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Abstract.

Growers in plug seedling production think that root media in which rockwool is a component
has given rise to several environmental problems. Therefore, the demand for new materials as
a substitute for rockwool has been increased. This study examined the possibility of cultivation
of tomato plug seedlings using a newly developed growing medium with phenolic foam. Plug
seeds of tomato cultivar ‘Madison’ were sown in four pellet-type growing media: Grodan
rockwool (GRW), UR rockwool (URW), phenolic foam LC (LC) or phenolic foam LC-lite
(LC-lite). Then, the seedlings were transplanted to the four cube-type growing media 19 days
after sowing. Seeds were germinated in a growth chamber (25 £+ 2°C, 80% relative humidity,
and dark) for 4 days and then the seedlings were grown with a nutrient solution supplied by
an overhead irrigation system in a greenhouse. Plant height, number of leaves, leaf area, and
fresh or dry weight of tomato seedlings were the greatest for the seedlings transplanted to URW
cube media after being grown on LC-lite pellets. Root grade was the greatest for the seedlings
transplanted on LC or LC-lite cube media after being grown on LC pellets. Chemical properties
of all media tested for tomato growth were maintained within a stable range, while physical
properties of URW showed high values in container capacity, air space, and total porosity. These
results demonstrated that the phenolic foam media were effective for seedling growth and can
substitute for rockwool as a root medium.

Additional key words: germination, irrigation, rockwool, root grade, transplant

414

Korean Joumnal of Horticultural Science & Technology



E0IE S22 A4S 9f5HHE] 4 323 phenolicfoam Q124lZ[2] O}2

M A

22 A8 A4:0) Q5 TS $180 A 2] PR Fdol a7Hel et RE i A B 4 Qs BASR o
QItaelo] ki 25kl 529] Aol ZRs AN Lee, 2000). 53, Ente s S met A sk B elateo] o
250l Q1o o] G847 A W1 L] nRESIo] H BT 711 Qo] o] Alste] S ) ] et
o] A Atslel Al ek, 22, SR8 A=} 9e) Qi o) Felr AAE A FHRle] ol g0z TR BE T
H510] 470 ol BALS B 4 9lo] %8 Aol Q1RHlA| ] o] §7ksHo] S| glom, Shufeleld Al 9]
o} 5% Tuhe] 98 ATIeh ) STl QTS AR 80 o) sle] AR AIRA S BaH o R olgsti o)
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2191 912412]2) 2l Rockwool)o] A 2H80] 2 o} §¥131 Lov, 742o] H GtajA] 7] A o et

0] go] P51 0] Aol 7ol AR A2 AP ek 5 A SR 4 A
| e WA L0} A1) A7) b SR AL AR A2 wigho] mleinlo] 9l oot 9 23S ©
G713 2191 9] Aelo] 5131 SJeKim and Jeong, 2003), T2 2 o]l PAIGES §USH: Qe thAIE 4+ 9lo.
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LC-lite®] Erbe 2.8 A2 0) Aehvk 4 287K 42 21R15h] Slotel 2 72 Salslar,

b}

ofl yo
rr

N
30 i o2

A= Y Y
A2 U HYz| 22|

E0tE (Solanum kycopersicum L. ‘Madison’) (Syngenta Seed Co. Ltd,, Korea)E 4%F59] "5l 91 2H]x]2] Grodan
rockwool(GRW, @ 20 X H 27 mm, Grodan Co, Ltd., Denmark), UR Rockwool(URW, @ 20 X H 27 mm, UR Co. Ltd,
Korea), phenolic foam LC & phenolic foam LC-lite(LC 2! LClite, @ 22 X H 30 mm, Smithers Oasis Co. Ltd., Korea)o]) I}
LoltkFig. ). 11 § Hiu|Eefo| ER BESIo] 25 25 + 2°C, AJTKEE 90 £ 5%= A E Qe o] -2 2o (DS
10L-2, Dasol Scientific, Korea)ol|4| 447+ Hobr|7] & A S Hdrs7tof| Q118 A5 el oA SHSITh

S 1997 0f| 45 50] HSI ] vl |0 A 8- H G H-E THA] 4579 FE S Q1 F A2 GRW(W 100 X L 100 X H 65 mm),
URW(W 100 X L 100 X H 65 mm), LC(W 100 X L 100 X H 65 mm) ¥ LC-lite(W 100 X L 100 X H 65 mm)°]| ©]Al5}
ArhFig. 2). % 162]8] 38FE U] H 0 251t oFol F3-2 Sonneveld F2FH (Table 1)& pHE= 5.5, EC=30dSm ™ 2 %
Asto] Sl2oll S © 70| Suat oFo 2 4 751k Sonneveld and Straver, 1992).

o) 488 ZAY] 915 THE 402 F 24, A4, AR, A} Ajehe] st A, e 538 248
ek GRS AR A0 9 FRA 547113100, LI-COR Inc, USAKE o} alo] Z4519ir). AHEF-2 70°Ce]

Tafo] QE(OF-22GW, Jeio Tech, Korea)oflA] 2/‘]7}7 Z3H 2% ZAoT) Be] S Se7t FE iRl E AR Q)
LAz et 7P 941t 104 71 Bt 52 S5 viFTHFig. 3).
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Fig. 1. Four pellet-type media used in the experiment. GRW, Grodan rockwool (Grodan Co. Ltd., Denmark); URW, UR rockwool
(UR Co. Ltd., Korea); LC, phenolic foam LC (Smithers Oasis Co. Ltd., Korea); and LC-lite, phenolic foam LC-lite (Smithers QOasis
Co. Ltd., Korea).

Fig. 2. Four cube-type media used in the experiment for production of tomato plug seedlings. GRW, Grodan rockwool (Grodan
Co. Ltd., Denmark); URW, UR rockwool (UR Co. Ltd., Korea); LC, phenolic foam LC (Smithers Oasis Co. Ltd., Korea); and LC-
lite, phenolic foam LC-lite (Smithers Qasis Co. Ltd., Korea).

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

Chemical Conc. (mg'L") Chemical Conc. (mg'L")
Ca(NO,),4H,0 1,097 H,BO, 1.86
KNO, 500 CuSO, 5H,0 0.19
Fe-EDTA 6 MnSO,4H,0 220
MgSO, 7TH,0 332 7nS0, 7TH,0 143
KH,PO, 170 H,MoO, 0.08
K,SO, 61

NH,NO, 170
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2] 9] B}oHd-& UEh = pHRFECE S7o17] flall Aol AR-E] 7| 3t S-0] uij 2|5 o8] 217} -5-d et Hm] o] 7]
A} EFLE 150/ R 3AITE 50 514 & M-S pH/EC meter(HI 98130, Hanna Instruments Co, Ltd,, USA)= =45}
%tHKim and Jeong, 2003) .

HjZ]e] Z229 87180, 71VEE, T 5= 7SS S5 ] floiA 4572 HilA S 48 A1 E3F JAIste] a2ete
AE S747H T A2l A 2417 F3t Hilpsto] w21 o] FARL vl =0 821 SIS, HileAI HiRIE 7241 51t
P Azsto] vijx] o] FAE S45H3Ar 743t 4= Fonteno(1996)2% Choi et al.(1997)0] AIXIRE -S4k ARl 8718
Z=2H(CC, container capacity), 7138 (AS, air space), & -5=(TP, total porosity), 712] 11 7H]5(BD, bulk density)- AJAFoFATH
£7]-8~2K(CC, container capacity) = [(&-8-5(wet weight)—71 FZ=2F(dry weight)]/8]12] 2] -8-2] (volume of sample) X 100
7]/‘ E(AS, air space) = |55 -8 & (volume of water drained)/H]| 2] 2] 82 (volume of sample) X 100

F-=HTP, total porosity) = CC + AS
711Z(BD, bulk density) = AZZ=Hdry weight)/8]] 2] 2] -82] (volume of sample)

A=A

T

A& A 7= SAS(Statistical Analysis System, V. 9.1, Cary, NC, USA) 2 7318 0|85} Duncan CREEHA 0 2 EA417]
OS2 AABI 0™, 18| 2= Sigma Plot(10.0, Systat Software, Inc., Chicago, IL, USA) 3 &2 7=21-8- AR2-5}0] 24513t

Z20] "aly o4l A][Grodan rockwool(GRW), UR Rockwool(URW), phenolic foam LC(LC), phenolic foam LC—
lite(LC-lite)]o] EPHES M}F5o] 199 F9F-SHIHF, ThA| 45-72] FH2Y Q1 HIA(GRW, URW, LC, LClite)of] 22} o]
Alsto] 219 Sof| ERE HOJ A5-2 ZARE AXHE Table 2] LERA I,

s B9 24, 1%, A A L 7B S M LC-le AEAAI0]H SRS 73 URW Qs o]

S ENkE BoH 01208 B0 ghe eon] 23 G4 A2le GUATH R 50 AAE B A Ee 1
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Table 2. The effect of growth media (different pellet-type media + different cube-type media) on the growth of seedlings of tomato cultivar
‘Madison’ measured at 40 days after sowing.

Pellef (A) Cube’ (B) Plant height No. of Leazlf area Shoot (g) Root (g)
(cm) leaves (cm’/plant) Fresh wt. Dry wt. Fresh wt. Dry wt.
GRW 313 be* 9.0 b-d 596.3 ab 2948 b-d 322 bd 579 df 0.55 de
GRW URW 293 eg 9.0 bd 4745 eg 25.89 eg 290 c-¢ 6.66 c-¢ 0.53 d-f
LC 272 jj 87d 4535 fg 2361 fh 293 ce 6.86 c-¢ 051 d-f
LCHlite 319 ab 9.0 bd 4843 d-g 27.19 c-e 2.86 de 698 c-¢ 0.56 de
GRW 30.1 ce 9.1 ac 566.8 bc 32.69 ab 3.16 cd 591 df 0.52 d-f
URW URW 282 gi 9.0 bd 4371¢g 2502 e-h 260 e 3I0g 039 gh
LC 283 f4 8.8 cd 424 ¢ 2213 h 264 ¢ 274 g 037 h
LC-lite 29.6 d-f 94 a S511.3 ef 2947 bd 332 be 5.69 ef 0.58 de
GRW 30.7 bd 9.0 b-d 539.6 b-d 27.87 c-e 3.08 cd 6.96 c-¢ 061 d
LC URW 31.8 ab 93 ab 551.5 be 3139 b 3.60 b 773 be 0.69 be
LC 279 h 9.0 b-d 4360 g 2539 eh 282 de 495 f 045 fh
LC-lite 269 j 87d 5182 c-e 30.57 be 3.16 cd 6.18 d-f 0.54 d-f
GRW 314b 87d 460.8 e-g 2774 c-e 332 be 877b 071 b
LClite URW 328 a 94 a 645.1 a 3499 a 416 a 1112 a 082 a
LC 273 hy 9.0 bd 456.5 e-g 22.85 gh 249 ¢ 6.50 c-e 048 e-g
LC-lite 286 fgh 89 cd 4674 e-g 26.65 d-f 3.11 od 7.08 cd 051 d-f
F-test B sksiesk ke skeskesk * sfeksk seksk sk
A*B &Kk kK sk skekk skeksk skeksk Kk

“Pellet-type media. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).

*Cube-type media. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).

*Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS5 Nonsignificant or significant atp < 0.05, 0.01 or 0.001 respectively.

S URW I3 Hlzlol A &2 & Y LC QIFHIA 2 o] At A2]oflA] o] E77t 83 BTt LC-lite WiloflA &
B URW FHE o] 23} BojlA] 5o 961950l e Bt LC-lite W3l §1 & LC-lite FH= 045 ut
URW HloflA] 51 5}0] URW FEE o] A3 22|l EnfEe] g0 23Rt 2102 Hob-1 A7of miet ujz|of ofgh
TR 0] S8t A 0 = WL of= Choi et al.2011)] Aol g5k 472t i ¢-2lek 2|l 24zt
SHEQE v iz o] Zeld o] 2ol mt o] Ao bt Aot fARSI. 2B e LC-lite Wil o5l ENtE F
AHE TP A L7 SRS, URW FHE o] 4sh= Zio] Efte Bo| a5 Aaedadhe wolet] avhaolqlH.

T8 Wil 9 7EY x| ZA2bo] EntE SR n|AE e Lot Table 20014 Uehd AHE o835},
B IR whE BIE Table 3], FEF QFulA|of whe ZI-E Table 40f LERTE B2 QlgalA|of whe Erf
E9 52 LClite B SH5IS ) A5o] 943t e LEhl o, URW Walofl A SR319E o A&0] 71
SFIrH(Table 3). FHF g H]e]l Th2 ENFES] 452 URW FFH= o4513e ) A5o] 243t B3-S Liehle.
], LC FE& o] A= o] 50| 7Pg EFoIHTHTable 4). o217 AR= Table 2] F-testol A LreRd-5A14] 24127}

El5t kS L] ErtE SHA] LCite Wl URW FH 0] o] 8715438 2118t 4= 9Igirt.

QrgulAlof whe Re] S LR Sfe] el HFE A S AL Qe g ol whet PRt el A 7P E Rt
5302 5H3tsIIrk(Table 5), 2] SE5-2 LC Bl §1 § LC B2 LC-lite FEE o] A3F H2jellA] 71 95
LER o], GRW HlofA] S5 F GRW FFH=Z o] AR 22|t URW H3lofl A &1 - URW FH2 o213t 2J2]of A 71
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Table 3. The effect of different pellet-type media on the growth of seedlings of tomato cultivar ‘Madison” measured at 40 days after sowing.

Mediunt Plant height No. of Leaf area Shoot (g) Root (g)

(cm) leaves (cm’/plant) Fresh wt. Dry wt. Fresh wt. Dry wt.
GRW 2991 89a 502.1a 26.54a 298b 6.57b 0.54b
URW 290b 9.1a 4844a 2733a 293b 439¢ 046¢
LC 293a 9.0a 511.3a 288l a 3.17ab 645b 0.57 ab
LC-lite 300a 90a 5074a 28.06a 327a 837a 0.63a

“Pellet-type media. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).
*Mean separation within columns by Duncan’s multiple range test atp < 0.05.

Table 4, The effect of different cube-type media on the growth of seedlings of tomato cultivar ‘Madison” measured at 40 days after sowing.

Mediunt Plant height No. of Leafarea Shoot (g) Root (g)

(cm) leaves (cm’/plant) Fresh wt. Dry wt. Fresh wt. Dry wt.
GRW 3094 89b 5409 a 2945a 3.19a 6.85a 0.60a
URW 305a 92a 5270a 29.32a 332a 7.18a 0.61a
LC 27.7b 89b 442.1b 23.50b 272b 526b 045b
LC-ite 292b 9.0b 4953b 2847 a 3.11ab 648 ab 0.55 ab

“Cube-type media. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).
*Mean separation within columns by Duncan’s multiple range test atp < 0.05.

Table 5. The effect of root media on the root grade of seedlings of tomato cultivar Madison’ measured at 40 days after sowing.

Pellet’ (A) Cube’ (B) Root grade®
GRW GRW 47"
URW 3.8b-d
LC 4.0bc
LC-lite 3.8b-d
URW GRW 41b
URW 49a
LC 40bc
LC-lite 34cd
LC GRW 40bc
URW 3.6b-d
LC 24¢
LC-lite 27e
LC-lite GRW 3.8b-d
URW 33d
LC 36bd
LC-lite 3.7bd
F-test A sk
B sesksk
A*B NS

“Pellet-type media. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).

*Cube-type media. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).

*Root formation was evaluated based on grades from 1 to 5 (1 = excellent, 2 = good, 3 = moderate, 4 = bad, and 5 = poor).

“Mean separation within columns by Duncan’s multiple range test atp < 0.05.

NS, *, %% sk

Nonsignificant or significant atp < 0.05, 0.01 or 0.001, respectively.
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EFPA LB o= Fig. 4] Wrehd ¢FH}phenolic foama 4@ 1|7 © & 723t Ao} 2Fo] phenolic foamo]
Hop 3= 7P HIHA & T 714 LCFLC-liteolH EntE RO] He)7h oA e 4= 13l GRWH URW Q15
A= F=e] A 0 = Ztof Biaj o] o] ojzlel 210 2 wekelh, w9k, EnpES WElg oIt phenolic foam 154
Z]ef A S HoFS wf Hie] a2 vz o]l whE 502121 o7} GISITH=No et al.(2012)0] Za}et o] Biaj o] dido]| gl
A Fa]7h AR EEle ujA] Heh o)t 2 R uiof o ks Bethe 2 & 4 ik 1R R, BE o|ARt S e
ma) 5219 QJojjAfi= A7 ElA]S] phenolic foam FE-S o] 851= Zlo]| HlkZls}},

Fig. 4. The pore space of rockwool (A) and phenolic foam (B) observed by dissecting microscope.

1 2 -5 2fu v 2] 9] 2FebA EA (pHLFEC)E Table 60 LEFRITE. pHA= HiA] O] AMI 5 7 a0l AT 2 4] Aol
(H+) ‘5E0] S4rof] G215 Fot glo|thKim et al,, 1997). S5Ol ARSE]7] 4 viZ] 2] pH= B-= A 2]Lof|A] pH 7.34-
7420 912 S 0= L om, vliz] 7ke] §o ARl Zfo| 7} qISiTh S ol pH 7.20-7 41 2 ARG 3 -FARRH 9]
= WEPEATF GRW 2} LC H|Z]7FURW R LC-liteo]] Bls}o] 04 0 & WA Uiy, 82| 9] pH7} ERE AfejA] 274 E
FATER] pH 6.2-6 42] 1S Hlof5t7] miZell(Lee, 2013) 8 A| 5 & Nelson(1991)0] AJARE B7)/d Hlm U AM HIEE
ol H7toto] Aful 2h2-0] A-gof 235t M 9] o] pH= Zdote] 2-2o] -FFalloF & 7.0 2 ke, B Agofl A= oFl
< pH 552 Z4sto] F551517] wizell Al ol F71eae] dgEsdolv 5454de] =Rl it 7T
(EC)i=-8l &0l sfie] & oo A7 |7} &0k HelE ol8sto] 77 e sf= Y2 820 AR =5 4 4 YA
FO]tH(Brady and Weil, 2008). Z}F vl 2] 2] 8-H 7 EC=0.01-0.06dS m™ 2] ]2 LreER O™, LC B Z]o)lA4] 0.06dS m™ =
oA 0 = EA Uepth S H 20=0.16-021dS'm ™' O M9 = S AHTH SVt A 0 2 & 4§19l 0w, 7} A 2] oA
FrOAR1 Afol= LERdR] ehleh EC7L 0 1 HiR] 50 d7o] @] ot of e o] 259] 357t 1A= 11(Yamaguchi,
1989), ZF=0]| i AE A fIeoto] Aejthite] GRS FHBoyer, 1970), 7| 5L EE B, FAIEEE ALA

921 H 9l x5ty
o™, A7id Hi2] Q1 phenolic foamo] 7] Q1-gHl2| 91 oI} H]wollS wf 2feka] E/Joll A & 2lo)7 glof - thA|
Sk QE A= o8- 7 Fs Rt A 0 = sk,

Hijz]o) E2f A EA(87180, 71V, & 5, 7S Fig. 5ol LEUSITh A2/ 919t 2|2 4 2 2/dst

W] 2t ogo] e sHHBunt, 1984). 87182 U 2] 9] fr-a-& UER™, B 27 S
= Wol Zge 4= JLOoH 9] ko] wA5] WolR|A] ot o] ol g a-go] FUEIL TS E £ 4 A
(Aljibury and May, 1970; Martin et al,, 1970). = o] 4] Z} 8 2] ] £7]-85=2R LCE #|2]3F GRW, URW, LC-liteo]| 4]
717} 847,832, 82 6% 80% ©V2] k2 H Y Om LC= 9F 44 4%= 102 0 &2 Y| ettt uiz|7} 24 Fof 5
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Table 6. Changes in pH and EC of cube-type growth media used for 21 days.

o, pH EC(dS'm™)
Medium Before After Before After
GRW 7402 7300 0.02b 0.16a
URW 742a 741a 0.01b 0.17a
LC 735a 7200 0.06a 02la
LC-lite 734a 741a 0.02b 0.18a

“GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).
Mean separation within columns by Duncan’s multiple range test atp < 0.05.

—_
X
[
—
2 S
= S
Qo [J]
© v
v ©
—_ Q
[ w
£ =
ol <
c
S
O
) =
3
8 £
= R
2 e
[} =
S 2
o [}
—_ o
2 x
=1
= =)

GRW URW LC LC-lite GRW URW LC LC-lite
Medium Medium

Fig. 5. Container capacity (A), air space (B), total porosity (C), and bulk density (D) of the media used in experiments for
production of tomato plug seedlings. GRW, grodan rockwool (Grodan Co. Ltd., Denmark); URW, 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).

G SR ) B A So] 2 ke B10o] AT, BelA o] ] vl 7 Eelekn itk
(Lemaire, 1994; Soffer and Burger, 1989), Z} vlj 2| 2] 7|AFE-& LC} LC-liteol| A 212} 1.9%2} 1.1%2 QP HE| 2| H ot -6-2] 2
O 2 gho] B ek o w, URWOllki= 8 4% 7P =kt x| ol 5=9] Hla-& U= & 3= B HiAl
O 80% O19) BAEL 7P AR, % S Hobe Tk 7L TMIE A AL B0 LCSILC-
liteo}41 0.02g-m2}0.01g-m 5 HTHHA|HTF-F-04 © & Zho] WA LR, 0.09g-m 5 URW Ol 7F =Skt vl A=
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7H|Fo] YT FOH AZAIE A|A S 4= glo B e AEAIE 2| A vk A1 6] 7H|SS 7ok ftH(Choi et al,, 1997). 4]
B 9.0 Ak Eao] tfat 7120] AP AT T250] 75-90%, Wi 65-70%, 71 20%, SESE-LC 10-30%, 95
$H.0 4-10%= H 1% 11 QIth(Cattivello, 1990; Fonteno and Nelson, 1990), oot Arl= H Agof| A 2= 455-0] v]
2] 0] ER ks v 2le] 7} QL o, ERpE O] AJ50] URW FH oA 9p_t ATPE Ll 212 8718035 350 &

ot S WOl Erd & 1AL, R 7 VB L ot 2ol St AaE SEdl & 4 S mhzo =l Hekr:,

2 A EntE 1 A] 7]E0]| ARESHL Q= GRWRFURW @] 7+ T} w7 BiHoll et A= s d & 4=l
L oA v 2| 24 27]-SHe} #a) 1S 9151 phenolic foam LC-lite| 2] 9] 0|8 7F5A3-S- 1Z6}oittal A2 w|m, 39 o}

oFst M) R H Al of 285t 2~ Q)2 HeAIF o] KaiE|ojokat 7] 0 2 wiwch
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