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Potential of Sugi (Cryptomeria japonica D. Don) Stem Bark
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Fig. 1 Origin of periderm in Pelargonium stem in cross sections. A, periclinal divisions in subepi-
dermal layer have produced phellogen cells toward the outside and phelloderm cells toward
the inside, one of each to a divided cell. B, periderm is established. (after K: Esau, 1960)"
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Fig.3 Relation between the thickness of
the stem bark and the depth of fis-
sure in bark and the height above
ground for SUGIL (Crypromeria
Japonica) tree,”

Fig. 2 A schematic diagram showing cell
cycles of two kinds and types of
phloem fiber. Type-1 fiber, thick-
walled, strongly lignified; Type-2
fiber, thick-walled, but less ligni-
fled; Type-3 fiber, thin-walled.
The long cycle (Cycle-Il) is con-
sidered to correspond to an an-
nual growth layer of the phloem,
(after MivAaGAwA et al)®
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Fig. 5 Surveyed stand in Mie University Forest
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£) 2R THE Ui, RMIESH - Ba0oRBEELY, 2hoomE &%E (80°C T
) D ORDIEKBIEDFEH « WAMNOALBEEIE U, 72, SR AKORKOH KL
DOFF (bl 02m BLL) EMmmitick bR,

1.3 R o

(1) BHEROBRMER « o R

BB T A RHMEAR O, BB, AR, KB, ERRORIEOWRTEA Table 1 1R Lk,
WUR104E DS 3 A%, HRH20, 30, 40RUPGOAEIEZNEN 2 A, SFIIAZHE LR —Kikic
BOTHEEROBANEEICBETOENS SN, Thid, BEROEE LGRS
BrEicdBbDEBhns0T, I « M AlORAYR Y EEEERD I, b, K
O, WK, SHRULEORATEEERE BHRMBRENZELL, cho0d bk, 104
1.3 kg, 204E 3.2 kg, 304E 5.2 kg, 404F 7.2 kg, 604E 19.4kg TH D, BAMEE IMHIBIOLEE TR
FIFHEMRIC, T OBE0AE I TABICHIN T 28U HD Shiz,

Table 1. Dry weight of each part of Sugi trees in different age stands (kgy
. g £ 5 . F
; g g g % _“;5 2 5,; §:U, Stem Branches Leaves Whole
EX ES £ 3T §5B tree
8 & 8§ £ A=f wood bark total living dead total living dead total
A 8.60 93 11.752 1.339 13.091 1.895 0.471 2.366 5.674 1.417 7.091 22.548
16.%5 10 B 875 8.4 9.289 0,982 10.271 1.769 0.362 2.131 3.850 0.903 4,753 17.155
C 931 105 11344 1.470 12,814 3.200 0921 4.211 3.674 1.288 4.962 21.897
Av. 889 94 10795 1.264 12.059 2.288 0.585 2.873 4.399 1.203 5.602 20.534
A 11.82° 13.0 28.271 2.570 30.841 4.612 1.415 6.027 4.851 0.855 5706 42.574

14 20 B 1280 13.7 29.524 3.787 33311 3.722 1415 5137 6.368 0.151 6.519 44.967
Av. 1231 134 28898 3.179 32.077 4.167 1.415 5582 5.610 0.503 6.113 43.772
A 1693 169 56.885 4.793 61.678 6.660 3.615 10.275 6.501 1.260 7.761 79.714
1543 30 B 1551 166 57.014 5.678 62.692 6854 1.541 8.395 8.697 0.189 8.886 79.973
Av. 1622 168 56950 5236 62.186 6757 2.578 9.335 7.599 0.725 8324 79.845
A 17.55 213 99.801 8.572108.373 16.353 1.268 17.621 16.625 0.134 16.759 142.753
6.% 40 B 1630 183 69832 5.851 75683 5294 1.264 6.558 9.968 0.084 10.052 92.293
Av, 1693 198 84.817 7.212 92.029 10.824 1.266 12.090 13.297 0.109 13.406 117.525
A 2497 260 219.04518.521 237.566  8.296 0.136 8.432 12.148 0.369 12,517 258.515
8.z 60 B 2240 263 218.72820.205238.933 17.942 1.686 19.628 19.940 0.863 20.803 279.364
Av, 23.69 26.2 218.88719.363238.250 13.119 0.911 14.030 16.044 0.616 16.660 268,940

(2) ha X0 O - Mo HIBLER

BHREBICB T 2SN OHEAFHEE & 2h2h oMM iTE I 2 FHLAREBE (4/ha) » b
RKdF PR A Table 2 KA Ui,

SERBEMOAF ALK B 2B O ha B0 LMl FR, 104 8721, 2048 101.8t,
304F 148.4t, 404E 175.1t, 604E 222.4¢ Ll S htc, SR HUEMICHLER 9 1T U 45 5 IRE BT 20
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HEBHNOA ¥ ANLHICEB D% ha 2 0 BRI, 104 4941, 1948 108.2t, 314E 170.5¢,
S14F 266.1t, 604F 274.0t L7155 TW B, Ch HFI OMAR L, FAIHMIC L~ T20~
604EA: TIX10~20% % WHMNEYD Sz, F7z, 104EER FFRSO ha X4 0 BB ERIKD
WTHE, 749 t~T754 09 (EREFEAR) H 5003 36.0~80.0t20) (EREHH) LdbhTEY,
FMOMSICBNTHRY, i, WRHIKSBERICBPE ) OHENA NG, Chi, Z
NENOHRBETHIICEB Y 2 2 ¥ ALKOEFEREES S CRKBBERBOLNOMBHE LT 2
boEELNB,

Table 2. Dry biomass of different age stands (t/ha)
Stand Mean tree Mean  Stand Stem Branches Leaves
age height  d.b.h density Total
(years) (m) (cm) (trees/ha) wood  bark living dead living dead
10 8.89 9.4 4240 45.8 54 9.7 2.5 18.7 5.1 87.2
(52.5) (6.2) (L. @9 (@14 (.8 100.0)

20 12.31 13.4 2325 67.2 7.4 9.7 3.3 13.0 1.2 101.8
66.0) (7.3) (9.5 (32) (28 (1.2) (100.0)

30 16.22 16.8 1860 105.9 9.7 126 4.8 14.1 1.3 148.4
1.4y (65 (85 (62 v.5) (0.9  (100.0)

40 16.93 19.8 1490 1264 107 16.1 1.9 19.8 0.2 175.1
(722) (1)  (9.2) (.1 (113) (O (100.0)

60 23.69 26.2 827 181.0  16.0 10.8 0.8 13.3 0.5 222.4
®814) (2) @9 04 6.0y (0.2) (100.0)

Value in the parentheses is the percentage of each part to the total dry weight.

DEW, FHBPCER DO A F ATHICE T 2D ba 2% D BRI, 54~160t Kbz
feds, BB Y 2B ER ULE) T A 8RR, 1045 541/87.2, 204 7.41/101.8
t, 304E 9.7t/148.4t, 404E 10.7t/175.1t, 604 16.0t/222.4t7, Zh#h6.2%, 7.3%, 6.5%,

1k, RUIRORG L18 - fo AFCOEAM S (8 BEIC/NIE) DIFFISOMEE H kgl 13, Rk
0.41 ha, SLAMHE 165.447 m®, JUKHBE GHEZAT & <) 132785 m?, RS 0 75%ThH »
foo COHMEY LRAMSICEBIA ha Y 0ikEEBER (1600 HhoiHd 5L, ha %0
120t OMBESHKs~ b BiltahicC LiKis s,

(3) oW EE LM

Tl i, RHOBMLOBROMERTE, KBick 5T BIE—ETH»7, UL,
BEAMSHOMBERICONTH S &, BFHEE, Table3 KR Lk K, BEick-Th, &
B - Thd, M oh<T, KLLMD H -7, Tb b, WEICKL MR T,
O THIZZTRIE, GO TN I BRIETSH B, —F, HBIck 28 FRIZI0H 4 THI3%,
COARLTHI S RRIE L, WKL 250X bMERILT OBAMNKE WV, T, B XY
H OB SRR T B o TR L B ABAMBED S, 1084 TR 41 kg/m®, 604
BT 31kg/m® BETH - 12,
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Table 3. Bark percent of smaple tree stem

Sgaééd Sample a b c
(years) tree WIw %) VIV%) (kg/m?)
A 11.39 13.79 44.90
B 10.57 15.28 39.65
10 C 12.96 10.19 37.57
Av. 11.71 13.09 40.71
A 9.09 7.63 31.12
20 B 12.83 6.28 39.51
Av. 10.96 6.96 3532
A 8.43 6.39 28.94
30 B 9.96 5.14 32.62
Av. 9.20 5.77 30.78
A 8.59 523 29.05
40 B 8.38 6.09 27.21
Av. 8.49 5.66 28.31
A 8.46 4.46 27.50
60 B 9.24 5.60 34.84
Av. 8.85 5.03 3117

a: Bark dry weight/stem dry weight.
¢: Bark dry weight/stem (with bark) volume.

Table 4.

Volume of stem bark and estimated values of bark biomass

b: Bark volume/stem (with bark) volume,

Stand age  volume of

Bark

stem

Estimated
dry weight
of stem bark
by regression

Estimated bark biomass of stem from yield
table on KUMANO-Area in MIE prefecture

dry weight (t/ha)
I* orx

volume (m?/ha)
I* 11*

(years) (m3/ha) equation (i/ha)

10 16.8 5.6 1.3 0.6 4.1 1.8
(5.4)y**

20 14.3 7.4 5.1 2.5 10.1 4.9
(7.4)%*

30 18.2 10.3 10.0 5.0 18.7 9.3
(9.7)%*

40 213 12.4 13.9 7.2 28.0 14.8
(10.7)**

60 25.9 13.7 23.5 13.0 38.0 21.0
(16.0)**

*: site class.

*%: measuered value X mean tree density
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Q%_ U 2Bl & 5HE8 S N 2SR BRI bk D bR B2 5
Sup fEhit L WK LT A 72 (Table 4, Fig. 6),

g& Table 4 1R Lick D e, WHEED Ok Lot
g WHRAERE, F—HBokaTs, ME 1 &Mk
sior I &TR, B F 2 ERIED LRS- 72, Th
?5- S O BB & TR BRI T O [ RIS OBk s
g B A LET 5 &, 10434 & 2044 OM 4TI,

1020 30 40 5060 70 CPABUEATOMON A, WHEED SHtE S h ik
Stand age (year)

Fig. 6 Relation between bark biomass and ~ SCEFR K D S REVEMHAR L TWB, Thid,
stand age. Open and solid circles B2 5 A OILAEIE (2131064, 1L
show the estimated values and - ) .
mesured ones, respectively. Roman HEde: 2883 A/ha W U<, BEM: 4240 K /ha)

numerals indicate site classes. DBERNCEBEEDTH S,

=07, FRUCEKOEERG OB, PR o OHEEM (b 1) &ZE R UM kB
T, 8 WAV B KU 60EL M OB A, WHEE D Sl Lo 1 &3 1T o
B DA & 75 - 72,

HEA T, R SHNS NI EBERL D &, FRMEN COMBRERDES
ME Do tehs, AHEOBIEIE, MRIITICK > TRO MBI AR (m*/ha) &, IWHEH» S
fEEdhic e M &AL LcEaic b @b ohiz, 1272, AROFEAEBHROMETE, 104
4 (16.8m’/ha) X b &, 20454 (14.3 m’/ha) S5 DM B S I - 1o

FRPHK LR CEZRBR—EMWEEH O A FGIBR OB A 10E~124E4 T 15.8~18.6 m*/hal®
EVIRERSMEINTRY, FABEROIOEAKS OMBEAERRED, LWHUBULREWH
THdHEEOORI, LT, CO8Ed, HOOISIREED BSDs, #Hilmbks ok
ARRIC, KEREBEBATHNBELITH b,

(4) HipatE o (L) - 3 - B S & oM oM =G

—fic, HAROKZMAEOMERMICIE, HMEENBEY Sh, ThE2fM LT, Kok
PWHARERIL EOHEEDTb N TS, ARICBNTHAE SN A FEEKROW® « 3 - o
HREMBEEHREOB TS, COWBBLIRILLTED Fig. 7), TiROBAREH 72,

#: Log Yi=—1729+2844Log X (r*=0.987)

#: Log Y,=~0.661541.307 Log X (r*=0.818)

Hi: Log Ys=—1.393-+1792Log X (r*=0.857)

LT Y i, #hFRoBRogE ke), X BWEEE (cm),
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Fig. 7 Allometric relation between Fig. 8 Allometric relation between
D. B. H. and dry weight of stem, D. B. H. and dry weight of stem
leaves and branches. bark.

COXSRMFRE, Kt BAROHMOMEE &IHHELOMICERD Sh, ROBAIES
hi: (Fig. 8),

Hfz: Log Ya=—2269+2459Log X  (+*=0.975)

Ho T &R M B AL & oM oMK A BRR 20 OB AR ORI WG, ELA
ERWEBDNEDT, COFEOEBERIT S0, WBOmRERIC s &S0 T, Mﬁ@W

BIESHEEL O, MOOMEBIHERENEL, RIS &S0 THE XN (Table 4) &1k
BLTHI,

AEDP LW ST L DI, W0, 20 R U3EDHKM DT, R S O,
KR S EDSOTBIICGENMEER U, )5, 40540 O TIE, hRYoThs &
woehiz, UL, 208, WIRbI6HBLUTTH -7,

uLwﬂ%mb,me%M@x#Alwmomf,mL®MMﬁ%mm Z DS

oM B RO KK OHEE R-FMCHETH D, < LIKERKR KB TE, ok
WHBICK » T, WEWERSHEEMIEONE DO LBbN S,

I R R OYIB LR
Hie1 5k
MGG Ude 2 SRR O Gk, AESEREEEZMELLOD, il 1.2~
32m OWELOMBITDOWT, HKE, NHEIBZE, BRE, BEEREER, Bk ORI
ERRICRTFHETUE U,
FRBROPMEE  h oy & —F A4 7 TH - SMEBOICIE U2 Rl 2 105°C o5 i
THHAICE 2 & TR UTH « SMBIR O E/KRENE L, TiTH » SR ER 9 2 P
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PEHEE TR i D He 3R B AR BZER & U TR L,
Pt 0 B d S0mm, 1Y 30mm KM LAREME LYy s v — e S AERBR- e T
THIFEL, £ 4 7 — BRUL CRLBE A A 5 Ui,

TRAKKR G % NaOH il 15 By 4 1g iz 100m! Dk /13 1 % NaOH @A A
MR T 22 3 WER & ol 1 R AN B AL R e AR S AT I U 728 o TR RSB B U T,
TRAHN 4 OFRTERE © Wy 249 10g 1T 150 mi iK% A 80°C, 3 MMM LTA &h
TOR AR, BROB A & v R IR IC & - TR U 723 i, pH &2 5E Ule o Bilikk
WS ARE L, 2hEho pH, BERIS O OB 4 ORI, MRPERE A ER Lk,
B O pH RO, R U R 80 mg % 20m! Ot 1 A v —& U
FERRAICIEM L7z B 01N KOH A MO TRBAENE L, N KT oy pH R UkE
D pH P10 2 F CreBE Lz KOH ORI mol JTHER Ui, MsEIIE, ERHER kk

B ASRE T RAT-11S 2ROl @AM EROMY TH 5,

Recorder full scale : 24cm

Scale range : 0.5pH/cm
Chart speed : 60 mm/min
Derivery time : 4sec
Interval time : 20sec

Addition of the titrant: 0.025 m//sec

e i O R id, pKa 10 LOBREER b ERT I E2HNELT, €)YV %
Btk &3 BIAREAL MW BIEIC K » THE L, FAMMEE RAFBRELEYHE L Ui JHNP
il (RIBEBBIEALEM) SPOMET L L ELRM, € Y rBiliRicy 38 MEEyHED
AHNP il Lok BICB T % pKa il & O B T, MEBHEED TEL, mEkob v
REVNEDPOCTNFNT 2 ) = NRDT7 2 7 —NMEREEHEO X D A5 S O R el
THLEWRETH B2, ok, RICGRTIESRLELAE, WA ROBERMELR—
THbB,

Titrant : 0.IN tetrabutylammonium hydroxide-pyridine solution
Scale range: 50mV/cm

HIe2 gt &%

BEOMBBAER E L S~THHMTH Y, #HH, MERCIZ2EWSREVD, & STRNE
DRREBE & APME, SR OMI SHROMENED Shaiew, W - MR OEELE
3, BHURS, B RURBBICOBBEE I A SO LR IR, Ltk T, AlEHRE
MR EOMAER E UCRETH S, Fig. 9 EEHIBHBMEONBELRERLLLDOTH
B, —RICHHNE K S WKHRIBRIINC & SN RD 3 B BRI H - T, HIB204E % CONMIE
BB D55~60% % HHTNBA, METIIRBSHBEL - TD, BB, Axu—y—F—
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(Chamaecyparis nootkatensis Spacy) OV HE (LI ILH) 352%™, v RYTHEN <
Y (Larix sp), 7 Hh = v 8% (Pinus densiflora SigB. et Zucc.) R ot=y' = V1% (Picea
jezoensis CArRr.) QWM EHBRIZZNEN16%, 4BRU4ESD EHMEINTE L, 2 FBEIE
VAN RATE IS R Vel il A

F F—BEIT OEMIC JUE L TA o KM EOG/RER, Rclps QdiE—g7T
H o Te BN K - TEDME U Tz, M, WK T13.2~17.2%, F#14.6%, ST
13.7~17.8%, FH16.2%TH »tco L VEMBBE T TIHNBROEKESAMEDZ
O EMCE T,

Sample tree

x 10A, 10B
O20A, 20B
100} \Qg O304, 30B
. V. A 40A, 408
Sample tree . N, ® 60A, GOB
. o A X 80f \3%
L OF & B = ko)
g a C g T % A
£ 5
g o] 2 60
B 60 i
oL v »
& 5
e £ aor
g 50 .“‘.'i
=
g
[=% ) 204
2 40
B
o]
£
& 0 ) R 1 f
530- L5 2.0 2.5 3.0 3.5 (log m)
" L 1 s 1 . (200)(100)  (60){40)  (20) (mesh)
10 20 30 40 50 60 (80)
Stand age (year) Particle diameter
Fig. 9 Variation in the weight ratio of the Fig. 10 Cumulative distribution of particle diame-~
inner bark to the whole bark of the ter for the powder of the stem barks ground
stem by the stand age classes. by a Wiley mill.

MEECTNOMBIAE T I UTHMBE & UTHRILST 2 &E0—BTH YD, FkHl
HOBREOME ST ORFcBES 2 5, Fig 10 &, GAREHISSOREMEE Y 4
Vo S E o THFE L ORES T H 5, SRIEEL U B4R 3 2 D ORI
Bd AT ENTE, ARRWGEA T, PREBIOMAELT L604E DMk & TRIEMAC It LT
7o WiHE & BHITE 250 pm (60 mesh 52 00) ZEMEET 2 2HME VKO DL, FHA0ELT
B OGOMEM e P it & E T B 250 um Bl L OMFEIE 2 2N 70% R 050%, 149 pm
(100 mesh 3% ) LT OB IZ20B R U35%BTH » 1o Bl L, BYHEE OUYE D & B %
BT 2 C L ERUHTH B 70D @RISR A5, TS ORI S Uk 5 i
SO EBBUYETH S EMEIND, 3 OIERN IR ARE T 570, EHRHE
R BRBSEM Uiz, Fig. 11 13, 6044 L304E4E 0 2 BB A M O — & METFT TOR—v s I
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O 30A
Sample tree
P 60 A
Grinding — T ,]19
time (hr) 88
0ok
B —e-
80 TO o
_______ o

<
<
T

Cumulative distribution (%)
£
<
T

20
X o--
O 3 1. e L,
50 100 500 1,000 5,000

Particle diameter (um)
Fig. 11 Cumulative distribution of particle diameter for the powder of the stem
barks ground by a porcelain ball mill,

B R TH B BIPLLILIRER 1 R 05 C 3O B D 2 D3 pail B2 & 403k S ML S h T IR T8
TH o TS, OA B DI MR DE Oy BT ORIk, BEm TR O P b IRE T
L SN TS 208, 8 WFHLIM T 5 & 0A RO W E S o TV BT EERLTE Y,
60A K Uf 30A MM D5 B, T4pm PUF (100 mesh 3 2 U0E08) O 132 h 2 h, 40%
BU0%TH»Tce TOIDEEMIL, HEME LRE, MEHcEOMBEREMBLTNS
bOTH B, 3%, WA &b, WK 200 pm ZMS %4 9 % 25 Rosin-Rammler D}
FEAMRNCHEA LT D, 8 MMM O S bRKERERTHRIZENEN 77 pm KL 90 ym
LR Eh,

Rosin-Rammler distribution law
R=g-#="
R: Weight of the powder remained on each standard sieve.

x: Particle size of the powder.

ST AR B DY P 2 Table 5 (RS, LR B KA HE8134.3~14.5% CTH - T,
H: TEEREE T B PO B2 D272 L3 OO 1 W IR B B Lok R B2 0 i B B B O
BHY, &1 1% NaOH fliH381321.3~28.7% THIB204E LI T & 604 O MDD 5 &
FOBIE AR Ul BKICES F OB, 7o -, FERBRORENES 0207 =/ —
WIS ERS, 7o NaOH JREE BT IR /KT I B4 O M B4 F OB L a8 & o
=vEFUR) 7 2 ) ~NMESWHEATECERENS, KTk » THEBRM M B o4 i
BEALTOEDHIEST, 122Q2) Tl X 2OWEICbEBBH L bDLfEINS,
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Table 5. Extractives content of the stem barks (oven-dry basis)

Stand

Soluble in

age  Sumple
(years) ree hot-water (%) 1% NaOH (%)

A 10.60 23.09
10 B 14.48 28.52
C 11.43 27.09
Avg, 12.17 26.23
A 9.08 26.32
20 B 11.05 26.02
Ave. 10.07 26.17
A 5.45 23.95
30 B 5.04 21.26
Avg. 5.25 22.61
A 4.77 22.32
40 B 9.23 23.54
Avg. 7.00 22.93
A 9.19 23.40
60 B 4.34 28.68
Avg. 6.77 26.04

SOICFA—WIBIBETH - T, KREVMEREERD B C LiItTES,

BHALS F ORRMENS &4 3 2 HAKMIBE O pH, M BHE D pH 133.8~4 4DHHTH -
TH1 4~ 6 O pH i RT—AREM L RERFERLETH 248, B4 A v 220G 2 o TS
BLLICE-T, WTRORE D pH3 WBRO—EMEZIRT &L DD (Fig. 12), & AR
U 7o RALEIA 4 7% —SE B BRI U7 i8 3 D pH I3, FAh & OMIENE 72 < 3.8~5.20ME M T
EBH LTS, DAY T LDl ERE2.9~3.10—% pH 2R L T35 (Fig. 13),
EHOBMEE ORI TH % pH i, HWHEPICHEET 2MRLEEOMS (RAIER) Lit & OB &

4.0

pk
s
=y
T

2.0

Untreated extract

32 0
e T g
Deionized extract
P @*'@““gy—'“‘“‘m”
Mark of O4

sample tree® B
\ LBC

i 2 i

Fig. 12

10 20 30 40 50 60
Stand age (year)

The pH values of the hot-water
extracts of the stem barks.

6.0

A Untreated extractive
O
8 e
o]
Deionized extractive
- -8 T i a
OA
Mark of

sample tree

Il i Il

Fig. 13

020 304050 60
Stand age (year)

The pH values at 0.4 percent in

concentration of the hot-water ex-

tractives of the stem barks.
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HISENBD, LEOHHED S, WEMEHO pH @E o7 R ) B ELLB T ) L
BEREHRICEFE LT B EBW S THY, RSN EA RO LRNZ VR
MARBEREZHOTZRRICBNTHREDONTHBEM,

IR ) OV & SERLENCR I 7885 A — 2 — TH BFWARIE, Fig. 40X 5, i
ARALERH B4 2 D & O T 0.15~0.20 mol/100 g, T LBk 4 € 0.21~0.33 mol/100g &78 - T
B0, WHICk 3MEERERIERED ShEh -2, RELABOFMICK 2 MEMOIRMAKE N
T EKBBEET VD ) EREOEHERMEN LD TH L EEREEND, Wk, Choldmgkt

5
£l <§ 0.60f
k3] 5
g e o % 0.50
50.30 © ] L
o @ 22 .40
2 e e 2=
= ® 8 E .30 7 I
3 L o} S /
prttloee oo il
& 5! b v ﬁ
= o 7 b p
5 0.10 A0 b % b )
%0.10‘, O Hot-water extractive —-5 11 7 % % / / / V‘
o ® Deionized hot-water 2 9 204 20B40A 10B60A 60B
E extractive Sample tree
%’0 1 4 1 1 1 i 1. L. 3 3 L AIINP P
a 10A 10B 10C 20A 20B 30A 30B 40A 10B 60A G0B mV) % ]
Sample tree ~100 100~300 300~
Fig. 14 The buffering capacity, expressed by re- Fig. 15 The acidity of the deionized hot-water
quired KOH to raise the pH of the aqueous extractives determined by the non-
solution to 10.0, for the extractives, aqueous titration,

JE DTG AR 4 O A RICEE U T2, Fig, 15 [dBREAE U 7Rk i
DI EDIERTH BHS, JHNP {f 100mV LLF OMRERYEA RS 7 v R % v v BB Ok
#:13 0.08~0.31mol/100g, AHNP 45 100~300mV ARTHF 2 — O X 5 BT O
7 =/ — PRI 3R K 0.13 mol/100 g, JHNP fif 300 mV LI L OBBREDT VL7 = /) —
R 2 ) = PEKEREE 0.06~025mol/100g HATRYD, iR OMBERESERIE,

1538, MEbLBEICBTRHHPROBATL N 5 =Y (Larix leptolepis GORDON) [ 7p & 3
WL 7 BIS AR A OB 1, Bl & - TIE LB AR D 023 mol/100g, 4k
PEEHE 046 mol/100g TH - TA F M OB B L TO A8, HUkIEER kU 1%
NaOH BRIz A ¥ BE L v, #h3h24.83%RU40.62%THh » 1o Liehi- T, LR
WD 7 = 7 — A PERS OB, &2 RN T X 2 BEEREHEEER U a0t e U
T, B VBBEOEBEA TS LMESh S,

IV % R OBV
V-1 ik
BRI OBRMOR DR L F 1.2~3.2 m 35 QMR B 2B & U, %%, 12 mesh OAALS S 0
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ALY 4 U= 2K o TEF LRI IR DT, BERENE Ui, 79« S I3 B8
W& - THID 431 T dLKH AR B3T3 (IID) odflukal i (3 MERGANHL) A5 U 7o sk
EBTHB,

BEWEARRCZNLQUMEKE OxTcm) OEEE 0.1mg F TIEMICHR Ui, N
SEICIZ, & oo UbEKEERY, Bk L TR LS B0 2 m0HE mg AU, WRPFl
BBERRN G HBMER) 20 Ule, BIRFOMIER v 7 OB HKIEE 30kg/om® & L, EAKIR
DPENE Ny 7= FREHEBHD, v—REL-T 0001°C FCHAN, SR 78T 5N
HOKEE 2,100g &L, 05g £ Tl -7z,

BRPER >~ 75 (HK=w riidl BEH 12em, WEH 83mg, = v r v ORI
775cal/g L7z &E D 1AM D OREHEH 64cal) ORYE (g) BEBEMEHORLEY (%
iR 6,321 cal/g) 2 7 Ly Mtk D, HohUbEHT 588g Mo, FEHMANIE S AEERE A
AUHERHE (1,890 cal/g) OERAERE LCHIEMERD 72, KOHEAE 1(cal/°Ceg) & LT,
R & - THIETEB IR O FEEAT - 120

Sk (cal/g) = Lk 4 4k () -+ Pafi 7K At (g) ] Xq@f;{;@g&; X 7K D Wt (cal/°Ceg) — 5& # Al iE (cal)

V-2 R ER
HEB &S 2HEDWEEFTY, FEE S - T Table 6 TR Uiz, MEBEMICHE &N,
FARBEICE AHLARE LT, —HOBBHC DWW TEKM R o R 2 e Lz, iz,

Table 6. Heat of combustion for Sugi stem bark (cal/g OD)

Sgr;grg;ge Sg’z:é) le Bark W%%r ig;{-tgz?t. Outer bark  Inner bark
A 4,796 — 4,946 4,729
10 B 4,845 — — e
c 4,772 — — —
Average 4,804 e o —
A 4,825 o 4,895 4,540
20 B 4,744 — — —
Average 4,785 e e e
A 4,832 —_ 4,947 4,472
30 B 4,868 4,676 o —
Average 4,850 — — —
A 4,956 4,763 4,942 4,721
40 B 4,797 4,691 — —_
Average 4,877 4,727 — —
A 4,906 4,678 4,982 4,670
60 B 4,961 4,849 4,895 4,728
Average 4,933 4,763 4,938 4,699

Each figure is an average of two measurements
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40484 A A O IR B MR OM o, ek S ISR OS2 JE L,
Table 7 R Uiz,

Table 7. A calorific value of the stem bark and a height above ground for the 40-year Sugi tree*

Height above 0.2 1.2 3.2 52 7.2 92 112 132 152 162
ground (m)

Calorific 4,778 4,802 4,796 4,798 4,776 4,703 4,706 4,719 4,679
value (cal)

No. of growth 40 38 34 31 27 25 20 17 it 8

ring in stem

* Height of the tree: 17.55m

HREOMBRHIE OSBRI LT, TS @R T ae ) A -2 — ek D BT PR
fivr, Table 8 ICHIG SN BRMER 2, #HIEMBEBBLA 5100cal BET, JLEMEZO
4,700 cal LD K&V, COMBEDLIRE - ZWC & 5B HEM 5,154 cal, [LHEMZ 4767 cal &1k
BLUT, RPNSODHUEERTH B LME L, MIEOWEEEET 5 &R O )8
RENDOT, FHEAVRMBIILERBEOHTBRTH B, £, KOEHEHBRK, 0%
A B EMREEROMET &0 0 ARG T 5, LR RN R T ALHURHE = ¥ OM S
20.1 mm, HFHLTEO.599 DM ELCDNT, 2SR 5,185 cal/g £HTCW 5

Table 8. Heat values for the stem bark of sofiwood and hardwood*

Trees | oo %'C%MODMWHMMU%MQW@cmmum@w@Xmm
ensity
Sg:g; Ioif;,”* Range Aver, Range Aver. Range Aver, | (gfem?®)

Softwood 8 15 | 4,842-5,223 5,095 | 4,275-4,648 4,527 11,922-3,569 2,962 (0.371-0.701
Hardwood | 88 | 116 | 3,858-5,872 4,700 | 3,434-5,226 4,183 11,071-5,372 3,729 |0.254-0.984

* After Y. SHIGEMATSU & S. Mivacawa.?"

MBI AL D I - 7o 3 FEOBIBMAE (Fig. 2), WMHINE, FHK L D RY, W ICHITas: gk
AROFRMBEONS, UL, HEOBRICSHIZY, 20 7 B Y, S B S h B BRI T
BEREAKOHMBHELY A~ VICHE LS KL E, ANY) vide F e VEHRO A7V
LEEGWT, ZREHEEH U, WEICHIEESZ B30 OZRSTH B, A FBEO K
W ouE = AT 42 .39, S IR I40. 396 5 ) U= v IR0 23,695, AU 142 .62 &
WA SN T B, 221 A FENLAROKIGHOW « SR DO IR, 2o CestFMp s v =
DERSEISY 7 737 = VRO O EHHRE Table 9IRS, ChoOWHBAFO
e S OFERENCEZ LT, IR RRREE A ZRRELT O LEL SN,

AWFRED S Shic 2 FRBHEZORME LT, (1) MR O S8 kb s id
E—JET, 4900~4,950cal/g DIEMICEH 545, MBS RONEEOPIERM (Frick
~HE) LORFBREEIL 0, RERIICE Y, E5DEMKE{ (4,500~4,730 cal/g), Sl
Bedk Y kit 300cal/g k5 TH B, CORIPMBEMBES D SRY, JABRBH oM
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Table 9. Percentage of an each section of the bark and
the flavanol content in an each section in a
22-year Sugi tree**

Section % by weight Flavanol content*
Inner bark
inside 9.2 10.1
middle 331 13.0
outside 224 15.3
Outer bark 35.3 1.6
(Total 100.0)

* Percentage by the oven-dried weight of each bark
k- After M. SAMENMA, & T. Yosaimoro!?

ML > TDB LA, RKICHRWERLERSTF7 787 —VEBS O, S
BT AR O RIS & WA B AL AR, 7 7% =B8R Y 7 = ) — VEOWHTAL,
KAk, A~y wAbIL EWHEA TR - THEEE S, BRBBEOYWHKEL LT &I
KB LEALND

(2) Wb (10~2044:) DI 1349 4,800 cal/g TH B8, WlvoRgm &HLicH L, 604F
H:Cl 4,933 cal/g 210 A, BICHETBABE/NE OF3004E 4 OB RO 4,932 cal/g SiF
FAUTHBECAMD, 60ELELIKIEIAN « HMBRORETE—FICHEL, BRSNS
HARAIEE « T 34 28UE & R O EEEN TR TH D EHL bN D, 40FEERF 1Ak
(A) O L MRl ORBROMBICENTIE, FTEHMPLE L, b & T@EPe TR
DU, MEGECD IR OMB KI5, CHIBH « S D HUSE & dsdhdk A1 i B L
TR bDEEL D, MIGEOMPB IRBEZRE, BLAEPESTOIHORBELS
BoThd

(3) BT 2 C Ltk - TREMIIEL B 20T, B2 RE U THlikics s &,
Z ORFHIIIE T 375, Chidiisticali~sam <, Bk HEB s 10E A B 0W12% D 5IRE
WC20ME R O#10% BT U, 30ELLI OB TE, BIE—FEOKRWSE~THB LD, 1D
SCHRA®®  GRIK il © WA EZ26.7%5, SVEEE3.5% 5 sk ity © A 213.3%, 4hHBz2.9
%) HbEETERLL &, HMAMBISBMENEL, BLAEHBED SMESh TS,
P DFdr (GEIR) —8 (13~154) &2 0, SR & OHABREICHTIGET 20 L
BAOND, ZOBWBIIEFEIFELEL SN EY, LEQOBBNFEOFH &8 560 1L,
A o MU REEE & LT, 9T OR W GOEALY) KiEEFHIKELTHH0
PHENIG, BHCBY 2RBHEEZL S &, KUK Ul FHBHE @OFELE) T’
HIHABMBICIL L, HIUCOBEIMEL, BB, BROOS2 5 PRI SEREENE &0
ABo
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V. ZFATHEEEBERE
HD umi}) o, A %‘Al*’i‘ C/i'o H' *ﬂrwiﬂ&yuf'{ﬁéf& L’:‘;PH ﬂ:l/ Table ]0 7T\ bf:—o

Table 10. Potential calorific value of stem bark for Sugi
(Cryptomeria japonica D. Don) stand

Stand age Calorific value of stem bark
(years) (kcal/kg) (% 10%kcal/ha)
10 4,804 25.75
20 4,785 35.37
30 4,850 47.23
40 4,877 52.41
60 4,933 78.99

WS B 28 R O E# R, 1045 25.75%10° kcal/ha, 2045 35.37x 10° kcal/ha, 30 4:
4723 x 10° kcal/ha, 404F 52.41 % 10° kcal/ha, 604F 78.99x 10°kcal/ha &5 &, 6OLEL: ks
1 ha % b OWMEREEITHOREE (103x10%keal/kg) w45 &, # 77x100 kg (4Tl
2000 AN 5 AEHSOARS) WHEAL, BN AV F RO Z L SHARMBEETH S
T &R shi,

VI = 5]

DB B BRFABEZIERICH 800)7 m® L Tn5, & OB IR = v —
MMH%L,MMaLT%m#aCamM§ M THBEBZOND, ZLT, RAUAME DK
BMEMLER 2 1o, WO Ea, SR, @b R o ly 5~ Lk
HEREWTIE 2 ZE AR BB ERIEKRO A FATRCBOTHEE U, 2OHRERKROM
Y TH 5,

IR ) JOF: ¥ s

(1) BHIICE D A EE AR OB EEGTIE, 1044 1.3kg, 204E4 3.2kg, 3044 52kg,
404EH: 7.2 kg, 604ELE 19.4kg TH » 72

(2) ZHMROBELZENZNOWMSICRY S ha B AR S &3¢ ha MY O
R, LEMmoOlHc, 54t 74197t 107,160t &t ah, WY 28 kEERE
FRBFRD 6 ~7 Z& SO PL Y BAECBE—ETH -7,

(3) B oMER G LEMBONc, BERLTR11.7%, 11.0%, 9.2%, 8.5%, 8.9%,
BRI TIRI13.1%, 7.0%, 5.8%, 5.7%, 5.0%, WH@RARERIL T 407 kg/m?®, 353 kg/
m?, 30.8 kg/m?, 28.1kg/m?, 31.2kg/m*® T&H » 72,

() AR TR & OBIKE, Log Y= —2.269+-2.459 Log X (12=0.975) D& H
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Hohil,

(5) REWFHLS O A FILHE EARPRTH SN BB R LICS ES0T, FABE®ROKS
MR REREE L, RS Uic, 20O8E, FABEKROERM TR, IBEED» ST
SNk <, F/, FRFENOMLMRK T, BRI S &3 b T &b 1T st
TAHPH ORI DM L5 2 EBED Iz,

2 AFWRZ OO

(1) AFHRME ONMBEREMNIBICE > TEL LTS Y, LIz 53 &3 5 Hm s
H Do WPk, BEAMEICE L P B OFEAEER Sk & AR H D, P B IR DR A Bt
BB E L 0B LS 0, BB R~v e Savick A8, Rosin-Rammler Olif
RS LT,

(@) SRR OEAKMIERIZ4.3~14.58TH Y, LEREER LERIEITF7 557 —
M DZ P B D AR O I B, LI R & 0 MRS I S B, L
U, 1% NaOH ik 20HHE331.3~28.7% T - T, Bk HRE Sl & 5 g Bl
T, 188, F—HihoMia iz, RenM@pEsEd shic,

(8) MIEZOBEAKMLYO pH 133.8~5.2 OMPICH - T, —MRIGSHT ORI & R HER
PAERL, E@BERRE 015~020mol/100g Th »tce UL UM A 88l 2 1 0 <l
BT 2T Ltk T, MEHo pH [22.9~3.1& 7 SiHARE S 021~0.33 mol /100 g 1T i
md s, BEMEOHERER, G§ETATAHIEBELRT AL ) LFEBOSEELTH
HERIENG,
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N, BT B A ST AN B EERICET A EE L SN AL O TH B,
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WiceEE -,

(1) A0MEA =¥ (M 17.55m) BB O BRI WS E N TRbE L, ¥ 4800
cal/g ¢, HEEMBHT LEPLIT Y, HEWH 15~16 m HiTH T, # 4.680cal/g TH 5B,
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Sununary

Eight million cubic meters of tree bark were disposed without any use every year in Japan.
Of many means of potential utilization, it is most practical to use bark as fuel in industry
and at home as the local energy. To make this in reality a fundamental survey of biomass
of stem bark (above ground), physicochemical nature and thermal quality of the stem bark in
Sugi (Cryptomeria japorica D. Don) forest, were investigated in the selected normal stands at
the age of 10, 20, 30, 40, and 60 years in Mie University Forest.

1. Dry biomass of Sugi stem bark

(1) Mean dry weight of the stem bark of a sample tree in the 10, 20, 30, 40, and 60 year
stand were 1.3, 3.2, 5.2, 7.2, and 19.4 kg, respectively.

(2) Dry biomass of the stem bark per unit area (ha) in each stand can be obtained on
a basis of dry weight of the stem bark of a sample tree and the tree density a unit area. The
stem bark to the total biomass in each age stand was 5.41/87.2t in 10 year stand, 7.4 1t/101.8 t
in 20, 9.7t/148.4t in 30, 10.7t/175.1t in 40, 16.0t/222.4t in 60 and expressed in the precent-
age as 6.2, 7.3, 6.5, 6.1, 7.29, respectively, thus the bark ratio to the stem in a unit area in
each stand is about constant, regardless of stand age.

(3) As the tree age increased, the percent of the stem bark to the stem per a sample
tree, either on volume or on dry weight, decreased.

(4) Allometric relations between D.B.H. and each part of a sample tree (Stem, Living
leaves, Living branches, and Bark) were examined and the following regressions are obtain-
ed:

Stem : Log YV,=—1729+2844Log X (r*=0.987)
Living leaves : Log Y,= —0.6615-+-1.307 Log X (+*=0.818)
Living branches: Log Y,= —1.393+1792Log X = (r*=0.857)
Bark : Log Y= ~—2269+2459Log X (¥r*=0.975)

Here, Y, is each part of a sample tree in kg, X is D. B, H. in cm, The stem bark biomass in
University Forest were estimated by the mean D. B. H. of the stand, using the above allome-
tric relations and agreed well with those measured.

(5) Stem bark biomass of a young stand (10 year) in University Forest was greater than
the values that were estimated by the product of the bark percent and the mean volume of
the same age stand in the yield table for KUMANO-area in Mie Prefecture. In thrifty stand
(60 year) in University Forest, however, the bark biomass was intermediate between an esti-
mated value from the yield table for KUMANO-area for the site class I and that for the site
classiIL.

2. Physicochemical properties of Sugi stem bark

(1) The weight ratio of the inner bark to the whole bark of Sugi stems was varied with
the ages of the stand and had a tendency to decrease with the age advanced. So the propor-
tions of the inner barks, which have more toughness and tackiness than the outer barks,
relate to the reducing property into powder of the samples, that the barks from the old aged
trees could be ground easily than the youngers. The powder of the' barks prepared by
using a porcelain ball mill was followed the Rosin-Rammler distribution law, like as the oth-
er kinds of crushed materials.

(2) The hot-water extractives of the air-dried powder of the barks were contained in a
range from 4.3 to 14.5% and those from the youngers generally showed the higher values,
because of the higher proportions of the inner bark which possessed vital functions and con-
tained the low molecular flavanols. The contents of the 1% sodium hydroxide extractives
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ranging from 21.3 to 28.7%, however, could not show any definite propensity to the stand
ages. Furthermore, tree to tree differences in the quantities of the extractives within the
same age stand were very wide so that the variations among the individual trees in the
physical and the chemical properties should be taken into consideration to the practical use.

(3) The aqueous extractives of the barks exhibited weak acidic nature ranging in pH from
3.8 to 5.2, which were similar to those in the extractives from a common wood. The buffer-
ing capacity, which yielded a simplified parameter of the acidity for the water extractives,
was 0.15 to 020 mol/100g. By pretreatment with a cation-exchange resin, however, the pH
values of all the extractives were found to lie between 2.9 and 3.1 and their buffering
capacities increased to be 0.21 to 0.33 mol/100g. These behavior is atiributed to the content
of alkali and alkaline earth-metals in the sample.

(4) The chemical properties of the extractive of Karamatsu (Larix leptolepis) stem bark,
which has been studied by many investigators for the effective utilization, were similar to
but the quantities of the extractives about twice of those of the Sugi bark. From these
results, Karamatsu bark is assumed to be of greater advaniage than Sugi bark, in utilizing
phenolic components in the bark or in making the solid fuel by the pressure molding.

3. Fuel values of Sugi stem bark

(1) The stem bark between 1.2 and 3.2 m high above ground was first air-dried and pul-
verized by a Wiley-mill equipped with a 12 mesh shieve. The heat value for the air-dried
bark powder and its residue extracted with a hot-water was determined by the calorimeter
and shown as cal/g of oven-dried sample.

a) The heat values for the outer bark are in a range of 4 900-4,950 cal/g. Those for the
inner bark are rather fluctuated and about 300 cal/g less than those for the outer bark.

b) The heat values for the stem barks on young trees in a stand of 10 to 20 years exhib-
it about 4,800cal/g. The values for the barks are gradually increasing with a tree age
advanced and finally approaching an uppermost ones of 4,930 cal/g. This is due to a ratio of
the inner bark to the whole bark: an amount of a newly developed inner bark tissue is about
equal to that of a naturally falling down bark scale.

¢) Hot-water extiraction reduces the potential heat value in bark as much as 150-190
cal/g in compared with the corresponding unextracted bark from the stem of 30-60 year
trees.

(2) The heat value of the bark in a tree at a different height above ground is determined
using the bark on the stem-disks at a certain interval, which are originally used for the analy-
sis of the stem volume, in a 40-year tree in a height of 17.55m. The heat value for the stem
bark is highest in lower part of 4,800 cal/g, decreases very slightly with the height advanced
from ground and reaches about 4,680 cal/g in an upper part of 15-16 m high.

4. Potential heat value of the stem bark in Sugi plantation

The fundamental survey for the potential biomass in a form of the stem bark was catried
out in the sample stands in the ages of every 10 years except 50 in Sugi plantation in Mie
University Forest. The heat values of the stem bark in each stand are found, in a unit of
10% kcal/ha, as 26 in 10 year stand, 35 in 20 year, 47 in 30 year, 52 in 40 year; and 79 in 60
year. An example way the heat value of the stem bark in 60 year stand is equivalent to
those from the fuel kerosene of 50 drums containing 200 liters. Considering the stem bark
is practical which would be disposed in following works in the wood industry after
felling and yarding. Thus, the stem bark is an important potential for the local energy
source in the rural forest industry areas.
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Appendix
Number of yearly rings in stem and inner-bark and thickenss of bark at each given height for
the four varieties of SUGI (presented by H. Nanko)
No. of Thickness of bark (mm) No. of yearly
Variety Height above yearly rings in
ground (m) rings Outer Inner inner bark
0.2 16 2.4-1.2 2.4-2.6 67
Measa 1.2 13 2.0-5.0 2.2 (5-4-a)*
2.2 11 2.0-3.0 2.0-2.2 (4+2)
3.6 8 1.2-0.6 2.0 4—(3+4-a)
0.2 17 1.0-1.2 2.1 (7-+a)—(8-+a)
Kumo- 1.2 13 1.0-1.6 1.6-1.8 (6--a)
toshi 2.2 12 1.0 1.6 (6-+a)
4.7 8 0.6 1.8 4+-a)
0.2 14 1.0~1.6 1.8 4-+ay—(5+a)
Sambu- 1.2 10 0.2-1.4 2.0 5
sugi 2.2 9 0.6-1.0 1.2-1.8 5
0.2 17 04-1.4 2.0 (5+a)y—(6-+a)
Yabu- 1.2 14 1.0-2.0 2.2-2.4 4
kuguri 2.2 11 0.5-2.6 2.4 5
4.2 8 0.8-1.8 1.8 4

* As an example, (5-+a) indicates a part of ring beyond 5 rings existed,
Sample trees were taken on April 30, 1982 at Kansai Forest Tree Breeding Station,
Department of Agriculture, Forestry and Fishery, in Uetsuki-naka, Shoo-cho,
Katsuda-gun, Okayama-ken.





