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Studies on Utilization of Sasa-bamboos
as Forest Resources

1. Physical Properties of Culms
in Sasa kurilensis*
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FHRER O AT bAEIC I TILH ¥ ORB MG D\ TH M HER ShTETH
D, LEEC B WL TENFI AR ELRAD e, FRARRET AR Wb itho o,
REBIIhCWAFAFEE LTRARF o~ ¥ o BNEEE RS L OB T AR Mg L
LT, ¥Ffexy s apMREWIUE L LTEACBEIRTWELL WO DThHD, TEARE
B LTOFANELINEWE 1 0OBMIERBANI LI ETH Y, (Zhie oW i3FEE
BROME LIRBRETODLENXDS,) F2R3 ol BrelTrHERL LT LK S
EHbhTnignwZ & ThH b, BBEDODH I tricd T FIARES MBI LT EERH i ou
TiE, BRELUEATAILAERMREL DL, RENARTRSEDSR TV B b
B, FHROVTIRERE LTHEALERORROBRLZIINA S LT HEL HRRERD
Bl isnishBloinv,. MR E K RHEBRBEDOZEZ NS, L5 kP HE> L LT3
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LTHEB LA bRAREE CHHRRBEOERBENHM BT h B,

ARECRFHERLREOBR L E b ieaib, BRLCEb Y D2 EBORBEAYH
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COWTOMBERREZBEBC LIOMELEDTCER, L RFTPBOBEBFHMTILEH
DHTYBECDT, FOHRCHEB L THRYEDTCELDT, I, WETTCELBOAER
THRET 5,

AFEEZITOCY Y, ABMOBRRMCEEHCH NI L TTE sl ANELTEEXRRTE
EERMOMATFEZECREDH », WA T EERCTH N IR MREBKE, % oX@o
BECHIINEHERERE, SOCXMORELNOERCH DI EERTEE LT
EEWNRHNE SHICEEREERTOFT ~ 2 LnbB#HT 5,
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3B (EH) X EFELVCDhDIEPBO DO Th-T, I LESEER W LED
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1009 N RATERBD 0T, IEO ATERBL 7 < S Oicb, FHO 2 Eh
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HHEDT2d—2M R LTH b\, | LT3,

F TN T 1901 FENT < Z ORI bR TR, WA WA T il iF B2l S
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Table 1. Annual production of Sasa kurilensis
culms in Hokkaido

= = ]
e Y%%ar ca {LQua{ﬂfntityjﬂ- i - P%%ce z
R A (bundle) | (1,000yen)
1976 96,634 | 85,038
1977 104,350 182,613
1978 | 87,100 | 156,780
1979 \ 59,009 \ 112,117
1980 ‘ 66,357 ‘ 137,359
1981 T 78,490 1 161,689
1982 ‘

48,083 110,591

— B 100 K Big s T B,
One bundle is usually composed of 100 culms.

B—1 t~roXRCEbATOSF Y < ¥+ o (LA
Fig. 1. Sasa culms used for the support of tomatoes.
(at Experimental Farm of Hokkaido University)
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BEHOLREFNERLEVWDOT, 22l LT LLRSERI R TII LWL, B8
b EBbh B AT L THEL OMBEY B~ - LicT 5,

FHREROKILTH D & LT, MABHO 12, 40 BB R AR &%
oo T A DO A0 (T T & DN, HABRAETAEICE 5 T2, BBV YR
THoTehbihiny,

FE BB R VT A H B AT, T oA A= E— K, =T 4 P AE— FRED
TEERE LCHA S hcER 2 4 o T b, BAE I3 B 2 i, 40 M TR e & iR i & 0
EhT, FioF vy =¥F+ofRa (F-1, K-1), Flszr s apMENRILZELE LTHAIRT

F2 QBB 2y /o2 0 gE R

Table 2. Annual production of Sasa sprouts
for food in Hokkaido

&2 Y%ar F iQuaEntityE * P;Kice &

_ o (tons) (1,000 yen)
1976 1,117 256,798

1977 903 288,878

1978 ‘ 610 | 201,321

1979 ‘ 596 ; 208,538

1980 700 238,007

1981 344 130,818

1982 406 162,446

B—2 F>y=¥yozxyr/s=

Fig. 2. Sprouts of Sasa kurilensis for food.
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W5 (FE-2 K-2) @3 &R0 T, SERIBESERE LTGERASh3 2 EREEh T3,
TTRBRCL S, v TEBE LTHATAHRIZEL 1 OD o700, 4D
AATREROFERCOWTHRD &, 19094F1IT Y 58352%, AM22% Avbh T, K
HEELEEGE NI WERTH - Tcled, BAFBET, AL 7Lt W7 SsRIEE
ELTAVWORTWAEM, t0X3hBRE7 5 LRLL SBET, Ld v LR LA %
HOEWTHL Y DOFAEELRDOIIBAOKIPETH ool b\ 2 b, FHDL 7L
ABRCBET2REIMBRCNEEDHRVEED DD, DL DR Y — F30 FB68), gy
B2, KREERE AR Lseses, BRFAAOFESD nE¥d 5, *LTEE EY
RN B LIRB IR 1T X % B Fe00.08.69.70,81,82,83,86,112,163) 1 ppe SR BA S T B HFR™ 12 Xk
5T, ST TAEBARIBEER I NI L TRET V. L LEFOK D TFRILHE
R IBILIEATSE L FERLE LT O o Fl R E 2R S S higid T 5,
FHOFRABREFERINCHD AL LTHATAHELEL 2O -TY, F0%B0D
BR9E%) R i b, BB FIE T 5 Hik10n1e25,202.57 3 25 5 h, Bl TIIAES
W XA OFEHL e L LT LTERB IR TV 5,
FHECEENRTCOLHBEORTLHEBT D7D DEERE T 52235505 b 6,51,80,86,99,104,105, 116,17
118,119,120,123, 127, 138,167, 183,298, 240,244, 264, 336) . FA D —DTH AV b v BB LTI AL 75—
ERETHHAED LS b5, TR FOELBOGIE TR T B R R AL
WOIEBERRE, & 7 HRT DT o 8 45141,152,153,154,172,177,178,179,182, 191,205, 206,207, 209, 241,243,244,
0D Koo v v BRI T 5 b D5 L D il DB HIFFIR0BTB0 pe Ll B SEERE
DHE» VR DOWTIBRKEEOEE L b LA BRI TR v, LllE v+ OB R
TERT DEREBOLRR, BOCH» YRS OBENBRShY 2 o< £ rDFh &
EbDTHULTE Y™, LLBHEEF VD~ A r —ZADOHHF VHIZ DT D LML
HBDT, BECLBCET LYY OERBTREFIBASED—DLELILNS,
BT 2 FE LB RO RITE L 25 Thbh Tis b (1950), BKEME KT O
TITbh RO 235 b, FlRLOTFERD® 3 fThbh T3,
FHROYENFIATROREN IS DI —F 4 7 14— F10IBI5L159160169) L o _ ¢ 3
— R — FOOSLIONLIZINI615,188) 17 B2, L DB HH, Zhb DFBRF I D KB dE 8T
HRERABRB TR DOTH »C, 4 FORHleE» L GEOBR L L ONEBOR TS,
Y OMBFRIPTIE™ 21959 135 DA, ME DOV TREL ALHEIRTE DD,
PR IR O BF G R 2 0197251, 202.242,258.250, 260,261,214, 276, 381,32) iy T L Q R BEE FHEME
X o TFEM 7n B0 BLBL3) e S T B,
A E I % VO G HLERCET 2 WERRE, FELERENE Licd o
TRT[E] % F7 Ao 4110495490 18,166,170, 181,218,302, 309,318,819) s stz B vk n o T R P2, HH O BELZITL
HCHIHEDRD DO TEHNKREVD, BEORAEREESS X, TRIEER Ihi&
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Exbhd, ToPRTIEEER T 5O BEFIL 15000 Tt L #HEIRTNT, BER-A
ATATHHZ ENLSEBTEDS, L LILBENTRIIA TV 5% ONEEGRELC
BEIR T FERT BB LT, BREORBEEL, +vEFHE LLNLHREHE
LISET2HDREBEAERY LRV, LERSTAE AL F—v—D¥RLTCW24H
ERWTIE, Vv VHONEBLABKI-T, ha¥h 10t 1A KRBF v ~F4al, A
LRAIhZZ Ll upicBdidEh, MECFEHF LT 2HRKOBEROLNKEONS &
IhTwd, LB LRBF Y= HOEFLT2HBEHN D L, haXb 40t 0+H0fE
BEEMLTA~T 4 74 E - FORERE LCGERALEET, NHWFbY v —* F— o0
BLIZh, BFREE 7 2 v A ELTHHBKEAHRCEMA L, Lvd FOXKE—811
BIFD 5 7 2 SEHE LTRASh T 50 455 0T, 4Hi2++ ORI b > & B
DANTERBEOThAZ EXEEN B,

2. JAMMBIRBMEOF 24

B KT B F v < FH O MIMRLRELBRNE, KBOBHABILRERFILFRELS
BOLSFEHHICH F - T 5%, LA WEtAEEKL K-8 o ELREA X

AFEBEM

Nayoro national forest

&3 E A . "
Enbetsu nation A ZREREH

E[ N il b
Uryu Experiment Forest

R

mw&mmﬁm ?7@5
FooH
Sasa Kurilensis

Fig. 3. Distribution of Sasa kurilensis around the sampling site.
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WTCWDEROZERCH Y, FY=FHOEFMOFCREKRNILTET2LzATH B,
T OBEROIL SR EAN M A L a2 b i i T, KMo 7 v = s ks ksbh, B
W7 < A FFRE DT T A MR O I3 578 m D S EAh b, HAH
IR L 7 h v " LT HIRERBRRT, Pz b P2 2YEELTWE, S+ BREY
3mOKMF v =y (M-4) T, KEMChHhELELT, KADHHEDITF TS,

B—4  ARHRIUA 0 o 9 A 4k

Fig. 4. Sasa-growing circumstances around the sampling site.

DAL F o F A2 1968 FE v 1970 E % T o 3ERM, BRI R el LTk
WL, #=F 4 7 H—FDOREREFTDIDERDOIELED B lbic7 Ty vh w5 —T
UIBR L L 00 EDS, ha 0 40 b v CH o~ fo, 2O O+ D&k 100 t/ha i
2 T2, HORITE DR THDIFCET 2R L TRINLcd TH D, RERKRE D
RS CIR R O FRTE 63 t/ha LT 5, Sk E0 o KEEHB KM O AT
P U7z 129 Rz o Tt R ic oW T 5,

AVEHEIUL 1979 K, AR FIE LT b \IEZICITY, MF4, 244, 34E
PbEo 3 pFilic, BHEEE 2EAIMRECIKHERTE DA, 3FEL LT D SR
LN T 25k H 50, COHEC X ASFICEMMN S - o0 T, 2EELRIO $ D
BEERALICIMNE LT FBLTC3FEUEE LTV ot BB, SIEERhEST
LAERITHY Ligub 2 v 5 EY A0, oS ITEYTH T E L Th5,

BoH AR 1AL YD EWERIIT g Thd, Bt EH o fEI1LE-3
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Table 3. Weight of culms, branches and leaves in Sasa kurilensis

R
Numb;r and - (.i]l:r; - ‘ i ks k Ii%f
= S 5 4E =L P ranch .ea
- ei h’ég : l} L!f-gid 2‘-2'?'(_-:)11- More than 'éurrul ‘
b N W ol Fyrold  ° )
N (xR . _ —
Number (stems) L 48 66 128
—_— PR, [
(k) 3.50 11.95 16.45 31.90 1040 | 560
O | _ i ) :
Weight 1
| (%) | 7.3 24.9 34.3 66.6 21.7 11.7
TZY)FHEE | - i -
Weight/Stem 250 J 244 249 247 81 43
(g) '

B i
B—5 - WG Ry

Fig. 5. Sasa kurilensis divided into culms, branches and leaves.
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BIVOESDI5TH-TC, BOKERIILAED 66.5% (MF-4£73%, 254 249%, 3FLL
£343%) LlcoTnd, TR lARY ) oFMPIFHBERIYFEE, 284, 3FUETE
hFh250g, 244¢g, 249 g LAWEER L TO B A YEADBRIIKGEETEN 2FEED Bl
BERTWH LS LL B,

DERFIC O TUTERICIZENE Uik o iod, 2EBOIOEZAF L VORER
479kg D 21.7% Licr-TH D, KL FBEFBETEAREE LTMEERE WO T, BEaie
L8N LEMFIHONR LD, EEOHBHEIZILIY THoTe, bl 1 4£370g
DHFHH27Tcm HRICEZ ChbH L, ha ¥ ) DERKIMGS0 P vifd, K-4mLickBE s
T FHDOHERAND LT, FHOBENKEILCENBMRTEL D,

DELBROHEEADLE KADIHITH T, RLERN 19 mm DELAB T, LR

x4 /B o #Hi o
Table 4. Number of nodes in culms
1 % 4 & a3 3 F ok
= H l-year-old 2-year-old More than 3-year-old
Items = o ot
TC 7T e
Sound Sound Breakdown Sound Breakdown
Number 14 45 4 48 18
]
& % Average 22 21 17 21 14
Number of
nodes [ 19-26 18-25 16-17 18-25 1-217
moE & JH 188 191 19.0 194 20.1
Diameter Average
at Butt
(mm) iﬁﬁan?’; 16.8-209 15.1-20.8 18.0-20.5 16.8-209 16.5-20.6
5 vHRORTMR (B) LEHE (cal)
Table 5. Chemical composition (%) and calorific
value (cal) of Sasa culms
Y =
T W K5 Extracts in ) rey :;v o __; ?al?rii
Age Ash & K H K 1% 7 A .~y | Lignin Holo- value
cold hot NaSH alcohol cellulose
water water benzene (cal)
l{y F & 15 110 123 32.9 19 216 67.0 4710
22-y::§r-§li: 4 14 106 126 335 53 202 68.1 4710
3£ E
More thelln 1.6 107 12.7 32.9 6.8 21.1 63.8 4,620
3-year-old
fverafe 15 108 125 33.1 57 21.0 663 4,680
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D LB BAERC R 2L FETH S, JTHRHE 2FEEOBE T 1T Bk Tk b,
SELUETIIER 4B CTh oo, BOMIEE TOSEL, S 2miikoF v <rroigs
T12~20 #i, P16 HiL 5 HES LAl fn o T B,

OB E RBEIL ESDILHTH - T, EMT I BERITALEDL R, MFEA
FHMEED S TR E D, M 2FAE U DL D EEDTINT Eb, Y RNIREE LT
PO HOEEME M TRECARIE LTS Z EDbhh, F o JE B ET4,710~4,620cal,
P14 4,680 cal “CIbHEME O FELIER O T B3 4,720 cal’™ TH B D Ll L, B L7 &
BRTEZYKMETH B,

3. BoM#EIHERz

1) #® #

e S ISR #/ T3 b NE S iin) Ls)
1 3 #k 418 Bk BF € 1983 4E 10 f,
FOEDERNTERICIRIEL TG
T U7, BX 2.5 m BE 02/
R DHORM AT CH D &
D, AR D sk B & BB iR
el FosBic LT YELE, 24
A, 3L, AELChT. TO
ST MEL & 2 F AT
HY, 3EADLEDLDIZDOGTY
SR IRTES: KB LT, 3E
ML FE 2 SBNL3EE, 4F4L
Uiz, oEosEn g 4 Ik i X-6
DISTHDH, T widzyr s
AT TRELELTCE D, ToIkE
BEE-TDX5Thoi, J:
2 EBF & . o 7

fifR O 23k HEE 1 mm O LEE  2F% 3F%
WET, EREEEE ) STk E—6 S@AoF v

Fig. 6. Sasa kurilensis in different ages.

- TR 2 KA EHE L TP EiiY
Entz, HEEMOBRSRBOEELTCWAREESOHLLE LT K-8 RT X 5, ik
1,2, 3 IR B » T, FMTFMETIIN T —1, =2 EHKRFESE D7z, LlED
BRICAT A EELB R Lic, MikoBlE L @iflRoOMCIT2EFD X5 LTiTo 1,
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A, 0 B &

I OF A5 1em O
EOMREYIH E D, HYEAE S
MED LTI Zz7rb— 2% AT
10~15 pm DIE S D YR A 6L L,
BERHRELWELL, =77
R— A GHEOHE 1% 7 S
= VKB R, Y — Ko — I
K—dEi—HA O, 7
Mk A Y b7 7 — BE At
VTG aVET =AY D -7 #, tlﬁTt:f’s*tL\é%-yv-W4rmav/u
TERETRbBLY 7 5 = vt Fig. 7. Sprouts of Sasa kurilensis growing

in the underground in autumn.

KtE—=HK—7 7 =2+ 70 — Y
=73 -G —E - A—
B DN LA bz, F oG H
Heicir Olympus BH R W i 455 %
ﬂ%t\fcc
B. 8 # =&

AR s < HZL LT AR
Wiz A, Jeffrey % Inx T =i
T1~2 A Ml UCREf L7, B

Above-ground

Base
ff Ucilad Kok L, Zodiab i
HEF 5 JH o fl e Ao S T3 < WY
T, 75 = v K- 2 Underground

) VIR TCEADIETHEER 7 v <
T — FPERFABL, HRESZBHRTES
EHEERME LIz, —T7, fRe o
HOBEI2ED L 51 LTIT - B8 il WS W
72, Tioh bk Lo fillafEr 5 92 Fig. 8. Diagram of explanation for
PRBABBET T H 10 1 a4 5 b atmtis SR
L, ThZ bA Aoy T —O0ORE-KE— 7Y ) vKTEHALTHLBEICH LK,
3) WBRHEIUEER
A HHORE, ERSLIUREE
PR LTI WEL2 RS Ao, HHEOE ISR K-91rt, N-91CiiER




504

Wik E & Length of internode

LB ERFRLMBEERTRRE F41E H2H

—o— V4t J-year-okd
—— 5
—~am 254 2-yeor-old

PO Y ¢

~0— A% 4-year-old

0323 1 2345678 9PN BHBBY BB0N 22
MR &S Intemode number
B—9 RofilE (cm) o510

Fig. 9. Distributions of internode length (cm) in culms.

o/o" it}
o~ breakdown

6
15 4 A\A
Ty ' \

o A
3 cu/m7 A\
§ o %
2 ®1H
- Ist branch
> 10
§ P oA
13
5 A
~
x x
2 ]
P mes A
5+ /0 2nd branch \
¢4 x Hm-—>a
breakdown

<

4 1 2 3 4 5 6 7 8 9 10 11 12 1B
WMEBS /nternode number

E—10 BHIUCHEOHHEOES (cm)
Fig. 10. Length (cm) of internodes in a culm and hranches.
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£—6 AFLEROFIPEER
Tale 6. Solid content of a 4-year-old culm in different heights

i i ] R H 5 A
Internode Outer circle Inner circle Ring-like solid | Rate of solid
content
£ g | B = | H OB | H M| BB E K| E K| A K A-B .,
Number Height |Diameter| Area |Diameter| Area Area |Thickness| A
(cm) {em) j(em?2(A)| (cm) | (cm?2(B)| (cm? (cm) (%)
19 248.5 042 0.138 0.26 0.053 0.085 0.08 61.7
13 195.2 0.81 0.515 0.50 0.196 0.319 016 | 61.9
11 166.1 1.01 0.801 0.56 0.247 0.554 e -0.23 69.2
7 96.1 1.44 1.628 0.72 0.407 1.221A ’ 036 - 75.0
5 60.5 1.58 1.959 0.72 0.407 1.552 0.43 79.2
3 30.1 1.67 2.189 0.73 0.418 1771 0.47 80.9
2 17.8 1.94 2.954 0.54 0.228 2.726 0.71 92.3
1 8.0 2.01 3.171 . 047 0.173 2.998 077 | 94.5
-1 5.5 212 3.528 041 0.132 3.396 0.86 96.2
cm Eﬁfaﬁ%?
2501 Internode number -
£ 13 5MoR R
- Solid content of I13th
internode
62%
200 -
]
§ 150
83
% SKiMogiE
e Solid content of 5th
g intérnode
1004 79%
50
o
-10
BAE BAE
Solid thickness Solid . thickness

B-1 B o # ¥ @ H

Fig. 11. Diagram of vertical section in a culm.
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AR Liesd, HEORIIBEZL2CMETHETRRESH, 2EUEITE S LIERL
BVWOT, FRANCHBETEC LXbE VBRI E, HBH LTI, TOFOIRPBRC
EDLOCHBLIENTHS 5, WEOKR, BRESOPRICYLHML, BIERORIOH
DEDHZE L, POMECHHOKRDIRVIDOBEHIND Z &dibrs T,

%
100
o<,
e]
90 \
®
<
O,
]
T
L3 \c
60 o}
m y,
/‘/
11 2 3 5 7 n 13 19
KBS /nfernode number
H—12 AHEScsTsEER
Fig. 12. Solid content of the culm in each internode.
*-7T RoE AL E
Table 7. Specific gravity of culms in different heights
2 2 : K 4 &
l-year-old culm 2-year-old culm yceulm 4-year-old culm
ﬁlz’ar;E No. 1 No. 2 No. 1 No. 2 No. 1 No. 1 No. 2
B & E & H & B & B & B & [ B &
Diameter | |[ Diameter ||| Diameter ||| Diameter ||| Diameter ||| Diameter (Dlameter
(mm) (mm) (mm) {(mm) (mm) (mm) {mm)
Ué;er 0.38 ( 4.5) | 0.29 ( 6.0) | 040 ( 55) | 0.52 ( 55) | 0.56 ( 6.0) — 0.47  5.0)
Mi;‘::ﬂ e 0.38 (11.0) | 0.38 (11.5) | 0.45 (10.5) | 0.56 (12.0) | 0.56 (11.0) | 0.53 (13.5) | 0.60 (16.0)
Lo—vier 0.36 (14.5) | 035 (14.5) | 0.53 (14.0) | 053 (14.5) | 059 (14.5) | 0.58 (16.5) | 0.62 (20.0)
W T S
Under- | 043 (150) | - — — - — — 0.65 (21.0)
_ground
21k 057 ( 8.0)
Middle of
1st branch
Branch |2 fhak: 037 ( 4.5)
Middle of
2nd branch
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¥z, BoMThs 4 0BE, B0 ETEDHH»6E/AMT, B - 8- ES
RCEDEICHELT S, EbrEThs L, BROGE LARCIhICES OETOH?DL
HFhSOWTHEZHERD, 2L LTROEIREBETLTS, ZOXIHREBO1IEAELZBAT,
FOHBDOEZIERRLIZLDONK-10 TH - T, BAFIHOLTIFhiclbBEIHf»HLH1
B0, S5RE1EAEI3HO ETithicle®, BLBBEHIOFEIHEELCRLIOTH
5, K-10%&5%E, B - HOThoResbhREOHMORIVBRETH-» T, BRIV
R Lichh - TEL I T 5,

DERAFAEDBICOWTRIELD LM E TD 19 Hllc s\ T, IRB TOAREEE L
T (%6) Yoy bTHLER-1 DX ABROMMERELID, ThihdEHIEHRH XTI
AERIOBOBEINAENL - TKREL, #3HELL L3 Ee L@ EME, RAEL /NZ

06 - \o

A
0.5

tt & Specific gravity
o}
/

04 1
/ O
O
0.3 1
O 1-year-o/d o]
A& 2-year-0ld
* 3 -year-old
® 4 -year-old
% 1 T Ll
WF F t N
Underground Lower Middle Upper

Bo%il Parts of a culm
H—13 B o F k&

Fig. 13. Specific gravity at various parts of a culm in different ages.
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{TenTnh, FREROHRKPRIICKT A2EEHBT bbb K-11 o F i LBk &
B S i oA MEEB T AEER - v P THBDL LI, Wwhd b EEEDMEH
RTEKM-12Z0 L5 ThA, HERIT, WO, T g et Tu
B, ERONZEHESDAEBCAT IEROEE, ThbhbeEROUERIL TS T, =D
HEDE2% A L5 EiE ToMsT bbbt L 60em ¥ TOR LT S, F i b
60cm ¥ TORDEEEILE%Z TH-T, M-1L K IV K12 Thhb2b L5, LEHFEO
Wil aiErh LT, Lichio T, P OREHE L LTRRT A58, TELRTTE
mHEFET Lz LR FE LY,

B. BoExhtE

FHEMOR LM, M LR, b, o 4 S s ARG o i A lGE Lo i R
HTBIOM-13D LS THoTo, THICEDEMFHOHEI RS> T 505, O
FHE S 7 e b — AR XD THOVHLERETS ~fc bbb HBETES, WEHTH,
ThOFES T EERKE VG, FRERINCE, YFEEPRLNEL, DT 2HELET,
SHEUERIF LML THWERY R LTWEERLZ ENTES,

C. EBINEOKFEFR

o B TRICICLRT 07 b 2 ORI Y & - TR S HRLNE Lok i
E8DLHITHAH, K8DHIE-,EH 2B LY, MFLEDOTIKRSEHERI Ml < H <
TEbLDTHWZETHDH, TibbUFAEDKY
GHEEN6Y ThHOK,2FEAL RZTT50%
LLFCch b, YEEORIIKTEERE ML I,
BTlhB X S iuEE S Tow, WSS &
K-ldicHbhb Lo, whbUALLERL, W
bPHEABRD X HIEBENALNEH, 4FED

F8 ERNB D KG HHRE

Table 8. Moisture content of culms
in different ages (%)

K o
4 " Moisture content
e 8
Age ;
; SR
No. 1 No. 2 Asvepige
>l/‘ _{;:_ Vs 4
X b 65.8 63.9 64.9
1-year-old culm
9. ‘;drf(fld cqulm ‘ 450 | “is ! A6 N i
),, ! Fig. 14. Comparison of shrinkage
o 20 1_11 ,’3-.1 | 49.3 o 49.3 in the culms on drying
u—}ear—n d culm | at 1050C
b o .
T 41.3 43.4 42.4 Left: Samples of a 1-year-old culm

degenar-old cul
yean-pld eadlen Right: Samples of a 4-year-old culm
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%9 WHHOMREE, BRI ULOR

Table 9. Fiber length, fiber width and ratio of length to
width in various parts of a culm
W % =
Fiber length Fiber width
B M
¥ Mean EEMEEK £33 Mean EBRE Ratio of length
B/—kKk Coefficient of BEph—E~  Coeflicient of to width
Min. Max. variation Min. Max. variation’
(mm) (%) (mm) (%)
b i
1.40 0.016
Underground | gegs2g00 o~ %
T om | 12 _ oms
Lower part | 0.365~2.300 30.3 0.0075~0.0250 276 81
dog 1.34 0.013
Middle part | 0530~2690 319 0.0075~0.0200 277 103
E @ 1.03 0011
Upper part | 0340~1945 333 0.0050~0.0200 293 9
W
Underground part
140mm 1.22mm

WM Fiber length

thsaig
Middle part

1.34mm
M & Fiber length

H—15
Fig. 15.

WM T Fiber longth

Upper part

BB IBMER O 5

Distributions of fiber length in various

parts of a 4-year-old culm.

1.03mm
& Fiber length
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Burelc - TiET 52, BEALEEH LI,
D. HMOEZHLURE

4EARBOMTE, EBOTE, Fi&, REOEERELH LR 100 KT OOMMER &
WAEEEZRE L, ThbOFHiE, &/IME, KA EBHERES ICHELEERELL, €O
BRIEXIBIVCE-15D X5 ThH%,

HAEE O T 140 mm 23K C, Lo 1.03mm AE/DMTCHh -, Fiik
ORI DT RSB EhRETD 1.3 mm ASRKTH - fo, EHEREL FHE OB LEBRE
EVThd 30% BE T, WAL XAEBIIAS R, D EF ML 81 525 103 ORI
By, PREBFEARTH -1,

SHIEWLIC BT HHER O G HRER I AL LT D0 E 5 k@ADL, PIEC
LHBREORERT - 1etd, WTFhEBEEBR TOMEENEL, ERS L RARTHh
e otz, TOEBITEEOHEMRED LB L T3,

—7, BepRBMOMMEC OV THMEE & BAEEOHEE LO AR R-100 L5 ThH
%5, MHBIRE (1) 120218 & X TEWMEE IR 7o, r B TORERBRILSSZ KETHET
B, Lids THRIER LBERORCIMEN AL (+) OB S 5 Z bbb T,

E. #Roiams

a. WERTED S RicMiE

M-16 X YUEEROBIPSE P RFOBMEOHEMEFTH TH S, FFREROEMIIRE
W, HEEEEBLL>T 5, FHA, B C D3#EReHc CETRRLNTHZDT,

F|—10  FRHER & MRMEVE © HES
Table 10. Correlation of fiber length to width

= iid 3] 10-3 mm
Fﬁeﬁenih _ Biber widtl ( ) _ G
(mm) 65 9.0 115 14.0 16.5 19.0
045 2 2
0.65 2 1 1 4
0.85 2 4 1 3 0 10
105 2 6 2 7 1 2 20
1.25 3 5 3 5 1 2 19
145 9 2 7 0 0 18
165 2 4 4 1 2 13
1.85 1 0 0 0 2 3
2.05 1 3 2 1 - 7
2.25 1 0 1 2
2.45 0 1 -
2.65 1 1
% Sum 11 29 16 31 4 9 100

© r=0218* 5% K¥ETHER Significant at 5% level.
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TRV BERDVLWLAENKREL RAHAN I bhrd, ZOEERLLME L5,
FH DML L LR UL FMREEAAEKE LT, FoPicififBmHn e iELTV5, &
MERIIADBUCI L2223 TE (K-18), Hiehicd 200K EETHY, OghH
2B = O & ST tEi e b 7s > Tk b, BEDOMICH 2272 Mk s 2
WIEHFEAEECHD, ThbOMBBOAMIcSs - THS e YLh i 5 BTA TR BBy I8
AR cd 5,
HEERLEOREIREADRLDLR, WThEALLPICH S R TR S
th, FrehicunwizE Nl Twa, L LEFRIEINICES BEREL, Ficwid
EMZ/hEL{ s -Twd, FRMEORDEEROEMEUL, HTAd>@EREL, ki
W EDNS BN S D, ThiC, KAMKTH D ZMIMIPIC L@ EENRE L I
>Tw3, LALEICL B bixhig EHETR L,
HEEROMECOWTRD E, NAHCHHLDOEINFTOLDIKESR, Foho& o
BOMTINLDEANRT 2, AHBCHBHEFTRTIE, AHedbsboiz, wbdsn, +
Teb B HENREMTAE LTV 52, NECHD DL TLLE S Tiaind, misis

B-—18  M4Esk (A) & 444 (B) M do ik
Vascular bundles of a 1-year-old culm (A) and a 4-year-old culm (B).

Fig. 18.
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ST E S CHCAWTLE->TWAEE LSS (FH 7)), ZHIMEFRRF VT
LI EELLRD, OF Y VORRIZHAE Uity MFEI R Lo =ZRICH IRERE
ATk T L LD THES D,

FGEA GWFH) & B Gk 1 ERE) RO SHM, Wiy B EARHLEE S
Birote, FoloMEEEROA DA RV HRCHFEELTWS, ThIZEBEEERZD
nBA, WTHoLo LS LEHOLO L) bBbATBE W Edbrs, Ll C G
58 Lo EH iz, o X 5 e Ly, IR gmmomEic, WRT
R, 11 THPAVGEIRD 02 H -7, TRV o AP EHLTLE »
X 5T, OBt AbR, ERE 1 FIOFREOMANG - T30, ZTOM ML
TSN LTS,

E—19 [EEEEO 2 kS (A) & A o/ EE# s IT (B)
Fig. 19. Polylamellate structures of sclerenchymatous fibers.
A': Optical micrograph B: Its polarized micrograph
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M-1T A FEAELEZEZ LR RO EG I BEOKMEOBMMBETRTH S5, £OMMIIYE
DO ERAMNTIIRERRCD, oo M Hikr @D ENTES, RBEFRALDB
AT PLHGTECHEE L CTRTERLIESE DTS, A4y, BR3Fy LicHioo
RENRELAERLIELDTH D,

MEERBEO SRS FEED b D ERLL, AH TR, Eof#iRmnTLE Y
DHHD (FHEZ V), fhU RS RoRRcHbh T3, X-16 D Y4FELD
BEERDEWULNR LK, BREDLDTEL, HBEMFLAERDOREWETHS,
F I ERRC I S Te AT O B LW RO R E SISO HRT, N hEML TS0 L 512k
L, TOX B0 BRI, WTholt ke ChIERCHETH S, ks, =
D L5 IIEEL LICHIFICGORIRBA DRSS, iAKW Icd DT, YN FRE
DEILBLOMRETCHE (BH A, B, C),

M-18 1E M A ME & 4 PSRt oR b Ric oo, TihbbMllubEoE S ofiEE R L
PbDTHD, FHARLELERD, BIRAFEEROHEERETR LD THSL, FEILLH
Livie X o, MAEMEOBERE Wb UL LWHEDSH S Z Ehbnsd, YEADES (A)
irfEM RO AR TR BB M, 454 (B CrAERbTaLrdnbh T,
WEEAMHMICIBIE Lizz 2% d, i L, S0t 4 EAETHINLTWS X Stk
250, ZhXZhboOEROBATOMEL X > TEOEPERILDLDT, ZD2ODEH
T CHOMMERmTH o L X T&E iy, FodFlolfAEddiciis e - A0 L DR

A
Quter part

R 8
Middle part

A
Inner part

Bl—20 4T v - R 10 R gt o> BT
Fig. 20. Cross section in the middle of 10th internode
in a 4-year-old culm.
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BHERBR, chie oW TR ESLHRTELERD 5,

b, MEB@E# DT WMiE

EEEE O LBREY H-19c7d, 2hi K-8 R L ERRECEEY AG4 01
DHRIMEDOVCTHBE LD DOERIERLAOR A TH D, REERKE T L - TRA—» iR
LI DABThHD, ChRistEERNBETRMRCISBEEOH G LR 108
A CBEERALNS, ¥RMAOREIMEMG X vEV-2Y, MlkscREMReRLX
Sl HBRENALR, UEA VY vrOMRENETO 2ERANE, BosBlick- TEES
BBV - 2rBEEOAR - RROBBNERTES, IHLKEH A CIiXMEMRO IR
BEMREEOMTER LTV ARTLAD LM TED, k& v BERMEO L B#EC oW
TEEETHBE CHE L/I@ES S 3ih b, v LRABOBEENLLRT W5,

c. MEEICHITI2EFEMEMEFROBS

BEHC T 52 EA AR EEEROEHACTIBOBEIC L - TRLBDT, SENL4FEER
DIZFFR R H o5 8 10 MR OV CHiE Lic, BEMETEY ) 2 - T RKEELT
b, 2O0XFRITRLERBS2AM, SR, AMNOR CEO 3FHoT (K-20), %
DHEEFThTHHHERE LORMELH CHA, FLEFLHTR L ThAoBTEEL
ThbEThZPhoEREERELRE L, 20ERIIE-11 DX 5 THS, EXARIAMNE
EEEMWNEL, Afllc v R L - TR EL D, BRI EZOEEMRKE
Wy ORISR EBVOR, Al EEBOBIEN S CE L THEHLTH H, AfE
VDL, WAl EHRENEECREORMBOE > L EFAROEELKEVLLTH B,

d. —EEECLIEEORR

72Vl s =AY - ViR BTEEET, KMLLEBIRL, RALoMS
RESCRESINHIHEBEXFAR L TAFEROB IS > TThFPhOEBO B ELT -1

F-11 454K I0FHOEFERLETHOEE* (%)

Table 11. Ratio of ground tissue to vascular bundle in
10th internode of a 4-year-old culm*

#HERPOAER Elements in vascular bundle

HEAER F K

Ground Vascular ﬁ “ :E o £ D il
tissue bundle Fiber Vesse Sieve Miscel-
esse tube laneous
i ,
Outer part . 47.8 52.2 47.3 29 1.5 0.7
o i
Middle ;art 76.3 247 17.0 4.4 19 14
A L]
Inner part 91.3 8.7 5.3 1.7 0.8 0.9
& %
Total 67.7 32.3 26.8 3.1 1.0 14

* Percentage of each area occupied at cross sections in 10th internode of a 4-year-old culm.
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H—21 —EBEiAcliszdEfoFE
Fig. 21. Micrographs of culm tissues by a safranin-Fast Green staining method.
A ##%®R Vascular bundle (X100). B: Wi B Cross section (x20). C: B o #
Wi Vertical section of B (x20). D: FE# Mk oBk¥ Starch in parenchyma
cells (x250). E: =~ FER¥ KIS L 28 ¥ #E 3 Starch confirmed by iodine
reaction (X100). F : #EHMENMTE Vertical section of vascular bundle (x150).
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RRY K21 s, ¥ THEROMME (FH-A) 225 L, < ho T hBATHEE K
DR TIZAIE I X ORI, W, FAMEE L D F T B O Rl & AR AR L
TosRMHOWE TS S, MERORBTE (FH-F) gz o s LOE, B, &
Ml EORBBIRO L e ks 2 LN TED, SEFCHRORME (FH-C) RN flH b
Do T (E—A) 25 &, FMROMKEIANE ERBIKRE VA (FE-B) 2 Lhibh

- 50um
B—22 GHEEH(A) L BEREILK (B)

Fig. 22. A vessel element (A) and a scalariform perforation (B).
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5. FrAERHBOZMRNCEEThTVW20E (%
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T EDHRES I hTw5,

e. EEEZR

B-22 (3R Lol EEETH S, AXEFRS
h2H0T, ToOMBECI SO I EERCHRS
ha, IELBZELER Y Tk, To2fiEs+~<T
BIZALTCWAbTHIEL, TO—fckEilo
ol did b, To X5 oSBT g L7
HREEZE LT, ZOBEEERO L TFTIELYRD
D, BEALEDLDITHEZEIHTH-7, Lirl, Th
WCTRHHNEEBO L5 Bk ol EET5
bobldbhtc, BEROGPIREETELOTY
FATHEZETHS (FEBOT), chiZEHEERL
DFEEMCHI DD EEZELLND,

GHEADEREFROTHHcELTW DMk
FHEBEINALNRBEDT (), BELLDEETH
D, LT, HLRAFEETHAS ., oM
2Oo0MAOBBEIIHBETIL WA, KEES S T
FHifeTH AL L, WFhic LT ER A
T, BELL o TR (BBHEEEILY) 2 S Uil
R b,

f. WMBER

H-23 (3R S B ER AR, i oE
WIRRTH B Z L2 b, o LT ifiksig
£+ 5 (BH A-1), MdCE# B RcHiEREs 5 h
5, FrflBELCISHOESIBEDLRDLN, “h
RIEE BB BRI TH 5,

COMEERIIL 2 20N A TE LT
% (RH), ARTb-LBELHEFB LB EELD
hon, MEBLBEPICRELTILESLLDOTHS
5, ZOIANEEA-2THYH, FEWIicila

E—23 MMAEER LR

519

ThDHTEhbnd, THAEMEETE D, GOk Fig. 23. A sieve tube element and com-

panion cells (arrow marks).
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AR LTW2EExbhTWARMIETH S,

g MR &M

M-24 13 4 FAEOR R M Lol (FHEA) S ZMla (FEB) 2R LT\5, i
HENXEDHDTRETH Y, MREVWETHS, LrLRIXPLIEBH LTS, REBHELDT
T, WMAMKRVWEARLEIRTCWHEBLLADD, HEORNIEETH H VD
T, TR LT E L,

BEEBREAMEBEBRTIEMATES, TOBRLEAEIVDLPLERELTED, £
ORI FHEHE-, B, BRoRNFowIEEE e, AFHrw g ENERTRLRAE
FAH 5B, WThoflEic d BN I VWEARCAD SRS,

B—24 i (A) & FHifa (B)
Fig. 24. Fibers (A) and parenchyma cells (B).
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2. 1:RHNOBRBEAVCSbLLBELLER, BEofioRis19-24 ¢, HiFMOR IR,
BELHREARD KL, BRI IBERLL-T s,
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Summary

The growing stock of a gigantic Sasa-bamboo (Sasa kurilensis) occupied at 63 tons per
hectare is said to amount to 62 million tons in Hokkaido, corresponding to 11% tree stock.
Involving the medium and tiny Sasa species, the total growing stock is estimated®® at 150
million tons, corresponding really to 28% of the tree stock. However, the Sasa-bamboos are
now almost removed as the hindrance of tree plantation and forest regeneration. The pur-
pose of the present study is to give the fundamental data for the practical use of the Sasa-
bamboos which must be a valuable forest resource.

In order to establish the industrial utilization of the Sasa-bamboos, it should be considered
that the harvesting cost is cut down and a new technique is developed to exhibit its char-
acteristic. Though a lot of studies on Sasa have long been carried out, there are left some
problems and a few blind points, taking an example of the histological or morphological
study. Accordingly, as part 1 the authors mainly made the investigation and the research
putting stress upon the anatomical and fine structural observation in connection with utilization
of the gigantic Sasa culms.

The results are as follows:
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1) According to statistical tables,*” the culms (Nemagaridake) and sprouts (Takenoko) of
the Sasa-bamboo are now only used for the vegetable supports in the farm (Table 1, Fig. 1)
and for food (Table 2, Fig. 2), respectively.

2) Studies on the utilization of Sasa have hitherto been directed to the preparations of
pupls, fiberboards, particleboards, feeds for domestic animals and active carbon etc. Recently,
pharmaceutical research of the leaf extracts has been considerably reported as one of the
cancer medicines.

3) The gigantic Sasa-bamboo is densely growing in Uryu Experiment Forest of Hokkaido
University (Fig. 4) covering a wide area of the forests (Fig. 3). The each weighed 370 g on
an average of 129 samples measured in which the culms, branches and leaves occupied 66,6 %
21.7% and 11.7%, respectively (Table 3, Fig. 5).

4) The nodes numbered 21 on an average in the sound culms (Table 4). Chemical
composition and calorific value of the culms are similar to those of hardwoods (Table 5).

5) Length of the internode in the culms is longest around the middle (Fig. 9), and also
that in the branches gives the same fact (Fig. 10).

6) The results measuring the inside and outside diameters at the middle of the internode
in different heights using an aged culm seeming to be 4 years old, reveal that the solid content
calculated becomes as gradually high as the internode number is lowered (Table 6, Fig. 11, 12).

7) Specific gravity is maximum at the underground part and higher toward the parts of
butt (Table 7, Fig. 13). The fact is also understandable by microscopic observation.

8) Moisture contents (Table 8) are 65% and less than 50% in l-year-old and over 2-
year-old culms, respectively, and further the former is remarkably shrunken by drying at
105°C (Fig. 14).

9) The results measuring fiber length in various parts of the culms show that the length
in the underground part is the longest (1.40 mm), while in the above-ground that in the middle
part is as long as 1.34 mm and in the upper part is as short as 1.03 mm (Table 9, Fig. 15).

10) Observing the cross sections of the 1-year-old (Fig. 16) and 4-year-old (Fig. 17) culms,
the vascular bundles having a resemblance of human face (Fig. 18) are variously distributed
in ground tissue consisting of parenchyma cells, as similar to those of bamboos. Fiber cell
content is high in the outer part close to epidermis, on the contrary, parenchyma cell content
is high in the inner part, and the size is also large in this part.

11) The cortex tissue consisting of parenchyma cells appears on the cross sections of both
the underground and base of the culm, while it diminishes extremely from the 3rd internode
(Fig. 17). This tissue seems to give flexibility in the course of growing and the Sasa-bamboo
is able to bend at the base of the culm.

12) As for the wall thickness of the fibers composing of bundle sheath, that of the 1-
year-old (Fig. 18 A) is thin, while that of the 4-year-old is thick (Fig. 18 B). The thick wall
consists of poly lamellate (Fig. 19), in some cases, of 10 layers which is distinguished by alter-
native orientation of fibrils and they are called sclerenchymatous fibers identical with bamboo
fibers. #2132  This structure in the Sasa fibers is also clearly observed by a scanning electron
microscope (SEM).18449

13) The rate of the vascular bundle and that of the elements in the bundle were investi-
gated on the cross sections of the middle of 10th internode in the 4-year-old culm (Fig. 20).
The result shows that the rate of the vascular bundle is high in the outer part and the rates
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of such elements as vessels and sieve tubes etc. are remarkably low on the whole (Table 11).

14) The results observing the tissues by safranin-Fast-Green staining method indicate that
the unlignified elements coloring in blue are sieve tube cells, pith left in thin layer cells near
pith cavity and small parenchyma cells surrounding six to seven sieve tubes, two large vessels
and protoxylem (Photos A and B in Fig. 21), while on the vertical section (Fig. 21-C) the
situation is distinctly shown among these elements of lignified vessels, fibers and parenchyma
cells and unlignified sieve tube cells. It is also shown that the inner parenchyma cells are
generally shorter than the outer ones in the ground tissues, though having diverse shapes
such as vertically elongated or short cube.

15) Blue colored materials contained in the ground tissue (Fig. 21-D) were proved to be
starch by the starch-iodine reaction (Fig. 21-E), and also coinside with “soccer ball-like shapes”
by SEM observation.!*®

16) A vessel element (Fig. 22), a sieve tube element and its companion cells (Fig. 23),
fibers (Fig. 24-A) and parenchyma cells (Fig. 24-B) were observed. The vessel element is
possessed of simple perforations or sometimes a scalariform perforation plate on one side. The
shape of the fibers is slender with ratios of length to width ranging from 81 to 103.



