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Fig. 8. Changes of petiole Ilength, leaf Ilength and leaf width of strawberry
‘Seolhyang’ grown in three kind of nutrient solution strength in hydroponics.
Bars represent standard errors of the mean values(n=10).
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Fig. 9. Percentage of flowering of the first flower cluster of strawberry ‘Seolhyang’
grown in three different nutrient solution strength in hydroponics during
experiment period.
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Fig. 10. Total fruit weight per flower cluster and total yield of strawberry ‘Seolhyang’ in
three kind of nutrient solution strength. Bars represent standard errors of the mean
values(n=10). Means followed by the same letter are not significantly different at
the 5% level of probability by LSD test.
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A2 T Wgd TR Ao wE APl Al 43pE7tAe] sdE el A
ZAL5ttHTable 2). 42 Aspgat A 4 3TolMes EC 0.8dS - m X2l FollA 718 4w
202 EC 129 18dS-m' A2 o2 FAZoR {o% 2olE vehinh Al 2 3his
A 3 3ol A= EC 0.8dS - m™ A2 77t 7Hg Z2A Jebgon, EC 1.8dS - m™ g7l A 713
Atk #FA4L AspdlM A 3 A 2F OEC 083 1.2dS-mT AgTelA  EC
1.8dS - m* A g 7Rt 2om, Al 43l A= EC 0.8, 1.2, 1.8dS - m AT £oz AUk
Pz Ashtat A 43pdoA= EC 0.8dS - m! A TolA 714 FAYI, ez 1.2
2231 1.8dS - mT Al w=oldek Al 23bdat A 33pblelAE EC 1.8dS - m! A FRT EC
0.8 3 1.2dS - m™ A2 Fol M FosiAl AT HAo Axes A 233 A 43l EC
0.8 1.8dS-m™ A2zl FoAZ Aozl UAAT, ©E I g2 A Fiele
SAHORE {3 Aol HolA gkttt A VM8 IFELS A 2310 Al 4spEAE
Azl o7 ozt glleu, Al EC 0.8dS-mt Tt & TR
2 FAE YEAL, A 3sgeAE mldd TErF B2 AT E 784

1_4

Table 2. Effect of nutrient solution strength on fruit quality of strawberry
‘Seolhyang’ at four flower clusters.

Flower Strength of nutrient Fruit Fruit Fruit Fruit Seluble
cluster solution length diameter weight firmness solids
(dS-m-1) (em) (cm) (g) (kg/=5mm) (*Brix)

0.8 448a 378a 2351a 040a 9.70a

15t 1.2 427b 369a 2173b 038a 891b
18 385¢ 333b 18.1¢ 0.38a 8.84b

LSD (p < 0.05) 0.1 0,20 0.69 0.05 0.71

0.8 449 a 380a 2580a 035a 7.82a

and 12 4.35 ab 3.71ab 2458 a 0.34 ab 752a
18 404k 343b 1872k 0.32b 737 a

LSD (g < 0.05) 034 0.39 an 0.02 1.09

0.8 4.45a 3T1a 2404 a 0.36a 8.31a

3rd 1.2 4.38 ab 370a 2323 a 0.35a T63b
1.8 3.99b 339b 1787 b 032a T24¢e

LSD {(p = 0.05) 0.45 0.25 4.86 0.06 0.37

0.8 451a 3.73a 2476a 0.34 a 8.96 a

ath 1.2 423b 3.38b 1976 b 0.32 ab 872a
1.8 367 ¢ 306¢ 1497 ¢ 0.29b 8.62a

LSD (o < 0.05) 0.20 0.26 3.15 0.03 0.66

‘In a column, the mean values followed by a different letter are
significant at the 5% level by LSD test.

A4 Hel 7184 13 E T 230 H 43P ATl FYg Zolrb glAA R
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1.8dS - mt M7 2 Aol ®al 293 Utk FAF FAAu A wjg
FEEY S7le AAY FETHFY AA4AE FEste 3: 2 4IRS SV ALl=
4 & ok Winsor 5 (1962)¢} Roh S(1995)+ EntE, Chun %(2003)8 <o), Jang 3}
Nukaya(1997)= W Eo|A wjekdel =7} Holxd Ao drr =713ty
a8y, Jun 50129  ‘R&EF =r]oA EC 0.6dS - ml X e FAA 718 1HE ko]
F=Utha o, Inazumi 5(2013)¢] ‘LigT E7|Y AFAANE HiFAFETL FotE T E
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HA g 27F AAE AT 5l B Aytel FAFEIE HE. $kH, Tachibana 2} Yahata(1998)=
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formazan & %%Z spectrophotometer(LR-45227, Spectronic Unicam, USA)E ©]&3}
SA sk
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Bas oF 1-2cm ZolE AWstAth AAA LS o] &t By 1g(AAF)S TEZTAA
(Filtering flask)oll ¥ 31 1% TTC (2,3,5-Triphenyl Tetrazolium Chloride)-&<§3} 0.1M Q4G EF

45 9HB[0.2M NaH,PO, - H,O 39mL<¢} 0.2M Na,HPO, - 7TH,O 61mLE H|AHd &3l pH
Meter(Orion Star A221, Thermo, USA)E ©]&3l pH 7.0 Z#3 % Volume flaskel] S/HT=ZE
200mL A&, /FTE A4 11459 &2 £t 20mLE AZF3 ts BEE £Fd
of A&ttt

T8l3 §47](Aspirator, A-3S, Eyela, Japan)E o]-&3] &3] 7]zZiado] glojd w7t
F83 gr7)st9dtt. €713 Filtering flaskE 30C 2 &-&<=x(WSB-01045, Daihan scientific,

%

4

Korea)oll il o7& oA 247 &<t ¥-EAFATH 5 % 2N F4HHS00)<S 4mL 7}
A HEgS AR AAT H*Qol AAH My S e Z2 2~ AFiltering flask) ol A AW &, 7}
Az s 2 Hol e ¥, 4o d(Ethyle acetate, Meck, Germany) 10mL$} A G A}

(Sea sand)E H7tstod wia 0}93\1:}, e BE] S A EFol(Filter paper, Whatman No.2)Z 2
H A HZ 20mL7} FA XA E(Ethyl acetate)® A #F&te] Formazang FZ3gth. F=3
Formazan® A%9S Adcell(QG: 100-600-10-41, Hellma Analutics, Germany) &3}
Spectrophotometer(LR-45227, Spectronic Unicam. USA)Z 470nmolA &3 =5 ZA3I3 T
#3428 TPF(Triphenyl Formazan)e ZA4bol|€(Ethyle acetate)ol] =< 1, 2, 5, 10, 20,

50ppm =9 EFEHLS THEo] SpectrophotometerE ©]83ke] 470nmolA FHE=E A5
of EEFAE EAT. BYEdS By 1go] N A Ske Formazane] HsxE, mg=E
FA AT
_ 2y /4 ¥l Formazan(mg)
¥ gddimg gt +h™t) =
B FA(mg - FW) X ¥H-&-A]7Hh)
A4 3 11 €~4 7R E]«l %Eﬂ% AT vl Y e FE¥E formazan §E=E
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7. wEE Y] 29 v

Formazan concentration

Strength of (mg-g’-h")
nutrient solution
(dS - m*) 2016 2017
Nov.16 Dec.16 Jan.12 Feb.16 Mar.16 Apr.14
EC 0.8 119.00 a 18.17 a 3330 a 3838 a 5382 a 70.52 b
EC 1.2 6330 b 15.07 a 19.22 b 19.82 b 3817 b 88.08 a
EC 1.8 58.97 b 8.49 b 14.56 b 8.63 ¢ 19.73 ¢ 2973 ¢
LSD(P<0.05) 12.19 3.27 8.87 10.92 15.16 10.06

Different letter within columns indicate significantly difference by Duncan's multiple range test at p > 0.05

& FEEEC 0.8 — 1.2 — 1.8), €8¢z 11 ¢, 4% 12 €,

J
F3 19, 35 29, 35 39, 3% 49) 2719 AR} Askre YR

e Hao] we Wele] BHL zAY ALY MANE AT BoldsE
wao) g Pasidrh H7E 570 @ Ao wsd 542 AR4s Sew RePye
30% 7}7ke] 7
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8 P4 YR EF 7Y L AFA 3
. 7 | BE . E7F
T T T
= 6 2,000 | =3 2
9 3 1,200 | A= 3
AF 2 600 | th* 1
-] 2 400 | 9 1
w3l 1 200 | AR 2
A3 1 200 | A= 6
kS| 1 400 | ¢+ 2
1429 % 10,5005

2+ AT s FFE AMIE G-de 8 A5 2] shE dde R qdd ug, 7
o]F& WAyt JTHY 32). V7] AFI(F) 4B MAD vt gle
4 229 TN AEEVISAAMALS dde dFeR FIT @A
‘2] B SEA AR S wiRsA (™ 33).
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5 EE @3 QA7 @34 SR HRe(EEo] o, FHAel s s nAYel
A AR A ALE o] ASIAY AT FLE AR DAY, volw, FE

2 P4 52 s A=sta A

,Aﬁ}UI!
AEE

HI2i0

A 40-11975483 (#|29%)
A 40-1197550=% (#|31%)

HIGH STRONG BERRY 4”3‘; ﬂ

KOREA DAEWANG STRAWBERRY

15 & 3= A 2 g
T A A A%H s WeAR T3k S dulstel, 3

Zol| "WakE Thajok gtk 33, s, ZElolAlol AVIEE 9 g FEUES e
1, FF FF D FEAF Aol AEKHSE FHof gt Bnt ol F£F tidmS FE
3| s yrtok gtk mEbA] @A FAAN D)o #AS Hola JE HAloh FHE
3k AP ZALS 8 Fo|th #AlotE 2018, 12. 11~12.17¥71A] A=A WES sta Abd 24
Z 3t HAlols dEY NS VFxHoE 8H Y5 ZF Hvith BRA Y 71
D715 At e 553 I7EAT I8y ALole A2oZ Ad Aw AkE =
A= BEZo] gle vgelth. 28y HT gAlol o X203 =] FAHE AL4te] O
g HAlo] ol Al dar, Aol Hghe] STAVROPOL A o4 W2y oy fFelds
Hqale] GAF, Q0] ElEE wlo}m_ ARAE=E(ECO CULTURA) gto g @r] Agake] #Al o]
EUTHIY 35). Ty FEIF @A, dz2AE] Fob Age] AlAANMIE 100% QA1FF-S ©]
&35 AE she Aol —Izﬂﬁomq St "] FEL B FExsidol i, AsHe
o] 25C HFolmZ HA|olo Ao Auls Fasts Zo] A ¥& o= AdHAT A

o o
e

Ao go FZ= ML 7tesAol =& ASE ATFHUT



Eco Cultura AFREA ¢ 0E 2Al0| LIEE S02 MR =

13 35. #]Alo} HJek Stavropol A9 ] Eco Cultura A} thd &2

Mg g AT A Ao}
ol W =M= %?Q%‘Oﬂﬂ] ARSR=S ?‘s& Az, $27 FU=EE F9, ve 2o gy
Lo g ES S ATHIY 36). 9 7HsA

oy, A& £5 D A

O !

. % » ok
Fresh Herb &% .:.01I* oh=r 7| a2

9 36 = 2y AR,

mxguk Aol g stRz  adE CHZMET d@RE RS fEHL e
FUEIE 2ABAEY, R 2B 5 DAY Brle 1% 300-350g 2EFe] By A
7} 2099 ol EFSA T FARG ek AL T dvte EYIAdA Addd 277t
3y 2018, 11 09, 3w =29 2018 12. 10, 2= F+57Hs 7|3ko] 60Yoletn A
3 AABTHIH 37). FUTAI= 124 13L=E 8 F 3HAo
= ddRnE o= x| gt AU, BETL o F
Aot FH o] WErL vropxl S|t} {573

o] Yojupar, xlmm AH = g 2o FHE Bdo] 93
A& ¢ o] HAol that Aok AgAl= =] kgl B ofFo] A7) AR =
WEE ZHA ol A AT 9 Be HI Ao mE E°] chemical frzf 3ol AlZg
Ttk @t o)@ MRAAYE FWA He el gloks Ho] #Aoke] @Aolgta &
Aot ER T AHA A B2Iu7hAE 6,600kmo] 1, #utE EZE A oA BT8R
E 2470kmo|th. & #Hutzrok 20 Aoyl AT fEyetelA magntge] FEE F
23 7153 Aow BUHAG. 20159 Ao} RaANAAY FF5FEH L AF 36009 /kg,
FSC 9809l/kgo 2 Bol Fgdud vs) A HIAA QgomEz N2 F5F 7w
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¢



KJ'IYEHHKJ\ CEPAUE 1¥N 340TP NWB
6558958-00 Mapres NT31

CTpass npowczongenmn: MHBAH

,ﬂara cﬁopa )'Pouu 2018 r. é;
............ “Fuure Trading Est”

upoemnm Al Yamak Building Main deIlLEWON

MocTasupme: OO0 "BCS Nomemue” raasns 142001, Mot acacaan obnacTs, f IoMCa8a080, EH[

Mapn Cosopuwia, yn Kawnpcos wesse, 4 7, odr S1en ms'fmsnemmnum 3 @yardar.

&

Macca HeTTo:0.34 wr

e 11111

fava nocrasis wa PL10.12. 2 1? 10 000 10

CPOK rogHocTe, 60 cyT

Qoxnapauwn - EASC Ne RU 0-LBAN22 B.11B018
VENoBMA XpaHeHuA. | +1 C +5°C
Honycxaerch peanuaauua npu Temnepatype ao+25°C 4o NoTepk NpoRykykeR
OpranonenTHYEckMX CBOACTE.

BT

AT | ILI'[]|-|I:|-|7|- a5 478 Al = B F871%t
% 37, 2lAlol P EANA BujE 1 JdE FUE) ) F571%

AbHI7E 2 of el
G, "l £ B AEE FAS] 9% S By Axdo] Bast wEA B
saMate] ZHFolA Qlojof s, ST w7t g, MEg Hde Ad LEE A
A3 dlof @k AriHow T2y 48 4Y EIoY sudE £3 47, 43 F B
gr1%el wet 4874 FE2S AW AV Aol ARBF AWSE F2RD) 94 @
A ol Hel AR wda ek olgh Bol, $F FEEIUL AL R $3A7] 9

WE 59 A% 27 £Ee) W5E =AHD ok

16. 2484 3 Jd$s 224 BE 27 F3E JA=2d 79

G719 ASE A2 AMEsl soldwt A AvER BFol srit Frsa 9ot &
A A A g A7 F5E 8 obyHRoh, 2016; Lee et. al, 2016; Kasba, 2015) oh&
dete ATEE Seuetel J1F, BE AUFHG FR A, AR Sol o2y gz
ErtEg sz Y 9Fe AFARE 0 Ages1d @A} dom AFAgel e
st

ER, fEve 27] 7 dRES 95y AR RSFY FFS A AR HAo
oM A xdol f4A FaL, AFely wrivitt 715, 249 FEek 7] So] A BF
37F oHa BE s7t A Ve A7 AHRE WIS A BV Eold

a8Ez Ad U 84xE 7e oM ddFer s34 He ddess =243 olitie
& AHZE SlelA 543 7o 87 F5E AsH AE FHo mAs dEFES AL
T mE g&4Q FEE e THEte] SN A AR 2] Au2de AR

A o AGE ASEA AE 9 389 YERT 2714
M= AGH ASHEE delle A3 ARE Fsh77F 944 dvh ol AFoN F2
ol =7] AHS i 5 gyl WEolth B dPoAes AT ASHEE Yebd] 98t
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Choi 500D HUE Ajujo A, Lee 5(2006)3 Wooe} Hong(2002)2 =& 20]oA 23t
SE7F S E F2Y FEo] ¢t A, 4%, AH, AU SUHEAHAL ST
A} B

A5 e,

or
B
ofx
i
N
)
2

ojgt @] H4A ASEA AH/E F 9o YeriTh e 1shgwE
3 AR AR F A AL 9 ARE 243
A ATE EdE, AEs g
FEe Al FF 2F AZTA wolAd A sl o
Nam (2002)0] Z=vtEst 0] AddoA @ 5= 2= AFH FFol=
BF 2% AR % A4S UBNL ASEE ¥
& ES3 3

olge] M-S

_4

= [e)
oI AR AW ofUe} FA FFIE JFL F= AL L

e

9. Fis=x4dd 93 By FFE A4do 4
Fruit quality of the 1st cluster of per plant

Cultivar Years Humidification Fruit yield Soluble solids Firmness
() (° Brix) (Kg/ @5mm)
Cont. 256.0 10.71 0.375
2017-2018 Treat. 284.2 10.35 0.377
Pr > F 0.016 0.737 0.053
Seolhyang
Cont. 279.3 10.91 0.335
2018-2019 Treat. 310.2 10.88 0.353
Pr > F 0.041 0.893 0.720
Cont. 193.5 10.97 0.400
2017-2018 Treat. 219.0 11.39 0.412
Pr > F 0.039 0.471 0.522
Kuemsil
Cont. 245.2 11.25 0.374
2018-2019 Treat. 259.3 11.63 0.380
Pr > F 0.042 0.994 0.457
Cont. 191.9 11.40 0.417
2017-2018
Daewang Treat. 223.3 11.44 0.437
Pr > F 0.042 0.787 0.300

17. £484 3 oldstea FF4 oe By E3¥ AHzd 79
olatshgra AHlel ofF ‘MW o AgF AKEA AE 13 4l tehigith 971

FolNE AR A% =S Uehis A0E AEE Z517t 44 2k old A=A

e ghol W7 A4S UM 5 §l7] WEelth B Aol A4F 4% AEE el
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1% 41 oAkt E A Aol ok '] AR o XGRS
(A; 2018~20194, B; 2019~2020)
A Oz E 2018~19dol] dE4olA A4FE s, B 28 == 2019~20d &
ANA S FHsAT. A Tz M= ATl BFol FA FskeT 0“‘37:}94 A%
of FAE Tl B =A ustal LxpEY QbellA FAI AF o] AAEANAE FAHFAANA

A vrebge.
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A5 o]4bsterA TiAavE EY] o AR FowA & AE AFoEA Y AsE
vl g3 =3 whg] o] Hol FRAAS & T e AEE dHE o] Bo] ¢S
o ol AUAA =L CO, % stollAes AES2E A wAE Fdsta, 71E3s 23
A gl BFAH SE7F 2318 A SoH(Allen, 1990; Aoki and Yabuki, 1977; Lee et al., 2019;
Peet et al., 1986; )= RuoAx3 F=Hsiz Q13 ZAxz Azdc

B g Zo A= o]iksteha %T}lz—é— A E " ofgfoll AR5t AWIE &A=t F A
g7 3kell A, 4%, 94FY ARE EF 229 WA FASHA vbErse, 2GR A
F& Bl Bloy oliksteb s Ao o] ¥ FAMNL BRA E&FFAME Ad
ToA FESA UErd o2 Hol HEgFolA dEFC] o Be ZAoE A7 Leest
Lee(1994a, b)o] EnlEd] o]ststetiE T3 2], 800ppm, 2,400ppm A &3tH S W *87|7F =
FHF o] AL FTFsIA oY F7HE2 30l 7P =t I F E35 A 800ppm A&
oA o FAZE 27y 15 =2400ppmET FALAK =, ol AR wEstolA FHF
F B AES HFo] Edte AS v|dta e, B AP AR} fFAEHA o

o

=

Fl

ol4ksbera Alulo] o3 ‘FA° o AYR Ag%m} A%E 17 420] Jehidch B A
32 ARYEE UERlY] 9lstel A9, 9%, 9% «0% 747 2Astel 438
& Ju== Yenjoic
A JgEE= 2018~2019u1 of Ao A ée %}911, B 2@ & 2019~20201 ol
A

-

co wg o Wae] Aesl ARl B4 TaW olasBLs Al AT W
$% EZ@ Holth ASt B MPNA ol4bshera Al A719t HRUAE 2ok A AFol
1 A Fol @] Agol 1 WE A olashead AMSET B 15hy
#57] Mol @7k HpRgo] Y ARBH] MAE Avlol ol ishea AHIE A3t
=

A, AZe] AREo AelTold AT o] FA7)
0

A 8HA] EEJ] L ) e <y
ZFAA Hol7t & Zloz AztETh o We AolA 1,000ppm o)k o] asiet
st W oA HA7A RE 71EY AT D A=Fol FUHETE Hal(Arp, 1991
Behboudian and Lar, 1994; Fierro et al., 1994; Islam et a., 1996; Reddy and Zhao, 2005)7} 3
S 8 =

Lee 520192 E71& FEE AMEIAS #W FA Ty 750ppmEE A g
Fag 49z, 9%, 997 2 2% 5 A0HA AR YKol FUTL YL, Kang 5
(2006)2 Ao BA7E2~ AN < o F=7F =S575(700ppm) AlH]l Alke] A4E
6h) 2, £71 R Welo WAFT AEFol F/ben WAL F/E FelH o Uty

Ll
g.‘g):h

39om, Oh 5(2016) HiFe A% th7] % CO, %400 «mol - mol Hr t} ZHH e 1F
=o] COy800 «mol - mol el Al Wi F-2 A AT, A, HuA, 940, 4% =5 &/



Vel o™ Vuorinen 5(2004)& k9] A tr] & CO, =52 Z713519E w A o)
7 st th. S Shin 5(2000) B, Al5X Y 4F SE7]A CO; AHIZ A3l AAF,
Z, @A SolA 2 50%, 60%, 30% W] &35 YeRtrl A4 & Ar)Ab| o) wet
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' Flower .C Fmit Solqble . Fruit
Cultivar cluster enrichment yield sohdg firmness
(ppm) (€] (° Brix) (kg/ @ 5mm)
Cont. 202.8 10.54 0.394
Seolhyang 1st Treat. 177.3 10.48 0.404
Pr > F 0.073 0.017 0.889
Cont. 171.9 9.47 0.345
Keumsil 2nd Treat. 199.3 10.03 0.375
Pr > F 0.039 0.736 0.525
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11. &4 4240 Ao & 27 ‘g Hdeof F4

Fruit quality of the 1st cluster of per plant

) Fruit yield Soluble solids Firmness
(@ (° Brix) (Kg/ @ 5mm)
Cont. 161.6 11.30 0.333
Treat. 192.7 11.05 0.340
Pr > F 0.023 0.150 0.194
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w4 FF9 A BT 138l T FARNAL, 231, 33 ol dtHE 12). Hj Sy
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=4 F39 S5, AN A FFEG Y =271 wr= 2ol tid A= vk A
(e]

Ay A TEH ol Mol FEE We 08dS-mlo] AREEAE AL HFAT 5 3

® 12, 54 FFo AN Wi s T 3 F(ge v

EC Flower cluster

-1 Total
(dS-m™) Ist 2nd 3rd
0.8 229.5 184.7 128.3 180.83
1.2 200.3 142.7 117.4 153.47
1.8 190.8 122.4 111.4 141.53
Means 206.87 149.93 119.03 158.61
FEE HjgA e T}

0.8 w7} 718 =9k, 1.2¢9} 1.8 T=olA s & Aol7F U HE
13). E3F AZA= HHO&‘?E Fxo mEtAs Zolrt QIith wEtA F4A EFF AuiAl )
T bo] 0.8dS - m'S HAw=E PAF.

X
gll_‘
Y
ofN
[
m\l

N EX
EC Flower cluster

(ds - m™) 1st 2nd 3rd Means

0.8 10.58 10.05 9.87 10.17

Soluble 1.2 9.78 9.89 9.88 9.85

solids

= Brio 1.8 9.73 10.19 9.76 9.89

Means 7.12 7.31 7.58 10.01

0.8 0.43 0.41 0.37 0.40

Fruit 1.2 0.43 0.34 0.39 0.39

ness |18 0.45 0.36 0.42 0.41

Means 2.66 2.69 2.78 3.60
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0.0 7.7 29.6 33.8 28.9 3.84 0.94

0.0 6.3 35.2 43.0 15.5 3.68 0.81

0.0 14 14.1 514 33.1 4.16 0.71

1.4 16.2 42.3 30.3 30.3 331 0.91

11.3 42.3 324 11.3 11.3 2.52 0.94
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Gyeong-buk Strawberry Industry-University-Institute Collaboration
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& & (kcal /100g) 28.18
Bt 812 (g/100g) 6.91 2
£ & (g/100g) 6.47 6
CHIME (g/100g) 0.09 0
X1 (g/100g) 0.02 0
E 4 A X% (g/100g) 0.00 =
23X (g/100g) 0.01 0
2 il A&l & (mg/ 100g) 0.00 0
LIE & (mg/100g) 1.98 0

maLER 13} AIHE 13t AES YU A

— 105 —



olAH Erl= A ol9fe AE WL Theidol
Aot AujrlE Fgel we A S 27l
Yoz 4H e st
7l B3 A7), 27] A%
ME= A5 @7 &F
Astal AeH(E 44).

2% 43 BB e R 9

— 106 —

g

FEH 9 23 Tl

Fe JoE WL PEF =YL
AW F7ke] A&H F7h Ao
& §AT FE A 28
At 5 ojgel g TAAA
FE AT AT ofololB

SIAEOR M Tt
A 2o AHA 7S &S

SoE7| R B E e



D7 EES A, A, A% 5% WHEWE JHEHd T 919 1
3k Aol WAEol HEFAA = Aol 7H ofal® FHolt}h o]
AA AR FAL A 0.2%0 3] 2r] aFY S fFAska
HAS A et WEE EYsiAy, A= SEHE754HAL)
oA REE B ExE I Mol Bra AW H& Ao vhEo R
o o]AL Yo E HE B JtEEFd A&l 7tesd AR A
F9 79 7HAE EA AT F e ks PHoeE A
af v Zlolw, Bri7bEore] AdRAd Aol w3 WHe
2 AZs) Uz Aotk

WAL o8 Garsl T ol %7}% = g%% gHE7] Slshel @
= I<1

—

Fe =7] 3}5(SF) 16
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Ak

.,u

9mgGAE - 100gFW, %%-3(SC) ,660.8mgGAE - 100gFW 24 Zuze
o

A TH, Table 5). 35S Hwd Ay 2,2-Diphenyl-1-picrylhydrazyl (DPPH) #ttjZ 47
& @y BFo) A 190.2mgVCE - 100gFW o] Q1om, Z2ukxlof A= 4,440.8mgVCE - 100gFW 2 A]
20u) o] =t} 2,2-azinobis(3-ethylbenzothiazoline- 6-sulfonic acid) (ABTS) &ttlZ &AL
7] 780 41258.3mgVCE « 100gFW o] 2 0.1, 2243 of A +=5,625.8mgVCE - 100gFW 2 4] 208) ©]
A =e AL Qe tHTable 6). 71357 @r|Lukxe] ZElHs dE 5 ellagic acid,
rutin, caffeic acid, ferulic acid, catechin®] A& TS vl 2= vz7ER] F ok Table 7).
7353 29 9 ellagic acid S zHzb 6.03ug - mL'# 273.3ug - mL1EA ©r] HSR
o Zubo 458 o]t FFEHo dS FUF S AU Ruting A¢E EEHAA
2.17ug - mL? T S Fstgon, @R AEHA &) Cateching @
71380 A 23.6ug - mLL, ko)A 1,478.3ug - mL1E @r] SR TE Zukzlo) 60u) o)A &
FH oSS sttt Caffeic acid 3+#-e zHzt 0.5ug - mL™, 2.7ug - mL'2 =7 ISrwT}
2 o) 5uf o] dfEo Y-S FAsAT Ferulic acide 2l 29.9ug - mL! FH5
of om Wr|HAFAAAE AZHA Xt 7] R = E%ﬂd%triﬁ} Fikst Aol =

e YRV b FAE o w2 dAEEA S 2 IS
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Table 5. Contents of total polyphenol and flavonoid compounds in strawberry cultivar
‘Seolhyang’ Dby flesh and calyx.

total polyphenol compounds total flavonoids compounds

Strawberry fruit part

(mgCAE/100g FW) (mgCE/100g FW)
Seolh Flesh 164. 89 31.51
eolhyan
yans Calyx 2,660.83 985.13

The data are expressed as means for triplication diterminations

Table 6. DPPH radical scavenging and ABTS radical scavenging activity in strawberry cultival
‘Seolhyang’ Dby flesh and calyx.

Radical scavenging activity (mgVCE/100g FW)

Strawberry fruit part

DPPH ABTS

o Flesh 164. 89 3151
€0 arn.

yane Calyx 2.660.83 985.13

The data are expressed as means for triplication diterminations

Table 7 Penolic compounds in strawberry cultivar ‘Seolhyang’ by flesh and calyx.
Phenolic compounds ( «g/mL)
Strawberry fruit part ellagic . caffeic ferulic

acid rutin acid acid catechin
Seolh Flesh 6.03 nd 0.54 nd 23.59
eolhyan,
yang Calyx 273.26 2.17 2.69 29.91 1,478.31

The data are expressed as means for triplication diterminations, nd : Not detecteds
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A3E 1H5HA - =l ARt ATt w3 FHo] 7 @UIETSA

1. 2016@ wujEd) AAAA dF Ed =4

2 A2 AAEEFH7IEd AFFAAFTATE B SH4EY ATy EYA=EHE
BERE FHA9E o] &3t FAMAe] 7Msd FF5E SAs=Y I FFo] Utk 34 EY
AE ©]8F ¢ BEY AFAYE AF T F Qo] =59 A7 gFe TAE 95T
T e Aol Utk ¥ 12 2016\ % wujsd] AAYMAE 2Z @At 7HY, B, B
A7) Y MAFE 2AG A, dAA o E THANAIS E)JVNAIS] HlEe] 11 A=Y
H &2 ZAEATH o83 2342 & o 7y B FAYSS & 20iA19] fFA¢dSE B

2l

o e FHAFHE ALHA wulsh £AE B3 TR} T AOE AR

3 120160 wef o) =3E oA 2d

_ - a7 1| Zed 7 a7 29
E L= AAG) AAG) AAG)
1 G3MS-B5 x AoMS-C4 -
2 A6MS-A1 X A6MS-C3 6
3 A6MS-A1 X A6MS-C4 48
4 A6MS-A3 x A6MS-C4 137
5 AB6MS-A3 X A6MS-C3 169
6 A6MS-A4 X A6MS-C4 -
7 A6MS-B1 X A6MS-C3 5
8 A6MS-B1 x A6MS-C4 -
9 A6MS-B2 X A6MS-C3 12 2 3
10 AB6MS-B2 X A6MS-C4 41 28 16
11 A6MS-B4 X A6MS-C3 7 0 2
12 A6MS-B5 x A6MS-C3 - - -
13 A6MS-B6 X A6MS-C4 38 32 12
14 A6MS-B7 x A6MS-C4 44 24 10
15 A6MS-B3 X A6MS-C3 - - -
Al 507 252 278
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AL EAQF A Aol

HS

U | S

A Al

A6MS-A1 X A6MS-C4

(MSA1 xMSC4)-1

(MSA1 X MSC4)-2

A6MS-B2 x A6MS-C4

(MSB2 X MSC4)-1

A6MS-B6 X A6MS-C4

(MSB6 X MSC4)-1

(MSB6 X MSC4)-2

(MSB6 X MSC4)-3

(MSB6 X MSC4)-4

(MSB6 X MSC4)-5

(MSB6 X MSC4)-6

13-S-13-1 x ZtE}

16-1-4-1

16-1-4-2

16-1-4-3

16-1-4-4

16-1-4-6

16-1-4-7

12-5-2-12 x| 2] 2E}

16-1-3-1

16-1-3-2

16-1-3-3

6

14-5-19-2 x w|2] 2E}

16-1-5-2

Al

19

% A=A 2017. 9. 14
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3 320161 wEjFohe] A FA5A

As 5 3% | FZ& | F=E g = A=
%% LH =5 (@ mﬁ (mm) (3&m @me)
16-1-3-1 12-5-2-12 X 21.7 42.7 337 8.0 382.0
v 2] 2~} ' ' ’ ' )
16-1-3-2 12-5-2-12 21.2 447 36.3 9.6 226.4
v 2] ~€e} ' ' ' ' '
16-1-3-3 12-5-2-12 % 13.5 44.2 27.6 8.4 249.2
v 2] 2~} ' ’ ' ' )
16-1-4-1 | 13-5-13-1 x %} | 236 47.9 35.1 10.6 515.6
16-1-4-2 | 13-5-13-1 x %} | 259 54.6 35.6 9.3 196.6
16-1-4-3 | 13-5-13-1 x % | 16.0 42.0 30.3 9.1 329.3
16-1-4-4 | 13-5-13-1 x % | 205 477 33.2 8.7 366.2
16-1-4-6 | 13-5-13-1 x 2 | 178 42.4 33.4 8.3 244.3
14-S-19-2 x
16-1-5-2 20.8 51.27 31.63 10.31 392.8
H 2] 2~E}
A 3 A8 x SR 26.2 497 37.6 10.7 256.0
2 E} meF x gk 23.0 481 35.4 10.2 268.1

% P AR

2018. 9. 12
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® 4 EYA uHEFd ¢AE AR 2 A EA
= R S i = = 73 = =
SR €3) (mm) (mm) (°0Brix) (gl ;5 5mm) i
B] ~E} 28.6 43.8 35.5 10.2 237.5 g, Alee-
2 EF 22.3 48.9 33.8 10.8 241.1 548, 34

(M5-AI X MS€4)
=7
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® 6. 2017 A5 w2 Mg F4
dENZE wrj =% N AF(F)
1 S X gnl 800 0
2 23k x 3E} 350 1
3 238l x S 340 0
4 &3 x 3} 400 0
5 TheR1 X ¢H]& 500 0
6 ThoB2 X &Hle 700 2
7 A6MS-C x 3tE} 1,700 4
8 ABMS-A x 3tE} 600 3
9 ZHER X gnl 4,730 7
10 AEF X S 1,800 1
11 e X U 280 0
12 AEL x W e 2~E 2,680 7
13 e X 53 1,100 5
14 AEF x Fow 350 1
15 AE X Ak 100 0
16 e X BHE} 350 1
17 Wl 2] el x e} 1,100 1
18 W] 2~el x H=d 60 0
19 g ~EF X Y8 1,280 1
20 W2 2~El X @& 460 4
21 H g =B} X &3&F 630 0
22 W2 e} X EH]L 4,400 8
23 = x Inle 2,100 5
24 gew X 210 1
25 F=d x 3e 2,700 6
26 - x 3} 600 0
27 g X Y4 300 0
28 g X gl 1,300 3
29 Uil X gHl 1,700 0
30 FUd x gow 50 0
31 Fyd x st 850 5
A 34,570 66
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® 72 EUA 2 FLA wulEd AR AlFY A4 EAoH
7 EYA ¥ FIA4 wujEo) Al AlF AAERCEEA LA 2018, 9. 12)
SI= ] _ ¥ = I A i = o T A =
l‘ﬂji e =3 (g)F ?ﬁrnm‘i (mm) ("o Brix) (g/ ; 5mm)
1 =l x 3hep-1 33.1 59.7 39.1 9.1 224.2
2 g x FER-2 20.0 49.2 32.3 10.0 568.0
3 =l x 3hel-3 27.5 57.43 37.56 10.1 276.0
4 =W X SR 25.0 50.0 36.4 9.4 260.5
5] g = x ZER-bH 24.0 50.7 35.7 9.7 415.0
6 =l x 3lel-6 23.5 52.8 34.7 10.3 480.8
7 AEl X ZHE} 16.7 44.1 31.4 8.6 352.5
8 A6MS-A X< 3lE}-1 18.3 48.9 31.9 9.9 370.3
9 A6MS-A X StE}-2 24.0 50.8 32.1 9.6 303.7
10 A6MS-A X 3HE}-3 17.4 41.1 32.9 8.2 224.0
11 H 2] ~EF X &H]e-1 26.8 51.9 37.2 8.4 378.3
12 Hl 2] 2~EF X H|2-2 33.6 52.0 42.2 6.2 244.0
13 H 2] 2B X B 2-3 23.3 46.0 35.3 8.7 368.0
14 H 2] 2~EF X H] -5 26.0 47.3 36.7 9.3 445.6
15 H 2] 2B X H]2-6 27.3 45.6 43.3 8.3 734.3
16 H 2] 2B X H] -7 28.8 48.8 40.4 8.5 293.5
17 o X dH A 20.0 54.3 32.7 9.2 286.0
18 gy X gHlR-5 30.0 56.9 414 10.6 199.0
19 A6MS-C x 3tE}-1 17.0 42.4 31.4 8.4 233.0
20 A6MS-C x Z+E}-2 20.9 46.2 32.4 9.9 217.6
21 A6MS-C x %HE}-3 22.7 47.2 34.7 6.6 206.0
22 A6MS-C x $+E}-4 17.3 41.1 33.2 9.6 697.3
23 v 2] ~E} X 3-8--3 21.4 44.1 35.9 6.9 227.4
24 H 2] 2~ X g4 24.5 51.3 36.0 8.3 703.5
25 BEF X 5381 33.5 65.0 38.1 9.2 485.5
26 REF X SF-2 19.4 46.8 34.0 9.4 407.3
27 REF X 53%F-3 18.8 48.7 31.6 9.5 250.2
28 RHEF X S3F-4 17.0 36.0 34.3 10.0 502.6
29 g X dH -1 25.5 53.1 35.7 8.3 334.0
30 g X eH] -2 25.2 57.1 34.1 10.0 207.0
31 g X YH] -3 24.1 56.2 35.4 10.5 266.1
32 AEF X H g 2EF-1 18.7 43.0 34.0 11.0 288.3
33 ZHEF X ] 2~E}F-2 17.5 44.7 32.6 10.8 296.5
34 REF X W g 2EH4 19.3 38.4 34.6 8.5 468.2
35 REF X W E 2E-5 24.5 51.1 35.9 10.1 260.2
36 ZER X w g ~E}-6 21.5 41.2 36.4 10.1 537.0
37 REF X | Z2E-T 18.3 38.0 35.8 9.3 339.1
38 RHEF X $H2 20.0 42.4 33.9 9.2 326.4
39 O2B2 X ¢Hj-2 21.3 53.1 31.9 10.2 449.0
40 REF X v -1 23.7 58.0 34.0 11.6 268.2
41 AEE X | 2-3 26.0 49.6 37.6 9.7 264.1
42 REF X H] -4 34.0 51.6 41.6 9.1 405.5
43 AEE X H|2-5 19.2 45.2 32.3 8.6 309.0
44 REF X dH|2-6 16.0 43.5 31.0 8.8 292.1
45 RHEF X hH] -7 26.7 49.2 37.4 9.4 292.8
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3 82 2016 HE 2017@7HA] muj &) <

a9 6. 20179 $FA%F £

AWAE T EA ol

$ 8. 2016~2017d el Fr) -5 NuAE FHAEA
73 7} }Z F= A= NET2
T 23 @ (mm) (mm) | Brix) | (@ ¢5mm) | +ZFGN) | FAE
37 7
17-1-25-6 19.8 44.7 34.2 7.7 436.2 71 1691
17-1-28-3 30.6 oL.8 39.1 8.2 327.3 168 4671
17-1-31-4 20.4 51.6 30.1 9.6 437.2 69 1603
17-1-22-5 34.7 47.8 41.8 7.3 344.4 149 5240
17-1-22-6 29.6 48.1 39.7 8.1 448.1 140 4103
17-1-22-7 36.5 47.9 42.5 6.7 316.3 103 3974
17-1-25-3 26.3 50.9 37.8 11.3 262.7 36 1031
16-1-4-1 21.5 46.0 34.3 10.2 689.5 66 1532
16-1-4-4 22.1 47.2 34.8 8.9 464.9 120 2781
17-1-12-5 26.6 50.4 36.1 6.8 223.8 78 2271
17-1-20-1 21.1 46.8 32.8 8.1 274.6 291 5643
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3. 20184 AlFad) % TAFY $5AF 54

AT AL BFHARAFATLAN LD A B FAT FAH A
979 2T AAFYTHE 9. RS (MSB2XMSCH-1 AF o2 Waje] g ehjs A
SE VY RYLAE ARG AFUA AL S| DA H3AAc DA 13
W) 2sh SR 20184 28 AERE FE7hA AASEOM, BE AUAEe obe 2
Hol 252l gele) AUAFORE Aol wil FU oA Fol 2zhe mEo] wilsHY
ot 3 394 HE= upe} Zo](MSA1XMSC4)-2 x (MSB2XMSCH-1 5 6% 12835 ] 3%
o mHl ® S mEs REe EAsE w A4S /1Ysald BEe wh F 5097
o

J
2
W

_

ﬂL

Sgstel Ak olT o FANA AHY FAe] wohgo] Ee
Folth 7] fEoA sHo] WAk Sob g=st Aol EF wet 2
Fol foll A Bhitol uwfs}xm Eol@ AFL 49 A= 285E AE 23 ok of
ML BE 4L A% 225E AFL By

|

5
r1r
ol
“‘f‘
_ﬂ
A
rl.o r.“l

8

=
Al

¥ 9. 20183 AlF wrlzs 9@ wuj 3}
!

dHHZ W 23 A HfskON) STER
1 (MSA1XMSC4)-2 x (MSB2xMSC4)-1 22
2 (MSA3 X MSC4)-2 x (MSB2 x MSC4)-1 44
3 (MSB6 X MSC4)-3 x (MSB2x MSC4)-1 13 LLEL R
4 (MSB6 X MSC4)-1 x (MSB2 x MSC4)-1 22 e FF
5 (MSB2 X MSC4)-1 x (MSB2x MSC4)-1 16
6 ABMS-C4 x (MSB2xMSC4)-1 11
Al 128

20183 Alqtawr] 253 Aqtww] A4 A9 3o mEe I9 73 1Y 83 o

- 121 -



£ 102 AlqfF iz 9@ A A golan, 2018~20193 Al AlFe] AujEoA
3

3 o] E4o|THE 11),

F 10. 2018d Al9F wujxst 2@ AW A4

A% oW oz A o 2018 20187 2
alc ") 44 () T(5)

1| (MSAL1XMSCA)-2 x (MSB2XMSC4)-1 220 140 2

2| (MSA3XMSC4)-2 x (MSB2XMSC4)-1 330 150 7

3| (MSB6XMSCH)-3 x (MSB2xMSC4)-1 130 95 2

4 | (MSB6XMSCH-1 x (MSB2xMSC4)-1 220 200 3

5 | (MSB2XMSCH-1 X (MSB2xMSC4)-1 160 140 2

6 ABMS-C4 X (MSB2 X MSC4)-1 180 100 2

A 1,240 825 18

3 11. 2018~2019d - ALAS AuiE FAEA
7}

N . e AA % | 97
anHl = o | o | G | B | @ osmm | ] A | o -
on | @ | ¥

gl x E-3 24.8 50.2 37.3 104 256.6 60.0 | 1431.0 | 101 2.1
= x 3Hel-5 21.1 46.0 35.1 8.5 395.3 113.0 | 2356.0 | 96 2.0
=l x 3E-6 22.6 49.8 34.2 9.6 391.6 92.0 | 1745.0 | 94 2.0
syl x 3el-4 21.8 48.9 33.8 9.9 305.3 200.0 | 3806.0 | 106 2.2
A6MS-A X ZER-2 18.8 45.2 32.1 8.7 273.3 118.0 | 2137.0 | 79 16
2] 2B} X ¢H]2-5 25.0 46.3 36.7 8.9 336.1 135.0 | 3660.0 | 90 1.9
2] 2B} X &H]2-6 23.2 44.8 38.3 8.3 461.2 101.0 | 2482.0 | 92 1.9
W 2] 2EF X &H] -7 26.1 46.3 39.0 8.4 314.0 106.0 | 2573.0 | 101 2.1
gyl X ¢H|2-5 25.8 52.3 37.9 10.1 237.3 92.0 | 2295.0 | 94 2.0
2] 2~} x d2-1 23.3 49.4 34.4 8.7 337.8 98.0 | 2030.0 | 108 2.3
REF X 53k-1 26.7 55.3 36.9 9.8 290.6 87.0 | 2399.0| 93 1.9
Sk X ¢H]2-3 22.4 52.7 34.3 10.3 223.8 113.0 | 2428.0 | 96 2.0
ZHEF X || g 2E}-5 24.1 50.5 35.7 94 232.8 127.0 | 3083.0 | 108 2.3
14-S-24-1 X 23F-3 20.0 44.1 335 9.1 382.2 125.0 | 2143.0 | 100 2.1
14-S-24-1 X =23F-4 17.4 43.3 31.8 8.5 393.6 142.0 | 2360.0 | 97 2.0
14-S-24-1 x &3F-9 20.1 46.2 33.1 8.4 563.9 177.0 | 3454.0 | 108 2.3

SHE} X W g 2EF-1 21.5 44.7 35.3 9.3 682.9 113.0 | 2120.0
16-1-4-1 23.5 47.9 34.8 11.0 507.3 133.0 | 2597.0 7 1.0

16-1-4-4 20.0 46.2 32.8 9.3 406.9 209.0 | 3489.0
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#3114
13-S-13-1  —
ste
(16-1-4-1)
ot
wet
a3

¥ 9. ‘AmFE16-1-4-1)° SAARE

99 10, ANHFRH16--4-D) ThAl B Al =

4. 20193 AlFwe] @ wu)3o)
2019d =] AlytnvlsE ® 14

TAST 54
‘=

Itk oSS A4 F&3 Ao Begd 19 113 2o

_?_
s}

#® 14. 20199 E7] Alqfun) g=E

W5 ELIES) Z5% A 0D | A+ (D)
1 SAA-1 X AkQt=g o} 15 750
2 SSA-1 X SSC-5 4 450
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Table 1. Growth characteristics of strawberry seedlings as affected by training duration in three
strawberry cultivars.

. Traipg Frgsh Leaf No. Qrown Rqot First
Cultivar duration weight (ca) diameter weight root No.
(days) (@ (mm) (@ (ea)
50 114 &* 40 a 8.6 a 6.0 a 176 a
Seolhyang 80 145 b 42 a 92D 76 Db 20.0 b
110 146 b 42 a 10.2 ¢ 109 ¢ 274 ¢
50 8.6 a 3.6 a 7.8 a 3.3 a 152 a
Marryqueen 80 112 b 3.6 a 89 Db 40 b 18.3 b
110 11.8 bc 3.8 a 9.3 ¢ 6.4 ¢ 24.6 ¢
50 10.6 a 41 a 8.5 a 4.2 a 15.0 a
Kuemsil 80 143 b 4.2 a 9.2 ab 6.3 b 184 b
110 143 b 42 a 98 b 8.6 C 24.8 ¢

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Fig. 1. Flower budding ratio of 1st cluster according to training duration of ‘Seolhyang’ ,
‘Marryqueen’ and ‘Kuemsil’ strawberry.
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Fig. 2. Flower budding ratio of 2nd cluster according to training duration of ‘Seolhyang’ ,
‘Marryqueen’ and ‘Kuemsil’ strawberry.
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Table 2. Yield of ‘Seolhyang’ , ‘Marryqueen’ and ‘Kuemsil’” strawberry as affected by
training duration.

_ _ Yield (g - plant™
Traing duration

Cultivar (days)
Nov. Dec. Jan. Feb. Mar. Apr. Total
50 8.9 122.3 15.9 126.5 81.2 39.2 393.3 a
Seolhyang 80 8.7 126.9 2.7 125.7 110.0 55.3 429.2 b
110 8.6 130.9 15.0 116.4 111.2 53.6 435.7 b
50 4.5 91.1 6.8 64.6 95.6 37.8 300.4 a
Marryqueen 80 3.8 91.2 11.2 96.3 73.0 44.3 319.8 b
110 8.6 79.4 10.6 93.3 71.3 36.6 299.9 a
50 2.3 128.9 9.9 105.4 95.0 41.9 3834 a
Kuemsil 80 13.3 130.2 25.8 112.5 92.6 39.9 414.2 b
110 6.7 113.8 12.9 72.7 103.9 48.3 360.1 a

"Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Table 3. Fruits characteristics and yield of ‘Seolhyang’ , ‘Marryqueen’ and ‘Kuemsil’
strawberry as affected by training duration.

Cultivar Traing duration \ngktlt Soluble. solids Mfﬁ;ftssle Ma;l;zfgble
(days) (<)) Brio (ea - plant™) (kg - 10a™
50 25.2 a 11.1 a 156 a 3,539 a
Seolhyang 80 254 a 11.3 a 169 b 3,863 b
110 26.1 ab 11.3 a 16.7 b 3921 b
50 219 a 13.1 a 13.7 a 2,704 a
Marryqueen 80 20.2 a 13.0 a 158 b 2,878 b
110 21.3 a 13.0 a 14.1 ab 2,699 a
50 26.6 a 11.7 a 144 a 3,450 a
Kuemsil 80 27.1 a 11.7 a 153 b 3,728 b
110 26.4 a 124 ab 135 a 3,241 a

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Table 4. Growth characteristics of strawberry seedlings as affected by nutrient solution strength
during raising seedlings in three strawberry cultivars.

Nutrlgnt Fresh Crown Root First
. solution . Leaf No. . .
Cultivar weight diameter weight root No.
strength © (ca) (mm) © (ea)
(EC dS - m™) & &
0.3 9.8 az 43 a 8.7 a 5.1 a 18.0 a
Seolhyang 0.6 153 ¢ 44 a 10.1 b 70 b 23.2 b
0.9 134 b 44 a 10.0 b 5.3 a 224 b
0.3 10.6 a 42 a 93 a 4.2 a 14.4 a
Marryqueen 0.6 151 Db 44 a 10.1 b 4.7 b 19.6 b
0.9 145 Db 40 a 103 b 51Db 20.6 b
0.3 12.1 a 40 a 91 a 5.2 a 17.2 a
Kuemsil 0.6 164 b 3.8 a 9.8 b 59 Db 176 b
0.9 16.6 b 40 a 10.1 b 5.4 a 194 ¢

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Seolhyang

Fig. 3. Growth patterns of seedlings according to nutrient solution strength during raising
seedlings in ‘Seolhyang’ , ‘Marryqueen’ and ‘Kuemsil’ strawberry.
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Fig. 4. Flower budding ratio of 1st cluster according to nutrient solution strength during raising
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Table 5. Yield of ‘Seolhyang’ , ‘Marryqueen’ and ‘Kuemsil’ strawberry as affected by
nutrient solution strength during raising seedlings.

Nutrient Yield (g - plant™)
. solution
Cultivar ; n
Streng o Nov. Dec. Jan. Feb. Mar. Apr. Total
(EC dS -m™)
0.3 379 96.7 75.0 82.4 90.0 57.9 439.9 a*
Seolhyang 0.6 28.5 113.5 68.5 97.9 119.1 42.8 470.3 ab
0.9 7.5 120.9 41.6 110.7 152.6 68.9 502.1 b
0.3 32.6 57.7 45.4 70.9 67.1 479 322.7 a
Marryqueen 0.6 22.8 65.6 44.8 72.7 60.9 32.8 299.6 a
0.9 19.9 65.9 66.0 56.4 89.9 23.2 321.3 a
0.3 14.1 88.7 46.7 42.9 85.2 49.6 3272 a
Kuemsil 0.6 12.9 101.4 27.1 48.3 102.1 63.3 355.1 a
0.9 11.0 126.1 30.2 84.4 104.3 74.9 431.0 b

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Table 6. Fruits characteristics and yield of ‘Seolhyang’ ‘Marryqueen’ and ‘Kuemsil’
strawberry as affected by nutrient solution strength during raising seedlings.
Nutrient solution Fruit : Marketable Marketable
Cultivar strength weight Soluble. solids fruit no. yield
(EC dS-m™ (<)) (Brix) (ea - plant™) (kg - 10a™
0.3 23.6 a 11.2 a 18.6 a 3,959 a
Seolhyang 0.6 23.8 a 10.8 a 198 b 4,233 ab
0.9 254 Db 11.1 a 19.7 b 4519 b
0.3 18.2 a 13.0 a 16.7 a 2,734 a
Marryqueen 0.6 18.6 a 12.8 a 155 a 2,696 a
0.9 192 b 12.7 a 16.7 a 2,892 ab
0.3 216 a 124 a 15.1 a 2,945 a
Kuemsil 0.6 245D 124 a 145 a 3,196 a
0.9 251D 12.3 a 172 b 3,879 b
“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Table 7. Yield of ‘Seolhyang’ , ‘Marryqueen
planting date.

and ‘Kuemsil® strawberry as affected by

Yield (g - plant™

Cultivar Planting date

Nowv. Dec. Jan. Feb. Mar. Apr. Total
Sept. 4 39.8 78.0 52.1 97.1 121.5 65.9 454.4 b’
Seolhyang Sept. 11 28.4 111.6 59.8 99.5 143.2 61.4 503.9 ¢
Sept. 18 - 128.1 25.2 94.9 107.9 53.7 409.8 a
Sept. 4 39.9 44.9 62.6 56.9 87.2 44.7 336.2 b

Marryqueen Sept. 11 19.6 78.6 36.1 62.7 84.4 45.5 326.9 b
Sept. 18 13.1 80.8 25.2 65.9 81.8 22.9 289.6 a

Sept. 4 38.2 67.3 40.7 84.0 110.3 64.8 405.3 b
Kuemsil Sept. 11 12.9 105.6 21.3 48.5 96.7 63.1 348.1 a
Sept. 18 4.3 118.0 11.8 66.8 93.23 53.6 347.7 a

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Table 8. Fruits characteristics and yield of ‘Seolhyang’ , ‘Marryqueen’ and ‘Kuemsil’
strawberry as affected by planting date.
Fruit : Marketable Marketable
. . . Soluble solids : .
Cultivar Planting date weight (Brix) fruit no. yield
@ (ea - plant™ (kg - 10a™
Sept. 4 25.1 a 11.2 a 181D 4,089 b
Seolhyang Sept. 11 25.4 a 11.0 a 19.9 ¢ 4,535 ¢
Sept. 18 24.8 a 10.9 a 16.5 a 3,688 a
Sept. 4 19.6 a 134 ab 171 b 3,026 b
Marryqueen Sept. 11 19.4 a 12.8 a 16.9 b 2,942 b
Sept. 18 19.6 a 12.9 a 14.8 a 2,606 a
Sept. 4 239 a 11.7 a 169 b 3,648 b
Kuemsil Sept. 11 23.6 a 12.3 a 14.7 ab 3,133 a
Sept. 18 25.6 a 12.2 a 13.7 a 3,129 a

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

4. 27] ‘A A §E FE FTHA O 4SEA

FEA FES THRIVF AAE K vAe FEFS dotrix M "Wr|E AHEAR
st SRAEES Y49 (Granulated rockwool, GR), BVBAFS] BTXE(peatmoss 80% based
mixture, PM), 87|28 &% A E(cocopeat 70% based mixture, CM)Z Z&|sle] |13} o,
9¢ 9¢Y Amjsoll BAst BFAA, slo} EE| Y F FHEYS AFE, AR

Table 9%} Fig. 8 HH ANFE AA|Fo] /M FAE A2 CMAYFE 7iE 16ge] AL PMA]
g7l A 131g, GRAGFAE 12802 71 7h itk #R-FAE CMAEFelA 10.2mm=
A UA FAL B F2 CMollA 7HE dEsler GRol 7P wgkth Lkt = e
AEI Hl=3E o R CMAlA 7P Be&E 7153 24.67), PMellA 22703 GRellA] 71
A2 19.6715 YEFATH

Table 9. Growth characteristics of ‘Seolhyang’ strawberry seedlings as affected by root media.

Fresh Leaf No Crown Root First
Root media” weight ' diameter weight root No.
(ea)
(@ (mm) (@ (ea)
CM 16.0 b’ 4.8 ab 10.2 b 79D 24.6 b
PM 13.1 a 4.2 a 9.4 a 7.1 ab 22.0 ab
GR 12.0 a 52 b 95 a 5.8 a 19.6 a

‘Root media : CM(Mix. based cocopeat), PM(Mix. based peat), GR(Granulated rockwool)
YMean seperation within columns by Duncan’s multiple range test by 5 % level.
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Fig. 8. Growth patterns of seedlings according to root media during raising seedlings in

‘Seolhyang”’ ,

‘Marryqueen’

and

‘Kuemsil’

strawberry. CM

mixture, PM : peatmoss based mixture, GR : granulated rockwool.

100

90 T 4
3 . _H->"-n
-
£ w0 I - --2-""0z e
I; - - - - - ;
© 70 ; - _- -,
: e
£ 60 h .-
= I 4
S so ' ’
2 F A
7’ -
5 40 f:’ A o GR
g nw,’ —m- PM
= 30 7,
= L4
=20 ,,' —de= CM
10 ﬂb
0
23 30 37 a4 51 58 65
100
90 _HN---
X »-
5 80 s -
2 ’ P
© 70 4 P ”
[=14] p—— R
£ 60 -
5 la” 7
=
S 50 74
= rd 4
o 40 % 7
G ‘Y . —e—GR
=
= 30 s120.7
= y s - PM
5, 20 P
7, * —h= CM
10 s
k="
0
58 65 72 79 86 93 100
Days after planting

cocopeat based

Fig. 9. Flower budding ratio of first and second cluster according to root media of

‘Seolhyang’ ,

‘Marryqueen’ and

‘Kuemsil’

— 142 -

strawberry seedlings.



D7) AFA SEA FEFFI @& 1shy 2349 Z3 ¢S YeRd Zo] Fig 9ot
AT 230 MAE EFoA ESFE ARl FAE 300 PMellA 66.7%2 =35 XA A
A% 4497 80% =Dtk CMoIME 30271 40%2] & Rolth FAF 65%A 80% ol
9] &S BRIt GRoA+= 30€A 56.7%2] &S HAI 58YA 80%0 =Lttt 23}
W SE= 2940 E HId SEE Holurl 799 FE PMA oA 271 mEA 28 E = A
< UG F AT oAHRE E uw PMAPAA EF7F AFeA JPEHE AS AT 7 A
93 GRIIAE= 80% o]l = o =gsl=y A7k tha A= AL F2lstyt)

Table 10014 SEAEC wWe F£gas Q8] 2o PMolA 7pa B £3ee Ryjed 3

7+ =

o 520.9g°1 21Tk CMH 29} GRA ol Zh7h 2 465.3g7} 452.2g9] 4=3teko 2 vleh} PMoj
3 o] AUt SEAEE YIS W AHAELAY TS G HA3H(Table 1D #
& Pmo] 71 FAS FAFFAVE 29goIAth olel HlE| GRAE= 26.3g0.2 7 AL
7%]%2:— BacemA g FolA e 27.6g= YERAT FdElA= Ao ©wE ztol7t AT F
A4S B PMo] 7 18718 $83 ¥E M3 GRS 742t 16,9709 17.2708 583 ?ﬂ

o)

4

PN g m

skt 10ad g 4,688kgql PMo] 7Hd =9kal GReo| 8ol Mg Ao 4,070kge] Ut
olfo] AsfolA Y& EF9} Be FIHFS B PMo] SHAER HAs] BTt YAAUYH
o]

(GRS A5 F7140] TFHA ghe F/19 JEZ FAPAcls DRl A% FaAFAE B
9% 2o Byt Bl @ol MEse RIAE EF JEE BFY AYRYAFDR BY
A} ol Brae nEslen SERs EYHERLE fage] Hol Sjale) AaE B

=

Table 10. Yield of ‘Seolhyang’ strawberry as affected by root media during raising seedlings.
Yield (g - plant™)

Root media”

Nov. Dec. Jan. Feb. Mar. Apr. Total
CM 32.2 93.8 53.6 924 115.8 7.7 465.3 a’
PM 44.4 87.5 524 102.1 158.3 76.3 5209 b
GR 59.1 56.1 74.2 76.41 123.4 63.1 452.2 a

‘Root media : CM(Mix. based cocopeat), PM(Mix. based peat), GR(Granulated rockwool)
YMean seperation within columns by Duncan’s multiple range test by 5 % level.

Table 11. Fruits characteristics and yield of ‘Seolhyang’ strawberry as affected by root media
during raising seedlings.

Root media? \zm}tlt Soluble solids Marketable fruit —Marketable yield
(g% (Brix) no. (ea - plant™) (kg - 10a™)
CM 27.6 ab 114 a 16.9 a 4,188 a
PM 29.0 b 114 a 180 b 4,638 b
GR 26.3 a 11.1 a 17.2 a 4,070 a

‘Root media : CM(Mix. based cocopeat), PM(Mix. based peat), GR(Granulated rockwool)
YMean seperation within columns by Duncan’s multiple range test by 5 % level.
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Table 12. Effect of training duration on daughter plants growth in ‘Seolhyang’ strawberry.

Fresh Root Plant Root Crown First

Treatment weight weight length length diameter root No.
(@ (@ (cm) (cm) (mm) (ea)

60 BT 10.5+0.5 5.9+0.6 25.6x1.1 14.3+0.3 9.3+0.3 17.8+1.1

75 BT 11.4+0.5 7.8+0.6 25.3%+1.3 13.9£0.8 10.4+0.4 31.3£1.9
90 BT 11.9+0.5 9.5+0.2 23.1+0.9 13.5+0.2 11.7£0.2 29.1+0.9
105 BT 12504  10.0+0.5 23.0%+1.2 14.0+0.3 11.1+0.2 26.9+1.0
120 BT 12.2+0.4 9.4+0.5 22.5+0.8 15.6£0.9 10.9+0.3 28.8+t1.2

Means by 10 plants

Table 13. Effect of training duration on daughter plants growth after 2 months in ‘Seolhyang’

strawberry.

Fresh Plant Root Crown Pedical

Treatment weight length weight diameter weight
(@ (cm) (@ (mm) (@

60 BT 134.2+2.2 33.6+0.3 18.8+1.2 15.7+0.5 57.4+3.6
75 BT 147.8+19.4 36.0+1.0 15.7£1.0 15.8+0.1 64.3+13.6
90 BT 156.7+2.0 33.1£0.5 21.2+2.0 16.4+0.1 67.5+5.2
105 BT 150.5+13.6 33.9+15 20.1+1.3 16.3+0.4 60.9+10.3
120 BT 122.0+14.2 30.2+1.2 20.2+2.7 17.4+0.6 449+12.1

Means by 9 plants
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Fig. 11. Effect of tranining duration on budding of first and second cluster in ‘Seolhyang’
strawberry.(Budding days » 50%. Means by 60 plants.)
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Fig. 12. Effect of tranining duration on flowers number of first and second cluster in
‘Seolhyang’ strawberry. (Means by 60 plants)
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Table 14. Effect of training duration on fruit characteristics and yield of first cluster in
* Seolhyang’ strawberry.

Treatment Fruit weight Fruit No. Soluble'sohds Yield of first cluster
(glea) (ea/plant) (°Brix) (g/plant)
60BT 21.6 ¢ 11.3 b 11.7 a 2445 ¢
75BT 20.8 ¢ 121 a 114 a 252.2° b
90BT 26.0 a 109 b 115 a 2832 a
105BT 252 b 109 b 113 a 2739 a
120BT 26.3 a 10.0 ¢ 115 a 263.3 b

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

Table 15. Yield of ‘Seolhyang’ strawberry affected by raising seedling period.
Yield (g/plant)

Treatment
Nov. Sept. Jan. Feb. Mar. Apr. Total
60BT 21.1 140.3 83.1 226.2 182.0 180.8 833.6 ab’
75BT 20.7 146.4 85.1 224.0 145.9 169.3 830.1 ab
90BT 19.5 189.1 74.6 230.9 172.6 159.9 846.6 b
105BT 4.9 1724 96.6 214.6 186.0 156.0 830.5 ab
120BT 5.7 173.8 76.9 235.7 180.9 180.5 860.3 a

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Time 7:30 8:30 10:30 11:30 13:30 14:30 16:30 17:30
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Air moisture(%) 69.8 482 358 322 276 301 26.3 332
Lightintensity(klx) 44 133 20.5 21.0 16.9 129 9.3 5.5

Fig. 15. Effect of irrigation times a day on soil moisture content at Sep. 11th. zlrrigation times a
day. yVolumn water content. Data are presented as the means of three replicates,
while bars indicate the standard deviation.
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Fig. 16. Effect of irrigation times a day during a month on root condition.
“Irrigation times a day.
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Days after planting

Fig. 17. Flower budding ratio of first and second cluster according to PO film mulching after

planting of ‘Seolhyang’ strawberry.
Table 16. Yield of ‘Seolhyang’ strawberry as affected by PO film mulching before planting.
Yield (g - plant™)
Treatment
Nov. Dec. Jan. Feb. Mar. Apr. Total
Cont 20.7 146.4 85.1 224.0 145.9 169.3 7914 a*
PO 128.1 108.8 98.3 220.4 239.8 196.0 9915 b

“Mean seperation within columns by Duncan’s multiple range test by 5 % level.
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Fig 18. Flower budding ratio of strawberry affected by irrigation start time of fertilizer solution
at after a month planting. Data are presented as the means of three replicates, while

bars indicate the standard deviation.

Table. 17. Characteristics of plant growth affected by irrigation start time of fertilizer solution
at after a month planting.

Fresh Root Plant Root Crown First
Treatment”  weight weight length length diameter root No.
(g (g (cm) (cm) (mm) (ea)
Cont. 52.4 a 122 b 30.8 a 33.6 a 12.3 a 30.6 b
7 459 b 116 b 28.7 Db 30.1 b 12.2 a 352 a
14 41.8 ¢ 156 a 27.0 ab 33.2 a 12.3 a 34.4 a

“Irrigation days of fertilizer solution after planting. Fertilizer solution was EC 0.8 dS - m™, pH
5.8, 1~6 time a day. Mean seperation within columns by Duncan’s multiple range test by 5 %

level.

Table. 18. Yield of ‘Seolhyang’ strawberry affected by irrigation start time of fertilizer
solution after planting.

Yield (g/plant)

Treatment”
Nov. Sept. Jan. Feb. Mar. Apr. Total
Cont. 128.1 108.8 98.3 220.4 239.7 196.0 991.3 b’
7 98.4 125.4 93.4 209.3 214.1 200.7 941.3 a
14 78.4 153.5 112.4 219.1 2334 181.2 978.0 a

“Irrigation days of fertilizer solution after planting. Fertilizer solution was EC 0.8 dS - m™, pH
5.8, 1~6 time a day. YMean seperation within columns by Duncan’s multiple range test by 5 %

level.
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Table 19. Effects of planting date and root stress treatment on growth at Oct. 6 of
‘Seolhyang’ strawberry plants.

Plantin Treatment Plant Plant Number of Crown Petiole Leaf Leaf Leaf
g 7 height weight primary diameter length length width
Date (D) (T) number
(cm) () roots (mm) (cm) (cm) (cm)
Non 259 2 370 a 19.7 bac 194 a 1103 b 78 a 139 b 255 a
RP 25 258 a 372 a 213 ba 19.7 a 1109 b 78 a 141 a 256 a
Sept. 7 RP 50 255 a 350 a 228 a 186 a 1119 a 767 a 135 b 242 b
UR 10 234 bac 3.7 b 211 ba 186 a 977 b 740 ba 116 c 222 c
UR 20 238 ba 26.1 ¢ 199 bac 169 b 827 ¢ 707 b 111 d 207 d
Non 20.8 dc 194 d 21.7 ba 154 ¢ 755 d 647 dc 109 d 198
Sept. 14 RP 25 21.7  bdc 195 d 20.1 ba 156 ¢ 729 d 687 bc 102 e 188 f
RP 50 204 d 16.9 ed 209 ba 145 dc 657 e 627 d 103 e 185 f
Non 239 ba 13.8 ef 16.6 ¢ 135 de 579 f 6.00 de 87 f 148 g
Sept. 21 RP 25 235 bac 128 f 19.2 bc 132 de 5.61 f 540 f 88 g 144 hg
RP 50 231 a 130 f 19.1 bc 129 e 529 f 553 fe 77 g 138 h
D * %X *% *k *% *% *% *% *%
T * *% * *% *% * *% *%
D X T * *% HS *% *% * *% *%

“Abbreviation : RP 25, root pruning 25%; RP 50, root pruning 50%; UR 10, uprooting at Sept. 17; UR 20,
uprooting at Sept. 27.

YValues within each treatment and same column followed by same lower-case letters are not significantly
different according to Duncan multiple range test at p < 0.05 level.

*ns: non-significant; * and ** significance at probability of p < 0.05, p < 0.01.
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Days after planting

Fig. 19. Effects of root pruning before transplanting on growth for 35 days after transplanting
of 'Seolhyang’ strawberry root. “Abbreviation: Non, non-treatment; RP 25, root pruning
25%; RP 50, root pruning 50%.
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Fig. 20. Effect of cutting root before transplanting on first and second cluster budding ratio at
‘Seolhyang’ strawberry plants (Non: non treatment, RP 25: root pruning 25%, RP 50:
root pruning 50%). “Transplant date. Vars represent mean-+standard deviation (n=45).
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Fig. 21. Effect of uprooting after transplanting on first and second cluster budding ratio at
‘Seolhyang’ strawberry (Non: non treatment, UR 10: uprooting 10 days after
transplanting, UR 20: wuprooting 20 days after transplanting). Vars represent
mean+standard deviation (n=45).

BAQe Beleln van 229 o) 2EUAE AR BrIRe) B TR £ Wm
@ ATble 20, JHYel BE A= Yuo WAL 24 Y, Lo FA $ho
2 2EHAE MR AS 27 AN A &% FEob wobont AA £F =4 Aol
C ROl BTk 9 7 AW A £AFe e BAYel B I Ao nut
= 99 79 BA% PAele] A9 Y 95422H Hs) 9Y 14U} 99 219 AT AL 247

1
874.5g3} 621.6g01tt. Wt =71 AR Ao gdtel wElgE & ¢ AT T 25% @

A= FA P Hls o] xtolrt iAoy 50% SEA T o] A o4 UA skt
9¢ 79 AHABAA 50% dEAHETE T 909.6g0F Fx ol Hlsl] 95.3%2] FEHS B,

9¢ 14 AHAH= 811.0g/+= FAHE]e] 92.7%, 9€ 21¥ AHAH+= 509.6g/F= F+8]e] 82%=
Ueh F3FASE 3] Yehgth 27 92X st A SIS GFA] fete B
d(Duval®} Golden, 2002; Larson, 1999) ¥ Ageo] Ay “AH3 FFAA A2
de 593 A= :Mgﬂr 50%«] ‘%—Eﬂﬂ“ HEE QlTh mekA BE A2 A oE 25% o]



Table 20. Effects of planting date and root stress treatment on yield of ‘Seolhyang’

strawberry.
Harvest to Jan. 31 Total
Planting Treatment Soluble  No. of Fruit Yield Soluble  No. of Fruit Yield per
date (D) Ty solids fruit weight (e/olant) solids fruit weight plant
%) (ealplant) (g/fruiy ‘8P %)  (ealpland  (glea) ®
Non 108 ¢ 125 a 224 e 2789 a 105 a 419 a 22.1 e 954.2 a

RP 25 11.0 bc 114 ba 229 ed 2617 a 106 a 413 a 23.3 bedc 9615 a
Sept. 7 RP50 109 bc 103 b 233 ed 2394 bac 105 a 384 ba 23.7 bdc 909.6 ba
UR 10 11.0 bc 11.1 ba 225 e 249.8 ba 10.7 a  37.0 ba 23.2 edc 899.8 ba
UR 20 11.0 bc 11.8 ba 23.0 ed 252.2 ba 10.7 a 405 a 22.5 ed 911.5 ba
Non 11.0 bc 82 ¢ 244 edc 199.2 dc 106 a 359 D 23.8 bdc 874.5 bac
Sept. 14 RP 25 11.3 ba 8.0 c 25.3 bac 211.1 bdc 10.7 a 36.4 ba 24.4 bac 888.2 ba
RP 50 115 a 73 ¢ 254 bac 198.0 dc 106 a 338 bc 23.9 bc 811.0 bc
Non 110 bc 76 ¢ 25.0 bdc 187.8 d 105 a 263 dc 23.6 bdc 621.6 dc

Sept. 21 RP 25 116 a 51 d 254 a 1444 e 107 a 223 d 244 a 567.7 d
RP 50 114 a 46 d 25.9 ba 1251 e 106 a 20.7 d 24.6 ba 509.6 d

D *X *% * *% ns *% * *%

T * *% nS *% nS %% I'IS *%

DXT ns i ns xx ns xx ns wE

ZAbtgreviagon : RP 25, root pruning 25%; RP 50, root pruning 50%; UR 10, uprooting at Sept. 17; UR 20, uprooting
at Sept. 27.

YValues within each treatment and same column followed by same lower-case letters are not significantly different
according to Duncan multiple range test at p < 0.05 level.

*ns: non-significant; * and ** significance at probability of p < 0.05, p < 0.01.
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A5 3REIA - A 9% FH A TS 2 B wEFE ER
AR

1L Azt ¢FFE AL 284S A7 A% 7Y diFay Jls A

Adlet FF  EZobol” -"4 Aoz RY A Al rA= A=A
< AES] st AAF AFe AiNTable 1), FFo WE AEFELS i A=
SO}, ARk o2 BAHAA ZFo] dsstP o diuiAl 1.0 mg/L BA + 0.1 mg/L T1AA
Hj X ol Al 452 v ¥ ¥ 0.5 mg/L BA + 0.1 mg/L 1AA H7IAZ &A s FAS
sh&o] M FEe AT

= e i& of

ME 332 o

Table 1. Effect of combining [AA with different BA and zeatin concentrations on shoot
regeneration from petiole of gerbera ‘Gold Eye’

Plant growth regulators (mg - L™ Rate Qf No. of Shoot
) regeneration
Primary culture Subcultrue ) per explant

BA 0.5 + [AA 0.1 81 3.0
BA 1.0 + [AA 0.1 = BA 1.0 + IAA 0.1 69 2.1
BA 2.0 + IAA 0.1 67 1.2
BA 1.0 + IAA 0.1 57 1.8
BA 2.0 + [AA 0.1 = BA 2.0 + IAA 0.1 50 1.0
BA 3.0 + IAA 0.1 55 0.7
BA 1.0 + IAA 0.1 61 1.1
BA 3.0 + [AA 0.1 = BA 2.0 + IAA 0.1 53 0.7
BA 3.0 + IAA 0.1 38 0.5
BA 10 + IAA 0.1+ Zeatin 1.0 BA 0.5 + [AA 0.1 + Zeat%n 1.0 46 0.7
> ' ’ BA 1.0 + IAA 0.1 + Zeatin 1.0 39 0.7
BA 2.0 + IAA 0.1 + Zeatin 1.0 40 0.5
, BA 1.0 + TAA 0.1 + Zeatin 1.0 48 0.6
liA 20 + 1AA 0.1+ Zeatin 1.0 “gio 5" 1ax 0.1+ Zeatin 1.0 27 0.4
BA 3.0 + IAA 0.1 + Zeatin 1.0 18 0.4
BA 3.0 + IAA 0.1+ Zeatin 1.0 BA 1.0 + IAA 0.1 + Zeat%n 1.0 36 0.6
> ' ’ " BA 2.0 + IAA 0.1 + Zeatin 1.0 26 0.4
BA 3.0 + IAA 0.1 + Zeatin 1.0 17 0.3

AMEt FF ‘ZEoto]’ o JHMEACERE AEA AEs el A= AAEY FHE A

& A3, A3 WA At EE HUME A TolA @ HTbol i) AjEsEe] Sk
CHFig. D. 7ulel 71 siFRE25E e st 271 gA g 713 e Adshs
< AR 23 15 SR A ARl 7MY dEsdnkFig. 2. TS FF CEE=0t
o]’ o VTWHFRZRE dB <= MFAER o83t 7IW Bo| w7zt wE A=A A&s)
1S gt en o= 7Eo Hud AESFESHG o 2~3% A= STl xpdEo
© o g4 US4 F5e ez AR =4S Fystas dokFg 3).
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Fig. 1. Effect of medium gelling agent on shoot Fig 2. Effect of the duration of dark treatment
regeneration from petiole of gerbera ‘Gold at the initial stage on shoot regeneration
Eye’ . from petiole of gerbera ‘Gold Eye’ .

Fig. 3. Plant regeneration from in vitro cultured petiole of gerbera ‘Gold Eye’ .

2. Adlg} AFSHFA =S o] &3 B A83 Vet

7 R g ake] A egk migE A

253t WGA =S o] &3tr] flste] AMete] SAH A AR wiGE EdHE
2k 2} cocopeat, peatmoss, perlite, vermiculites ZH7Zb @8 =+ dAHHIEE EFstS =A
167}A] substratee] A7|H=EE9} 4tx W EF E4S A A3(Table 2), A7AEEE
perlite @87} 0.04dS - m™' 2 7}& Yk peatmoss @&+ 0.69dS - m™' 2 7 =S4T
pHE= peatmoss & 771 4.022 714 2Eka vermiculite ©877F 930082 7F4 Eokoh ut
9] substrate= H7IHAEZ7F 0.24dS - m™' oA 0.45dS - m™' W AR pHE 4.20014 6.055 %
At FFTEL peatmoss TV} 83%E A E11 perlite @877t 53%E 7FE wrgkon,
E7]148 59 substrate (cocopeat:peatmoss:perlite:vermiculite = 30:30:30:10)7} 1.4%=2 7}3

o o

=
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< perlite &-&77F 39.4%=
o]2]¢] substraters ZFT&F=E09]
&L 50.5~71,7% HY <to

ol

k31, vermiculite @& 77} 17.5%= 71 3t} =3 87 BHH&
7} wE9kal, peatmoss ©&TF7F 76.9%E  7HA )
58.0~78.5%, &71&FFE&L 1.8~16.5%% W3lZo] Zlow FEHF
AT,

i
%0

O

Table 2. Physiochemical properties of substrate

Substrate EC pH Total Air permeability Water holding

NO. (dS-mb (1:2) porosity (%) (%) capacity (%)
1 0.24 5.91 68.2 12.6 55.7
2 0.47 4.23 60.1 4.2 57.5
3 0.35 6.01 69.2 9.5 59.3
4 0.43 4.70 724 3.6 67.2
5 0.36 5.18 66.5 1.6 65.3
6 0.38 5.15 75.2 10.0 65.1
7 0.31 5.62 58.2 6.6 51.5
8 0.42 4.89 69.3 8.7 60.5
9 0.32 5.16 60.5 1.9 59.6
10 0.39 4.95 72.0 16.8 56.5
11 0.46 4157 68.5 12.5 59.0
12 0.39 5.42 71.5 13.6 57.2
13 0.41 6.04 79.5 6.9 71.8
14 0.70 4.03 82.7 6.3 76.8
15 0.04 6.53 52.3 12.7 384
16 0.09 9.23 67.8 18.5 50.7

gk, 167FA] substrate SFEE A¥E FHE oAt Adlsx: 0% =% 25C, 3=
7TO0umdl - M2 - s1e] =7 &te] AAAolA vk 20¢ Fo] WSS A A3N(Table 3), 2, 14,
15, 16" substrateoll A= FE7F BEF IAARSFATH ol @42 EF Ao Hlste] 2W™
(peatmoss perlite = 50:50(v/v) 2]} 14¥(peatmoss T&7)2 & pH, 15W(perlite TH&)
2o ECY FREfE, 16W(vermiculite ©87)2 @2 ECo FEEAFE 9 &2 pHell 71
3 Aog dAgHEch WbAG| cocopeat : peatmoss : perlite : vermiculite = 30 : 20 : 30 :
20v/vZ &3 129 substratex= AEE 100%, shoot A4 3870, A A= 2.8z HEF
280.0mg o = A} fFH ASo] 7t st

o,>"

r-{u: rlo
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Table 3. Growth of progagules of Gerbera 'Beauty’ when cultured at various kinds of
substrate mixtures

Sub- Survival Leaf No. of Eresh Dry B/A Root SPAD
strate %) area Shoots weight(A) | weight(B) @) length | value of
NO. (mm?) (mg/plantlet) | (mg/plantlet) (mm) leaves
1 100.0 110.2cd* | 2.1cde 1,223.2cd 85.2dfg 6.9fg 19.2e 32.7e
2 0 D D D D D D D
3 100.0 145.5bc | 2.6bcd 1,618.5bc 155.9bc 9.5bc 35.2bc 42.5ab
4 100.0 113.6cd 2.4be 1,323.6cd 113.5def 8.7def 27.2d 34.3de
5 75.0 102.3cd | 2.1cde 1,219.5¢cd 107.2ef 8.8ef 29.6bcd 40.0abc
6 100.0 108.2cd 1.6e 824.5de 105.8ef 13.0ef 28.3cd 37.9c
7 100.0 135.4bc | 2.1cde 1,239.2cd 133.3cd 11.7cd 32.8bc 39.0bc
8 75.0 85.1d 1.8e 452.0ef 62.5¢ 14.6g 17.9e 32.2e
9 100.0 145.2bc 2.9bcC 1,638.5bc 152.9bcd 9.4bcd | 31.5bcd 40.9abc
10 100.0 173.5ab 3.1ab 1,642.2bc 154.7bc 9.5bc 35.3b 37.8cd
11 100.0 213.9a 2.6bcd 2,048.4b 177.2b 8.7b 35.5b 43.9a
12 100.0 220.9a 3.9a 2,821.5a 282.3a 10.1a 45.3a 43.6ab
13 100.0 155.2bc 3.1ab 2,031.9b 185.4b 9.2b 27.0d 39.5¢
14 0 D D D D D D D
15 0 D D D D D D D
16 0 D D D D D D D

*Mean seperation within columns by Duncan’s multiple rage test at 5% level.

WA FEFE 71EY ZIHSAA A
TEE 2ty wYgEe ASS Hlug 47
BAS oA A, AT dEFT 4=
A A e} gi2E BT 28y o
T4 FUT wAS T FHslol
F53tA T S sucrose 30g

7}= substrate”’} #8392y shoot E A= 3l
EHAAE A vlste ThA A x2S B
+ AR2EEEY dABET SFHMAANA A
AFFol et dolvts AW Aezhed gdx%
g Aol

TR A} 2
oA FHALY AZAEojok ). o] & A=
o F7F M= YS5Hgo] golst
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: d
b 2o BSes ASo]l Ttk v @AY dudS 2AS7E 20 W 7P F9%ka
A7 I d de 318 Aasin o9k 22 AdelA & W W wYgERE A
712 o235t S W RS nHITH xS Q] YRS AHESke sl M 2
Ad Aoz AAHY o4 5 widre] ASAEE Hol Axs 270 WidEE o8] 7he
& Zloz Addn. 53] At A5 HAR SAA EAFE UE g2 WdRe] 49
A= olE Bl £F8A AMEstaL flernr AgEEl Tt Foll AZo] TAHE Aot
Bad 55 sty AEs el A B 2718 Aske Ao & Jow AddEy

Table 4. Subsequent growth of propagules of Gerbera ‘Beauty’ in automatic culture chamber
when cultured at different number of shoots.

Root Petiole  Leaf Fresh Dry

;a;rélple Sul(r;//:)v al Nféo(t)sf length length  area weight(A) weight(B) ](30/2
(mm) (mm) (mm?) (mg/plantlet) (mg/plantlet)

1 84.7 3.4b*  20.3b  24.2b  275.2b 608.2¢c 57.1c 8.7.c

2 91.3 5.3a  225b  29.1a  302.4a 930.7.b 87.2b 11.3b

3 100.0 54a  28.7a 23.5b 284.7ab 1,201.5a 127.1a 12.7a

Fresh weight ; 1 shoot(12.5mg), 2 shoot(28.8mg), 3 shoot(75.2mg)
‘Mean separation within colums by Duncan’s multiple range test at 5% level.

ZIWelFFe F= F7ed 35 T FARAE DElsto wide BE AE3 wigr]l
o] A g& uf wjYHe H{S HHA(Table 5), HZEL F=7 7T0umlm2s'Y wje} A | type &
710 WFHAE W 96.6%= 7HF Egkth 3, 5 F2AU0umlmAs Dt = F 7183
F7F M8 & A, typedlAE BEE Eo widste o] ERHo|Y. ol AFE Hol F
TE Eole AL mUdE A Aan A5 kg AYgoez nuwd ABE<l 40umlm >
stoll 718 w8 AZ F de Ajy-A type 715 o] &3t wjgsts Aol % wjldE A
sbo] 2l oz AT

FEI MS F7Ee sRHEA S AT A WYEE o] A5t 209 Bt wiYge
3 SHHNES EC, pHE HEEA 29AEES A 2 A7(Table 6), 129 EFAEW 3
7bek MS 7719 =7F AZFY o EC7F 7H zlew Tl vle) 48 7t =3t pHe
MS "ol 512 7F w3a 14wZFS H7HE o 5824 74 &3k+=dl. pHe MS d#o]
512 7F4 Srkal 1/4wmss H7H8S of 5824 7P E9hEd ol Z|UuigkA o 2dste
pH &7 Y3t AESE 29 7749 F57F 555 ©o| #Aded A5
iAol oo wel 77| FEE £ Fojof & Afole 2 A ¢ A AAE Al
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SAHE EdH(Table 7), 77149 571 otd 45 d&

7t AFY A ZFEo] Yobx 23]y ASo] JAEHIA

5 Aol Fohth =Y AR A2 1/2MS HiXE A

ool AFE FIe] B, MSHEF A9 vl 20¥ Fo= FES
?j [e)

=
A= AT F7lE FF0] ol FoiHok & Aot

Table 5. Subsequent growth of propagules of Gerbera ‘Beauty in automatic culture chamber
when cultured at different PPF and air exchanges per hour into the culture container.

PPF . . Root Leaf Fresh Dry

(umol-m g)r%talg Ro(oo/tl)ng Nf(;o(tjsf length | area weight(A) weight(B) ](3(%
257 P ’ (mm) | (mm?) | (mg/plantlet) | (mg/plantlet) ’
40 C 78.4 4.1b 17.2b | 342.5a 1,293.5b 114.3a 9.2a
40 A, 91.2 6.0a 23.6a | 224.2b 1,563.1a 148.4a 9.4a
40 A, 95.1 4.8ab | 20.8ab | 198.4c 1,594.4a 152.1a 10.9a
70 C 96.5 6.1a | 20.4ab | 310.1a 1,301.5b 131.1a 10.5a
100 C 93.8 6.3a | 20.1ab | 304.7a 1,324.4b 145.3a 10.8a

~

Substrate mixture used for test; cocopeat:peatmoss:perlite:vermiculite = 30 : 20 : 30 : 20(%, v/v)
C ; Natural condition and tightly closed container(0.01time/h), A, ;;0.5time/h, A, ,;0.5time/h
Mean separation within columes by Duncan’s multiple range test at 5% level

Table 6. EC, pH and degree of contamination in substrates? supplemented with different MS
salts strangth 20 days after culture in automatic culture system

MS salts strength EC (dS-m?) pH(1:2) Degree of contamination”
Distilled water 0.39 0.6 -
1/4 MS 0.46 5.9 -
1/2 MS 0.76 5.4 +
MS 1.23 5.2 ++

“Substrate mixture used for test; cocopeat:peatmoss:perlite:vermiculite = 30 : 20 : 30 : 20(%, v/Vv)
" - ; No response, + ; mild, ++ ; moderate.

Table 7. Growth of propagules of Gerbera when cultured at cultured at substrates®
supplemented with different MS salts strength in automatic culture.

MS salts Rooting | No. of Ifeeggtf Iéregfl Fresh( Av)¢e1ght Dry (\g)elght B/A
strength @ | 105 | Gum) | mm) | (mgplantle) | (ngfplantiety | %
Distilled water | 96.7 6.2a 24.9a 345.2a 1,027.9b 95.4b 9.5b
1/4MS 93.5 5.6a 32.2a 337.8a 1,014.7b 96.3b 9.7b
1/2MS 86.7 5.3a 34.5a 322.5a 1,149.5ab 179.6a 15.5a
MS 83.5 3.8a 29.3a 299.5a 1,342.3a 185.2a 13.7a

“Substrate mixture used for test; cocopeat:peatmoss:perlite:vermiculite = 30 : 20 : 30 : 20(%, v/Vv)
"Mean seperation within columns by Duncan’s multiple rage test at 5% level.
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Fig. 16. Effects of different concentrations of SNP on the vase life. (A), ethylene production
(B), and RFW (C) of cut gerbera flowers ( ‘Gold Moon’ ) during the vase life period.
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Fig. 17 Effects of different concentrations of SNP on the transcript levels of DcACO1 (A),
DcACS1 (B), and DcCPI (C) in the petals of ‘Gold Moon’ , which were collected
on day 9 after the treatment.
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Fig. 18 Effects of different concentrations of SNP on DPPH activity (A), ABTS activity (B),

total polyphenol content (C), and total flavonoid content (D) in the petals of
Moon’

, which were collected on day 9 after treatment.
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Fig. 19. Effects of ACC and ACC+SNP on the vase life (A), ethylene production (B), and RFW
(C) of cut gerbera flowers ( *Gold Moon”’ ) during the vase life period.
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Moon’ , which were collected at day 9 after treatment.
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Fig. 21 Effects of SNP (10mgLbon the vase life (A), ethylene production (B), and RFW (C)
of different cut gerbera flowers ( ‘Golden Time, Red Auction, Pink Party’ ) during
the vase life period.
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Alliance Rosalin Bintang

Fig. 22. Showing flower colors of the different gerbera cultivarsused in this study.
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Fig. 23. The effect of SNP on relative fresh weight (RFW) of the different gerbera cut
flowers (Alliance, Rosalin, and Bintang) during the vase period (days 3, 6,and 9).
Data are presented as the means of three replicates, while bars indicate the
standard deviation. Means with different letters are significantly different (DMRT,
p < 0.05).
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Fig. 24 The effect of SNP on inhibition of bacterial growth in vase solutions of different
gerbera cultivars (Alliance, Rosalin, and Bintang) on day 9 after treatment. Data are
presented as the mean of three replicates, while bars indicate the standard
deviation. Means with sterisks () are significantly different (t-test, p < 0.05 or p <
0.01).
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Fig. 25 The effect of different concentrations of SNP on vase life of different gerbera cut
flowers (Alliance, Rosalin, and Bintang). Data are presented as the mean of three
replicates, while bars indicate the standard deviation. Means with different letters are
significantly different (DMRT, p < 0.05).
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Fig. 26 The effect of SNP on transcript levels of a lignin biosynthesis gene (GCCoAOMT-3)
and PAL gene in stem segments of the gerbera cultivars (Alliance, Rosalin, and
Bintang) during the vase period (days 3, 6, and 9). Data are presented as the mean
of three replicates, while bars indicate the standard deviation. Means with different
letters are significantly different (DMRT test, p < 0.05).
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Fig. 27. The effect of SNP on DPPH and ABTS activities in the stem segments of the gerbera
cultivars (Alliance, Rosalin, and Bintang) during the vase period(days 3, 6, and 9). Data
are presented as the mean of three replicates, while bars indicate the standard deviation.
Means with different letters are significantly different(DMRT, p < 0.05).
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Alliance

Bintang

Fig. 28. Comparison of cut flower stem surfaces in controls and SNP treatments of (A)
Alliance, (B) Rosalin, and (C) Bintang on day 9 after treatment (Scale bars indicate
200 mm).

Fig. 29. Observation of bacteria on the xylem surface of control stems of 'Rosalin’ on day 9
after treatment (Scale bar indicates 20 mm).
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A6d  4H-s A - aFE Al ks 2Rt A Al i

L dzgs) 324< A% F3AWE 871 2 A A" A

=
Aol g FES FAZ F A/1BA ASE VERA Z;IES FE AHT, F7127

S+ dgolE, HulFEgolE, ¢H Fo] AEETHKim and Kim, 201D). S ER A= G4A 78
T A AHEI 74 wEel 249 MYERA JHE Bol AEEE frlEEoH, EgolE
= MIFES B71A4S F7HA717] f18te] Zo] o]gHtHlee and Choi, 1995). ZIZ I E+=
ER 2ot fASIY JER2 QAR Z A5 AFS-EHIL 9lew (Fonteno, 1996), Hu] &0l E
T 52 5718 FEERYES 2+ ARl AHKim, 2009). dHMiAE ol7F AFAoE
AN

HiE o], Aw], Az L Fhdlold Fo HstReol =sie} ZAAE L T E3slFe <l
THIA2A dE B 3 9thBovre, 1986; Lee et al.,1987). 2z}, +He 24 A& A
Z1A o] A" = e AHo] YA (Jeong and Lee, 1987; Jeong et al., 1988), 7}Z o] H

g FAASIE AT B o AAREAIS] QB o] Yol &
AAE w71 AAES A e Aotk (Cho et al, 200D). =g A & #H 7| A 7}
o]H i ECY 5280l oy olF tiAIsHY] #3 kg wiA o sido] a3 Aot
(An et al.,2009; Kim et al., 2000).

Auleke]l FAAA Flol B ATE 24 2L wxol tal F2 olTolgor@ F
2011, 4 & 2010, 2 & 2010, 2 & 200D, ¥ A9 Fd=x4d2 HAAHEALN-NO)eF =
FEALN-NH, N-NH)S W&ol Th2 o) Ash B2 o] S8z Aelsigdn o A
Bol b % vlFadke 2AnE ¥ 13 2ok

1 GNFRE O 9 vgase] x4
7 % F A &l B
N-NOs 5.5% 7.5%
N-NH,4 3.5% 1.5%
N-NH; 10.0% 8.0%
P20s 19.0% 8.0%
K0 19.0% 26.0%
MgO 1.0% 2.0%
Fe-EDTA 500ppm 500ppm
Mn 250ppm 250ppm
B 75ppm 100ppm
/n 75ppm 75ppm
Cu 55ppm 55ppm
Mo 35ppm 35ppm

¥ FEHYE FH7|Agdold, SH-170005 ol&3std FHH+= ¥FHe ECE 0.5,
1.0, 1.5, 2.0dS - m™' & 4¢Fo g o 3FF At 50mLE 23] A
74 20cm, ®ol 20cme] 3HEo| AABHE(CDHAZE 23, Auto])9t HEpolE(W)E
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® 3. A7 FEdE TR

T & PA type PB type SA type SB type SC type
3 El A & 48 s AP ALZFHE 2 ARZpHE 2
L1 =27] A7 15cm 217 20cm 60X 44cm 60 X 44cm 60 X 44cm
9] E=o] 15cm 20cm 15cm 20cm 25cm
AT 15 1= 25 25 3T

PA type | PB type SC tpe
a9 1. wjgF871E Ave AAFEE v

A L7 IEE ASHATE HAE 4, 219 2), stEFH 2] PA typest PB type2 HG Aj4
FE 247, 8FE A4S Boh BAAT ASo] ta AxREPow, AZTFEH Y AH]&
7 Ae 8719 274 Ae AS BT 165771 BAe] bty 8719 374 AS Aee
24F77) Aol JhEste] Z7] kol Hdhth md A E71FEIS] SA type , SB type , SC
type& EHolo w} A&xto]E B 4 A= 15cmet 20cm HohE 25cm € o) ASo]
SR ole 27] Zde o] w21 FEFT &oladd AR Azt

34 A 87 FEE Adeke] S

T & 3} 73 73 (mm) A g Aem) F 7 F(EF) AAFFEEE)
PA type 3.7 32.0 0.8 24
PB type 3.9 39.7 1.3 18
SA type 4.7 38.5 2.0 16
SB type 5.0 40.0 2.2 16
SC type 5.9 42.2 3.0 16
SC type 5.5 44.3 3.5 24
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x5 AFEE ELAYUE Anete] AdEv vl

Substrate Fresh wAeight (@ Dry We]:gight (€)) BIA (%)
Perlite 50.1 14.9 29.7
Peatmoss(1) + Perlite(3) 53.1 15.8 29.8
Peatmoss(1) + Perlite(1) 57.9 13.8 23.8
Peatmoss(3) + Perlite(1) 70.7 20.6 29.1
Peatmoss 73.5 12.6 17.1
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3. Avet AN A2 A

AwEts ASAdoZ 132 Ry F83517] wEe x7] 2@ Ry} a3tk £A AN
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6), XU T+ HgolE ©go] 0182 VI Fu HgolE &3to] FolA4E 7fd == ZFo}
Hom DER2: drgo] 01g/aiz 7HE AUt HAEFFS WE HEolE @&o] 7HR
A HefolE Eifo] oAy E @Hgkow DER W8o] 638%E M BT EY A
FolA 714E Bt o, Heo|EV} 55.6% 2 7HE Egton HeglolE Eigo] HoldLfE
=2 V&S R

¥ 6. Al 1P AE =23 EA
) U= H &+ 717
(g/c) (vol. %) (vol. %)
HelolE 0.18 36.8 55.6
ol EQ) + JERZ(D) 0.14 43.5 50.3
depolE(D + I ERE (D 0.14 51.5 41.9
ol E(D) + I ER () 0.12 52.6 41.2
JER 0.10 63.8 30.6
PR FFEE FA T ASEES HAGE D, AZYUS dyn] F FFolA 25 o]
E &8 uf AEE0] 100%2 78 E3kal, HEolE EEHE0] PopA 1 JER XS E§&
Hl&o] ZoldarsE HEEE TASAT ol 7] TAFH QoA EAEEL} 74| &
= AP AE ARGk Aol 1A FHe} AlZE A et A2 AdHTh

3E 7oA g AE Y T F5E ASE%)

T ET I
ool E 100.0 100.0
elo]EQ) + JERZ (1) 100.0 97.8
HElol E(D) + JERZ (1) 91.1 60.0
Hepol E(D) + JEE () 88.9 53.3
e 64.4 42.2
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Ak A4 30 Foll FMARE PSS Hlals] HARE 8), FAAD)e] Aole
PR E HHoE @8O 2 AET A 181lcm=E /M AJa Bl AEFTE 7.8go=
Mg 9kt HElolE EftHl&o] Woldaes F2o Aol HETol WolAle FEFS EA
o At A 27 AEER PSS 1AL =9H 54 FolAM §HLRES}
71740l 7t & HEolEVE fEld Aoz AdEHY F5 AuAxEz ST S A
A AF7F s o & Aot

3 8 7l 1P AE A4 30d F PSS vw

T F4o](em) AEF@
HeolE 18.1 7.8
He}olEQ) + I ERE (D) 16.2 7.2
HepolE(D + JER2D) 13.2 7.4
HepolE(D) + JER () 11.6 7.5
HER 2 13.5 6.6
Avlet 1FulAE G4 0¥ F ALE ASES vus] EUGE 9, AEA 24, 47 4
Zo nPulER F o7t glAoy AAFS YERS @go] 7358 07 A =gta H
ZPolE wgo] 50.1g o2 7 vkt &d @ AHE B w2y 7, 8), YYO)EE AL
NE A FTH Ao Lo Egkoy MERA B8 A AT A Ao B S
7F gl FIlE QA3 AEE T4AE I & 5 AT

£ 9. Ave DFMAE P4 30Y F AR ALH @
7 B 2% | FEEF) | DZm) | AAEQ
HefolE 19.8 11.9 5.6 50.1
Aol EQH+I E R (1) 21.4 12.7 5.4 53.1
Aol E(D+Y E R 2(1) 18.3 10.9 5.6 57.9
Aol E(D+I E R 2(3) 19.5 11.8 5.5 70.7
JER XA 19.5 11.8 5.2 73.5

a9 7. nFuAE R S(EEolE)
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a9 9. A F2 §F LA

L Al iAo Fa e s E A

(D Sl o 7~8doll Augtel] F33 FFol o, FELFS ES Tteldte AFEA S
ol Fgo] BErbsstdet 2718 WAAZE 1 Alsris g7t A A

(2) BE]gof « BEZofo o3 Hs= A=A AW FASt StoE FEE7F I
sS4 duFor #wFEo] sttt B3A G Adlet FIlA BT BESols B A
d - AujAIzro] Age met JAH FErt Al A BElgofol tid kAl E #FI F
ojof B Ao] ZhsstRti(1d 10, 11, 12).

ol

(3) B/ - sPaue] 37 53 FEvest AWRA £ A5, A Qo] wAo
g@ae] e wATHE ol Ao mow FA YN AATAY LA Fgol

et o714 o AAEE ga02 ety £7] AR Yo Wolrh WE ABA
Qgstel A7NE7 wide o) FUAAPoEN NBA AAHor WA Ak 13,
14).
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5. Adlgt F8 5 A A" AL

7h TR 27 A% HubolSof EfiAE A
Hurolgof ERAEL Awety] sk} dF, skA, AeE
g T THA A ES WG R 243 B9 Hubo] Fefol =
o] IEE XAEIFTHIE 15). ZAdFE, 71A, 7tuEodAsE d9
2 UE7F w2 A, aF, HelE, FhlelA. WgEss A9 3vtd] vtes WEV}
stk Hubolgol WA ojH 2r]F EQHBE FEF, /M, AutFol T ol
o}

a5, FolE, FhdlolAd. |
= F A=EE o] gl
&

3po] o7} 10v}elo] 0.

o 20.0 -
21
16.0

B~

12.0 -~

4.0 +

H B =
-4.0 T T T T T .
0|

-y ZHx nors s Sol= FrdlolE L ==

1% 15 AEE Fubo]Sof %
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FAMAF EFHES 5 5714 4
B 7207 B9 FAMEC) wF ¥ A2EE FA¥ee] UEE 2ASATHIY 16). 57}
A AE FAM A} AvtFe] FAMHA ] VIt whoL FAMAE BEoG BAS

BRE A&HOR Fo| et HEL AUslclol EQNER

R AN
1Y
o

it

ZHH| 0] 43

d

x| A 2Hs 7hOrsS

a7 16 A= FAEY R 25

o}, 3}stekA] Aol o8 WA Ev

sl53 WAE 95t kAl Ay EAL HUAE 10), 2PYH HAZE SA <
gol Bart glal shetekAl Ao Fag 4R Fo] 2002 AHETIE AHEste B

H13ke] 1/5~1/20M1 2 E4H]Fol ?‘*‘i’iﬁ‘r HIANGL 46N BAEE BPYA ] 0EREG
8~12vf7} A}, EFAA= 4.3~8.3um=E #3Y2] 30um R} wf- v AT

T Zr g A7) A7 (H LA
A Q1 <l 29l
3}ekofA| 314 Eaw 200/10a 100~400¢/10a
AR A7 4~6h 0.5h
FHEA =} 4.3~8.3um 30um
Hufolgoff, TAEH T el Sl st FxHEE LAZE ZARE AI(E 1D,

G A D A Bl S WA A% LAvAdA 19955 79 Fol 110l
4ol A ol s w2 $A7IE 2n 7Y LAoR 2 1 $)
A7TE 95.8%E EA{T. AAEF7IY A, 18X gsta 7€ Fof 8.6utg]7t wAIES 70.1%
o PAE y_gm. FARAY ASE Wutolgo] mohe WAL 23 dge dAd
WESL Solal WAL 2] olzi ol AT FF AZAZL Basith dRE AFeA
A% 27 WAL A FRET 59, SARAE B ol Foly] WE HAv} vAE
2 o0 W% % 3lE 2UPWALIF LYERS) ne BRAY Aoz s
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® 11 s Fol oA A= HE LA 7H%)

L | AR 9 =v s A IQHEFT]
o)A}l = (u}ﬂ;/%) 13) A g 23] = g* 13 A 23] A ¥
d 5 149 & d 5 149 =
Zuto]-g-of 12.4 94.5 95.8 70.1 73.1
A F 2.2 90.2 89.7 68.4 71.3

234 13 H 8 T 7Y Fof 134

oAl 7)o WAEd= 2™ 17, 18A & w, 2r|doz AFGelA AdH F
AZrol A Rk oty AEAe] HAld ZTaF o] e & glojx A7t
AzEn. FgAlzieke] AREE Ao o slHol oA FeAE F2eta

& AR O28e B9, 7-1I8mAA ZAVE BEF wkee AL, 1A
7Is3 &%l wek o W2 Ao Al Vbe € A= ddd.

6. Adlzt 738 A" A7 28 R ALF B

P R el B i e S B

BEAY Azt FAA A R AN A
gate] AEAME FdsAeH, 71 Bt A HA Tl Aok

FAAN2E HEEhel BE FFA A A (Fr7d 4+ 57Dl 2018 9€
BAE) 3871385 MHstal 1 A= of ok ZeiE 12).

Ak @Al A FF2 FRY’ T AFOR FF T 7 4000575 2018 44
259l gAstink. FAuiAol lojA A zT]ol= HepolE Thgo] g 8l K f
gty oy 1 o3 delolEs} MERXAZ 50% ¥ E&F WAt FEAdo] Ekm A
BlgF 2= gapoginh

& 9iskel 2017ARE IFA 257E
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54
© 3} =Y (Harmony), 20101 54
St A 319 s14(cm) | A3 em) | FFHE/F)
Ay Rl 11.8 57 57
: A 719(SunGreen), 20143 54
Sl A 519 stA(em) | s em) | FHHE/F)
=AY HHE 3 11.6 50 o1
- AU o](SunnyDay), 20163 54
St A 313 st (em) | AsHem) | FEHE/F)
A Ele 13.2 53 52
. A4 (Symphony), 201013 &4
3} A 3} stA(cm) | s em) | FHFHE/F)
o zA a2z 115 51 50

AUHelE B, B, NSNS 5 RE 2AFEAN £ BAHE Bl SEwo} 7}
# wsk3 SEUE SAelH AESL dol Ao] gaithe ks Made Yo
Aol AYE Hrlrl AUAT AutR o7 FIPgon, AXUE FEFalo] Holx 1 7
3} Wgo] ol 7|Z 57 e ol

B A i 152310 52U RS
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7. A FAANE FFT S R AL
7h AW E FET54

Aulet FFEFAEN B 7= AT wHlE 5 AT A, s8AF 123 544
3z

4, 9% 33 SA44A B F53 S 399 A oE UG
JdEud= 3€~44, 94~10€ 242 R Frsidd T4 2ddA AAsT. 3 54
= 7H 5 wul BEEOE o] &5ty wo|H o] X REH T 163xF o2 st 2023}, A F
st 853}, AT A= 38604 AU

wal AARA 12 AT A, 3, = 2Ne5A = Bt

2 FRIAE AR
d 20).

L [¢] = ] FT)LE-
qFol A HE 17257 ARste] AE 58%% BATHT

stod 2,97170 9] %

oL
>

8 % }
3 ATl thstel FE S42 9% A% 2 WS4 A4 5 1 ARSHARE 59
At} shalo] At sao] AL A AT ABAE
A%, 1070 ol ge] AAE Fusiel FEFAL 9% N8 54
23k SHAA S FaAsA

20143 A5

[e)
off Ate] Bl

oft o S of

o] Wl G14-06-18 Al Ao vbyg 3 319
14-09-2 AlE S°] 3 Alsoz ARHAJAKE 13, 719 2D.

3E 13 Fa AT AT ME5402014d wHiAlS)

AUH S 3} 33 3}A4] A 374 ZH(em) 3}(cm)
G14-06-18 a4 A HEE ZzA 55.5 11.8
G14-08-2 2 A HHE A 38.5 13.5
G14-09-2 Ah Ay e =4 48.0 10.0
G14-16-10 2 A Llcbt =4 50.0 12.5
G14-23-2 A A% A 45.0 9.0
G14-28-1 Aw HAZ A 42.5 10.4
G14-40-1 A W% Zz A 43.5 9.4
G14-44-2 3y WA A 52.0 10.2
G14-63-4 T3 W Zz A 55.0 12.2
G14-70-4 = A Ll zA 43.0 9.7




G14-06-18 G14-09-2 G14-28-1 G14-44-2 G14-63-4
a9 21 22 8 AS(2014d wn))

20139 =0 wulgt AlF EAZRANAE £ 149 I7 22014 Hi uke} o] Aol wb
Ax 3ol SA9 A 13-028-017 Alsy el wbhE 3o FAje] 344l
13-028-030 AT, Ad742 wbgxE st Ao A4l 13-045-034 A
A5 oA - AFez AdEAH.

offt
ojf
)
SO
A

F 14 F2 AT AT M523 a#iA )

ASHE | S8 | 8y s | s | B8 ﬂj & ﬁ(i“}‘“) HEE
13-026-010 T/ | HEE | A 7.2 58.0 4.2 5.4 16.1
13-028-017 Z A HEHZE | A 8.3 50.0 4.7 6.6 25.5
13-028-030 &AM HEEE | A 6.4 49.5 4.0 5.5 15.0
13-033-015 TZA Lz S A g 12.3 59.0 4.7 5.6 27.5
13-045-020 A2l £ z 9.7 42.5 4.8 6.1 22.9
13-045-034 AT dbEE | 2 10.5 54.0 4.4 6.2 20.5

13-028-017 13-028-030 13-033-015 13-045-020 13-045-034
a9 22, 2244 8 AS(2013d wnp)

20129 =0 wHld AT SARAAE AxmAe] wbgE sgo] Ao 3414
12-001-149 A =3} Z3Ao] kA% 313 =0 A Ml 12-014-049 8

ol ZAol BA Al 12-014-138 Al Sol A A4 oA ¢33 ATz A
HATHE 15, 18 23).
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¥ 15 F8 A% A% ASEH012d wulAE)
AsHE s | By | gas | oS %ﬁ@--ﬂf@@gy 3%
12-001-043 2 A4 Llzeis S A 13.5 38.5 4.7 6.5 24.8
12-001-149 | A=A | w2 A 12.0 47.0 4.5 6.4 27.0
12-012-014 R =% 54 11.5 36.0 4.7 5.9 22.4
12-012-146 | X&) | HbgE 3 A 10.2 50.5 4.0 6.5 22.5
12-013-017 54 Llels A 11.0 44.0 44 6.1 20.8
12-014-049 T Lleis = 10.7 51.0 3.3 2.0 17.0
12-014-138 A =% =41 9.6 60.5 4.2 5.8 20.5
12-015-062 A LlE s =AY 12.5 50.0 4.2 6.1 23.2

12-001-149 12-014-049 12-016-133 12-014-138 12-012-146
9 23 2234 F8 AF0129 1wl

Do
(

i
ox
N

1- 2% A& B3 A AdE $F AYATS FF55S #18 UPOVEALZ]F
e EA A 2 H3 FEFS AEFE A, A - FEA Ui AxE AdEA 2 84
FT H/MEE 5% VIEE HUME FI% $(E 16, 2Y 24, "M 9 FAEIQ
05-314-036S HZAWsle] TR ITZYsIe] 2018 40 P EAYOoZRE EZRTH
TEZTE ASSFAHHE 25).

3 16. 32 SAHA A 23EA

34474 | Aas
AsHs | 34 sy | s | o B (m) | S8E

48 (2ol [ =
10-985-1 &5 HHEE | A 12.1 525 [ 40| 65| 53 | 16| 215
10-1094-3 AT £ =M 11.3 50.2 | 41| 46 | 44 | 1.3 | 14.1
10-1341-1 | A&5/8A | v | 2 11.1 455 |43 149 | 42 | 1.1 | 14.8
10-1346-1 | +3}/33A4 HhEE | 2 10.3 554 | 48| 58 | 44 | 12| 215
10-1346-2 A A HhEE | 72 9.2 61.0 [ 52| 57 | 42 09| 210
10-1459-1 2 A4 =% =AY 11.2 475 |49 6.7 | 51 | 1.5 | 255
05-106-23 T4 =% A 9.3 440 |50 58 | 40 | 1.1 | 19.6
05-314-36 1] A4 =% Z A 9.1 42,3 14359 | 42 | 12| 172
05-675-27 &5 HAE | 974 | 82 40.0 |43 63| 3.8 | 1.0| 152
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10-1094-3 10-1341-1 10-1346-1 05-314-036 05-675-027

% 24 3 2 AlF

FEESH7IEY TS ATE0dAM ST At FFo ERFTEREAY ARG

AAAE SeEhs Y8l 20199 2€9 28Ul 3l EHrIsAE S} oA tS AAdstdor, AA

ZRE7IZF F ALY ZRE 739 201993 39 1Y RE 202613 2¥€ 28Y7A 2 &},
W FHO A4 W An 2o A AT
| 2 & FrSHAATF LA §9F At FFTY HAESZ O E(TEHT
5011), ZFZeo|=(SEWM T 7087), olH e}z elo|=(SEMS 7077) 3EFo|H 73zt E T
A gL 21,4205 2 7142 528,0009 0.2 Al oFsHtHE 17).

A

1— (

=
[}
FTERIY |FRAAFE HI3AD | 71EE |87

SEE T & B e b byt b BEEHD) | (2DE)| @)
HZxglol& | 5911 2036.03.02 7,020 1,200 2% 168
74(2])3} Idxzgol= 7087 | 2038.04.10 7,380 1,300 2% 192
olH e}xzglo|l = | 7077 | 2038.04.09 7,020~ 1,200 2% 168
% A - - - 21,4205 - - 528
SaA AAS AMer 5o FRENS W 1804 wi uieh Bo] 2014de] WEE &
a8 BE, A% Eoluaon $4% WEreolse) 05UEe tEsE e WAz,
BEA9 maTetols, 2016@Ee] FEHFY L ojolnel M9l ojHeEeols S 3FE
ol .
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18 38 FoEA4
A5 54 SAAUE FREA SA713H
HEixgol= 2014 |H3lg, 283}, £, AFH Eolgy HE=d
Adlgt| ZZZgole 2015 |d3g, &3}, g, 25 AEZY
olBelszglolt | 2016 |H3E, FFI, L, ofolrngA AEZY
SAAA AAE Y3 HJEZxgolre FHAuAgATHEF SIS FAuiHE A 30ha, had
FALLF 6000055 7EoR FAEE] Hie R TF5AY HAlsE 52 gasd
Tdatel A & 7,0205% AEFATHE 19).
% 19, Favdgsd dENAFEED - HExol=
At FFA 28%F 52FA] Ao Y
oo [FTHAN had F4 | FALLF [FAETY| 5ETAY (T BHAHFHF)
T AN | 28%B) | (O=(AxB) | 48D [AH7tsE)| B)=(C)x[D)X(E)
1 | 30ha | 60,0005 | 1,800,0005 1% 3% 540
2@ | 30ha | 60,000F | 1,800,0005 1% 5% 900
3@xk | 30ha | 60,0005 | 1,800,0005 1% 5% 900
432k | 30ha | 60,0005 | 1,800,000% 1% 5% 900
5¢2F | 30ha | 60,0005 | 1,800,0005 1% 7% 1,260
6=t | 30ha | 60,0005 | 1,800,0005 1% 7% 1,260
7@z | 30ha | 60,0005 | 1,800,0005 1% 7% 1,260
3 A 7,020
Fgaolee] FRuldAFT HEUde FRANAAY FALeF D FAFEFY HH
& SE2E20 AGISE S Zoste] 7dR AR = 7,380F2 A2 G THE 20).
3 20, FHAAQATF AASWAESH: Z2xgo]l5)
A FUFA A8 SETA T
e | A aS A FA2LF [RAEEA] §FEA [T BUAAFFF)
CTTT I HAWR) | 28FB) | (O=AXB) | HHFED) AR5 EE)| B)=(C)XD)X(E)
1d = 30ha | 60,0003 | 1,800,000% 1% 3% 540
214 =} 30ha | 60,0003 | 1,800,000 1% 5% 900
3l =} 30ha | 60,0003 | 1,800,000 1% 5% 900
43 2} 30ha | 60,0003 | 1,800,000 1% 7% 1,260
54 =} 30ha | 60,0003 | 1,800,000 1% 7% 1,260
61 2} 30ha | 60,0003 | 1,800,000 1% 7% 1,260
7A =} 30ha | 60,0003 | 1,800,000 1% 7% 1,260
g A 7,380
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ojpetzetolre] FRAHrY AEde IFZetolmg FASHA IiAE AL F
A8 F B FAEETE] HRE, 5S4 AArbsE o= kst TdAtel dA F 7,380
TE A=A THE 2D.

3 2l SR AW AEEH: | HepxeolE)

AL 7 SA 28 TETAL] A

oo [THAE had T4 FALLF | FARESE| $EFA | A A )

TTT I HAW | 22%0B) | O=AxB) | Z/E0) | H{HEEE)| B=CO)xD)XE)

13 =t 30ha | 60,0005 | 1,800,0005 1% 3% 540

213zt 30ha | 60,0005~ | 1,800,0005 1% 9% 900

3zt 30ha | 60,0005 | 1,800,0005 1% 9% 900

4= 30ha | 60,0005 | 1,800,0005* 1% 5% 900

51 2} 30ha | 60,0005~ | 1,800,0005 1% 7% 1,260

613 =} 30ha | 60,0005 | 1,800,0005 1% 7% 1,260

73zt 30ha | 60,0005~ | 1,800,0005 1% 7% 1,260

g A 7,020
8. Az}t +AAMA A2

Adet FEH8 AERE A= A AT deteld s FFOA Aol AEEe 5

ol 80% BE JERRI YERF FEAE AR T =

SATHEE 22, 17 26). wEbA 7 A u) Al

=) - ri =
Ao Wz HEES Hols FFoAE XN & AFSHA Este] Aujsior &
o= werE
% 22, AEAs) 24

- = 73 A i E kA )

e A5 | AN A e®) | 24 | Aa=a | 6%
SERISES 150 119 793 150 0 0
UhEbAE 150 9 6.0 150 0 0
EROEY 150 0 0 150 0 0
Z o] 150 0 0 150 0 0
sl Ezgtol= | 150 0 0 150 0 0
w o] 2 150 0 0 150 0 0
g 150 0 0 150 0 0
I 150 0 0 150 0 0
el o] 150 0 0 150 0 0
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a9 260 A EE S4E 0 dEtold 2, 0 UEAD

9. AWl&+e] Tomato spotted wilt virus (TSWV) Hlolgl 2 A&

Adgt AH SAHAA 7Y, dF I 2 vlolE 2~ Ho] YA EHE S #F
Hol F44S Hole o AR 1S AFSALH(OT™E 27, olF 93 AlmlA
ImmunoStrip® kit (Agdia, Elkhart, USA)ol <& A W&ol UErSTS. Tomato spotted wilt
virus (TSWV)¢} 2 nlo]lg] 29 &AE &2lslry] 98]l AE=ZFE Easy spin Total RNA
extraction kit (iNtRON, Seongnam, Korea)& ©|&3le] A RNAE FZ3th TSWVE X3
3 652 wholdl 2 [Chrysanthemum stem necrosis virus (CSNV), Cucumber mosaic virus
(CMV), Tobacco rattle virus (TRV), Tomato chiorotic spot virus (ToCV), TSWV]Iel| tisle] F
Eolx xzglo|HE o]&£3le] RT-PCRYHOoRE 2ost A3 TSWVHE A== dth. RT-PCR3I}
ELISA Aol A Fd3 AFES AUk TSWV EAHS 7] sl SuperiorScript Il cDNA
synthesis kit (Enzynomics, Daejeon, Korea)E ©]&3} cDNAE 439t Nucleocapsid (N)
protein gene®] ErIAEES FEZ317] 98, nested PCRS  Al&3th  (outer pair,
5’ -CACTCAGTCTTACAAATCATCAC-3’ and 5’ -CAGAAAGCAAACTTTAATTAAACACAC-3’ ;
inner pair, 5’ -CCTAAGAAACGACTGCGG-3* and 5’ -CACACTAAGCAAGCACAAGC-3’). =
Z¥ ©#HS Al in One Cloning Kit (BioFact)S o] &3l FE2Y3 H, wazA A
(Macrogen, Seoul, Korea)oll & 3ste] AlAEA AT AAE N Fd2x= 7777019 E71A4<E
(GenBank MN563792)2 T4 =o] ¢lom, BLASTN 4] A3 dtolAx 7] Baud 2709 £
F(GenBank MF159072, MK605254)2} 100% Y3t tH™E 28). AEE AN 249 Azt
MAE 25 2AMGS &3 FHTE sidEgAoy, TSWVEY Fa3 A2 433 £
FF=2Ed (Frankliniella occidentalis)7} &4 W F-oA FAHJT ol TSWVZF Z=FA
de] ofs FoA FAHJS 7FedS AAEH o] A7+ Wivlsd ek (Stankovic¢ et al
2012} AlZHlo} (Marys et al. 20144 TSWVel Zdd Awnlgel thd Rzl YA, 3
oA HEx Hiuolth TSWVE Em3Add o o 45711t AlEdA ZEol A &3
o2 JFE AT E A7 oln] FHHAGKI et al. 2020). WA, TSWVE FFS H4A
sletr] 93l dEste EaFFAHEAE AT NEL T ol FyHolor & ZoE
AR EOH

of
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CSNV AB600872

TSWV MF159066
TSWV KU179567
TSWV KU179541

100 TSWV MF159071

TSWV KU179571
TSWV MK605254
TSWV MF159072

ITSWV Gumi MN563792I

TSWV MK605255

TSWV MF159067

ANSV GQ478668
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