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< SUMMARY >

Purpose&
Contents

O To design and commercialize the fresh forage growing system

O To design the fresh forage growing system that is portable and cultivates for whole
year regardless of weather.

O To analyze and identify the environmental factors controlled in the fresh forage
growing system

O To optimize the environmental factors for maximizing yield of the fresh forage
growing system and to validate the identified optimized condition

Results

I. Analysis of growth conditions for fresh forage cultivation

1. Analysis of growth conditions for fresh forage cultivation
7}. Explore crops and their growth conditions and identify the best crop suitable for
the fresh forage growing system.
L}. Based on the 6 crops, select the best crop for the fresh forage growing system
1) Forage barley
2) Oat
3) Italian ryegrass
2. Study regarding the amount and ratio of forage by livestock
7}. Cattle
L}, Sheep
T}. Horse
3. Analysis and optimization of growth conditions for the fresh forage growing system
7}. Analysis of growth conditions and investigation of methodology applicalbe for
growth condition data
1) Investigate the growth conditions for available forage crop
2) Establish statistical method for analyzing growth conditions and apply it into
real data (study on milk components from cattle raised by fresh forage)
L}, Identification of main growth factors for Italian ryegrass
1) Identify the main factors (temperature and humidity) applicable for the system
2) Design experiment for identifying the optimal growth conditions of the fresh
forage growing system

II. Design and commercialization of the fresh forage growing system

1. Design the fresh forage growing system and develop its parts
7}. Parts design and BOM construction
1}, Model development by forage yield: 5 types (portable)
T}. Model development by forage yield: Big size (over 10 ton per day)

2. Performance test of prototype and improvement
7}. Completion of performance test of the system by using fresh barley sprout
1}, Participate exhibitions
T}. Database construction for nutritional components of barley sprout




HII. Performance evaluation and system analysis

1. Optimization and validation of growth condition of the fresh forage system
7}F. Develop a predictive model for yield as a function of environmental factors.
L}, Identify and analysis of the optimal growth conditions for the fresh forage system
T}. Validate the identified optimal condition by using real experiment

2. Performance evaluation and analysis
7}. Growing performance test by using forage barley sprout
1) Assess the shortest growing duration from seeding to harvesting: 6 days
2) Develope optimal root pad and cultivate sprout sized 17~20 cm
1}. Additional test of forage crop
1) Italian ryegrass: 8 days for harvesting after seeding
2) Oats: 7 days for harvesting after seeding

O Application plan
1. Commercialization
7}. Construction of the fresh forage growing system developed by the project
L}, Market development with registration to agricultural facility and machine after
completing the project
T}. Increase profit by mass production connected with commercialization
2. Research and development
7}. Application of the system into various crops available for forage
1}, Development of functional fresh forage

Expgcte.d t}. Establishment of research laboratory of the company
Contribution .
3. Creation of employment
7}. Creation of employment in production and marketing
L}, Creation of employment in research and development
O Expected effect
1. Reduction in feed cost for stock farm
2. Participation in demonstration project regarding livestock business
3. Promotion by exhibition events
4. Sustainable research and technology development
Hydroponics Sprayed water Plant factor for
Keywords Fresh forage Sprout forage

system for forage culture forage




{ Contents

1. Overview of Research and Development

1) Objective of R&D
2) Necessity of R&D
3) Scope of R&D

2. R&D Status in Domestic and Abroad

3. Results and Discussion

1) Analysis of growth conditions for fresh forage cultivation

2) Design and commercialization of the fresh forage growing
system

3) Performance evaluation and system analysis

4) Summary and conclusions

4. Achievements and Contributions

1) Achievement of goals

2) Contribution to related fields

5. Plans for the Practical Use of Results

6. International Science and Technology
Information

7. References
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Correlation analyses on body size traits, carcass traits and

“

D Lee, Jae Gu, et al.

Journal of Animal Science and Technology 55.5
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@ Vogel, Kenneth P., et al. “Evaluation of a filter bag system for NDF, ADF, and
IVDMD forage analysis.“ Crop Science 39.1 (1999): 276-279
o HlERHA T4, A AA A AR tiE Y b A" 7]E9] HlexE
A 2=E 7o) Bla E4
@ da Silva, Joaquim Fernando Mendes, et al. “Correlation analysis between phenolic
levels of Brazilian propolis extracts and their antimicrobial and antioxidant activities."
Food Chemistry 99.3 (2006): 431-435
o ZREYE FEEY HEH SRl AE AloldA e IAtuHE AFdH|al
A
@ Choi, Eun Jeong, Moon Cheol Jeong, and Kyung Hyung Ku. “Effect of seasonal
cabbage cultivar (Brassica rapa L. ssp. Pekinesis) on the quality characteristics of
salted-Kimchi cabbages during storage period.” Korean Journal of Food Preservation
22.3 (2015): 303-313
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* Lee, Seung-Joo. “Big Data Analysis Using Principal Component Analysis.” Journal of
Korean Institute of Intelligent Systems 25.6 (2015): 592-599
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e Kim, Jung-Hoan, et al. “Application of Principal Component Analysis to Shelf-Life
Determination of Processed Food.” Korean Journal of Food Science and Technology
27.5 (1995): 703-707

Q@ FAEEA S ol &std A F AR T FEWs HUt

e Chung, K. Y., Y. S. Jung, and B. J. Hwang. “Classification of snowfall regions using

principal component analysis.” J Korean Meteor Soc 35 (1999): 466-473
@ FAREAL ol §T IWE FH A T2

» Shao, Renping, et al. “The fault feature extraction and classification of gear using
principal component analysis and kernel principal component analysis based on the
wavelet packet transform.” Measurement 54 (2014): 118-132

© 7o) Al2=Ee] &7 T 7o) E4E AMER AS B HHoE FE e
e AT

« Ha, D. W, et al. “A Study on the Body Type of Hanwoo (Korean Cattle) Steer by

Using Principal Components Analysis.” Journal of Animal Science and Technology
44.6 (2002): 643-652
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@ ANOVA (Analysis of variance)
o A BAE 5T FANAAY AT EF
e R-square &< 53 Ayt 235 & A9st=A] FHR-square > 0.7)
o 7} W7} Ao o3t 9IS nX=A p-value0.05S B3 #A
o FAl FARAAES FASE IAAT AR
@ Lack of fit test
o AdAo HACREA, 51 3T o] AFIAE B}
e R-square #¥= o2 9w gholw p-valuert 0.05 o]/l Z-s-o A3
* p-value7}t 0.05 v+ 739 3| AA Y At A5 FUHE g ste{of 3
® Canonical analysis(yZF&4])
Tz 3AAow PrEi —E,Lgkoﬂ | 33+ A7 (stationary point) AF&
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o IFAF BFEMWoAE HAH, BT (oA HojH, &= Jow HFHES M
o QHEHQ A HANY HAGES A&l AR (ridge analysiE FIHH o2 43
S

® Response surface plot(¥+-§-3£H
o T5E IAYAEA S 7Hte s vt
o 2789 S Wl e F

2 Pyg AR fstel HYATE 2ANGS
PAT Lok F - HF Lok FHSHPOH, ol AT Bokl HE AUE

ATE HIES review GA FE3] o] FA 1L Q=
@ Khuri Al & Mukhopadhyay S (2010)
Rev. Comput. Stat. 2, 128-149
o RSM9] 7ldo] =% 19509 Alzto g2 Ath7bA] RSMe| o] 23} Eolr} vhas) ¢k
=R o tig 2lH7F Ad 20108 publish = &
® Bag D & Boyac:1 IH (2007) Modeling and optimization I: Usability of response
surface methodology. J. Food Eng. 78, 836-845
o 71Z9 MYATE %3 chemical, biochemical processelA] RSM<S A& & o] 3k
AR dabA <l Aol gt review
® Bezerra MA, Santelli RE, Oliveira EP, Villar LS & Escaleira L a. (2008) Response
surface methodology (RSM) as a tool for optimization in analytical chemistry. Talanta
76, 965-977
o O] =2 EAs}stEoko] tigk RSMe] 84S Augk =FolH, sd HEokoll &3}

Ao 7 ARg3}7]9]%k response surface design2 F41 2 RSM modelingg A &3slar

e

esponse surface methodology. Wiley Interdiscip.

@ Vicente G, Coteron a. & Martinez, M., Aracil J (1998) Application of the factorial
design of experiments and response surface methodology to optimize biodiesel
production. Ind. Crops Prod. 8, 29-35

« 19984 wieolet)d A4k HAstol] RSMe AHE

Quanhong L & Caili F (2005 Application of response surface methodology for

extraction optimization of germinant pumpkin seeds protein. Food Chem. 92, 701-706
* 2005 F=ollA]l olgt Sk KotowERE ©wiE S FE3h= FAS RSMES 3l
Kk

© Li Z, Database N, Quality N, City K & Liu Y (2012) Performing response surface

analysis using the SAS RSREG procedure, 1-10
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@ ©]7]F (2000). A1FFHolA vhExHIEA o] & T2 FH5t3], 334, 33-45
o T AFRokolA 20009t] o] RSMe] B84 ATF o F, TP AHsh} A
B FEx7 240 e A4H3 I8
@ Jeon S, Baek J, Jeong E & Cha Y (2012) Optimal Extraction Conditions of Flavonoids
from Onion Peels via Response Surface Methodology. Korean Soc Food Sci Nutr 41,
695 ~ 699
o SR AZRE Flavonoid 229 F2x74 A3
@ Noh, Y.-I, Kim, J.-S. (2012). Optimization Processing Conditions of Water Soluble
Fraction from Alaska Pollock Theragra chalcogramma Head and Non-forming Sea
Tangle Laminaria japonica under High Temperature/High Pressure. Korean Journal of
Fisheries and Aquatic Sciences, 45(3), 207-214
o BH TR vAY oAt RE aTiet FEE0] HAAE =4
@ Cuong NP, Lee W-H, Oh I-N, Thuy NM, Kim D-G, Park J-T & Park K-H (2015)
Continuous production of pure maltodextrin from cyclodextrin using immobilized
Pyrococcus furiosus thermostable amylase. Process Biochem
o A EF LRI E cyclodextrin® ZH-E] pure maltodextring FE3F= FA A
RSME &3l A4 = 215 33 77 F3HAS
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ado AR 2ae) $HARS WA

@ oF Mae A olge] IFe I REUAE 71F0R FA6 vlaste] 1
$7to) Aolg Buss B/ BA/MoRH, YL Mo I grie] AT
A Fa gd =7es del 2493 38

_37_




Q o F&F& pO.052 3PeH, SAS B4 AZEYS] 7] A(version 9.4, SAS
Institute Inc, NC, USA)ZS o] &3sla] 2443519 S

() tloly &4 23
@ dlolel &4 A3 FAZFH FALFEEANA TAHNCE {7 zto|rt LAYEA

=(3%).

@ mwetA FAFHR FALFEES FoSEC] 47 0.024¢ 0.0130= 2F H,59
Batol ol Aozt AM=(&E 3 % 1™ 9)

@ wHel FAE, oA, AAE, MUNS FogEe] 0.058T =7] W&ol z2+2t A
w9 BA Aozt it & 4 A& HE FAARJ] Aols oy AA A A
®o] gro] M=% Aow Kol AHRAE 78k Al @z Wy og 7+
T Aoy, FEHGS FUFstY FUHE ] £40] 28 o= HY

@ ABAoRE AAEAE 7] A FAFE SV FALPEEES =olE
s 7HAAL JleB®, HAREe wolaA & Aol AdxALR 7)Hke] ARG
< ZRFolzt & 5 A&

E 3 ZAE 30 £ ¥ 8O 29 28 4E SARY 2N

MeantSD P-Value H| 11
02126 ko) 2 30.9645.79 0024
wAleid 5 | 3388+498 '
o 2 4.3440.48
212(% 0.425
1&20%) 5 4.4540.69
O CHHHZ| (%) & 3.33£0.33 0.149 A 1118
TETELR 5 3.45+0.37 ' -
24 8.05+0.3 ¥ e
FA 1Y EE(%) - i 0.013
3 8.2410.33
] ] M | 136.2£110.3
| M () = 0.802
5 | 1435%136.9
2 12.32+2.83
MUN _ 0.637
5 12.03+2.34

*MUN : Milk Urea Nitrogen: 8L Q4F A4 2 HAE - A50| CHHEZ] M=ZF0| A
AorA|0f et HAEOIH HA Toi4lo AGHEHE 7™

“Acceptable” £~=0|1, 10~147} “Desirable”. ®¥= mg/dl)
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dE Ho|E B Hm

Lt Az

nAg2

1282 1ofa

333 345

RAIFH (k) fAE08 REAT(N) A=) Lk

I3 24. 98 AW GlolEQ B HL 1D
A2 A AN ZARANER] A 2 8]
L AN ZARANER 4A 2 RE AL

7h 5 274 5 BOM 7=

1090 435 5

j’] ‘3hR{IPL SUS NIFPLE 7/ %

5900
)

2800

1
|
|
=
1

B T00R_1000x1S00H DR, EjEIE0
= (ER T (£212
100§, 1006413004
= HEIP 52 SHOLE
i { P v
g
@J B % q BASE Jlg)| & HiPIT 2e%
= Folu-ettt
1 B |
I ers sl
2950,00 FIB-
50
60460 PIFE
a5
1400 122 1275 1400) o

o Ao futaE TGS 98 GEZY2EHAPS) dEA HdS A 8§
o A ZAIRS] R AR 7]E JM} FH) we mEd=E 2

e A2 83 =YY : 25kg, 100kg

« PS w4 3 : 150kg, 300kg, 500kg
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.« WEEZYXEAPS) TAA - FEY 15 0T AFHEA

e wag e g AU 1T AT e way o frus {
ket ket nas= o
AEEE A o
- HEMME ¢ OTI5-190405
1.8 =B MH B CT15-130495
298 7. AEEI
' . gasgsuE 1) WEEeiAel Mips) ST - pEW 13 -
oume: a2« (F1 EERE AE 0]
OF 4@ HESSEA 57 FAEES 100 (FHS AIUHERANE) 0
[
3. AIBJI2 : 20151 123 07R ~ 20168 01 06% =
4. NEEEMS B ¢ a2z 0
.M EY: HLERAEU(PS) ZEW - SHY 15 707 | &
w
6. Nalge ] - ]
(11 Ks N 3808:2011 w
]
. -

Sl HSET SISHREE B bR
o {oplzlozzo1

o wETA o APAH An 01 dEY 18 )
CRERE
[HEeE 23:2] Y .
pra iy =
2 (W/m-k) il e ol 4
(N) (N/a)
X£7|UHES | BY|ATES
AlZF : 120% O|LY
7| = 0.0280|3F | 0.0300|3} 350 At 180| A} "
20| : 60mm O|3}
AlZF : 60%
A™ A0 0.024 69 22
210 : 41~47

(D vy 2A

oh A4 7

(L) Ex=of j
5

=371

AR Fhe) e
SHE EE BEASNE 48K GS(HE 9 AzHe] extFow o
7% H

2 738 274

Oh AJHFE7he A5 AfdARbe st 278 s FE 2A
(b Aol Alz=dle] AEZC] YRS, 4% ZIAZ]IF/E WA
(th dFoz e AudS WA
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£
B
>
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2
=
o
N
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=
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2
=
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oL
=
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3 F= AA

b A5 AuERE] EAS 1yt A5 18TC~21T(£2TC) A%, 33te §84E
ekl HAY Wiy Al A H&
b AAdYE grE e=xAAAE0 /G HAH L)
AR E 24 El 253 HA
2 (3~58) A= 19°C +3
oE (6~8R) A 19°C +2
712 (9~118) s 19°C +3
e (12~28) Lhet 19°C +2
(th B7|++= 37155S A8 &3k 5 - a71E {5k Aujd 2 dAe] a2
ShHE-o] A A
@) ==
D H2x2dws 283 AEHE LED A7
(b 2" Hol tigk ()=H3k ¥k
o._|z’|' A| A2 AH| X pSEA 2 = N INE=3 P
22| =g | ad | TeaT | B | e | pmoms | SE | NEAS ] SR g
330mANor . . .
Qldf DC24V 8w 200 Dimmin single -20°C~ | 0.8
S | BPLOW 365V | agoma | ~12W | oy | B OIE 1030V | 1200 | Gorc | m
MAX ACorDC |  660mA 360 0.8
om | BPL-OW | “3Pgy Mt 20W ofa | 23014 -
G =
Op AuA AysE 70%(+5%) FA
(Wb 259 71571 48 AAZR)] Aujd SEEEZE st 7t 93T A4
(th AUs=E FAE 93 volHE E43l9 PCBE &3 AFAIIHU2E EF)& AlE3)
I F7HHSE 259 JI5T7]E A 85t ElolHE B MERCE FAHFEE FA

O AYy2%= 19CH2TC, -10),

[¢) =
HAYEFE 55% & 7o ¥ AsZ1l/hr ~ 2L/hnS

@ 7 234 AeF 1.25~140hr d v AHEEE 65%F A
1

FERAT U3 B5FE =Y A
EE |
=

e

Aol AHE AR GO

A gste] Azt 133.2cc (¢F 0.14L)¢] 714 "7 &5%& FA

=

o
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6) Auh2

Oh A o] F44A

b A WS 9%

(th ABH 5=

(@) FEol 2% W7
_El__

(o} $77 w59

_?4
9]
() 71AL R

(8 & FAA

Ob 557 € ALE 5 AA - AW #HFo =2 HF

h) Wy Al Ae)r] =y Y AA

(th Y+ A== A7) g3 AA - AF = TOP cover vhgt AANCT)

(9) PCB A4
Oh Au<EFA Aol PCB AA
) A732=8 74etet A4

2z Jul)

O sz

o [l o

= |8 E

> i o

= 0 B 7

2 e
Ty

YYH B+ E

=

E=

0d NIVW
ThRO R0l

i
NA 08
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AN 0S8
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MA 08
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A0S

=

WAL BHAR

0
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A 08
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A =ARE Ak din] 2ddE A7 53 (01 R)

D olsd mdHRYAN® B ABAF 7|9 0 5F
(7P 25kg, 100kg, 150kg, 300kg, 500kg
(b AAF A= 38 150kg =

<Ay AF3 A" (Y 10~100ton AAH AA>

_43_




2}. BOM LIST

AOLEL =ZXHH]7| XX =2HBOM)
of| =3 4 =2
1 SMEIE MMEAZ THIEHK| 150kg 1
1 L2 EHEfA 4700x2950x2460
1 M | ARA ACQ***xkrsns
2 Mo
1 27|(HHH) 750W
2 =8

1l =8 680x680x400
2| 2SO 530x530x380
3| 1RES ¢ 30xL=20
41 LEA SUS S 02| M5xL=15mm
5| HE SUS L{E M6
6| EdY #HE SELSET
7| o147 ZE 12004 Al
8| el wAF 20A-15A
I| MF2AHE 15A-15A
10| AFEsALIE 15A-20A
11 200z A 16A (M)
12| Ht 30mm
13 ot PH-400W-B 1HP
14 MH|AAZ 15A-70
15| AME A 15A
16| A2 LH| e 15A
17) 5 PT HE 15A
18 =™~ 342 15A
19 =33 25A
20 = US| H(2435|H) 1" 220V/1KW 250L
21| SUEE/AT YN/ M10-30
22| HEATER BK SUS
23| A|EBASE EGI e A = Xt
24| \|E-15 CAP EGI A4 = Xt
25| PIPE FLANGE EGI A4 = Xt
26| PIPE FLANGE 23 EGI A4 = Xt
27| PIPE FLANGE 31 EGI EHAH o Xt
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28| AZX| 4T*20*80
29| 42| SENSOR
30 A
HEEHA
1| =9 pceta 400x500x160
2| CONTROL COVER EGI / BHAHC T
3| CONTROL INNER BOX EGI
4| ELB BASE EGI
5| LS XY 32GRHD/2.5KA 30A
6| LS XCH| 32GRHD/2.5KA 20A
7| D™ AlCERtCH 10A -10P
8| D™ AlICkKtCH 20A -4P
9| YA ChHRtCY 60A -3P
10| EHO|TH(24A| ZH) SID CP 16 C|X| &
11 Je2 E(EAM) 45Q
12 Lhoi e} oA W
13 GW S2A|2 ZulE} 16A
14| MAIN PCB
15| DISPLAY PCB
16| IN-LAY CONTROL 2t
17| CONTROL At ezt
18 ASIX| 2t
19 Azt
LED (SMPSHFA)
1| ABSHIA 400x500x200
2| SMPS(SP-500S 24A) DC24V/21AC 500W)
3| EfO[m(24A]2h SJD CP 16 C|X|E
4| ™ (SJ1238 HA2) 220V~240V AC 50/60HZ(0.13A)
5| eI ZUdlEt 16A
M7 MM
1| AR IIE Y| MH-401A
2| 7t&7| 2ECy
3| LED MEES 220V
4o s0f 27 X 2HE HRIEHELY
5| 271E E AQK|
6| ABSHEFA 80x110x70
7| ctAZ U EL 16A
8| GW =&A| = 16A
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9| MArCfs A 16A (M)

10 SAAAT 16A M)

11 ol CD2F (M4 16A M)

12| ABSHA 150*200*100
St &

1| HEATER L=600

2| 4Hm L=570

3| SOL #1 L=670

4| SOL #2 L=640

5| SOL #3 L=610

6| SOL #4 L=580

vARSE) L=1000

8| X=2| SENSOR L=620

9| Y3 2= SENSOR L=430

10| 3 2= SENSOR L=1000

11| HEATER L=1000

12| HEATER1 L=300

13| PUMP L=1000

14| X{%=2| SENSOR CABLE L=300

15/ X{%=2| SENSOR CABLE L=1000

16) T 2l 2 Hy M1 214 2.5 5Q

17) ™ 2 i b 12 A8 255Q
Ehia]

1| &% E2/20]0f/LIAMA 20A-HPW2150 (AC220V, 3/4")

2| AZEEA/LEALAL 20A-15A

3| PVC ez 15A

4| PVC mo|= 15A*L=4M

5| PVC ¥ 15A

6| PVC T 15A

7| PVC 2 @E(FAl4A]) 15A

8| PVC FLI2 (HHA) 15A

9| Maz 15A

10 A2 (Bl=8) 32A

11 ¢R0|§ s2HEH+8) 32A

12 MFEzbE 15A-15

13| A4 mo|= 16A M)

14 A SMAR 15A

15 oM =g 15A
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16| A4 2 SHCHEE-KS/RE| 15A
17) A4 HE| 15A
18| oA YA 15A
19 M DAL 15A
200 MFESA A 15A
21 23 A3 15A
22 22X (H2E8) 16A (M)
23 ¢¥=0/2 H o= 110mmZ ()
24 ¥=0|2 H o= 70mmZ (&)
25/ WELD ONEE 717"PVC-U250ml (E)
26| PVCHE 16A
27| PVCHE 25A
28 PVCAI & 30A
29 HAE A 16A M)
30| O|ZEHALS A 16A M)
31| x2|)
32 St ZEAPE T 20L~30L / hr
33 O] AELE ND5171213
34| Sf=tx| ND790248
35/ PVC 23 15A
36| MF 22AF 15A
i BH
1| GUIDE ANGLE-FR 3030*2T*3005
2| GUIDE ANGLE 3030*27*800
3| 40 PIPE-FRONT/REAR 2525*1.5T*2040
4| 24+o|H|0| A1010 SUS L=1010mm
5| SH0|H]|0]A1024.3 -01,02 SUS L=1024.3mm
6| S4r0|7{H{-01 SUs
7| 220|7HH-02 SuS
8| LE|MHYEHEO|EEIHNE SUS
9| 2zto|=alsl ¢ 4.8*11
10| PIPE 11 74BK-1 3057%25
11| PIPE 1 7BK-2 3080%25
12| #0|£E}O| L=150 ()
13| #|0| 2 E}O| L=200 ()
14| 70| 2E}0| L=300 ()
15 I ZLEA} E2 02|t E0| L=13mm/15mm
16| O ALEAL ST
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17| && 7|
18| Al E& LED BPL61-800mm(DC24V*9W)
19| 3M 4956 H|o|= VHB25mm*30M (M)
20 A O|EEE(PVCQ) 20x35x2000
21| EYALZ 2(1,2%)
22| EH} 200x200
23 22 7|Y (REY) ¢ 100
24| DUCT COVER SUS
25 ZALZX|HY Tray 960 x 800
9 Aol =
1| VCTF 4SQ - 3C (M)
2| VCTF 2.55Q - 2C (M)
3| VCTF 1.55Q - 2C (M)
4| VCTF 0.755Q - 2C (M)
5| VCTFK 0.755Q - 2C 3™ (M)
10 ofo] & TOP COVER SUS 1100*1100*300
11 0|0 2 TOP =2 BH2I2%5  50Tx900mmx1800mm
12 ABSHIA 250*350*140
13 FSPNE=3 =& 500mm
14 HEE 400*260*150
15 287 500ml
16 A 2000ml
17 HAIS A (H+8) 32A (M)

2. NAF A4y 3 4 1e

7h A 2AEE B A(T S FRE) A Asdd g2

(D A AFNA AA] A= AR

o

ALa-aE> | AR GAR> | 6LA-FE

(2) 7+ AAE Al el
P 1€xH3}) : 1,000g * 37+ (1Tray) = % 3,000g 3%
(W 29=) ;. Folrt AZE o] Fo] Sl AbE)
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(th 3¥x} - 37HA 2 Z7|7F Moy er] AZHLF 257 By g, 1&7)

(@ 49=F - A E o FAE FATHEF 3~5cm)

(vh) SYA} 24X Abo] F4% AAAE BA(SF 9~13cm)

(P 6GAHFE) - ¥ FeoE HErt FAHALH, AR HdALole 18~20cm AEE
st R = (A4 0 22,200g , AAREE 0 oF 7490

rir
=
%
o
o

U A 27} 2017 As S A ukgs) - Q4 Kintex

o B AEEde S HolH 7=
(D) A&« v=ath dEe) A

@ NETF 7L

Q) =% : 24F

@) EHHDIEINE - @FIRIAHE (FEUign A)

©) oHIA - 2017d 94

6) AEE(ADASE - 330 - ZAZAIE5E KB Ry myo] YRl
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A3 A AsEt R BA
1 2AE AH 873 FHZ 3 24 R HF
7h ®EE 1 AAIE ol &3 SAtxAE sz 2434

D A@AA
Op EAzAR A ZAXY AEEA HAHI}ES e w-3EHAA(Response Surface
Design€ ol &3l A= AT
« AARFE 53 24 e 2ANAL 2
ZF 1T, 1% 9= xdo] 7153 R S

b

(16~227C)%t 5 =(50~100%)°1™ =zt

(L) RSMollA+= A glel 2235 98 33 code)E 3l o 4S S Ad ©
ol w2 AF Fh(actual leveDe] F 53 H Fh(coded value)E AALE 4= U

L _
[Actual < vel—( (High < vel+ Low < vel) )}

2
((Hz'gh < wvel— Low < vel))
2

Codedvalue (X) =

(th RSM designell= Z+zhe] experimental pointell ™-2-3}= coded valueZ} AsiA o
o, B Ay AAAE AW coded valueES 7|Hkoz Ad W 2(low level, high
level) =4& T3l A5 HHS HIES A A

sxe ¢

A3 experimental point 74 <

@) Ag A= v HE2AH(Response surface methodology) % second-order model
[e)

< fittingell A dlolgHE =F3st7] 9135t central composite design(CCD)

equiradial designg &3}

e BT 2719 ¥HE4=E FAE= CCD= 9709 pointse} 1370¢] experimental trial2 43
=y oluf 13 trialsoll&= 5709 FE9 central point(0, 0)7} E3tE o] YS(E 4).

o T3 CCD% trial> FHHAIT 43 HAE el st Ao vAEY Z7&

12 <<l Inscribed central composite designICCD)7} Q2 (& 10)
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H 4. Central composite design for two variables

Central Composite Design

experimental trial

x1 x2

1 -1 -1

2 1 -1

3 -1 1

4 1 1

5 -1.414 0

6 1.414 0
7 0 -1.414
8 0 1.414

9 0 0

3
1%
& 10 &
B @
o + B Y | B ¢ 0D
Sl |5 e = AL TR 0.5 1 1.5 1 micoo
0.5
| 2
L] -1 0 L
3 +

= 42, Inscribed central composite design(ICCD)

(7} Rotatable equiradial design % 27§¢] WS o] &3+ A A o] wo] 2ol&=
pentagon¥ hexagonel™ £ AAMdAE = F triale] A2 pentagon<
(pentagon design& 57012 €]# pointe} 171 ©]4+e] center pointZ T4) (& 5)

2N
oo rlo
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H 5. Pentagonal design for two variables

Equiradial design

experimental trial

x1 x2
1 0.951 0.309
2 0.588 -0.809
3 0 0
4 0 1
5 -0.588 -0.809
6 -0.951 0.309

@) AA Ayl 74

(7}) CCD fixed coded value (-1) at 17°C/50%
D L5XDY AL AA 7153 Hazgko]l 16C ol coded value Zr = -1.4147}F 9=

AL 7eks] -1o] s3Fsk+= coded valuedkg 17C 2 A A4

@ Ay =34 HaFcoded value = -DS 17Col 2¥ Ao &%(17-22)°)] wE point
HAE 2% 4HE(E 6)

@ A3 =71 HAZHcoded value = -1 50% ° 23 Hdl F=(0~100)9] w2 point
H oAy S5 MEE D)

H 6. Actual experimental point of temperature with fixed minimum temperature of 17°C

coded maximum temperature
value 17 18 19 20 21 22
-1 17 17 17 17 17 17
1 17 18 19 20 21 22
-1 17 17 17 17 17 17
1 17 18 19 20 21 22
-1.414 17 16.793 16.586 16.379 16.172 15.965
1.414 17 18.207 19.414 20.621 21.828 23.035
0 17 17.5 18 18.5 19 19.5
0 17 17.5 18 18.5 19 19.5
0 17 17.5 18 18.5 19 19.5
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H 7. Actual experimental point of humidity with fixed minimum humidity of 50%.

maximum humidity

coded

value 50 60 70 80 90 100
-1 50 50 50 50 50 50
-1 50 50 50 50 50 50
1 50 60 70 80 90 100
1 50 60 70 80 90 100
0 50 55 60 65 70 75
0 50 55 60 65 70 75

-1.414 50 47.93 4586 43.79 41.72 39.65

1414 50 62.07 74.14 86.21 98.28 110.35
0 50 55 60 65 70 75

(\}) CCD fixed coded value (1) at 21°C/90%
DO =Xy

AL AA 715 Aol 22ColH coded value #F = 14147} I+

AE 7Heks) 1o 3 33t= coded valuegkS 21CE AA

@ 248 =71 Hd g (coded value = D& 21Tl 93 HA £=21~17)] wE point
H Ay ex A= (% §)

@ F£E(X2Y A AA 713 Hdgtol 100%°1H coded value Zt = 14147} U&=
AL Zeks) 1o slgétE coded valuegrS 90%= A A

@ 23 =71 Hdgk(coded value = DS 90%°] 23 HAa 5%(90~50)0] wE point ¥
Ay F= 4A4E (R 9

H 8. Actual experimental point of temperature with fixed maximum temperature of 21°C

minimum temperature

coded

value 16 17 18 19 20 21
-1 16 17 18 19 20 21
1 21 21 21 21 21 21
-1 16 17 18 19 20 21
1 21 21 21 21 21 21

-1.414 14.965 16.172 17.379 18.586 19.793 21

1.414 22.035 21.828 21.621 21.414 21.207 21
0 18.5 19 195 20 205 21
0 185 19 195 20 205 21
0 185 19 195 20 205 21
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H 9. Actual experimental point of humidity with fixed maximum humidity of 90%.

minimum humidity

coded value

50 60 70 80 90

-1 50 60 70 80 90
-1 50 60 70 80 90

1 90 90 90 90 90

1 90 90 90 90 90

0 70 75 80 85 90

0 70 75 80 85 90
-1.414 41.72 53.79 65.86 77.93 90
1.414 98.28 96.21 94.14 92.07 90
0 70 75 80 85 90

(th) ICCD fixed coded value (-1) at 16C/50%
O 2=(XDe] A$ 24 7Fsdt Aol 16C ol coded value & 5 -1°] FHAzkol
22 19 sd3st= coded valuezts 16C=2 AA
@ Ay =73 HAF(coded value = -DE 16Tl 23 Ho £%=(16~22)0] wE point
=] égﬁq LT A= (7 10)
(X2 A$ AA 7lsd Hxgo] 50%°1™ coded value Ft = -10] HA3Fko)
22 19 33gd3t= coded valuezte 50%= 24
@ A3 =71 HAZHcoded value = -1 50% o 23 Hdl 5=(50~100)0] w2 point

H A F5 4= &F 1D

H 10. Actual experimental point of temperature with fixed minimum temperature of 16°C

minimum temperature

coded

value 16 17 18 19 20 21 22

-0.707 16879 177325 18586  19.4395 20293  21.1465 22

0.707 21121 212675 21414 215605 21707 218535 22

-0.707 16879 177325 18586  19.4395 20293  21.1465 22

0.707 21121 212675 21414 215605 21707 218535 22
-1 16 17 18 19 20 21 22
1 22 22 22 22 22 22 22
0 19 195 20 205 21 215 22
0 19 195 20 205 21 215 22
0 19 195 20 205 21 215 22
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H 11. Actual experimental point of humidity with fixed minimum humidity of 50%

minimum humidity

coded

value 50 60 70 80 90 100

-0.707 57.325 65.86 74.395 82.93 91.465 100

-0.707 57.325 65.86 74.395 82.93 91.465 100

0.707 92.675 94.14 95.605 97.07 98.535 100

0.707 92.675 94.14 95.605 97.07 98.535 100
0 75 80 85 90 95 100
0 75 80 85 90 95 100
-1 50 60 70 80 90 100
1 100 100 100 100 100 100
0 75 80 85 90 95 100

@O

(2 ICCD fixed coded value (1) at 229 /100%.

O 2=XD A% 24 7153 Hogke]l 22ColH coded value gt 5 1¢] Huo|l2=&
19l 3| F3l+= coded valuegkS 22C=2 A

@ A¥ =71 Hdgkcoded value = D& 22Col| 23 HA 2%(22~16)°) wE point
HoAY ex A= (% 12
FEX2 A% H2A 7153 Hogkel 100%°1™ coded value & 5 1°] Hujol=
Z 1o & 23t coded valuezks 100%= A A

@ A3 =71 Hgk(coded value = )& 100%° 93 HA £ =(100~50)°] w2 point

=

gAY A= (313

y ©

H 12. Actual experimental point of temperature with fixed maximum temperature of 22°C

maximum temperature

coded

value 16 17 18 19 20 21 22

-0.707 16 16.1465 16.293 16.4395 16.586 16.7325 16.879

0.707 16 16.8535 17.707 18.5605 19.414 20.2675 21.121

-0.707 16 16.1465 16.293 16.4395 16.586 16.7325 16.879

0.707 16 16.8535 17.707 18.5605 19.414 20.2675 21.121
-1 16 16 16 16 16 16 16
1 16 17 18 19 20 21 22
0 16 16.5 17 17.5 18 185 19
0 16 16.5 17 17.5 18 185 19
0 16 16.5 17 17.5 18 185 19
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H 13. Actual experimental point of humidity with fixed maximum humidity of 100%.

maximum humidity

coded value

50 60 70 80 90 100
-0.707 50 51.465 52.93 54.395 55.86 57.325
-0.707 50 51.465 52.93 54.395 55.86 57.325
0.707 50 58.535 67.07 75.605 84.14 92.675
0.707 50 58.535 67.07 75.605 84.14 92.675

0 50 55 60 65 70 75

0 50 55 60 65 70 75

-1 50 50 50 50 50 50

1 50 60 70 80 90 100

0 50 55 60 65 70 75

(v Equiradial design(pentagon) fixed coded value (-1) at 17°C/60%.
O £=XDY AS$ AAH 7153 H4zko] 16C ol coded value = -1.617357F A

P

= AL L3 -19 siFst= coded valuedtS 17C 2 24

@ AY =74 Higcoded value = -1 17Co| 23 A &%(17-22)°)] wE point
HoAY ex A= (% 14

Q FE(X2)9 A AA 7Hs FHAgko] 50%°]l™ coded value 3% & -1.375857F U=
AL 7Feks] -19] s Fsli= coded valuedk S 60%= A

@ Ay =71 HAFcoded value = -D= 60% o 23 Hdl $5%(60~100)9] w}E point
HAY &5 2E (F 15

H 14. Actual experimental point of temperature with fixed minimum temperature of 17°C

minimum temperature

coded value 16 17 18 19 20 21 22
-0.707 16.879 17.7325 18.586 19.4395 20.293 21.1465 22
0.707 21121 21.2675 21.414 21.5605 21.707 21.8535 22
-0.707 16.879 17.7325 18.586 19.4395 20.293 21.1465 22
0.707 21121 21.2675 21.414 21.5605 21.707 21.8535 22

-1 16 17 18 19 20 21 22
1 22 22 22 22 22 22 22
0 19 19.5 20 20.5 21 215 22
0 19 19.5 20 205 21 215 22
0 19 19.5 20 205 21 215 22
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H 15. Actual experimental point

of humidity with fixed minimum humidity of 60%.

minimum humidity

coded value

50 60 70 80 90 100

-0.707 57.325 65.86 74.395 82.93 91.465 100
-0.707 57.325 65.86 74.395 82.93 91.465 100
0.707 92.675 94.14 95.605 97.07 98.535 100
0.707 92.675 94.14 95.605 97.07 98.535 100
0 75 80 85 90 95 100
0 75 80 85 90 95 100
-1 50 60 70 80 90 100
1 100 100 100 100 100 100

0 75 80 85 90 95 100

3 A7 Ag

b 23 ®¥9 =13 coded valueol 938 =¥ Fro] AAl 4@ A 2A Jhe W
of 77b2) #RI7HE 1Este] AluEle ¥ E&Folgta AdEe= A HAE
%

(W) +=XDe A5 7hedk Ade A16~22C)e AHs] =Z3stal central
point (0,009] ko] Brolm, 43 HAd 25 9 HA: 2EF A &= A% B2
A

(th F=9(X2)9 4+ 7Hsd AdL=W(50~100%)E A3 E33ta central
point (0,008] ko] Agolm, 43 H %E 2 FHi FEE A ¥ F44 H

Sk

@D CCD_fixed coded value (-1)=17C, 50%)
@ flo] 2ol Egste 34 2= HIARE
W 9o 2o Egst= 34 55 HIAZRE

S5 41.72 ~ 98.28%7} E}sicta
(2 CCD_fixed coded value (1)=21C, 90%)

16.172 ~ 21.828°C 7} E}gdaicta @

o sie) =A RS AP o=

Helz2e

21.828 ~ 16.172°C 7} E}FstttaL

W 9o 2 Est= HA 5 H= 98.28 ~ 41.72%7F EFdsicial B
@ ICCD_fixed coded value (-1)=16C, 50%)

b 919 =4 Fiste dA 25 HAAE= 16 ~ 22C 7} sttt a3
WP o 2 Fst= AA 5 "= 50 ~ 90%7F Ebgeitiar d

@ ICCD_fixed coded value (1)=22C, 100%)
@) $lo] 2ol Egste 4 &5 WIZE 22 ~ 16C 7} Bttty aw
W 9o =1 F¥stes 34 5% W= 100 ~ 60%7F Ebdsicta A

o
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® Equiradial design(pentagon)_fixed coded value (-1)=17C, 60%)
@) ol =4l 7HE Fitete A 2= WARs 1577 ~ 22.23C 7} Bidsitia ot
@ 9o 2o s AF S WIIE 54.36 ~ 100.51%7F BTt Bk
(= A3 &4
@ CCD: A& t+& coded valueE 7122 AU/H 4 AIRAE 28t 43 pointE
Alskg A3} 15.77 ~ 22.23C, 41.72 ~ 98.28% 7} AAdithe 5UTF AES =E3 O
H, ol /5% 77 5%, 11-13 trials® FA == AAY
@ ICCD: A& Y& coded valueE 7|Fo = HUl/H 4 AFHAE 2Elste A3 point
%74]43L A 259 9 16 ~ 22T 7} HAA-3ste 549 485 °
=9 AL 50 ~ 90%, 60 ~ 100%7} A ARS
® 1CCD ow CCD$} MR/ A R 2[5 72t 55%, 11-13 trials2 T4, T 44
5 A B9 A visstERz ARl A9 pointE b=t O 2 997t =
@ Pentagon design: -1¢] coded values 7122 Ao AFHEAE 223t 23 point
B AN A3 &5 1577 ~ 22.23C ¥919 5%, $ 5 54.36 ~ 100.51% W19 45
Fo2 FAH 6~8 trialse] ¥ HAF
® Equiradial design®] 57447 CCDRE9] A3 +F& £338tH 1 357F A2 Aol 5
ZolA e, /55 E5F CCDoll wlal W2 HelQld whef triale] &2 9E A& ==
gold Aoz Atsd

4 T 28

b A9 A3 A= FAxAR Asxd HASE A% A48 BHeE 2R
olEgkeleln, 24 e Q % ]
A A T+

(D) A 4P A Az"gA dAz =4 7}%@ WY R AUES uste], MY
S Qe 20 A e A es dess

(th wekx thest e A% 39 4 A FRe MAT

(D Scenario 1: Central composite design (9 ~ 13 trials)

@ &% 16.172C ~ 21.828C 4 5= (16.172C, 17C, 19¢C, 21T, 21.828C) 2
41.72% ~ 98.28% U 5 = (41.72%, 50%, 70%, 90%, 98.28%)°l thsle] o}z <}
AA(E 16)

@ 13] 4 ¥(experimental tria) & ste] AHgS FS5sh= A
(13 trial)7bA] (e, T o] AP Ho AAgs 4

A AGe FARA gobe T

Pt s
B\ 4
Zo]

o
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H 16. Scenario 1

Scenario 1
Experimental trial Temperature (°C) Humidity (%)
1 17 50
2 21 50
3 17 90
4 21 90
5 16.172 70
6 21.828 70
7 19 41.72
8 19 98.28
9 19 70
10 19 70
11 19 70
12 19 70
13 19 70

@ Scenario 2: Inscribed Central composite design (9 ~ 13 trials)

@ <% 16C ~ 22C 4 5 = (16T, 16.879C, 19C, 21.121C, 2C) ¥ F% 50% ~
90% % W 5 = B0%, 55.86%, 70%, 84.14%, 90%) = % 60% ~ 100% W 5
T(60%, 65.86%, 80%, 94,14%, 100%) % 3t thiste] ofefe} 2ol HAAE 17)

@ 13] A H(experimental tria) F 3t Aze 5= A ]—?EOE * 13 3
(13 trials)7FA] 4=38(ek, Sk WHe] AFA F4o Aags dS & o™ 11 ~ 13

A Age FASA grobE )

N

tlo o
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H 17. Scenario 2

Scenario 2
Experimental trial Temperature (°C) Humidity (%)
1 16.879 55.86 65.86
2 21.121 55.86 65.86
3 16.879 84.14 94.14
4 21.121 84.14 94.14
5 16 70 80
6 22 70 80
7 19 50 60
8 19 90 100
9 19 70 80
10 19 70 80
1 19 70 80
12 19 70 80
13 19 70 80

@ Scenario 3: Equiradial Design - Pentagon (6 ~ 8 trials)

@ &% 15.77C ~ 22.23C 4 5= (15.76C, 17C, 19C, 21C, 2223C) % F%
54.36% ~ 100.51% 4 45 (54.36%, 75%, 82.88%, 100.51%)°l thsle] ofeel o]
A& 18)

P 13] dF(experimental trial) T st AAGS 53t AL 71522 F 8 FB
trials) 7}A] 33 (e, g MO APolA Ho AARE S 7 YW 7

& YA Wolm T

H 18. Scenario 3

Scenario 3
Experimental trial Temperature (°C) Humidity (%)
1 22.234694 82.88265
2 21 54.36225
3 19 100.5102
4 17 54.36225
5 15.7653 82.88265
b 19 75
7 19 75
8 19 75
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g, AR5z 42 9% ASAFE DATA 85 3 e

(D) data g& 718

b F4zARE 2ol& Hx4t AR AS52d HAFE s8] s AT7E
&y

(P wkgEHAA(Response Surface Design)E o] &3)], &%(16~22C)¢ &5 =(50~100%)0l
w2} CCD, ICCD ¥ Equradial designE ©]83] 3719 A3 Alvgles HEHo=
T3

(ch AAl Alz"l 29 /b5 2 = g P4 ishA 13 trialse] CCD Alvtel o8
Aoz MUy, o we APr]S Fd wet Jelady 1D
- AW LE, FE
. EEWQ A, 58

2 As 9 =Y
O 1~13 trialS ® =2 FESt ASZAF oigk J&oly triald 27019 trayol A
A1 Bl
O F 6% A&stRen Au A, &5, 5%, IAEH TF
2 11 2 12)
e O|2AZEE| 48 AH data 7|2
-1 trial B 797 Mot Y 2/55 9 2 58 = 7|9

- 1~8 trial?tRl = 22 1= L7t 2702 trayOfl A 4486 trial2] B 470 tray LM E| 2tray, FHE| 2 tray)
- 9~13 trial2 S A0 5702 trayCll M HS(HLME] 3 tray, FHE| 2tray)

o)
o

TFEE 7SO

|sH#e oz tray 1/3721 S 800g"> tray & 24 kg
LED

2L {Temperature)
& & (Humidity)

2 (weight)
T=2(yield)

|2 & Scenario

FA
B
xS
e

b
~
L
a
"
x

Ofd
J

[
el

Experimental trial| Temperature (°C) [Humidity (%)

1 17 50 = trial 1 sheet
2 21 50 > trial 2 sheet
3 17 80 > trial 3 sheet
4 21 90 > trial 4 sheet
5 16 70 > trial 5 sheet
] 22 70 > trial 6 sheet
7 19 40 = trial 7 sheet
8 19 100 > trial 8 sheet
9 19 70

10 19 70

11 19 70 > trial 9-13 sheet
12 19 70

13 19 70




MMZALR (MM EE]) MSUX|

ERE) Experimental trial 1. 2017
Auzle z7 2epoeg | (1.4/h) 427126 day) | SAEZHEMM)
| Tryno. | 2R |2ft| 2Eco (Be2wn| 30 +204) I bt Trays 2
09/ 1 200 1,800 1.0 3,841 2,041
09 /02 2 19.5 3,102 1.7 |: 5,143
" 09703 3 19.8 14 4917 . 6,958 H2k
09 /04 4 21.0 6,921 3.8 8,962 20.2
09 /05 5 20.7 879 54 11,832
09 / 06 [ 200 11,699 6.5 13,740
| Ty NO. | 9RF |¥R| 2ECQ) |EFEMN| 3@ T2 H 3 HHzE Tray &
[ 09/ m 1 200 1,800 1.0 3,841 2,041
09 /02 2 19.5 3,046 147 5,087
o 09 /03 3 19.8 14 4717 26 6,758 Hrgk
09 /04 4 21.0 7,001 3.9 9,042 20.2
09 /05 5 20.7 9,7 54 11,742
09/ 06 6 200 11,490 6.4 13,531

ad 44, A3 YA| format

@ Experimental trials
b AFPAE= F 13trialsE FAFHA T AFREH o2 9o 23 pointol]l tha <3
e 9~13 trials= central pointE A RHEAY FIH
@ 71X o2 trial & 2712 A Azpghe] &A1, vEFIEQl 9~13 trialse 57 2]
A gro] =4
* 6 trial(22°C/70%)] -5 4719 AFgko] EA)
» 9~13 trial®] 5709 A F 3= L&A HA(EE 1ppm - 19 23] AP

_4

2 Weight
b 192kl 1800ge THEstn YAE FF 9 27|54 thn] F88 =4
1 triale] 7§ 2400ge HF5A7) wjEo] ATHoZ 6ol ¥ 2 FHL A,
o2 ®BASY] Y&l data A A Y4E FIPS

@ Data Ad
o BMo= 6YAe T EH(E TH-tray FADS AFESI¥oH, ‘T olgl 17V

@ Temperature
@b Tray 27RellA Ajuj=o] AAgES 2HARE LT 713F LT oA Ani=
7] W& trial B2 25+ Y
WP A2l 849 AR sty AAl 259 AAZEY Aolrt WA AS (F
16)
o 5/f trialse] BH2ErF A3 AAREo| wvls] 1T o] Abolrt WA(HE AF
pointE W)
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e E3] 5th trial& 2.6C2 235 2

@ Data A&
o B AEE HHHFOE ASTIE e BA2EE AHEsid o, ‘A
T g 37
@ Humidity
o) A BERFow £52 AP A @ BRI /S 71YE

14
=Z0.6, 1.2, 1.5, 1.8,

"

@ 3FA 9k 5 pointse] AA F%(40, 50, 70, 90, 1000} AIZFF &
1.8)o] x5 AngstA &=(F 19
* 5% 50~70%= 1.2~1.8% APA o & HlHskA|qF 40%2] 0.6 AFH X F=

4
- BE 100%E AU FEZ 3 LEEAV WS BAZ YR BRI 2

Aot g

@ Data A

o B AT FHHT FEE AMSEA EFEFES AMSEA adrt ZashH,
AREFET, BEFE BT data A ZFAA OGS A H 24S
3 Hoh Z83 mdo] Jjgo] 7hedt HolHE AMEStE AR WHE

B 19. Trial € 222 A2k X0

Trials HE2E(C)  HEgE(%R)  AHIF2E(C) EFHL/h) EFLmMAL/h)
1 17 50 16.7 1.2 1200
2 21 50 19.5 1.2 1200
3 17 90 16.5 1.8 1800
4 21 90 224 1.8 1800
5 16 70 18.6 1.5 1500
6 22 70 22.1 1.5 1500
7 19 40 19.6 0.6 600
8 19 100 20.3 1.8 1800
9 19 70 20.5 1.5 1500

3 Ay 29 9 uF
o A ANEJ Ay HE AAFY(H 13)
o AFUYA YLS sheet 1o AR (trial/ Tray/GxHAY S L E/HAAGE /R FEF/TE
(o)/5&(F-AD/¥ 1)
* sheet20= SASol|l ¥ & data sets T4
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(7b data set
@)

Q93 dataZ SASY| ¢

- exo] A%
7 k&

) Pt s
B\ 4

s TH26

e 1 9] trial &H

o]

1000=

B8 dataseto = TAEH(E
Azte] HF L5 5 YHsigon, AT IS

.
3

pil

20)

(m1 /M= F7I8I9 =

Tral |TrayNO. [ BAF | 250 | cou=® | 2SS =N | =g | = Fei=o) Hj 2
1 170 = 12 2400 100 0.0 BEe=2=
E 163 ) 12 3826 158 14260 167
% E] 4% =] 12| 452 i) 7060 =7 ==r0] 2400g
: a 176 1) 12 TR 242 | 1Z760
= B o0 17 FETT 307 | 1.5690
; & 168 0 12] 12532 522 | 51550
1 17.0 0 12 2400 1.00 0.0 BZE=
- i) 9] 1=z EXp 157 | 13780 67
m 3 145 ) 12| 4618 152 BA00 =7 =20 2400g
o 4 176 ) 12 6141 256 | 15230
B 177 50 12 8247 244 | Z1060
3 168 ) 12| 14715 583 | 586AD
1 17.5 5 12 1 1.00 0.0 Bd2=
2 222 ) 12|  Z2&m 159 | 10700 135
» 3 151 ) 12 5,567 153 7170
o 4 193 50 12 L4 27| 14270
5 205 ) 12 7.809 434 | 27950
3 3 185 ) 12| 10249 563 | 24400
4 1 175 50 12 1.800 1.00 00 EZEE
E Fr] ) 12 307 17| 1Z7R0 135
% E} 191 ) 12| 4087 224 3530
= 4 133 ) 12| &186 244 | 21490
5 205 =) 12 8541 475 | Z3E550
T RS =) 12| 12230 E79 | 36890
a3 45 MeUE U2 2%
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B 20, ZALE AHf Y9 ZE Mg U AT data
Trials ABSE(C) APSE-HSY(C) E2F(4/h) 22FmL/M) 3H(@) Yield%)
1 16.7 17 1.2 1200 9399 522
1 16.7 17 1.2 1200 10586 588
2 19.5 20 1.2 1200 10249 569
2 19.5 20 1.2 1200 12230 679
3 16.5 17 1.8 1800 10412 578
3 16.5 17 1.8 1800 10082 560
4 22.4 22 1.8 1800 11334 630
4 22.4 22 1.8 1800 9026 501
5 18.6 19 1.5 1500 9969 554
5 18.6 19 1.5 1500 7687 427
6 221 22 1.5 1500 10639 591
6 22.1 22 1.5 1500 11043 614
6 221 22 1.5 1500 10815 601
6 221 22 1.5 1500 11006 611
7 19.6 20 0.6 600 10835 602
7 19.6 20 0.6 600 9017 501
8 20.3 20 1.8 1800 11419 634
8 20.3 20 1.8 1800 11639 647
9 205 21 1.5 1500 11851 658
9 20.5 21 1.5 1500 11713 651
9 205 21 1.5 1500 11866 659
9 205 21 1.5 1500 11940 663
9 205 21 1.5 1500 11820 657

(1) Discussion
O A4S 9% dataset2 FASIAA T AA DA pointe} 9hA] (1™ 14)
o AFHA (o} 1Y )¢ o] data point7} EALEOIof s, &/HFE R point
7} AA 7% point(eb ¥ #F)7F AA pointet DA A S
o E3] £%504] 16T 9 pointe= YERIA] ks
@ AFRe] A= Fer|de eaprp & o] EASIEE U A48E I3
o trial 5(16C/70%)E HIET &% 227} 1T o]l FES F7F 24HS 84
o A Al O AV 74 H data BEE AlEdoF & ZloE HY
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)
A
&
-3
P
i)
flo
pic)
-y
32
o

Gh BAo AET SPAFE U4 4F 2R U2 B o8 A4S Lo
PR 483

@ ARHozE AY BAY WS IHE wPsy] 93] $E5 F SYAFE SAS
A WG] FEAGOT, U daaE WAL AGILE AWOE WA 5

A

G AR AW LE D FErb APEA pointsh TEr] @B SASO|A AAH oz
codesHE Y A5, AF AA A ARF % OE codesh @ 714

@ BRFe A9 APEES} NSHES codedtE S

oy

(1}) Materials and Methods
O #48 Raw data
b F 2471¢] data® TFAEH QAo central point7} WHEEE 9~13 trialS A&t
triald 2709 dataz} A3 18)
o 6 trial22C/70%)] 745 471¢] datazt EA)
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H 21. Growth results of barley based on central composite design under different

temperature and humidity.

el UEEE FRET SEH TiN coied  ceded  3¥O oSl
1.1 17 50 17 1.2 -1 -1.0 9399
1.2 17 50 17 1.2 -1 -1.0 10586 -1187
2.1 21 50 20 1.2 0.5 -1.0 10249
2.2 21 50 20 1.2 0.5 -1.0 12230 -1981
3.1 17 90 17 1.8 -1 1.0 10412
3.2 17 90 17 1.8 -1 1.0 10082 330
4.1 21 90 22 1.8 15 1.0 11334
4.2 21 90 22 1.8 15 1.0 9026 2308
5.1 16 70 19 1.5 0 0.0 9969
52 16 70 19 1.5 0 0.0 7687 2282
6.1 22 70 22 15 15 0.0 10639
6.2 22 70 22 15 15 0.0 11043 -404
6.3 22 70 22 15 15 0.0 10815 228
64 22 70 22 15 15 0.0 11006 -191
7.1 19 40 20 0.6 05 -3.0 10835
7.2 19 40 20 0.6 0.5 -3.0 9017 1818
8.1 19 100 20 1.8 0.5 1.0 11419
8.2 19 100 20 1.8 05 1.0 11639 -220
9.1 19 70 21 15 1 0.0 11851
9.2 19 70 21 15 1 0.0 11713 138
9.3 19 70 21 15 1 0.0 11866 -153
9.4 19 70 21 1.5 1 0.0 11940 =74
95 19 70 21 1.5 1 0.0 11820 120

W z7] +52% AHEd FogdE, AFAAAA 25 v2

s Y 2HAME FHFY zol7} Bol BAE] Wl AoE AeH

o Hx ASKFEA800g) o) o & xpo)7t U triale] 47) &4

o OFAE AE & AAst= Aol 7P ool At trial & 2719 #RE EA5H]

ol oA® Ao] o] FxQ1A| W7 ofH &
. E}E‘r/ﬂ Az 2 2o]E Hol:= triale tigezm zZHzt 1R datas AASE
o

-2l ol

ﬁ

2} modehnga‘}t scenarios 43

@ Coded value

@) RSMo| A= A3 %F3E 9 B33 code)E 3ty the A& Eaf A

Hojo] e A3 zhactual level)e] 2353} H Zh(coded value)ES A
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High < vel+ Low < vel)

[Actual < vel—( (

Codedvalue (X) = ((Hzgh < vel— Low 2§ vel))
2
W SASS] 7tF HE3tE AAE A5 AJEA @ & #gs ol & FE3E 73
3}
o ol AA AP=Tt ARt dX|EHA gFobs LA EE A
o WElA AAHOE BEIE 3+ F SASo|A H53 ¢lo] modeling == coding
@ Raw datae] #353t= Hx APAA ¢ #4hS 7Eo 2 B335 3
o AYPAHA 7], coded value -1, 0, 19 W-&3t= &5/ 59 2 247 17, 19, 2
0C, 50, 70, 90%
o AA AP FEIF old EFFS AHEdon A7 FEO Y-St B
2 1.2, 15, 1.8 L/h
@ Scenario /3
b AFgkol 7] F 1800g =& X3¢ trialo] Bl AAA S Wilste A= &
o3}
@ 1 ¥ trial 59 FF FEY H& A2AFgS HolH, I HAEdE =AA Bl
Ulzle] e triale) e BF AASGgow, de 39 trial(2,4,7 trial)ol A
data sttt 2 2AsHE A9 FE 7INO = scenarios TAIHE 22)

H 22. RSM scenarios according to elimination

of data

Scenario Description(#| 7 trial) Scenario Description(#| 71 trial)
scenario 1 2-1, 4-1, 7-1 Scenario 5 2-2, 4-1, 7-1
scenario 2 2-1, 4-1, 7-2 Scenario 6 2-2 4-1, 7-2
scenario 3 2-1, 4-2, 7-1 Scenario 7 2-2, 4-2, 7-1
Scenario 4 2-1, 4-2, 7-2 Scenario 8 2-2, 4-2, 7-2

(th 23 «
(D Regression analysis
@) RE scenario®] fol&Eo] 0.05RT ZFol EAAHCRE {FolslH, R-squarex ojF
07013082 F53 s BAGE 23)

Amgo] b "olx B g a7 scenariosE 717}

az

L=
-

» Scenario6, 8<&
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H 23. Regression analysis

Scenario scenario 1 scenario 2 scenario 3 Scenario 4

Regression R-Square Pr>F R-Square Pr >F R-Square Pr >F R-Square Pr >F

Linear 0.1469 0.0008 0.1248 0.0049 0.4093 0.0002 0.3453 0.0015
Quadratic 0.7062 <.0001 0.6504 <.0001 0.4588 0.0001 0.477 0.0004
Cross product 0.0835 0.0018 0.1372 0.001 0 0.9556 0.002 0.7151
Total Model 0.9366 <.0001 0.9124 <.0001 0.8681 <.0001 0.8244 0.0003
Scenario scenario 5 scenario 6 scenario 7 Scenario 8

Regression R-Square Pr > F R-Square Pr >F R-Square Pr >F R-Square Pr >F

Linear 0.2341 0.0248 0.1348 0.1813 0.576 0.0003 0.4287 0.0076
Quadratic 0.4446 0.0031 0.3723 0.0206 0.2161 0.0118 0.2248 0.0482
Crossproduct 0.0467 0.1787 0.0835 0.1436 0.0105 0.4392 0.0047 0.6908
Total Model 0.7254 0.0042 0.5906 0.0362 0.8026 0.0007 0.6583 0.0139

@ Lack of fit test (&A1 A)
« APAAAAP0.05E T3 AAE modele] AF=E
1.2,4°] modele] A3 Ao = Uebd(E 24)
o 19 HAA Frol FYstA ¥ scenario 3, 5, 7 712

@ 4 A+=dl scenario

r

i

H 24. Lack of fit test Regression analysis

Scenario scenario 1 scenario 2 scenario 3 scenario 4
Lack of Fit 0.3898 0.2625 0.0502 0.0004

Scenario scenario 5 scenario 6 scenario 7 scenario 8
Lack of Fit 0.0004 0.0002 0.0064 0.0025
(h ANOVA

O dA7A 714E A g scenarios FAI 2 4]

2 2xe), &5 1A 9 2aks, wAke 4R =

o o, scenario 4oM &= EFF 138 2 2318, wxt %

@ #19 AUYE "o IAAS EE5H e Zow, AL
% 3Hcoded value)ZkA(F 25)
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H 25. Regression analysis result

Scenario scenario 1 scenario 2 scenario 3
Parameter Estimate Pr > |t Estimate Pr > |t Estimate Pr > |t
Intercept 12406 <.0001 12271 <.0001 11985 <.0001
temp_coded 607.8227 <.0001 677.6777 <.0001 676.2237 <.0001
spray_coded -280.3854 0.0174 -331.9906 0.0086 41.8673 0.7533
temp—cc%ddeedd*temp— -1124.7899 <.0001 -1106.7432 <.0001 -870.5790 0.0001
Spray—cc%%ee%*temp -450.2616 0.0018 -510.4368 0.001 8.2314 0.9556
Spray—cc%ddeedd*smay -548.9799 <0001 -366.2837 <0001 -321.9756 0.0007
Scenario scenario 4 scenario 5 scenario 6
Parameter Estimate Pr > |t Estimate Pr > |t Estimate Pr > |t
Intercept 11850 <.0001 11890 <.0001 11755 <.0001
temp_coded 746.07868 <.0001 531.77567 0.0119 601.63068 0.0093
spray_coded -9.73781 0.9391 -59.26830 0.7746 -110.87346 0.6222
temp—CC%ddeedd*temp— -852.53229 0.0001 -838.55949 0.0051 -820.51273 0.0093
Spray—%%%ee%*temp -51.94377 0.7151 -321.80808 0.1787 -381.98327 0.1436
Spray—‘:c%ddeedd*smay -139.27946 0.0629 -420.72063 0.0024 -238.02446 0.0694
Scenario scenario 7 scenario 8
Parameter Estimate Pr > |t] Estimate Pr > |t
Intercept 11469 <.0001 11334 <0001
temp_coded 600.17668 0.0009 670.03169 0.0008
spray_coded 262.98444 0.1122 211.37929 0.2338
temp—CC%ddeedd*temp— ~584.34862 0.0084 -566.30187 0.0168
spray_coded*temp
~coded 136.68496 0.4392 76.50978 0.6908
spray_coded*spray | _ _
~Coded 193.71639 0.0389 11.02022 0.9065
B W4 oS AAS A} scenario 39AE BEEFo] Fol5tr &S HoE Y
2 (& 26)
o 259 BRSO Auglte F2oJ3k QA AL olu] PRSI Jdorg Ao ¢
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H 26 Significance test of factors in regression analysis

Scenario scenario 1 scenario 2 scenario 3 scenario 4
Factor Pr>F Pr>F Pr>F Pr>F
temp_coded <.0001 <.0001 0.0002 <.0001
spray_coded <.0001 0.0002 0.0002 0.1148
Scenario scenario 5 scenario 6 scenario 7 scenario 8
Factor Pr>F Pr>F Pr>F Pr>F
temp_coded 0.0119 0.0137 0.0053 0.0059
spray_coded 0.0042 0.193 0.0014 0.3258
(7}) 3.4 Canonical analysis (g &%4])
O AERAL 53 g4de) AE R weEwe) YL A2 £ UL
@ EE scenarioe] HFFA oA afA|(eigen vector)d] HIUF EF SFo|ER
stationary point(gd/¢4)e HHS e
@ 7 scenario ¥ A4HALe g3 2o(E 27)
H 27. Canonical analysis 21}
Scenario scenario 1 scenario 2 scenario 3
Critical ° Critical ° Critical °
Factor Value Eha Value i Value Eha
temp_coded 0.350038 19.700076 0.489283 19.978566 0.388707 19.777414
spray_coded -0.398917 1.3803249 -0.794109 1.2617673 0.069985 1.5209955
Predicted value
at stationary 12568 maximum 12568 maximum 12117 maximum
point
Scenario scenario 4 scenario 5 scenario 6
Critical ° Critical ° Critical °
Factor Value Eh Value Eha Value o2
temp_coded 0.441137 19.882274 0.356774 19.713548 0.517486 20.034972
spray_coded -0.117218 1.4648346 -0.206884 1.4379348 -0.648136 1.3055592
Predicted value
at stationary 12015 maximum 11991 maximum 11946 maximum
point
Scenario scenario 7 scenario 8
Critical ° Critical o
Factor Value SR Value Sl
temp_coded 0.618449 20.236898 1.619124 22.238248
spray_coded 0.896974 1.7690922 15.211049 6.0633147
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Predicted value
at stationary
point

11772 maximum 13484 maximum

(1P Conclusion
O & BHqAE ksl 84 AU s FA5Y 793 RSM 23S =311

o AHMHA 7]F, coded value -1, 0, 19 3= &5/ 59 - z2+H2 17, 19, 2
0C, 50, 70, 90%°l™ Z7}e] Fxo st &FF 1.2,
Q® L3 x4 AFghol ZA T trialee dataE 3y ¥ &2ASE F9o
2 7|uto 2 8709 scenarios 74
@ T3 A7} 8709 scenario & 67019 scenario’} &3 AHHL J}A
o AMu¥o] KZ3} scenario 6, 8 7|2
® AgAs AA A 3709 scenario’t A3 modelE2
o A kol F2lskAl @& scenario 3, 5, 7 717}
©® ANOVA A3} 43S HES 28 "7}
o 2o HE4E Yelgton, ol 7|E7PH (R
2 3] scenario 712t

5, 7% BT A=
@ =8 A 7129 717248 scenariosS X3S EE scenarioe] A4S HulA
o2 Yehd
o 717E A ¢

® B B4 An zAR AsAzgom Adsis Zr: 19-20C9 ex o
1.25-14L/h(eF 53-63%) B5 ZA0IA Ao HAujsl B Ao n

© F$ 99 HAxHoR HA AHES ot A g 5o B a
6) WHEREHEAHS o] &3 sz 8 AYid Algd oA
(7b Conditional plot

O BFF 9 259 coded values Z+7t -1, 0, 1 Al Fo 2 viro] 18314

Heao] Wsle]] whE AEe] ¥H3E Uehle =x¢

o

Fq1

O

==
@ EHFZFo] coded valueE 1AHSFS He, AvrHoZ 259 coded value’} 0~0.5
Alolol Al FZtel Hu A4S Holw o|w] BEF&9 coded valuerl 1€ of Rt

@ &%= coded valueE -1, 0,1
0~0.5, -.0.5~0, -1~ -0.5¢1 T-zkol A ztzte] A

, 2% 9] coded valueZ} Z+z+

-1, 02 Aol Aol A Yepte(1d 15)
= T% =
o Aakare] UE 1 Aol £
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o] coded valueoll wz} FR3HA YEGS(1H 16)
@ EF=o] coded valued] Hld] £x¢] coded valueE 1 AN w, il x}o]

) HAT Aow Mol EERATE Lx AT 2 4BE AAL AE
& de
13000 13000
12500 12500
12000 12000 +
+~ 11500 - +~ 11500 -
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2 1000} - 2 11000
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Temperature Spray
= 47. Conditional plot with fixation of = 48. Conditional plot with fixation of
humidity temperature
(1P Response surface plot
O =9 IgALE 7] g

SEot Bl o3 RedEe AdHom Bl
VW

Hko
ﬁlﬂEEBﬂ%:HME HEE FAHE 17)

13000
» 12000
13000, 7T 11000
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S
2 70004, j=ocu
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1= 49. Response surface plot of growth condition of barley
according to the change of temperature and spray

@

41 ro

o] A% o 20T AA9) A5E Al B Uehdtrt dastdon, B
e 14 1/h o A A5 Al A Uehd
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EHe Ea =28 gAde HEE oF 197C ¥ 138 1/h o w 12568g°]

ZHeigen value)e] $5F B3l =2® F4Hol A, AohH He kg
A B8 g 5 ed 1RNY RE7 BE S5 AU, B g HAa,
Forsh g7k 2ol Qo PP 743

® mwepq Rels i‘:ﬂ 19.70C, %] 138 1/h 2l A4 o4 12568g°] o

B 28 YE 24 AL YL Y o2
Critical values Stationary
Factor . Eigenvalues -
Coded Uncoded Pr\?adllgéed point
Temperature (X1, °C) 0.350 19.700 -471.408
12,568 Maximum
Spray (X2, £/h) -0.399 1.380 -1202.362

7F 19.70C, &5F-o] 1.38 1/h ojy} AHA A4 7ls
o

H 29. Validation experiments for verifying optimal growth conditions

Trials Description Temperature (°C) Spray (£4/h) Weight (g) Yield (%)

Treatment group

1 (optimalcondition) 20 1.4 11094 563 616
Control group 1

2 (differenthumidity) 20 1.8 10101 £+ 620 561
Control group 2

3 (differenttemperature) 18 1.4 9757 + 461 542
Control group 3

4 (differenttemperature) 23 1.4 10233 £ 347 568

® SPFolA 6U7 A5 Bl YAFEe B 11,004g0 8 BE HFHY Fol 7}
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W A3 A3 2 4EEA

O B g A4 219 o Hoid AS gdsiion, ol FH A o
gelstr] sl 2AR AR A A Belo] e APSAS

@ BEEAME 7 trial ¥ 371¢] sampleo] tha] #® FEI} HREOR o] FE
EUd, 22, 245, F1AEs, 28 2F UYEF, D, ot 3
Fe ST

©® FEe gt % =AY, 299, 2AFE % F71EL ppm, obH|=4te umole/g
NNEo® ARE AEYTHE 30)

Aol dAlzx 7%

sE ZHH 2R ZHG 0| 4= (ppm) oro| L4t
Trial =22

g % % % % Ca Fe K Na p umole/g

A 208 895 167 050 189 1678 102 6436 761 8908 20213

T 205 8432 162 051 18 1571 099 6736 872 8520 20522

35 201 &8 194 062 207 1516 105 7678 514 8882 18855

39 203 8709 190 061 204 1676 119 9982 856 11584 17373

35 204 8127 163 052 180 1459 171 9976 648 10808 13183

Trial 3% 200 8595 163 052 176 1372 127 9880 523 9940  184.80
! E200 9214 237 014 187 1368 087 16612 715 10530 309.32
2202 9198 233 014 187 1362 082 15000 578  100.96 23445

2 204 918 248 012 182 108 094 16400 565 10332 10533

2 206 915 243 012 175 989 117 16396 454 10302 13241

4203 9121 238 017 145 1004 097 14306 439 9926 86.72

;5 203 9083 240 018 140 1359 112 15578 608  109.38 23388

A 207 8378 234 057 209 1625 145 8568 787 10928 20759
#7203 8ass 237 058 196 1433 141 8136 68 11118 9878

35 207 718 170 051 212 961 053 5550 737 5474 21144

3 201 812 174 050 200 1248 305 4056 7.4 6706 22630
38 209 e727 167 062 213 1441 137 414 572 8520 12298
P 19 207 8862 170 061 213 1144 102 5138 518 6526 16973
2202 9226 231 016 158 970 057 17090 58 8700 21194

2 200 9266 230 016 157 1224 098 19926 625 10304 9078

2 205 9349 238 014 159 1565 093 12586 650 9268 33122

o

202  93.62 241 0.15 1.61 17.00 1.10 137.44 6.63 103.22 204.65

H
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R
N

1 HO

203 9285 2.29 0.17 1.69 13.84 1.70 137.10 4.88 95.50 218.56

39
S 207 9318 230 017 162 1370 208 13684 446 9512 15754
#8201 8783 154 064 182 1534 199 8792 678 10448 24189
T 206 8746 156 066 191 1684 173 8186 823 9572  251.94
35 200 886 145 053 231 1441 155 5280 611 6258  204.63
39 203 881 149 053 227 1425 140 5438 566 6284 19477
350 205 8es4 171 052 218 1400 154 13322 598 9826 21664

ial 3% 205 8674 169 054 230 1495 279 6430 783 7078 20745

3 E 204 9243 271 020 254 1949 140 14432 530 10530 11440
2 207 9249 274 019 240 1858 121 13046 524 10314 23569
2203 9264 273 014 227 1945 126 12454 630 10254 18810
4, 204 9267 274 016 230 1635 094 10386 457 8108 25149
S 204 9249 264 021 223 1833 193 6314 551 6690 26076
2, 209 9256 261 022 224 1992 227 13802 554 10924  269.06
#8201 881 235 060 234 1748 136 9104 599 10008 35339
208 898 236 060 267 1863 181 10344 658 10988 35272
35 205 8297 230 065 261 1502 100 8784 575 9648 37186
3 208 8406 233 066 257 1679 251 10050 560 11530 35561
35 206 8317 198 060 209 2035 192 8772 812 11090 28141

ial 3% 201 saea 204 062 221 1862 170 7672 671 9776 40007

Y 205 9278 276 020 177 1440 121 16172 538 10022 2065
2202 9331 272 019 172 1536 096 15794 532 9988  217.15
2207 9232 264 019 170 1341 118 14944 524 10698  257.97
4, 205 9222 269 018 174 1483 113 15004 483 10600  304.47
S 202 9243 252 011 178 1090 089 13870 419 8738 18859
S, 204 9228 251 012 166 1693 105 14444 530 9624 1888

(th A5 zA Be Rnele #9 3
O Agd Helst ygzdd wet
Wl BA B 5

O As 9 Py
@) EA A& dataset T4
o 4709 AF trial W B3 By Z+ZF 3719 sampleS SHWHER, 1o E HEE
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o TR, A, =AW, 24, 714, opre4t

@ o FEAEA (MANOVA, Multivariate Analysis of variance)

o TEWUFY FUF 27 oY Aol ol & #AHEA WHOE ANOVAE A3t
Moz paFRAREN S FhTT = S

o B AFolAE
OO]:

) gow TREE —sMo = (triaDel e threl B o
3}

ox,
Ao
of\
I
E
:ll
o
o,
4
ﬁ
N
o
it
r—{u:
1
ol
ol
=
)
D
2
oo 1

o thAF oz A3} oA FAol Fo]A zpolrh WA
o UM, A, 4F FIRGEE, 2F) FES Asxzde mE oA Aoyt

o TR, AN, dFEE FIEEE, UEF, D A5 wE FoF aelrt @l
o
i=]

- ohuloite] FS B REL Afolsh QAT WREL SAF Aot WAL

B 31, CRAZSAIEMS S35 H]Z0 2 22| 4230 S xio| 88
B ZCHEH ) MG Ca Fe K Na P Amino

ME X 0 X 0 0 X 0 X X X

be g X 0 X 0 0 X X X X 0

@D 919 BAA Aol FTF wPOE o7l WAT YEo thstel M3} wejo B

trial 27} Bl A= dFo] 71 =4 YERE.
FolA =4 vYebd
M trial 42 A3 1,23 vl 2 Ao E B
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Distribution of Cprotein

Distribution of Cprotein
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Distribution of Cfiber Distribution of Cfiber
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Distribution of ca
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Distribution of ca
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Distribution of amino Distribution of amino
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dataset 773

o 4719 /‘E"é. trialoll A sample’d X3} Bglo] HFzHS Faf A E-& datasets T4
@ o A4 (MANOVA, Multivariate Analysis of variance)

e B dFoAE U HHoE FREE she Sywu(triaDed ek v B B

PHREEAP)] F2H AolB BHSA AT

Of

@ A7 A (Post-Hoc test)
O EAHEAM LS g3 W] Eako] ZolE H3 #HAASIE AolA HE 2o AAE A
Sole= AL olyE=R, 7k HA 11 FHF] #olE FRIshy] f8t] AR HA S A

131

o A3 7S5 scheffe, tukey, duncan, dunnett, newman-keuls A4 & O

o AL}t RHofo A= scheffe, AAF}soE tukey WHS 7H Hol] AM&3HH,
tukey o] 71 BREARJFATVME S 714 ThsAdo] B W

O Tukey W procedure: studentized range distribution

o W=max(y) - min(y) °o]&3s} q=w/s & =4

o 7P HZRl o2 AAFSHA Aol THE wol A H

O Duncan multiple range test

o Tukeye} vl-$- frARSHY 5 8

o wlws) /HEA felsEe 24t

RS 14T FEo) WS B

T 7he] Ho] wek A B, C 522 groupingst™ ojw] 7]+
L2}, SSR, LSRell oJsff 4= = YAA| (critical value)oll o3 27

O Dunnett’ s procedure

o« AY JZH FF vt control(A AR A o] Had tgE HAES Ho=
Ha g 79 AR

Mo
g, Jo
Lo
s
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N
=]
N

4 9 3% RO AFAYN Wk AR FolF Aol o Ffol7}
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B 32. CHHFEAEA(MANOVA) I ALSZ%(

ri

U, £7), ©Y) Wyl G2 SAY QoY o
Label (unit) MANOVA DUNCAN TUKEY DUNNETT
Water (g) X X X
Water (%)

Crude protein (%)

Crude fat (%)
Crude fiber (%)

Mineral- Ca (ppm)

Mineral- Fe (ppm)

Mineral- K (ppm)

Mineral- Na (ppm)

Mineral- P (ppm)

O O X O X OO X o X
O O X OO OO OO o X
O X X O 0O 0O 0O X o X
O X X O O OO 0o o X

Amino (pmole/qg)

@ R @A AQERa=F
O A3} Bglo] =
< (& 33
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ox,
2
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rr
N
s
N
X0

AU, 2E, LY RA@E BE D FFES AKEA g FAF Holt
Ay
c SE, 2R, 98 FAEE, YEBE A%zl meh fold ol7} gle

H 33. Mean scores and standard deviations (SD) of barley ingredients in four trials on
different growth conditions.

Label (unit) Trial 1 Trial 2 Trial 3 Trial 4
Water (g) 203 =+ 0.01 204 =+ 0.02 204 £ 0.02 204 £ 0.02
Water (%) 8849 =+ 1.24 8983 =+ 1.18 89.91 £ 0.31 88.77 £ 1.21
Crude protein (%)? 2.07 =+ 0.10 213 £ 0.16 2.13 + 0.03 243 £ 0.14
Crude fat (%) 0.35 =+ 0.02 0.36 =+ 0.03 0.38 =+ 0.04 0.39 £ 0.03
Crude fiber (%)? 183 = 0.10 1.84 £ 0.05 223 £ 0.06 207 £ 0.12
Mineral- Ca (ppm)® 13.70 = 1.08 13.39 =+ 0.87 1682 £ 0.91 16.06 =+ 1.22
Mineral- Fe (ppm) 1.10 £ 0.16 1.37 =+ 0.46 1.68 =+ 0.45 139 £ 024
Mineral- K (ppm)? 120.82 + 8.29 108.84 <+ 20.40 98.24 + 13.02 12080 £ 7.95
Mineral- Na (ppm) 628 =+ 0.91 622 =+ 092 6.09 =+ 0.61 575 £ 0.35
Mineral- P (ppm)? 100.66 =+ 6.18 89.11 =+ 12.16 88.57 £ 1212 102.26 + 4.89
Amino (umole/g)? 182.38 £ 54.73 187.63 £ 59.58 21975 = 26.69 28987 =+ 32.85

dLabels followed by a letter were found to be significantly different at the 95% confidence level by
Multivariate analysis of variance (MANOVA).

G R dA AHEa=F
O A} Heje] Pt
S (% 34)

Eoohgt 2o, 4Rl wek BAE froly o e Hol7t 9
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- FREI R TIGERS K2 ot Fo3 ol 8l
C RO, 2T, ZHE, URE PAA@E, DY, E, ), ohundt B A%
270 W 2-3 THOE H& UL

H 34. Mean scores and standard deviations (SD) of barley ingredients in four trials on
different growth conditions.
Label (unit) Trial 1 Trial 2 Trial 3 Trial 4
Water (g) 203 =+ 0.01 2.04 +£ 0.02 204 £ 002 204 + 0.02
Water (%)* 88.49 £ 1.24° 89.83 =+ 1.18%® 89.91 + 0.31° 88.77 + 1.21%®
Crude protein (%)* 207 £ 0.10° 213 £ 0.16° 213 £ 003° 243 + 0.14°
Crude fat (%)* 0.35 =+ 0.02° 0.36 =+ 0.03%* 0.38 + 0.04% 03?9 + 0.03°
Crude fiber (%)=* 1.83 £ 0.10° 1.84 <+ 0.05° 2.23 £ 0.06° 207 £ 0.12°
Mineral- Ca (ppm)* 13.70 + 1.08° 13.39 + 0.87° 16.82 =+ 0.91° 16.06 =+ 1.22°
Mineral- Fe (ppm)* 1.10 + 0.14° 1.37 =+ 046 1.68 =+ 0.45° 1.39 £ 0.24%
Mineral- K (ppm)* 120.82 + 8.29° 108.84 =+ 20.40%° 98.24 + 13.02° 12080 + 7.9%5°
Mineral- Na (ppm) 628 =+ 0.91 622 + 0.92 6.09 =+ 0.61 575 =+ 0.35
Mineral- P (ppm)*  100.66 = 6.18° 89.11 =+ 12.16° 88.57 + 12.12° 10226 =+ 4.89°
Amino (umole/g)x  182.38 + 54.73°  187.63 + 59.58° 219.75 + 26.69° 28987 + 32.85°

*Means within a column followed by the same letter are not significantly different
Duncan’s multiple range test.

at the 5% level by

©® B AA AEFgF g 77 thF HaAdR
O #3} Mmelo] WFAE= ThS3} gon], AR wlel FAH Fe4 of e Aols} g
< (3 3H)
. R, SR, AW, AF TAUEES, DS ASEA0 wal §o)3 2o]7}
e
o U A, dF FUEEE, ZE, ZAE), obrx4t FEe S met
trial 78] A& F% Aol7t A
H 35. Mean scores and standard deviations (SD) of barley ingredients in four trials on
different growth conditions.
Label (unit) Trial 1 Trial 2 Trial 3 Trial 4
Water (g) 203 + 001 204 + 002 2.04 + 002 204 + 002
Water (%)* 88.49 £ 1.24 8983 £ 1.18 89.91 =+ 0.31 88.77 =+ 1.21
Crude protein (%)* 2.07 £ 0.10° 213 £ 0.16° 2.13 =+ 0.03° 243 + 0.14°
Crude fat (%) 035 + 002 036 + 003 038 =+ 0.04 039 + 003
Crude fiber (%)* 183 + 0.10° 184 £ 0.05° 223 % 006 207 +0.12°
Mineral- Ca (ppm)* 1370 £ 1.08° 1339 + 087° 1682 + 091° 1606 + 1.22°
) 1.10 £ 0.16° 1.37 + 0.46%® 1.68 =+ 0.45° 1.39 + 0.24%*
Mineral- Fe (ppm)* 15087 4 g29° 10884 + 2040® 9824 + 1302° 12080 + 795°
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Mineral- K (ppm)* 6.28

H+

0.91 622 £ 0.92 6.09 £ 0.61 575 =+ 0.35

Mineral- Na (ppm) 10066 6.18° 89.11 £ 12.16° 8857 £ 12.12°  102.26 =+ 4.89°

H

Mineral- P (ppm)
. 182.38 + 54.73° 187.63 + 59.58° 219.75 £ 26.69° 289.87 + 32.85°
Amino (umole/g)*

*Means indicated by the same letters in a line do not significantly different at 5% level using Tukey’'s
multiple range test.

@ HYgdA ALl t @l g BludA
O #3 Bgo HIA= v 2ow, A& wet Trial 13e] SAH fFolAdd=
2pol7F AH(FE 36)
o T, TE%), F FIEGUESF, D)< Tral 13 & Trialee #FY3F 2Fe)7t

A=
o Tl ZAHF, dF FrAEw, &, ZF), otv4t e Y F Trialo| trial 1
I Fogk Aol A

H 33. Mean scores and standard deviations (SD) of barley ingredients in four trials on
different growth conditions

Label (unit) Trial 1 Trial 2 Trial 3 Trial 4
Water (g) 203 =+ 0.01 204 =+ 0.02 204 £ 0.02 204 £ 0.02
Water (%)* 88.49 £ 1.24 8983 =+ 1.18 8991 =+ 0.31 88.77 =+ 1.21
Crude protein (%)* 207 £ 0.10 213 £ 0.16 2.13 + 0.03 243 =+ 0.14°
Crude fat (%) 0.35 =+ 0.02 036 =+ 0.03 038 =+ 0.04 0.39 £ 0.03°
Crude fiber (%)* 1.83 =+ 0.10 184 £ 0.05 223 £ 0.06 207 £ 0.12°
Mineral- Ca (ppm)* 13.70 + 1.08 13.39 + 0.87 1682 + 0.91° 16.06 * 1.22°
Mineral- Fe (ppm)* 1.10 + 0.16 1.37 £ 0.46 1.68 =+ 0.45° 139 £ 024
Mineral- K (ppm)* 12082 + 8.29 108.84 <+ 20.40 98.24 + 13.02° 12080 <+ 7.95
Mineral- Na (ppm) 628 £ 0.91 622 £ 092 6.09 £ 0.61 575 £ 0.35
Mineral- P (ppm) 100.66 =+ 6.18 89.11 =+ 12.16 88.57 £ 12.12 102.26 + 4.89
Amino (umole/g)* 182.38 £ 54.73 187.63 £ 59.58 219.75 £ 26.69 289.87 £ 32.85°

*Default control group is the Trial 1. Means within a column followed by the same letter are significantly
different from the Trial 1 at the 5% level by Dunnett’s test.

nejdAel 48 F B 2 A 28
@ & M= A2 g2 =00 Aad vt 2RIV AR 27t Q)
=4 &Qdstr] fsl FAA Felde A NS
o HAHZ7$ treatment grouplE Fil o2 ASIAS A 3719 control group
(S 5, 92 25, 52 25 =%, T 4 trialg2 74
@ H 2 FFEApols AASH] flsl ek Ao BEges o R pAFEAE
e A5
« A4S 9% databases TEHEHF(EE) st 247H01H, trial M2 6712 T4 H
<
@ FAXHCR Fo7 Aolo] HEE &AQUsty] fs) IHA FF AAFHAE @
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Review of modeling and its applications. Korean Journal of Agricultural Science 43(2):
163~175
o AR Al ZA B 24 5 HAHBlol| o] Bed =dd 7]
2 1FZe FPst] FF AHE Ue FEAES FY 7 IA=EE T
(2) (SCD) Byeon et al. (2017) Prediction of global geographic distribution of Metcalfa
pruinosa using CLIMEX. Entomological Research (online published at 2017.09)
doi:10.1111/1748-5967.12253
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- AR A% WAE MDA 5 A AEY /1FENNS B B PEE ATHYL
M, ol BalA Lxmol ME a)Ed] oF AR AR Wa xAd BET 4 9

T 712ARE AT
(3) (SCD Kim et al. (2017) Optimization of growth conditions controlled in Fresh forage
growing system. Biosystems Engineering (submitted)
o ZABASAIZEHA AujEE AR AAES HAUslelr] 93 HH AS2AS
SEATANS B3te] e U Fxof M YAF Ws BAS Adae] B
1

1) £9-1
D) wEe) ¥R 2AE AWyl ZEESWW D U Zz o Aoy
W =¢Yd= : 2018. 01. 15

() 29< BH : ERTo|A

() 297 Qa0

(mp) =YHS : 10-2018-0004897

(mp =4S : 10-2018-0006468
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(2) AF3t

2} gk 8

() &A1 5 . Change in Quality Parameters of Tomatoes
h wEY : 2016. 08. 19.
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@hH MNHAGA - o7 [ =
(mh) ZEY-E : In this study, we are to provide basic data by reviewing changes of
various quality indices of tomato under the storage conditions, and to introduce
predictive models of tomato quality as a function of quality indices.
(2) ¥3EA5 . Comparison of predictive geographical distributions of invasive species in
response to different climate change scenarios
Op &xY : 2016. 10. 14.
(b st=3]9w : 2016 =B E=Es EAStEdILER B FANEA &
(th LA} - 0] 3]
() MAZA - FF | A=
(mh) ZEW-E : In this study, we were to compare predictions of the notorious invasive
species (yellow crazy ant) resulted from 3 different climate change scenarios. Three
climate change scenarios used in this study were SRES (Special Report on Emissions
Scenarios) Al (standard COZ2: 720 ppm) and A2 (standard CO2: 830 ppm), and
Representative Concentration Pathways (RCP) 8.5 scenario (standard CO2: 940 ppm).
(3) ¥3xEAE . Procedure for developing metabolic network model in metabolic
reconstruction: a review
P &Y : 2017. 04. 06.
(b st=319™ 0 2017 F=E33] EAStE 3] 9 FANEZA
(th LA} - o3, A=t
(@) MHAZAE - AT [ A=
(mh W& : Network 2 FA 7|¥e] =dly 7o) A2l 24
(4) ¥3EA & : Response Surface Design for Optimizing Growth Conditions for Fresh Forage
Growing System
Op ZxY : 2017. 04. 21.
(W st=3lom 0 20179 F=4tdA Fashs] EASEU S
(th &3x7 : ol
() MAZL - A
(vp) EF L w
Al
(5) ¥3EA|E : Metabolic Network Reconstruction of Milk Production in Cattle Mammary
Gland Epithelial Cell
P 2&xY : 2017. 10. 12.
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e
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(6) &A1& . Modeling Big-size Climate Data to Predict Potential Distribution of Metcalfa
Pruinosa
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© 847F w ok
Foll =3 HEF Aol wet AAo] AsiEr=
FEo wet I ASAETE AoV W=

AE3ge) B Fe dehEE 1 Fobdo] th2Zr, $d AFSACl FHEL T
Ueht WERERA AN S 2 FAFES AT AeTH AL sa gon,
g sl ABEAL ATeE e diow AaTa, AETE due) 483

A)
7F Y= 9l (Kozai et al. 2015)

HHERHEN S FE YA ZEFAH, A H A St o] &5 AEASHZA Sl A
Hos2 HA ASEHAN v 7|$Hs - e HH2T0S dSFstAY Tl &
A WellA HZA =& ArEsted Wi a3 24N 52 AEEE Kol

W) (Dhungana et al, 2006, Moghaddam, 2010; Saravanan et al, 2013; Maran, 2013)
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