIEA SWAEET} £00~600g m? w'E EAH LERRCL 0]22

2% 29 Aolof: F29 WBe Erzzo] skl FLHA Luls] HEB

2AAH F53 2F20] A 250 ZE5HA gitsS Hulsts Floth o=
U5t FolHMe] S40] M 0T Pled SEHEE] HRES WA S8
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& #FAF o, 4Nt FHE oY WISk YUE A2 2ABYes zW
SRtk HE ¥ &7 4A%E FERALE 44T R dE YoM verd An
of e otk & oul AYelM HE EFE BL 2AG AT F5olA 9z
dol veht, B F AR Azte] ARE FRE BL zAEle ol wPAAe
¢ S YA THAER B AFGNE 4rle FAHS IR Y2 F AT
= Hay dxAe 24422 YAAAT.

2000 100
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"'MW 80 &
1500 |- g
&
5B = = iA 60 &
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< 1000 |
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] (=3
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Days after grafting
& Weight @& Evapotranspiration rate
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2R FUASEE 29ANA
M7k 3A dehtEs Fua
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NN EFE Frel HEAN F

QA34e] YoM el Farol oS

b2 ol =A Yebkd. 3
2 FASAoM, 3YAREE gERe
hebwiet
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o 9zE PASNAA SHLL wolHW, BT AF YFREHH TLEE o

o

Tue BRALNH =Y BrIzs FA APare FHY
A 2uEE AA A UREE AT oz AFVY FHANA B
£2RE ARV HE B BFV), 23& T 0@ AEI} o|FejAel @k B I
Tol R PBR FL43 FH) FAE BTV AHE TRE o Ak
Ao dEez 47 $u2, F5FR)N HER King, TFTHE AT 7
eul HGAHY Fu HFRe FLASES} g MAs FFIY 4P 73
s 3at Wr)/d7)1S 34%(24/0h - d', 18/6h - d', 12/12h - dHo 2 AAAct HELS
d4el Aol SAs] BAD Avlel AAsATh HE F &V 24x%e A
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¥ 20. 33710l mE YERY 85 B3 =

= g 273 =4 34
A 337 . 24/0h - 4" R R
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Vi
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Vi
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N
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AE A, C R Eoll tid HERS FE4 Mol 1F 430 AAH Uk BF7A
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a9 442 FFAFEFFAS] 30umol -m?-s'oz ez A fxE 9
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P, 5, B, Hhir

TR TE sl iy

(a) 12/12h, 50nmol - mr2- st (c) 18/6h, 50nmol - mr2- st (€) 24/0h, 50 mol - m2- st

S ik imis. Jdbr

1
Wi omos s, 0 day

(b) 12/12h, 30mmol- m?2.- st (d) 18/6h, 30rmol- m2- st () 24/0h, 30mmol - m2-s1
46.
4, YRR ZUHEEe YO DAL BY, N1, YWSE U NRSES 97
HFEQ2] ZEAELY Ol2E 0174 245 998 ZESIOA 22 45830237,

25%, 27, 29°0), AN SE 322 (25%, 90%, 95%), AT 22FG0umd - m® . 8, 50

o +¥E YEEO B 2AS UEHA Zo|th 1430 BYLE H¥st: o U
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FTT. 9%, Gdmds, dhir B
30 pod ’s?, § day

{b) 12/12h, 30pumolem-2Zes! (d) 18/6h, 30pmolemZes! () 24/0h, 30umolsm-2es!
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pmol - m? - s, N1FEE 2450.1m -5, 0.25m -s)S HAAFPUY}. ¥ 21 B AF
A £EE HEQe 2 =4S e Rojth 25Fe FAEE HAS= d =

23 Aoz 3193 3AZ(FL20SEX-D/18, Keumho Electric Co.)2 AF&31%1 ¢l
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® HERE JREEI 0m  'E SAT 220 HsAH LAIE0] Tha = UE
SHrh 2 233t O g4k MUS TS JRLEIF 24 05%, Dim . s 2 HAED
1920230, 29'0)9] N2 22 2G0mo - m® 8, Slumal - m? 8 BDEo|AN BE

W FERS 23 3 10Y 3 RP&S UER otk

23C, 95%, 0.1m/s 33, 95%, 0.Imis

30 pmal m’s', 10 days - 50 umdl m7s', 10 days

(@) 30 Mmolem2es?® (b) 50 mmolem2es?®

83.

10 ( ; 23°C, 95%, 0.1mes?)
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100 100 §= -
80 80 TF +
g S "
= 60 = 60
< <
= 40 e 40
] 5 .
/] 98]
20 20 Y
0 ‘ 0 —
0 5 10 0 5 10
Days after acclimation Days after acclimation
{(a) 30pmolsm-=2+s" (b) 50pmolem2es!
282 A0ISt AUlsE ZHUAM E2E SR =3t SAHUA
MEZO| WG (& TH; JIR25°C, 2IFH5 0.25mes")
9 H2EE JAREEs} 0Im- '8 Ax@ 276 wslN nAIgo] P4 EA Lhe

_’Qr
W 28 8337 a¥Y 84 Fulsg=e 71F
24 (23T, 29C)) 7123 24FG0umol - m” - s, S0umol - m” - 57 WFEgA TH
Ll

2 AEEe £3 F 109 A &L ve

237, 957, fimis

M0 pewd mw ', 10 ddays O pagd m Wl clax,},z%z'w

(2) 30 ymol-m2es™! (b) 50 ymolem32ss’!

HRaSBSxs ZAUA 2HE WSR2 =5 =
21; D12 23°C, A& L 95%, I F X5 0.1m=s)

3
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29, 95%, (L1m/s

4 [ days

30 pmol m’s

(a) 30 mMmolem2es?

84.
10 ( :
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Y. 95%, himds
S0 pad MUY, 10 days [

2‘31 QR ﬁitﬂf‘s
30 pad 0y 2t 10 dnys

(a) 30 pmolem2es™! (b) 50 pmolem2es-!

SHABHRSHETAS XHUHA 22 HSHO =5 &
AH; 2 29C, &UHES T 95%, JIFE5E 0.1mes™])

2 A7 23" FEEE Soumol - m” -5 o)3te] we FF=olM LY A
ot Zdd Be 2 A4 sold FRYFEIFASES A2 Fumol - m? - 5!
A E23Ez AFF selM B4 FEEE T ul2 AAF 2ho FolFH A=
7t o)A AY, AstE mAY] ok 2Eg Zge] AP sM AN Fg
33 FFHA AKe olFHY FERY £33 Ee A3 @A 27U gy
HERY &3 GAGN AFLS woldy ATHste] &3 @A whe Alv|d B

FEE SAAIAY, AdF 2AoA FBe NG F AREE FA ZUAA &

©E BFE el wiRAY oty
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A FERS B 54 L oY v
1 559 3FEEE 53
7t AERY FRAEE & A" A

oA FE2re B U@ Ars AEd v

_,
X0,
(o
+
ol
iy
K
1o
nﬂ:‘
_D,"J
an)
M
2
X

o)

B9 B4 P ATFE AEF Aotk oA B AN P2 FHA

..{

sust a4 e Ao d4Hr) WA FE gou, Bk F olfE SR A
79 FPYEES AT Poo] AAHA Y] WEA Hez AMdAn. 2=
2 B a7 AFTHL o4 B vANN AERe BYAEEE FYHez

AUt nA EBRAEE 58 A2BL FARAD. AdHen A8 ANTY T
HeEe 29T o B4y, FF19shy, H4d, 99EY 5ol Aguth oo B

AT A HBES F2LA

O =2

i

He PSR FEel ASE  gERS ITAS
= 23g AN Frldedst dads 5S4 $4Y IPAEE 24 A=xde
29 859} Zol FHsA.

BPYEE 29 29 AeE 49sd dgst 2o A3 HEQ99%6a)7H N
& 2% Qo WER EdolE 201 AAAY F HEE AAT WP ARE E7

Fluorescent lamps

Grafted seedlings [ (.4 cell Plug tray
® Aircurrentspeed * CO

=

O 85. ZESE 012 =R

10
>
id]
o
0x
I
n
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| 7ol £F8E CO: 5F FAHSIA Z4zte) Al zololA F3A

g A4S F Hustd AA FUHSES AEAY. BRAYSES

i ]
2
o
e
£
>
=

=
€8 M g3 2k F FF5 HelA viNEA Y9 9F EolE 52& 7

17F<
AHE A =E 3tF 7IFS EFFIA Fedh =R V1HF9 APYFS gt Co.

FErt BAHER 24E CO, $EE 25 HER Az dsiA 490 ol

@ Aol FFYEE ARl AHEE e den 2o

n (Cin'Cout)i 273 .15 P
Pp=k > Vi : (15)
i=1 A 273.15+t 1013

A71M, Pu EFFAHEEmMECO: - dm” - h), ki @ GABUAAF, Cu A T29 CO2
¥ E@mol - mol"), Cow: 2FZ] CO; FEmol - mol"), V: EFcm® - s'"), A: E o]
AA(em?), t 7] (T), P: 71mb)oltt. A(D)AA FAAF ke 0T, 17]¢ell A
0.04462) & ztert it WMAEHZRE AZHE 71FE5E 2 CO; 75 FHA
Hell gy,

% 862 HEE AT WA CO: 3% FAHL Ve AFxolt. &F
2] CO: o5 FA AL AFFA 725 2Ztzh 0.8m "dola X Hoz A
A #H1 ¥ 3em ¥ 12cm 71%] 3cm 7HF o] Fold HFEY. =3 AFAR T
Z25H 03m "ozl A2 vz EH 9 15cm FoloA ASAHe Y& CO;, 5%
€ FA3%AY. CO; 3= FF Eold HAAQ AA 3mme] PVC sto|Z o} 71QtH Mo
ol&]A sampling® FrlE 39 AAWE(P 8NE EFAF CO; A Rz
(GH-250E, Sensonix)Z E°i7} CO, &7l A H} o] ol 393 Axjall 2o F$x12]
Q1 7i¥l+= datalogger(23X, Campbell Scientific Inc.)ol] HZE 16x1de AE=EE T E
(SDM-CD16AC, Campbell Scientific Inc.)& ©]&3q o™, B7] 7HA F 3AzF th e =2

sampling® F-712] CO; 358 ZAHIAH(Y 88).
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Inlet

IN Y A l l 3-way solenoid
S NC ©x [ ) S S valve
NO

A Flow Infrared CO,
meter  analyzer

- | 1

Discharge

86. Co,

rEEETREry

o e
MO 1

87. co, 3

2% 23 o SEAE 9 gE S ® LERRDE 0122 FE 270 FERY
BEY £90] e PSS AUEHE A0ITH W IYZE AMZ HAoIAL COp B
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[nlet

l 3-way solenoid

Flow Infrared CO,
meter  analyzer

Discharge [l

D2 86 E2E WA CO, 55 SF Alagel 24

AR FHYSE

A719 &R Azdg ol&de AR AF HEL AHAT HYdM Y CO TEE
2744 4% Co, ¥R A9 @9t FoR vehgt ojie HE 27 HEE
By o] wj$ RS2 oulatE Hojrh IH HER AT oA CO: F

o
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88. CO,
Co,

[l

L of MAZFL £AwgeR COp I 7Y SEHE AR €

A

2
=

(Hon-dispersive infrared) ¥F&2] CO; A MGH-230E, Sensonid)® S UL = sampling air
A0l BOiUE ASEES BT T CO; MHY UPE SOIIES ST
ZaREAFTR el N2, FHSE U ARSEI 22 270, 90%, 0im . §TE A

OEHA ZEHEE FBTAL0] Slpmd .’ L §, Poumd m” S S AEE 2
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02l 88.CO, MIH S CIOIEIZHE O|28 H=09
CO, 5 == AlAH

2 54 A MATY FALFo2 CO, FE/ BIFYSHA SA=HE Ajelst o
Ao o2l A= CO, & &4 o] 7|QUsy] RgE 234 Yo Ao
E7F 95%EA uff A FAEHAZ] wEA Aoz BURg. SRS COE F45
= AdE 23 3ok B dFqA9 Zo] CO; BT ZAo AEdE B Ay
=7t #& AS HAHMA AL AN F 2F710 M 2Hs 2 §905o0lok 3}
T od, A AUSE7E 57 920 AFol A o]Folxx UL Aoz WY
ot 2322 2 dFdAs JUFET 5L U9 AEFS AN nEAgela
(Non-dispersive infrared) ®W4]2] CO, 414 (GH-250E, Sensonic)Z &5 sampling air
7b A=gtAde] Bolde AFWS BIHH F CO, AMY Y72 BolrzE o).
FHEHAZA e 7L, FUEE L JFEES 22 27T, 90%, 0.1m -5’2 =)

A= AAM BYFEAFEZFAL0] 50umol - m? -5, 7sumol - m? - sTE gxEE =AY
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A g3E AEE AATY £3FASEs a3 899 A ith AN =B FA
2TE HE 5 HZ 247t ¢xAo A AAH By MA F 3A Ao
ZHE CO, T8 71F o2 259 oM Ae Bkl

AE % 9ol AN HEe HERs BFAL olFU, o] W £FFHLE

iy

42 ~64mgCO; - dm? - h”' 22 A v]$ A ek 2 F FER £3FJ4EEE
zZo] AYPEAEA Frsle Aoz Yegd &, HE F 4449 oFFAHAESE7) 501
mol - m? - 5", 75umol - m?-s'29] Fao A TE ZTAFHE H, ol T A= ¢

FHFASE F2 sl AFS 22T @ CO, AN YAH 253 BE FH

ik

Az B @9 Aozl e s)@sbs 75umol - m? - s'e FFolA =BT
2% Sopmol - m? - s'9] H Lo HEA FF 26% A elkdch ol AFAE FH
Hel % BAGMAE ARES FFYTE) Bl A ANPE ouse 3

& AE HH daAN Tt
HERY B3 HFA
A A At FE

L
r;’ﬂ
of¥
123
>
o
B

22A4, HE Z74 HEHZREHS

180 PPF
% 150 | O 50umolem2es!
; = B 7SumolemZes
g 120
= E
23 9 r—l
a
8 <
£ g 60
3 E 0t
0 . .
1 2 3 4 5
Days after grafting
O g et sZdEASu s 2 0 20

X
e E8=2R2 =Zetd=
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2. §EEe OF g3 4y
olAZtA FHE ATHsAM HERS) WY BHEAL AUEE 90% o4, 7R
£% 0lm-s', 71 25~27C, BFAHFESL SRS Soumol - m? - s, B3] 12h . 4"
it 2HMER I¥ FXFIZA W9 712, FdSE, I AFEL NS, 7I5S
d'2 MAstn gaa
el kel 24005508 FelmEdo] 48709 Pl HEBEES 22 3 =3 2

de A A3 E 249 2ol e,

=, 3571 247 27C, 90%, 50umol - m? - s, 0.1m - s, 12h -

x 24 HERSY BiF &3 49 A7

AgHez Ax7F 4%
F 7 °c N IALE B 2
Fag g et g
FT 2,189 112 99 2,400
& (%) 91.2 4.7 4.1 100.0

49 A% AT 2400% shevl FP¥oz TAY BE 2,189F012%), T4 ©
AN A7t AR NEROU NBE B 112F4,7%), TAFS B 99%(4.1%)2 e}
seh 22 BN Pek 98 NEYey H2Y RE 2edaz Qe mad
ol Btk AHANEG AT AAHY, 0B THY A FHALL 959%2A o) A
@ Astsh FASA dehd dF 83 YT AFBL 08T BHZAFA
A9 FRTL FAY = YA B B4 AN HHrh A ASQAAY B
TAG dQlew FAZYYA e BHo) A FFo2 ANSH FAY, HE
A9 AR V% 58 ANY 5 Aok BHAZAFA ol TH F du=z @ 9=
B2 2% 909 A itk

D

%
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2. AEge SRS GF g e FFY), V1L, FdEE, NFEE, 3EA
TAEZFAE F¥e BN sEASES &F3LS uE o HHY @3
ZAL 71 25~27C, AWFE 0%, 7|IHEE 0.1m-s', BTG EAS 500
mol - m™ - 5", FF7] 12h-d2 Yeigtth. 47] 274 HE2E FH2L 90~
100% 24 A et Z%o] Ad&stA o)FoiFJ S & & Urh

3. AT A 5UZF BHE HPHEL AAF M9 &5 nYstd BE £
714

F7] 12h-d, Z1HEE 0.Im-sTo) A B2 NG F FE F 3AdARH FulS

et

Z z2d, & 71e 27C, §5 90%, FH4FEF2ExE Soumol - m” - s, F

To] AdA 7HA(95%—85%)9} Feke] Alwa) ZsK50umol - m? - s'—50~75umol -
m”? -7t AT HER Ao aHHQ Aoz e

4. FEHS £BFHEE HE 27)dE 42~64mgCO; - dm™” - h' A wl$ 2o
u, ghate] JAHWA =B A

FFAGAN eFFYSEE Soumol - m” - 579 F ol wAM HF 26% wA 1}

o1,

£ %7t Z718gdch 75umol - m? .5t BN FH

Bttt oled Ades HAERY a3 QANME HEES FFAAFTHo FFo

oA AR S ovste Ao2AM, HE 274 HEEZREH F2d FLAS

—_—

A 5 A= "W WA B> St aiEAE ez dddEch
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5. RS Ay 5 zhd AFstE 71 27C, 5 0%, FRAYFIAZFARS 50
pmol - m? - 57, BFE7] 12h-d7, ZIFEE 0Im-s'oA OF &3 43L& FID
A7 A2 2400F 7teH AR XY BE 2,189F(91.2%), 3 AN
A4zl 9B AEQoy FBF B 112F4,7%), TAE B 9F4.1%)2 YERT.
gt gl HErh 9P AEReY FBE BE 2EHLE2 Ase B0
i AsEes Aoz A4EHY, o& EFT A5 BFEL 95I%=2AM o)A 4
g Aget FAEA YEY P 23 230N E AT FE o) 8T THHFAZAT
e FEFS FAsA
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AN MEmo MANE AS

A" A o

FERE AA%e 71 £ KA IFANE FAFY T/ Ex Aot HE
Zle FEd met 27, A, B, 1R S O0F A2 PEe AAsd T ATh
#et 47A, 1990). 2B HE el M HE wx 3 Bd 2aHe =3t
A55 7hed, 23 2ANA e B3R 87, &3 43 E, g 2e8e I+ T
o] T2 A viepg}

HE ol AL &
4589 442 &5,

it

i)

= zx 9 @3 w39 39AE AXNA "k KR @A

AME HEe HH¥A B

i)

Fulsin, §2E%4 9AIAE E2H 2¥FH B =
Ed2rt FojAA FEZ BAZ Wl Hsteol Ak EF YR nHEIE 9
& #2 ¢35 ANAE BEES A5 o] APRE YYAL, FExH)
geei® Hse BFo(alls) T4 2 EHHZ) 9% A wéo] BLSHTHO,,
1995). 2=z PEEY A4 EET BHANAL Age 4d YL FA%AR
g3 SN LS FNF F ZASE Aol @A YR VAL F
AP A ANEH 24 FYsteld P2 F mel Huol e AAPEE 5
A3z, ARG Azsd BAANE ANHE Ao HEY RoE BwAL

£ A7e ¥ERe AAMRZA U5} g R @ 339 sHA s,

sy Aw, BUH SHL BHsua A=A
H2d HER S=x239 3 7 FH

LA &

379 7HAI e 231 9AS dAHes BEY 5 e VIEEA, HAFH AUy
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2 Bokz ZAoZ FASE AT TEH U (Senger, 1999)F 0] HLH T gtk H
Zole  zb7] 2w 9 HMagnetic resonance image) £ AFE @3 (Computer
tomography)oll 314 BSH Ax S 399 249 4 FRE o] &3e 3 7}
NgE ole B oz TEAA AR

ERE
@H PelRopl A 334 FAHE AET At muHA @ 7ten U =

BE 3537 98 AN=7 o8 Bopol A

1 ¢} (Traina et al., 1997).

CCD camera® o] §3ted 2749 A4 RS YSsAU 94 ARE HHE 5

Zol vi®e Yok 2wT 249 P4 FudozA dd AEe A% W A

i

o2 osiae i BA vk B ATNN BHL 2= YHE SExYe AF
Fo] @ 7HAF olal E: AH AL Axsted, Yo e A B
| e 339 HANEsE aTE o] A% FREE wde] U@ 274 el U5
fojol Brh. ERxAol UE 249 4 AuE WHE ANARE F5E 9 £
g3 Aa2A 2LHM, 349 /S A% 71R™A A2 etk

ME W EE PYERRY 2F 876 wE PLs BTy 2T APE S
A4 AEg B AT TANA 2 AW 9@ 249 JYARE olgste HE

2 ExzA 349 ANHE olF: U Aok F, 4%R BEzd WpTze 33

£,
UJ

A g4e FHHHoR $M8:A, CCD amea® T3] JAPoERH s1EW, F
7l 9 Exzdel a%yRe 593 JAANE AFHoR WAY F, 22T
2 Zv)9 oge At Y ERATRE FEHsE O Yok =Y HE el
he TExde) A% JuE Adnnz o
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o] B olFFE @I Al 47 ARz zFRYh FExA 9 329
7HAstE AEA AE F 1590 AW HERE FANEZA ALSAT.

FE AE PPl WE PS5 WEe AW BWL Avnna Fu PR Qe
A8 B4, §4, B94H A HEY YEEES Yo Y5F 409 @
#F Aol whe HER =@ 3ad sAsE AESAS 2hd AeE g4 o
2o 7tz Ful(AEE, 3 ER)T UHFR Top) o2 A, AAAe] AX& QEikabo]A
HEo] o]Fojd Rolrk. FHel AHEE HEs B 2 fu(REE, F5TR)TH
FH(FR Ummason) 2.2 4, i sdFe2 SEAGZNA F5E Roloh #AG4
AY HEEE 2 A7 s g Reld.

3. AASHE A GAAY Azde 7y

AEue A4S 58, A5 22 2 ¥ 3o 39AE AAA gk 52 9
e AEl HHA BE F9sy, Y52 dAdME &Y 2EH ol
stress7} ol A A REF WAIZRHo] Aelstedol Foh mE ARze wRIAE 9
22 €3 @AdMs AERY Ht diEo] FARE I, A7 96

A dmel callis F4 2 2siHy] A% 42 08 Waz @l azz YEw

g Bge P EE 4B 4 BYL FASI AN ARBAE FUstE A
ol Fodth. WHES VHEAL AP AHBR2AL FdslAE YEF m
Blel did AAYRE FPSm, PAFE] T2t BHANE A= Aol #
% Ao wedch

HERe YPRo B G4e 5T W =90 oF 4o YRg Jasen

Z} CCD camera #9-° 3514 HFF5L 1714 AXSIAT. ASdEs 2RYPZ 22
FTALFOZ 60cm otzfol] XA How, FHoZHE Ue g Ay 4
G4 AU A4 JDE AR AARA HAEI} 7685 )xd93(5H) 229
RGB CCD camera( XC-711, Sony)9} Zoom lensZ A}-& 3} ch.

1Y 13 o] CCD camera®] RGB Zetdd £ & = HFH o] AId JAx
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Az gHHol FAAE stod Tl u v (frame buffer)oll AFErh 5 FE
24 IBM AT486 DX2& ol&3lgd o, dA4Aag4 X2 RGB gt ZHE HSI gte
2o A Vo] JhET B FFAYPADTBNE ol AT ZoUdusd)
AE dare TUH AAZon AASE H, ol Astel e R E(KX-14CPl
Trinitron, Sony)& AH&3t2lth F4Yd 2 JYAYE AP TEaWL C AE A}

#3to] Awatar.

Image Processing Board
FRAME BUFFER
A/D D/A
F:i! > > —— S T
CCD Camera Converter ON BOARD Converter MONITOR
PROCESSOR
A
A
| HOST o DISK
KEYBOARD > ~ompuyter [ 7| STORAGE
v
PC
MONITOR
PC
aE 9l ETEEL A PAE HSHT| AT YYA AL 7Y

4. HER FEzFe] A% o gg AW 9™
HEne Fgrid FExde A Aue TR g4 et 2 PHe
Hgstgdch ¢4 Fre WRTR, = =0 FLAHE DA B A6

Be ARsA AHI} F EE 1%2 Eosin g0 58 @750 A
ZRe 2B JAsAh Geow A Abgste YRR 92 ¥AE nA
¥ F microtome & o] g H wiFel TUWU HAddoA Zzh 05~1.0mm tHO

trale) AHL AP, 2 5 Zoom lens?t 2% ¥ CCD camera®} J74* €

f
)
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92. 2
CCD

= ROB(Fed, Oreen, Blue) format oA HE3V(Hue, Satwation, Value) format©® HEF]
0] szatwration M T2} ZEEE AHZSPELE 0] of AFEE ZEHE 3E8<E 0l =
A, TEREO] contrastE ZFE5II] A Hue S FE GreenBAg 2HE 510

—Ht A E stEHeH, SIS 2 Fio ot TEA EEEETE A2 A
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N=WE AHgste] AltE NWeRRE PR vue 249 B3e Ao

JB92. 8SQ SR 2R A& S AIRE
OHOI2 Z2 &1 CCD 3| 2t

5. 358 FExA9 339 Al B4
HEEe 3344 A Age a2 f499, A4, g £ 3 A
it 44YE dAE HEHE slicingdte] 4 9] gy A= o))
B4 AYRAHL WP ZRE A BAS BEN3, hAERH Yoy sRnm
9l contrast® enhancingdti= HPozA JAL 3WH WAl Aztst zge] = FsA

1

9o 2 d7E A4 4N B L Matlab 508 o] &3t TRIQ =), o T
< 293E g 2o RA, A2 RE QIS Busr] 939 gdga
< RGB(Red, Green, Blue) format |41 HSV(Hue, Saturation, Value) formato 2 33}
ol saturation gl we} FEZE Asigh o] W ALE® Rezre 38<S otk =
A, ZBREY contrastd P23l7) YA Hue F4 L Greend A S 2AZ 5t

BEYZ AUE o, Bege e Jabol we vz 4gsgh. o 7)o A
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FEgol &7 oE F vl flE RAe 4T MRS FLEA vEd A
kstzlel, shtel gtoz AAY A =& AFAE 2L 7 ARV WHECIT W
X zrzhel F4& HER AT F AHg H|WEHA, Trial-Error BaseZ EHF=
APk AA, HFE] AZst AP L Z osliced 2 gray level TS BopsolB
2 A @9 contrast7} ZEE 4 FoA AN JES FEIA 3AY AHFe
gg23tA @k A Aol AZE BAoA  vik2.0(Visualization toolkit 2.0, Kitware,
Inc)& &8kt

Visualization toolkit 2.0& AF&3te] HEF el 21 dF Ao Wi 324 A1z
3 Ao g WLg JiFHem dAsd g7 A

1) Read the Segmented Volume Data

AEFH Hg AF FHol g 25 slices 7h9) 239 G4, I 256X256 pgm HUS
9glol=2 F segmented volume?] 4 ZTE (0, )= MAFITY. 28 234 3
A Aol AlgE Fuwe AR Hojo] HA Zr|E neEE, 3AY AZE GA
oAl AFRYo i AE =4S ZEE voxel ZF volume element2] =A71E
0.2x0.2x5.02 4 7}A 3} A o}

2) Remove Islands

Az gold 9 L voxel ZFEL AASY] AF AHo=zA, 4 "k
voxel 2188 AAsAc} |

3) Select a Tissue

27] 2R3 ¥ 2RSS o] Aastzmal gray level zke] H o) wrel Rl st
Adgstdt. 7] FE9 gray level2 1614 254742 AAstdch. 9, 294 F4A
2] B3¢l contrastE® PFZE:A T R EO| gray levelS 2552 M A3t}

4) Resample and smooth the Volume Data

Z%o)] AL trianglese| =& Zo|xA} volume datag resamplingdled E3l & W

Zack. ggoezZ AW FHoz xlo] A AR volume datae] A4S Gaussian
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kernel2- ¢} 82 3}<] smoothing%tt}. o] uf Gaussian kernel®] E&Hx= X, Y, Z w8 2
= (1.5, 1.5, 1.52 dAslan.

5) Generate Triangles

il

Marching cubes algorithmg ©]&3le] Volume2] surfaceZ At 3L A43a=
MAA st tl. Marching cubes algorithm2 ol ol E3 o] UE= algorithmo]th.
THIS CLASS IS PATENTED UNDER UNITED STATES PATENT NUMBER 4,710,876.
"System and Method for the Display of Surface Structures Contained Within The Interior
Region of a Solid body”.

6) Reduce the Number of Triangles

9 GANN AMY AW FoIA renderings] BHAF REE FotH AASRE
4 o] o},

7) Smooth the Triangle Vertices

AR olk3ta dv RS HAHPESL AAE 4THY olsAHEZN #AA
B o] R=327 dFA 5= Laplacian mesh smoothingS 38t A ot}

8) Generate Normals

Rendering¥} A o) 41 smooth shadingg 9& 4 UAES zF x| Yo &3 Y= 4Hzhe
9| normalg A4kt

9) Generate Triangle Strips

e 49 d47tae 77 FFss Any swipFEE FEAE o) vmash A
% Ao W7 =WelA B AAHG. 222 o FYAM Aztee swip o 5
2 Wgsigr. |

10) Volume Data Mapping

Volume data®] 3% HEE 7ot §A 55 38 3}e] view planed] 2319 FHIE
Az dgst= Aot

11} Volume Rendering
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Item Specifications
Model - IQ 812 (FLIR, USA)
Measurement range -20 to 500 C
Resolution 006 C at 30C
Spectral range 8 to 12 pm
Detector material Hg, Cd, Te (Mercury Cadmium Telluride)
Frame time 0.8 seconds
Emmissivity setting -10 to 1.0 in 0.01 increments
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Characteristic Specifications
Standard video outputs RS-170, RGBS, Y/S, NTSC, PAL
Display levels 256 discrete levels

Display Resoution

Standard (NTSC) 480 lines X 640 pixels
PAL 580 lines X 512 pixels
Image update rate

standard (NTSC) 30 frames per second
PAL 25 frames per second
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30

T o
sl = o
5 I =
= = =2
4 ¢ n
« & 3 &
( Do)oameraduia,

Days after grafting

[
]

«©
(o]

o s

(Do)ameradwag,

o
o

=
o

Days after grafting

=

O8 117.
452 =D
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5
A MaxT
4 ® MeanT
B MinT
c 34
=
<1 2
1
0 1 1 ! 1 ) i
2 3 4 5

HE 3 290 597X HAF AP EFS TN BIHE HEE
AERRED Z7RE A3 =7 29 1199 H2 ok HE F 2dAed ATL
AT2, AT3 @ AT4E 20~42Colt}, BE F 5UAd ATL, AT2, AT3 ¥ AT4E
05~1.7C2A HE F A7t Ao wat =47 GRS =AY Ha
AR F 2g4e g7 BREA deen, 2 o M43 Fasdn A
TIg AYstd o2 32 Hs nAtAZ BB F 4dA e Frlo] AP L=
27y 7] AFe] 2t vlsiA =A UERRT

BAe) weh o)zt ot AZ Aol B P AR AR 4B
A exst 2718 £xd v 0.1~42CHAE BA Jeigon, Fato] MY
HA AR et Er5R XA #FasATh FERY FIF AN et
Ee] HEHE FAsAAN Fxx3o] 2FHE G5 BF2(callus) T4 R 2
st57] fg A2 Wwgo] BAsHOda, 1995). 1A WF2el T4 B #shoh 22
Ay kg x5 AR 250 oEid ZAE Ao diddc. aRE JF

F 0=l 248 A4Hoz AFAAEY Y ¥l AEALES IH FE o
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= WMBrtA FEZ Fio] oo FUY & #YY dort A%
HERY NEH £E= W43, FAY, AL R EFP ZE AN FE A
B2gaA Briel WEAT ¢gr)d SEvhE @4 wERNoR JENT. ditiez
g o)FiAE Wolg @23 e AEA 2E7 24 vEUES RAH v
W Ariel AdE Aol sigsts vh o) FEd oid JAHAY =V HaW Ao
Z magch £33 HE F 4N GridiN HERETH VIR 2=V B A
3, B H4BL EFE EFF AYAA gA dege dl, ol A F
Ao og AAA = AY oxd 7IQF AAA ARe FF ARV 287 A

o7 sAggd,

ATI1
AT 2
AT3
5’:\‘ AT4
=
<

W

2 3 4

Days after grafting

/] T o

H2R2 2 Xt st

T8 110 BB HMBS SHE SERSI0IMN B
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A4d FER 2 7912 71AF 58

HErgg Adsles SEY T sUdAME FAFY FF = Aussbe HE
71E sad e 53, A4, €4, 93 5 99 7kA 35 e AHgsin Ao
a9y HE whid wet HE we 8§31 dgd aeHE =¥ 2AFE s, 83
gAg A A 873, 2, A LaHE AdF Fol ©2A vehdth

g2 A3 AFL A HEE 94"E HEEE £IY 2 Z1AH A o
A o] o]Fojx 4, o] HAHAAN HERZ 7AH FAL UA Ik BF HE
o] Atz olFAX R FAY, BF WA HA &H zde=2 BHA ¥E 9
WEg Yo digo) FAEA o] FoXNA Formz H F AL GANM AT
Ze FAF 87 xe WEH2 A% giEH} H e BF FHAvr £4& A
A9 4 Qo ARE 2 399 /A 546 B Rt AFY AW W

2 A7E A% Pyl we 4% 42RY 9%, 4% % 49 2= 59 /AR 5

o

HERN Ass 2o A% Rl W /AN 54 BAHnA ¥E P
of mat gEEe el dE A4, 9F 2 AY FE 5 FAAUG B AT
i

He HE el wE @Bue A% 2 B 71AH 542 vmstud B

T

Jd
it

ol
Jo
b1
W
o'y

Z(slant-cut & insertion), ¥ 4j(inarching) % 5 (slani-cuij<i =35~
A AgE AgstAn o ZhedH AFHHE JERe 2 d7del s gtd
gEmoln, 54 wt Fdol ¢ HIRE SELH F9 5EPE dFsHAn
42He B4 340 488 FAMAR 540 E 279 A vk
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B 27. FAARY FF SAR R FrE

Stem diameter .
Grafting ) Moisture
Varieties (mm content
method Long Short
\ . (%owb)
axis axis
Slant-cut & | Scion: watermelon{cv.Z}2) 4.4 3.7 93.8
insertion Rootstock: bottle gourd(cv.FR King)
Inarching Scion: watermelon{cv. % 4+%&) 7.2 2.4 93.6
Rootstock: bottle gourd(cv.FR gold stopper)
Siant-cut Scion: watermelon(cv.'d &) 5.3 3.1 93.1
Rootstock: bottle gourd(cv.FR combination)

HER A, FF 2 Adw AR AL ANH FFSISIP
(COMPAC-100, SUN Scientific Co., Ltd)Z A}B-33vt. 2o EE FAHS7] 9%

o WE (adapten) 2 A AFF == AFFE

I

Bg oM, 4EF=de AA
20mme] Puy Aol ¥y AT, HERTAE Yol ¥Ay dug ofdHE
A} g8 %t

2AS 24 o 35F AFET=E 10mm - min'2 2HI}HET BE BEAL 3
o)

—

it

, 2R 1208 HE F 5Ye] AHS HPABHE dig HF A<

o
o

BE Wyl W HYEF 59zke] #3 2132 AW FABEY AF4B=s 29 121
of Adel Urh HWAAAH, TH 2 AHAMY AFBEE A7 4343kPa, 345.6kPa,
1209kPaz A o] AH&E FFst dlFe FF Aeolst gl s, AAMA o
B BERH AL ABFEI TH e Aol vlsiA Zzr 13w, 339 ZA 4

o,
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350
r Rep. 1 == Rep. 2 = Rep ?J
300 |
250
)
= 200
2
8 150
=
100
5010,
0 2 . R , N \ : Y
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Deformation (mm)
02120 22 £ 52 ANE SR 220 U
oIEABME 2
w
=)
=
o
=
[P
=}
[7,]
L
=
o
=
Slant-cut & Inarching Slant-cut
insertion

1]
-

2 R1.E8 &520 30 2SR 2
QIE2AT Hl

290

29 122 REF AFS Y5 W wAAHE WERY QIFE WS et
9 Aotk B A¥eldE ABFE 1-5Ye] AT FRRE ARZ AESRAE
A YRR 29 A7t d2omy pufol AFPES &

AN

o] A RelolA FFEA(alls)o] FRA E
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2 ol APl AWZ ClFANA Wy HEQA A2 BVHF AW WIF
390 e PR AFFEE 218.1kPa2 eht, A5 B AFo] o] A
A AXE WAHD YL & 5 Ytk deoE PEF 493 sAA A g7
St 2tz 267.1kPa, 4343kPam A AARES FARA FATE ¢ + Ak WERE
o @ AAFES Frhe WL U2 "ol wustAl oFolAWAN Pie o
2o m@ol 45 dUHol EHE TE FEIH 2 olFo| AYHA o|FolA &
Aee guishe Aolth 2B o] AVRHE UE 274 FITE2RHY F2
e AAGT BES UEe) ABP AW ANA ANEES Fo)L, VIS 2A

AP zr)e FEH B BAL V%I FULES 221, FFS FANAE

0

%
AEEst NBx % 87 Asel 2 HeaUM =& A4ELS YEE v YIE
o) 7ot me AR A4E 9N B AFHez 874 Belst aT7ad

500

400 |}
300 }

200 |

Tensile strength (kPa)

100 |

0 L L. L 'l i

¢ I 2 3 4 5 6

Days after grafiing

-

08122 22 S IV L0 GEFSR B
290 YT B

A5 wrgol ge HEBE 59 BF A3 AW B2RY FFFESL 1Y 123

o 47 U AERS $EPEE AFFES d2A TH> 4> AILAY A

2 4] Z+Zz} 214.5kPa, 211.8kPa, 130.2kPa® vlelytch #GA A 23l HEH HER
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o gagEE s AP ¢ FIFE 4P 60% FFol AP 2
Y 1245 FEF 3~-54A0] sHFse BAMPE AR AFFE A%E HEd

oltk. MEZE 3, 4, 5959 =4S+ Ztzt 125.3kPa, 132.5kPa, 130.2kPaz Al &

o)

AAE 5ol wE FEFFAT Aot 2A F&E & F U

o

300
)
& 200 f
3
=
g 100
T
0 | —
Slant-cut & Inarching Slant-cut
insertion
8 123. 82 5540 ZeE 822 28
2o g5 dluw

A gy wa YEF 59709 &7 7BS AR FER ASA=ETE 29 125
of Ml ok e AGREE AFFE wRrtAZ FEAE> 24> AH
&x 24 2}zl 683.6kPa, 447.3kPa, 439.5kPaz iEbwth. HEAHC A HED F
2go ARAEE s4Y Aol A% FEae Fgdd HlEA Zz LsH, 16w ®
A e, E2re Q873 re AGPFE Aleld AT BAC Ae A2 wad
o 4719 2RE A | FER AFFES A= B A7 HEd
HAAAH ] AN 71 A vEd, A8 Add AGAHe] &) FAY A

2 g
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150

120 f

'l 'l
= S
(=)} \o

(o) ssauprey

'
o
Laa]

o

Days after grafting

800

= o) o)
= =
\\=} <t

(ed?) YSuans Jurreays

200 1

Slant-cut

Inarching

Slant-cut &
insertion

i

r R0
RD U
v K

nl OF
Mo+
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A5d 2 &

MeEpe gae AU HABR 23S FYseE YT F Bl Auio) o
3 AAARE FAsE, AR sEs] BAANE AAGE Aol FASIh
aeee gEnel AARREEA UF% P4 ARAel i 33 A, Ia
4 Au, J1AH 54 Aen o BN Ans 2FswA e 2ok

L AFH d4de Azes dE3 F5e AF T 9@ 23Y 4 4S5
3 % Exzdd o 339 HASE AEsgch 3342 sHAsE B e} Qe
o Zmelx AF HAel e ANA ot Assgon, 4% F And A5
o A2 PEIAY, B 2 WE FExde 2% U tASAL

2 Mz te f7seA 2w R2Ee 2F P U ex use AY A
2 wogdxez dANstn Qg A" FEHY FAE ALsuch W%
Z710] W83} Aol ARRA) AP ABA w7t Er1RR 2xol H
A 01-42CHE A vehstew, B3e) AYHWN @A Er1HRe 2

3

27} RSty
3. 4% el me et FEEY A%, 45 L AW ZE 59 JAH 54 B
Magoh WE% sU B gERe APFEE AIAH, 33 R AP

Z}z} 434.3kPa, 345.6kPa, 129.9kPaz ] HIAHY A$ TH =& Ao Hl&iA

Hl

2y <r 1.3Wh, 3.3Wf LA Y ERS . FEF[EE THE> EAR> ARAEe 1l = s
z} 214.5kPa, 211.8kPa, 130.2kPaZ Vet dad = HgAAE> FA> A9 &

T

A2 A z+z} 683.6kPa, 447.3kPa, 439.5kPaz UtElRith 47]e] AxE n ¥ o
AT He® B HERY AFFEe} AvgEst HF w2A dehd, A
B e REAR) HWEol AUY Aoz BwATh
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N5z 2ol ZFHTM Sy
1A A

BARe Age] WAZ, ABF, 29, U 57 TL FHA AW Zobe} o}
4, W, shoot WA, Yol A B3 2L FuwA AGD FFL vlAh o)A
A AgAue BEAT BAS ] BRATY B Ade] @ AFE Bo] o Fo
A gout, BRURAY £ ABe 44 Ho P AFE AuHoz wEe A
A olc},

Balight qualiy}e 2 Ze] W3 FelRA Bgo] ATt L vl chHart, 1988;
Fujiwara and Kozai, 1995). 1 2¢] 43 34 gol €& AnzA, B4 vixs

oft

Fdo gl BAME B AT/ AEsPo, BRE FUNEE Et FHo|
MAEe A 9P BE AFE ATE Yotk Aol thFE Fdol THH
of o}, 429 4% £ FHPY VLS 1Y = Y= S3P Bl B A9
o] ZAlakr17h 4 @k 2Ez 23 2 oA Agel YUY Wee =

Qs ST 9ol HYHA AT b5 AFRE AEsE Aol mAHol

o

FE5, TUUEES, dgdgel=53 2 7|&9 AdFF Lol = ZH7] G 54
F Qo] 2 Qomz AFe] JFHAE FAANIAY FHHFA FES F
A mage] A ZANEES)ZE BElEsith A& A4 Alold Hie wF d 9

& 2e AFFYel AMLHW HF YL FYAYAH Aes} Az AFF

< o8 AETAL HBFo AA 7IAT Aotk 53F F&o] B2 UAFTHA
ME Ee 2% A" Jde HERS AFe FIAINAY 5o FH, 94, 4

- 207 -



N AAE Foe) £v18 ZES SEFE 2o uwgHstd.

W ro] 2 9 E(light-emitting diode, LED)E 8o @Mgaozs xe 447
s9de AUn AT, 42 AFe 2o sl B Aoist folatw, D T4
3 ARl WEFo] Ay wFo) ABRe 4% L FewA Aol BAo=

oA 7tA ©A} LED7F A 2R AA £ FHFAP nAEs 797 RuEHJe
v}, LED9 3348 &% 2S5 (photosynthetic  photon flux  density, PPF), ZXx=
(iluminance) R 32A}Z E(irradiance) ¥ 9} & A= g FaHQ A5+ AA
%] @5 gleh. LEDS] £33 543 FAEE ATFULE LEDE o8¢ HER 4
Ab Madwle] 29 AA H&% As= #8&8E Aok

HERS @I vxs= FF EHE THIZA AxzE B 79 FHS
AFTFPoz ALgstE FAY, AP, A3 R AFR 4P A & FHo] H
o] Zutal EAu galo) wXEe JFS FHI T, dNRE H-sA EFH E¢F
o] LED3s}tolA 3t HERe SUASTe) 83 E4LS 79 H A

LD

r-(
il

=g

AH2d wUyPrlole =2 B3y 542 H7=

. grole s

o] LEDE o8 Agel 4% 2 FPRA Aol ma Balol Fuism
gtk LEDE ZE, ¢F0%, vz, o 5o M-VE 94 % ofd, 71=8, 44, 9%
2 59 N-VIZ #4Y JFPE FETNHNE FHRE ARE ST THxAe
e BHEA FAA VE EE VIE 228 Tgstd AgNez A 2L
GEA 2AS 0% T N 928 Tgste] a7t ddses AL py wEs
242 7% 24 ol ogd 2o wdy Fx2 o} Ut 29 1269 o] LED
o pn AHFol AAe HolFHW n¥ BHol EolglE MRS pY AP BoIYE
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BAEEFYC] pn AEFANAN AAGHE o, o AN Fgo] L A7|AUA 7}
FolvA2 AgEo dgo] olFojyct pn HIReA HIFE FoluA o] X7}
BRH 3, 4R U HEA 2 WREE FISAAYG wAHAA FHHa o
Aetol= AA S WE2EA LRErh o] A3l YEA @HdHD HENA o)l F
7}

off

3 BL A3 YA U Z WEE FFAe] 30~40% FEE LA g}

ol2} g LED= &2 AT $HAHE AUz slon HFo) AnEes Agarrst

—

g 27 diEe] AR BAR, F3E, AXNR 2= HAAFY] AANA T FHS)
Al o) &€ =% LED= o] 23, & F3o] &olsty, 39 GAZ Fo
HALel &Pl #7] e B A3 Fdez Y HAFE Az Yt
G LEDE wid wylel met HP, A3 B dBYo2AM o] &) 753
3, 2PezA dAFUYg F4E AYm Jlermz A& FHHFAH AL AF

Fde= AHgd ¥k gl

N-TYPE Electron ?

POWER
SUPPLY

Light produced

by recombination é
P-TYPE Hole

L

O3 126 SECH0IKLSE2 & Rl

o
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2. &4 LED 2859 AA 9@ E4
7}. LEDe] A7)13 2 F573 E4

E 282 APl &R BAF

LED(NSPB633S, NICHIA CHEMICAL),

=403

LED(NSPG633S, NICHIA CHEMICAL), %433 LED(KET583R-B, KODENSHI KOREA)

g 2433 LED(BCH-36, Showa Denko Co.)¢] 714 g #3383 54& vetd Aol

. LEDE HEE @ 514 /5@ AF AR HuAs I, 34, G4 2 44

3 LEDSA z}z} 30mA, 30mA, 25mA, 20mAE A AIH YT B F AF7F 20mAQd £

Ao A A, 584 2 AMP LEDS BE AFAYS 47 3.6V, 35V, 1.8VEXM, A

A o

4% LEDO FFEe Mol H233 LEDS 5o vl

oF 20} ¥

o 4 Qo FYS AR AR ZAM A, %4, 54 ¢ AYHY LEDS] Fohy

& z}z} 470nm, 530nm, 660nm, 7300]%, & FE=E =43 LEDY

Az g LEDO] ulsA zhzh 259, 169 A vhebsket.

® 28 FA, 44 2@ A4 LEDe] 714 2 FH 54

73 0

Q- 1.30cd = A,

Luminous

DC forward |PC forward voltage Power intensity Peak

LED current V) dissipation (cd) wavelength
(mA) : (mW) (nm)

Typ. Max. Min. Typ.

Blue 30 3.6 4.0 120 0.44 0.52 470
Green 30 3.5 4.0 120 1.10 1.30 530
Red 25 1.8 22 55 0.30 0.80 660
Far-red 20 1.7 2.1 1.1 - 730

A, =M 9 A3 LEDE: ABA4F Aolg BYPoe2A B9 ol FR FEA

& Ex #ugex de ASHT Yk ¥ LHAY LEDE A2
._E'.

=43 LEDY] & 4

M olgele Ao AIEEHA Bomz,
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el elRolxx f:m gith 3y 1278 B MYl ALEH LEDY F8 =715 ubet

W Aot}

4.70%%2 5.500%2

=
D
TE%

22.0MIN

1.OMIN

25| .

E

|

ol '

—=Eo1-¢ NOTE,
®.Q 1. Pin connections

D Anode
@ cathode

2. Epoxy Color : RED

I8 127. A Eoll AlSE YECo|2 R =9
B Atnb x| 4=

1. LED B35 74

= A7 AEe 4% 2 FHAFY Aol YsiA =atE LED % E(modules)

rlo

LFH-2M LEDSH 7)#& X ¥ LED o go](array), LED oj@o]o) A wass
SAFe g FAEE 2L £ Y AL HF AojE, LEDIA wdd @
S 272 WEA] AT $£F7], LED ouolE XA s = oz TAA.
<% 1282 LED &3 HF Aoif9 7iFEE vehd Aotk LED o#ole 7w
= Z717F 300mm x 300mm=A, 7]#e) 2 Smme] LEDE 1635 x 487)/= = 7687}
stttk ¥, H2, A 0 9 NG LEDE 7 @A 154 gite] sxdns
A 2}F %) A o
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Cooling fan <
LED panel vy

o
[—1
[—]
L1 O O O \ 4
B G R -
QO Blue LED ® Green LED
Power
Plug tray regulator ® Red LED

28128. LED 2EN I FZHAHFS W

oh. LED B9 AF AR Az
AR A4, m4 2 H4% LEDE HuHoz HFTT & Qe 2938 4

st th. gt LEDEZRE $3sE FAEE 29X 2% A g8l o5

)
i)
2!
N
o0
2
2
>
i
z
L
i
Lo
—
m
»)
lo
w2
o
-3
4
opp
N
off
_?l_;
N
du
5
Hu
o
B
2
)
il

FFeW Axe) BFEE AT & Qou, LEDS A% 4A Azac. 2=

2 d7daME A7el LEDZ Eelrtes AR AR 10mAE 7 dEE AS

b

2o AF AoJRE FAHATHIY 129).

2. @34 LED 259 % S4 2 32 = &4

1) LEDe| 23 54 2 33x F3A

LED?] B3 EAL =374 300~1,100nme] 33 H LA 3 EA4o] 757
R P HEAA(LI-COR, LI-1800)5 Alg3tch o] o Fo2 e EFFAMAL AAMF

AR 2] AdlE 30cmE LA )
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+24V MJ4502

POWER LMIT | 47veri24V (RED)
|

SUPPLY 64 Rows

—O— 200 3 200
L L ——Ei 10K

M14502 WA DDt
N

LM3L7 | tyvt24v (BLUE)
——o——___

=2 10K

A

|
|
|
|
200 =200 128 Rows |
|
|
|

MJ4502

LM317 200

+TV~+24V (GREEN)

200 .
2200

128 Rows

——:= 10K

oDt —Di—D—D—Di—i—]

12 120 LED2| ¥ = 5|2

LEDS] #ZE2A PPF, 25 % BAxEg Zysigon, ol st 3
(LI-COR, LI-190SA), Z &= Al A (LI-COR, LI-210SA), ¥ A4 A (LI-COR, LI-200SA)E A&
SATh FAEE 42 YEoM LEDS rJ@ozRy 42 wagoz 9 12, 18, 2,
30em @old A HlM ZAHIUT. BAEE 29xe] BES Hum AW A,
% 71709l LEDE Feirte AF AF7) 10mAQ mAAN ERaA).

@# LEDe] M5 320 FFHe AF7) LEDY B =o] mA= zas 243
nA A, B, A R AYNY LEDS 45 0 ol TS s=: A8 o
el BREE HHSAT F AN, 24, 44 P Y=Y LEDZRE S0cm Fol
2 2 3ol el PPF7h 2tz A, A9l 4, 02 ehd wo] ¥ES tAY e
" EJ(HUNG CHANG, HC-3500T)2 A}83te) =734},
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2) LEDS] £3% 54

I 1302 PPFoll 7]x% AA, =4, A4 @ 443 LED] 2% A4 oid
g, & Z+2e] ©4% LEDSIA PPFe Hdighol cid 73 PPF vl & yehd 2
olth. i =4 Al LEDoA gl 3L z+zt 462nm, 522nm, 673nm, 728nme| I
dgel A PPFe] HdAst EAste @AFoz veixt ® 2844 AAd @4F
LEDe] Z3u}#< z}zb 470nm, 530nm, 660nm, 730nm= A PPFo] Huix|7 &4 E 33
Atelell 2kzkel Zol7b ASE 4 Ak ol3F A3 E 2894 AAlE LEDY
FaAd FEE AF ARG 2 A FFE AF AR/ Aol Zdse A

z #aarth =, ¥ 2844 AAlE LEDS FEF S AF AFIE 200mAE wiol S
g Foln, ® 4dold= LEDe FZ3 4% At wxlatnA sisle] LEDE
2% AF BRI 10mASE 233A RS H5H2E FAY YEoA LEDS £
3 =4% =43k LEDE E7te AR AR Asety A= EW oy

B7=e] HRAsL dehs Fao] thaA Jehdch

Blue Green Red Far-red
100 - 1 n
= i I\ F n
I3 H 1\
> 80} I Vi
‘o R ll [ | 1
o S .
[P HE >
£ 60} [l R B
s i I S
8 40 [\ A
L : l 1
g ;o A R
B
L
[

N ,Z |
0 .

300 400 500 600 700 800
Wavelength (nm)

TIR 130 A, = MM Q) AN LEDS| &3 Y
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@A) g LED2] wbXx] E(half widthy2 o] PPFe] 50%°] 33 == FFEE Yelys
ool A& gkl Aolz Ael®Eo B A AE® A, 34, Hy 2 9x
A5} LEDS] ¥bx]Z .2 bz} 74nm, 41nm, 26nm, 14nm= v}ERytT.

3) LEDS] 33 %

A, =4 R A4y LEDS] #FEZ A PPF, 2%, BAIZEE B4 4}

7}) PPF

39 1312 LED panel2 HE 9 FA A2 & J, %4 2@ 5953 LEDe PPF
MEE YEhd Aeoltk. 9% LEDS ZS FYo2ZRE 9cm Yo|A X oA 2] PPF
v A, =, FAMg LEDS &M= EA Jelxc olE9e PPFE z+Hzb 235umol -
m? -+ 5", 109umol - m? + s, 75pmol - m? - s'E2 A A3} LEDe] PPF7} S almw) &
Foll vlaiA 2.2u), 3.84) A uEtsch & 194 AR FEE 343 LEDAA 7}
=4 deEstod, PPFE A% LEDOAN EA ueldch gusd 3= 39
H71E 9ulsta, @A Z FZFXFE gGFol AFF Frher) ool

FHozREe F£AAY FrHEel weEl PPF7F Az #AaslgeE ), oae Ay
£ A 4% LEDo|A E9atA viebstch 30em "ol xldelM =4, =) 9 Payg
LED®] PPF:= zbzl 171pmol - m™ - 5™, 73umol - m? - s, 44umol - m? - s'2 Ehydo).

ClAA] AVEFFE ol8sty Ze1HE SEH Rart 8x gou, Figd Ay
olA PPFE 270~300umol - m?-s' FE 2 ®ascl. o] Az} o](1998)= A&
B3de 2HZYE A3 IoZA o8 FF9 P25 Oy 2% 5S4 A=
E B v vk AR A} LEDZRE S 5 U PPFE Zeag &
Eol Wad BAE 7 E28S & 5 Uk olg# AW H4F LED7 =3
238 ATBAL=E AEE F AT S YEe Aoith &, ATFslMN HER
of &z & gAlYA 8 FHE PPF7l 50umol - m? -5 AEYL erstd, &
=47 =2 4% LED: HERY 23§ FYoz A8d F g Aoz aud

o
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300
—e— RED
~ : —a— GREEN
n —=— BLUE
o 200 F
g
< |
g
= 100 | ———
a - -
oy ‘-‘_\k . W
O [ 1 1 1 [
5 10 15 20 25 30 35
Vertical distance (cm)
22| 131. LED R E 2562 £&72lo rE edRE
Z2tXlS ol B g}
h £x

a9 132 A, =4 @ Had LEDERE ALY g 22 W& e

W Aotk AAHez =M LEDY =7 7H3 Eow, A3 A3 LED

== HA3e ASso usA < 110 AER a9 BA Jelgoh o)A & H43 ]
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2ol &37} HAasAT

3. A3 =433 LEDoA &3e JEEHS FHES ZF 100%°0x, 242U 73
3 dAlA AEES A7 96%, 88%= 4 A MG LED A qA HEL&o] FA
Ebskeh. A3 LEDOA &itd HERe Za3L3 F3 AHAe BEse &
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2 80%Z A utA| VHERNT

4. A A3 LEDR), A3 ANFE 419 vz 3§ £33 LEDRB4L), HAY
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Wmol - m™ - 57, 400umol - m” - o2 ARG FF7), F Ar/gr= 35z
(24/0h, 18/6h, 12/12h) e 2 HAs At §FH GANA Hr)eh rle 71e&e Zzt 2
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Z o . :
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8 § 0.5
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g 239N 717 A e

3E 302 SAS®| Duncane] thEH A osM 35Fe] FFAFERFIAST 355
ol BEF717F wre] 8 SXA6) me angd i SARA 23S AHes Aol
E 302258E 4o Sud vXs FFE7 adE 2898 A9 8ol A
L= FoAAZE LS & F AT G FAI JEL v RS AR A

o]
=S
A2 dE

1=
B2

F, AR ABFL % $EANA FFRIRIANS ad da §
dige) ARHUY. FW BRI YR EBIAS ] FuAad @ ane
A7 G%, 493, 42 FF FAM Felde] ARHAUL Al Anzry o

o FE 544 vAe EA0 BYAREZFAS v FFo04 B4 Uepg

E 30 di5& e 85 EX4¢) tid Duncan thE #AR Ax

Class Stem Stem Shoot Root
diameter | length | presh wt. Dry wt. | Fresh wt. | Dry wt.
PPF N.S.Y N.S. N.S. *< * Hok
Photoperiod *43) ** *k *% ** -
PPF x Photo. N.S. N.S. N.S. N.S. N.S. **
Y not significant
? significant at the level of 5%
¥ significant at the level of 1%
I 30(41%)
Class Leal 1| caf wiath |  -f SPAD Root
length area activity
PPF ** * N.S. N.S. N.S.
Photo. ** *ok *E ** N.S.
PPF x Photo. *k, *k *. *x N.S.
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(8) 12/12h, 200mmol - m2 st (b) 18/6h, 200mmol- m2. s

(d) 12/12h, 400mmol-m2-s1 (e) 18/6h, 400mmol-m2.-s1 (f) 24/0h, 400mmol - m2-s1

152.

S ¢+ Un HE OE ZHJe DUHFEDUASH SR HEo I
15O RE 4000 BRI\ B0l 22 ZZolAH W2 2LIt 2 UsHA

o U488 ¢ + ULk

22

AFd S e SHd w2 7239 FA=Y] AT

W gowth room o] OIROIHTE UZ Bl 2T wie] HH W0l U |E
Ag YHLDA B 3D 2o WIo] 1229 N2, WO 1459 DY

#E%%I}—iﬁﬁﬁﬂumol-m'i 6 Sdumol - m L shE 2EEH 4] 2SS B A
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{(a) 12/12h, 200umolemZes-! (c) 24/0h, 200pmolem-2es’!

d) 12/12h, 400pmolem2es-! (e) 18/6h, 400umolem
n

O 152. 8 4o &'

]
Jn

S0l 0iX= RN 2ELIREFZENES SE

S g F Yok AZ T2 BF78 FIFAEAFEGHFASAA SHEHE dF9 B (T H
152)0. 2 2 ¥] 24/0he] FF7)e} FFo] L AN dEY I FAsA FHH
o ASE ¢ F Utk

1. A A=

HEo Wad FA ZarzA +UHFHE, $¥FTR)F WHFR King, TETH)S
AbEEGITh Sukel Fure] ol r) e, AUEE, VHEE, 3FE] o] tEH
3 growth room o] A o] FojHch AFBael A Fukn wko] HA el 3 {E
ze AWRERA E 317 o] Wrle 25Fe] 71&(25C, 28T)F 257F ] FRA

& & % %2 350umol - m? - s, 540umol - m? - s Z ¥t 4719 AL AA3

R
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th. W% A7lolA el BUGEE 70%E3%E EUsA 2Reg. wols} o] solx
F G719 4riel MeAE 1002 FYshA AAsRen, grie 4r1E 2z 124
HHor HdAGct SHE AT FUo2 e o|F3AAFT L Argstd o, FFs
M SrE Futa FAute] A4S 5SS AAR 2ANA S5E A9 vm B3
3A 21 EE HANAY. S8 AR SE A8 B3 z(FY A BA; =

Ay 4t st on, Adasdos FFsdrt

E 31 &% FREo) e Fuw wel $u =3

Treatment Environment conditions Light sources
Air temp.: photoperiod 25°C, dark period 15C
A 2 4 Fluorescent lamps
PPF: 350umol - m™ - s
B Air temp.: photoperiod 25T, dark period 15C
I
PPF: 540umol - m” - s
c Air temp.: photoperiod 28°C, dark period 18C
”
PPF: 350umol - mZ-g’
D Air temp.: photoperiod 28°C, dark period 18T
n
PPF: 540umol - m™ - s
Air t .. phot iod 27~337C,
E i tefmp.: potoperia ¢ Natural light
. dark period 24~26C

o

4

Jm

2. b3 Bt &9

F 29 ZA wal 2uje] Ago] FAFA AMEHYL w] =Ha Subm wreo] up
o R X SAol ¥ 329 ¥ 339 A3 gtk AFFslelA Hrle 71&0] 28TY
) S8 e 25T SuE AL nlaiA W&o, 23, gAY So] ohi
A v, AAdstA SRE FAfdd v e wl$ 2A JdElddg. w3
7€ 350pmol - m™ - s"'2] PPFol]l H|ajA] 540pmol - m”-s'2] =& PPFOA =4 e
Wk @E, dho] ol gl S 542 Fute] F9o {FAbsA JEwd. oz

T271d A-FFstojA PPFS 7122 Ztz} 540umol - m” - s, 28C2 SAsn =)
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9 d7le F1eAE 10C2E AAT A% 9457 e 232 JA%AN BLO)
8 S8/ S5 FAsAT

AA3 =271, F 24 E4A SEH 9 wol AFREY wiFo] FHsA =H

N

T Ao A %A olFAAE T BaDo] ABHA SEE Rl M @
AsA ASHA oA AFHE e AE slAAAZ Ueth ol o) AAB
stol A SEE Fubst el Ego] o]Foljn AL TEHoE AAR A A
7 BrbsEr] i WTY A 71Fe GBe @] fEe Fiol FFEs}
AHeA) gow, ofFlE 710 24~25CHER A ueht Badol Astd 2

B
oz Wudc AF Fud ge ZBY HEL n2rld FAF AN FRE

% W mel £3E oAy AR AN Bt aTHE ¢ & gk

ok

¥ 32. gebe] wol 2 8 5A4o] tjd Duncan thF HA AT

Stem length | Stem dia. | Plant height | Cotyledon Cotyledon
Treatment .
(mm) (mm) (mm) length (mm) | width (mm)
A 23.0b* 2.27ab 37.2¢ 29.2a 21.4a
B 23.4b 2.31ab 36.0c 24 .8ab 16.4c
C 28.5b 2.13ab 48.2b 28.4a 20.4ab
D 27.4b 2.45a 37.6¢ 25.0ab 18.2ab
E 81.5a 2.01b 90.3a 22.9b 154c
Leaf area Fresh weight Dried weight Days
Treatment 2 R 2 1 .
(mm® - plant’) (g - plant’) (g - plant™) after seeding
A 750.1ab 0.435b 0.039a 13
B 744.7b 0.449ab 0.041a 9
C 793.5ab 0.471a 0.043a 9
D 798.3a 0.453ab 0.043a 9
E 621.0¢c 0.398¢ 0.031b 14
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F 33. wfeo] ol 2 §3 EAo] 3 Duncan ohE AR A3

Treatment Stem length | Stem dia. | Plant height | Cotyledon Cotyledon
(mm) (mm) (mm) length (mm) | width (mm)
A 25.0c 2.78b 44.4d 41.2ab 25.2ab
B 24.0c 3.14b 45.8d 35.4b 20.8b
C 37.2b 4.39a 73.6b 44.6a 27.4a
D 34.9b 3.94a 65.2¢ 39.4ab 23.6ab
E 77.5a 3.02b 89.4a 38.5ab 21.3b
Treatment Lezaf area : Fresh wei%ht Dried wei%ht Days '
(mm” - plant™) (g - plant™) (g - plant™) after seeding
A 2175.6a 1.235¢ 0.101b 13
B 1814.7b 1.329b 0.106b 9
C 2208.3a 1.271bc 0.102b 9
D 2128.9a 1.427a 0.121a 9
E 2058.7ab 1.289bc 0.103b 14

T B AFAsNN Prls M NetE D DIFAOE WYsd =

o) BYHPY Wee GFSA AolsWA merle) B} EEF B Ao 1

44 utzt vte] SR nX|&= FAE2} DIFY 43

L 3AMs 2 49 =

£

AFFstolx KRG 7 AECDH Lol AUAA @A = Y2 o] 91X
H5aye RA2(RER)C) B4E & AT TE2 B AP Polg 2
R xdg dFste Aol aFIT BTy A3FaelA Brle Aol v e
9% DIFAIO|Z AAste Bl FJFP4 Hee chFsia Aojsa v}

o
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£% mAdo]l F5E Aotk E 3E 43t wte] 88 =g Yehd el

$RE Yozt S 89 BT A, BA; 2U)E Fse 245
o, AuasNos B o] W 2AY Felel pHe} ECE 27 67, 12~14
mS - cm™ & v}EbRtT).

® 34 ARt Fura) e §EH =7

Treatment Environment conditions Light sources
PPF: 200umol - m™ - s’
. wm . . ) . Cool white
A Air temp.: photoperiod 28°C, dark period 18T
fluorescent lamps
Relative humldlty SO%RH
PPF: 300umol - m™ - s
B Air temp.: photopenod 287, dark period 18T n
Relative humldtty DO%RH '
PPF: 400umol - m™ - s™'
C Air temp.: photoperlod 28°C, dark period 18C "

Relative humidity : 50%R.H.
PPF: 200umol - m™ - s

D Air temp.: photoperiod 25°C, dark period 15T o
Relative humldlty SO%RH
PPF: 300pmol - -5

E Air temp.: photoperlod 257, dark period 15T "

Relative humidity: 50%R.H.
PPE: 400umol - m™ - s

F Air temp.: photoperiod 25T, dark period 15T "
Relative humldlty SO%RH
PPF: 200umol - -5

G Air temp.: b nhntnnerlnd 287, dark period 23C "

Relative humldlty SO%RH

PPF: 300umol - .5

H Air temp.: photopenod 28T, dark period 23T "
Relative humldlty SO%RH
PPF: 400umol - m™ - 5™

1 Air temp. photoperlod 28°C, dark period 23T "

Relative humidity: 50%R.H.
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2 20| DIF £ 40 DiF
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& ~ 20
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3 80 E
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100 200 300 400 500 100 200 300 400 500
PPF (umol e m2 e s} PPF (umol e m2 e 57')
(c) Leaf area (d) SPAD value
O3 154 2259 DIFN ME 22 |ER 54
Zrtstgict. o] el SutRe S Fo] 400umol - m”? 5o o]2W FELTF
o) 28 Aule] ol2t Aoz ushdth Fue] el s E34 AEYE 29

g ol A7) Ao I AEHQ E4o) gk DIFZF SPAD ol PlAle 2
o) -9~ A ERsich
3. AF Bl AR SE5E A% dF AY {5 =4

A719) A3 AFAE FFPHoxz wustdA atm wte] Fr] A Aojd FIFH
DIF7} a3 92 & 5 Utk & A7 88 AIA4Hes HAES AT 3¢
2o wj&L 4~5cm A=/ AT Aew Fodn. 22 E gr|e 4rlE T3
12Azto 2 ARSI, AAFE 50%E FA s AN HHEH wiFZolE e
wlo] 8@ %7108 PPFE 200~300umol - m” - s, DIFE 10C 7}

Hri.
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