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Progressive Changes in Chemical Composition of
Akaezomatsu (Picea glehnii) Wood
decayed by Fomitopsis pinicola

By

Kiyoshi M1ura and Kazuo Komiva
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LAL COFERREELNMBAKET 5 2 L RO EEMEY £ 2 5 & 571
L BT,

ChrbLORMOFAREL DFHEL, FLOBSC Y B FIB T kd R LT
W HETR DR, SO XS IRELTAM ORE, RS OCEHM ORI L o&EE
MWL TE, BACETAIHREINR VUL 9 FTbh Tk b, BHEHOAKELEE L
3D & LT, Scumip? b, WiLcox?, GReDVES®, CHOUY HDE&ENH v, Kt OMigiecEd
L Tix, MACLEAN® &, ScHEFFER®, Z A" &, ANDERsON®, F+HY, RUDMANI®W o
PH5, BHROZECEL Tik, NARAYANAMURTI® &, $EA® &, J[FEY, IS 28T
BELWD, ERRMESOBHCE % EIR20wTE CowLING'® O3 ChiclEnd o, v
7" = ViDL SARKANEN) BT Sl fBiind 5,

SEOERCEIANE—EHE, ALHCEH I, BHORFICH > AN OILERS O
B OWTOERIMBE X BDDZ L HNE LT, KBSOH, KohoEBRS, £ 4
J — A OS T RIT I,

ERRETOCHIY, BHELREL TR Wi AT EERHE, FETRXS
PEREFEROEE LI, L RI)IMEEEE, KFRESF2EERB R v kB —E1
ARERC BB R W B FROEEROH A B OBYE T 5,

2. = B

2.1 BEHoRS

BRI 7 =y =Y (Picea glehnii MastT.) ¥iddtig iR W & 5 E ko 424
HHEICAEB L T o 239 m, BEGER56cm b 0T 1973486 BIcHiR L 1o, (REREIC
B BERBUL 192 TH oo, RELEHIEDCIL S R, MDD 25~45m k%
Ak & OHEF T, BRHERABEZT > LFBORE X1, 4X2X2cm GHEH A X B X
HEHE) CRABL L, OHOAKEKL 2406%, T D4 AL 5526% T o tr, REIAL
(% 105°C © 2 B5M, BREE T oo, RRCHWIHERABE XY 51 2 32 » » (Fomitopsis
pinicola (SwaRTz ex FR)KARST) TH b, BHY HOKEx HICL THELR Fote, EF
500mé BD=MH7 7 AICHEETHHBL - BHFARR M (BHE200g, HHE30g, £X20g,
BEARLO % 100ml FOEALREMK, WhEEL 235~250C T 16 BMEHL o1,
DR R LA EENTLCE >, S OBEECHBEREAY LA iR A
RE B UBHRBE -7, WHMES, 6, 12, 18 8T, %+ OHIREFH < &7 506
BHREAORELY I LVBRE, MARLAEDOBLY 4 v — I ATHRBLT, AMSVIARE &
Lz,

%ﬁﬁl6aﬁ®iﬁﬁ¢$®mﬁu&0;5KLfkmkoif@éﬁaﬂmﬁﬁﬁ%
QB T, BEH, BRHEI L LRBICL TRRER A2 / —LiHE TV, £
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2/~ LiHBE L BREAMEOAFHEERBOEERL L, ERBLBRERBZ Lt D
IHFOERERS DRI E TE ST L, MliYr TEIRGERCHHL, 2 olaT
DEEDIL S EEL b TH D,

ETDORMIIERRLY, BITHEECEIhEhRRLL,

2.2 HEMORBIH

A8 7 A OHMEBENEIEZBARABEYEREh LIBEA7FAICAR, 227 -1
i ERTHEZT -7, MHKE 8L, BERBIEE 2 2/ — A THHE2T->THH
L, HABIEI—HICL TA0~45°C DB ECHRERMEL T2 2 /7 — A BRRDI,

Rralr—RAY 7= VOGHILEERCE > TiTo i,

KGR FHEEERDTENEDER AKX/ — Ll ABE lg Ah, HAA-F—T
R 7 fe B F TR, DL TEBKFT—BR500°C TRALE T e, BHEFREL TKS
BAh Rz,

2.3 RAFOEEBREZOSH

KM CIKGRER T BB DR ZEDNT, T DK PO BBERTOTHET-
f2o K5 10~20 mg A D 0 BoiF IR, AEAK (L:1vy) BABKEMZ TEBL, LO%
Wh10meEA A7 FA2LBL, KNz T2KEY 100ml e LT, TOBRREAMEL
TREFBESHTECERBET DG 5T 12,

EEBETD L, SBENEIAY YA, AAYT A, <SRV TA, wvHyv, B, #,
FrU YA, BT OWTIToTz, ¥EiX Béckman ® Integral Atomic Absorption Spectro-
photometers Model 495 B¢ HFH > A 5 4 i Laminar Flow Burner @A L 7z, KFH

Table 1., Analytical conditions of Akaezomatsu ash materials

Element K Ca Mg Mn Zn Cu Na Fe

Wave Lenght (nm) 766.5 422,65 285.2 279.5 213.9 324.7 389.0 248.3
Lamp Current (mA) 13 EAN 10 10 8 8 8 13
Slit Width 12 5 4 3 6 6 5 4
PM Voltage (V) 400 500 500 500 700 500 500 700
Burner Height (cm) 1.3 2.1 2.2 2.0 2.0 2.2 4.4 2.0
Support Gas (Air)

Pressure (psig.) l 20 20 20 20 23 20 20 20
Fuel Gas (Cz2H,) l

Pressure (psig.) 4 4 4 4 4 3.2 4 3.5
*Operation Mode C-S.| C-8.| C-S.| C-S.| H-S.| H-T.| C-S.| H-S.
Suppression-Span 0-100 | 0-100 | 0-100 | 0-100 | 0-100 | 0-100{ 0-100 | 0-100
Response Time (sec.) 32 8 8 8 8 8 8 8
Delay Mode Cont. | Cont.| Cont. | Cont. | Cont.| Cont.| Cont. | Cont.

* QOperation Mode  C.-S.: Cold-Single,. H-S.: Hot-Single, H.-T.: Hot-Triple.



238 JENEAERFRATRFERE H3BE 1T

X DI DD M Str% Table L IKRL T,
2.4 A5 —NHBHHOEEST

BekE 1IBEMBHSRIOMD A2 7 ~ Ll #EB 7 » <+ 737 4 — (TLC) &
Rt pm2 t 757 4 — (PPC) THRERXTWEDORSOEEHAN, TLC DLHILE
BBt 7 rahia, 287 -4 10:1vv) EHWie, 2RI 7 /EALT 7 =~
L (2% RV — S XA,

PPC pBBBHICIIF LY, CAFAKALATIF 9:2v/v) AW, REINCT
LY, VAFAKAAT I (8:2v/v) OBHET 20 SHFIAEYT» 2, BEAX TLC &
EIVENDE -3 1R

3. BRLER

FHh= =YD - DR FR LR —EHME, ATHCER ¢, tOEERIRLE(LFE
BEROBIIE DT, BEMAEREL LRy Table2 KR, TRBHHEERELL
PR D FEALIT D\ Tik Table 3 IR L,

RFEPRCHT »ERRVBOLEY Fig. L KKRLE, AHEY © 23EORMEHE
PRV F=Y, == Y.0oBEBRAOC P ToRECISE, YV /2 Ay
D=v=yLHieT A EAIL 8 BEPEANTHY, BHIINBCETHIEINDLLS,
AEBRCHWTL, BHOETCHCERERR 2RL, 18 BHOEF TLH Tk 34%,
T 16% DEEBRV R LI, KB OLH & PHOBERRP B R ERENLD DRI,
COERIEHOKGEERBTRAER LT LI LI ZFEIBNLOLEREIND,

RS T 5 £ 2 7 —A M BOE(LY Fig2 CRRLc, BAMEROKER» R
LHOLMT29% DA & /7 — AR Y b - 2R 2VEF 18 BRE% TIX 9.8% L 7.,

Table 2. Composition of Akaezomatsu in progressive stages of decay,
based on the moisture-free weight of sound samples

Sample Taoubation Tieight loss| “epracy | cellulpe | L8R | Ash
(weeks) (%) (%) (%) (%) (%)

Sound — 24 70.1 27.1 0.27

3 2.0 3.6 66.7 27.0 0.28

Sapwood 6 2.8 3.6 65.8 26.8 0.28
12 8.2 3.6 61.4 26.3 0.28

18 15.5 44 56.0 24.5 0.30

Sound — 29 68.7 28.4 0.29

3 5.6 5.0 63.2 26.9 0.27

Heartwood 6 17.2 59 51.8 23.8 .0.22
12 27.2 71 41.2 22.8 0.24

18 34.2 v 6B 36.9 21.3 0.23
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Table 3. Composition of Akaetomatsu in progressive stages of decay,
based on the moistux;e-free weight of decayed samples

Sample In;t;?i:«.\;(ilon Lg:t};:gfl Holocellulose Lignin Ash

(weeks) (%) (%) (%) (%)

Sound 2.4 70.1 27.1 0.27

3 37 68.1 27.6 0.29

Sapwood 6 3.7 67.7 27.6 0.29

12 39 66.8 28.6 0.30

18 5.3 66.3 29.0 0.35

Sound 2.9 68.7 284 0.29

3 5.3 66.9 28.5 0.29

Heartwood 6 71 62.5 28.7 0.26

12 9.8 56.6 313 0.36

18 9.8 56.0 32.3 0.35

o Sapwood

A  Heartwood
)
—

< 30
0
(7]
S
L ol
L
=y
[
z 10
0 3 6 12 18

Incubation period(weeks)
Fig. 1. Weight loss dué to decay during the various

incubation periods.
Akt 2 2 7 — LB EZBEMERT24% TH D, 18BHOBHTE3% L L-ThOoHED
Wn#xmL iz,

BEMEEOGE, OM TR 12:8MT 71% LB IEHREM LR 223, B518
ARIT65 e b, FRAEHEROEERBDLhL Lo, ZhIXBEBHDOEMCORT,
BEBRINKEL LY, FOREAROENBEORPH LT &, FlihobR
SOENUREEZENELOR, ChEIHECHBLLLOLHRSRD, THILEH
DEATIAE I RITB AL T 18 BHORFHRITIT 44% ZRLIC,

BAEORFTCHES & 1 w4 v — ADEHEDOE(LE Fig. 3 CRRL e, FFHEED & =
tar— AGHEROBILIZOWTIL, O CIMBEH T 68.7% TH - 7=h3 i 5 3 A 6 8
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FTREERIWA L, 1280, 18 BMOBHBECIE BRI 6% L —EEx/RL
2o AMTRBEMTT01% TH- ozzilﬁﬁ@;‘@ﬁmﬁ#wﬁ&ﬁ&\&% L7 18 BRIE
ik Td 663% THH, HTH 38% OEMPERRLILEFTHo 1,

BEMEEORE, LHOLrr L e~ ASHRIEHRE L L RBOERL, 1880
JBF%11 36.9% & @BLMICHEL T 31.8% O /R Lz, ¥l A @avr L,

10

Sapwood

o based on sound woodl

® based on decayed wood

Heartwood

A based on sound wood

Methanol extract (°)

4 based on decayed wood

0 3 6 12 18
Incubation period (weeks)

Fig. 2. Quantitative changes of methanol extract from sap- and
heartwood in progressive stage of decay.

Sapwood

o Obased on sound wood

60 e based on decdyed wood

Heartwood

A based on sound wood

40

A based on decayed wood

Holocellulose content (%)

e

o
w

6 12 18
Incubation period (weeks)‘

Fig. 3. Quantitative changes of holocellulose from sap- and
heartwood in progressive stage of decay.
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18 BT # TiL 56.0% S BEMICHEEL T 141% L B LI,

BHOETZHS Y 7= vEFROE(R DWT Fig. 4 KRR LT, BHEHEREOEE,
Lt - A E S ICEHOETICHEG, FFRILTLFoMLRL, B 18 BME T, O
Mk 39%, AT 19% OMMERL e, BEMERDOEE, LM - LM & L BHOET

AW ER R L, JEBF 18 AMETIE, BLEMCEBL TOMTILT1%, WM Tk
26% WALz,

Sapwood

o based on sound wood

@ based on decayed wood

Heartwood

A based on sound wood

Lignin content (%)

A hased on decayed wood

0 3 6 12 18
Incubation period (weeks)
Fig. 4. Quantitative changes of lignin from sap- and
heartwood in progressive stage of decay.
Sapwood
|
D40 o based on sound wood
ot ® based on decayed wood
g |
§ 0.30; Heartwood
< A based on sound wood
<
4 based on decayed wood
0.20]
< N
0 3 6 12 18

Incubation period (weeks)

Fig. 5. Quantitative changes of Ash from sap- and
heartwood in progressive stage of decay.
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BEMBERECrRr LR A ) S2VOEEROL L EHET S L, ket w—2D
BE, TORVEIOLMT46.3%, M T201% 5L, V7 =vOBLRILLM T 25.0%,
AT 96% THoto, UM ¥, ThERDRr LR —~AY S = v ORVPEL BT D
L, V7= vB LRI A e r - ABPROFEZFTHD, TOBENDY 7= VIXEFHO
EACHEC—EITBIRTLE > 2, LOEEEXERTHILY A/ 32 A rid T TR
HINTHBW X5 tflifyin ) 7 = vEBEHOBHE THH Z L WAL TWb,

B DTS R DEBERDOEY Fig. 5 KRR L &, BFHEEDEE, Ak - O
B E b IR OETCHEC KRS OSERIIE OIS ERNE D, b TH HEMD
W RR L, THCIRREH T 027% AR5 18 BIEKT 035% 1, LHOBE, HBEHT
0.29% TH - T HAEF5 18 WRATIL 0.35% & 7o T,

e EEOTE, WH CREETICH, BIOOBRELEF 18 BHECHMmE 0.03%
EH T THHAMMOERERL I, LDHOBARE, KM 18 BREBOBVEN 006% &
TN THBENBPERERL I,

ZhFEOHAILOWTRIK G OEBR T O IIFER LI TERET - 1,

AR TREFOMETICHE S K5 PO KEBET DB OWTHNL, I L I TEAL
BEAV T A, ALYT A, RITFUU LA, wvHYV, B, M, 7Y YA, $oSEEC
DNTHT» 12, e LH OB 18 BRORBIK G &AL T IO GHNTE e o1,

e M D FIEBR S O PHTEE %Y Table 4 IR, ROGFOEBEESTD >, 1)
YAk b)Y ADBEIHEOETICEES B (b% Fig. 6 & Fig. 7 @RLiz, OHiconTitEEse
MTHY T AEF MY Y AXFRFNS56ppm & 1.9 ppm Th o 7223 I F5 D HE 171 HEu - 1gm
L, J&F 12 8/% ik 573 ppm & 206 ppm & 18w fe, WM ABCEMOBER2RL, &
EMPOA Y VAL FPY T ARXFRFNRITppm, 24ppm TH D, B ISBEETEFR

Table 4. Averages of ash and mineral contents from sap- and

heartwood in progressive stages of decay, based on
the moisture-free weight. of sound samples

Sample | eopdtionl K | Ca | Mg | Mn | Zan | Cu | Na | Fe | Ash
(weeks) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (%)

Sound 97 | 1137 | 339 | 387 24 | 24 24 | 387 | 027

3 134 | 1228 | 240 | 352 | 214 | 27 80 | 427 | 023

Sapwood 6 285 | 1007 | 219 | 307 | 110 | 22 | 153 | 394 | 0.23
12 535 | 1156 | 27.8 | 300 | 107 | 21 | 27.8 | 407 | 023

18 736 | 1026 | 335 | 3L2 | 112 | 22 | 201 | 424 | 030

Sound 56 | 1203 | 451 | 470 75 | 19 19 | 302 | 029

Heart- 3 749 | 1438 | 374 | 433 99 | 20 | 236 | 374 | 027
wood 6 244 | 1278 | 282 | 305 | 132 | 19 | 244 | 376 | 022

12 57.3 | 1145 | 298 | 298 | 115 | 23 | 206 | 458 | 024
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[ Sapwood
1001 P
s Heartwood
o
a
= ]
e
C,
S 501
x

[§
0 3 6 12 18

Incubation period (weeks)

Fig. 6. Quantitative changes of potassium from sap- and
heartwood in progressive stage of decay.

1001 ] Sapwood
Heartwood

501

Na content (PPM)

-

0 3 6 12 18

Incubation period (weeks)

Fig. 7. Quantitative changes of sodium from sap- and
heartwood in progressive stage of decay.

# 73.6 ppm, 20.1 ppm & 75 T2, $KETEICOWCIL Fig. 8 & Fig. 9IR¥ X 5, B
BT ThEneMmoER LR L, LDHOBE, @2k C 302 ppm, #H# 7.5 ppm
2UEFG 12 BEITEFRFR 458 ppm & 115 ppm TH iz, A¥ LT ok WmAM % =L,

BEH5 18 BRI T+ Fh 424 ppm, 112ppm &g w7z, Fig 10, Fig. llie~v vk <7 %y
v ADSHREEYRLE., D OB CIlt<yY i 470 ppm, <2 %> 7 Atk 451 ppm
T o e MBI OETFCEGCRY L, B 128 Tike 31 298 ppm DfERRL 72, AMT
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100 ;
3 Ssapwood
s Heartwood-
o
a
£ 50
c —
(o
o
[<}]
(V8
0 3 6 12 18
incubation: period (weeks)
Fig. 8. Quantitative changes of iron from sap- and
heartwood in progressive stage of decay.
3 Sapwood
1001
3 Heartwood
[N
.
€
3
6
o 501
[
N

BN N M 7
0 3 6 12 18
Incubation period (weeks)

Fig. 9. Quantitative changes of zinc from sap- and
heartwood in progressive stage of decay.

B vy DB A AT 38.7 ppm AVEF 18 BRIHKICIX 31.2ppm EFWA LTz, Flow X
o U AD PG AT 339 ppm TH - e AEF 3.6 8/ L WA EIRL, RIE21Ippm <7k
p, 12, 18 @I ¥ - BIMBEAARL, 18 BMTIX 335 ppm L BEM L ZIEFRL~ /5 v Y
AEHRERLT, Tabled @it X 5l OHOBREHTRLBVERRO ALY T A
(ZUH 113.7 ppm, 0¥ 120.3 ppm) & & HIEV & HRDOGH (U 2.4 ppm, 04 1.9 ppm) (2FEFT
DHEFTCHE > BRI EILIXED D hiah o 1,
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100 ; [ Sapwood
- Heartwood
=
o
o
g 501
c
G
(9]

j =t
=

o 3 6 12 18
Incubation period(weeks)

Fig. 10. Quantitative changes of manganese from sap- and
heartwood in progressive stage of decay.

100 ; C Sapwood
- Heart wood
2
.

& 507
[
8 [g
m ‘ '—E l-g
=
0 3 6 12 18

Incubation period (weeks)

Fig. 11. Quantitative changes of magnesium from sap- and
heartwood in progressive stage of decay.

RGP OBEEET DIPRERCOVTR, TTRBMEIR IR LD L, RYELEED
BB OB O T L Y Ry, A—oBETLEFLLBR, R—ofk
TLEDOMP K- TR D EEHND, MCMILLANY® i loblolly pine (Pinus taeda L.) Ok
BOBEBERFTOWTHHL, TOFHFERIMI»LEEIEND LWL, BH X b BHoR
BEFBENDRL, BUCR ALY T A0S, ROT= /22 7 ARSCHEYREL T 5,

ZICHERMAN® > 3, loblolly pine DAMFEO K 5D 13 BEBE 5>\ T S a2 T,
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<y ZAFEEHGCAERKGEEBE S 7 A ~Ey A BRKEY B TRy, K&
RALERC X 5 FHHEAERRACEO FEC S b X THCER R TEYREL T 5%,

ELLis®™ |1 Grand fir (Abies grandis (DoucL.) LINDL.) D[R 55 A D EEER 53 O 58 & Ty,
W, T, ~vH VAR CECAEREYRL L HEL T 5,

JBE® 132 DERGOERGH D TFEEINHR TS L ECHER~ 7 F > v A, A Y VAR
FRECBTTSZ L BEL T D, FLTFEEORENOBAGORS ¥ A~IHE, &
BN ECE D LB, AV YA, = r 52wy, AF Y 7oA, BRCHOEBBES DR
EBEL TS, FREREYERL CEBRS DERIHERICOWTHEN, 1% B »
VYA, F Y)Y AREKRBY LTI Ry AT ERMEL T3, $LBHE
REROBERT & L TERRS Y LEE T, SRCHFETD LRFHFCKD Lvbh
Tn58, L EOBWEEBRTWA L 5 CEMNTZERORBTCH L TRE LR IY
FotTuwb,

TH=S IOV FHFEAL I av hril L BB TR OEBR S, »V v s, 71
YA, g BEHMENMEREYSRL, cvAY, =2Fx vy ARBOEARYRLICZ &R, Y
HHN 7 3y Hr AT THRBTEAS M, FRRERENDEERRT OBE LB
L, BARORE, BEBRLBEVLLbI L0230 EE2bR, BEKROLhDETH
5%, ZOMCBL Tidicds, HRAMOMADOLILE LEBL TABAFMAMALIT»> T
e b o,

BEMOLHM A2/ —AHE 7 ermdis « 2%~ (10:1v/v) OB HvT
TLC TRHELL oA, RIEISS -, 0HM4IEEFRELYETEIRELARy P REDD
hiz, ¥7PPCCTRBHBE X vy - OAFARLAT I 9:1vy) CTREZ®ALLZ
%, REMEOST iR, RIEOB LAV Yy CBROKERAKy tiBBLAL, REEHOH
WHEIRa-2 =57 FY v ERIfE, BBREL—FHLA, FMOXMRE LEBLTa-2 =7
vayaﬁﬁéhtc:ok%&1£yrazﬁﬁo%ﬁuﬁﬁ@&ﬁmﬁmﬁwﬁﬁ%ﬁ
LEDTHAZRT 537 4 —OFBEACTEERETHAIECIVEABREOHED 1 o0
BCHACLEENELLON S, SEARERE TRITWRbh T,

4 E ]

7 A=y =Y (Picea glehnii MAST.) % Y 7y / 2> h & (Fomitopsis pinicola (Swa-
RTZ ex FR) KARsT.) TALMICEIT X2, BEOETICH 5 LERS O E L& AXTKROKE
wWr B,

1) BEMZEBCLTELD L, BHOETCHGD, AL IEBIRIL, 45/
— A EEENL, krer e~ ARIBCHEIL, V7= vdb IO ERLL,

2) K7 DOEBRIIEHOETAE UM TR, o THTHBHAHINER L O E
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miE AL Tz,

3) KSR D RS BT OMEATICE D - UM E b A Y v A LT b Y Y AR
MU, 8, BHENHLTroBMERLE, = vAvidid - DitE dBPUEEERLEL, =7/ %
¥ 9 MROHCRBSEA E T L AT TREAR R S o I,

BEMTRLEBERDOF v 7 A LR ECEIEHOETCH > HERE(LXED
bhichoiz,

4) BEMOOLH A5/ —Aflilifpdid TLC & PPC T2 O KX/ ARy PREDD
h, REEDBNFIZRE a-2=5F v F ) L8bh, fUtkAETHS,

202 ODWHERBHOETC OR TR Y DEAERL I,

x ]
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Summary

Experiments were carried out in order to determine the progressive changes in
certain chemical compositions of Akaezomatsu (Picea glehnii Mast.) which was decaved
artificially by Tsugasarunokoshikake (Fomitopsis pinicola (SwaRTZ ex. Fr.) KaRsT.).

When expressed on the basis of original sound wood, the results were as follows;

1) The weight loss and methanol solubility of both sap- and heartwood increased
gradually in progressive stages of decay. ‘

The composition analyses revealed that holocellulose of sap- and heartwood de-
creased rapidly in progressive stages of decay,; while lignin decreased very slightly as
compared with holocellulose.

2) In the progressive stages of decay, the ash of sapwood showed progressive
increase whereas that of heartwood showed a slight decrease.

3) In the case of both sap- and heartwood, amounts of sodium and potassium
contained in ash increased clearly in progressive stages of decay. However, the iron
and zinc content slightly increased and manganese content decreased in both species.

A considerably larger decrease in amount of magnesium was seen in heartwood,
however, no change in this metal was shown in sapwood during all stages of decay.

Sound sap- and heartwood showed a relatively larger amount of calcium and
a small amount of copper, both metallic elements showed little changes during all
stages of decay.

4) The methanol extracts obtained from sound heartwood were investigated accor-
ding to TLC and PPC methods. The result showed two main spots.

The compound of higher Rf valdes was estimated to be a-conidendrin. The amount
of the two spots decreased in progressive stages of decay.



