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fut. = ole J1%A Folo] ME BAw I AvtEFe] FIHAE BHFLA FEAE
AolA ASII Gt gl AYAREHLPS Faustel 0189 71F F AFARE A
QUHRDA, 2015). A ¥7b chEAsl B9 P02 AP, 2AGEL APEAUG)

A Bl 2ntE g EAlAd AAN), AL =374, B, BlEH], sofn], 3FEEY,
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o] ¥ golRBE fEsl7] S8 BB M 129 159U0] £FHe] JFYFTIcre] 61Ul
om, zntERE 119 1780 2535kl JPPF7Icbe] BYE teh} BalssolA 239 o
Ak Qo s T3 Ank o A FFYAILE 34-522 FEHRoh

and Yoo, 2010; Choi et al, 2012), #3l-57}t2] ¢ FFAA7|o] UF ZAAW A= #Adt
= .

Table 1-3. Cultural method of conventional farm and smart farm in Chrysanthemum morifolium

‘Jinba’
Planting method Relighting Daminozide treatment
. Date of :
F Lighting hort-d Times Harvesting
arm Planting ~ Plating  type  Slort-day Date and  Concentration . date
date density treatment : (mgL™
period
. 4 hrs
Conventional 15 180 plants 22:00~ 15 23 for 5 400~800 9 12
farm October  per 3.3m> 02:00 December December days February
4 hrs
10 150 plants 21:00~ 17 2 13
Smart farm October per 3.3m*> 02:30 November December fggyf 800-1000 2 January
ZFol} FFFE 25 12159 Foll 569 B AAzFoRR U4l gaste
TAEAS A = Ad=d (Yoo et al., 2009; Pak et al., 2018), 2 dAFoA #APErteE &5
T 8AAFE 5Y FF ofxto] 4NZFE, ARERS AT F 15YA ] 5 FF okt 4A1%E
ARzshch. GWHOE £F 12-159 Folle FEIY NN 2Pl =2l He
i, BBs7te] A AdEE FEFEV)0 BDEAA e &5 F 8YAol ANFoRH 4
At AT Ao g AGEHAT. =3 ‘Alvek Aujol A daminozidew FE&E A AAE S
3 A sted, By Es M E 400~800mgL o2 23], AvnfERL 800~ 1,000mgLto® 23]



Ag3tAth. 2dgs dsl=s ‘wnl o Afoe dYxE ¥ daminozideE 800mgLHi Y
o= 23 AgA &z olgtx 3P EH (Yoo and Roh, 2011), & AFolA #PE7l7t AvtE
TR daminozided] AEFErt 25 w2 AR UEEt A= #PEviedA 249 12¢
o, 2rtEFL 1¢ 13¢ F&3tgsl, #AstelA U] 25¢ o AAHU

2) BAFkst 2vkEe AR 24
sUnte A8 F8 A Bkl snEge] AW F AM WY 9Y F
23 obzbe] Wi LR Fig 1-12.0] Ueht itk 7 exE Bl sntEde] 35
ZbzE Wd 19.0C 9 202C9om, 3 HEFewe] WE zb7h 12.5-256C 9 11.7~24.7C &
#el 53 ATHTable 1-4). ol9} o] AvheEgs) $srhs F3t ofk F#esel Aol
b A9 @itk 2EY &% FHE 209 7ke] Holisir)e] ozt WFLEst BAEIE
17.7C, 2vtERE 222CE Yehwgth “Alnk o A9 sfolist A2 ot 20~23C =, 42
Bty 257} @&4E ol Ryt = tHKim et al., 2000). webA #YF7lo A= StolE st
Hentt B el ue solrsrt AAHgon, oo weh FHAE AnpEFRT 25
do] AH Aoz LA Auche s =5 Ay BTl suiEgte] Au)7)
Z AR el F23 ofzke] B AUiEEE Fig 1-130] deht gtk Ad W) A=
= A F7Ie AvfERAA 22 = HAE 68.9%2F 71.1%, oFZF o 80.4%<2F 84.1% = Bl
SA Belstn YUTHTable 1-4). AAse Basrsleh svtegeld 247 Hw 23999
2,112W.mi = & z}o]7} U vHFig. 1-14, Table 1-4).

—_

Table 1-4. Temperature, relative humidity, and solar radiation of greenhouse in conventional and
smart farm of Chrysanthemum morifolium *Jinba’

Temperature Relative humidity Solar radiation
(C) (%) (W ‘m?
Farm Day Night Day Night
Range Mean
Range Mean  Range Mean Range Mean Range Mean
Conventional 12.9~ 12.5~ 52.0~ 73.0~ 233~
farm 21.2 190 25.6 180 89.2 68.9 89.6 804 4805 2399
Smart farm Wy U g A T g 2

28.0 24.7 9.3 95.5 4013
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Fig. 1-12. Comparison of temperature during cultivation period in greenhouse of conventional

and smart farm (B) of Chrysanthemum morifolium *Jinba’
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Fig. 1-14. Comparison of solar radiation during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium *Jinba’
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Table 1-5. Soil moisture and EC of greenhouse in conventional farm and smart farm in
Chrysanthemum morifolium *Jinba’

Soil moisture Soil EC
o, .m-l
Farm (% VMO) (dS-m™)
Day mean Night mean Day mean Night mean
Conventional farm 34.1 34.0 0.8 0.8

Smart farm 26.5 23.7 1.1 1.1
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Fig. 1-15. Comparison of soil moisture during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium *Jinba’
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Fig. 1-16. Comparison of soil EC during cultivation period in greenhouse of conventional (A) and
smart farm (B) of Chrysanthemum morifolium *Jinba’
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Table 1-6. Growth of cut flower cultured in conventional farm and smart farm in Chrysanthemum
morifolium *Jinba’

Length of Number of Stem Length of Flower Fresh

Farm cut flower leaves diameter flower neck diameter  weight Days ‘FO
harvesting
(cm) (ea) (mm) (cm) (cm) (g
Conventional 87.7 483 6.3 2.1 9.4 65.4 120
farm
Smart farm 103.1 52.5 6.7 2.4 11.1 95.6 9
Significance *x * ns ns * ** **

ns- - ** Non-significant or significant by t-test at p=0.05 or 0.01, respectively.
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Table 1-7. Analysis of correlation between cultural environment and cut flower growth of
standard chrysanthemum *Jinba’ .

Factor Length of No. of Fresh weight Diameter of

cut flower leaves flower

Day temperature Trnax 0.376 -0.739 -0.555 -0.037

. Thin 0.958 0.061 0.299 0.755
gﬁ)g&ﬁusvtzge | Tag 0.790 -0.302 -0.064 0.469
Night temperature Trnax 0.329 -0.772 -0.597 -0.087

Thin 0.640 -0.499 -0.276 0.269

Tavg 0452 -0.681 -0.485 0.046

Day temperature Thnax 0.228 -0.835 -0.678 -0.192

Thin -0.798 -0.841 -0.947 -0.975

Floral initiation Tavg 0.924 0.680 0.836 1.000*
stage Night temperature Tinax 0.146 -0.877 -0.736 -0.272
Thin 0.611 -0.531 -0.312 0.232

Tavg 0.732 -0.386 -0.153 0.387

Day temperature Tnax 0.891 0.735 0.876 0.999*

Trin -0.930 -0.667 -0.827 -0.999*

Reproductive Tavg -0.246 -0.995 -0.940 -0.622
growth stage Night temperature Thnax 0.300 -0.791 -0.621 -0.118
Thin -0.664 -0.931 -0.992 -0.912

Tavg -0.604 -0.957 -0.999* -0.878

Solar_radiation Max -0.886 -0.741 -0.881 -0.998*
Min -0.764 0.341 0.105 -0.432

AVG -0.139 -0.977 -0.897 -0.533

Day Relative humidity Max 0.701 0912 0.984 0.932
Min 0.591 0.961 0.999* 0.870

AVG 0.135 0.976 0.896 0.530

Night Relative humidity Max 0.960 0.594 0.770 0.990
Min 0.069 0.960 0.864 0.472

AVG 0.664 0.931 0.992 0.912

Day VPD Max 0.271 -0.809 -0.644 -0.147
Min -0.763 -0.871 -0.963 -0.961

AVG 0.426 -0.701 -0.510 0.017

Night VPD Max 0.047 -0.921 -0.800 -0.367
Min -0913 -0.699 -0.850 -1.000**

AVG -0.373 -1.000* -0.977 -0.721




Table 1-8. Analysis of correlation between soil moisture and EC and cut flower growth of
standard chrysanthemum *Jinba’

Length of cut Diameter of

Factor No. of leaves Fresh weight

flower flower

Day soil moisture Max -0.493 -0.987 -0.997 -0.807
Min 0.562 0.971 1.000** 0.852

AVG -0.162 -0.982 -0.908 -0.553

Night soil moisture Max -0.348 -1.000** -0.971 -0.702
Min -0.968 -0.571 -0.752 -0.986

AVG -0.570 -0.968 -1.000** -0.857

Day soil EC Max -0.805 -0.835 -0.943 -0.978
Min -0.991 -0.470 -0.668 -0.959

AVG -0.746 -0.883 -0.970 -0.954

Night soil EC Max -0.824 -0.816 -0.931 -0.984
Min -0.968 -0.571 -0.752 -0.986

AVG -0.828 -0.813 -0.929 -0.985
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Table 1-9. Management Performance of conventional farm and smart farm in Chrysanthemum
morifolium “Jinba’

Item Conventional farm Smart farm

(Thousand won/1000m?)

Installation cost of smart facility 0 0

Seedling cost 1,414 1,350

Fertilizer cost 317 500

) Pesticides cost 423 520
Expenditure

Input factor Fuel and electricity cost 3,010 3,000

Materials cost 242 238

Repairing cost 0 0

Employment labor cost 2,687 3,850

Sum 8,093 9,458

Income 11,563 15,226%

Net income 3,470 5,768

ZYield : 35,360 cut flowers, sales price : 327 won/flower
YYield : 33,760 cut flowers, sales price : 451 won/flower
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Table 1-10. Cultural method of conventional farm and smart farm in Chrysanthemum morifolium

‘Baekma’ in the 2019 experiment.

Planting method Date of Relighting Daminozide treatment
Farm Sail Plntine  Pla Lighting short-cay Times Harvesting
disinfection Mg FlAUNE - time ) ion Ti date
date density treatment DA€ aqd Concentration Times
Period
Conventional 150 plants  22:00~ 4 hrs for
>< |~
farm None 19 May per 33 0200 11 July 23 July 5 days 1000~1500 4 1 September
Disinfection
150 plants  22:00~ 4 hrs for
f h 2 1 1 X
Smart farm by hydrogen 23 May per 33u 0200 0 July 19 July 6 days 800 3 3 September

peroxide
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Table 1-11. Cultural method of conventional farm and smart farm in Chrysanthemum morifolium

‘Baekma’ in the 2020 experiment. .

Planting method Date of Relighting Daminozide
o ate o treatment ~
Lighting : Harvesting
Farm . . . short-day Times
Planting  Plating time . , date
: treatment Date and Concentration Times
date density .
Period
Conventional 180 plants  22:00~ 4 hrs for
>< |~
form 10 May ver 3.3 02:00 17 June 25 June 6 days 1,500~1,000 2 31 July
150 plants  22:00~ 4 hrs for
X ~
Smart farm 10 May Der 33u 0230 17 June 25 June 5 days 1,200~2,000 2 29 July
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W, F7 JEeEe HYE 27 18.6~34.1C ¢} 22.3~35.7C 2 @=L I th(Table 1-12). o]
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Table 1-12. Temperature, relative humidity, solar radiation and vapor pressure deficit of
greenhouse in conventional and smart farm of Chrysanthemum morifolium ‘Baekma’ in the 2019
experiment.

Temperature Relative humidity Solar radiation ~ Vapor pressure
. (T (%) W m” deficit (kPa)
Night
Day ig! Day Night Range Mean D&y Night

Range Mean Range Mean Range Mean Range Mean mean  mean

Conventional 18.6~ 10.6~ 42.7~ 61.1~ 30.8~
farm 341 2715 270 21.8 9.9 69.0 953 84.9 399.3 231.8 12 0.4

22.3~ 19.4~ 35.1~ 63.5~ 26.3~
Smart farm 357 29.8 989 24.6 9.0 70.9 983 83.9 3691 166.3 1.3 0.5

—a4— Day (06:00~18:00)
0 —o— Night (18:00~06:00}

Temperature (T)

Temperature { T)

0524 0529 0603 0508 0813 0518 0623 0828 OFO3 o708 0713 O71R OT-23 0728 0802 080T 0812 0BT 0822 0827 08O
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Fig. 1-17. Comparison of temperature during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment.
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Fig. 1-18. Comparison of relative humidity during cultivation period in greenhouse of conventional
(A) and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment. .
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Fig. 1-19. Comparison of solar radiation during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment.
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Fig. 1-20. Comparison of vapor pressure deficit (VPD) during cultivation period in greenhouse of
conventional (A) and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2019

experiment.
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Table 1-13. Soil moisture and EC of greenhouse in conventional farm and smart farm in

Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment.

Soil moisture Soil EC
.-l
Farm (% VMO) @S -m™
Day mean Night mean Day mean Night mean
Conventional farm 25.2 25.1 3.2 3.2
Smart farm 10.8 10.2 1.1 1.0
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Fig. 1-21. Comparison of soil moisture during cultivation period in greenhouse of conventional (A)

and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment.
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Fig. 1-22. Comparison of soil EC during cultivation period in greenhouse of conventional (A) and

smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment.
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Table 1-14. Temperature, relative humidity, solar radiation and vapor pressure deficit of
greenhouse in conventional and smart farm of Chrysanthemum morifolium ‘Baekma’ in the 2020

experiment.

Temperature Relative humidity Solar radiation ~ Vapor pressure
(©) (%) W m’ deficit (kPa)
Farm Day Night Day Night \i Day  Night
Range Mean

Range Mean Range Mean Range Mean Range Mean mean  mean

Conventional ~ 19.0~ 16.2~ 49.7~ 76.3~ 10.2~
farm 33.9 26.6 270 21.8 99.9 75.9 99.9 89.7 4395 118.3 0.94 0.26

20.3~ 17.5~ 42.9~ 70.6~ 19.7~
Smart farm 317 26.3 %6 22.6 985 74.5 99.6 88.9 4839 2328 0.96 0.30
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Fig. 1-23. Comparison of temperature during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2020 experiment.
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Fig. 1-24. Comparison of relative humidity during cultivation period in greenhouse of conventional
(A) and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2020 experiment.
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Fig. 1-25. Comparison of solar radiation during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2020 experiment.
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Fig. 1-26. Comparison of vapor pressure deficit (VPD) during cultivation period in greenhouse of
conventional (A) and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2020
experiment.
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Table 1-15. Soil moisture and EC of greenhouse in conventional farm and smart farm in
Chrysanthemum morifollum ‘Baekma’ in the 2020 experiment.

Soil moisture Soil EC
Farm (% VMC) (dS - m™)
Day mean Night mean Day mean Night mean
Conventional farm 25.3 255 L0 1.0
(16.9~28.4) (17.8~28.7) 0.4~1.7) (0.5~1.8)
13.8 13.7 1.3 1.3

Smart farm (10.1-22.8) (9.3-22.5) (1.0~1.9) (1.0~1.9)
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Fig. 1-27. Comparison of soil moisture during cultivation period in greenhouse of conventional (A)
and smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2020 experiment.
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Fig. 1-28. Comparison of soil EC during cultivation period in greenhouse of conventional (A) and

smart farm (B) of Chrysanthemum morifolium ‘Baekma’ in the 2020 experiment.

3 #AF7Ie} AvlEF At S vl
7P 2019@ AF

Basrteh AntER BrtelA AU wnh & 3l Asle RS 2A)
Qd, Ase BaBsbe) 90.9muth ArtEgeld 97.9me § AYor, HEE ways
719 9.2cmEt AutEFo| A 10.3cmZ T AAtHTable 1-16). AAlTE HAF7lRTh ~ulE



oA 232¢ B FALL, A FFE AnfERGM § =& Roz Vel Aukz o
FE7tRTh ~ulEFol A Hsle] &Kol g O E YET o]9}
FErtol A wimp o AFo] HFF YU Fopt 2xo R AEI A
22, B & ECsx 59 E3AA 249l ot
o] NA Yol &%, F5, @ EY EC AA 5

o
2 Aojdtid o T FAo WHE ALY

Table 1-16. Growth of cut flower cultured in conventional farm and smart farm in
Chrysanthemum morifolium ‘Baekma’ in the 2019 experiment.

Length of Number Stem Length Length Flower Fresh
of . of flower of first .. ) Chlorophyll
Farm cut flower diameter diameter  weight
leaves neck leaf (SPAD)
(cm) (mm) (cm) (@
(ea) (cm) (cm)
Conventional 41 g 57.8 6.6 2.3 6.5 9.2 74.4 54.5
farm
Smart farm 97.9 56.5 6.9 2.6 6.6 10.3 97.5 61.3
Significance * ns* ns ns ns * wk wk

ns, *, xx

Non-significant or significant by t-test at p=0.05 or 0.01, respectively.
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Table 1-17. Growth of cut flower cultured in conventional farm and smart farm in
Chrysanthemum morifolium ‘Baekma’ in the 2020 experiment.

Length of Number Ste Length Length  Flower  Fresh
. of flower . . ) Chlorophyll
Farm cut flower diameter f first diameter weight
leaves neck (SPAD)
(cm) (mm) leaf (cm)  (cm) (@
(ea) (cm)
Conventional g, , 54.0 6.8 33 6.6 79 79.3 55.6
farm
Smart farm 92.5 49.1 6.9 2.4 6.6 8.1 79.9 58.1
Significance * ns ns * ns ns ns *

“ Non-significant or significant by t-test at p=0.05 or 0.01, respectively.
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Table 1-18. Analysis of correlation between cultural environment and cut flower growth of
standard chrysanthemum ‘Baekma’ in the 2019 experiment.

Factor i‘lin%tgwgfr Il\é(;-vgg Fresh weight Dlaggzrr of
Day temperature Thnax -0.426 -0.683 -0.453 -0.356
Thnin 0.498 -0.019 0.620 0.376
Vegetative Tavg 0.399 -0.074 0.418 0.383
growth stage Night temperature — Tpax -0.218 -0.650 -0.156 -0.239
Thin 0.280 -0.189 0.298 0.272
Tave 0.287 -0.147 0.275 0.307
Day temperature Trnax 0.093 -0.047 -0.062 0.252
Thin 0.286 -0.192 0.314 0.270
Floral g 0.237 ~0.050 0.137 0.339
initiation :
stage Night temperature — Tpey -0.649 -0.908 -0.465 -0.775
Thin -0.383 -0.651 -0.414 -0.311
Tavg 0.088 -0.293 0.054 0.141
Day temperature Thax -0.129 -0.600 -0.043 -0.178
Thin 0.797 0.375 0.878 0.690
g;%?mve g 0.900 0.607 0.977* 0.782
stage Night temperature  Tpax 0.271 -0.098 0.214 0.332
Thin -0.189 -0.431 -0.271 -0.081
Tavg -0.238 -0.531 -0.283 -0.160
Solar radiation Max 0.655 0.645 0.756 0.512
Min 0.244 0.535 0.002 0.453
AVG -0.103 0.249 -0.047 -0.173
Day relative humidity Max -0.831 -0.425 -0.886 -0.747
Min -0.338 -0.048 -0.236 -0.436
AVG -0.060 -0.035 0.132 -0.250
Night relative humidity Max 0.713 0.250 0.800 0.608
Min -0.675 -0.390 -0.582 -0.741
AVG 0.333 0.323 0.496 0.149
Day VPD Max 0.708 0.255 0.750 0.648
Min -0.035 0.035 -0.246 0.174
AVG -0.576 -0.715 -0.633 -0.474
Night VPD Max 0.304 -0.005 0.212 0.395
Min -0.814 -0.408 -0.900 -0.699

AVG -0.171 -0.339 -0.290 -0.031




sRgE 3 cwn o sntEd Frheh Bsste] AMBAelA At
EQSE B ECOl A1, AA, WES /ML AHELS 4uade
99k BT MR ERSEY ABIAL Edrd £ AAG o HA, of
F -0.997, -0.980, -0.972& o}F Zq Fo FHAAAE RAF AT FTt
o] ABBAL Fr Aol 77 BRI A2 0970, -0.974% o} F ZFH Lo 4
Btk AHAAFEI BANAE EFFE I3 HA, okE AL, ofzk Hakol A
951, -0.988, -0.974% o} 7% &o ABVAZ HA oM, HTe FRAWANAL Eds
27k HA, oft AXske] Lo AUBAT RAT 99} Bo| F/okt BIFETLI A

e
rO

—
rd
rd
é

2 MR

5
N

S Az

'E‘ T (o]
slo] FAve] AAAoR 2o AUPAE HAFIL YATH

ok ECo} d3tEd AuudolAs dslEe okt EC WET 09912 ofF 73 &
o] BAE BT, AAEH BANME okt A1, WF ECS 17 -0.957, -0.9642 2 4
BRAE BT YT, HEL ot HA, WFHe] 4RVAZ BAT 9o AHE B
Qe W, ME F3 £ ECo AsF AuuAe] folde Holx @AW 3 ECe %
of HTTA A% e BeFET Qo ozt Eok ECOME So AnuAS mol= Ao
A}, ol AL Fbel BHE AN T, okgtele BEE FA o= o] Ao FA bl
=go] B FE glon, 7l WS FUiE o ECHES =3 unp s} FRI F5
T 4 e 4 BHEE Zol A3 FA P avdolzdn BaHdt

Table 1-19. Analysis of correlation between soil moisture and EC and cut flower growth of
standard chrysanthemum ‘Baekma’ in the 2019 experiment.

Length of cut

Factor No. of leaves Fresh weight Diameter of

flower flower

Day soil moisture Max -0.763 -0.970* -0.611 -0.853
Min -0.997** -0.863 -0.951* -0.987*%

AVG -0.926 -0.974* -0.820 -0.969*

Night soil moisture Max -0.932 -0.648 -0.988* -0.833
Min -0.980* -0.842 -0.910 -0.994**

AVG -0.972* -0.713 -0.974* -0.924

Day soil EC Max 0.333 -0.011 0.261 0.405
Min 0.428 0.104 0.343 0.506

AVG 0.377 0.044 0.297 0.453

Night soil EC Max -0.926 -0.599 -0.957* -0.855
Min -0.915 -0.947 -0.793 -0.976*

AVG -0.991%* -0.791 -0.964* -0.967%
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Table 1-20. Analysis of correlation between cultural environment and cut flower growth of
standard chrysanthemum ‘Baekma’ in the 2020 experiment.

Length of No. of Fresh Diameter of

Factor .
cut flower leaves weight flower
Day temperature Tex -0.965 0.144 -0.952 -0.976
. T -0.250 -0.789 -0.737 -0.673
;%g“egﬁtwe | Tavg -0.746 -0.314 -0.988 -0.970
stage Night temperature T 0.301 -0.995 -0.267 -0.179
Thin -0.548 -0.549 -0.915 -0.875
Tave -0.378 -0.699 -0.821 -0.766
Day temperature Trnax -0.670 -0.414 -0.966 -0.939
Trin -0.494 -0.601 -0.887 -0.842
?ugiion | Tug -0.682 -0.400 -0.970 -0.944
stage Night temperature T 0.346 -0.998%* -0.220 -0.131
Thin -0.311 -0.748 -0.778 -0.719
Tavg -0.029 -0.905 -0.568 -0.492
Day temperature Thnax -0.958 0.119 -0.960 -0.981
R . Thin -0.704 -0.372 -0.977 -0.954
greolﬁfucﬂve | Tavg -0.952 0.097 -0.966 -0.985
period Night temperature — Tpax -0.704 -0.372 -0.977 -0.954
Thin -0.942 0.066 -0.973 -0.990
Tavg -0.904 -0.033 -0.991 -0.999%
Solar radiation Max 0.834 0.173 1.000%* 0.995
Min -0.255 -0.786 -0.740 -0.676
AVG 0.864 -0.805 0.451 0.530
Day relative humidity Max 0.586 0.510 0.933 0.896
Min 0.194 0.823 0.697 0.629
AVG 0.584 0.512 0.932 0.895
Night relative humidity Max 0.651 0.438 0.959 0.930
Min 0.254 0.786 0.739 0.676
AVG 0.584 0.513 0.931 0.895
Day VPD Max -0.984 0.226 -0.923 -0.954
Min -0.524 -0.572 -0.903 -0.861
AVG -0.688 -0.392 -0.972 -0.947
Night VPD Max -0.565 -0.532 -0.923 -0.885
Min -0.651 -0.438 -0.959 -0.930

AVG -0.502 -0.593 -0.892 -0.848
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Table 1-21. Analysis of correlation between soil moisture and EC and cut flower growth of
standard chrysanthemum ‘Baekma’ in the 2020 experiment.

Length of . Diameter of

Factor No. of leaves Fresh weight
cut flower flower
Day soil moisture Max 0.010 0.913 0.553 0.476
Min 0.238 0.796 0.728 0.664
AVG -0.094 0.951 0.463 0.381
Night soil moisture Max 0.149 0.848 0.663 0.593
Min 0.138 0.853 0.655 0.584
AVG -0.042 0.933 0.508 0.429
Day soil EC Max -0.644 -0.446 -0.957 -0.926
Min 0.991 -0.517 0.758 0.814
AVG 0.931 -0.706 0.582 0.652
Night soil EC Max -0.668 -0.417 -0.965 -0.938
Min 1.000%* -0.385 0.847 0.891
AVG 0.940 -0.688 0.602 0.672
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Table 1-22. Management Performance of conventional farm and smart farm in Chrysanthemum
morifolium ‘Baekma’

Item Conventional farm Smart farm
(Thousand won/1000nt)
Installation cost of smart facility 0 257
Seedling cost 2,250 2,143
Fertilizer cost 350 424
Pesticides cost 955 343
Expenditure Input factor Fuel and electricity cost 100 86
Water cost 20 64
Materials cost 100 200
Repairing cost 0 1,000
Labor cost 2,800 2,439
Sum 6,575 6,956
Income 6,156% 11,440
Net income -419 4,484

ZYield : 36,000 cut flowers, sales price : 171 won/flower
YYield : 44,000 cut flowers, sales price : 260 won/flower
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Fig. 1-29. Cutting of standard chrysanthemum in conventional farm.
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Fig. 1-30. Leaf wilting symptom (A) in soil of high salt accumulation and soil nematode (B).
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Fig. 1-31. Involucre formation stage (A) and floret formation stage (B) of

standard chrysanthemum ‘Jinba’
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Fig. 1-32. Healthy leaf in smart farm (A) and damage symptom of leaf in conventional farm (B).
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Fig. 1-35. Prediction model (B) of plant height by growing degree days (A) in standard

chrysanthemum ‘Jinba’

Table 1-23. Parameters of growth model by growing degree days in standard chrysanthemum

¢ Jinba’

Growth model parameters

RZ
a b k
Smart farm 111.1813 797.1841 367.6755 0.9933
Conventional farm 98.1426 1187.1782 504.9553 0.9940

rlr
of?
o0
ox

N

)
N

] 19.5C, fz}O}-E—i}ﬂ 22.2C, A7 188C=E /\U} RO B3 FTl A A
AFoz 55 A #Esty AAJTHE 1-24). =3, A7)t A FFAF71] Au) 713

L 38U, #AYFU= 61€Z A FIHE 23Y o] Ajnfr]zto]
dol7} 2utER Fr7FoA 54.7cmEth A3 FTto A 49.1cmZE O FH



srbEg

Aul 717k 120 o),

E]M:]l’ Etﬂc.]"g] -]—J—J-XO ];‘l

#a 57t

AFol A%

A 717k A 2P E
103.1cm& A3l S 2doA H3tdo] 1044cmE 53 A
AL 87.7cmP =4,
ZET 0.1lcm 11 Ao &2 Y SR A A ASH=
ATE L1k 2ol 2utEFA A Hste] oS mddA o3t

daminozide x8 &% % &

A3} o= ndox 87.6cm=E YER} =3+

.
5% 5o Wevh wgEA o e} WASE o By

Moz Basi

i SieR
=

Auf71zke] 95 o), AslAol
Bt 1.3cm ok #As7ke]

[‘

B3t A FAG ARE ReAFI 9
ARt He ol g

Table 1-24. Prediction of cultivation temperature and cut flower length by growth stage in

standard chrysanthemum

‘Jinba’

Smart farming

Conventional farming

Vegetative growth stage Period (day) 38 61
GDD 785.6 1187.2

Average temperature(‘C) 20.7 195

Cut flower length (cm) 54.7 49.1

Floral initiation stage Period (day) 20 20
Accumulated GDD 1143.3 1549.4

Average temperature(C) 23.2 22.2

Cut flower length (cm) 80.0 66.0

Reproductive growth stage Period (day) 37 39

GDD

(Accumulated GDD) 18048 22551

Average temperature(C) 20.8 20.1

Cut flower length (cm) 104.4 87.6
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Fig. 1-36. Prediction model (B) of plant height by growing degree days in standard

chrysanthemum ‘Baekma’

Table 1-25. Parameters of growth model by growing degree days in standard chrysanthemum

‘Baekma’
Growth model parameters R
a b k
Smart farm 99.8218 908.2436 381.775 0.9933
Conventional farm 96.2484 929.0248 407.836 0.9975
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Table 1-26. Prediction of cultivation temperature and cut flower length by growth stage in

standard chrysanthemum ‘Baekma’

Smart farming

Conventional farming

Vegetative growth stage Period (day) 38 38
GDD 912.0 890.72

Average temperature(C) 24.0 234

Cut flower length (cm) 50.2 45.9

Floral initiation stage Period (day) 20 20
GDD 472.0 456.1
(Accumulated GDD) (1400.8) (1373.7)

Average temperature(C) 23.6 22.8

Cut flower length (cm) 74.3 68.5

Reproductive growth stage Period (day) 22 24
GDD 520.9 825.0
(Accumulated GDD) (1938.5) (1953.2)

Average temperature(‘C) 23.7 23.0

Cut flower length (cm) 100.9 95.9
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Fig. 1-37. Conventional cropping system of light culture in autumn flowering-type
chrysanthemum. (Rural Development Administration, Standard Farming Textbook “Cultivation

of chrysanthemum” , 2002)
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Table 1-27. Growth period, temperature, cut flower length, and GDD by growth prediction
model according to GDD during vegetative growth, floral initiation, and reproductive grow
stage in standard chrysanthemum *Jinba’

Stace Vegetative Floral initiation Reproductive

g growth stage stage growth stage
Period (days) 38 20 37
Temperature Day : 25C Day : 25C Day : 25C Day : 25C

P Night : 15T Night : 22T Night : 15C | Night : 17°C

Cut flower
length (cm) > 80 104
GDD 786 1143 1805
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Fig. 1-38. Advanced farming techniques in light culture of standard chrysanthemum *Jinba’ ,
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Fig. 1-39. Conventional cropping system in summer-autumn flowering-type chrysanthemum.
(Rural  Development  Administration, Standard Farming Textbook “Cultivation  of
chrysanthemum” , 2002)
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Table 1-28. Growth period, temperature, cut flower length, and GDD by growth prediction
model according to GDD during vegetative growth, floral initiation, and reproductive grow
stage in standard chrysanthemum ‘Baekma’

Stace Vegetative Floral initiation Reproductive
g growth stage stage growth stage

Accumulated

period (days) 38 o8 80

Temperature Day : 28C Day : 28C Day : 28T

P Night : 20C Night : 20C Night : 20C

Cut flower

length (cm) >0 78 9

GDD 912 1401 1,939
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(2) 23+ ZAF (20209)

AR 2utEHA 57D 2 #PE7HC s7De &9 AHo| tis] FrHHoE ZASHL,
20180l xALEE FES AESE 2Uoi 20200 AXALES AAElY AFHEE FHo|azt
stk & ke AntEge 201080 gEEen, BHe 6,942mPe 2 dFFxo|th 1671
ZPLEAA Q3 255, oibsteka, FYEg, @], 2 B X0 T AUE A|X&Ho] BF
AR =o] o] dAF #Yd FE FAVF Jhsdith WA AnfEge Axr
Adsigon, Im* g Azt 1298 3o 753ty 53] 89 A$ 34, =
EOAN2ES olgs % WEe ol 8ol AEolx
HYE7HE 195 SFEHo AAARA AMEFeld, WL 1500mez  wE  Fxolth
#qE7h= CCTVE AQJstal ~utE A|zHlo] gl7] mjFe] H¢to=2 aAdste SAFxdS
otz wE st Azbe] F1gth wEbd Azb 371% AWl 71k, Imfg azF 91
Tgo] 7hsstrhaE 2-2).

% 2-2. ~vlERT BAEste ePAA vm

TE v}eg 257}
A o] 2 A] SER
= 2010 1995
£7h gn SR Eepae] 24 Zoj g 22
A 2(m%) 6,942( %) 1,500k
A7 7% 5 3.5 3.0
AZF A akek/m? 129 91
Wy Al 2 7] 2 7]
g A= E a5zt X
N AR B Aed BYE X
e 0 N
AN 0 X
SN 0 0
AA a4 16 X
255 0 X
CO, 0 X
svtER Az" g 0 .
o4 0 X
z 0 X
CCTV 0 0
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H22 ZEsg 2z=eo] =3t AOEE x| HME) F7] €S

=4 % 71243

J

1 A5g 2zdo]Rs AntEd AEEse Adde A@AY 9F ZUHY
7h As 8 Ay

D =AF 571 2 73
A7% A*x E71e] 2ntEds @Y FrlelA xxzEo]l =3tE 201939~2020W 5 F
530l A Aul AF7] dedEe ZABFATHIE 2-3).

a9 2-8. AutEF w7HA), BB WE A B

2) =AF &

12 ZAE 20199 Bdd 2ufEgoAs  QokA2(Oasis)’ , ‘EZ(Ford)’ , ‘AH
(Saturn)” ,  ‘®.I(Vogue)’ , #AF7tAA = LofA2=(0Oasis)’ ,  ‘EE=(Ford)’ , “AH
(Saturn)’ , ‘ojapizl’ | cdgolm gy’ | ‘ofwlx’ Z AAFSFIHLH 2-9).

22k ZAE 20199 7ol AvEZOAAE CQofA 2(0asis)’ , ‘EE(Ford)’ , ‘40
3 H(40Pink)” &, HAF7IAAE= ‘oA 2=(0asis)’ , ‘EZ=(Ford)’, ‘408 =(40Pink)’ ,

REb B Agseh

37 A= 20199-2020 ALo] AnfERo|ME F 2 oKGloria)’ , ‘AlE(Saturn)’
2 QoA ~(Oasis)’ & #HFIIAAE CFE(Two tone)’ B FroKlLydia)’ & AAEA
=

43} 2Ahs 2PtEFI A (e}l ‘oful2HAbishag)’ , ‘FEEol’, ‘vhew’
A AT. AL A, @, coplx’, CEEFord-10,
(Ford)-2’ & ZAEtgth 2E-19] A9= #exrt 2900 B8 Rojgon, T=-29
sh92 Fol AAE Aol BY 92 ol A Aol B A% @ dsl FAL
7] el

52 &A= 2viERH #YE7t BF O CopElHAbishag) , ‘EEFord)’ , ‘8
(Henna)’ 5¢ %S AAHsY naiEdsAh

Bl ot M
o Ho [



%) 29, ANET g WSk 2xelo] B3 BE Lokl A, EEE), AU

(3) 2x=go] =3 FF=A
20199 & (BYE~59HEEH oAE5H 6€~997A 71 34 vlu BE4S 9 2vfER
o A¢ A x]ﬂ‘ﬂ AE @AY Ao P (SAM IL ENGINEERING Co., Ltd, Korea) AlZ2~®lS ©]
%OP%EU#, #P st 874 =AM A (Watchdog-1450, Spectrum Technologies Inc., USA)S o]
el An 249 % “éiw] e g E, -‘Jﬂ“/wr VDPE 1413k ‘:PHE =74 o}OilE}(la 2-10).

) = S \ ‘I
o -

e

29 2-10. 2nhER S7HED, AnhER BAACEA(E), BT AN AR L

@ 2ZHo] F8 Y=
BE2AE D) EFY 0100 A3E Yol Mgste] 2Fuid ", 95, 27 T
AFR, SR, G52 FFS SAs] MLEAHAHAY 2-1D. G52 FEFe A8

= 3} %% Chlorophyll meter(SPAD-502 plus, KONICA MINOLTA, Japan)Z o] &3l 23 =4
S Yo EXMsAT

EUR

%




() 2zdo] Z3h A3t L L Wy =4

P ¥ AR FA 248 A0 ATAIL JATALAAN AR, A%, 454 @
F 288 FARUT FY NS, ® B T, 4 BF AY Fol wANAL 0 A
FRAYeR WANAT, DHLLE FUA 7] A9 BH BBAG LD, L5 25C, &
= 50%, F= 2,000lux(st 12A1 7" 12A41ZHE ARSI E 2-12).

v A 23
QD 1= =AF 234

b 874 4

Tevete AdWsE TR 2t Z|$olBEE AF Auicte A3t w3ke| F4o| +F
A3t Aol Fastth. 53| oAF 127|d =FE Awiste A 71¥ErF o EAds
(Lawson and Dienelt, 1992), 71841717} A AEH(Kim et al., 2009) <QFEAoPA JhiFo] & A 3}
A ZFaEo] o] E&FsiA FHo] WojxtkHuh et al, 2008). o= s7Fe] AAZA &4
o] z#d & %ol d4F FH F FAFZE W] IFE A= AuMEE 24 FHE
sl A 2=zgo] =351 Auf BAH S ZASEATH

B 2AE F M olfE 8 2E manE JAslds foivisn fa Brked
=

o A HAE Ay & gdAY F, FobEs  F3 B o RE 2, 5 230 v=
A, F AR AntEgs AYETie] Ay A7 2] gIZed AR AVIE 7IELeR A
wakes Zo] & WEFoldtal ATE olF V|ELE HAETYEAT. ArtEZ] A4 2
o] H3E QoA A, XE MY B F A4FFTOE FALL 39 22d, Y2 5¢ 0¥
B S AT 69 olglon, Ay ETte ok L, 2=, M-, oAb} %ﬂoPﬂ%, o
2 F 6FTe AT Bl ETe 49 9Ll AAste] 7d 2o st F 84U A
B = At

ZAA Y 2utEg] YR 25 ‘A4 —?(21.3i0.1°c) 94U A 2](21.8+£0.2C) = 7
3}A171(23.5£0.1C)° = YeEtRer, #ds7te] R 25+ ‘A2 $20.9+£0.1C) = G-I A
2)(22.4£0.3C) = 7M3A71(23.6£0.2C)° 2 YElRTE AnfERe] YR FE= A &
(68.5+1.2%) = TUA(67.9£0.9C) = NIFA7|(75.7£0.9C)" & Yepdth. #ePF7te] Ui
SEE A4 F87.9+£1.0% = FLA(80.0+0.6C) = N34 71(84.940.5C)” & LiEbST.
2ntERI AP Ert BF A SN A 7ESE MR 250 AEstdEd oe



AR Ggo] T Ao BIAT FEO] AS 2vlERE AR} FEHAAT 25} A4 A
H &% 7]F2 60~80% Alo]lE €A 35t91, B/t Aty 2718t dEHE By on
BE A7lolA e dEdHE A Halls 2 AgAs EHEe] g5=E SVt
7] Mg svtERe] % o] T $4oith FEe 3YRE 9UrA ~viERT BYET)
7} foH o ® Aolzt with VPDE BAAHOE 456,79 Foxt7t YEon, 893 9Y o)
£ Aol7l gl Ao HAHT AR svtERT AUl #4L BHU-6D) &
T, §5, 3%, VPDoll&= #tol7t e AR BHAAY A7|(THE = 73 A7t S+
g = AATHGE 2-3)

p= 0.024*

= 0.76

o= 0.000%**

£ 2-3, 2zeo] w3 ~olERT WY o) 84 Wl
Month Farm e ) ol Pa)
Smart farm 21.3 = 0.1 68.5 + 1.2 4.1 £ 0.2 0.8 £ 0.30
Non-smart farm _ _ _ _
Smart farm 218 + 02 670 * 09 62 * 09 0.86 = 0.26
Non-smart farm 209 + 01 8.9 + 10 401 + 34 0.40 + 0.04
t= 4318 t= 19.747 t= 22771 t= 12.26
= 0.000%%  p= 0.000%%*  p= 0.000%** P 0.000%%*
Smart farm 235 = 0.1 75.7 £ 0.9 4.2 £ 0.7 1.14 £+ 0.05
Non-smart farm 224 + 03 800 + 06 501 + 16 0.72 + 0.04
t= 4713 t= 12.88 t= 20.329 t= 8.961
= 0.000°%*  p= 0.000°%%  p= 0.000%* 2= 0.0009%**
Smart farm 212 + 04 734 = 07 20 * 04 089 + 0.03
Non-smart farm 236 + 0.2 849 + 05 397 + 31 0.60 + 0.03
t= 3.857 t= 21.966 t= 123.8 t= 12.963
= 0.0001%%%  p= 0.000%%*  p= 0.000%** = 0.000%*
Smart farm 271 + 02 913 = 07 126 = 08 0.95 = 0.04
Non-smart farm 26.9 + 0.1 89.4 + 0.8 208 + 0.5 0.45 + 0.02
t= 0.700 t= 2.33 t= 4.87 t= 13.568
= 0.483 = 0.02% 7= 0.000%%* = 0.000%*
Smart farm %9 + 02 861 + 04 129 + 06 0.61 = 0.03
Non-smart farm %7 + 02 848 + 05 267 + 0.7 0.68 + 0.02
t= 0.85 t= 174 t= 7.925 t= 2.013
P 0.39 = 0.082 = 0.000%* = 0.04
Smart farm 220 *+ 01 832 = 05 138 = 09 053 + 0.03
Non smart farm 24 + 02 834 + 06 244 + 08 0.56 + 0.04
t= 2.24 t= 0.38 t= 8.986 t= 0.797

o= 0.425




b A% 24

o

B R, W WL BBRE 285714
o gugnTe A4
Age 2 5 Ak (& 2-9)

RN

¥ 2-4. BH ~xygo] F3}o] ~AntER AFFA}

Cuiar Ly, engt  Siem dameter Ggneier  Nymber of - Ceonient
2 25.22 3.57 4.60 17.44 34.26
4 45.93 4.28 4.59 26.00 38.93
QOFAl 2 6 63.89 4.77 5.20 29.11 36.70
8 81.44 5.24 6.06 33.33 45.16
10 88.33 5.25 5.21 40.78 47.16
2 24.78 3.61 4.42 17.89 34.06
4 51.78 4.12 4.94 27.89 42.39
e 6 73.78 4.53 5.89 32.78 45.94
8 90.00 5.20 5.91 32.00 50.24
10 95.22 6.82 5.57 37.11 47.08
2 25.33 3.58 4.47 17.67 34.43
4 52.67 3.79 4.91 28.00 39.32
AE 6 74.11 4.22 5.75 32.00 41.10
8 92.56 5.26 5.92 30.44 46.94
10 95.44 4.76 5.43 41.00 47.24
2 24.33 3.75 4.65 17.22 34.85
4 49.67 4.01 511 30.67 47.19
R 6 71.44 4.96 5.48 37.67 47.87
8 87.33 5.48 5.91 41.44 53.11
10 92.11 5.13 5.64 43.33 53.19

w3 BPFtelA AuEe 22z o] =3k 6709 FE(elAbdel, Hejotay, ofw
=, A", 2otA2)E 27 HACE K-S ZASATHE 2-5). A5 F 2F7F% 7§]§]-Z»__10]%
44 12.83cmol Atk A5 45 F Hgdol= H 30.9cmE 253 H3bdolE 18.1cmyt 2o
A Ae EAsth A 5 10F7HA1 9] dabdels 273t Hat 17cm7t x}ﬂ}: Aoz E&’i
own, 10~125F =& 713rell+= 5.8cm7b A AS gl dstdole A = % 105
A AT & FlstAt. 2ZH o] Helel 459 A4, A4S 10T77W 2 g o] %zz}
o] A7h F7ke b, 10~12F Abele] G4 FOlE o ZAEIEY Ashdolrt Ao
AbA 2go] =shEH HolAE AL éhé T AATHE

b

o,

N



I 2-5. BH BYFrte) Axgo] 3 AFEA

Cultivar Growth time IEEZTh Stem diameter %&Tle?gg Number of Ckggﬁ?gr}ftyu
(week) (cm) (mm) (mm) leaves (SPAD value)

2 10.22 4.74 4.61 10.56 54.31

4 28.44 5.42 5.51 15.44 47.02

o] Al 2} 6 41.67 6.57 7.39 24 49.19

8 55.22 7.06 7.45 26.78 57.55

10 69.78 7.22 7.82 34.78 49

12 79.72 7.02 7.48 35.22 58.91

2 13.28 2.99 3.19 12.56 40.26

4 30.33 3.73 4.19 20.33 41.73

6 55.33 4.43 6.2 29.67 52.14

2eletad 8 66.33 55 6.66 34.67 57.76

10 80.22 5.39 6.49 36 62.24

12 81.67 5.06 6.36 35.33 57.52

2 14.69 3.35 3.33 14.44 33.8

4 32.09 8.05 4.17 23.89 43.09

oFH] 2= 6 41.67 6.57 7.39 25.67 49.19

- 8 72.22 5.25 6.48 40.89 52.15

10 86.44 5.36 5.94 43.89 53.98

12 97.89 5.44 7.14 41.89 62.73

2 11.94 3.18 4.11 11.56 38.24

4 29.89 4.08 4.31 20.78 63.79

S 6 48.33 4.78 5.36 25.44 46.23

i 8 60.22 4.78 5.73 29.33 51.01

10 72.22 5.24 5.8 46.67 50.46

12 77.56 5.26 6.39 45.44 58.08

2 13.09 3.59 3.68 11.33 40.34

4 32.56 4.35 491 18.44 41.84

A 6 54.67 5.05 6.1 25.78 51.84

= 8 71.11 4.87 6.01 29.78 54.19

10 90.89 5.55 6.44 41.33 54.81

12 91 5.22 6.02 42 57.67

2 13.72 3.61 411 11.56 40.63

4 32.11 4.53 4.3 18.22 43.42

QoA 6 50.89 4.82 5.24 28.22 49.01

- 8 68.67 5.09 5.64 31.33 59.33

10 86.44 5.16 5.98 35.22 66.79

12 93.33 5.64 5.79 33.78 65.08

g 10

a9 2-13. &2 BFETtelA dadel(@), () W3t



20tERY B Frt 23 EFolA AujEHE 3FF(LoA 2, &=, MRS A4S & 253
datdolE wmlus) £ AITFE 2-14), 2ntEFS QofAx, Z&, ARle Hipbdol+=
25.22cm, 24.78cm, 25.33cmz H¢ 25.1lcm=zE FAE oW, #IPFIIAA AulE 3FFO
Asldol= 2okA2~(13.72cm), EE(11.94cm), ME(13.09cmeZ Hi 12.92cmZ  2~ulEF2]
2xgo] =3} 7ol & ALE HAFHT. FEAZ|Y RQofAx, XE, AHY
AzldolE wwd Ay, ArtEFS 93cm, #IPErE 87.3cmE F3A| Hdole e
3% A2 HAziH.

Sterm Langth

1060.60

|
o0 00 .
ai1 oo
|

oo
a0.00
A0.bO
a3 O
10 O
2000
1000 I.I
a.00

e e = P - - - r 8 e

wek zeny e e Week ioxn

a9 2-14. FE 2ntERS #Ysrte] 2xo] =3t dabdo] Wt

J ¥

(th 58 3 A8 ¥4 2 59 84

B snjEge A AuEE AZdo] F 4FFS 78 F FA 9 ARSFHe 24

SFATHGE 2-6). 4EFe] Aol 86.62cm, Ao AAFL 57.2%g AL 188U olH
HAslZ7)9 ZxE 80.87= e

F2-6. ¥ 2ntEFANA FE8E 2xdo] I3 74 3 43} £
Harvest Stem Stem end Fresh Stem Chlorophyll Flower Vase
Cultivar time length diameter weight hardness content diameter life
(seasons) (cm) (mm) (g (HA value) (SPAD value) (mm) (days)
RQokAl 2 spring 81.6 5.2 54.4 82.7 51.05 49.6 19.1
pr= spring 87.4 5 56.9 82.4 54.08 39.2 21.4
A spring  88.7 5.2 52.7 80.6 55.88 443 187
el spring  84.8 5.5 64.9 77.8 59.02 534  16.3

=2 APETrA AuiE 6FFTY 2z#o] H3te] F4 9 HIgwo HEe A
o] 90.76cm, A3} AAF 69.7g, HIrHS 21492 yeElgow HI} =79 AxE Ht
81.85F THE 2-7).



¥ 2-7. BA AYsobA FHE 2xgo)] Fa A Y M 59
Harvest Stem Stem end  Fresh Stem Chlorophyll Flower Vase life
Cultivar time length diameter weight hardness content diameter (days)
(seasons) (cm) (mm) (g (HA value) (SPAD value) (mm) ¥
403 =2 spring  92.7 4.3 444 83.8 51.33 48.1 23
ojAbdlzl  spring  79.4 6.5 88.3 79.3 56.92 61.6 24
dejolad  spring 92 0.3 64.7 80.6 58.33 4.1 24
2=%1H spring  85.3 4.9 70.9 76.9 58.43 39.6 21.1
OF ] 2~ spring  116.7 5.1 93.1 86.4 62.90 45.6 19
) =3 spring  78.5 4.9 56.8 83.9 54.42 33.9 17.7
sxgo] ko] £3 F dat F 9 £ FFY 544 0 08 £ Jor 59
A 2 ESY #AFETE 23 ERA Auld FF ‘22’ DRY FFA Akl A
Aol zxge] =3to] Fd 9 AHstgwo dRdS | FFsgon, Fd= #3542

NEE ¥ 5 JES Heo] Fasriy AEHA

() 22 =AF A3
Ob =% 3 d3 Fd 4 9 24
7t ZutEFoA AiE 3FFT QotAlL, XX, 403 A% AP ETtolA AriEE=

QOofA 2 ZE 0B, FFIF F AEFTES 7Y F A3l 9 L FES ARSI M
2utEFo A A 2xgo] w3 3FF(oMA L, XE, 40 A)S TSt FHO| HALG
A3 Hdshdol 96cm, A3t WA F 50.6g, H3rHS 17992 veyton #AddsrtoA Ay
H 2xgo] I3} 4FF (oA, X5, 4083, FF7hY dstdo] H#e 95.8cm, A F
62.8g, A3trm L 226U 2 XA JTHE 2-8).

® 2-8. 71=E 2x=go] T3] A3t £ % £

Chlorophy
Stem Fresh Stem 1 Flower

Stem Vase .
Cultivar le(:ngt)h dia%lgter Wei%ht hal(rﬁdlr}%ess c(ontent diamete (hfe) Envgtome
cm SPAD days
(mm) value) value) r (mm)
smart
o oA~ 100.9 4.2 94.1 81.8 45.3 51.2 19.4 Farm
106.2 4.7 62.7 77.8 53.37 54.9 26 non-smart
smart
. 86.6 3.7 32.9 77.6 43.13 28.7 14 Farm
88.8 4.4 40.4 82.1 47.6 374 22.8 non-smart
smart
1092 100.7 3.8 25 76.3 46.68 43.2 20.3 Farm

96 4.1 45.5 76.7 52.46 47.2 19.7  non-smart




2utERI #F7F 230 ZFolA A 2= o] =3 3FF(LotA L, X, 408 )
o datdol= #Fs7P7t lem ZA vEiten, dijewe 2ntEgS 1799 dds7t=
22892 °F4.9¢ ZA YRty 2-15).

Y 2-15. 7hed 2mESS dfE il e 2xgo] ds dol(F), (%)

I|r|

il

smart farm nOf-STAT

(3) 32 ZA A3
Ob % ¥ d3 F4 9 59 4
2utEgo A= Ak 2~xgo] =31 ‘Z =g oKGloria)” , ‘A& (Saturn)’ 2 Qo}
AN 2(Oasis)’ & #AYPF7t= ‘FE(Two tone)’ 2 “‘FroHlLydia)’ & 20199 10¥€ 29l
Aalste] 2020 29 4o &3 A 2AEIAT. FFo] Gt AFH SR Hlwstr|dd oy
o] mEATH AL Al A H3AS AYstaes AvtERY #YFrte] A SS5Fo
=B ATHGE 2-9).

% 2-9. 2}ERY BAETle) A5 szdo] FF FHAF A% vm

7} - 353 AsF =7] A7- =7] A73- =
N 549 N A=
FH (cm) ()] A3 (mm) 2t (mm)

;i 1109 + 1.3 644 + 33 42 + 0.3 3.8 + 0.2 757 + 1.1
2.}
Eg AE 954 + 2.0  49.2 + 3.0 42 + 0.1 31 + 0.3 777 + 2.6
(SF)

Qo}

N 87.9 + 14 557 + 3.2 54 + 0.3 47 + 0.2 795 + 1.4
3y EE 861 + 04 561 + 1.7 43 + 004 39 + 0.2 779 + 0.7
57}

(NSF) Fro} 98.3 + 0.7 65.1 = 1.2 5.4 + 0.06 3.8 = 0.04 79.1 = 0.5

-+

Asprmgel 45 srpEgel Al A Selok of 8Y, MYE oF 135Y, QoA xE
oF 19592 FEUIT WAL Ak #ABIIA AW FES o 99, Frok: of 181d=
SRR EEVT @AV ALY 2-16). A3 AHE 4boz BAAL W(E 2-10)
BB FES A REFS 4T AES @Y A UBE AL FAT F A
o Aol AW Askg Foke] Wsh £HL FAI] ANAE £ T dgAe B FA
7t FAAHoR Bad Ao Wl



Vase life of cut flowers
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A ettt A $Hb7]de d3tdEns 271 A4 5
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Wesks  Fom AL et e o
Base Middle

{cm) (ea) (mm) (mm) E.i?t?et))
Smart farm 438+ 28 227+14 3905 49+ 05 418+ 15
Greenhouse 285+ 37 153+ 1.7 3705 39+05 447+ 2.1
> t=10.365 t=10.559 t=921 t=.4.839 t=-3.528
p=_000"**  p=_000"* p= 369 p = 000 p = .002**
Smart farm 646+ 3.0 276+14 44+ 05 56+ 06 500+ 24
Greenhouse 398+ 51 196+ 19 51105 42103 555+ 27
! t=13.320 t=10.648 t=.981 t=6.299 t=-4.686
p =000 p = 000 p=.340 p = .000™* p = .000™*
Smart farm 83.9+55 329+28 54+07 6.0+04 55.5+29
5 Greenhouse 65.1+64 263+16 46+ 0.6 4803 575 +30
t=7.040 t=6564 t=3.024 t=7.073 t=-1541

p = _000™* p = .000"* p =007 p = .000™* p=141
Smart farm 87.1+62 341+ 24 5805 63+ 02 579+ 38
. Greenhouse 73.9+ 638 295+ 1.7 51+ 06 5303 61.1+ 24
t=4.555 t=4.960 t=2.824 t=7.149 t=-2223

p = _000™* p = 0007 p=.011" p = .000™* p=.039"

*, **, and *** mean significant at p = 0.05, 0.01, or 0.001, respectively.
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RE ASE e ol 2524 Az EY fU1E B F7]EQ AoldA
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252 #YE7te] 64.6HTH 9538 AA UEIRTH =3 Q5L FFY] WIS 2nER
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Weoks  Form AN Nevee g oy
Base Middle

(em) (ea) (mm) (mm) (SPAD value)
Smart farm 302+ 1.7 17.21+ 18 3.4+£03 40+ 05 387132
Greenhouse 298+ 2.3 153+ 1.7 3.2+02 49+ 0.7 426+ 1.9
> t=.444 t=2.460 t=1.257 t=_772 t=-3.319
p = 663 p=.024* p=.225 p=.719 p = 004
Smart farm 516+ 43 228+ 2.2 4.1+ 04 4.4+ 04 415+ 2.7
- Greenhouse 412+ 40 231+ 22 37+£04 39+£04 511+ 53
t=5659 t=-310 t=2.556 t=3.021 t=-51086
p = 000** p= 760 p= 020" p= 007" p = 000
Smart farm 622+ 48 PyidiE 30 4.7+ 0.7 48+ 04 462 + 3.8
Greenhouse 589+ 3.1 268+ 15 4.3+ 06 4.5+ 0.6 612+ 1.7
4 t=1.824 t=_.470 t=1.318 t=1.023 t=-11.426
p=_.085 p = 646 p=.204 p=.320 p = .000***
Smart farm 70.7+55 304+ 30 51+ 0.7 54+ 0.1 525+ 5.2
Greenhouse 674+ 40 306+ 24 4.7 + 0.6 51+02 646+ 1.8
" t=1.534 t=-.163 t=1.199 t=1.374 t=-6.983
p=_.142 p= 872 p=.246 p=.193 p = .000**

L]
]

, and *** mean significant at p = 0.05, 0.01, or 0.001, respectively.



2t EFT B Ertol A Aujgk ‘FU(Henna)' FF9 FeHRA XS 2F A=
ZAE AIHE 2-16), 2 2utEFA AuHLE w 5F 34.3cmollA 1159]E= 68.8cm=
200.6%° AAES BAT T=F 2] AKS 57F o 157.1%E 7P ASo] 2459
3, 795 112.8%2 8ol AAE APHAL, 9115 el @AF Hojxl 102.8%% T
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wesks  Form e oot TR Gl
Base Middle

(cm) (ea) (mm) (mm) ﬁ?::;

Smart farm 343+22 203+1.2 3604 49+ 06 402+ 1.1
Greenhouse  29.7/+ 1.9 212+ 1.3 3.3+04 36+£02 440+ 2.7

° t=4935 t=-1.622 t=2744 t=6.581 t=-4.067
p = .000%* p= 122 p=013* p = .000%* p = .002*
Smart farm 539+28 246+ 1.6 44+04 55+ 06 479+ 20
Greenhouse 40.0 £ 3.1 292+32 3604 3903 52.0+ 20

! t=10.664 t=-4.052 t=23.889 t=7.455 t=-4592
p=.000"*  p=.001"* p= 001" p = .000** p = .000***
Smart farm 66.9+ 3.3 273+ 23 5305 5904 52.7+3.0

9 Greenhouse  62.5+ 5.0 385+ 36 43+05 45+ 04 55.0+ 25
t=2314 t=-8.232 t=4.380 t=8.243 t=-1.860

p=.033" p=.000"*  p=.000"* p = .000%** p=.079
Smart farm 68.8 + 3.1 28720 5904 63+04 56.2+ 4.0

i Greenhouse  66.0 £ 5.0 411+ 42 5004 5504 60.2 + 2.1
t=1515 t=-8468 t=4717 t=4.989 t=-2861
p=.147 p = .000™* p = .000*** p = .000*** p=.010*

*, **, and *** mean significant at p = 0.05, 0.01, or 0.001, respectively.
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Changes in water uptake
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Changes in maximum flower diameter
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Daily integrated solar radiation

Total integrated solar radiation

J-cm?-dh (J-cm?®
Period
Smart farm Practice farm Smart farm Practice farm
(Icheon) (Kimhae) (Icheon) (Kimhae)
16 Jul.~15 Aug. 464.2 555.1 14,390.3 17,723.3
16 Aug.~15 Sep. 445.6 498.0 13,634.1 14,924.0
Total 454.9 526.6 28,204.4 32,647.3

Daily integrated solar radiation (J-cm2:d"%)
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Daily temperature (C)

Average Maximum Minimum Difference
Average 24.2 29.6 19.9 9.70
Smart farm
Standard deviation 1.45 2.52 2.10 3.08
Average 23.7 31.7 174 14.3
Practice farm
Standard deviation 1.54 3.47 2.11 1.08
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50 50
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Relative humidity (%)

Period
Smart farm (Icheon) Practice farm (Kimhae)
16 Jul.~15 Aug. 78.4 84.8
16 Aug.~15 Sep. 78.5 83.0
Total 78.4 83.9
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% 3-11. H=34F &3 =8 2ntEd 2571 3 4 v
Hodongi (Kimhae) HS flower (Icheon)
PPFD (xmol - m?-s™) 234.4 104.0
Light irradiation time (hours) 11 9
Daily interated PPFD (mmol - m™) 9,282.2 3,369.6

2) A=Y 2nERY AIAH 4
T 2Bz AR o]ERE F U E3A] £20FH USFE AAHHE A

2,

rr

o3

n ool EY  AROE 19 — FHAAOYE 119 — AEFF 44, d9A80€ 169)
— 0 gl 2Eed IAHA0E 2¢) - B =510€ 259)

s HSEEHS © Edol4E(0d 109) —» 2EAA(TE 229) — AH4ABdE 129) —» H=3%

da, LA EBE 22¢) - 2 % xeed 404 209) —E B

H
=3H10¢ 18%)

HSEZet9 o] LA g olF Mg7tA dele A7t & N8 daeE 572 55054
o] 39 HlE] 18Ye] o LS HT AEFTHA YA AuEe 7|xNs ddeRE F 2
EZH o8 A&S Ate] BY sFolsAo] Azt 9.371F Ay 7begk ¥k HSEEHY
= Azt 657170z A 2.871F, oF 0% =L olgdgo] HWolAY ZEolsHe AS
m’ W&ol AEFANA 7cm poto] Thhd] WEE Z8ate] MAVLEE B 23y} o
8,0004/71& o]t} 2019 7H& #3} 13} AMrtAs 7IELo & g4bstd 80004 X 1,2009/++
= 9,600 Yo 2 AZF 26,880 L] &5 £4S o7 & T
HSEZeH7F A EFAS =935t A8l AHgsts 1493 o}
T A7AZF EAE Yo S5olvde A AadgEe AT F oy
80N AZo] HIME HFRee= &
o

s5ol5d FFo2 243
4
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o 70 -H

AANdolA F7F B A71A 8,400 A/ dES 7HEF 18,480 A/ d e E FA T
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H3E &3t F3 A0EY Y&7|H 2R3 L iR MG

235 8 AnER =%V EAY =2

i

Zate] YAYFL W 13-U4ATOE @717 10-11AE ol fAE o
AAEE BUY ARtk Ul AdzolA 8Y 2US VFOE VAL 453}
7 Astel BE 109 FolA 119 2o Askate Zlol Yuaelth. ey Fujel
L owel Z57} Al FaEE AvlE T9RE 1192 450 glow, I FelA 993 10
ol 3 E ool AA FoFC] TA5%E AAY HEE I vFo] BTHE 3-12)

Ty 42 B 23 2271 9-1020] Fakelr] AsHE 6720 e

o fEuetel A H 1ol w789 1&7E AR Bk BTy o] Arlde ®
3 Zslo] slolREE F=3l7] Y3 18ARE TS 8A7ER] L0 dEre Wol wx g

& A R @ AbEd FA4E 92 A8 WF 227 Bobd A= A% At
AdE = ZAZE AT AA AvtERS R 249 20199 8¢ 1dFH 84 Td7HA 9
BAF AT AR 82 2vtEgo] B LA He] s]Lo] FHoz

o oA IARE 2F 6A7EA 30T neo® FAHT glon, ©
A 1NARE 2% 3NZAA = HCTAHEY o] ASHAHIH 3-26). webs aFde] 23}
=35 FshAI7]ol gAY A7) AsiM = Lol e 3 =3ke] S wes A
33 3 FEdA Lxg AoE £ e Ao Welke] Feasi)

¥ 312, aTehil 383 Foh5E B3 239 ¥ E57
(@] - %)

=3t 114 74 84 94 10 114 A (5, %)
2.5”7 450 450 (0.13)
3.5”7 28,360 25,560 89,340 | 143,065 32,300 | 318,625 (91.98)
4.0” 60 1,500 1,560 (0.45)
5.0” 270 1,110 15,862 6,489 30 23,761 (6.86)
6.0” 732 732 (0.2D
7.0” 265 370 270 707 1,612 (0.47)
8.0” 100 100 (0.03)
Al 28,895 27,100 | 107,804 | 150,261 32,330 | 346,390 (100)

(R, %) 8.3) (7.8) (31D (43.4) 9.3 (100

*AREA AT TR AR
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% 3-26. Z~rtEGI daAE) 249 7] Wsk20199 8¢ 1 ~ 20199 8¢ 7Y)

B3} 25} 20l ¥ 9E71H LESE AR L5 HeE %A 2 D
7. APy
U 2vtERS) F3} &5 BH) BE B3t T3 YU AZ

svlEgs B srke) AMBAL Mn BAS A%, e Yol % 847 ex
b BS FB A% L Ak B3 Y 5ol 9L vAE Ao AR, 22 B
Azlol #3h Fake] A%ol v PFe) ARt 2AE ok Beb B AT
A% selA cAslHoE ex 2o s B4 g%
23 Fhe] 4% 2 A SHE 2AG

AdAEE ‘dargz’ FFS 20209 8¢ 1090 AHEsta T 8¢ 24Uel A

2

AFGOm, AR o|FRE AF/1Y AWM YAS] WAL SHRHE WA 9 sl
HAAABTE BAGD SR N8 AFEDE DAL A5 WA
o ke ARt olgste] TAR, 30% 4B, 50% AFoE AejSor(1Y 327, &

£ AE AFAele) 9-10¢ W Jle ¥l +35C2 AHET AF AR WL st
AR om(18 3-28), AL AABAZANA AT A% 9 SNF S 2AE
24, 2%, 45, 99 9% 59 Y543 23], AFLdS 59 AREHL F 2
8zl

23t w3 ‘A aAgz’ FFY AF dF RS ASEY 25(GDD; Growing Degree
Days)& =HHTE, ASEL A zAs THHATE SRS stAth =39 A%
L9ld tig 37 =g sigmoidal ¥4 & E)2](3 Parameter)S ©]-83}

Max temp. + Min temp.
2

L
iy

Gpp =Y (Max and Min temp., & Hx 2 HA 7]L)
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() AHEFTH| LEDF =30 & &3 I3 Ax 3 /A5 e
w3 =3 =38 F = A

Aol &3 =3k A5 B g, 23 F4 Fol 9Fe vAEe AL
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Aot dsS AXSA 3 4A17H22:00~02:008 HF2HS AASHA T LED FHol| w2
3} 3 27kl AA AAIEHAJH. 13 2=ARE 2020 62 162
A

ARt do] gRE A EA B

4 18l A=ste 99 1ol dAsith HAAE A=8EE T 25 FoRt 22 £ 1T
o] 2o FASIeH, FF7= F3F 11N, ot 13A3te] ddz oz At A
g ® NS S 2AE 2, 25, 94, 94, 9F S ASSAS 2540, AskE, A
sargdsr 5o MEEEE F 23] A AH

4. d7as
D) 2vtERe] 33 L= B4 B2 23} o] YW

sriEg oo YR B 4% 257t 25 FEe A% 2 s s g =
AR AT}, B2 ol FRE AAAY BE Tahe] 24 AFL LEU AE] BAge] A
amolE AR WHoR AARALTY 329, Y L EANAE T, 30% 2
B, 50% A% 5 ABE] HAA oA FolF Molx Pty T FIHOF LEF
29/21°C, 32/23.5C, 36/25.5CE Ae@ &= Aol 36/25.5C 2 weo= AZ® An 3o
N Aol 246emz A Ao, 2921C e Ar)d Aeow A A o+
19.7cmz AW 1o Wl o sem A O ARSYL, BFO| do|E FIHoRt LIt 7T
4% oA Pae WATHE 3-19).

oloh W= slst4el 2o ArE exol oa) R FFL w3 APou, T
HlE 50% A% AL TN ARGt FAHAL 2o A% F AAE FFe Bk
937 9=, 95 S5 37 L5 Aelo] s
e 2 Ao fonF WHE Holx YYTHE 3-13).

b
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[ ) DAT vs Chamber 1-non
O  DAT vs Chamber 1-30%
DAT vs Chamber 1-50%
54| Y °
A DAT vs Chamber 2-non
[ ] DAT vs Chamber 2-30%
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e 20 4@  DATvs Chamber 3-non
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% 313 A% £% Aelo] 42 Ba 78 CedAd1 FT A% 9 g 54

Plant Plant No. of No. of Leaf Leaf No. of Flower Peduncle

heigh width leaves branch length width flowers diameter length

(cm) (cm) (ea) (ea) (cm)  (cm) (ea) (cm) (cm)
Non-shading 20.3a 20.5a 22.5a 9.70a 3.62a 2.0ba 27.2b 1.80b 4.50a
30%-shading 19.6a 20.5a 22.0a 10.5a 3.35a 1.82ab  38.0a 1.87b 4.85a
50%-shading 19.6a 19.3b  18.5b 10.0a 2.80b 1.65b  37.0a 2.10a 4.07b
Significance NS *% *k% NS *k*% *% *k% *% *%
Non-shading 22.8a 22.5a 22.2b 12.5a 3.50a 1.87a  47.0b 1.92a 4.75a
30%-shading 23.0a 20.5b 24.0a 9.75¢ 3.00b 1.87a 42.5c 1.90a 5.07a
50%-shading 22.4a 21.0b 22.2b 11.0b 2.85b  1.55b  54.0a 1.95a 4.15b
Significance NS * * wxE *x ** ad NS *x
Non-shading 24.5a 22.7a  25.0a 10.2b 3.32a 1.85a  36.5c 2.02a 5.50a
30%-shading 24.6a 23.3a  25.0a 10.2b 3.17a 1.72a 41.7b 1.93a 5.75a

Ch* 1

Ch. 2

Ch. 3 .
50%-shading 24.6a 23.1a  26.5a 12.0a 2.62b 1.32b  48.0a 2.12a 5.85a
Significance NS NS NS o Frx i e NS NS
Slgl’llflCaHCG KKK * k&% *k*k *% NS *% *% *kk
*Chamber

YMean separation within columns by Duncan’s multiple range test at p=0.05.
NS, *, ** *** indicate non-significant or significant at p=0.05, 0.01, or 0.001, respectively.

ZYA FEHE B3 3= FAsd TEY A7)0 wat AgEn, £ES F7)0)
upe} ¢fzhe] ztolE Holr]E shAIRE 2354 I AEie 2l ¢ o
A= W2 -3tk ol & Hfsf A wrlelAls B3 w3t A
EAFAAAE A& ki Mastalerz, 1977). o] F thulApol=A D) HIUIS F
ol &3l FslE Astetr] Y8l At ETtelA Hol AMSETE 2B A A o,
ofell th3k QFAANET|EC] AstHel wet B3} w3l 1AlEHo] A e Bl
AR&ol AFEIL glo] AuiErte] olEgol tEHA e Aotk B Ay A¥
o 2~mtEZ YRl y|2o] et w3t w3te| Aol st £
Ho] A3tE= ::Xﬂﬂ ob71® 4 Q. E3), AAZF 29 5
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N
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I, FRHORES 25 29/21C o AW oA AgEd BAQlel ddAg 23.4L 5o T3}
o] 49.1L%kel 100% 7H3FE Ao, 32/23.5C A2l 7+ 36/25.5C A gl Toll Ao LE L Aot
Mt Q Ay 22 27.59/57.3Y, 348Y/T344 = AF o g e 2T Aujd £3} =
R 7R3 v A AHATHE 3-143 1™ 3-30).
wetA AdzdA A AsE et 1FdY 23 =35 syl AsiAds At
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3 3-14. AFH &= AP wE £33 =3 ‘edlAAL FF JhE vkE

Days to flower bud Days to flowering Flowering
initiation

(days) (days) (%)
Non-shading

Ch.” 1 30%-shading 23.4 ¢ 49.1 ¢ 100
50%-shading
Non-shading

Ch. 2 30%-shading 275 Db 573 b 100
50%-shading
Non-shading

Ch. 3 30%-shading 34.8 a 734 a 100
50%-shading

Significance i i -

*Chamber
YMean separation within columns by Duncan’s multiple range test at p=0.05.
NS, *, **, *** indicate non-significant or significant at p=0.05, 0.01, or 0.001, respectively.

Chamber1 Chamber?2 Chamber 3 Chamber 1 Chamberrz Chamber 3
2020410320 202041030
O™ 3-30. A 2= Ao e 23 =3 ‘HMAAqL FFe /S ks

2 AFEY &= ©BE &3 =3 A7 37 =4 A

B3} =3t ‘"1’ o 2B i ASE=Y-L%=(Grwoing Degree Day,
GDD)ell & =& dF JARDA S MESFATHE 3-15¢F 18 3-3D. =49 A Ak
J agt2 FoRtel & 29.0C/21.0CoNA F24, 30/% =+, 50% =gol Z2b 219, 20.2,
20.4, 32.5C/[23.5C A= 242 232, 23.0, 22.1, 21&8]3L 36.0C/25.5C oA+ 72+ 25.3, 24.9,
24890, =T 24| HiilAEo] 057 He ARl el GDD#]! bk JAl 5L gz oA
57t AsE8rE SR ol £3F I3k Aol ¥ 2RO 250 o8 ¥ & B

g Zolgks A5 ARets A

& r
o



® 3-15. ASEYe] e B3l F3} oA o 4% =d wpEs
Shading Temperature Growth model parameters ,
treatment treatment R
(day/night) a b k
29.0C/21.0C 21.9 486.1 312.7 0.9984
Non-shading 32.5C[23.5C 23.2 514.0 290.0 0.9950
36.0C/25.5C 25.3 612.7 313.2 0.9983
29.0C/21.0C 20.2 425.8 262.8 0.9945
30% shading 32.5C[23.5C 23.0 469.2 264.8 0.9930
36.0C /25.5C 24.9 533.4 294.2 0.9928
29.0C/21.0C 20.4 400.5 251.2 0.9953
50% shading 32.5C[23.5C 22.1 451.2 255.3 0.9908
36.0C /25.5C 24.8 532.9 297.7 0.9944
A B
1800 30
1600 4 | —— 29.0°C/21.0°C - ® 290°C/210%C Non-shading
325°C 1 23 5°C P o5 | | © 35C/235T
1400 1 | ——— 36.0°C/255°C ; w 36.0°C/255%C
& 1200 | ' 2 gl
& 1000 | =
S s00 E,’ 15
§ 600 E
5 400 a W
200 5
O 4
0 10 20 30 40 50 60 70 0 500 1000 1500
Days after treatment (days) Growing degree day
Cc D
30 30
& 290°% /210°C SD%shading # 290°C /210°C Sﬂ%shading
# | g 2xemee B v s ian .

Plant height (cm)
o

Plant height (cm)
i

6 560 1OIOO 15IOO [I) StI)O 10I00 1560
Growing degree day Growing degree day

g 3-31 B3 23 ced o1 o ASEYLRAo] fE 3R ex Ay

24 A5 o= 39 246, C, D)

50% =g AglTolA &3t =3 CeE:MA L o A Hujgk 29.0CT/21.0C oA
20.8cm, 32.5C/23.5C A 23.1cm, 36.0C/25.5C oA 25.0cmZ Folt 257} S7lE+5 2%
o] AojAE AL E d=Egom, o= AA ZAME F 19.6cm, 22.4cm, 24.6cm$t A ¥X
S THE 3-137 3-15). L= gd 249 W3l s AdddAe] T HSY5(Days After
Treatment, DAT)$} GDDol| w2} £43F Ay, 2% DATY} Vg wel Foptexo|



g A% ZolE Holy] AFslY HF £8Ye sbF 2 o] HolE HolE AR =5
28 3-324). 281 o] GDDE £43F AxtolME GDD 094 6507HA|= Fopte s
29.0C/21.0C, 32.5C/23.5TC, 36.0C/25.5C Al g T2 242 Aol F2olug o] Ho|X
ergkot, GDD 650 o] %ol 29.0C/21.0C Al 7o 24 AlFe] &2 F A3 2ols B
o]7] A& ar, GDD 820 o]ZFojl= 32.5C/23.5C ¢+ 36.0C/25.5C ¢ AHgFA % 2o]S Ho)
71 NP HE 3-32B).

A B
30 30
e 290°C/210°C 50% shading ® 2507 /210°C 50% shading
.|| © msTizaEC 25 || @ 328Cra3sTC
v 360C/255C v ¥ ¥ 360°C/255%C L

~
=1
L

Plant height (cm)
o

Plant height (cm)

=
=
L

n
L

lIJ 25 4|0 60 CII 5[;0 WOIOO 15I00

Days after treatment Growing degree day
a9 3-32. &3 w3 feEA 1 o AdTd A F AFLdTAY ASELE[B)
€ 2= A 2Fo A5 95 I+ =24

GDD&= ZHEo] WolRE A&7tA ASdA o weha] o= g dFE dojok
SHTE AS 7IRte R ZAEo MFANY], A7) T3 22 AEAAE dS5387] HE AEE
F Y L4 gro|tk(Baskerville # Emin, 1969). #3} =3} ‘g_a‘ﬂx] off1” ¢ Afod=
GDD7} FA=EAA AFFLE F7eA T ddHe oA - A HdFo] o]Fojx 1
BLAGA A AAYF O Z o] HBko] o] FOJAHA] AFo] TaHE dﬁézi?l AlaRo|= Al
A4 a8a Jok o Fopzte] 27 FUtEO £3F w8yt a2 AHetA =HH slof
37} AAH o2 2] &% Aol wgl GDDo| W& M £Xo 2o Hol:= Aow
oot

@Zﬂ FoRrE 29.0C/210C7E e F AT A5 FE9 AolE Holr] Az
GDD 650¢] DAT+= 279 &, 29.0C/21.0C A7 AU 23492 369 Fo]H, 32.5C
[23.5C A 72} 36.0C/25.5C A 7] A5 L2 Xpo]E Hol= GDD 8209 DATE 31€ =,
32.5C/23.5CH g9 LA U 27599 359 o|Fo|th(x 3-14¢ 19 3-32B). °ol& ¢
guete] shA ai2o]l 3 =3t FolRIE A AATIH o= Qs FFAFTIZIo] doA
270l S7H ALSE, n7lde FuF s ddAYE L ARt 3 =3e] 24 Al
e AAlsks Zlo] nigd & Zle=w dddn.

=

O
NEggA Fa ﬂ%zi A4H I Qi LEDES shgo] B3l 5o 4% 2 )5
= 4517] Slste] WY LED AEAAAoA F b wa F5o A%



N

H @ 24T W e AT dF Fdezes T i LED 242 4

S
H 23 oZ AA LEDMA44nm)et AA1 LED(652nm), 18|31 AA 3 A wialo] Z+7) 2:.5:1%
Zs= &3 LED(444+652nm)E AF&3SE Tt 3-33). Z+2e] FAdo =2 RHEY A EA AAA7}
Ao AgE ASA o wet 15~20cm AEZ FAEHJ L, FAOZRE & ZAEE 3
ARG EFEAEAE(PPFD)E FA3o] 1451 xmol - m? - s, A4 1614 xmol - m? - s,
E333 2024 gmol - m?-st2 FAH PPFDE x}o]7} Ql&’iﬁ‘r(ﬁ 3-16).
A 7000 B 16000 C 14000
6000 14000 12000
Z 5000 g 12000 Z 10000
H £ 10000 E
S 4000 S S 8000
T = 8000 ;
& £ £
.% 3000 E <66 é 6000
£ 2000 & 4000 = 4000
1000 2000 2000 \
EREZEREggER RESTELR88RER REESEAB8E8RE
Wavelength(nm) ‘Wavelength(nm) ‘Wavelength(nm)

% 3-33. HAE AEAGG AHEHE LEDS S 3 3HA, A B, M, C, &)

£ 3-16. A% AEYP) ASE LEDSS B 343} FPAFEFFASIE

Blue Red Mixed
Peak wave length (nm) 444 652 444 + 652
PPFD (xmol - m™ - s™) 145.1 161.4 202.4
8 AEAAFA 73 GAAEHE AuE AT FF BSEAS W
Wl & A, A2 o FHE JEtA L] 3 e 24 A2 LED Fddl #ARlol AL
ol I dHom YA }93\31, HAzx = P%lﬂr »41 1/\}&«] z23e 747 0.0 1.0

3

= ] =
9.43cmz M AeoH, 75%*—‘1%7% e 242 A7 745cmel 8.17cm= A Al 3gol A
0.72cmA %= Zskou FAACE FYAHLS dAHA FAUTHE 3-17). Im F(2013) ="t =
=3} “Jinba’ ol A] 450r1m«l A go] AMFy wAgE T 2 AR a3t Ata 618l
oh shARE B Ao AAFoA £33 F3he] 24 ARl 7 AA JAHALH, o=
Rajapakse$} Kelly (1992)7F =+3} ‘Bright Golden Anne’ #F&olA HAMFLS 249 AAS o
AAZNG A FE FAFo] & 20 27 AR oA a7 dos d3et A,
Choi 5(2012)0] 23xgo] =3 ‘llweol’ ¥ 2~®’lTh= =3} ‘Jinba’ FF¢ LED R3FA A
o] TE FAd el 24 AlAd 7H adzolgte Aot A S



Plant height (cm)
N

= Blue —+Red -+Mixed 0.1

-#Blue —+Red -#Mixed

1 4 7 11 14 18 21 25 28 32 35 39 42 46 49 1 4 7 111418 21 2528 32 3539 42 46 49
Days after treatment Days after treatment

a9 3-34. 3 =3 ‘ed;MAL FF ARAN) B A=A B)

3 3-17. LED F¢ol mg 23 =3 ‘dlA 1’ FFo 45 54

LED Plant height Plant width No. of Leaves Leaf length Leaf width
treatment (cm) (cm) (ea) (cm) (cm)
Blue 7.45 b’ 6.9 b 235 a 348 a 1.60 b
Red 943 a 79 a 235 a 3.80 a 1.99 a
Mixed 8.17 b 6.8 b 21.7 b 2.90 b 1.60 b
Significance ek ook Ko ek ok

"Mean  separation within columns by Duncan’ s multiple range test at p=0.05.
NS, *, ** *** indicate non-significant or significant at p=<0.05, 0.01, or 0.001, respectively.

w3} =3} ‘AMA T FFY 2FH g, A, 430 did S SAX= LED #

doll mwet 24 et WA 233 FF2 2Fd i ASHE3H fASHA A Aol A

7.90cmet 1.99cm=z 7pd Zlom, AAFH EFFAAAE FHQ zto]E HolA gttt W

of ol FAe FAFy HAF T FAFA A 72t 235719 3.8cmz E3FFeo] 21.771 ¢}

2.90cmyEt}t ©] B ZAJATHE 3-18). Karlsson and Heins (1994)+ %A AtalAgo] a4

5 slopltdo] AAEN 7R H W AlZto] A8 FHT LA s o Bopxlta 3%l
Sl
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