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Introduction

The classification of the tribe Bambuseae is troublesome. There are some
classifications which have been based on the reproductive organs worked by
Gamble (1896), Holttum (1956), and Chase (1958). ‘The trouble with these is that
it is difficult to collect flowers of bamboos since some species seldom bloom.
Therefore, the taxonomists have tried to change the basis of classification from
the reproductive organs to the vegetative organs. But a classification based only
on the gross morphology of vegetative organs is unreliable, since some external
changes are merely due to the ecological factors. Anatomical studies of grass leaves
have provided a great deal of valuable information for taxonomical work during
recent years, and some workers ‘have paid attention to the anatomy of the
bamboo leaves. Brandis (1906), Metcalfe (1956), Page (1947), and 'Wu (1958, 1960)
have suggested that important characteristics are shown in the cross section of
the lamina. The detailed work of Ohki (1929, 1932) reported that the charac-
teristics shown by the epidermis are also useful in classification. ‘Thus the main
-purpose of the present paper is an effort to summarize the characteristics obtained
from the study of the epidermis, mesophyll, venation, leaf margin, and midrib
pattern of all species of bamboos known from Taiwan, and then to suggest a new
classification of Bambuseae using the anatomical and histological features of
Ieaveé as the systematic criteria.

Material and Method

The materials for the present study were all collected here on Taiwan.
There are 28 species, belonging to 10 genera, of which 13 species belong to the
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gén~us Bambusa, 5 to the genus Phyllostachys, 3 tothe genus Pleioblastus, 'and\.k
‘each of the rest ‘generd has only a single speties.
~ provided by Mr. Wei-Chih Lin, and the rest were collected by the writer herself."

Some materials were kindly

’The following table gives-a list of species studled the date, and the localities
from iwhich’ they were collected : R e

230 -

Chu

Spﬁ((:)i-es " Scientific Name ~ Chinese Name Localities C?)?lteect(i)(fy o
201 Bambusa Oldhahu' Munro . | Lu Chu Yanmingshan, Taipei. | 4; 15,'1959
202 Phyllostachys Makinoi Hay. Kiiei Chu . Yannﬁngshan, Taipei | 4, 15, 1959
203 | B. multiplex (Lour) Raeusch’| Kiianyin Chu Yanmingshan, Taipei | 4, 15,1959
204 | Ph. edulis (Carr.) Riviere Mengtsung‘ Chu | Chungli, Taipei - 5,.8,1959
205. | -Sinocalamus latiflorus Ma Chi Agr. Coll.: Taichung 5,11, 1959 :

: (Munro) McClure .
206 Ischdrochloa stenostachya Tzu Chu o Ag'r. Coll. Taichung 9, 11,1959
: (Hack) Nakai ‘ ) : R
207 B. vulgaris var. striata Gamble Chi‘nszu Chu Agr Coll Taichung 6,15;1959
‘,'208 o Plggi){lastus Kumslm (Hay) TaiwanTsienChu Yanmlngbhan, Taipei 146,21, 1959
22209 P mztakayamensis (Hay) Ohk1 Yushan, Tsien C Pa-Hsien Shan 6, 24,’1959f
. .210 | B floribisnda Zoll. Fenghuang Chil | Pi-Yun Sze, Tainan | 6,28,1959

o1 (B dolichoclada Hayata Changchih Chu | Min-Gsion, Chiayi | 6,29 1059
212 | Pseudosasa Usawai (Hay) Paotoh: Shih Cth Sze hn, Talpel 7 6 1959
S Makino S S ‘

2213 | B. Beisitiku (Odash) Keng. - Meshai Chu Yanmingshan; Taipei: | %18, 1959

o1 Shibataea: kumasasa (7011) .| Kangchi Chu': Yanmihgshan,'Taipei 86,1959
Makino: T L e .
. 216 | B. brevifiora Munro Chehgkao Chu | Taiwai University |1, 2,1960
S e e 1 Herbarium, Taipei i i
21T kB.'haz'bunehs‘is Nakai Nei-Men Chu ‘l,Ker‘lgtying,'Hengc‘huah‘ 1, 81960 "
218 Schizostachyum diffusum Merr. | Shalao Chu | Kengting, Hengchuan 11, 81%0
220 | B. Shimadai Hayata Shihchio Chu | Plant Garden, Taipei | 2,15,1960
221 ["Ph. formt?sanil~ Hayata = ;Jenmlen Chu Fenchlho, Chlay1 4, ’ 4, 1960
2221 Tetmgonocalamus quadrzm- |'Szefang Chiu, Alishan, Chiayi -4,18,1990
e gularis (Fenz1) Naka1 o - coa e S S e
» 223 P nigripes Haya’ca s Wuchutzu | Lu ;Ku‘ei','wTéiynan s 10, 15, 1960
224 | B. vulgaris Schrader | Tai-Shan Chu | Lu-Kuei, Tainan  [10,15,1960
225 A, B. dolichomerithalla Hayata ,‘Huokuang Chu ,,Laoshulkeng, Talchung 10; 22,1960
226 | Dendrocalamus strictus Nees | Shih Chu | Szelin, Taipei 12,2, 1960’
227 | B. multiplex forma alphonso | Su-Fang Chu | Lu-Kuei, Tainan = |2, 81961
Lo karri Nakai ' T S
228 |'B: pachmenszs Hayata Pa-Chih-Iaﬁ Chu | Lu-Kuei, Tainan % 12,'1'961
299 | Ph. lithophila Hayata Shih Chu =~ | Nandu 2, 24, 1961
Pl hindsii (Mu}xro) Nakai H'singshih‘Tsien Lu-Kuei; Tainan - 2,24,1961

Each specnnen was first studied carefully to examme its leaf margm, hair
distribution, and venatlon Then permanent shdes 1nc1ud1ng both paradermal
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sections and transverse sections were prepared from .each Ieaf by  the paraffin
method. Both old and young leaves were used and these were cﬁt at three
different levels, namely at the tip, the middle, and the base. The paradermal
sections - were prepared for studying ‘the morphology of ‘silica cells, stomata,
hairs, and - bulliform cells. ‘Thus a set of slides was prepared from each leaf
and several leaves were used in each case. Free hand sections were often used
as a check. '

It is impossible to peel off the epidermis of bamboo leaves; neither-is it
easy to prepare good paradermal sections. Therefore,'the epidermal characteris-
tics were often studied by seaking the leaves in 1094 NaOH or KOH: for two
weeks or more, in order to remove the chlorophyll and to swell the epidermis; -
then the structure of the epidermis can usually be observed without stéinihg.

Observation

I. Epidermis:
A. General characteristics of epidermis: ,
Both the upper and the lower epidermis are made of (1) epidermal cells and
(2) modified epidermal cells. ‘The epidermal cells are of tWo.type's/: (a) long rec-
tangular cells with wavy lateral walls and slightly unduldted end walls, (b)
~short rectangular cells situated at the ends of the long epidermal cells. These
long and short epidermal cells are disposed in several rows to make a longitu-
dinal band, which is clearly separated by bands of bulliform cells in the upper
epidermis. ‘The upper and the lower epidermis can be divided into two kinds of
districts—one over the chlorenchyma tissue and the other over the veins:
Generally, the epidermal cells of the upper epidermis are relatively smooth and
their walls are slightly wavy, whereas those'of lower epidermis are roughened
with ﬁﬁmerous cuticular papillae and their walls are much more wavy. But-in
the case of ‘Schizostdchyum diffusum, both the upper and the lower epidermal
cells are comparatively smooth and with slightly wavy walls, while in case of
Sinocalamus latiflorus; both the upper and the lower epidermal cells have strongly
wavy walls. ' : ‘

Some épiderinal cells are highly modifiéd and become quite different in
appearance fromthe original cells.” They are important in classification and
are described as follows: o Lo ; ‘

1. Hairs—Microhairs are very useful in systematics, and can be classified -

into four different types:

(a) Long hairs—These are narrow, long and 1-celled hairs which are
formed by the elongation of the short epidermal cells (Plate III, Fig.
1-d). They are usualiy found on the epidermis covering the veins.
They seldom -exist on the upper epidermis, ‘but they are widely dis-
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(b)

(c)

(@)

‘tributed over the whole lower epidermis of all species: of 'the'genus

Bambusa -(except B. vulgarzs and 'B. vulgams var. strzata), Ischurochloa

stenostachya, and Shibataea Fkumasasa; or they are restricted to the base
~of the leaf, such as in all Phyllostachys species, and Tetmgonocalamus
quadrangularis. Long hairs are abundant on both surfaces of the

leaves in Dendrocalamus strictus, and a few in Pleioblastus niitakayamensis,
but absent on both surfaces in Stnocalamus latiflorus, Pleioblastus hindsii,
Pl Kumshzz, Pseudosasa Usawaz, Schzzostachyum diffusum; and Bambusa

: vulgarzs

Geniculate ha1rs~—’1‘hese are blceIIu]ar micro-hairs, the upper cell -of

- which'is usually co]lapsed leaving a thread:like filament attached to
the top of the lower cell (Plate III, Fig. 1-c). Usually this filament
is  broken off ‘by external forces; :the bicellular: hair Jooks like a

unicelylular hair (Plate 1, Figkl; Pate II1, Fig. 1-¢). “But 'in Schizo:

stachywm diffusum the geniculate hair ‘which is swollen at the tip

looks quite peculiar (Plate II F1g 3; Plate I1I, Flg 1=cc)k

Gemculate hairs arise from the derivatives of the short ‘epidermal

~cells, and are situated on the eprdermzs covering thé’ chlorenchyma”
* region, but never the veins. They are found on the lower ep1der;mls
' of every spec1es studied in thls research the difference between them -

is onIy quantitative. They exist on the ‘upper epldermrs of some
species, but are absent frorn the rest of ‘the spec1es as shown in
Table L. ey £ -
Spmes——These are short spme like cel]s, Whlch cons1st of two types

- (1) Those Wthh are rounded at the base and acute at the apex, are

: :found on both surfaces of leaves over chlorenchyma re(non 1n most
species (Plate I F1g 1 Plate 171, F1g 4; Plate III F1g 1~b)

‘(2) 'Those, Wthh are smal]er ‘and more 01 less spherlcal are usually

_,present on. the upper ep1derm1s OVer chlorenchyma reglon in some

. 8pecies, such as Dendrocalamus strzctus, Tschurochioa sz‘enostachya, and.
-,Schzzostachyum a’zﬁ'usum (P]ateI Fig. 5; Plate III Fig. 1-bb).

Spmes are usually abundant on the IOWer ep1derm1s, they are fewer or
even absent on the upper epiderfms :

Brlstles—These are nearly elliptical at the base, and cuspldate at the

-apex, and are -found on the epidermis over the veins (Plate II, Fig. 4,
6; Plate IIL, Fig. 1-a). They are abundant on the lower epidermis
- of most species used in this research . but either absent on the upper .
‘ 'eprdermis of some species or: dlsposed in only 2-4 rows near-one margm '
in most ‘species (Plate I F1g 6)s ‘ '

Lo
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2. Silica cells: ,
Silica cells are ndtlceably characterrstlc These are all: saddle-shaped G

in ¢ross section, but appear dumb-bell, rectangular, or saddle-shaped in"
the paradermal sections. - The: typical shape of the silica cells is not
seen in most cases. There are many intermediate forms between them,
so “the descriptive “words “nearly saddle” - (Plate I, Fig. 4) -or . ‘“nearly
rectangular” (Plate II; Fig. 2, 3) are sometimes employed. The rectangular
:(Plate I, Fig. 2-a) -and dumb-bell silica cells (Plate I, Fig. 3, b; Plate :
IIL, Fig. 2-b). are common on the epidermis 'abeve the veins, whereas
. ‘the saddle-shaped. silica cells (Plate III,-Fig. 2-c) are common on the
&N ' . - epidermis above the chlorenchyma region. Usually, the silica cells on’
the epidermis above the veins are larger, and more regular in shape,

. .whereas those above the chlorenchyma region. are smaller and 1rregu1ar
in shape. For instances, The genera Bambusa, Ischurochloa, and Smo-
calamus. have dumb-bell shaped silica cells on the upper epidermis above

the veins, and rectangular silica ‘célls on the lower epidermis below the
veins. The genera Pleioblastus, Shibataea, Schzzostachyum, and Tetragono-:
calamus have rectangular silica = cells on" both ep1derm1s over . the
veins. ' ST o :

: ~The silica cells on “the ep1derm1s above the chlorenchyma region

are 1rregular throughout the genera. There are no silica cells on the
lower epidermis and only a few nearly rectangular silica cells on the
- upper epidermis in Shibataea kumasasa. In Dendrocalamus strictus and.
Smocalamus latiflorus the s1hca cells on both surfaces of epidermis-over -
the chlorenchyma regron are quite pecuhar They conszst of a rectahgular.
central silica mass enclosed by a dumb-bell shaped envelope (Plate 1,
F1g 6, 7 Plate, 111, Flg 2~b) The charactemstlcs of the silica cella on’ .
both surfaces of leaves are shown in the Table I and IL
3. Stomata—Stomata of all ‘the species can be classified into 2 types:
: kj The first type is ‘composed of ‘the stomata on the upper epidermis.
‘ These ‘are more or less rounded . or ovoid in shape, few in number,
; usually arranged in" one row, occasionally 2 on each’ side of a vein, :
. " , S and without ﬁnger-hke,protuberances. (Plate T, Fig. 4; Plate II, Fig. 1).
But some ‘stomata in Bambusa vulgaris; B.: vulgaris var: striata, and -
Schizostachum diffusum, are provided with an irregular wavy layer coming
: forth from epidermal cells next to the guard cells. :
SR o : The second type consists of stomata on the lower epidermis. These
: are -larger, more or less elliptical in:shape, nur‘nerous in number, and
are disposed in 2-4 rows on each 51de of a vein. Each stoma possesses '
ﬁnger-hke protuberances which come forth from the ep1dermal cells',r
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next to the guard" ﬂcells, and incline_ towards the center of stomata. The
‘number of protuberances .are “deéfinite in the different species, and are
- useful’ for classiﬁcation., ‘There a're usually 4 around each stoma (Plate
- IIL, Pig. 3-c) in all ‘species of Bambusa except B. vulgaris, Pleioblastus

niitakayamensis, and - Shizostachyum dz'jj’u;sum; 8 in Bawmbusa  vulgaris,
Dendrocalamus strictus, all species of Phyllostachys and Pleioblastus except

- PL: wittakayamensis, and Sinocalamius. latiflorus. - These '8 protuberances -
- are either unequal in length, usually 4 long and 4 short (Plate II; Fig. 4;
 Plate 111, Fig. 3—a) or equal in length "in- Bambusa vulgaris (Plate 111,
‘ 'F'lg 3—-a) “The stomata of Tetmgonocalamus quadrangularis are quite

: peculrar, each possesses 4 long and many small protuberances (Plate I,

Fig 2; Plate 1II, Fig. 3—b)
~ In addition to protuberance; the number of rows of stomata are

 worth noting' On the lower epidermis in ‘most species there are 2-3
“rows of stomata on each side of a vein, but 34 rows are found in

'Bambusa vulgarzs, B. a’olzchomerzthalla Dendrocalamus strzctus, Plezoblasz‘us

Kumshzz, Schzzosmchyum dzﬁ”usum, ’Shzbataea kumasasa, and Smocalamus

”latzﬂoms On the upper ep1derm1s one row is common in most species,
but -2 rows are found in Bambusa vulgarzs, Pseudosasa Usawaz, Schizo- :
: ‘stachyum dzﬁ”usum and Smocalamus latzﬂorus The characterzst1cs of the

stomata are 11sted in Table I and II

~ 4 Bulliform cells: - L
k These serve as a drstlngmshmg charactenstu: of the upper epidermis k
kand are formed by the mod1ﬁcat1on of certain ~upper epidermal cells
‘ 'Therr or1g1n is shown by the fact that there are no. bulhform cells on
: the upper. eprderm1s of very young Ieaves (Brand1s 1906) They are'"
- “disposed in several TOWS to form a band Wh1ch is alternate with the
._band made by long and short ep1derma1 cells The bull:form “cells
- occur: on the ep1dermzs above the chlorenchyma cells The shape of
bul]lform cells is rectangular or polygonal in ,surfaoe view, but elongate
- and arranged as a fan in cross section. . The number of rows constituting
- the band varies from 1-9 according to the species and the diStance from ,
-the midrib. In most cases there are usually 24 cells in a band. If the .

band consists: of 3 rows of cells, the mlddle cell 18 either elongated

(Plate IIL, Fig. 4-a) or polygonal: (Plate III ‘Fig. 4-aa) ‘according to the
species. The bulhform cells are not on same ‘level as the epidermal”

cells. ‘Some of them protrude above ‘the eprdermal cells' (Plate 111,

Flg 4-bb); some indent below the epldermal cells (Plate 1, Flg 4-b).

 The charactenstxcs of bulhform cells ‘are shown in Table I
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B. Comparative study of leaf epidermis
Table I. Comparative Study of Upper Epidermis
Hairs* Silica cells Bulliform cells St ¢
" Name of species r%rzlvz 2
B ‘S G]L on vein on C.R* rows| M.C.* |Condition
Bambusa Oldhami | 3 10/0,0| dumb-bell | rectangular] 2-3 | elongate | indent 1
B. multiplex 3-410/0|0| dumb-bell ?:c?cl:r{gula r 2-4 | elongate | protrude 1
B. vulgaris var. 15 4 4 14]0| dumb-bell | saddlelike| 2-5 | elongate | protrude| 1-2
B. floribunda 2-31010]0| dumb-bell ?::tlgggular 2-5 | polygonal| protrude 1
B. dolichoclada | 3-4|4#|+|0| dumb-bert | Rearly 2-6 | polgyonal| protrude| 1
B. Beishitiku 3-4 4+ 010 gﬁ?ﬁibe]l dumb-bell | 2-5 | elongate | indent 1
B. naibunensis 3-4 0|0 | dumb-bell S:éé?gv 2-3 | elongate | protrude 1
B. breviflora 3-4 [HH+10 glel?ﬁa}_’b 11 saddle 2-6 | elongate | protrude 1
B. Shimadai 4 10+|0 gﬁiﬁgbell 'saddle 2-3 | elongate | protrude 1
B. vulgaris 4-510]+]0 gﬁ?rl;gbell - dumb-bell 2-3 | elongate | protrude 1-2
B. dolichomeri- nearly :
thalla 4 (0(-+|0 dumb.bell durqb-bell 2-4 | elongate | indent 1
B Z’Z‘,Zéﬁls‘jff;’r’z“ 3 10/0/0| dumb-bell | dumb-bell | 2-5 | elongate | indent | 1
B. pachinensis 3 -+ 0| dumb-bell | saddle 2-5 | elongate ‘indent 1
Phyllostachys nearly nearly _ s
Makinoi 0 |++ 0 rectangular| rectangular 2-5 | elongate | indent 1
Ph. edulis 0 0‘0 0| nearly rect. 1{:2‘;2;25;1 lar 2-5 | elongate | indent 1
Ph. formosana 0 10/0|0| nearly rect.| dumb-bell | 2-6 | elongate | indent 1
Ph. nigripes 0 [0/0]|0| nearly rect. %;1;1?(;2;&11 2-5 | elongate | indent 1
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Pl‘f.’ylith&j\)‘hﬂa 0 lololo ‘nearly rect. ?;ggpég’n 26 ‘elongate ':i:rxdent' 1
S’?;gg,!gggs 4-5|++0| dumb-bell | dumb-bell | 2-9 | elongate | protrude | 1-2
Pi%gg;%lamus 2-4 +F 414, nearly recf. dumb-bell - 2-5 | elongate protrude 1 :
P l"lggzlg';:z’:s 11ololo V nealey rect. ::23}2‘ }—4 elongate protriade |17

- ,Pl’ejf'ikpblastus : o nearly nearly o alis k :

o miitakayamensis 010101+ dumb-bell- | saddle 14 ‘polygonal 1ndAent‘ 1
ﬁéé'udosasa Usawai| 2 |+|+|0 néarly regit. ;‘:géiz 2-4 ‘| elongate | indent 12

’ ’Pl."hind'sii” 1 10/0|0| nearly rect. ;‘aegg}g 2-7 | polygonal| indent 1

Ischurochloa o gLl ol gumbven | qumbbent | 2.3 | el ind 1

" stenostachya - TeThm umb-beil | dumb:be -3 | elongate | indent

o g ‘nearly : i ;

Sh;z%%gsd o lololo] rect saddle 2-5"|-polygonal| indent 1
e (scarce) : . : .

ch:z;%%yum 2—3' +|010]| nearly rect. ?fgé}z 2,—4 elongate | protrude ’ 11'2"”’

Te;:ﬁgggggfgﬁ? 3 '0 010 nearly rect. nearly rect.| 2-7 “polygonall indent o |

s * Bebristles in rows, S‘=Sypinfe,‘ G =geniculate “hair, L=long hair, ,M. C.=middle cell of
: 3'—rovved bulliform cells; rect. =rectangular. C,R.‘=chlorenchyma region.:

Table II. - Comparative Study of LQWer E’piderlﬁis,, k

i Hairs* Silica cells f,Stom\aia"
~Name of species |- = = - -
’ BIS|G|L on: vein | ”;Qyn C.R* . ToWS | ‘protubgra,nces,
' ::Ba,mbu'sa Oldhami,. Hop 4  + # | nearly xject;;“ ‘saddle 3 4 long :
Bmultzplex —l+  —Hf + H néarly rect. ’saadyle : - 3 '4,1(’)ng’k
o Bsgzﬁgzrzs var. - | () -|+ + o ,d,umbk-yl’)ell dumbbell “ 4,—5" SShort
Bqﬂv,éﬁlfundéb‘ o # e gﬁﬁé’_’@u ‘d’gf'nylyjy-'bvéll 23 | 4 long
| B.‘dolichéclada‘r 4 ++ B+ —H— nearly rect. | saddle = 2-3 4 loﬁg :
oy Beishitiku L 4 | 4t | nearly rect. | saddle 23|  4 long
B br‘ééz‘ﬁom ~ ;i e k~+; 4 | rect. saddle 2-3 4 long
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. . ) narrow

B. naibunensis H ] ’nearly rect. saddle 3 4 long

B. Shimadai H | H# | + | H | nearly rect. | saddle 2-3 4 long

B. vulgaris 0 !+ | 0 dumb-bell dumb-bell 4-5 8 short

B. dolichomerithalla| H | H | + | 4 | dumb-ball saddle 4 4 long

B paltiples forma | 4| | + | 4 | dumb-bell | saddle 23| 4 1long

. . narrow

B. pachinensis + L+ HE _dumb-bell saddle 2-3 4 long

P ’5{},’;}:,-’,;’3?5 B | B | H [y | dumb-bell | rect. 2-3 | 8(4long, 4 short)

Ph. edulis H| HE | H b':_s e dumb-bell rect. 2-3 4 long

Ph. formosana L bz—l;e dumb-bell rect. 2-8 8(410ng,4 short)

Ph. nigripes HH | H b:;e dumb-bell saddle 2-3 4 long

Ph. lithophila H | | + g dumb-bell | rect. 2-3 | 8(4long, 4 short)

&7:2%?;%8 4 | o | rect. dumb-bell | 3-4 | 8(41ong, 4 short)

Dendrocalamus PN (NTTRR INTER TS dumb-bell 3 1 4sh

strictus » 7 rect. umb-be -4 | 8(4 long, 4short)

P Ilg‘;%%:m 0 |4 |H | 0 |nearly rect. | saddle 3-4 | 8(4long, 4 short)

P lzl;.(;.%?e‘jgf;m ensis H 1 H !+ | + | nearly rect. | nearly rect. 2-3 4 long

Pseundosasa Usawai | - | # | + | 0 | rect. saddle 2-3 | 8(4 long, 4 short)

Pl. hindsii 4| H ] 0 | nearly rect. | saddle 2-3 | 8(4 long, 4 short)

ISCJZZZZ%L’ZJ, a H 1 H | + | H | nearly rect. | nearly rect. 3 4 long

Shibataea kumasasa | O | 4+ | 4+ | 44 nearly rect. | absent 3-4 4 long

sc%zﬁ‘,)ffs‘;c?ﬁy um 0|+ + | 0| rect. rect. 3-4 4 (long)

Tetragonocalamus : : . 4 long, many

quadrangularis 4 H-| + | 0 | nearly rect. | nearly saddle] 2-3 short

* B=hristle, S=spine, G=geniculate hair, L=Ilong hair; rect.=rectangular, C. R.=chloren-

chyma region.
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, II Mesophyll : : ,
The mesophyll of bamboos belongs to the festuco1d type in thch the
chlorenchyma cells are arranged parallel to each other instead of bemg radxately‘

, 'arranged In addition to this, the mesophyll shows two outstandmg features =
' ‘which place: ‘bamboos in a separate tribe of Gramrneae The' first ‘peculiarity
is the presence of folds in the walls of the “chlorenchyma’ cells. These folds
may or- may not deepen into the cells and d1V1de the cells into a number of
"tubular compartments Thxs character can be seen very clearly in  the cross
section of the blade of  Phyllostachys species. The chlorenchyma cells with

~ such deep folds are usually in the layer 1mmed1ately below the upper eprdermrs ;

The folds of :the rest of the chlorenchyma cells proceed only half Way or: less
than half to the middle of the cell.” : : :
The second pecuharlty 1s the presence of ‘translucent fuso1d cells (Metcalfe,
1956), Wh1ch are apparent in the cross section of the blade (Plate III, Fig. 6—a,'
6—b);; They may. collapse “at. maturity and leave large intercellular spaces.
Cross sectrons are frequently cut through these intercellular spaces. - In order
to avo1d m1sunderstand1ng, the term “translucent fusoid  cells” is still: used for
these: enlarged, translucent areas They are situated on each - side of a vein:
below ‘the upper epidermis without bulliform cells They show clearly in mosti E
species, but are absent in Phyllostachys edulis, and a few in small leaves of
: Bambusa ﬂorzbunda and B. multiplex, Phyllostachys nigripes, “and .Shibataea

- 'kumasasa The size var1es in the different species. The presence . or - absence

of translucent fus01d cells is useful for class1ﬁcat10n In add1t10n to this, several
 other important character'strcs in mesophyll are suggested as follows
V 1 Mesophyll pattern: , :
“The mesophyll of bamboo leaves ‘may be or may not be separated
by the translucent fusoid cells. Phyllostachys edulis and small leaves of
Pleioblastus mzz‘akayamenszs haven’t such translucent areas and 4 layers
of chlorenchYma cells - are closely arranged The mesophyll of the rest

species is divided into 2 patterns: (a) 2:1 pattern consists of 2 layers of s

chlorenchyma cells above and 1 layer below the: translucent fusord cells
{Plate I, Fig. 6~a) “The cross sections of all spec1es cut at the top
levels of leaves show this pattern, but those at the base show var1ous
‘patterns (b) 3:2 pattern composes of 3 layers of chlorenchyma cells above
and 2 layers below the translucent fusoid cells ('Plate III Fig. 6~b) Most
“‘species-at the base take this pattern. The patterns of mesophyll at the
d1fferent levels are shown in Table 1L
2. The cells between two translucent fus01d cells vary in number and are’,

Worth‘ noticing. These cells, just like other chlorenchyma cells in the
. mesophyll, possess chloroplasts and infolded walls. . They are situated o
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‘below the bulliform cells and between 2. translucent fusoid cells. They
consist’ of 1-3 cells according to the species. Two cells, .occasionally 3,
are-common.in all species of Bdmbusa and Phyllostachys, Schizostachyum
diffusum, Shibataea kumasasa, and Tetragonocdlamus quadrangularis. One
cell, occasionally 2, is common in all species of Plezoblastus Ischurochloa
stenostachya and Pseudosasa Usawai.

III.  Midrib pattern: ‘ .
These patterns are taken from the base of leaves, and were described fully

in the writer’s former paper Only a brief description of eacvh‘pattern’ is listed

below.

1.

Pattern 1—The midrib contains 3 vascular bundles: a medium, major
one embedded in a strand of sclerenchyma in the abaxial series, and 2

. later minor ones in a common strand of sclerenchyma .in’ the adaxial

" series. These 2 strands of sclerenchyma may be connected together to

form a continuous band or may be mterrupted by a band of colorless
parenchyma (Plate III Fig 7-a).

Small leaves of Bambusa multiplex, B. ﬂorzbunda, and Plezoblastusf

mzmkayamenszs have this pattern.

Pattern 2—The midrib at the base consists of seven vascular bundles:
According to the arrangement of the vascular bundles,{ this pattern is
better divided into 2 subgroupg. Pattern 2a—In the abaxial series;. 1
major and 2 minor bundles are embedded in a common strand of scleren-
chyma, but two other minor bundles are embedded in separate masses
of sc]erenchyma and are situated af the middle of midrib. (Plate III,
Fig. 7-c). In the adaxial series two minor bundles are in a common
strand of sclerenchyma. The two series are separated by a iband, of
colorless parenchyma. All'species of Phyllostachys and Shibataea kumasasa
have this pattern. Pattern Zb——Thxs is'as same as the pattern 2a except
in two respects’ )

(a) - In the abaxial series 2 minor bﬁﬁdles situated at the middle of midrib

in pattei'n 2a are lowered and connected with the lower epidermis.

(Plate III, Fig. 7-b). ' - ;
(b) In the triahgle region, the vascular system is more complicated:

‘This pattern can.be seen in all species of Bambusa.
Pattern 3—Eleven vasculdr bundles are present in the midrib at the base
of leaf. In the adaxial series there are usually 3 minor vascular bu_ndles
embedded in a common strand of sclerenchyma or in. the separate '
strands of sclerenchyma. - In the abaxial series, there are three major
and four or five minor bundles. Each bundle is embedded in a separate
strand of sclerenchyma except the two minor bundles under the medium
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. major bundle. ,The two series are well separated by a broad band of
'colbrless‘parenchyma. (Plate TII, Fig. 7-d). This pattern is seen in
. “Rleioblastus:hindsii, Pseudosasa Usawai, Pl.- Kunisit, Sinocalamus ’lati_ﬂoms,
“and: Tetragonocalamis quadmngulams k : V
Tl Pattern 4—More than 11 vascular bundles are presept in the midrib-at
~the base. The internal structure of this midrib is peculiar and compli-
cated. ‘The niain difference lies in that there are more minor bundles
in the adaxial series, and less minor bundles in the abaxial series. The
two series may or may not-be separated by the colorless parenchyma
cells.  The midrib at the base contams 13 or 14 vascular bundles in
Schzzostachyum diffusum, (Plate III, Fig. 7—e) 13 in Bambusa vulgams var.
striata; and 21 in B. vulgaris. ‘There are 4-6 minor bundles in “the
“-adaxial :series, usually 3 or 4 embedded in a common strand of scleren--
~ cyhma, ‘the others in separate masses of sclerenchyma. There are 1-3
- major-and 6-8 in‘inor vascular bundles in the abaxial series. k

IV “Venation:
" Veins in the blade of a bamboo leaf ]ust like those in other monocoty- ‘
Iedoneous plants are parallel ‘to each other, ‘but in reality there are. numerous :

’cross veins between” these parallel ones. Some of these cross veins are closely

arranged and tHus are conspicuous to the naked eye, &.¢. the leaves of all.~

"spec1es of Phyllostachys and Pleioblastus, Pseudosasa Usawai, and Shibataea
- kumasasa;.  But some of these  cross vems are delicate, very loosely. arranged \
kand thus inconspicous to the naked eye, ‘e. g the leaves of most species of

Bambusa, Dendrocalamus strzctus, Ischurochloa stenostachya The former type of

 leaves in which the cross veins can be seen by the naked eyes, is considered as

tessellate (Plate III, Fig. 5-c), whereas the latter type, km which the cross veins

can’t be seen by the naked eyes, is called as nontessellate (Plate III, Fig‘ 5-a);

Another type is intermediate’ between the two extremes. The cross. veins of

-~ this kind are shown under a hand lens with a magnification of 10%. ‘These
, ‘leaves are Icon&dered as sub-tessellate (Plate 111, Fig. 5-b), e. g. the leaves of
: Tétfagonocalqmus quadrangularis and -Stnocalamus latiflorus.

‘ V. Leaf margin:

Leaf mafgins’are also useful for classification. The Ieaf margins of the
Bambuseae can be classified into 5 types. These are described below and . are

: shown in Table III

(a) One ‘margin 1s loosely spinulose; the  other is closely spinulose, - All
species of Bambusa (except B: vulgarls) Ischurochloa - stenostachyd,
Phyllostachys edulis, Pleioblastus niitakayamensis, and Tetragonocqlamus
quadrangularis have this type of margin. :
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(b) Both leaf margins are closely spinulose. Bambusa vulgaris, Dendro-
calamus strictus, and Sinocalamus latiflorus have this type of margins.

(c) Both margins are sparsely spinulose, e. g. Pseudosasa Usawal, Schizo-
stachyum diffusum, and Shibataea kumasasa.

(d) One leaf margin is entire; the other is spinulose, -e.g. Phyllostachys
Jormosana, Ph. Makmoz, Ph. mgrzpes, Ph. lithophila, and Pleioblastus
hindsii.

(e) Both leaf margins are entire, e. g. Pleioblastus Kunishii.

Table III. Comparative Study of Mesophyll Mldrzb
Pattern, Venation, and Margin

N ot i | ot | Mgt 65 MU e Mt
: 2T.F.C* :
Bambusa Oldhami rapbarent g%g?;: oi;—:z‘; 2b tés?éa;\te a b
B. multiplex : ; zg%raiiirft %ISJ%: g%gl}?g 1-2 %(bs()L) tesg%?fate a
B. vulgaris vaf. striata apparent g%gfg 0(13;23 zZL(b L( )S) tesssgﬁ;ite ‘ ’a, b
8. foritunda Zonte (93 133 |z |BR) i |
B. dolichoclada , apparent » §:}(§n %( b) 12 2b teéls%rlll-ate 2
B. Beisititu apparéntv %%g?g 1"_% 2b tesr;(;%-ate a--.
B. naibunensis ' aéparent %%Eﬁ) ) | 12 2b te?s%llll-ate a
B. breviflora apparent §§E‘1’,‘§ : i~2 2b te;(;?l;ate é
B. Shimadai | apparent gég%‘; 23 2b tesns(c)arlll'ate a
B. vulgaris apparent | 2’38’?3 o};;.zs 4 teszgﬁ-ate | b
B. dolichomerithalla | apparent 13350 112 | 2b |lom | a
B. a’gzlggfz z{;;;;.ma apparent %%Eﬁ?; o}:::.z 3 2 b” | te;%?iate a
» B. pachinensis apparent’ %;E?% '03;2_23 2b tesrls(t)axlliate a
Sinocalamus.vlatiﬁoms apparent %%8;1% 2-3 '3V tesssgﬁ;lte b
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il L 2:1(m) non-
D em’@“’“’"’“ strictus | apparent 3:2(b) 2-3 2b tessellate b
‘ Lol : ! 2:1(m) ' : '
Phyllostachys Makinoi | apparent 13:2(b) 1-2 | 2a tessellate d
Ph. edulis .absent 4 no 2a | tessellate | ‘&, d
Ph: formosaha “+ |- apparent 2:1 :2-3 2a - | tessellate d
Ph. nigripes sporadic 2:1 1-2 22 tessellate | - d
g C : 2:1(m) : PRI :
Ph. lithophila apparent 3:1{b): 1-2:1.2a tessellate d
S 3:2(b) e .
TR : 2:1(m) : ' Lo
Pleioblastys Kunishu apparent 3:1(b): 1-2 3 tessellate " e
: 3:2(b) -
Pleioblastus sporadic(T.) | 2:1(m,b) | 12 | 2b(E) 1oa
‘niitakayamensis absent(S) 4 : 1o 168) tessellate a
Pseudosasa Usawai apparent 2:1(m, b) _1_—2 -3 tessellate c.
Pl hindsii apparént %%E?}’) b) 1200 8¢ tessellate d
- Ischurochloa. 2:1(m) ol : non- '
sténostachyq apparent 3:2(b) L2 2b tessellate - - a
. Shibataea kumasasa sporadic g%gﬁ? by | .23 "2>a tessellate c-
Schizostachyum 5 g . 2:1(m) 1-2- : nons
i diffusum apparent - 3:2(b) oce.- 3 4 tessellate ¢
Tetragonocalmus , 5 sub- ;
qu‘admngularis’ apparent 2:1(m, b) 23 3 tessellate a

TR, C.=ffansll‘1)cen’tf fusoid cell. - c. c.=chiorénchyma cell.  S=small. " L=large:
: m=middle, - b==base, . occ.=occasionally, - 2=2 in commion. 3 )
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Discussion and Conclusion

; From the observations and comparative studies of epidermis, mesophyll,

midrib pattern, venation, and mai'gin of 28 bamboo species, some conclusions

regarding the systematic criteria for genera and species are suggested . as

follows:

I. Epidermal characteristics:

1. Epidermal cells: ;

The size of epidermal cells varies with the -different species, but it
has little diagnostic value. The characters of the wall inciuding both
the degree of waving and phenomena of culticulization are important for
diagnosis. Generaliy the epidermal cells of the upper epidermis are
relatively smooth, and their walls are slightly wavy, whereas those of
the lower epidermis are usually roughened with numerous cuticular pa-
pillae and walls are greatly wavy.. But there are a few exceptions. For
instance, the lower epidermis of Schizostachyum diffusum is as smooth as
the upper epidermis, and the epidermal cells of both surfaces have slight-
Iy wavy walls, while in Sinocalamus latiflorus, both epidermal cells have
strongly wavy walls. These two cases possess wall characters quite
different from the usual ones and thus they are separated from the rest
as two distinct genera. This shows that wall characters are useful for
classification.

The epidermis is made of elongate epidermal cells and the short
epidermal cells. ‘The latter may or may not undefgo further division
according to the species. If they do divide, their derivatives are modified
either to be silica cells or micro-hairs. Therefore, each micro-hair or
silica cell is always associated with a short epidermal cell. When two -
cells occur side by side, the one is a short epidermal cell and the other is a
silica cell 'or a micro-hair. But when the short epidermal cells do not
undergo division, they occur singly. Thus either silica cell or micro-hair
is a derivative of a divided short epidermal cell.

2. Silica cells: ,

Silica cells are derived from the derivatives of the short epidermal
(;ells, and thus silica cells and short epidermal cells are always in pairs~
on the epidermis over the chlorenchyma region as well as the veins.
Silica cells over the chlorerichyma region are not only small, indistinct,
" and irregular in shape, but also may. be gibsent in some cases.. For in-
stance, in Shibataea kumasasa there are no silica cells on the lower epi-
dermis and very few on the upper epidermis (Plate II, Fig.1). Thus they
have little diagnostic value. But the silica cells on the epidermis over
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the veins are large, distinét “and regular in shape throughout ‘a  given
_genus.  Usually two types  of silica cells, ‘ractangular and dumb-bell
shaped, are COmmMmon over Veins. Saddle shaped silica cells seldom appear
over veins, but - -are very common over the chlorenchyma regions. - Silica
cells over the veins on both the upper and the lower - epidermis  of the
‘same spécies may be same or different; they are ‘considei"ed as an- impors-
tant criteron for systematics. P
3. Long halrs ’
Among the 3 k1nds of micro- halrs, long haxrs are the most useful in
. classification, since 'they show their existence very regularly throughout
the same. genus. ~For. instance, in the case of Bambusa long hadirs are
~absent on the upper epidermis, but are uniformly distributed over the
whole lower epidermis throughout the genus. In genus Phyllostachys long
hairs are absent on the upper epidermis, but present on the lower epxdermrs
- at the base of the leaf. '
4 Bulliform  cells:
The number of rows of the bulliform cells, constituting a band, seems
not so' important, since they varies in the blade according to the distance
< from the midrib.  Usually 2-4 rows are common in a band: “The middle
cell of a 3-rowed band varies in shape in the different species.”  Besides, :
‘some bulliform -cells penetrate into the leafs, some elevate a ‘little abov‘e‘
- the leaf.  Whether it is 1ndented or protruding  is: dlso accordlng to the
species.
II. Mesophyll
Several characteristics have been noticed regardlng the mesophyll The
* existence of translucent fusoid cells seems the most important for class1ﬁcat10n,
but it is not-a - genus character, since  in Phyllosmchys the translucent fusoid
cells: may be apparent -in some 'species, ‘or sporadic and even absent in other
species.” Besides; the mesophyll pattern may or may not be different at the tip,
,‘ the middle, and the base of leaf. »Usually the 2:1 pattern is at the t1p of all
leaves. Some species keep the 2:1 pattern throughout the middle level to the
" base, but some become the 3:2 pattern at the middle and the base. Among 28
‘species the majority of them have the 3:2 pattern at the base. Therefore, the
patterns-taken: at the ‘middle Ievel seem. more sultable for classification. ‘
© L Midrib pattern: : V
k The importance of the midrib ‘as ‘a’ systematic  criteron is Seen “in the
writer’s recent papér {1960), in  which 4 patterns according to the structure of
 the midrib at the base are suggested.  ‘This conclusion was based on 16 species,
but no new patterns were discovered when 28 species were studied. However, :
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as more species are studied, more information can be obtained concerning each
pattern. Thus some corrections are necessary. Firstly, it seems unnecessary to
. divide the pattern 3 into-3a and 3b, since more sections prepared show no
main difference in the structire of the midrib at the triangular region in
Pleioblastus hindsii, Pl. Kunisii, Pseudosasa Usawai, Sinocalamus latiflorus, and
Tetragonocalamus quadrangularis. Secondly, the midrib of Shibataea kumasasa fits’
for pattern “2a” better than “2b”. ‘Thirdly, two types of midrib pattern are
discovered in a same species. For instance, the midrib of Bambusa vulga?'is
var. striata show pattern “2b” in small leaves and pattern “4” in large leaves.
Moreover, midribs of Bambusa multiplex and B. flovibunda in the previous study
show pattern “1” which does not follow the Bambusa pattern. These were
once thought to be exceptions, but reinvestigations have shown that only mid-
ribs of small leaves show pattern “1”; those of large leaves always show paf:tern
“9b” at the base. Therefore, each of these species really possesses two types of
leaves.. These correétions further demonstrate thaf the midrib péttern is useful
in classifying genera of bamboos.

IV. Venation:

The cross veins, termed tessellate, sub-tessellate, or non-tessellate, seem to
be a good criteron for distinguishing genera. Referring to the Téble 101, it
is evident that the leaves of the whole genus Bambusa except a few exceptions
are non-tesseilate, and that the leaves of all species' of the genus Phyllostachys
and Pleioblastus are tessellate. But one thing should be remembered that the
cross veins are really more or iess present in all bamboo leaves when viewed
under a magnification of X100. ‘Therefore, sometirhes Ccross Veinsb may not be
seen under magnification of X10, but may be seen under a higher magnification.
In this situation a definite magnification inust be chosen as a standard. Magni-
fication of x10 is used as a standard in this research. If cross veins are
shown lower than this magnification, the leaves are considered' as tessellate; if
higher, as nontessellate. For example, in Bambusa dolichoclada the crossy veins
are comparatively close, but are not shown until magnification is over x20.
‘Thus it is still considered as non-tesselate. \

V. Leaf margin: v

The leaf margin does not seem to be a reliable generic criteron for classi-
fication, since it is variable in the same genus. For instance, there are type
“a” and “d” in genus Phyllostachys; type “a”, “d”, and “e” in genus Pleioblastus.

Based on these systerhatic criteria mentioned above, a new classification
of Bambuseae as well as several new keys to the species may be suggested as
follows:
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Tribe Bambuseae

Key to the genera

‘Leaves tessellate (cross veins consplcuous, and' visible to naked eye)...... 2

: Leaves sub-tessellate (cross veins shown up under magmﬁcatmn of 10X)..°5
Leaves non- tessellate (cross veins 1nc0nsp1cuous). e e I i e 7
Midrib: pattern 7 S U S e e RPRRORE .
B S P 0 1y 1R S B U TS 4
Silica cells absent on the lower epidermis over chlorenchyma region; '
very few on upper epidermis over chlorenchyma region...... VIL Shibataea
‘Silica cells present on both upper and lower epidermis over ‘ ‘
chlorenchyma region. ... it ian Wewed Sevieaieeiie. . L. Phyllostachys
Mesophyll pattern 2:1 at the base.......... . TSI e IV. Psendosasa
Mesophyll pattern 3:2 at the base ..... e e 11 Pleioblastus
Midrib pattern 2b..... B C R . i .. Bambusa.
Midrib pattern 3 ........ S R e e ehe e ey 6

Walls of upper epidermal cells decidely wavy; peculiar type of

dumb-bell silica cells on both upper and lower epidermis over
chlorenchyma ‘region; stomata on lower epidermis with 8

Protuberances .. ... il i i i e e e e s VL Sinocalamus

Wealls of upper ‘epidermal cells slightly vs}avy; nearly saddle:like

“silica cells on both epidermis over chlorenchyma region; stomata

on lower epldermzs with ‘many protuberances.. ... ..... X. Tetragonocalamus

Midrib pattern 4; lower epidermis not roughened with cuticular

papﬂlae and’ with pecuhar gemculate hairs over chlorenchyma

<510 | R O A R TSR o R b Schzzostachyum
’M1dr1b pattern 2b; lower epidermis roughened with cuticular
pap111ae ‘and ‘with usual type of gemculate hair. o e e 8
Silica cells dumb-bell ‘shaped on upper epidermis over veins; long
. halrs absent on upper epzderm1s, but abundant on lower ep1dermls. vviees 9
Silica cells rectangular on upper epidermis over veins; long hairs :
“present on both upper and lower epidermis......... SO . .V. Dendrocalamus
Spine type 1 on upper epidermis over chlorenchyma region...... L. Bambusa

Spine type 2 oir upper-‘epidermis over chlorenchyma regiown. . VIIL Ischurochioa

s

i. “ Bambusa Schreber

“‘Leaves non-tessellate - or sub-tessellate; “leaf margin type a or b.- Silica
cells:dumb-bell shaped on the - upper: epidermis over the vein, rectangular iin
shape on the lower epidermis over -the: veins except a few exceptions. Long
hairs absent on the upper epidermis, but abundant on the whole lower epi@erin‘is
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except.in B. vulgaris andﬁ its variety. Bristles abundant on the lower epidermis
over the veins; but only 3 or 4 rows near one margin and 1 or 2 rows neaxj

“one side of midrib on the upper epidermis; spines absent or present on.the

upper epidermis over chlorenchyma region, but abundant on the lower epidermis.
Geniculate hairs present or absent on the upper surface, but always present on
the lower surface.. Stomata on the upper épidermis without protuberances, few
in number; and arranged in one row, occasionally 2, on each side of a vein,
but those on the lower epidermis with 4 protuberances, numerous, and arranged
in.2:to 3. rows on each side of a vein. Bulliform: cells on the upper epidermis
protrude or indent,  2—6 yrows in a band, and the middle cell of a 3-rowed band
elongate or polygonal.. - ‘

The translucent fusoid cells apparent in mesophyll throughout ‘the whole
genus except in small leaves of B. multiplex and B. ﬁoribunda. Two chloren-
chyma cells, occasionally 1 or'3, between 2 translucent fusoid cells: ‘Mesophyll
pattern 2:1 at the tip of leaves, 2:1 or 3:2 at the middle, and 3:2 at the base.

Midrib pattern 2b throughout the ‘genus, pattern 1 or-4 present in those species

with 2 types of:leaves. :

Key to the species

1. Leaves non~tesse11ate;_,.r_nesophyrll pattern 2:1 at middle level;

margin typé‘a. R e . e e e e e e ewe s e e e 2
1.. Leaves sub-tessellate;Vmesoph}‘rll patterg:S:Z at middlé'level; ‘ :
- .margin type b ora and b.reiiiin... e e RN P PO i |
.2, Midrib i)atterﬁ 2b; translucent fusoid cells always apparent ............. -3

2. -Midrib pattern of 2 types: pattern 1 and translucent fusoid cells
sporadic i small leaves; pattern 2b and translucent fusoid cells.

apparent in large Jeaves.............. e OO USSR SR 10
3. No spines on upper epidermis over cthrenchs?ma krreygio'n, but 3-or :
4 rows of bristles over veins near one mairgin. Calae R e 8
3. Both spinés and bristles present on upper epidermis........ 0000 P 4
‘4. Bulliform cells indent.............. st e R Cenaade b
4, Bulliformcellsiprotrude‘ .......... e U LD RURPIE S U EAP!
5. 'No geniculate hairs on ‘upper epidermis; silica cells dumb-bell k

shaped on upper epidermis over chlorenchyma region.. Ll B. Beishitiku
5. A few geniculate hairs on upper epidermis; silica cells saddle-shaped

on upper epidermis over chlorenchymaregion.........coiuvnn. B. pachinensis
6. Middle cells polygonal in a 3-rowed bulliform band.........: B. dolichoclada'
6. Middle cells elongate in a 3-rowed bulliform band ... ... co..oon s N

7. No geniculate hairs .on upper.epidermis.. ... uiciversnss v B natbunensis

£
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7. A few geniculate’ hairs on- upper epidermis.. s S .B. breviflora
8. Four rows of stomata on each side of vein on lower epidermis
............................. cieerressediiinee s e s e o e Bl dolichomerithalla
8. Two rows (occasionally 3) of stomata on each side of vein on
- lower epidermis..... N S O T S ST TR APUE PS¢
9.+ Bulliform cells protrude; silica cells narrow saddle shaped on upper
‘ epidermis over chlorenchyma region ...... PRI v SRR : X Shzmadaz
9. Bulliform cells indent; silica- cells dumb-bell shapéd on upper
epidermis over chlorenchyma region........ B. multiplex form: alphonse karn
10. ‘Silica cells nearly rectangular on lower epidermis below veins;
middle cell elongate in 3-rowed bulliform band ......iv.oai'a. B.-multiplex
10. Silica cells nearly dumb-bell shaped on lower epidermis below
soveins; middle cell polygonal in 3-‘rowecl bulliform band......:. .B. _ﬂorzbunda
11. Long hairs absent on upper epidermis, but abundant on lower
... epidermis; stomata on lower epidermis with 4 protuherances .B.:Oldhami
11. Long hairs absent on both upper and lower ep1derm1s stomata

on lower ‘epidermis with 8 protuberances............boioiio.... Ceevevieas12

“12. 'Midrib. pattern 4; silica cells dumb-bell shaped on lower ep1dermzs
below the veins; margin type bonly..... ereseseiaiean el Bl vulgaris
12. Midrib pattern 2b or 4; margin type a or.b; silica cells nearly
rectangular on lower epidermis below ‘the veins......B. vulgaris var. striate

I Phyllostachys Sieb et Zucc.

= Leaf tessellate; leaf margin type mostly d. Midrib pattern 2a; translu-
~ cent fusoid cells apparent, sporadic. or absent. Four layerS' of chlorenchyma
‘tcells in the ‘mesophyll, when the translucent fuso1d cells are absent 2:1.pattern
at the tip and the mlddle level of leaf; 2:1 or 3:2 pattern at the base of leaf.

~No long hairs on the upper epidermis and a few present on the lower epi-
- dermis at the base ‘of leaf Gen1culate ha1rs, bristles; and spine cells absent on
the upper epldermls except Phyllostachys Makinoi, but’ preseint on the lower ep1-
derm1s of all species. Slhca cells nearly rectangular on both the upper and the

, lower ep1derm1s over veins; saddle or dumb bell shaped on ~the epidermis over -
‘chlorenchyma reglon Stomata on the upper. ep1derm1s without protuberances,

and - d1sposed in 1 row: on each side of a vein: those on the lower ‘epidermis
with 4 or 8 protuberances and disposed in 2-3 rows.

: Key to the spec1es

1 Translucent fusoid cells apparent, 8 protuberances around- each
- stoma of the lower epidermis..... e e S e e s REFDSE i 2
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1. Translucent fusoid cells sporadic or absent; 4 protuberances

around each stoma of the lower epidermis....... ... iiiiiiiininnieenn. 4
2. With spine cells and geniculate hairs on the upper epidermis....Ph. Makinoi.
2. No hairs on the upper epidermis.................. et teerae e, ... 3
3. Mesophyll pattern 3:2 at the base of 1€af......vvvrueneneennns Ph. lithophila.
3. Mesophyll pattern 2:1 at thebase.......cooiiiiiiiininnnn. Ph. formosana.
4.

Translucent fusoid pells sporadic; plenty of long hairs on the

lower epidermis at the base of leaf ............................ Ph. nigripes.
4. ‘Translucent fusoid cells absent; long hairs sparse at the base .
of leaf ..............citt A S Ph. edulis.

III. Pleioblastus Nakai

Leaf tessellate; leaf margin type a, d, e, quite irregular. Midrib pattern 3
except PL niitakayamensis; translucent fuscid cells apparent or absent. Four
layers of chlorenchyma cells in mesophyll, when translucent fusoid cells aré
absent, 2:1 mesophyll pattern at the tip and the middle level of leaf; 2:1 or 3:2
pattern at the base of leaf, when translucent fusoid cells present. One chloren-
chyma cell between 2 translucent fusoid cells in most cases. ,

No or a few long hairs on both surfaces of leaves; 1 or 2 rows of bristles
on the upper epidermis near one margin, geniculate hairs and spine cells present
on lower epidermis. Silica cells nearly' rectangular on both surfaces over the
veins; saddle or rectangular on epidermis over chlorenchyma region. Stomata
on the upper epidermis a few in number, without protuberances, and disposed
in 1 row on each side of a vein; but those on the lower epidermis numerous,
with 4 or 8 protuberances and disposed in 2-3 rows.

Key to the species

1. Midrib pattern 3; translucent fusoid cells apparent ..........c..ovunu.n . 2
1. Midrib pattern 1 or 2b; translucent fusoid cells absent or

sporadic .............................................. Pl. niitakayamensis
2. Geniculate hairs absent on upper epidermis; bulliform

cells indent and middle cell of 3-rowed band polygonal;

leaf MATEin tYDE Quennnnni i iien e enanecaeanacaasananens e Pl. hindsii
2. Geniculate hairs present on upper epidermis; bulliform )

cells protruding, and middle cell of 3-rowed bapd elongated;

leaf MAargin £YPe € cvvverneerreenssereesneressssessssnnsssannens Pl. Kunishii
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IV. Pseudosasa Makino

Pseudosasa Usawai Makino

: ‘Leaf tessellate; leaf margin type a or ¢; midrib pattern- 3; translucent
fusoid cells apparent; mesophyll pattern 2:1 from the tip to the base, usually
1 chlorenchyma cell between -2 translucent areas. .

No long hairs, but a few geniculate hairs on both surfaces  of . leaf. ‘Two
rows of bristles and a few spines on the upper surface; but numerous bristles
and spines on the lower surface. Silica cells on‘.both surfaces nearly rectan-
gular over the veins, and saddle-shaped over the chlorenchyma region.  Stomata
on the lower. epldermls with 8 protuberances and disposed in 2-3 rows on each
s1de of a vein.

V. Dendrocailamus Nees

Dendrocalamus strictus Nees

Leaf non- tessellate, leaf margin type b. M*drlb pattern 2b; translucent
fusoid cells apparent. - Mesophyll pattern 2:1 at the tip -and. the  middle ‘level,
_but '3:2 pattern at . the base. Two cells (occasmnally 3) between 2 transluceiit
fusoid cells.

: Long hairs abundant on both the upper and the lower epidermis over the
veins; gem_culate hairs present on both surfaces over ‘the chlorenchyma region;
Bristles 2-3 rows. over the veins near one margin and numerous spine cells type’
2 over the. chlorenchyma region on the upper epidermjs. - Spine cells type 1
- abundant'on the lower epidermis. Silica cells rectangular over the vein ‘and

dumb-bell shaped over the chlorenchyma region on both surfaces, these dumb- belI‘
“shaped silica cell quite peculiar (Plate II, Fig. 6; Plate TII, Fxg 2-b). Stomata

a few, in one row, without protuberances on ‘the upper epldermls, numerous, in

3or4 rows, and with'8 protuberances on the lower epidermis.

VI. - Sinocalamus McClure

~ Sinocalamus latiflorus McCIure

Leaf sub-tessellate; leaf margin type b. Midrib pattern 3;‘translucent fusoid
cells apparent. Mesophyll . pattern 2:1 at “the tip and the ~middle level, 3:2
pattern at the base. ‘Two or three cells between 2 translucent fusoid cells.

Long hairs absent on both surfaces of leaves; geniculate hairs Present on

-both surfaces. Bristles in 4 rows near one margin, 1o - spine- cells .on ‘the
upper epidermis; both bristles and spine cells present on the lower epidermis.
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Silica cells dumb-bell shaped on the uppér epidermis over ‘the veins and the
chlorenchyma region, but rectangular on the lower epidermis over the veins.
These dumb-bell silica cells are quite peculiar with a rectangular silica mass
atthe center. Stomata without protuberances, but surrounded by wavy walls of
adjacent epidermal cells, in 2 rows on each side of a vein on the upper epidermis;

with 8 protuberances, and in 3 or 4 rows on the lower epidermis. = Bulliform
cells protruding, 2-9 rows in a band, and middle cell elongate in 3.rowed band.

VII. Shibataea Makino

Shibataea kumasasa Makino

Leaf tessellate; leaf margin type c. Midrib pattern 2a and translucent
fusoid cells sporadic. Mesophyll pattern 2:1 at the tip and the middle; 3:2
pattern at the middle and base. T'wo cells common between 2 translucent areas.

No hairs on the upper epidermis; many spines and geniculate hairs present
on the lower epidermis over chlorenchyme region, and abundant long hairs over
veins., Silica cells of rectangular type over veins on both surfaces; no silica cells on-
the lower epidermis over chlorenchyma region but a few on the upper epidermis.
Stomata disposed 1 row along each side of a vein, without protuberances on
the upper epidermis;. 3 (occasionally 4) rows, with 4 protuberances on the lower
epidermis. Bulliform cell indented, and middle cell polygonal in 3-rowed band.

VIII. Ischurochloa Nakai
Ischurochloa stenostachya (Hack) ‘Nakai

Leaf non-tessellate; leaf margin type a. Midrib pattern 2b and translu-
~ cent fusoid cells apparent. Mesophyll pattern 2:1 at the tip; 3:2 pattern at
the middle and the base. Two cells common between the 2 translucent areas.

No long hairs on the upper epidermis, but abundant on the lower epidermis.
Geniculate hairs present on both surfaces. Bristles and spines present on both
surfaces.  The spines type 2 on the upper epidermis; spines type 1 on the lower
epidermis. Silica cells dumb-bell shaped on the upper epidermis over veins; nearly
rectangular on the lower epidermis. Stomata without protuberances and disposed
in 1 row along each side of a vein on the upper epidermis; 2-3 rows and with
4 protuberances on the lower epidermis. Bulliform cells indented and the middle
cell elongated in 3-rowed band.

IX. Schizostachyum Nees

Schizostachyum diffusum Merr.

Leaf non-tessellate; leaf margin type b. Midrib pattern 4; translucent \
fusoid cells apparent. Mesophyll pattern 2:1 at the tip and the middle of leaf,
but 3:2 pattern at the base. Two cells common, occasionally 1 or 3, between
‘2 translucent areas..
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Epadermal cells of both surfaces of ‘leaf smooth and with slightly wavy
‘walls: Long hau‘s absent on. both- surfaces; geniculate hairs absent on ‘the
k upper surface, but a peculiar type of geniculate hair present on the lower
surface. Bristles 3 or 4 rows - near one margin on the upper - surface. Spines
type 1 present on the lower surfaces over the chlorenchyma: region;. spines .
type 2 present on the upper epidermis. Silica cells rectangular on both surfaces
" over the veins; very narrow saddle-like over chlorenchyma region. Stomata.
with 4 protuberances and in 1 or 2 rows on each side of a vein on the upper
surface; with 4 protuberances and in 4 rows on lower surface. Bulliform cells
protruding; middle cell of a 3-rowed band greatly elongated.

'X. Tetragonocalamus Nakai

Tetragonocalamu‘s quadrangularis Nakai

: Leaf tessel]ate, leaf margin type b. Midrib pattern 3; translucent fusoid
cells apparent. - Mesophyll pattern.2:1 at the tip, the middle;, and the base;
'usually 2 cells between the 2 translucent areas. '
No- hairs except 3 TOWS of bristles near one margln on the upper surface;
some,genlculate hairs and spines on the lower surface over the chlorenchyma
: region, a few bristles near the midrib at the base. Silica cells rectangular on
both surfaces over the veins and narrow saddle:like over the chlorenchjrma
region. Stomata scarce on the upper epidermis, but numerous, with peculiar
type of protuberances, and in 2 or 3 rows on each side of a vein on the lower
epidermis. ‘Bulliform cells indented,~ and the ‘middle cellpolygonal in a 3-rowed -
‘band ; . ;
" -According to leaf characters, it is apparent that several points are necessary
_to be noticed. TFirstly, Plezoblastus mztakayamenszs does not agree with - the
charactenstICS of ‘genus Plezoblastus in several respects. ‘
1. The midrib pattern of Pleioblastus niitakayamensis be]ongs to pattern 1 or ‘
2b- instead of pattern 3, which is the general pattern of the other spec1es
. of Pleioblastus. ,
2. 'The translucent fusoid cells are frequently absent in Plezoblaslus niitakaya-
" mensss, whereas they are apparent and throughout in all other Plezoblastus’
species. ; : - S
3. ‘No bristles are present on the upper epldermls, but there are 1—2 rOws
near. one margm in all other Pleioblastus species.
- 4. Leaf" margm belongs to type a Wthh is different from other Ple1oblastus
_species. i ;
5 Several long hairs are scattered on both surfaces of lesdf, but no long
hairs are present in all other Pleioblastus species. - ;
Secondly, Bambusa -vulgaris and B. vz[lgaris var. Striata  also - possess
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ch‘aract‘eri‘stics q'eite différent from thoke of the other Bambusa species: in the
followmg points: ‘ . : :
1.-Both - Bambusa vulgaris and B.: vulgarzs var. strzata have the midrib
_ pattern “4” which is not the usual pattern of the genus Bambusa. Pattern
447 is the ~most comphcated one Wthh is. shared by Schzzostachyum o
diffusums c
2. Long ‘halrs a\re, absent on both surfac’:es of epidermis; -but’ ‘they. are
abundant on the lower epidermis in all the‘other Bam’bus}dvspecies.
3. ‘Stomata on the Jower epidermis are with '8 protuberances, instead of
4 protuberances in all the other Bambusa spec1es » : )
4.~ Leaf margin is type b instead of type a in all other Bambuse spec1es
" Thirdly, Bambusa Oldhami is different in some characters from - the otl}er “
Bambusa species, such as sub'tess‘ellate, with 2 'types\ of leaf ‘margin, and 3:2
“mesophyll pattern at the middle level of leaf. But it is still ‘better to. place it
in the genus Bambusa for the following: points: :
1. Long hairs are abundant on the lower epidermis of leaf.
2. Midrib’ pattern is 2b which is a common type of ‘genus Bambusa.
‘3. Stomata on the lower epidermis are with 4 protuberances ;
4. Silica cells on the upper epldermls over the veins are dumb-bell shaped
those over the chlorenchyma region are narrow rectangular in shape.
Judgmg from the above leaf characters Plezoblastus mztakayamenszs should -
be taken out from the ' genus Plezoblastus, and Bambusa vulgarzs and B. vulgarzs .
var. striata from the genus Bambusa. Bambusa Oldhamz is: better put in the
original genus Bambusa. 8
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-Abbreviations used in the plate Iand II -

a—-spine type 2.° ; - b —bulliform" cell.

d-—dumb-bell silica cell over vein. = . e —short epidemal cell.

E —long epidermal cell. g —~geniculate hair.

G—peculiar geniculate hair. H-—bristle over vein. k

h—spine type 1. o i —peculiar dumb-bell silica cell
ST : ) over chlorenchyma region.

p —protuberance around stomata. S—stomata.

s —saddle silica cell. . . r—nearly rectangular silica cell

over vein.
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PLATE I

(All' photographs in the paradermal sections)

Sinocalamus latiflorus ( x 700). Lower epidermis showing several spine cells (type
1), a geniculate hair, stomata, and peculiar dumb-bell silica cells.

Tetragonocalamus quadrangularis ( x 700). Lower epidermis showing peculiar stomata
with. many protuberances.

Bambusa multiplex forma alphonso karri (x700).  Upper epidermis showing dumb-
bell silica cells and short epidermal cells in pairs above the vein; long epidermal.
cells with slightly wavy walls. ' : ’
Pseudosasa Usawai ( x700). Upper epidermis showing stomata, narrow saddle silica
cell. and short epidermal cell in pair, and long epidermal cells. ‘
Ischurochloa stenostachya (x150). Upper epidermis showing dumb-bell silica cells
above the vein, spine cells (type 2) above the chlorenchyma region, and 2 bands
of bulliform cells. v

Sinocalamus latiflorus (% 700). A portion of upper epidermis showing enlarged
peculiar dumb-bell silica cells above the chlorenchyma region, and epidermal cells
with strongly wavy walls. :

Sinocalamus latiflorus ( x150). Upper epidermis showing a band of bulliform cells
with a row of eldngate middle .cells; peculiar dumb-bell silica cells abqve the
chlorenchyma region.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4

Fig. 5.

Fig. 6.

PLATE II

Shibataea kumasasa ( x150). Upper epidermis showing a row of stomata on one
side of a vein, long epidermal cells, and short epidermal cells whlch are not always
accompanied by silica cells.

Phyllostachys nigripes (x150). Upper epiderfnis showing a band of bulliform cells,
nearly rectangular silica cells above the veius. i
Schizostachyum diffuswm (x150). Lower epidermis showing nearly rectangular
silica cells below the veins, 3 rows of stomata on each side of a vein, and peculiar
geniculate hairs swollen at the tip below chlorenchyma region.

Phyllostachys Makinoi (%x200). Lower epidermis showing bristles and nearly

rectangular silica cells below the veins, spines (type 1) below chlorenchyma
region, and 2 rows of stomata wit;h 8 protuberances on each side of a vein, )
Different types of leaf margins (x15). Diagrams drawn with aid of camera lucida.

1. Bambusa vulgaris s 2'.  Phyllostachys Makinoi
3". Bambusa dolichomerithalla 4'. Shibataea kumasasa
5. Tetragonocalamus quadrangularis 6'. Pseudosasa Usawai
7. Sinocalamus latiflorus 8'. Dendrocalamus strictus

9'. Phyllostachys formosana
Bambusa Oldhami (x10). Upper epidermis showing 4 rows of bristles above the
veins near one margin.
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1-a.
1-h.

1-c.
1-ce.
1-d.
2-a.
2~h.

5-a.
5-b.
5-c.
6-a.
6-b.

7-b.
7-c.
7-d.
7-e.

PLATE 11l

Bristles on epidermis over veins.

Spines on epidermis over chlorenchyma region.

Spine type 1—b, spine type 2—bb.

Geniculate hairs (usual type).

Special geniculate hairs in Schizostachyum diffusum.
Long hairs.

Rectangular or nearly rectangular silica cells.
Dumb-bell shaped silica cells. The last peculiar one found in Simocalamus
latiflorus. :
Saddle-like silica cells.

Stomata on lower epidermis.

a—stomata with 8 protuberances.

b—stoma with many protuberances.

c—stoma with 4 protuberances.

Bulliform cells in the paradermal section.

a—middle cell elongated in a 3-rowed bulliform band.
aa—middle cell polygonal in a 3-rowed bulliform band.
Bulliform cells in the cross section.

" b—indent bulliform cells. ,

- i

bb—protrude bulliform celis. !
non-tessellate, cross veins inconspicuous under magnification of 10x. ’
sub-tessellate, cross. veins delicately shown under magnification of 10x,

tessellate, cross veins clearly shown to naked eye. :

Mesophyll pattern 2:1 type. ‘

Mesophyll pattern 3:2 type.

Midrib pattern 1.

Midrib pattern 2b.

Midrib pattern 2a.

Midrib pattern 3.

Midrib pattern 4.
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