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2, NF B IUEYY VI OROMIEREE (1)
odf Joth - fE EM - BEE R

Cellular Structures in Culm Internodes of Three Phyllostachys Species,
Madake, Hachiku and Mosochiku (1)

Tomoya Imal, Shigemichi Majima, Minoru Fujita and Hiroshi SaIKI

= =

2 ¥, NFrBLTRY Y YF o0 3 MOFMBEE OIS ZHR, oM L 3T

WD SN E R D WTHE Lz,

1) FFICIEEMRERCH B EEEMI O 2 OGS S D, ZO—T07 A il
e, 7 AREEY eSS I L EDXA W L DRI I,

2) BAARHOBE ZYHHET AL TH D, B HHAEAFLDRD BT, £/, —NOKER
HEEOMIC/INEEEPED Sz, _
3)  FREEO PN BENSC I - THEMIESER S L, s OMIREEER TR, MET,
BT & b e WEESIEE « R 5, BEREL L RIZE Y Y v F 2 TRICEEER ISR S vz,
4)  BEWTTH CEMHIS Mo HEEEE, MEE I, WL o BRIt o®, ev Y v T
THEOLKEL, ¥FrBFRRRE, NF 7 TROBNSOEERLIZ.

5Y= & Tk, AT 2R L, HEROFMIEsET R BAR EMA TV HNT
7 LHIMHC KRS iz, BT Y W F 2 TR, ARG PR TS o le s, B
BECH 5Tz, ETz, 57, NF2IHABHEENE, ZOMIdEPRNMETH o,

I. ¥ L ®

FIA AT 2Oy Y E % ¥ o/NURE 20 CI3E, 95HT, ZhickHdl, Sz
MZNAERTHE L Ebh 3, ZRSQOHRTRY Y, "NFIBIUEYYIF 73T T
(Phyllostachys) DIREWEFETH Y, £ ZNOBEICEC TABERASh, > TZ Ok
TR IR, & S WL D W TR RIFFES e S T 259, BEMESHREEIC D W
THREE X LMo, HRBOMEE L R I8N TWw AR, w8y NFIBLITEYV Y
F 7 D2 OREOHINRSE OZEE D W TR IR & oo Twin, 22T, <
NS 3HOMIEREI B 2 RE, MEH, HAHEBZ & oM OBEZE L R R oW
THAE « BT U - R 2 RE T %,

2. BB & oH %

2.1 SRR B L U O
MR L LT, BERS SN R A RSB c BT L T~ 57 (Phyllosta-
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chys bambusoides Sieb. et Zucc.), /~F 2 (P. nigra Munro var. Henonis Stapf), €2V 7 F
2 (P. pubescens Mazel ex Houz. de Leh.) OB %K 1A, 19944F 6 H20H B & D RIFL 2

(LRI L B) FNPROMBERBERCEH > Tundl, 3I~4EHI0IEZ
N LEDEEBCHE EEbILS b OBHEE S,

ARG ORI A B O SN, SR L UFR LY BECHBESETIN L E
VRS U W (BT, B LS & opRR) o 3 Sl EsE Y, Zhoo Hio B, drkiBs LU
TR A & FREE WA 3 emiEC VI D L e BUBHAE B 4B NI VTV T E FIZEEL, &
WARTE L7z, HBL LB L B oMEEIE Table 1O D,

Table 1 Internodes examined in sample culms of three bamboo species.

Species  Internode No.  Lengh Diam Galmall thices

Madake B. H. 7 26 5.3 7.2 60— 7.1

Lmax 17 35 4.9 50—~ 41— 5.3

Upper 30 20 2.8 3.2— 25— 4.5

Hachiku B. H. 11 2 4 5.2 59—~ 53~ 6.3

Lmax 24 36 3.8 43—~ 40—~ 5.5

Upper 36 24 1.6 2.9~ 2.6~ 3.0

Mosochiku B. H. 8 23 105 11.8—~11.0—-12.0
Lmax 27 29 6.6 7.0~ 6.2~ 8.2

Upper 41 23 2.7 34— 34— 4.8

Madake (Phyllostachys bambusoides ), Hachiku (P, nigra var. Henonis), Mosochiku (F. pubescens); B. H.:
internode at breast height, Lmax: the longest internode, Upper: upperinternode having the same length
of B. H. internode; No.: number of internode from buttend of each culm; Diam.: diameter at the middle
of each internode; Up.—Mid.—Lr.: culm wall thickness at the upper, middle and lower part of each in-
ternode.

Sample culm height: madake 12.10m, hachiku 11.75m, mosochiku 12.85m.

2.2 BURMERLE L OBk

B U T TR O BRI B S, BRI LB R OB Ch 2 e, = F L YT I v

(U ETD) & b RO & 5 ikbABL 1T - e,

BERFES N TWERERN LY7oy 2 (T 5m, L :20-30mm) ZEI0HL, 7Kk,
4 BETD REW WL, 45°C 3 HHMLE O, WEREH L itz &§F 7 ~10H ML
L (BEBOBRIZLIDHBEZMET ), WDHELTRCON% LY /— i 5 BELLEEL,
ATAT 47270 b—AT20 um BYIF OVEEL v iz, B - BRI A OFERCII ETD
MBI 1 ~2 HE L7, B F. Kukachka'®™id 7 v {12 & 2 LM ORI ETD %
Hotwnzds, ETD Mo THETH -7,

KHEYIF BV 7=« 77 A7) = THPGL, ATV Y AREAL THEL,
F 77, —EROEEITIOKERS — BRI & A IR & 2T o 7, MBSO~ HE, BN
SEI ECHBMAV—2 (0.1mm) 250, SRR L CHE L 72,

ERETHEMEEE TR, FNOD 3V VHTHERE2UIOHL, 7>F R 31 @ 1KE
WTISHAIEL, &2 —F 4 7 LTHE L, 35k, FEMEODWT, R#EI—F 1 2
LT EDXA & D oA RO~z
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3. kOB Ok o

%: Ug((})% {%ﬂﬂ‘!}ﬂé/&’/u &, yH,m 2l bi’gj)‘( f
TERB, B, Ko THRMEME £ OHicik
1E3 BN - MR O#E» 5k B 5
WHLLHE, & SR JEEE DM E A
Hy, HECES>Tws (Fig D, H,
ﬁ%MMOJ I o w» T, i, N
BEHDLWENEEZE LRI TYS
mW,ﬁMMm@n%f@Mmbn H
m'x/C 37) D m) I.IE!(DL@%( ISTXHMX';}:G&-’I; J

Bﬁj\lﬂ-’\‘”@d\}l/@% Ml osbd 288,

&M% (medullary sheath) & W
S PPEmEikb HDOT, T, KX
TREGE LRI LT 5

3.1 R
TR, FRELBBLR1IE (B Fig. 1. Transverse sections of culm walls.
I 2 JE), EE 4~ 7 JEoaE s A: madake; B: hachiku; C: mosochiku
570, RS RIETHE COES it (Sections from mid. of Lmax internode)
G L NF 7 TH60~T0 g, €7V D F 7 TEEIN00 pm TH o Iz
) 2@) ORI KB IFIEARIN I EEE ORI & 2 OB OG> S % 0, e KFL e
33 % M e BRSSO ARER (“EJ’L: W) e EMHAEL Tuade, JEBERMINGE, KIMHE T#
MR (LUFTH) 10~15 g, BB (BUFRER) 15~20 wm, HAFES (BITFLEZ) 40
~50 pm, BEFLHIE <, BEH» SRS EFL LM ERYT (Fig. 2),
MEEII G A B s o 7/l ST w59, AR — D CRCT, L
% & & 10~15 um FEE O HH~FC, fho—o WIS, FEa & Lo asEo
-M. CBUPHEIDRAATHT (Fig.2A, C, D), MW 'C'&;tT F Il LIS ~10 pm O
MigERL, WEMEZGD, ZONEWE EDXA THNS &, 7 A #OHFLEPHEICRY
s (Fig. 3), ZOHMERr A B TH S Z EB¥bdholz, EDXA AT bV IEARKN ]30)

A OFIICEELL, SR ARSI L HE NG, 7 HROTFEER 3 ﬂ'(.m&) s

fods, JEIMIOBTRER T DI, PREBEN T, S8, WS E2ED THET 2.4
BRh B, ARSI Rcar 2o G L, JoARA A @iﬂf!f;ﬂi?\%}x )

BEMEFEBTH L, BB, bI—HOMEMIED 2V 7 EDRIIC OB TR, SEEIAT
Elpdnotc, REOMIEHGE OBMNELIPHORHZ L2 T, S 5 Hil eIt
“C"‘Zf) %

(2) “'@%"lﬂ e S CEBEOMIE» S, TEREE TSNP RENENT 5, 3
&UHI@ZE AR, THI5~25 um, REE10~20 gm, LES20~50 ym BRETH -7z,

3.2 MEETR & HEEHON
FEAHEARD AR 1 SR (HEAUHE) 2Rl o M IS L T B0 AECTHRE, (E
e, RAER B & ORER & TR 2 vl & 3 2 MR & B MR S IO, RS & AT % R
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DM e - MR el 5 2 L L9 %,

R & k- %Tff' W 3OIEAM i, MR 2 [HoBA AR BEE oA & |
B DM 2 & U AR AR ZEBR O I ) 4 HATIC S5 U THFE SR 2B L, 2 hbidbeft
B9 28R HERRIE A LTy, 1’*»»’30)"5{3"9{'7.“ SAITIZIA S DM RN L, KRR
TRIEE R A2 X EHENOA LR S (Fig. Do ZOME GREL S0, If3T) Tl
HEMEZ A, RO R TR T HERIT 5% b #Y 5, %‘c?ﬁ:f'ﬁ ST RBE L, 0. 3mm

T80~85%, 0.5~0.7TmmT45~70% & 53, IV 57 TR O S O 2

fidk D IRWEA ALz, —7F, FREERdr S NA I Mj"(ti fﬁ BRI LI u;tww,
AR o R N T AR S S, 2T, BEORITHATHLR & UM EIE - HEE
OFik (TRERR) #H~N, mm@mq BTt $7z, F T b 35 4 B
ORI & GBI A DWW T bRE L7z (Table2),
Table2w B oh s &k 5, MEROEEIEHET & BRI Tl ha <, LENc
WAd oL, B MR RORE, s iy & REMM, LIEEi~ L @d ¥ 5485
ERLTWS, 3RO’ mM“%a,%vvv%/mvawnwywmum*<& s,

N

Fig. 2. The silica cells in madake epidermis at the middle of B. H. internode.
A: surface and radial section of epidermis, Arrows indicate silica cells; B: epi-
dermal cells in a tangential section. Arrows indicate silica cells; C: an enlarged
view of a silica cell. Arrow indicates siliceous inclusion; I: a schema of epi-
dermal cells. 1: surface view, 2: sectional view along the dot line in 1. a: thick-
walled long cell; b: silica cell; e: thin-walled short cell (cork cell).
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Fig. 3. An EDS examination on mosochiku epidermis at the middle of the
Upper internode.
A: surface view of carbon-coated epidermis. Arrows indicate silica cells
brightened by their siliceous inclusion; B: Si mapping on the same area
of epidermis shown in A; C: EDXA spectrum on a silica cell.

151

Table 2 Diameters, number and areal percentage of vascular bundles with fiber groups on the trans-

verse section of culm wall.

R-diam. (mm) T-diam. (mm) Number Area  of
Species Internode of Vs+1¢ Vs+F
Vs Vs-+F Vs Vs+F (/scp.mm) (%)
Madake B. H. 0.21 0.5 1 0.31 0.4 3 4.1 45
Lmax 0.2 4 0.4 7 0.3 4 0.4 2 4.6 46
Upper 0.19 0.37 0.28 0.39 6.8 54
Hachiku B. H. 0.21 0.4 8 0.2 7 0.4 4 4.8 4 6
Lmax 0.2 0 0.3 9 0.2 4 0.37 6.2 5 2
Upper 0.16 0.3 0 0.2 4 0.3 4 8.9 5 4
Mosochiku B. H, 0.25 0.57 0.3 3 0.51 2.4 36
Lmax 0.2 6 0.4 6 0.35 G.4 8 3.2 41
Upper 0.2 1 0.3 8 0.29 0.4 1 6.5 51

R-diam.: radial diameter; T-diam.: tangential diameter; Vs: vascular bundle,
Vs-+ I vascular bundle with fiber groups.
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EYV VTS T OEBDOT N THL, 4B, F—MBENTE, §<@um,m%?mm
BUAEMROKREL, LB BB ICRE, MR BT BB HR /DS LE%E
ARUTz. COZEHNIHIM LE s L UTHOBEE S ML Twa &S ’CZ’)'J 72o

FREEREITIAL LW J5 1 2 R0HE - HERRO A8 (BilTime 4 D) %2 RL2 &, EOFiicis v
YNF IR ETEL, ROTRS T, €YU F 7 DHTH T, WIS (U & Btk
£3) kB Th, HHAMECOEER WY, SHOBRERTE T2, vFrPEy VY
7 OFHE - HEIRORIIKE Lo T, MHHATENT 2 LOESHEE > T b,

(2) ATBREKESR A BN ORBEORAERIREE 23D 5, € OEBIZPEHE < OHEEH T
/N VA, WHIZHPWRE (R, BEERR» SN TR, <4 7100~130 gm, T2
90~110 gam, TV Y 2 F27120~150 um Th - 7z (EREHFEPRTOREM) . B, REL
TREOZEC—EOBFIER S kinoTz,
NFIWBROIMETH BN, =5 e
FNEL, BV TS 7B MO 25 &
DRBEEERA S, BEEROR S TR
TV UFBPELK0.3mTHED L
L, 87 enF2R0.7T~1ms S
WTH 2Tz,

LR OREEE BAIRCEE T, Y
HEALTH SN, ZH B AL
bR sz, BEEE /\/’JCLCD/\"‘O)PWT”F

B, AR THIG S 5 /3 — 0507
LT ERTHIn R sl (Fig 4).
WEBCREROBIELY, NFIT Fig. 4. Occasional multiple (scalariform) perforation
l{iX‘fT'J»U\ A ashs, w5y ’Cliﬁ Ry plates in metaxylem vessels.
LR D & T (Tlg 5, M7L A: multiple perforation (hachiku, up. of
H kﬁ/k— IR RAFFIEA~RE & 7 ching of bars in a scalariform perforation
IH, TORRER, SEM H5H EOWE plate (mosochiku, up. of B, H.).

Lmax) ; B: an enlarged view shows mismat-

Fig. 5. Pitting on the metaxylem vessel walls.
Views on radial sections of the central region of each culm wall {mid. of B. H.). A
madake, alternate type; B: hachiky, opposite type; C: mosochiku, opposite to alternate

type.
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T, YT TCEHNEL L ~2um, NFZERIYIF I TIE2~3~Tum (WOFId MR
R e BT ORE) Thotze F, MO SEM BT UIE UIE/IMREE (E3%
10~15 pm, BBLRIPEEAF) P»RD SN,

AR HES 2RI F oY 4 FTHREABNTWED, EvVYwFr0Fay 4 Fids
LB THRERT L OBL DR L, vF 7 EnF 7 CHBETHERD b OB LIELIER
Doz, TYY YT DEETTY A FTRENCERELSED S,

(3) ZOfhOEH HEAERNIC AT OB, FAlE, Fa L MBS 5 3 EBEELE b
DRI ¥R Sl h, 3HT & WEHINCBIEE T 5 R E - TR, M HRIE ey
BIHED TR DV CIRBEOWEONH D, &, HHEHEE ORI I BRI T OIS
DBHBET, SEIEREL 2oz,

3.3 FAKHEEEMIE

HAMEMRO TN, HEHTE TR S & PEEE T L AR uilles sl v, 2ol
VO 2 W HSEOEMBANIEL T3 (Fig. 6)e S DM O~k % R b de 0
B CRIE U e R IERDED TH B,

T CRIE L7 BRI (RBETOERRIRE), I 7wy vy TidENEL
40~55 gm, NF 7 TERR/METIH~45 um ThHotze —F, R, w5 reEev vy vFs
TIE50~135 wm (E90 um), /T 27 THE0~155 gm (CEHL00 pm) ThHotze B8, BEES
W, RS ENF 2 TIHL5~2.5um, TUYVTF I TR I~4 m BETH - 7o WEEDEH
JOOBIFTEMIEE D 5~10 gm /& <, B @7 & 6~25 um, FHLTHI0 gm T, 3
Fi e HISIZEEIL Tz,

SR AN &, MW B 27 - I B TR S iz (Fig. 6.
Fig. 6BIRR SN B &5/ F 7 ORMl A i (&) o dik{E@milchsowc
MU, fho 28, Fric~w &y CHE LW, HilashRelEs s, @gERd (Fig.6A, Cl
B EIC BT 20E &) i s %M$kn%ﬁé%(u)@k%ﬂ«fﬁ?t,mmm
HTH, =8 41.39, NF21.06, €YY vF 2115, EEEHITE, 5 71.27, ~F 2111,

Fig. 6. Comparison of the shape of parenchyma cell in the ground tissue.

Views of radial sections at the central region of each cubm wall (mid. of Lmax).
A: madake, barrel type; B: hachiku, cylinder type; C: mosochikuy, barrel type.



Fig. 7. Medullary sheath cells.
A: Medullary sheath cells in a tangential section of mosochiku (mid. of Lmax) ;

B: radial sections of medullary cells (mid. of Lmax), Bl: madake, B2: hachiku,
B3: mosochikuy;
C: an enlarged view of medullary cells in mosochiku (Ir, of B. H.)

YV OFILIBTH T, w5 LTV Y TG - SEHENTE TS A58 5 h
(MBED | NF 7 TRIES A0, HIRIEEBFEEERLTWDL 2 L85,

g O

FREE O IR PN 13 SR AL O ZEHIE & i3 870 o 2 IR (ARERSC IS & RRR) Y3
Do b, HEEMIEE RS FICROIIES 5% 208 (Fig. 7TA), % OIREE R T~ 5
TTE~6E, NFITE5~8H, TV UF I TRI~IETH -7z, BT M@,JF,
SROBHMOMOETD £ VED SRR oM, WHHNTIE, Fi»s -m«m9¢
T%?ko

i O MM I T Tl B B AT (Fig. 7B 1~3), SR opd cllE L~
Bl Table 3D & 3 Thoize 3HMOBTELOERH Y, ~Fr Tk, B (THHA) »Mbo
2HILDREL, BYYUF 7Tk, LESPRNSIOHTH D, —77, BE L ARILOFRE L%
BHY, BTV Y F 7 TRIRTOHMTEL JEE (Fig. 7C) « RMEL Twiz, —74,
«&7&A77Ti LERHI AR U, RIS HEA T T DS, R AR s
Mk, JEE « RIEBD LA TH S0, BEAEBATHRWRIETH Tz, ¥ &7 NS
T@M%i*mb,ﬁﬂwvw BEL « ARAEHTRD LE» & TR - Tl 2 SR I NS

o
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Table 3 Dimension of medullary sheath cells at the middle of Lmax internode.

Dimension Madake Hachiku Mosochiku
um Hm um
Tangential 50~ 87-—130 50—~ 73— 95 60— 76-100
Radial 25~ 28~ 30 20— 28~ 38 20~ 25— 30
Axial 16~ 26~ 30 20~ 30— 45 12—~ 17— 25

Numerals are the minimum, mean and maximum values of measurements.

4. F bt &

M OMIASE OMEIZA S N T 528, SEIOBE TRE 7 4 #LE&W e & ORI 2 HER
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CHy, ANFIBIUEYY S 2O 3ITMOMBEOMKALE IO THEL TwaH, BHHRO
SRR o 3TOMICESTED S,

By wF T, KIEEHEOMIBERMSS <, HEEIR, EE, FROE MO 2HED
K&, LhrL, BEOMERRNS <, £/, MEOMRENEL, BOME - AL 58
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Résumé

The cellular structure of culm wall was investigated in the internodes of madake (Phyllostachys bam-
busoides Sieb. et Zucc), hachiku (P. nigra Munro var. Henonis Stapf) and mosochiku (P. pubescens Mazel
ex Houz. de Leh.). The sample culms were grown in the Kamikamo Experimental Station of the Kyoto
University Forests, Kyoto City and were three or more years old. The internode at breast height, the lon-
gest inter-node in the culm and the upper internode having the same length as that of the breast height
were collected from each sample culm (Table 1).

1))

2)

3)

4}

5)

Major elements of the epidermis are thick-walled long cells and thin-walled short cells of two
types. One of the latter is a silica cell which was confirmed by EDXA.

Vessels in metaxylem ordinarily have simple perforation plates but occasionally have multiple per-
foration plates. Small-diametral functional vessels are found between a pair of large-diametral ves-
sels in metaxylem. Vessel wall pitting may have a diagnostic value to identify these species.

A cellular layer, a medullary sheath, is formed in the inner side of culm wall along the pith cavity,
and the cells composing the layer are long in tangential direction, small-diametral in radial and
longitudinal direction. The cell walls of them are thickened and lignified in maturation. Heavily
thickened and lignified cells of medullary sheath are found in mosochiku culm walls.
Cross-sectional dimensions of the vascular bundles, metaxylem vessels and parenchyma cells in
grand tissue are largest in mosochiku and smallest in hachiku,

The culm wall of madake is distinguished by barrel type parenchyma cells from that of hachiku,
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by inferior medullary sheath from that of mosochiku.

6) The culm wall of hachiku has smallest vascular bundles and is highest in the number of bundles
per unit area. It is distinguished by cylindrical parenchyma cells from those of madalke.

7) The culm wall of mosochiku is distinguishable by thick-walled, barrel type parenchyma cells, and
by a wider medullary sheath composed of small-diametral, heavily thickened and lignified cells.
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