RE-INVESTIGATIONS OF THE MIDRIB
OF BAMBOO LEAVES®

MARGARET C.Y. Wu®

Introduction

It is generally believed that the traditional classification of the Gramineae
based on gross morphology is unnatural. The anatomical or cytological studies
have provided a great deal of valuable information for taxonomical work during
recent years. Brown (1958), Metcalfe (1956), and Tateoka (1956, 1958) suggested
that the microscopical characters visible either in the leaf epidermis or in the
transverse sections through the lamina are of considerable importance in the
classification of the Gramineae. This is also true in the anatomy of bamboo
leaves. For instance, from the detailed work of Ohki (1929, 1932) and Prat
(1936), it is apparent that the characters shown on the epidermis are useful for
identifying species. From the contributions of Brandis (1906), Metcalfe (1956),
Page (1947), and Wu (1958), it is clear that the characters shown in the cross
section of lamina: including the layers of chlorenchyma in the mesophyll, the
presence or absence of the enlarged mesophyll cells which are called “translucent
fusoid cells” by Metcalfe (1956), the number of cells between the two “translucent
fusoid cells,” and the various patterns of midrib, are important for distin-
guishing species. The above papers show that the characters of the leaf are
comparatively more important than those of the other vegetative organs, though
the microscopical characters of other organs are also valuable for classification.

Since the writer’s previous investigation on bamboo leaves in 1958, the com-
plex structure of the midrib has continued to attract her special attention.
Owing to the various patterns provided by the sections of different species, it
is assumed that major diagnostic characters for classification may lie in the
midrib. ‘This hint urges the writer to continue working on the anatomy of
bamboo midrib. The purpose of the present paper is to summarize the recent
re-investigations on the structure of the midrib of bamboo leaves and the

differentiation of its vascular system as well.

(1) Acknowledgment is made to Dr. Charles E. DeVol for his sincere criticism, and to
Miss Nora K.L. Chen for her assistance to the slides and drawings.
(2) Research Assoc., Academia Sinica & Assoc. Prof,, Bot. Dept., Taiwan Prov. Agr. Coll.
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‘Material and Method

The materxals for. the present study were all collected in Ta1wan, and 16

ies, Schizosta-

S;li\}ag'ies ~ Name of species Localities clgﬁz:t?()fn
201 | Bambusa Oldhami Munro Yanmingshan, Taipei April 15, 1959
202 | Phyllostachys Makinoi Hay. Yanmingshan, Taipei | April 15, 1959
203 | Bambusa multzplex (Lour) Raeusch Yanmlngshan, Taipei - | Aprli- 15, 1959
204 Phyllostachys edulis (Carr) Riviere ’Chungh, TaIPEI B May 1 8,‘1959‘
205 | Dendrocalanwus latifiorus Manro ung - May 11, 1959
206 | Ischurochloa stenostachya (Hack) Nakai | Agr. ‘aic] 7 May 11, 459

207 | Bambisa vidgaris Shr. | Keelung, Taipei  {June 10, 1959

+:208 ;| ~Pleioblastus Knmsim (Hay) "Ohki. - Yanmingshan, Taipei ;‘;Jﬁn‘ ;

900 Inﬁgckaallamus nittakayamensis (Hay.) = Pa’i‘liiséﬁrlll-nsghan, June 2

0210 Bambusa floribunda (Zoll.) Nakai Pi-Yun Sze, Tainan June"

‘:21% |- Bambusa :dolichoclada Hay. - Min-Hsion, ‘Chiayi June

212, |- Pleioblastus Usawai (Hay) Ohki .~ |:Shihlin, Taipei July

213 B%’nghsgfz kﬁ’f’g’g’ég’;’fmlgng (Leleba s Yanmingshan, Taipei |- July
214 | Shibataea Kumasasa (Zoll) Nakai . Yanmingshan, Taipei’ | Aug. =«

217 | Bambusa ymzbunenszs Nakai..- .. Keng-Ting, Hengchuan - Jan.

. 298, Schzzostachyum di. ,ﬂ’usum Merr k Keng-Ting, ;Hengchuan Jan..

The shdes used for the present research were prepared by the parafﬁn
‘ method and were stamed by Delafield’s hematoxyhn and safranin. - Transverse
sectlons Were cut at dlfferent levels of the lamma ‘At least three sections
were made of each leaf at the different Ievels namely the tip, the middle, and
the base. USually two more sections were cut at the levels bétween the mlddle
and the base. “Thus a series of slides were prepared from each leaf and several
leaves of ‘edch species were used for the present purpose. At the very base of
the leaf just above the petiole.like sheath, there is a triangle zone in which the
vascular system ‘is much more complex and somewhat confused; but it is” good:
for reference.  No paraffin sections were made of this triangle zone; only ‘free-
hand sections were- prepared for a check. : S
All photographs taken under the:microscope were of two magnifications
(x150 XZOO) -All dlagramatlc drawings were made at a smaHer magnification
(><50), in order to save _space .and provide a better comparlson CAlL dxagrams
were drawn with the aid-of the camera licida. . . TR I
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Observation .

I. Anatomy of the midrib:

It is clearly seen that there is a prominent distinct midrib in the medium
position of a leaf. This midrib is not uniform in thickness. Usually the midrib
is as thin as the blade at the tip of the leaf, but it increases in thickness as it
runs toward the base of the leaf. The midribs of different species also vary
in their thickness. ‘The midribs of some species are very conspicuous, whereas
those of some other species are somewhat obscure. Metcalfe (1956) mentioned
that Merostachys riediliana has no well defined midrib. At any rate, the
external appearance is only of very little value, but the internal structure as
shown by transverse sections of the different species gives diagnostic charac-
ters of importance.

The internal structure of the midrib is very complex. The degree of com-
plexity depends upon the level at which the section is made. Generally the
nearer the base, the more complex is the structure. The internal structure of
midrib is not uniform, but it varies from the tip to the base. Though the
midribs of other grasses, aside from bamboos, also become complex at the base,
they are not so complex as those of bamboos. This is one reason why bamboo
is peculiar when compared with other grasses.

The midrib is a region which usually consists of colorless parenchymatous
cells in addition to the vascular system and sclerenchyma. It is usually limited
laterally by the “translucent fusoid cells”. As they collapse at maturity, the
section is usually cut through the intercellular spaces left by them and in such
case the lateral extent is clearly limited by the “apparent cavities” named by
Brandis (1906). If the “translucent fusoid cells” are absent in some species,
such as Indocalamus niitakayamensis and Phyllostachys edulis, the lateral
extent of the midrib can still be seen by the distinct line where the chloren-
chyma ends and the colorless parenchyma begins (Plate I, Fig. 3, 7). The
internal structure of midrib varies at different levels. In case a section is cut
at the tip, the midrib contains no colorless parenchyma, but contains a single
medium major vascular bundle adjoining both adaxial and abaxial strands of
sclerenchyma. The vascular bundle is clearly surrounded by double bundle
sheaths, an outer parenchymatous sheath and an inner sclerenchymatous sheath
(Plate I, Fig. 1, 5, 6). This double sheath is a typical character of festucoid
grasses. But if a section is cut at the middle, or at the base of the leaf, the
midrib consists of a mass of colorless parenchyma as a ground tissue within
which a number of vascular bundles are arranged in two series, adaxial and
abaxial, and each bundle is embedded in two disconnected girders of scleren-
chyma. In addition to these, the midrib also contains a band of chlorenchyma
next to each epidermis. This band is about 2-3 cells in thickness and cell
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margin is not so deeply as the chlorenchyma in the blade. The number of
vascular bundles in each series increases, and the extent of colorless parenchyma
enlarges, as the section is cut nearer the base. In the present study, the
number of vascular bundles in the midrib varies from 1 to 22 and it is possible
that they may be more in other species.
II. Diffeventiation of the midrib

The different species studied and the slides made from the different levels
from the same species show the midribs have very different patterns. But the
careful study of the midribs of these 16 species show there is a general plan
of differentiation. Starting from the tip and proceeding to the base the follow-
ing steps are found.

1. A section cut at the tip of leaf shows that the midrib without exception
only contains one major vascular bundle which adjoins the abaxial and
adaxial sclerenchyma. There is no colorless parenchyma. ‘This major bundle
may be larger or about the same size as the other major vascular bundles
of the blade (Plate I, Fig. 1, 5; Plate III, Fig. 6, 9, 13; Plate IV, Fig. 1).

2. A section cut a little farther back from the tip shows that major wvascular
bundle is larger and one or two minor bundles appear above it. These
three bundles, one major and one or two minor bundles, are embedded in
the same band of sclerenchyma (Plate I, Fig. 6: Plate II, Fig. 2, 8; Plate
I, Fig. 1, 14).

3. A section still farther back shows that these three bundles begin to sepa-
rate into two series and move toward the adaxial and abaxial epidermis.
The upper two minor bundles are embedded in a narrow strand of scleren-
chyma in the adaxial series; the major one adjoins a strand of sclerenchyma
in the abaxial series. A band of colorless parenchyma separates the two
series and begin to extend laterally (Plate I, Fig. 7; Plate IV, Fig. 2).

4. ‘The next section gives a figure in which the two series are further apart,
and one or two more minor bundles appear on each side of the major
vascular bundle in the abaxial series. Usually two new minor bundles,
one on each side of major vascular bundle, appear at first in the same
strand of sclerenchyma in which the major bundle is embedded. Thus
there are five vascular bundles in the midrib (Plate III, Fig. 2; Plate IV,
Fig. 9, 10). Then two more new minor bundles appear and these are
embedded in the separated strands of sclerenchyma. At this moment the
midrib consists of seven vascular bundles, namely five as a whole in the
abaxial series and two in the adaxial series (Plate I, Fig. 3, 4; Plate II,
Fig. 1, 9; Plate III, Fig. 16).

5. The basal section through the midrib shows that more minor bundles may
appear in the adaxial series (Plate II, Fig. 4, 5; Plate IV, Fig. 6, 7}, and




n the abaxial series (Plate I, Fig: 4, 5, 6; Plate III, Fig. 4, 17). :

Y. often more. thajor vascular bundles may appear: besides the first one

in the abaxial series - (Plate I, Fig. 8: Plate IV ‘Fig. 11). 'In the adaxial

‘$eries more minot bundles may be added but never ma]or ones. The two

vascular series are. widely separated by a broad band of colorlees paren-
chyma. , : G R :

. 4 N possible to verify this general plan of d1fferent1atmn ‘of. the mldrlb

by figures Phyllostachys edulis, Indocalamus mztakayamenszs (Plate I, Fig.

- 1-3 & 5-7), Shibataea kumasasa (Plate 1II, Fig. 1-5), Bambusa Beishitiku

<(Fig. 6~8), Bambusa foribunda (Fig. 9-12), Ischurochloa stenostackya (Fig.

+'13-18), Schizostachyum diff usum (Plate IV Fig. 1-8), and: Plezoblast‘us Usa-

waz (Plate 1v, Flg 9~12) ‘But one thmg, which should be borne in mind,

' is. that these steps are not necessanly present in ‘every. species. Some:yy

yeci ay stop at the ﬁrst step and: thus mldrxb contains'a smgle vascular

various pattei‘ﬁs« :
Besides; the way: of -ap :
symmetrical, though they may not ar

~~vascular bundle appears first on one side, the
~appear on the other side. This is always true smce
- section at. fhe lower level. This helps the worker to determl,,
- of vascular bundles in the midrib. '
III. General patterns of the midrib
~The  thidribs -of the different species may be class1ﬁed into several
‘ patterns, based on (1) number of vascular bundles present in the
; ’ thi  ‘abaxial series, (2) presence or absence of the colorless
parenchy , 3) two series connected or” dxsconnected by the scleren-
" chyma. Since the structure of the midrib of the: same species is changeable
from the t1p to the base the pattern shown by ‘the base is more reliable ’

“for anatomical comparison. But if a section is cut at the very base within
“the triangle tfegion next to the’ petiole:like sheath; the pattern. becomes
' ':?more complicatéd and tometimes; somewhat confused- As for the structures
in' this region;. they are- valuable. for ‘comparison with those higher up.
The general patterns. of the m1dr1bs are given for the base of. leaves a

' httle above the triangle region. : : .
_Pattern 1—Three vascular bundles are: present in the. midnb This
,»pa,«tternv is the simplest form and is: found in Bam;busa floribunda,

] more new: bundles ‘may appear.on;each side of the major vascular S
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v Bambusa multiplex and ITndocal amus niitakayamensis (Pléte’ 1, Fig. 7 :

" Plat 11, Fig. 3; Plate III, Fig. II). The midrib contains a large medium
" major v.'iséuiar‘bﬁ'ﬁ‘die embedded in a strand of sclerenchyma in the
‘abaxial series and two small minor bundles embedded in a common
- stratid of sclerenchyma in the adaxial series. These two- strands of
" ‘gelétenchyma are connected togethetr to form a contindous band from
‘the upper to the lower epidermis (Plate II, Fig. 3; Plate 1L Fig. 11),
" “but they aré separated by a band of ¢olorless parenchyma it the case‘
- wof Indocalamus niitakayamensis (Plate I, Fig. 7). gl
. 'If ‘a section is cut within the trlangle région, then the mxdrib con-

sists of 5 vascular bundles: two minor bundles in the adaxial séries,
ofie major bundle and two minor bundles in the abaxial series. The
two series are separated. by a band of colorless parenchyma (Plate 111,
Fig. 12). ‘ e '

Pattern 2—Seven vascular bundles ‘aré present in the midrib. = This is

" a ‘common pattern ‘and is seen in most ‘bartiboos, such as Phyllostachys
" edulis, Phyllostdihys® Makinoi,” Bambusa Béishitiku, Bambusa
" clada, Bambusa ‘naibunensis, Bambusa Oldhami, Bambusa ‘valgaris,

Ischurochiod ~stenvstachya and Shibatdea bumasasa. There aré two

“‘mitior ‘vascular bundles in the adaxial series, and one major and four
“minor vascular bundles in the abaxial series. In. the abaxial series one

“major and two minor vasculdr bundles are embedded in a continous

- dolicho-

strand of sclerenchyma except in the cases of Phyllostachys Makinos and

Bambusa Oldhami. The other two minor bundles are ‘embedded m a
separate group of sclerenchyma which i may of may 1ot cornnect with

the lower epidermis. In the adaxial séties two mirior vaséular bundles

+ are embedded in 'a-common strand of sclereichynia; Two Series of
" vascular bundles are separated by a band of colorless parenchiyma. The

lateral extent of the midrib is bounded by either the translucent
enlarged, mesophyll cells or the colored, chlorenchyma cells.

Pattern 2 may be subdivided into two groups. Though these nine

species mentioned above show the same pattern near the base; in the
triangle zone they fall into two groups. Pattern 2a—In the first  group
including Phyllostachys édulis‘ and Phyllostachys Makinoi, the ‘midrib
consists of 4 figure of 9 vascular bundles. In addition to the original

7 vascular bundle patterii, two more major vascular. bundles, oné on
* each side, appeat in the abaxial series. Pattern 2b—In the second group

including the rest 7 species, the midrib in the triangle zone Consists

of a figuré of 13 vasculatr bundles (Plate III, Fig. 18; ?late IV, Fig. 13)
or ‘evén 18 vasciilar bundles in the case of Buarbusa dolzchodada (Plate

Ll



o bﬁhdles is 'gradual and kt‘hﬁ‘s‘ﬁ; fignre
F1g 4 17), of 10 vascular bundles ('Pla /

pattefn can be seen in Dendrocalamus latzﬂoms, Pl
‘ahd Plezoblastus Usawaz There are usually 3 minotr 'v

d of sclerenchyma (Plate II Fig. 7) or in ‘the eeparatei

nd fiv minor vascular bundles. FEach vascular bundle
and of sclerenchyma except the two mmor
Y major ascular bundle The two series are
parenchyma (Plate I F1g~

are three ma'

is embedde ,

i'bundles under ‘
well separated ’by a road )
8; Plate’ II F1g 7; Plat  , ’

sshow i li’ét,‘ m aeaiﬁeh’fo tﬁé 6riginal 7

,nchyma (Plate I, Fig. 8). In the abaxial series there " e

This pattern may 'be better subdivided intov two groups based on

the structure of midrib in the trian
"~ number of vascular bundle, J:ut they are
"kand number of major bundles. Pattern 3a--ln
'iDendrocalamus latiflorus, the midrib consists of ‘1 vas
5 mmor bundles in the adaxial series, and 3 major andV ' ;
dles in the abaxial senes There are still 3 major vascular bundles in
the abaX1al series, though the minor bundles increase in both series.
Pattem 3b—In-this-groap which includés Pleioblastus Kumshzz and
! stus U sawas; the -midrib. also contains 18 vascular bundles, but
there are 5 major bundles in the abaxial series. Plate IV, Fig. 12
shows a section at the upper level. Though it ehows less minor vascu-
~ lar bundles in both series; five major vascular‘ bundles are clearly in-
dicated. ; , : R
Pattern 4—More than 11 vascular bundies are present.- in the m:dnlr

. This pattern is the most complex of ‘all studied in this paper “The
" midrib is the thickest one which is about 4 times the size of a common -

‘bamboo midrib. This pattern- is shawn“‘in smwmmﬁm - diff usum,
 which is a vine that climbs aiong the trees. The internal structure
“iof its midribis peculiar; the differenice between this pattern ‘and the
‘others les in-that there are:more minor bundles in the: adaxml serws,
less minor bundles in the abaxial series; and more sclerenchyma tissue -
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to connect the vascular bundles of both series together. ‘Therefore two
series are not completely separated by colorless parenchyma in the
sections above the triangle zone. A section cut at the middle level
shows 10 vascular—5 minor bundles in the adaxial series, and 1 major
and 4 minor bundles in the abaxial series (Plate IV, Fig. 4). If a section
is cut at the base above the triangle region, a pattern of 13 0r 14
vascular bundles can be detected (Plate II, Fig. 5; Plate IV, Fig. 5, 6).
Usually there are 6 minor bundles in the adaxial series, 1 major and
6 or 7 minor bundles in the abaxial series. In the adaxial series, 3 or
4 minor bundles are embedded in a common strand of sclerenchyma
and the others are in separate masses of sclerenchyma. In the abaxial
series one major and two minor bundles are embedded in the same
strand of sclerenchyma, and the rest are embedded in separate masses
of sclerenchyma.
But a section cut within the triangle region shows a figure of 22
_ vascular bundles (Plate IV, Fig. 8). In the adaxial series, there are 6
minor bundles in a common strand of sclerenchyma, two pairs of minor
bundles above the other two major vascular bundles, and one more
minor bundle in separate mass of sclerenchyma. In the abaxial series
there are 3 major vascular bundles located in three different positions
and 8 minor bundles distributed between them. Each bundle is
embedded in its own sclerenchyma except that one major and two
minor bundles adjoin the same sclerenchymatous strand in the medium
position of the series. As a whole, there are 11 vascular bundles in the
adaxial series and 11 in the abaxial series. Two series of wvascular
system are separated by a band of colorless parenchyma.

Discussion and Conclusion

The structure of midrib has attracted many workers who are interested in
the anatomy of bamboo leaves (Brandis, 1906; Matcalfe, 1956; Wu, 1958), since
it shows the most complex vascular system among the Graminae. Even though
some of the species of the tribe Oryzeae may also show quite complicated
vascular system in the midrib, yet they are not so complex as those of bamboos.
The bamboo midrib generally consists of a large number of vascular bundles
arranged in adaxial and abaxial series, and each vascular bundle is embedded
either in a separate or in a continuous band of sclerenchyma. The number of
vascular bundles and the condition between the two series make it possible to
arrange the midribs into a number of different patterns, which are thought to
be useful for diagnostic criteria. In order to reach this purpose, the following
conclusions based on the results of the present investigations are provided for
references.

_—
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e nﬁdr'ih of a~1eaf can not’ 'represéznt : the'

an show many patterns, dependmg
, & exact level at which the
: sectlon is taken is very important. Furthermore if the ‘sections are cut at a
standard level-—midway between the apex and the basewof dlfferent spemes,
comparison is still not very accurate for two reasons. First, it is very. dlfﬁcult
to get the exact middle level. Since the veins are continuous ~,,~eerrtenng into

the midrib, the number of vascular bundles increases gradually toward the base,
Thus the sectlons, little above or below, may give different pattemss Second
‘the entrance of vascular bundle into the midrib may OCCUT "SOGRET or: later in

series. and one 1arge ma]or bundle in abaxral series. ‘These three are embedded
: hyma a}ommg the upper and lower eplderrms‘

ina: continuous strand of scler
(Plate II Flg 8) In Bambzf.s

i In Phyllostachys edulis the midrib at the mlddle
v cular bundles which are arranged as same as those ‘of Ba :
But these two specxes show different patterns at the base.
The above three examples prove that the time of entrance of
- system - is different m various spec1es
.2 Sectmns cut at tlps of all the dlfferent Ieaves studled in the present work
‘ same,stmcture Therefore the t1p has no diagnostic value at
. he sons stated above, the sectrons at the mxddle level are
not safe to ‘make a [ oympanson Therefore the sectlon made from the basal
-part from the reglon ]ust above the tnangle zone shows the pattern whtch is.
.more definite and comparatlvely more rehable S
3. Though the structure of the m1dr1b s comphcate, the dlfferent
‘can be grouped into a few patterns instead. of many. In the ‘middle of the leaf
‘they reveal more patterns than nearer the base. . The conditions: betwee the

two ‘vascular series—contiriuous or separated—seem charactenstic at. the zmddle ,
Ievel but are not so important at the ‘base; since the two: ‘series are always

separated ‘at’ the base’ except Bambusa flovibunda, Bamlmsa multzplex and

Schizostachyum: diffusum.. Thus 16 specres fall into 4 general patterns as based‘ ,
: upon the structure of ‘midrib. S
4 The pattern provided by sectxons made near the base. of the mrdnb
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often seems to be useful as a genus character, though there may be some

exceptions. As a result of the present study on 16 species of bamboos growing
on Taiwan, the following table indicates the general conclusions.

Name of species Patterns of midrib (at the base)

Bambusa Beishitiku Keng (Leleba Beishitiku Odashima) 2b
Bambusa dolichoclada Hay 2b
Bambusa floribunda (Zoll) Nakai 1

Bambusa multiplex (Lour) Raeusch 1

Bambusa naibunensis Nakai 2b
Bambusa Oldhami Munro 2b
Bambusa vulgaris Shr. 2b
Dendrocalamus latiflorus Munro 3b
Ischurochloa stenostachya (Hack) Nakai 2b
Phyllostachys Makinoi Hay 2a
Phyllostachys edulis (Carr.) Riviere 2a
Pleioblastus Kunishii (Hay) Ohki 3a
Pleioblastus Usawai (Hay) Ohki 3a
Schizostachyum diffusum Merr. 4

Shibataea Kumasasa (Zoll) Nakai ’ 2b
Indocalamus niitakayamensis (Hay) Nakai 1

From the above table it can be seen that the genus Schizostachyum has a

pattern different from any other and Dendrocalamus also has a pattern that is
distinctive. The two species of Phyllostachys have the same pattern and the

two species of Pleioblastus follow the same pattern. The Bambusa pattern is
shared by Shibataea and Ischurochloa. There are 7 species of Bambusa, five
follow the distinctive Bambusa pattern, but Bambusa multiplex and B. flovi-
bunda do not. ‘These two species may be considered as exceptions, as compared
with other members of Bambusa. They have midrib which belongs to “Pattern
1” instead of “Pattern 2b” and mesophyll which contains an occasional “trans-
lucent fusoid cells” instead of distinct well-differentiated “translucent fusoid
cells”. ‘Thus they are different from other species of Bambusa not only in the

structure of their midrib, but also in their mesophyll. They themselves are
quite similar in their internal structure of leaves. Whether these two species

should be taken out from this genus they are now in, or whether they should
be put into another genus, needs further anatomical work on the structure of
the other vegetative organs, and the flowers.

Similarly, in the genus Pleioblastus, P. niitakayamensis is an exception,
since it contains a midrib which does not follow the usual Pleioblastus pattern,
and its mesophyll has no “translucent fusoid cells” which is very distinctive
in the other species of the genus. Thus it is not fitting to put in Pleioblastus.




‘Iﬁ*the 'presént paper a ’synon'ym Indocalamus niitakayamensis is ‘used, but
o ?Whether this is suitable also needs further stidy.
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Fig. 1-3.

Fig. 4.
Fig. 5-7.

Fig. &

Explanation of the Plates
Plate 1.

Phyllostachys edulis (x200). T.S. midrib at three successive levels, the tip,
below the middle, and the base.

Phyllostachya RMakinei (x200). T.S. midrib at the base.

Indocalamus wniitakeyamensis ( x 200). T.S. midrib at three successive levels, the
tip, the middle, and the base.

Dendrocalamus laiiflorus ( x100). T.S. of midrib at the base.

Abbreviations used in the photos

a—inner sclerenchymatous sheath. b—bulliferm cells.

e—outer parenchymatous sheath. d—silicon cell.

I—lower epidermis. M—transiucent fusicid cells.
m—chlorenchyma. p~—colorless parenchyma.
s—sclerenchymatous fiber u-—upper epidermis.

v-—minor vascular bundle. V—major vascular bundle.
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Plate II.

Bambusa vulgaris (»150). T.S. midrib at the base.

Bambusa multiplex (x150). T.S. midrib at 2 successive levels at the base.
Bambusa dolichoclada (%150). T.S. midrib at the base.

Schizostachyuwm diffuswm (> 150). T.S, midrib at the upper level of the base.
Bambusa Beishitiku (x150). T.S. midrib at the upper level of the base.
Pleioblastus Kunishii (x150). T.S. midrib at the middle level of the base.
Bambusa naibunensis (x150). T.S. midrib at the middle level.

Bambusa Oldhami (x150). T.S. midrib at the upper level of the base.




Plate II.




Fig. 1-5.

Fig. 6-8.
Fig. 9-12.

Fig. 13-18,

Plate IIL.

Shibataca Kumasasa (x50). A series of midrib (T.S.) at successive levels to
show the differentiation of vascular system. 5, a figure shown in the triangle
region.

Bambusa Beishitiku (x50). T.S. midrib at the different levels. 7, structure at
the base. 8, a figure shown in the upper portion of triangle region.

Bambusa flovibunda (x50). A series of transverse sections of midrib at
successive levels. 12, a figure in the triangle region.

Ischurochloa stenostachya (x50). T.S. midrib at successive levels. 18, a figure
of 13 vascular bundles in the triangle region.




Plate III,

. . e
e rend - e : e e
. . ﬂ,:smmws .

4

o
o

o

%
.

ot

o

S
-
o
-
e
s
e

-
.
i
=
-
-

=
=
-

e

S
S
S

B
-

o
-
-
S

o
.
.

S

o

.

-
.

.

T

-

-
.
hssin

s L

o 0o

.
.
-
-

o

.
.

o
o
-
.
-
e
o
-

o
e
S
=
-
o

o
o

o

M%mmm . &

. xwmxwmw%w%m - A .

Lo e : g

S

g

i
g

.
e
o

o

o

S
i

Gein

.

-

.

2

.
-

e
o
-
.
.
o

o

o

o
o
-

e

.
.
-

S

R

-

e e

-

-




Plate IV.

Fig. 1-8.  Schizostachyum diffusum (x50). T.S. midrib to show the differentiation of
vascular system. 7-8, figures in the triangle region.

Fig. 9-12. Pleioblastus Usawai (x50). T.S. midrib at the successive levels. 12, a figure
in the triangle region.

Fig. 13. Bambusa Oldhami (x50). T.S. midrib to show a typical figure of 13 vascular
bundles in the triangle region.

Fig. 14. Bambusa dolichoclada (x50). T.S. midrib to show a figure of 18 vascular
bundles in the triangle region.




Plate IV,
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