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Abstract. This study was conducted in a glasshouse to examine the possibility of producing tomato plug
seedlings in a newly-developed inert phenolic foam medium. Plug seedlings of ‘Madison’ tomato were
grown in four pellet type media, Grodan rockwool, UR rockwool, phenolic foam LC, and phenolic foam
LC-lite. Seed germination was checked for 7 days. Seedling growth was measured at 19 days after sowing.
The greatest germination was obtained in the phenolic foam LC and phenolic foam LC-lite. Plant height,
hypocotyl length, leaf area, dry weight, and fresh weight were significantly greater in the rockwool medium
than those in the other media. However, the T/R ratio and stem diameter were the greatest in the phenolic
foam LC than those in the other media. The total porosity and container capacity of the phenolic foam LC
was higher than in the other media. The air space (%) was lowest in the phenolic foam LC. Overal, the phe-
nolic foam LC and phenolic foam LC-lite produced seedlings with similar growth as the rockwool. These
results suggested that both phenolic foam LC and phenolic foam LC-lite have potential to be used in pro-
duction of plug seedlings of ‘Madison’ tomato.
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AP} o]FolA] SEE HES] vt S et
A2 wjAel] tigk A7 gefebAl gEa vt
(Jeong™} Hwang, 2001; Kimberly, 1999; Zbigniew,
1996). A& 7iAl F A1 A, B ddYE &
o, o]2] o] &ty T, ¥t o]8aE] A, A
2le] 8o, 7IAIske] 7FsA, A Mok 5o A4
(Kim 5, 1999)° & F7PlMe 2Pt B Hohk= A4k
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Srloll A AEH oz AuE BE Bol AREsl=t| o]
o] a3t SHE viX= IR Lol HAF 5
g Al ©JE3taL Ath(Jeong, 2000).

EvlEe] e B ARS I3 six]e] YA =
S Yol oEstar et tEAQ] AL PHs AL
83 91 Holo}, AN o]= 7HHo] a1, Q1A
A=A o, H71A] BAFEAE oprlstar ot iR
o] s7lA ARE o E9 wiAle] H7IE sl
24 919 HIEel ARl FAY, v Z=skar o
ow, o] g2 F7te] A5 H7IE A tisigAl
A E7F Hlgo R Resle] AEjEar gle ARtk
7REE 391 phenolic foame ZZZo]& QoA Z&
2 Zo= FEHI Yo, A it FEA HA)
F AN 28 4 e 58, SEE, AulE
HiR| 2] ARS-S 913 A7t W& E L Tk (Park 5,
2010, 2011).

58, SHE 52 ApE wiA=Z fgsias} &)
+ phendlic foam BiXl= ALkl 2] (F=E,
|78, 7RI )FE 2 st 543 71E
FolE B3l vix] 71ss HA3s Al § U= AN
Hol A2 Aol g miREA Y] 857} wig- 2 A
o2 et E3F v 1ES] PR A 2
TUHA| &3} a1, 7)120)] BYH O E AMEEO] &
I Q= iR EARER 094, 7HA, AR, &

T B BAY & g S Ae= st
a3l

e B A7E EvkE SR 9lo] 7|Ee] AL
shal e S giAlE] fg AEE AHEuEiA|
phenolic foam LC9} LC-ited] w558 3l wjx|2A]
o] AR8TFsAS ERIsk] f1al = A

Hed

Nz A Yy

1. 48 =

EvlE Lycopersicum esculentum Mill. *Madison'
Z(Syngenta Seed Co. Ltd., Korea)2 201143 8%
209l 27} 45Fe] P31y AFHIA| Grodan A
(RW(G); Grodan Co. Ltd., Denmark), UR ™
(RW(U); UR Co. Ltd., Kored), phenolic foam LC
2} phenolic foam LC-lite(Smithers Oasis Co. Ltd.,
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Fig. 1. Four pellet type media used in the experiment. RW
(G), Grodan rockwool (Grodan Co. Ltd., Denmark); RW
(U), UR rockwool (UR Co. Ltd., Korea); LC, phenolic
foam LC (Smithers Qasis Co. Ltd., Korea); and LC-lite,
phenolic foam LC-lite (Smithers Oasis Co. Ltd., Korea).

#lo](60cm x 41cm x 5em)el] 45-F2] HE] HiXE ¥
3 FES| AT 9 & HuEEe|ER HES}
& 25+ 2°C 29} At E 90+ 5% oS fAlsh
= 919 geoliH(DS10L-2, Dasol Scientific,
CO. Ltd., Koreg)ollA] who}l AlZt} vljAl= 7189 &
vlE SHA AREE L = RW(G)2H RW(U) i
AE HE2TE ARESIAI, 2T/ AlNEEA
phenolic foam LCS} phenolic foam LC-liteS A&
3tk F 44 Mk nED sohAlE el
2te] WolAlZ T oF AdelellA] 497t WolAzl F
EvtE A A4 fE24dz2 &7 BEEdh
Sonneveld 5kl (Table 1)S ZAIsle] 3170l &
HA 9 oAl AW A3t Fde] pHeE 5.
ECe 3.0dS-m'= A8 3% 19d & %%
H2g, g%, 9%, s, shils, 24, 49

S48, JUA, AP Ashie] AAlET HE,

ol i

N 2

Table 1. Chemicals and their concentrations used in the
nutrient solution for the culture of tomato plug seedlings.

Chemical (mcgoﬁf'_l) Chemica (m(;?“f;l)
CaNOy), - 4H,0 1,097 | HBO; 186
KNOs 500 | CusO,-5H,0 0186
FE-EDTA 6 | MnSO,-4H,0 22
MgSO,-TH,0 332 | ZnS0,-7TH,0 143
KH,PO, 170 | NaMoO, -2H,0 008
K»SO; 61

NHNO; 170
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Root grade

Fig. 2. Evaluation of root ball formation. Root ball forma-
tion was evaluated based on grades 1 to 5 (1 = excdllent,
2 =good, 3 =moderate, 4 = bad, and 5 = poor).

TIRE&S S7331tt. 71 7% B8-S S43] ¢
3 AEA AR FHalte] M w5 RS Vel
2 yxg wyo] A3 2~ (CD-20CPX, Mitutoyo,
Co. Ltd., Japan)E ©]83l] S7g3slom, GHAS
gz =47](LI1-3100, LI-COR Inc, USA)E o]&
sl APg HAle] Ads SAINAT. FEATHS
Q7] A2iA Ae 7Fos JEA E47)(SPAD
502, Minolta, Japan)E ©]-8-3t] Z7dstaict. e
FAL et B3l wiAE AL e Bl wE
7P 575 1914 7 B 52 558 viAT
(Fig. 2). AEFL 602 =g}o] 2 E(OF-22GW,
Jeio Tech, Korea) oA 72217 7%3 3% =43}

ATt

2. 2ol
5 T AARE 77 dolE, Wi Woldsr,
Y dolEs 9 50% Yol QUTE AR 0
AxrA e oo} 2t (Coolbear 5, 1984; Hartmann
3} Kester, 1983).

1. ¥ol&-(percent germination: PG)

PG = (N/S) x 100

N, & ol S F A TR

2. 7 o}l (mean germination time: MGT)

MGT = =(Ti x Ni)/N

Ti, APFF A NI, AT ot

N =3Ni, & Dol

3. H Yol (mean daily germination: MDG)

MDG =N/T

N, T ol T, T AT

4. 50% LokaQ U<(T50)

(T50) = Ti + [((N + 1)/2 = Ni)/(Ni — Nj)] x (Ti - Tj)

N, ZolzAt A 7HA]9] F o} =

Ni, Nol| that 50% 2 2749] & o} 5=
Nj, Noll th&k 50% Z374x]9] & o} &=

5
Ti, Ni A1A71A] 209 wolr|7t
Tj, Nj A1371A) 2289 dor|zt

3. Hix|e| stetdnt 22|

Hj =z o] sl SAS 918 pHeE EC meter(HI
98130, Hanna Instruments Co. Ltd., USA)S A&
SKHaL, wix| o] e F3=, 8718, 7HIE,
7VFES s A3l ARSE iRl ARS-
ARE- & 7} AEd 3O AIRE AFSt 24}
FHFE 1:5v) 2 3K B9F 34 F g9
pHe} ECE =431 tHKim 5, 2000).

e S 8l B A3l A8 E9 Ed
oo BiAE AP-aL 48AIZT R HIAIE HASHA 2
sl FAE ST 2 AP AR0lA 24
7 B3 wiEste] wiRe] FAE 58S £ uilgE
HIRE 72417 B9 $hd Axsle wiR|e FAE
Aalsict. 9 AES o Z F8= QY. vlix] 9
YA Fonteno(1996)9} Choi 5(1997)°] #X|EH
218 A}g-5le] FF=(totd porosity, TP), £71-85%
(container capacity, CC), 7|’4E(air space, AS), 1
2)aL 711E(bulk density, BD)S the-o] Ao 7|
el

8785 %(container capacity, CC)

= [(GSZHH(wet weight)

— 21ZZF=H(dry weight)]/

Hjx]2] &7 (volume of sample) x 100
7135 @@r space, AS)

= =2 8- % (volume of water drained)]/

uj=]¢] -8 (volume of sample) x 100
3= (totd porosity, TP) =CC + AS
711 (bulk density, BD)

= ZAZZ(dry weight)/

Hjz]9] 87 (volume of sample)

(

woof ma

AP AT= SAS(Satistical Andysis System, V.
9.1, Cary, NC, USA) =& 1348 0|83} Duncan
EE4oR BAH felde pgsigon, Teae
Sigma Plot(10.0, Systat Software, Inc.,, Chicago,
IL, USA) Z2 7905 ALg-8le] 2deiitt.
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Table 2. Seed germination percentage in a plug tray of
‘Madison’ tomato as influenced by the medium.

dEZ - AT - FA
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Table 3. pH and EC of growing medium before and after
19 days of culture of plug seedlings.

) Germination  MGT* Tso'
Medium? MDG"
(%) (day) (day)
RW (G) 94.75 ab’ 465a 742a 41la
RW (V) 92.75b 465a 683a 39la
LC 97.00a 459a 7.18a 4.09a
LC-lite 97.00a 474a 59a 3%a

*RW (G), Grodan rockwool (Grodan Co. Ltd., Denmark);
RW (U), UR rockwool (UR Co. Ltd., Korea); LC, phenolic
foam LC (Smithers Oasis Co. Ltd., Korea); and LC-lite,
phenolic foam LC-lite (Smithers Oasis Co. Ltd., Korea).
YMean separation within columns by Duncan’s multiple
rangetest at P = 0.05.

*Mean germination time: MGT.

“Mean daily germination: MDG

"Days to 50% germination: Txp.

zn o o

Table 2= 4572 HjA]o| |H3F ErlE ‘Madison’
FE9] Wolg-S Yehd Aol o2 phenolic
foam B %]¢1 LC9} LClite HIAIGIA 97%= 92~
%= LRt Al RW(G)eH RW(U) *2]7-Eth
A veRth Ee deldae oF 44 xR Be
AgTrllM AR 23S UERTE B ol Ee
LCHlite HiX]ollA 5992 71 wgtor <bdny=|Ql
RW(G) H2lqollMs 7.422 71 =90t} 50% ol
2995E BF 44Ul f5E%oH, o= Hwang
7} Jeong(2004)0] ], ©3) HhT ], FER
2, g Rlel N ErfE M3 FEo] SEAY
oA Tgol 49 o] &5 =Stk Bareh Ydx|gict.
o8-S X3S it WoldSr, it WoldE, 50%
ol g U] Z; wjx] W zlole A wjA|witt
2R T wiA7}E 7R A o)gkshdo] o)
(Kim#}+ Lee, 1999; Hwang®} Jeong, 2004)&-S- 2]w]
gt 2 AY Adelx] aEA] gEiAPE 7R /A
= 3] 5400wt ot At vEhd=d],
oFg-5 AJgt thE oA TAIFRI ol g
ok AR dols gEellA] 27iERA|Q] phenolic
foam LC9} LCHite HiR|ollA ¢35} A= Hof o)
AR ZA ] 7FsdE BAFIT olHd A= ¢t
ARl RW(G)SF RW(U) #]2]7+XEt} phenolic
foam LC ¥iA|9] 887 8718F%0] & 5°
Tkt ol $hxzdo] EnlE Z7] ol A] g

. pH EC(dS-m™)
Medium?*
Before After Before After
RW (G) 721 6.24 bc 0.02d 114a
RW (V) 6.98b 6.21c 0.09a 112a
LC 6.58 ¢ 6.68a 0.07b 0.86b
LC-lite 5.94d 6.41b 0.04c 119a

*RW (G), Grodan rockwool (Grodan Co. Ltd., Denmark);
RW (U), UR rockwool (UR Co. Ltd., Korea); LC, phenolic
foam LC (Smithers Oasis Co. Ltd., Korea); and LC-lite,
phenolic foam LC-lite (Smithers Oasis Co. Ltd., Korea).
YMean separation within columns by Duncan's multiple
range test at P = 0.05.

o)) F& JFS vl oz AEThFig. 3). vl
2 249 S YeElE pHE Blix]9] Aol
(H") T=9] AFE Heplle gheolr, A71H=%(EC)
= HIA] Foll ZoRlE ol Fol9] HEAdRe
S A7 Behe AR VIEeE e o =
o] &elo|thKim %, 1997). §H AE A =]
pHeF ECo] W3} A%Z Table 30 LRI S8
A RW(G)SF RW(U) HIAE AlLJgh LC, LC-ite ®j
ZlolA pH7} 22} 6.58Y) 5,947 ErtE -S4 XA
pHZEel 6.0~6.5 H$](Choi, 1986; Kang 5, 2006)=
e SFdS Za deS E 5 Uth §E &
N2TE 3 wie] pH7l 6.21~6.68 HHI2] 3k
< UERle], BE Ao pHrb BA AaE
BTh B Aol 22 Al Foll 5Eg £
ao] AfFAFoI 595030 IEER] AANE A
3 HIEE 4N Yol 7AW, abdely el
Hge] H7F 9 24 Fo Wio= Bunt(1998)
Nelson(1991)0] AIA|E+ 54~6.00] HF pH ZHo=E
%4 & 4 9lozle} wetdrt

e EC7F AYAIA 53 W ]
Tgo] 7R3 Belo| ~EYAE T Hoi, Ashd
Bdo] Ak Aol AAIETHAljibury2t May,
1970; Martin 5, 1970)x2 ®1¥ u} ok Ay A
ECE RW(U) BiR]olA 0.09dS - m& 7Fg =gkont
AEf Fofl= LCHite viA|oA 1.19dS-m1=2 7P =
< S Yepth =3 A 21%F EC 0l LC-
lite ¥iAI2} RW(G) ®iA|lM Z+z; 1.15dS-m,
112dS-m'& 7P Zith ol wiA] AN E&
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Fig. 3. Total porosity (A), container capacity (B), air space (C), and bulk density (D) of the media used in experiment. RW
(G), Grodan rockwool (Grodan Co. Ltd., Denmark); RW (U), UR rockwool (UR Co. Ltd., Koreg); LC, phenolic foam LC
(Smithers Oasis Co. Ltd., Korea); and LC-lite, phenolic foam LC-lite (Smithers Oasis Co. Ltd., Korea).

T8k A4ol A Fig. 39 H|olEeA RejF=
nle} o] 87)8<7ko] B Aol HIs| LCHites}
RW(G) HIAIoIA] Tha e EAS 7|1 gler o]
2 A3 v 2 JEo] v 217
Zolth, HE A% SH iAo ECE ZAKE A
Bunt(1998)L} Nelson(1991)¢] #|A1g+ 1.50dS - m? ©]
sk} QFgAQ1 W Slell 23|t

EnfE SEHRe E219 54 ZAMEAE Fg. 3
o JeRAE. F3=-2 iR Ul FHE= 3719
Tl mEh deRle R, I B nixe
S/ BiRY] SR A FFE TR 8718
T HAE B2 I3 & A AdeollA ulig
= 3 ool w7} g & S e Aol e
S Uele AEEA wiAVE B8 5 e FH)
o] Figoltt, §7185F0] FA3F olfi= Y o]
| G888 /P71, AF3TE EY F e FH

o] et 871 S5l B wiAle A WAL

Az A 4 demn o= el 29 8ol &
RE S3A A= B 2B~} dWlskar g5
o F57F AsEo] A7 oFslA] 7] wjiEolth
(Aljiburye} May, 1970; Martin 5, 1970). 2EA%
S 9t HA 2 S 5] S8l 4, 7V
WFo] At 7S o]Folok dlal(Bunt, 1984), i
Fuljx]e] Feda sshdS arEsle] B, BlE,
Al7] B 37t AR = ofof Shok(Leskovar, 1998). HiA]
o] ZF=o] W3t 7P (Hatmamn 5, 1997; Lemaire,
1995; Soffer?} Burger, 1989} ZLAX Akxo] o]&
o] 23+ 940t}

B Ao FFFLS LOWANA 581%= 7K
=S S YEdon, RW(G), RWU) 2 LClite
HjRol|l A Ztzt 56.47%, 46.15%, 44.90% £OE 1}
Rttt 87187 9] LC uiAellA 5291%= 7}
Z &9, RW(G), LC-lite, RW(U) HiA] o8 7}
7} 47.57%, 38.97%, 38.38%%] o= =HHUTh

N
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Table 4. The effect of root medium on the growth of ‘Madison’ tomato plug seedling measured at 19 days after sowing.

Plant Length of L eaf

Leaf

Stem Epicotyl Hypocotyl

Medium*  height  thelonges  width  length  diameter length length ’I\‘O' of
eaves

(cm) root (cm) (cm) (cm) (mm) (cm) (cm)
RW(G) 12070 547b 309a  403a 179b 7.39a 435b 325a
RW(U)  132la 6.83a 304a  437a 2452 80la 489a 300a
LC 10.84c 6.28 ab 310a 401la 230a 7.04a 31lc 3.00a
LC-ite 1093 ¢ 6.02b 397a  4l4a 173b 1070a 325¢ 440a

*RW (G), Grodan rockwool (Grodan Co. Ltd., Denmark); RW (U), UR rockwool (UR Co. Ltd., Korea); LC, phenolic foam
LC (Smithers Oasis Co. Ltd., Kored); and LC-lite, phenolic foam LC-lite (Smithers Oasis Co. Ltd., Korea).
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

Table 5. Chlorophyll, leaf area, root grade, fresh and dry weights, T/R ratio, and dry matter of ‘Madison’ tomato plug seed-

lings measured at 19 days after sowing.

Shoot

ROOt Dry

Mediunt Chlorophyll  Leaf area Root T/R matter
(SPAD) (cm?) grade  Fresh Dry Fresh Dry ratio 0

wt(@ — wi(@  wt(@)  wi(9) (%)
RW (G) 3263 & 21.82a 310a 1.00b 0.06 b 0.08a 0.007a 14.62hc 6.73a
RW (V) 3202a 23.33a 3.22a 112a 0.07a 0.14a 0.008a 1262c 6.63a
LC 30.83a 17.09b 330a 0.76 c 0.05c 0.04a 0.004 a 24.94 a 6.73a
LC-lite 31.96a 15.84b 321a 0.77c 0.05¢ 0.77a 0.108a 18.88hb 6.62a

*RW (G), Grodan rockwool (Grodan Co. Ltd., Denmark); RW (U), UR rockwool (UR Co. Ltd., Korea); LC, phenolic foam
LC (Smithers Oasis Co. Ltd., Korea); and LC-lite, phenolic foam LC-lite (Smithers Oasis Co. Ltd., Korea).

YRoot ball formation was eval uated based on grades 1 to 5 (1 = excellent, 2 = good, 3 = moderate, 4 = bad, and 5 = poor).
*Mean separation within columns by Duncan’s multiple range test at P = 0.05.

7VEEl JoAE RW(G)H RW(U) HiRIoIA 22}
890%9} 7.77%% Ekom, thEoF LClite LC
Hjx|o| X Z}2}h 5.93%, 5.00% o2 =Pk 7}
H| 2 RW(G), LC, LClite, RW(U) =22 Zt7}
0.75g-m3, 0.78g-m=, 0.88g-m=3, 0.99g-m3% 7}
Hith 7HIFe] Uy W2 B9 AeS AXE F
U= sHo| Bl = lom, 78] YolA
TAIZE el] HiR]el|A] o] AdlE]o] Y] B
frego] "Wojx= EAI-e] Ath(Hwang Jeong,
2004).

20 wjx]Q0 Leot LCHite BiAIZ7F 7XaL E
EeAo] 712 ARgslE FElA] RW(G), RW(U)
oF vlaL #Ag A3 T35 87187 F0] el
o} ole % ErtE FHE ALHENE o} sl3R
oF AT JPA ALks % SEE uixE 28
a17] 915k 4dA wiAEA 8718, 71E B Ut
HIFo] A4 Eejds 553 H4 oA s 91
F7F A7 7FsAdS ARSI

tHz=7%1 RW(G), RW(U) Hix|ok A7 ix|<l

LC, LCHite ¥R 35 & 1944 ErlE Heol A
S-S Table 4] UERA ule} 2o} 23S RW(U)
#iA7E 1321emE o Al 7P Zlew, Le
lite2} LC mi=x]ellA] ZFz; 10.93cme} 10.84cmz 7
Aok Ao 242 RW(U) #iA7L 6.88cmzE 7
ZAom, LC, LClite, RW(G) 27+ uljxjoll A} z}z}
6.28cme} 6.02cm, 547cm =AM E UERdTH 3}
FdS WA T BAA AP /e B
RW(U) ¥liAe} LC viR|lA 242 2.45mme} 2.30mm
2 FA%0H, treog RW(GHIAIZ} 1.79mm, LC-
lite ¥iX)7} 1.73mm= 73 gkttt AhllE=S LCite
wjx]e] AEA 7} 7P AR viA A g 7he] FAIA
Frode JAEA ). sHlSS RW(U) HiA|oA]
o] AEAZF 7Y At ErtES] G ool
AATH. Table 5= 54 =, 94, els+H, A
FRe) Aee] AT UES, TIRE 2 UESS
LR Aot} 454 S wiARE folFQl zo]
7F YERA] dstth WA RW(U) HIA ol A

23.33cm’= =2 gro] yehsten], HelsgolMe
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Fig. 4. Growth of Madison’ tomato plug seedlings mea
sured at 19 days after sowing as affected by the medium.
RW (G), Grodan rockwool (Grodan Co. Ltd., Denmark);
RW (U), UR rockwool (UR Co. Ltd., Korea); LC, phe-
nolic foam LC (Smithers Oasis Co. Ltd., Korea); and LC-
lite, phenolic foam LC-lite (Smithers Oasis Co. Ltd,,

Koreaq).

o) zpol7t §lo] wds ASS YeERTh ErE
‘Madison'9] 35§ & 19U719] A8 AT, 1AES
7 AEEAME o) HQl Alel7t |IITE. APt A
S 7EF HIE-S YeMlE T/RECIA LC A7}
=9ktH(Table 59} Fig. 4).

9 ARES FRS A A iRl LCY) LC-
lite= o} Wi Wol&mol|A] 7]E] danfA|R
o 53 A9E BHoF0a, pHe LC LCHite
HiZ|o| N EntE SHe] A pHAXQ! 6.0~6.5 R0l
ANoH, EC TE3F 1.5dS- m™ o]ale] ¢EgA2l W9
£ frAete] wiA] 2] shekA Addo] ZEAfuel
Agket 595 eIt 818y 72y Tela &
ey HS AFY] TP =ol Hel ArhlE
Z7F A7 9le] AL Sl=d, AN wiA] Leet
LC-lite iA1= 71& ¢HA HIX| ¢} vlwsle] o A&Esh
VAR Ful7t 7hssidE Fo0E Bt 71Ee] 3
2y hHo R FXE 958 2408 Edo|e] Wit
7,000~8,000¢] H=ollA A7} o] Fe x|ar QUAITE, 7)
2 wjx)Ql LC9} LCHites YRt} 20~30% A @3}k
A WdslE Aol HHolrt. 2N wix|e] 71t &
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