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1. INTRODUCTION

Seo far as the natural system of classification of the species of the
genus f7nus is concerned, it is most complete and we have a wide
literatures on this subject.

We believe that the natural system of classification of the genus
Diuns was systematized perfeetly in A EXGLER and K. Praxtr’s “ Die
natiirlichen Pflanzenfamilien 2-Aullage, 13-Band ™ published in 1926 (3).
This representecd a lnng step forward as compared with either their
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first edition (1889) or A. ENGLER and E. Girg’s “ Syllabus der Pflan-
zenfamilien 9 und 10-Auflage (1924),” and especially it takes into
consideration the anatomical characters of the leaves as the basis of
classification as KoennE (5), Masier (10) and SHAW (14) had already
attempted to do. ‘

We, therefore, considered what elements of the anatomical characters
of the pine leaves would be most important to the new natural system
of classification of A. EnGLErR and K. PraniL (3). And beginning
with those elements which have the closest connection with a natural
system of classification, and proceeding to those of less vital relation,
we have worked to cstablish a practical artificial system of classification
of the genus [Fnus, which shall correspond as closed as possible to the
natural system of classification.

The anatomical characters of the leaves used for this purpose show
in each species some onc¢ definite peculiarity and these characters, such
as arc indicated below, are casily -distinguishable in a transverse section
of a leaf :—

1. Whether the fibro-vascular bundle is single or double.

2. Are there in the stelar tissue surrounding the fibro-vascular
bundle the sclerenchyma strengthing cells, which show the
chemical reaction of hypoderm cells? If so, what degree of
development do they show?

3. The shape of the endoderm.

4. (a). Arc the walls of the endoderm-cells uniform or otherwise?
(b). Are the outer walls thick, or not?

(c). Are there both thick and thin outer walled cells?

5. Are the endoderm-cells of equal, or very unequal size, some
of them large?

6. The position, number and sometimes the size of the resin
canals.

7. Are the cells which surround the resin canal thin or thick
walled ?

8. When resin canals are situated close to the hypoderm, do the
sclerenchyma cells, which encircle the resin canal, surround it
perfectly on all its circumference ? Are they wanting in the
part touching the hypoderm ?

9. The degree of development of the hypoderm:.

10. The thickness of the epiderm, and the situation, sometimes the
number of the stomata.
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But it must be considered as an inevitable conscquence of the
artificial classification that there are a few peints inconsistent with the
natural system of classification (3).

For the arrangement of Subgenus, Seclion and Subsection ete. of
the natural system of classification we are indebted to A. ExgrLer and
K. Prantr (3), but in regard to the scientific names, there are not a few
we owe to other botanists. '

Since the anatomical characters formed in a transverse section
taken from the middle part of leaf shows maost clearly the characteristic
structure of a given species (12, 13), the species were distinguished
on the basis of such transverse sections.

In the case of species for which green leaves were not available, a
section of about 2z cm. in length was cut from the middle part of
withered leaves of dried specimens.  And after expelling the air from
the dried leaves by beiling, they were put to soak in a mixture of
equal parts of glycerin and aether for from 6 months to one year, after
which the leaves became normally expanded.  Then they were made
into transverse sections for the examination.

Concerning the number of the species of the genus Finus the
botanists have many different opinions. A, ExcrEr and K. Prantr (3)
say there are 80-go species. However, while accepting the conclusions
of other students, we have made some corrections in the species.

T. Dor collected the leaves of most of the species of the genus
Finus. K. Morikawa has been collecting the leaves of the remaining
species and has made a comparative examination of the anatomical
characters of varfous kind of leaves and has distinguished all species as
much as possible.

We must be very much obliged to Prof. Dr. R. Kaxmnira, Prof.
Dr. M. Fujioka of the Department of Agriculture of Tokyo University,
and Prof. Dr. S, Kawacore of the Agricultural and Forestry College
Kagoshima for their useful books of reference and precious materials.

11, FIBRO-VASCULAR BUNDLE

It is already known ‘that the fibro-vascular bundle which runs
through the leaf is single in Soft Pine and constantly or irregularly
double in Hard Pine (2, 3, 4, 35, 10, 11, 13, 14, 15). This distinction
is employed by Koruxe (5) as the basis of his two Sections, Haploxylon
and Diploxylon,
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Suaw (14) has accordingly divided the genus FPinus into two main
Sections, Haploxylon and Diploxylon, and further into Subsections or
Groups.

And also in the new natural system of classification A. ExcLER
and K. PraNTL (3) have divided it into * Untergattung I. Haploxylon
Koeixe " and ' Unfergatiung 11, Diploxylon Koknuse ™ ard further into
" Sektion” or “ Untersektion ™ etc. .

Thus the fibro-vascular bundle has been regarded as a more im-
portant basis for the classification of Piuws than the flowers, cones,
seeds etc. . The double bundles are usually obvious even when they
are contiguous, but they are sometimes completely merged into what
appears to be a single bundle.  This condition, however, is never
constant in Hard Pine, and a little investigation will find a leaf with
true double bundles.

In the stelar tissue some cells about the fibro-vascular bundle
acquire thick walls with the appearance and chemical reaction of
hypoderm cells (5, 11, 12, 13, 14). Among the FHaplexylon this
condition is most obvious in Pinus menoplylia, P cembroides, . edults, P
quadrifolia, P. jlexilis, P. parviflora, P. pentaphylia, F. Balfouriana and
P formosana.  Among the Diploxylon it appears in all degrees of
development. The Diploxylon, therefore, falls under the following nive
cases according to the sclerencliyma cells in the stelar tissue :(—

1. deficient. (£ radiata etc.)

2. Several sclerenchyma cells lie scattered below the fibro-vascular
bundles, often below and above. (Fig. 1-A) (P. Massoniana
etc.)

3. Sclerenchyma cells form an irregular line below the fibro-
vascular bundles, occasionally several of them lie scattered
above the bundles. (Fig. 1-8) (P. densiffora, P. montana, P
palustris, P silvestris, P. Thunbergii etc.)

4. Sclerenchyma cells form irregular lines below and above the
fibro-vascular bundles.  (Fig. 1-c) (£ Mowtesunae, P. vocarpa,
£ Torreyana ete.)

5. Sclerenchyma cells not only form irregular lines below and
above the fibro-vascular bundles, but alse lie scattered between
the two bundles forming “ I"" shape. (Fig. 1-D) (P occidentalss,
P Sabiniana, P. tropicalis etc.)
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Fig. 1. Sclérenchyma cells abont the fibro-vaseular bundle. en=endoderm, st=stclar
tissue, f==fibro-vascular Lundle, x=xylem, ph=rphloem, sc=sclercnchyma cells.

i

1II. ENDODERM

Endoderm is the boundary tissue between the stelar tissue sur-
rounding the fibro-vascular bundle and the green tissue, and its shape
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is of the greatest importance in the classification of the species. Its
shape can not be descided only by the shape of the transverse scction
of a leaf, for among the Diploxylon it varfes much according as the
space between two fibro-vascular bundles is wide, contiguous or ap-
proximately merged into one.  The endoderm of the species with 3
leaves in fascicles among the IHaploxylen is always circular in shape,
but those among the Diploxvlon are triangular. Tt is short-based
triangular even in such a species as have 6 to 8 leaves in fascicles,
since they belong to the Diploxylon.  In the species with 3 leaves in
fascicles it is circular or broad-elliptical in the Haploxylon, but in the
Diploxylon long-based triangular or elliptical. In the species with 2
leaves in fascicles, however, it is elliptical in the Haploxylon such as
£ edufis as in the Diploxylon.  Only in such species as /2 Banksiana,
P contorta, P sifvestris is it strangled-cocoon-like in shape.

The following classifications were worked out on the basis of the
shape of the endoderm.

I.  Haploxylon.
1. Endoderm circular. (Fig. 2-a).
All species of the Haploxylon except 2. edulis.  All species
belonging to the following group (2), excepting the species .
edulis, were changed to both case (1) and case (2).

3

Endoderm broad-elliptical.  (Fig. 2-B).

P Bungeana, P. cembroides, P. cdulis, I’. Gerardiana, F. mone-

Plylla, P Nelsonii, P. Pinceana.

II.  Diploxylon.

3. Endoderm triangular.

(a) Tndoderm short-based triangular. (Fig. 2-c).
P. Montezummae, P Monfesumae var. Lindleyi, 17 Montezumae
var. roedis.

(b) Iindoderm regular-triangular.  (Fig. 2-b).
Poarizonica, . lvieplylle, 1) Aowteswmae, 1 Jontezwimae
var. Hlartwegl, 17 Alowtezionae var. Lindleyi, 1 Hontezumac
var rudis, I occidentalis, P. oocavpa, I pseudostrobus, I
psendostrobus var. temuafolia, . teocote, I Torreyana.

(¢} Iindoderm long-based triangular. (IFig. 2-1).
D attenuata, . canariensis, P. cavibaea, F. chilwaliwana, P
Conlteri, P. echinate, P. Engelmannit, P. Gregii, . insularis,



Anatomical Study of Leaves of /Y 155

Fig. 2. Shape of the endoderm. A=cireular, B=Dbroad-elliptical, C=short-based
trinngular, D= regular-triangular, E=long-based triangular, ¥'=elliptical, G=strangled encoon
like. en=-endnderm, st =stelar tissue, f=fibro-vascular hundle, x=xylem, ph=phloem.
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0 Jeptreyi, P. longifolia, P. Lawsonii, . Lumboltzii, P.
Montesimae, I, Montesumae var. Hartwegti, P. Montezumae
var. Lindleyl, . oocarpa, P. palustris, P. patula, P. ponderosa,
P. Pringlei, P. radiata, P. rigidae, P. Sabiniana, P. serotina,
P taeda, P. teocofe.
Endoderm elliptical. (Fig. z-r).
P. attenuata, P. brevispica, P. canariensis, P. caribaca, P. chilkua-
hana, P. cdausa, P. Conlteri, P. densifiora, P. densiflora X P.
Thunbereir, P. Thunbergic X P. densiflora, P. eclinata, F. Engel-
mannit, P glabra, P. Gregii, P halepensis, P insularis, P,

Jelfreyl, P Lawsonit, P. lewcoderis, P. longifolia, P. luchuensts,

P2 Lumholtzie, . Massomiana, P. Merkusii, P smontana, P
muricata, P. nigra, P occidentalis, P. palustris, P. patula, P.
pinaster, P pinca, P. pouderosa, P. Pringlei, I’ pungens, P.
radiate, . resinosa, P rigida, I’ Sabimiana, P. serotina, I
tabulacformis, . taeda, P. taiwanensts, P. teocote, . Thunbergil,
P tropicalis, P. virginiana.

Endoderm strangled-cocoon like.  (IFig. 2-6).

2. Banksiana, P contorta, F. silvestris.

It has been admitted that in many species the walls of the endoderm-
cells are uniform, but in some specics the outer walls of the endoderm-
cells are conspicuously thick (1o, 13, 14. 15) and in others the endo-
derm-cells are very uncqual in size, some being large and some small

(14)-

Supplemented with the results of our observation, the characters

of the endoderm are as follows :(—

L

Indoderm-cells are approximately equal in their size and have
walls of uniform thickness. (Fig. 3-a).

Most species of Linus.

The outer walls of the endaderm-cells are conspicuously thick.
(Fig. 3-m).

P albicanlis, P Banksiana, P contorta, . Montezumae, P.
pondercsa, P. teocote, ete.

Endoderm-cells with both thick and thin outer walls.  (Fig. 3-c).
P Coulteri, . longifolia, P. Torreyana, ctc.

Endoderm-cells are very unequal in size, some being large and
some small. (Fig. 3-p).

F. Mevkusts,
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Fig. 3. Characters of the endoderm-cells.

IV, RESIN CANATL

The posftions of resin canalls can be divided into four types as
follows ; namely, (1) close to the cndoderm, ie. internal; (2) in the
green tissue between the endoderm and hypoderm, ie. medial ; (3)
close to the hypoderm, ic. external; (4) across thc green tissue,
touching both the endoderm and hypoderm, ie. septal.  One of these
positions is constant or any two of thesc are combined in the same

species.  So various are the positions of resin canals according to
species.  And along with the fibro-vascular bundle, the position of the
resin canal is the most characteristic among the anatomical characters
of a leaf. Thus many botanists of the past employed these positions
in the leaves as the basis of the natural system of classification (1, 2, 3,
5, 7, 10, L1, 13, 14, I5).

The number of resin canals of a leaf is variable or constant accord-
ing to the species, and this also aided us much in the classification of
species (1, 7, 15). In such species as 7 aristata, I Neisowit and P
pumila, there are generally two resin canals, rarely only one, but in
the other specics there are always more than two.

As a rule, the species which are always constant in the number of
resin canals in a leaf have only two or three resin canals. But it must
be admitted that there are a few exceptional case. Species such as
P. Banksiana, P. cembra, P contorta, P. strobus, P. Torrevana, etc. all
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belong to this type. The specics, which have more than four resin
canals, are always variable in the number of their resin canals. In
many species the number of resin canals in a leaf varies from two to
cight, and rarely from two to fifteen, in such species as P densiflora,
P, nigra, P. pinaster, P. silvestris, . Thunbergti, etc.

Either in the Haploxylon or in the Diploxylen, the cells surround-
ing and protecting the resin canals are different according to the species.
Some of them are thin-walled cells and others are thick-walled, and
shiny white in appearance.

Concerning the sclerenchyma cells surrounding and protecting the
resin canals, the following seven types have been observed :—

1. Both the cells surrounding the resin canals and the hypoderm
cells are thin-walled and weak. /72 albicaulis, P. Bungeana, F.
koraiensis, P, monticola, P, parvifiora, elc.

2. The cells surrounding the resin canals are thin-walled, but the
hypoderm cells arc thick-walled. /2 cowtorta, P. palusivis, P
Torreyana, etc. '

3. The cells surrounding the resin canals are thick-walled, but the
hypoderm cells are thin-walled. 2. deunsiffora, P. Massoniana,
P, sifvestris, etc.

4. Both the cells surrounding the resin canals and the hypoderm
cells are thick-walled. 7. monoplylla, P. nigra, P Thunbergii,
efc. _

5. Resin canals lie externally, and the sclerenchyma cells surround-
ing them are continuous. (Fig. 4-1) 2. Balfouriana, P. nonti-
cola, P. sifvestris, etc.

6. Resin canals lie externally, and the éclcrenchyma cells surround-
ing them are wanting at the point touching the hypoderm and
2 to 4 secreting cells are close to the hypoderm. (Fig. 4-x)
P. densiflora, P. Massoniana, P. quadrifolia, etc.

7. Resin canals lie externally, and the sclerenchyma cells surround-
ing them are continuous and surround the total circumference
of some canals, but about others they are wanting at the parts
touching the hypoderm, and secreting cells arc close to the
hypoderm. (Fig. 4-1, k) £ densiflora X . Thunbergs, £
Thanbergii X P densiflora, P. tabulacforis.

Resin canals which lie externally are buried in the hypoderm, in

which case they are very small (£, Nelsowii etc.). But the canals of
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some species arc so large that they touch both the endoderm and the
hypoderm and thus form a septum (7% fropecaiis).

In the case of the species in which the number of resin canals in
a leaf is constantly two or three, the canals are almost the same in
size ; but in the case the many species in which the number of resin
canals is variable, large and small canals are mixed (£. dewstflora, P.
eciunata, P. nigra, P. silvestris, P. Thunbergii, etc.).

The following classifications were worked out on the basis of the
positions of resin canals :—

I.  Haploxylon.
1. Resin canals medial, ie. situated in the green tissue, touching
neither the endoderm nor hypoderm. (Fig. 4-G).
P cembra, P, koraiensis.
Resin canals medial and external, i.e. some of the resin canals
in the green ftissue, but some of them touching the hypoderm.
(Fig. 4-H).
P Avmand:, I Lambertiana.
3. Resin canals external, ie. situated close to the hypoderm.
(Fig. 4-1).
P albicanlis, P. ammamiana, P, aristate, P. apacadwite, P. Bal-
Jouriana, P. Bungeana, P. cembroides, P. edulis, P excelsa, P.
Slexilis, P. formosana, P. Geéravdiana, P Lambertiana, P. mono-
phylle, . monticola, P. Nelsonii, P. parviflora, P. pentaphyila,
B peuce, P. Pruceana, F. pumila, P quadrifolia, P. strobus,
P Uyematsui.
II.  Diploxylon.
1. Resin canals internal, ie. situated close to the endoderm.
(Fig. 4-A).
P caribaca, P Lawsonii, P occidentalis, P. palustris, P. Pringler.
2. Resin canals internal and medial, i.e. some of the vesin canals
touching the endoderm, but others in the green tissue. {Fig.
4-B).
1 attennata, P olawsa, F. Coulters, P eclinara, £ Lawsonii,
P letopliyita, P Lumbolizii, P Mevkustu, L. patule, P. pungens,
P radiata, P. vigida, P’ scrotina, 1. tacda, P. teocote, P. vir-

ta

giniana.

3. Resin canals internal and septal, le. some of resin canals
touching the endoderm, but others touching both the endoderm
and hypoderm, forming a septum. (Fig. 4-c).
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Fig. 4 Pasiti>ns of the resin canals. A=internal, B=internsl and madial, C=internal
and septal, D;=D,=septal, F=septal and medial, F=septal and technically external,
G==medial, H=medizl and extermal, T=external, J=resin canals [ic externally, and tile
selerenchyma cells surrounding them are eontinuous, Ke==resin canals lie externally, and the
sclerenchyma cells surrnunding them are wanting at the point touching the hypoderm and 2 to
4 secreting cells are close to the hypnderm. e=epiderm, s=stomata, h=hyplerm, a=us-
similative tissue |green tissue), r=resin canal, en=endoderm, st =stelar tissuc, f="fibro-vascalar
bundle, scl=sclerenchyma cells susrounding the resin canal, se =scereting cells,
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P. vocarpa, P. Pringlel.

4. Resin canals septal, ie. situated close to both the endoderm
and hypoderm, forming a scptum. (Fig. 4-D,, D).
F. oocarpa, P. tropicalis.

5. Resin canals septal and medial, ie. some of the resin canals
touching both the endoderm and hypoderm, forming a septum,
but others in the green tissue, touching neither the endoderm
nor hypoderm. (Fig. 4-E).

P Merkusii.

6. Resin canals septal and technically external, ie. some of the
resin canals touching both the endoderm and hypoderm, form-
ing a septum, but others situated close to a remarkably deve-
loped hypoderm. (Fig. 4-¥).

P. canariensis, P. tropicalis.

7. Resin canals medial, L.e. situated in the green tissue. (Fig. 4-G).
P arizonica, F. attenwata, . Banksiana, P brevispica, F.
chibuatnana, . cawse, P. contorta, . Coulteri, P. ecliinata,
P Engelmannii, P. glabra, P. Gregii, L. Jeffreyi, P leiophylla,
b lencodermis, P luchuensis, P JMervkusii, F. Montesumae, P.
Montezumae var. Hartweget, P. Montezumae var. Lindleyi, P.
Montezumare war. rudis, P. awricata, ' wigra, P. patule, F.
pinaster, P ponderosa, P. psewdostrobus, . pseudostrobus var.
tenuifolia, P. pungens, . radiata, P rigida, P. Sabiniana, P.
serotina, P. tacda, P. tarwanensis, P. teocote, . Thunbergii, F.
Torreyana, P. virginiana.

8. Kesin canals medial and external, ie. some of resin canals in
the green tissue, but others touching the hypederm  (Tig. 4-#)
P brevispica, P, densiflora X P Thunbergri, P. Thunrbergii X
P densiffore, £ insularis, F. luchucnsis, P. resinosa, F. silvestris,
P taroanensis.

9. Resin canals external, je. situated close to the  hypoderm.
(Fig. 4-1).
P canaricnsis, . densiflora, . halepensis, P insularis, P, longifolia,
P. Massoniana, F. wmontana, P. pinea, P. restnosa, P. sitlvestyis,
P. tabulacfornus, P. tropicalis.

As illustrated above, some species are constant in the position of

resin canals in all their leaves, and others are varizble in the number
or the position in their various leaves. Some species, especially such
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as . attennata, P. rigide, P. feocote, etc. have the resin canals medial,
or medial and internal ; and again there are a great nuinber of species,
such as [} duswdavis, PP Laombertiana, F. luchuensis, I resinosa, . faiwan-
enses, etc., which have the resin canals medial, medial and external, or

external.

V. HYFQODERM

Among the Haploxylon there are many species which show a very
weak hypoderm. But among Diploxylon a very different tendency is
manifest.  That is to say, many species among the Haploxylon have
Fowads ik Tamrggs o M
UL uLic LKJ.‘\‘Ci K 5.
But a few species show two or three layers of cells.

However, among the Diploxylon there are wide variations, so that

siown et Tt o P R N I T I T T
11 Loll, ali) cuc ity Jil\_.\’ll.?l)l\_\.ll)k_l“h

while in some species the hypoderm is very wealk and inconspicuous,
others have one layer, two or three layers, and in some species five to
seven layers, while the hypoderm pushes its way into the green tissue,
One outstanding instance was where the hypoderm was so much deve-
loped- as to cross the green tissue and touch the endederm, forming
a septum.

In these varying forms of hypoderm, there were those with thin
cell walls, and yet others with very thick walls of silvery which con-
trasted remarkably with the green tissue. (2, 4, 8, 10, 171, 13, 14, 13).

By Suaw's study (14), as well as by the observations of the present
authors, it is possible to classify the species according to the structure
of the hypoderm.

1. Haplexylon,
1. Hypoderm consisting of one layer of thin-walled, inconspicuous
cells. (Fig. 5-a).
P. albicaulis, P. cembra, F. koratensis, . parviflora, P. strobus, ete.
2, Hypoderm, some parts consisting of one layer of thin-walled
cells and others of two layers. (Fig. 5-a).
£ grionticola.

3. Hypoderm, some parts consisting of one layer of thick-walled
cells, and others of two layers. (Fig. 5-B).
P, flexilis.

4. Hypoderm consisting of 2 or 3 layers of thick-walled cells.
(Fig. 3-8). £ aristata, P. cembroides, . Lambertiana, etc.

'
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5. Hypoderm consisting of 2 or 3 layers of strong, thick-walled
cells of shiny white color. (Fig. 5-c).
P. Balfouriana, P. monophylia.
i, Diploxylon.

1. Hypoderm of uniform thin-walled cells. (Fig. 3-a).

(a)

(b)

Hypoderm consisting of one layer of thin-walled cells,
occasionally having parts which consist of two layers of
cells. -

P denstflora, P. Lumhoitzii, P. patula, FP. sttvestris, P. tai-
wanensis, etc.

Hypoderm consisting of 2 or 3 layers of thin-walled cells.
P. Gregii.

2. Hypoderm of uniform thick-walled cells. (Fig. s5-g).

(a)

(b)

()

Hypoderm consisting of 2 or 3 layers of cells.

P halepensis, P. Merkusit, P. nigra, . Thunbergi, . tropi-
calis, etc.

Hypoderm in large masses, projecting far in 1o the green
tissue.

P canariensis, P. longifolia, 1% Torreyana, etc. (Fig. 5-c, 6).
Hypoderm remarkably developed, extending from the epi-
derm to the endoderm and forming a septum across the
green tissue. (Fig. 5-c, u).

P. pseudostrobus var. fenifolic.

3. llipoderm biform, ic. very thin walls situated in the outer

3
layer of cells and very thick walls in the inner layer or layers
of cells.

(a) Hypoderm, some parts consisting of onc layer of cells and

(b)

others of two layers, biform in the parts of two layers of
cells.  (Fig. 5-n).

P clansa, . cclunata, . glabra, etc.

Hypoderm consisting of 2 or 3 layvers of cells. (Fig. 5-x).
D contorta, P patustris, P. pungens, P. radiata, P. tacda, ctc.
Hypoderm in large masses, projecting far into the green
tissne and sometimes touching the endoderm. (Fig. 3-¥).
P Pringic.

4. Hypoderm multiform, ie. cell walls being gradually thicker
toward the centre of the leaf
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(a) Hypoderm projecting far in to the green tissue, but not
extending to the endoderm. {[ig. 5-6). ‘
P Coulterr, 2 dlontesuwmac, [ ococarpa, 17 pinaster, Fe
pouderosa, cte.

{(b) Hyvpoderm remarkably developed, extending from the epi-
derm to the endoderm and forming a septum across the
green tissue. (Fig. 3-11}.

P pseudostvodus var. tenuifolia.

There are the following four types in the  case where either the
hypoderm or the connected tissue of the resin canul and the hypoderm
forms a septum across the green tissue.

. Hypoderm extending fram the epiderm to the endoderm in-

dependently of the resin canal and forming a septum  across
the green tissue, owing to its own development.  (Fig. 4-6).
P psewdostrobus var. Fenuifolia.

2. The septums are formed of remarkably large resin canals and
a hypoderm which consists of only two or three layers of cells.
(I'ig. 4., E).

% tropicalis. .
3. Notwithstanding that resin canal is smail, a distinet septum is

formed  across the oreen tissue owing fo the considerable
o

3
i
development «f the hypoderm.  (Fig. 4-1,, 1)
1 oocarpe.
4. In a same leal, the scptums are formed by the hypoderm only
Cows as temereabns pased  bwey  dlkee scmavessessed adinesess  wll 4 i
el HUNC lJ‘L:ll L, otlitl iJ_y LT LaHcueicel [N S bl ¥ hw) LA i
and the resin canal at other parts. (Fig., 4-¢).

P Pringler.

VI. EPIDERM ANIY STOMATA

The epiderm of the Haploxylon is very thin, while that of the
Diploxylon is generally thicker. But in each of these two Subgenus
(ITaploxylen and Diploxylon}, the many species have approximately
the same thickness, so that the epiderm is of =mall value for classifica-
tian.  Ilowever J2 corforte, £ fuchucnsis and I wmtontana have a marked
thickness of the epiderm.

In the Haploxylon there are two groups of species, one with
stomiata on the ventral side only, and the other with stomata on both the
ventral and dorsal sides (1, 2, 4, 8, 10, 11, 13, 14, IE).
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Although fundamentally, the Haploxylon is poor in variations as
comparcd with the Diploxylon, the fact that in stomata only the
Haploxylon shows great variation is of value in classilicaticn, for even
in the Diploxylon species with 5 leaves in thscicles the stowmata are
always found on both dorsal and ventral sides.  Further our attention
was drawn to the unusual size and visibility of the stomata in P
fbicaniis and £, lucluensis.

The following classifications were worked cut cn the basis of the
position and the number of the stomata.

I." Haploxylon.

1. Stomata lie on the ventral side only.

Most species except group (2).  Vut £ cemdroides, P.nionticola
and P Pincpana are cccasionally included in this group.

2. Stomata lie on both dorsal and ventral sides.

(a) Stomata on the ventral side is only cne. 7. Aelsernd.
(h) Stomata on the ventral side are 3 to 6 in number,
P albicankis, P Bungeana, P. cembroides, P cdulis, . flexilis,
P Gerardiana, P Lambertiana, P monoplydle, PP monticola, P
Finreana.
II. Diploxyicn.
Stomata lie on both dorsal and ventral sides.

VII. THE RELATION BETWEEN TIE NATURAL SYSTEM OF CLASSITICATION
OF TIE GENUS FINUS AND THE ANATOMICAL CHARACTERS OF LEAVES

The authers have worked out a practical system of classifcation of
the specics of Frus on the basis of the anatomical characteristics of
leaves.  But our thought was to determine what clements of the
anatomical characters of leaves have the most vital relation to a natural
system of classification ; and beginaing with those elements which have
the most vital relation to the natural system of clissification, and pro-
ceeding to those of less intimate relation; we have worked to establish
4 mest easy and practical system of classification of the penus  Frouus,
which shall correspond as closly as possible to the natural system of
classification.

For this purpese, the authors have distinguished Subgenus, Section
and Subsection divisionzs of Prums in tlie new natural system of classifi-
cation of A. Excrer and K. PrantL (3) on the basis of the anatomical

characters of pine leaves.



Anatomical Swudy of Leaves of e 167

{A) Subgenus 1. Haploxylon Kornsg

Fibro-vascular bundle single.

(a) Section 1. Cembra Svacn
()  Resin canals medial.
{4) Resin canals medial and external.
{y)  Resin canals external, stomata on boly dorsal and ventral

sides, endederm cireular.  {except 7 pusnila).
(b) Sectivn 2 Strebns Swr

Resin canals mostly external, stonmata on the ventral side only,

T eN SPACH

hypoderm cells thincwalled and  inconspicaous.  {except A
Lambertiana).
{c) Section 3. JThraccmibra Koense
(3 Subsection . Gerardianae. _
Resin canals external, stomata on both dorsal and ventral
sides, endodernt broad-elliptical.  (except £ guadrifolia).
(7} Subsection 2. Balfourianac.
Resin canals external, stomata on the ventral side only,
hypoderm cells thick-walled and shiny white
(B) Subgenus 1. Zhploxylon Kornsk
Fibro-vascular bundles deuble.
{d) Sectivn 4. Szla Mayn
Resin canals technically external, endoderm triangular, hypo-
derm in large masses, projecting far in 1o the green tissue.
(e} Section 5. [aupitys Spach
{:rz) Resin canals external, endoderm  elliptical, number of resin
canal 2 to & often to 13,
() Resin canals medial, endodern clliptical, hypoderm uniform
thick-walled cells.
(f) Section 6. Banksia Mavk
Resin canals medial, rarely medial and inlernal, endoderm
elliptical, hypoderm mostly biforn,
{g) Section y. Fizea Fxou
Kesin canals external, endoderm cllipiical, number of resin
canal vsually twe.
(hy Section 8 astrales ViLGer
Resin canals internal, sometimes intenil and medial, endoderm
mostly triangular, hypoderm biforn,
(i) Section y. Khasia Mavr
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Resin canals external, rarely external and medial, endoderm
triangular, hypederm not projecting far in to the green tissue.

(j) Section 10. /[seudostrobus FENDL.

Resin canals medial, rarely medial and internul, endoderm
triangular, hypoderm mostly in Jarge masces, projecting far
in to the green tiscue, outer walls of the endoderm mostly
thick. i -

(k) Section 11. Zaeda Sracu

Resin canals medial, rarcly medial and internal, endoderm
triangular, hypoderm not projecting far in to the green tissue,
outer walls of the endoderm mostly thin.

it will be seen from the above that the most important point to
the natural system of classification is whether the fbro-vascular bundle
is single or double (3, 5, 10, 11, 15). Then come, among the Haplo-
xylon, in the order of their importance, the position of the resin canal
and stemata, the shape of the endoderm and the degree of development
of the hypoderm, and among the Diploxylon the position of the resin
canal, the shape of the endoderm, the degree of development of {he
hypoderm, the number of the resin canals and the characters of the
endoderm-cells

Hence if we classify the species, on the basis of the anatomical
characters of leaves, in the order above, (also considering many addi-
tional paints), the practical artificial system of classification would come
close to the natural system.

And such the Practical Analytical Key to the Species of the Genus
Finus is mentioned in the following Chapter VIIL ’

Resin canals of most species are external among the Haploxylon,
but the position of the stomata is variable. This helps us much to
classify the species. Among the Diploxylon, on the other hand, all
stomata are situated on both dorsal and ventral sides. But the shape
of the endoderm and the structure of the hypodermi have in each
speciecs some onc definite peculiarity.  We can, thercfore, classify the
species of the Diploxylon. ‘

VIII.  ANALYTICAL KEY TO TIIE SPECIES OF THE GENUS PINUS, BASED
ON THE ANATOMICAL CHARACTERS OF LEAVES

(The figure in parenthesis following the scientific
name indicates the number of leaves in onc fascicle.)
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[I] Fibro-vascular bundle single . . . Subgenus 1. Haploxylon
KOEHNE )

(A) Resin canals medial, ie. situated in the green tissue, touch-
ing neither hypoderm nor endoderm. Endederm circular. Stomata on
the ventral side only.

(2,) Resin canals 2, in the green tissue nearer to the hypoderm

of the dorsal side. Stomata on each ventral side 3, 4 or 5. . .
..................Rcem&raL(J)
(b,) Resin canals 3, often 5, 3 of them confined to each edge.
Stomata on each ventral side 4 to 13. Hypoderm consisting of one
layer of thin-walled cells. . . . . P koratensis SiEs. et Zuce. (5).

(B) Resin canals medial and external, i.e. some of resin canals
situated in the green tissue, touching neither endoderm nor hopoderm,
but others close to the hypoderm. Iindoderm circular.

(a,) Stomata on the ventral side only. Resin canals 3, dorsal 2
of them external and ventral one medial. . . 2. Armandi Fraxci. (3).
(b,) Stomata on both dorsal and ventral sidcs. Resin canals 3
to 5. Hypoderm 2 or 3 layers of thick-walled cells, though occasion-
ally consisting of one layer of cells, . . P Lambertiana DotcLas (5).
(C) Resin canals external, i.e. situated close to the hypoderm.
(a,) Stomata en the ventral side only.
{a,) Lndoderm circular.
(a.) External resin canals dorsal and ventral
(a,) Total number of resin canals 3.

(2,0 Hypoderm mostly cne layer of thin-walled cells.
(a;) Sclerenchyma cell deficient above and below the
fibro-vascular bundle. Stomata on each ventral side 2, rarely 3 or 4. .
. . . e o . P ostrobus L. (5).
(bs) bevelal qc]menchvmd cells lic scattered below
the fibrovascular bundle, varely below and above. Stomata 4 to 6 on
each ventral side. A R
P formosana HAvATA (3), P Uvematsui HAYATA (5).
(b)) Hypoderm, some parts consisting of one layer of

cells and others of 2 layers, especially 2-3 layers in the cdge.
(a) Hypoderm cells thin-walled, not shiny white.
Sclerenchyma cells surrounding the resin canals always continuous.
Stomata 3 or 4 on each ventral side . . 2. monticola DovcLas (3).
(b.) Hypoderm cells thick-walled, somewhat shiny
white. The Sclerenchyma cells surrounding the resin canals are wanting
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at’ the point touching the bypoderm and the secreting cells are close
to the hypoderm.  Stomati 3 te 5 on cach veatral side. ;
5 s o a 1 quadrifolia StmworT (4)
(b Total number of resin canals 4 to 8
s w &k oa K 3 & B . I avacalimnite BHRENBERG (;)
(b, External resin canals in the dorsal side only, one or two.
(a,)  Resin canal one or two, situated nearer to the middle
part of the dorsal side, namely nnderneath the endoderm.

() Hypoderm consisting of one laver of thin-walled
cells, weak, . . . . . . . . . . . . P punsla REGEL (3).

(b,)  Hypodern, some parts consisting of one layer of
thick-walled cells and others of two jayers, especially 2-3 layers at the
edge, shiny white. . . . . . .- . P aristale ExGELM. (5).

(b;)  Twa yesin canals separited from each other, situated
on the dorsal side of the hypoderm.

{a,) The angle formed between the two ventral sides
larger than a right angle, approximately 120%  Hypoderm t:f:”f: thick-
walled. Stomata 3 to 5 un each ventral side. .o

; P cembroides Zuccar. (3). F. fwcmm GORDON (3).
(!’ [’m:m:m is easfly distinguished from 72 cembroides by the greater
length of its leaf)

(by) The angle formed between the two ventral sides
smaller than a right angle, approximately 72°

(a;) llypoderm censisting of one layer of cells,
Stomata 4, 3 or 6 on cach ventral side.
(35) Several sclerenchyma cells lfe scattered below
the fibro-vascular bundle, often belaw and above.
(2,) Hypoderm cclls very thin-walled, uniform.

s w8 £ parviflore S1EB. et Zuce. (3), £ pentaphylia Mayr (5).
(L) !'Iypc_adcrm cells with both thick and thin
walls, . . . . . Foama-

miang Koipz, (5), / forf.vuamm H AYATA ('1) P (Ufeumfsm Havara (5).
(by) The sclerenchyma cells are wanting above and

befow the fibro-vascular hundle.

(a.) Hypoderm one layer of cells, weak.

(ag) Stomata 2, often 3 or 4 on each ventral
side. Teaves G to rgem long. . . . . . . . I strobus L. ().
{bs) Stomata .4 to 6 on each ventral side.
Leaves 10 to 178 em. dong. . . . . . . . P ereelse WarrLick (5).
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(b,) Hypoderm for the most part consisting of

ane layer of cells, and others of two layers. Teaves 7 to 10 cm. long.

o e L. pence GRisEB (5).

(b;) Hypoderm, some parts consisting of one layer

of cells and nthers of twe or three layers, especially 2-3 layers at the
edge.

{2} The sclerenchyma cells surrounding the resin
canals are wantinz at the point touching the hypoderm and the secreting
cells are close to the hypoderm.  Hypoderm for the most part consist-
ing of 2 or 3 layers of thick-walled cells. Stomata 3 to 5 on each
ventral side. « P, quadrifoliac SUDWORTH (4)-
ths) The sclerechyma cells surronnding the resin
canals are continuous.

{a.) Hypoderm cells thin-walled, not shiny white.
The cells surrounding the resin canzls thin-walled.  The sclerenchyma
cells are wanting below and above the fibro-vascular bundle.  Stomata
3 or 4 on each ventral side. . . . . P. monticola DouvcLas (),
. (5,) Hypoderm cells very thick-walled, shiny
white. Several sclerenchyma cells lie scattered bhelow the fibro-vascular
bundle. The cells surrounding the resin canals thick-walled. Stomata
4 to Hon each ventral side. . . . . . F Balfouwriana Murrav (3).
(b} Endoderm small, bread-elliptical.
Resin canzls 2. Hypoderm cclls thicl-walled. Stomata 3 to 5 on
each ventral side. . 72 comdroides Zuce. (3), P Piweana Corpox (3).
(P Finceana are easily distinguished from /. ceméroties by the greater
length of their leaves)
(b,) Stomata on both dorsal and ventral sides.
(3,) Endoderm circular.
{a,) Transverse section of the leaf circular.
Many sclerenchyma cells form irregular lines below and above the
fibro-vascular bundle, silvery,  Resin canals 4 to 9. Hypoderm 1-3
layers of very thick-walled cells, silvery. . 2 wmonoplplla TorrEY (1).
{(b.) ‘Transverse section of the leaf triangular.
(2,) Resin canals two, rarely one.
(a) The angle formed between the two ventral sides
larger than a right angle, approximately 120°.
(1) Stomata one on each ventral side, often two.
Resin canals onz or two, very small, almost buried in the hypaderm.

e e ..o oo P Nelsonii SHAW (3).
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(b Stomaia 3 to § on cach vential side. Resin
canals 2. . . . [’ combroides Zuccar. (3), 1. Pinceana Gorpox (3).
(P Pinceana are casily distinguished from [ combroides by the greater
length of their leaves.)
_ (b,} The angle formed between the two ventral sides
smaller than a right angle, approximately 72°%  Stomata 3, 4 or § on
each ventral side.

(a} The cuter walls of the endoderm thick.
Hypoderm one layer of thin-walled cells, inconspicuous, Stomata very
obvious. Resin canal large. . . . . . [t albicanlis Excriim. ().

(b,)  The outer walls of the endoderm cells not thick.

A (a) Hypoderm, some parts consisting of one layer

of cells and others of two layers.

{(a,) Hypoderm cells thin-walled.  The cells sur-
rounding the vesin canals thin-walled. Stomata 3 or 4 on ezch ventral
side, sometimes on dorsal side.  The sclerenchyma cells are wanting
below and above the fibro-vascular bundie : R

) P mom‘zco/(z IJouJLJm (5) (rcue case)

(I} Hypoderm cells thick-walled, shiny white.
Stomata nsually on both dorsal and ventral sides, on each ventral side
3, often 4. Several sclerenchyma cells lie scattered below and above
the fibro-vascular bundle. . . . . . . . . % fewdlis Jawws (5).

(he)  Hypoderm for the maost part consisting of

- 3 layers of thick-walled cells, others ()f one iayer. .

L Lantbertiana J)()UGF AS (5)
(b)) Resin canals 3 to 7.

(a,) Tlypoderm for the moest part consisting of one layer
of thin-walled cells, others of two Jayers.  The cells surrounding the
resin canals very thin-walled.  The angle formed between the two ventral
sides larger than a right angle, approximately 120°, :

oo L Buygreana Zocear. (3), 7 /;umdzmizz “ ALL. (3)
(/" Gerardiana is distinguished from /7 Bungeana by its denser, longer,
and more slender lcaves.)

(n,) Hypoderm for the most part consisting of 2 or 3
layers of thick-walled cells, others of une layer.  The angle formed
between the two ventral sides smaller than a right angle, approximately
72° 0 . . . . o« . . . . .« . . P Lambertiana DoveLas (5).
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(b,) FEndoderm small, broad-elliptical.
(a.) Resin canals in dorsal side two, sometimes one.
(a,) Stomata one, often two on each ventral side.
Resin canals one or two, very small, almost buried in the hypoderm.
Nelsonii Suaw (3).
(b;) Stomata 3 to 3 on each ventral side.
Resin canals usually two’ Hypodérm one or twao layers of cells
(a,) Transverse section of a leaf semicircular, ;
. . . o o . . P oedulis Exeru, (2).
(b,} Transverse section of a leafl triangular.
Hypoderm celis thick-walled. . e T TR
: P cembroides Zuccar. (3), £ Pinceana Gorvox (3).
(/’. [.e;zcm;m are casily distinguished from 7 cembroides by the greater
length of their leaves.)
{b.) Resin canals in the dorsal and wventral sides, 3 to 7,
often .
{a;) The many sclerenchyma cells forming irregular lines
below and above the fAbro-vascular bundle, silvery.  Transverse section
of a leal circular.  Resin canals 4 to 9. Hypoderm 1-3 layers of very

thick-walled cells, silvery. . . . . . . /% monephylla Torrey (1),
(b}  The sclerenchyma sells defcient below and above the
fibro-vasculur bundle.  Transverse section of a leal triangular.  Resin

canals 3 to 6. Stomata 4 or 5, rarely 6 on cach ventral side.  Hypoderm
for the most part consisting of one layer of cells, others of 2 or 3 layers,
. .o P. Bungeana Zucc. (3), I Gerardiana WALL. (3).
(/’ (7{"(?’1'(2’2'(!?1(1 is distinguished from /. Bungeana by its denser, longer,
and more slender leaves.)

[11] Jibio-vascular bundles deuble. . . . Subgenus IL Diploxoylon
KoEUxE.

(A)  Resin canals internal, Le. situated close to the endoderm.
Stomata on both dorsal and ventral sides Fypoderm biform, namely
very thin walls situated in the outer layer of cells and very thick walls
in the inner layer or layers of cells.  Resin canals 2 to 5

{n,) Ilypoderm in thick masses, projecting far in to the green
tisstie and sometimes touching the endoderm.  The sclerenchyma cells
forming irregular lines below und sbove the fbro-vascular bundles.
Resin canals 2 or 3. . . . . . . . . . P Pringled Suaw (3).
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(b,) Hypoderm not projecting far in to the green tissue, not
touching the endoderms. Endoderm with thin outer walls.

{(a,} The sclerenchyma cells developing distinctly, forming ir-
regular lnes below and above the fibro-vascular bundles, sometimes
lying between the two bundles forming L7 shape. Resin canals 3 or
4 Endoderm triangular or elliptical.  Hypoderm 3 or 4 layers of cells.

: I occidentalis Swawrrtz (2-5).

{b,) The sclerenchyma cells form an irregular line below the
fibro-vascular bundles, but are wanting above the bundles  Iindaderm
long-bused triangular or elliptical.  Resin canals 2 to 3.

(a,) Hypoderm, some parts consisting of one layer of cells
and others of two layers, biform when of 2 layers. s x
. P capibaea MORELET (2 or 3).
(b.) Hypoderm consisting of 3 layers of cells, occasionally
of 2 or 4 layers of cells.  Several sclerenchyma cells lie scattered below
the fibro-vascular bnnd],.. (_T.‘erwes not exceeding 24 em. in length) .
P. Lawsonit ROL71. (3, 4 or 5).
{c.) Hypederm 3 to-6 [ayers of cells. The sclerenchyma
ells continuous and forming an irreguiar line below the fibro-vascular
bundles  (Leaves 2445 cm. in length). . . P palustris MILLER (3).
(B) Resin canals internal and medial, ie. some of the resin canals
situated close to the endoderm, but others in the green tissue, fouching
neither endoderm nor hyp)dexm Stomata on both dorsal and ventral
sides.
(a,) Endoderm triangular. Transverse section of a leaf triangular.
(a) Hypoderm uniform, weak.
(a,) Resin canals 3.

{a,) Endoderm regular-triangular. The angle formed be-
tween the two ventral sides smaller than a right angle, approximately
72, L. oo . B ledophyila Scurecur. et Cuam. ().

(b3) Endoderm long-based triangular. The angle formed
between the two ventral sides larger than a right angle, approximately
120°.  Hypoederm cansisting of one layer of thin-walled cells, occasior,lally
of two layers of cells. . . 77 patula ScrpLeEcHT. et CHAM. (3, or 4, ).

(b.) Resin canals 4 to 10,
Hypoderm one or two layers of cells. v o s o o® o» % g %
Ce e £ Lanholtzii ROBINS. et FERN (3).
(b,) Hypoderm: biform, ie. very thin walls situated in the
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outer layer of cells and very thick walls in the inner layer or layers
of cells.

(1) The outer walls of the endoderm-cells thick. Hypo-
derm consisting of 2 or 3 layers of cells.  Two or three resin canals
medial and with one internal canal. Ce e e
R 1% teorote SCHLECHT. et Cuan. (3-3).

(b,) The outer walls of the endoderm-cells ot thick.

() IHypoderm, some parts consisting of one layer of
cellz and others of two layers, hiform when of two lavers. FEndaderm
with thin outer walls,

{a)) Two resin canals in the lateral edges always
medial, and very large.  Outer cells of the hypodermi verv =amall and
inconspicuous.  Total number of resin canals 3 to 3 .

5o ox P echinata Mitier (2 or 3, case of 3)

(b,) Two resin canals in the lateral ecdges internal,
occasionally internal and medial or medial, nearer 1o the endoderm,
and small.  Outer cells of the hypoderm not small  Total number of
resin canals 3 to 3. . . . P cavibeea MORELET (2 or 3, case of 3)

(b,) Hypoederm for the most part consisting of 2 lavers
of cells, occasionally of 3 layers of cells. Resin canals 2 to 6

P attenuata 1LEMMON (3), F. serotinag MICHAUX (3). 7 faeda 1. (3)

(¢;) Hypoderm for the most part consisting of 3 layers

of cells, occasionally of 2 or 4 lavers of cells. [ndoderm with thin

outer walls. Resin canals 3 or 4. . . P Lawsoniz RoezL (3, often 35).
(d,) Hypoderm 2z to 6 layers of cells.
Resin canals 2 t0 8. . . . . . . . . . P rigida MiLLER (3).

(c.) Hypederm multiform, ie ccll walls heing gradually
thicker toward the centre of the leaf. Tndoderm-cells with both thick
and thin outer walls. Resin canals 2 to to. . . £ Coulferi D. Don (3).

(b,) Fndoderm elliptical.  Transverse section of a leal semi-
circular.
(Reference 174 p. (B-a,) on the species which the transverse section of a
leaf are triangular.)

(a,) Hypoderm uniform.

Two resin canals medial and with an internal canal.  Hypoderm 2-3

layers of thick-walled cells.  Endoderm-cells very unegual in size,
some of them large. . . . . P Merkusii Juseu. ot DE VRIESE (2).

(b,) Hypoderm biform, ic. very thin walls situated in the
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outer layer of cells and very thick walls in the inner layer or layers
of cells.

(a,) Hypoderm, some parts consisting of one layer of cells
and others of two layers, biform when of two layers of cells. Endo-
derm with thin outer walls.

(a,) Two resin canals in the lateral edges internal,
occasionally internal and medial or medial, nearer to the endoderm.
Resin canals 3 to 5. (Leaves 12 to 25 cm. long) .o

e P. cartbaea MORELET (2 or 3, case of 2)

(b,) Two resin canals in the lateral edges always medial.

(a,} Medial resin canals 3 or more, 2 of them in the
lateral edges and very large. Outer cells of the hypoderm very small
- and inconspicuous. Total number of resin canals 4 to 7. (Leaves 7
to 1zem. long). . . . . . P echinate MILLER (2 or 3, case of 2)

('b“) Medial resin canals 2, confined to lateral edges.
Total number of resin canals 3. Outer cells of the hypoderm not small.
{Leaves 5 to 9 cm. long.) . . . . . . . . P cdausa Vasiy (2).

(b,) Hypoderm consisting of 2 layers of cells, occasionally
of 3 layers of cells. '

(a.) DMedial resin canals 2 or 3, occasionally with an
internal canal.

{a,) Resin canals 3. Teaves 4 to 8 cm. long.
e P. virginiana MILLER (2).
(b,) Resin canals 4. ILeaves 10 to 15 cm. long

P oradiata D. Dox (2 or 3).
Lb) \Ie(hdl resin canals 4 to 6, oceasionally with an
internal canal. Teaves 3 to 7 cm. long. . P pungens LavserT (2).
(C) Resin canals internal and septal, i.e. some of the resin canals
situated close to the endoderm, and others touching both the endoderm
and hypoderm, forming a septum. Stomata on both dorsal and ventral
sides.
(a,) Endoderm regular-trianguiar or short-hased triangular.
Resin canals one to six, mostly septal.  Hypoderm biform or multiform,
projecting far in to the green tissue, but not touching the endoderm.
The sclerenchyma cells forming irregular lines below and above the
fibro-vascular bundles. . . 2 oocarpa SCHIEDE (3, 4 or 3) (rare case).
{b,) ILndoderm long-based triangular or elliptical
Resin canals 3, mostly internal.  Hypoderm biform, in thick masses,
projecting far in to the green tissue and sometimes touching the endo-
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derm. The sclerenchyma cells forming irrcgular lines below and above
the fibro-vascular bundles . . . . . . . . P Pringlei Suaw (3).

(D) Resin canals septal, ie. situated close to both the eadoderm
and hypoderm, forming a septum. Stomata on both dorsal and ventral
sides.

(a,) Endoderm triangular. IHypoderm biform or multiform, pro-
jecting far in to the green tissue, but not touching the endoderm.
Resin canals one to six. The sclerenchyma cells forming irregular
lines below and above the fibro-vascular bundles. s b s B

i s @ s 0 oA w % 5 L. oocarpa SCILEDE (3, 4 o 3).

(b,) Endeoderm elliptical.  Hypoderm cells uniform thick-walled.
Resin canals of remarkable size, 2 to 9. The sclerenchyma cells not
only form irregular lines below and above the fibro-vascular bundles,
but also lie scattered between the 2 bundles forming “ 107 shape.

E % o8 W 8 @ 3 8 ¥ B O® & [ tropicalis MoreLET (2).
(Ji) Resin canals septal and medial, ie. some of the resin canals
situated close to both the endoderm and lhypoderm, forming a septum,
but others in the green tissue, touching neither the endoderm nor
hypoderm.  Stomata on both dersal and ventral sides.  Iindoderm
elliptical. Medial resin canals 2 and with a septal canal. Endoderm-
cells very unequal in size, some of them large. Hypoderm cells
uniform thick-walled. . . . P Merkusi Junci. et DE VRiEsE (2).
(IF) Resin canals septal and technically cxternal, ie. some of the
resin canals situated close to both the endoderm and hypoderm, form-
ing a scptum, but others touching a remarkably developed hypoderm.
Stomata on both dorsal and ventral sides.

(2,) Resin canals 2 to 4, small.  Hypoderm in large masses,
projecting far in to the green tissne. Fndoderm long-based triangular,
with thin outer walls. . . . . . . . . [ canariensis Surru (3).

(b,) Resin canals of remarkable size, 2 to 9. Hypoderm not
projecting far in to the green tissue, with uniform thick-walled cells.
Endoderm elliptical.  The sclerenchyma cells not only form irregular
lines below and above fibro-vascular bundies, but also lie «cattered
between the 2z bundles forming “ T. " shape. o
S £ tropicalis MoRELEL (2).

(G) Resin canals medial, ie. situated in (he green tissue, touching
neither the endoderm nor hypoderm. Stomata on both dorsal and
ventral sides.

{a;) Endoderm triangular,
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(a,) Hypoderm uniform.
{(a,)  The outer walls of the endoderm thick.

g dypodermt 2 to 4 layers of thick-walled cells, nut

i
extending o the endodern:.

{«¢;)  The sclerenchyma cells form imvegular lines below
and above the fbro-vascular bundles.
Indodern regular-trinngular. Resin canals 3 or 4, 3 of them confined
to 3 edges The angle formed between the two ventral sides smaller
than o right angle, approximately 72°. . & pscudostrobas Taspr. {(3).

(h;) [he sclerenchyma eells form an irregular line helow
the fibro-vascular bundles,

{(as) Leaves 30-40 cim. in lengtly

T s v AR, SE ) a e
0 Loy I.-Ibo Eofrectdifed e 3 3}.

(b,) Leaves 7-25 cm. in length.

{(ag) PEndoderm long-based triangular.  The angle
formed bLetween the two ventral sides larger than 4 right angle, ap-
proximately 120%  Leaves 12-235 cm. lotg.

(a,) The sclerenchyma ceils form an irregular
line below the ifibro-vascular bundles, but are wanting above the
bundles. Leaves deep yellowish green. . £ ponderosa Doteras (3).

(b,) The many sclerenchyma cells form an
irregular line below the fibro-vascular bundles and several of them are
scattered above the bundles. Leaves grayish green. o
T ; P Jeffveyi BAaTFOUR (3-5).

(he) Fndoderm regular-triangular.  The angle
tormed between the two ventral sides smaller than a right angle,
approximately 72%

{a.]  Leaves deep green, fine scrrated, 7-17 cm.
lang. . . C e £ arizonica Exceiv. (5).
(h,) Leaves grayish green, 12-25 em. long.

P Jeffreyi BALFOUR (3-5).}
() Hypoderm remarkably  developed, extending  from
the cpiderm to the endoderm and forming a septun across the green
testie Resin cands 2 or 3, confined to the edges.  The sclerenchyima
cells rming irregular lines helow and above the fibrovascular bundles
. P psendostrobus var. fenaifolic Snaw (5)

(b, The vater walls of the endoderm not thick.

ta,} Resin canals 2.
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(a,) Fibro-vascular bundles distinct. The angle formed
between the two ventral sides larger than a right angle, approximately
120°, *

(a,) Hypodern one layer of thin-walled cells, in-
conspicuous.  Medial resin canals two, occasionally with an internal canal.
8 B s . P. patule Scurecut. ct Cuam. (3).
(b,) Hypoderm 2z to 3 ‘layers of thin-walled cells.
Resin canals always medial. . . . . . . F Greggué ExcEwv. (3).

(b,) Fibro-vascular bundles ccntiguous or merged in
one. The angle formed between the two ventral sides smaller than a
right angle, approximately 72°  Hypoderm cne or twao layers of cells,
8 5 % . P ezopleyila ScuiecHT. et Cram. (5).
(b;) Resin canals 3 to 6. Hypoderm 2 or 3 layers of
cells. [7ibro-vascular bundles distinct or contiguous. The angle formed

between the-two ventral sides larger than a right angle, approximately
1zo®. . . . . . . . . . . . . I clilmahwana FXGELM. (3).

(c.) The leaf-scction is notable for the presence of both
thick and thin outer walls of the endoderm-cells and for the large
amount of the hypoaderm, both forms appearing in the same leaf. Three
resin canals confined to the 3 edges. . . . [ Zorreparna Parry (5).

(b,) Hypoderm biform, ie. very thin walls situated in the

outer layer of cells and very thick walls in the inner layer or layers of
cells.  Transverse section of a leaf triangular.

(a,) 'The outer walls of the enduderm-cells thick.
Hypoderm 2 or 3 layers of cells. Resin canals 2 or 3, confined to the
edges. Y i s £ feocote ScuLecur. et CHAM. (3-5).
{(b.) The outer walls of the endederm-cells not thick.

(a;) Hypoderm in some parts consisting of one layer of
cells, and in others of two Jayers, biformt when of two layers of cells.
Resin canals 2 to 6, 2 of them nearer to the edges, very large.  QOuter
cells of the hypoderm very small, inconspicuous.  Endodern with thin
outer walls . . . . . ./ eckdnara MiLLeR (2 or 3, case of 3).

(by)  Mypoderm consisting of 2 layers of cells, cecasionally

of 3 layers of cells.
{a,) The cell walls of the stelar tissue thick.  Resin
canals 2 or 3 .o o o . P oradiara D Dox (2 or 3, case of 3).
(b,) LThe cell walls of the stelar tissue thin.  Resin
canals 2z to 6. . . . . . . L Lo,
P. attenuate LEMMON (3), P. seroting MicHAUX (3), £ taeda 1. (3).
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(z;) Hypoderm 2 to 6 layers of cells.
Resin canals 2 te 8. . . . . . . . . . P rigide MiLLER (3).
(¢ Hypederm multiform, ie. cell walls being  gradually
thicker toward the centre of the leafl
(;1,:) The outer walls of the endederm thick, Hypodem 4
or 3 layers of cells.
(a,) liypoderm projecting far in to the green tissne, but
not extending to the endoderm.  Resin canals 2 to g.
(a) The sclerenchyma cells form irregular lines below
and above the fibro-vascular bundles.
{(as) Number of the resin canals usually 3.
. Lo Montezinae Tasserr (3-8).
(b.) Number of the resin canals 1 or 2, often 3.
lLeaves 135-25 cm. in length, often very slender and drooping.
: P Montegwnae var. Lindlep? T.ounox (?, -8).
(c.) Number of the resin canals 4, 5 or more,

;

Teaves short

1 eave 17-18 cny. ]n]!(ﬂ, [isrid 0’13[1[‘,011\2
AN < o4 fal oo

{a45) Resin canals 4 or 5. Ieaves are in fascicles
of 5, occasionally niore, 10-15 cm. in length N

P anentezumae v, vadis SHaw (3-8).
T4 S Tkl uaaseliy e
kUé) INTSIEL Cdlldl> 1IC

fascicles of 3 and as well as g, 7-Ig cm. in length,
o) 2 =]

—~ T amtran
N

1.EAVES AT I

£ Montesumae var. Hartwegsi ExGELM. ( 3—5).}
(b} The sclerenchyma cells forming an irregular line
below the fibro-vascular bundles.
(a) Leaves 30-40 cmu. in length. . . . .

Engelntannii CARRIERE {3-5).

——,

(b.) Leaves 7-23 cm. in length.

(as) Endoderm long-based triangular. The angle
formed between the two ventral sides larger than « right angle, ap-
proximately 120%  Leaves 12-25 cm. lonyg.

(a.) The sclerenchyma cells form an irregular
line below the fibro-vascular bundles, but are wanting above the bundles,
Leaves deep yellowish green. . . . . . 2 ponderosa Doteras (3).

(b,) The many sclerenchyma cells form an
irregular line below the fibro-vascular bundles and several of them are

scattered above the bundles. T.eaves grayish green

P. Jeffreyi BALFOUR (3 5)
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{bg) Endoderm regular-triangular.  The angle
formed betwcen the two wventral sides smaller than a right angle,
approxitately 72°.

(a,) ILeaves deep green, fine sevrated, 7-17

cm long. - £ arizonica ExGELM. (3).

(b,) ILeaves grayish green, 12-25 cm. long. .

- . £ Jeffreri Bavrour (3—5).}

(b, Iypoderm remarkably developed, extending from

the epiderm to the endoderm and forming a septum across the green

tissue. Resin canals 2 or 3, confined to the edges. The sclerenchyma

cells forming irregular lines below and above the fibro-vascular bundles

i owm B, psendostrobus var. tenugolia SHAW (5).

(b,) The leaf-section is notable fur the presence of both

thick and thin outer walls of the endoderm-cells and for the large
amount of the hypoderns, both forms appearing in the same leaf.

(a;) lindoderm regular-triangular.  Resin canals 3, con-
fined to the 3 cdges. Hypoderm 3 to 7 layers of cells. The many
sclerenchyma cells forming irregular lines below and above the {ibro-
vascular bundles. The angle formed between the two veutral sides
smaller than a right angle, approximately 72°. 5o ow ow s W s
e e L% Torreyana PARRY (5).

(b)) Lndoderm long-based triangular. Resin canals 2 to
10, taking free portion. The angle formed between the two ventral
sides larger than a right angle, approximately 120°.

(a,} Hypoderm 2-4 layers of cells. Numerous resin
canals always medial.  The sclerenchyma cells not only form irregular
lines below and above the fbro-vascular bundles, but also lie between
the two bundles forming “ 7 " shape. . . 7% Sabiniana DoucLas (3).

{b,) Iypoderm consisting of §5-7 layers of cells.

Resin canals medial, or occasionally with one or two internal canals.
s s ow s s s owm o3 & ow g o s ow o« o« 0% GCidders DL Dux £3).
(b,) Endoderm elliptical.
(a,) Ilypoderm cells uniform thick-walled.
(a,) The outer walls of the endoderm thick. Resin canais
2 to 9. Hypoderm 2 or 3 layers of cells.
{(113) Leaves 30-40cm. in length . . . . . . . . .

e e e e e e e o« o . . P FEngelinannii CARRIERE (3-5).

(b,) Leaves 12-25 cm. in length.
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{2} The sclerenchyma cells form an irregular line
below the fibro-vascular bundles, but wanting above the bundles.
Leaves deep yellowish green. . . . . . 1% ponderosa DoucLas (3).

(b, The many sclerenchyma cells form an irregular
line below the fibro-vascular bundles and several of them are scattered
above the bundles. ILeaves grayish green.

R Jetfreyi Barrouwr (3—5)}

(b,) The cuter walls of the endoderm not thick.

(a) FEndoderm-celis very unequal in size, some of them
large. Two resin canals medial, but occas.ionally with an internal
canal or a septal canal. Hypoderm 2 or 3 layers of cells.

v 1 Merkusii Juncn. et DE VRIESE (2).

(b,) Endoderm-cells approximately equal in size.

(a,) Transverse section of a leaf triangular.
Fibro-vascular bundles contiguous, Resin canals 3 to 6. i

£ clilaealiana ENGEM. ( 3)

{b,) Transverse section of a leaf semicircular.

(a;) The sclerenchyma cells not only form irregular
lines below and above the fibro-vascular bundles, but also He scattered
between the 2 bundles forming “ 1.7 shape. Hypoderm 2 to 3 layers
of thick-walled cells. Resin c‘ma]s 2 to 11, always medial

P lencodermis ANTOINE (2)

(b,) The sclerenchyma cells form irregular lines below
and above the fibro-vascular bundies, but not forming “ L " shape.
Hypoderm consisting of one layer of cells, cccasionally of two layers
of cells. Resin canals 2 to 6, medial or medial and external.

.o oo P tatwanensis lavara (2), P brevispica Havara (2).

(cy) The sclerenchyma cells form a irregular line
below the fibro-vascular  bundles, occasionally several of them  lie
scattercd above the bundles.

{as) Hypodermy, some parts consisting of one layer
of cells and others of two layers. Resin canals 2 or 3. Lpiderm very
thick. The sclerenchyma cells lie scattered and form a irregular line
below the fibro-vascular bundles, but are wanting above the bundles

w o om s s L fuckuensis Mave {2).

(bg) Hypoderm consisting of 2 layers of very
thick-walled cells, occasionally of 3 layers of cells. Resin canals 2 to
12, often to 15. The sclerenchyma cells forming an irtegular line below
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the fibro-vascular bundles, and several of them lie scattered above the

bundies. . . . . . /L Thunbergii Pave.. (2), £ nigra ArxoLD (2).
(b,) Hypoderm cells uniform thin-wallel.

(a,) Hypoderm consisting of ane layer of thin-walled in-
conspicuous cells, occasionally of 2 layers of cells,

(a,) The sclerenclyma cells forming irregular lines below
and above the fibro-vascular bhundles.  Resin canals 2 to 6, medial or
medial and external. Transverse section of a leaf semicircular,

2 tareancnsis Llavara (2). 1% brevispica Havara (2.

(b)) Several sclerenchyma cells lie scattered below the
fibro-vascular bundles.  Medial resin canals two, occasionally with an
internal canal.  Transverse section of a leaf triangular. .

.1 patwla Scovkent. et Cnase (3, sometimes 4 or §).

(b,) Tlypoderm consisting of 2 to 3 layvers of cells.
Resin canals 2, alwavs medial R & (rregedd INGrLM. (3),

(¢,) Ilypoderm bhiform, ie. very thin walls situated in the

ounter layer of cells and very thick walls in the inner layer or layers
of cells. Iransverse section of a leaf semicircular,
(Reference p. 176 (b)) on the species which the transverse cection of
a leaf are triangular.) '

(a.) IMypoderm, some parts consisting of one layer of cells
and others of two layers, biform when of two layers of cells.

(n)  OQuter cells of the hypoderny very small, inconspicuous,
Endoderm with thin cuter walls,

(a,) Resin canals 2 to 6, medial or medial and inter-
nal : 2 medial canals of them nearcr to the cdges, very large. .

.o P ocokinata MitLer (2 or 3, case of 2).
(b,) Resin canals always 2, medial, confined to the
edges, not large. . . . . . . . . . . [ gladre \WaLrer (2).

(b)) Outer cells of the hypoderm large, conspicnous,
Medial resin canals two, or occasionally with an internal canal. . . .
g L elausa Vaspy (2),
(b,) Hypoderm consisting of 2 or 3 layers of cells.

(a,) Resin canals 2.
(a,) liypoderm usually 2 layers of cells. ILeaves 4 to
8 cm. long. ¢k w e s P wdrginiana MILLER (2).
(b)) Hypoderm 2z layers of cells, but having parts
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which consist of 3 layers of cells. Leaves 10 to 15 cm. long.
& 5 P radiata D. Dox (2 or 3, case of 2).
{(bi) Resin canals 3 to 6.
(a,) Teaves from 3 to 7 cm. long. Resin canals 3 to
6, medial or medial and internal. . . . . P. pungens LAMBERT (2).
(b,} Ieaves from 10 to 15 cm. long.
(a) Resin canals 2 or 3, medial or medial and inter-

nal. . . . . . . . . . £ radiatea D. Dox (2 or 3, case of 2).
(b;) Resin canals 3 or 4, always medial.
. .o e o o o FEowmricata D Dox (2).}

(d.) Hypoderm multiformy, ie. cell walls being gradually
thicker toward the centre of the leafl

(;l.,) The outer walls of the endoderm thick. Transverse
section of a leaf triangular. Resin canals 2 to g.

{(aj) Leaves 30-40 cm. in length .
e P Engelinannii CARRIERE (3-3).
(b,) Leaves 12-z5 cm. in length.

(a,) The sclerenchyma cells form an irregular line
below the fibro-vascular bundles, but are wanting above the bundles.
Leaves deep yellowish green. . . . . . [ ponderosa DoucLas (3).

| (b)) The many sclerenchyma cells form an irregular
line below the fibro-vascular bundles and several of them are scattered
above the bundles. Leaves grayish green. e e e e
Wk P feffreyi BaLrour (3-5}.}

(b',) The vuter walls of the endoderm not thick,  Transverse
section of a leaf semicircular.  Fhe inner cells of the hypoderm gradually
larger, remarkably large in the edges. KResin canals 2 to 14

R . P. pinaster SoLAKDER (2).

(c) The leaf-section is notable for the presence of both
thick and thin outer walls of the endoderm-cells and for the large
amount of the hypoderm, both forms appearing in the same leaf. Resin
canals 2 to IC.

(a,) [Hypoderm consisting of 2-4 layers of cells. Numercus
resin canals always medial.  The sclerenchyma cells not only form
irregular lines helow and above the fibro-vascular bundles, but also lie
between the two bundles forming * T."" shape s @ w & W
FP. Sabiniana DoucLas (3).

.
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(b)) Hypoderm consisting of 3-7 layers of cells. Resin
canals medind, or occasionally with one or twe internal canals. . .
e e e e 2 Conlterd 1) Dox {3).
(=) Endoderm strangled-cocoon like.
The space between the two fbro-vaseular bundles very wide,  Resin
canals one or two.  Hypoderim with very thin walis in the outer Liver
of cells and very thick walls in the inner laver or bvers of cells,
namely bhiform. The outer walls of the endoderm thick.
{(.1,} Lipiderm cells thick, their thickness thicker than their
width  Hypoderm 2 or 3 layers of cells. o 0 2 comtarsa Thcaeas (2).
(b}  Epiderm cells not thick, their thickness as kg as ther
width,  Hypodenn 2 or 3 fayers of cells. . 70 Banfsiana Toowerey (2)}
{(H) Rosin canals medial and external, io. some of the vesin canals
situated in the green tssue, touching neither endoderm nor hypoder
bur others close to the hypoderm.  Stomata on both dorsad and ventral

sides.

(a.} Endoderm long-based triangular. Resin canals  external,
rarely with a medial canal in ventral side, 2 to 5. . . . . . . .
o Ce e e 27 gnsularis ExoLe (3), {rare case).

(b  Endoderm elliptical,

(1) Resin canals 2 to 6; external canals usually 2 in the
venlral side, medinl canals i the dorsal side.  Hypoderm consisting of
one layer of cells. The sclerenchyma cells surraunding the resin canals
thick. . . . . . . . . . . . . .. P resinosa Arrox (z).

(b)Y Lxternal resin canals in the dorsal side only or both the
dorsal and ventral sides. Number of resin canals from 1 (o 4, often
to Tr. .

{a,) Transverse section of a leaf triangular.  Resin canals
2 to 5, external or external and medial. . . . . o . o oL
Ce e e e e e e e o D dnsadars Bson (3), (rare case).
(b.).  Transverse section of a leal semicircular.

(n)  The sclerenchivina cells forming frvepular lines below
and above the Abro-vaseular bundles.  Resin canals 2z to O, medial or
medial and external.  Hiypoderm consisting of one layer of cells, rarely
of 2 lavers of cells. 0 o 0 0 0 0 o 0 o Lo e

£ dadiooncusis THavara (2], £ brevispica Havara (2).

(b)  The sclerenchyma ceils scattered and forming  a

irregular line below the tibro-vascular bundles, occasionally several of
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them scattered above the bundles.  Hyopoderm, some parts consisting
of one laver of cclls and others of two layers.

(a,) Resin canals 3; 2 of them medial, confined to the

edges; other external in the dowsal side.  Ipiderm very thick. Hypo-
derm for the most part consisting of 2 layers of cells, others of one
layer. . . . . . . . . . . . . . . P luhuensis Mave (2).

(b,) Resin canals 2 to 12, among them the medial
canals taking free portion.  Epiderm not so thick as £ leclowensis.
Hypoderm for the most part consisting of one layer of cells, others of
two layers.

. P densifiora z\_ [) 7 /?irfz&u wiry £ Thunbergd XOP. densiflora Mave
(c.) Endoderm strangled-cacoon like.
The space Dbetween the two  fibro-vascular bundies very wide. The
sclerenchyma cells forming a irregular line below the fbro-vascular
bundles, occasionally scveral of them scattered above the bundles. The
sclerenchyma ceils surrounding the resin canals continuous at the part
touching the hypoderm.  Resin canals 2 to 15, external, occasionally
with one or two medial canals.  Hypoderm one layer of thin-walled
cells, often having parts which consist of two layers of cells.
e R B, szldf.sz‘rz_sL(z_)
(I) Resin canals external, ie. situated close to the hypoderm.
Stomata on both dorsal and ventral sides.
(a,) Endoderm triangular.
(a,) Hypoderm in Jarge masses, projecting far into the green
tissue.
(a,) Some or all of the endoderm-cells with thick outer
walls. Resin canals 2. . . e oo P longgolia Roxb. (3).
(b,} Endoderm \Vlt]l thin outer walls. Resin canals 2 to 4
Ce e e ) P. canariensis Smrre (3).
(b.) Hypodermi nuet projecting far in to the green tissue.
Resin eanals 2 to 3, external, rarely with a medial canal. .
e e £ insularis XL (3).
{(b,) Endecderm cliiptical.
(a.) Hypoderm consisting of cne layer of cells, accasional
having parts consisting of two layers of cells.
{(a,) External resin canals 2. in the ventral side only.
. S : L. vestnosa AlTox {(2).
(bg) I'LXLLHIAI resin cana]q in the dorsal side or both the

dorsal and ventral sides.
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(a,) Epiderm remarkably thick.
The sclerenchyma cells forming an irregular line below the fibro-
vascular bundles, occasionally several of them scaltered above the
bundles. Resin canals 2 to 7. . . . . . P montana MitLEr (2)
(b,) Epiderm not remarkably thick.
(a,) Transverse scction of a leal triangular.  Resin
canals 2 to 5 . . . . . . . . . . . . 2 desularis Txon (3).
(b,) Transverse scction of a leaf semicircular.

{a.} The sclerenchyma cells surreunding the resin
canals are wanting at the part fouching the hvpoderm and several
secreting cells are close to the hypoderm.

(2:) The sclerenchyia cells forming an fregular
line below the fibro-vascular bundles; occasiomally scveral of them are
scattercd above the hundles.

(a,) Iypodorm consisting of one layer of very
thin-walled cells.  Resin canals 2 to 1z, Leaves 7-12 cin. long. ..

Co e e e T P densiflora SiE. et Zucc, (2).

{(b,} Hypoderm consisting of one layer of thick-

walled cells, but having parts which consist of twao lavers of cells.  Resin
canals 2 to 10. . . . . . L L L L. L . ..o

D dabuiasfornay Cavwiir (2), (1 Ffunebris KoMarow pro parte). (rare case).

{bs) The several sclerenchyma cells scattered he-

fow the fibro-vascular bundles, hut not forming  an frregolar  line,

deficient above the bundles. Hypodermt with very thin-walled cells,

inconspicuous. Resin canals § te 8§ Leaves rz-20 cm. long. .

Coe P Massowlana TavpeRT (2, rarely 3).

(b)) The sclerenchyma cells surrounding the resin
canals always continuous at the part touching the hypodern. Resin
canals 2, confined to lateral edges, uvne of them in the dorsal side and
the other in the ventral side.  Scveral sclevenchyma cells lie scattered
below the fibro-vascular bundles. . . . . . . . A ginea L. (2).

{e) The sclerenchyma cells suirounding the resin
canals continuous and surround the total circumference of some of the
resin canals, but in other canals they arc wanting at the parts touching
the hypoderm, and secreting cells wre close to the hypoderm.  The
sclerenchyma  cells form an irregular  line below the fibro-vascular
bundles. occasionally several of them lie scaltered above the bundles.
Hypoderm one layer of thick-walled cells, but having parts which
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consist of two jayers of cells. Resin canals 2 to 10
£ tabnlagformes Carakre (2), (£ faorchrds Kosarow pro partc).
(b,) IHypoderm consisting of 2 to 3, rarely to 5 layers of

uniform thick-walled cells. ]
(a,) Resin canals of remarkable size, not touching the

endaoderm, technically external, 2 to . The sclerenchyma cells form
ing irregular lines beluw and above the fibro-vascular bundles,  Hypo-
derm 3 to 3 layers of cells. . . . . . [ frepicalis MoweLer (2).
(.} Resin canals not so large as {0 fropicalis. The scleren-
chyina celis forming an irregular line below e fibro-vascular hundies,
cecastonally several of them are scattered sbove the bundles.

(n) Resin canals 2, confined to lateral cdges, onc of
theru in the dorsal side and the other in the ventral side. The scleren-
chyima cells sarrounding the resin canals always continuons at the part
touching the hypodermi.  Several sclerenchymia cells Jic scattered below
the fibro-vascular bundles . . . . . . o piea 1 (2).

(b)) Resin canals 3 to 7, taking frec portion.

The sclerenchyma  cells =urrounding the resin canals are continuous
and surround the total circumference of some of the vesin canals, but

in other canals they are wanting at the parts touching the hypoderm

and seereting cells are close to the hypoderm . . . . . . . . .
e e e e P halepensis MiLier (2).
{c,) Hypoderm in large masses, projecting far into the greea
tissue.

{a.} Some or all of the endodernrcells with thick outer
walls,  Resin canals 2. . .« . . . . . P dengifelic Roxn (3).
(h.)  Endoderm with thin outer walls.  Resin canals 2 to 4
G e e e e D vanrariensis sarn (3).

(e  Endederm strangled-cocoon like.
The space between the 2 fibro-vascular bundles very wide The

sclerenclymin cells forming an irregular line below the fbro-vascular
bundles, occasionally  several of them wre seattered above the bundles.
The sclerenchyima cells surrcunding the resin canals adways continuous
at the part touching the hyvpoderm. Resin canals = to 15, external,
occusionally with one or two medial cavals.  Iypdenn consisting of
oite laver of thin-walled cells, often having parts which consist of 2
layevs of cells . . . . . . . . . . . . P sdleestyis 1. (2)

A P S
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s

in this

Analytical Key (Chapter VIII), are either such as fail to show some dis-
tinct peculiarity, or which, because of possible slight changes in their

chatracters, are difficult of exact classification.

L.
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Caryopitys edulis SMALL= P, edulis ENGELM.

Pinus abasica CARRIERE= P. /alepensis MILLER

P,
»

ki
P.
P.

Rzl

abeharica HorY= P. halepensia MILLER
aduriea BosC= P. radiata D. DON
alba-canadensis PROVANCHER == . strobus L.
albicaulis ENGELM. ... ... ... .. ..
alepensis POIRET= P, /mlejteﬂns M(LLI:R

alopecuroidés HORT = P. serotina MICHAUX

Altamirani Suaw = P. Lawsonii ROEZL
altissima LEDEBOUR = P. silvestris L.
amamiana Kobz. ... ... .. o .. ..
Antoineana ROEZL= P. pyemz’oslf o&u: LiNDI.
apacheca LEMMON= P. ponderosa DOUGLAS
apuicensis LAINDL. = P. pseudostrobus LINDL.
arabica SIEBER = P. Lalepensis MILLER
aracanensts KNIGHT = P, pinea L.

arctica HORT = P. pinea L.

Argyi LEMEE et LEVEILLE= P. Zabulaeformis CARRIERE

aristata ENGELM. ... ... ... ... .. ..
arizonica ENGELM. ... ... .. ... .. ..
Armandi FRANCH. ... ... i ver wee e
armena KoCu = P. sitvestres L.

attenuata LEMMON

" ayacahuite EHRENBERG

Aucklandii LoDDIGES= P. Gerardiana WALL.
australis HORT = P. halepernsis MILLER
australis MICHAUX = P. palustris MILLER
austrica Hoss= P, nigra ARNOLD

bakamensis GRISERACH == P. caribaea MORELET

Balfouriang BALFOUR = P. Balfouriana MURRAY

Balfouriana Murray ... ... ... ...

vee

Balfouriana var. aristata EN(J«‘L\S =P, aristata EX\GFL\L

Balfouriana Wats.= P. aristata ENGELM.
Banksiana LAMBERT ... ... ... ... .

Banlsiana TINDL, et GORD. = P contorta DoucLAs

Beardsleyi MURRAY = P. ponderosa DOUGLAS
4

Benthamiana HARTWEG= P. ponderosa DOUGLAS
Bessereriana RO¥ZL= P. trocole SCHLECHT. et CHAM.

Bolanderi PARL.= P. contorta DOUGLAS
Bonapartea ROEZL= P. ayacahuite EHRENBERG
borealis Salisbury= P. sitvestris L.

" Boursieri CARRIERE= P. contorta DOUGLAS

brachyptera ENGELM. = L. ponderosa DOUGLAS

brevispica Havara e e e e e
brutia TENORE= P, halepernsis MILLER
Bungeana ZUCC. ... ... e oo e

californiana LOISELEUR = P. radiata D. DoN

Page

vee e 172
. 170

v w170
s 178,181
oo ... 169
- 175,179
Cee e 170
el I7I
we o I8

. 182, 183, 185

e 172,173
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Page
californica HARTWEG== . attenuata LEMM.
canadensis var. guinguefolia DE HAMEL== P. strobus L.
canaliculata MIQUEL == P, Massoniana T.AMBERT:
canariensis SMITH . ... ... «ee sve vee wee e eee e ... 177,186,188
caribaea MORELET co. oo cee tet o cee eee eee wen oo o 174,175,176

carica DoN= P. halepensis MILLER

caucasica FISCHER = P. silvestris 1.

Cavaleriel LEMREE et LEVEILLE = P. fabulacformis CARRIERE

Cavendishiana HoRT = P. insulrris ENDL.

Cedrus ROEIL= P. leiophylln ScHLECHT. et CHAM.

Cedrus USPENSK = P. cembra L.

cembra B. pumila PALLAS, LEGARVE= /. pumi/«x ReceL

cembra L. e e e e wi eee e . 169
cembra .. B. excelsa MAxm»— P. koratensis SIEB el ZUce.

cembra THUNB. = P. parviflora SiEB. et Zucc.

cembra var. Manchurica MAST.= P. koratensis SiER. et Zucc.

cembra var. pumila PALLAS = . pumila REGEL

cembra var. pygmaea 1LoUDON = P. pumile REGEL

cembroides GORDON= P. Pincearna GORDON

cembroides NEWBERRY == P. albicaulis ENGELM,

cembraides var. edulis Voss = P. edulis ENGELM.

cembroides var. monophylla Voss= P. monophylia TORREY

cembroides var. Parryana Voss = P. quadrifolic SUDWORTH

cembroides ZUccar. cr v eee e e eee e 170, 171,872,173
chihuahuana ENGELM. ... ... ... . e cv e o e .. 179,182
Chilehoza ELPHINSTONE= P. Gerardiana WALL.

Chylla LODDIGES = F. excelsa WALLICH

clausa VASEY ... ... .. ch e aie e e e e e e 176,183
colechica BOOTH=P. haleperssis MILLER

Comonfortii ROEZL= P, leiophylic SCHLECHT. et CHAM.

contorta BOLANDER == P. suricata D. DoN

contorta DOUGLAS G e e he et e o 183
contorta var. latifolia HORT = P. conforta I)OUCLAS

contorta var. Murrayana ENGELM.= F. conforta IDOUGLAS

coronans LATVINOF = P. cembra L.

corsicana LOUDON = P. nigra ARNOLD

Coulteri D. DoN ... .. .. L L L .0 e e L 175,181,185
Craigeana MURRAY = P pmdez osa DOUGLA%

cubensts GRISEBACH == P. oceidentalis SWARTZ

cubensis SARGENT = P, caribaea MORELET

dalmatia VISIANI= P. nigra ARNOLD

Decandolleana ROEZL= P. leiophylla SCHLECHT. et CHAM.

deflexa TORREY = P. feffreyi BALFOUR

densata MASTERS= P. tabulaeformis CARRIERE

densiflora SieB. et Zuce. cee e e e e e e e e . 187

densiflora X P. Thunbergii MAYR vee e eee eee aee .. 186
densi-Thunbergii UYER1= P. densiflora X P 7 /zzm&e:gu, P. Thun-
bergii X P. densiflora MAYR
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dependens ROEZL= P. leiophylla SCBLECHT. et CHAM.

detritis TIORT = P. pinaster SOLANDER

Devoniana 1INDL.z= P. Montezumae 1.AMB.

Dicksonii HORT == P. excelsa WALLICH

divaricata DUMONT DE COURSET = . Ban/ksiana LAMBERT

domestica MATTHEWs = P. pinea L.

Donnell-Smithii MASTERS = P. Montezumae var. Hartwegii ENGELM.

echinata MILLER ... ... .. ... .. .. .. .. .. 175,176,179,183
cchinata HORT = F. montana MILLER
Fdgariana HARTWEG= P. muricate D. DoN

edulis Engelm. e e e e e et eeeeed e e 173
FEhrenbergii ENDL.== P. Montezumae var. rudis SHAW

eldarica MEDWEJEW = P. halepensis MILLER

Eliottii ENGELM. = P. caribaea MORELET

ingelmannii CARRIERE e eee e e e oo .. 178,160,181, 184
Escandoniana ROKzZL= P. ;‘wu;{ostm&g/: IiNDL.

escavena R1sso= P. pinaster SOLANDER

excelsa BREIT=P. peuce GRISEB.

excelsa HOOKER = P, petce GRISEB.

excelsa var. petice BEISSNER = P, petice GRISEB.

excelsa WALLICH ... ... .. T PO & (o}
excorticata LINDL. et GORD.= l' Bungemm 7UCC
Sastuosa SAUSBURY = P. pinea 1.

Fenzlit ANTOINE et KOTSCHY == P. letophylln Schiecht. et CHAM.
JSertilis ROEZL= P. cembroides Zucc.
filifolia LINDL.== 2. Montezumae LAME, .

Finlaysoniana WALLICH = R, Merkusii JUNGH. et DE VRIESE

Fischeri BOOTH = P. montana MILLER
Nexilis BALFOUR = P. albicanlis ENGELM.

flexilis JAMES . O & &
fexilis var. albicanlis ENGELM P. a/{;zmu[u ENGELM )
formosana HAYATA e e e we e ... 169, 170

Fraseri LODDIGES = P. rigida M[LLLR

Fremontiana ENDL.= P. monophylia TORREY

Fremontiana GORDON = P. edulis ENGELM.

Frieseana WICHURA=P. stlvestris 1.

funebris KoMAROW G e e e e aed e ... 187,188

futilis SARGENT =P, ambroza’es Zucc.

genevensis HORT = P. silvestris L.

genuensis COOK == P. halepensis MILLER

georgica HORT == P. palustris MILLER

Gerardiana WALLICH ... ... ... .. . oo e e ol 1724073

glabra WALTER ... ... .. . C e e e e e 183
Glomerata SALISBURY—-P pzmw‘er SOLANDER

Gordonmna HARTWIG = P. Montezumae LAMB.

gractlis ROEZL= P. leiophylia SCHLECHT. et CHAM.

Greggii ENGELM. ... ... ... . .0 i e e e ol .. 179,183
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Grenvilleae GORD. = P. Montesuniae LAME.
Griffithti MC CLELLAND = F. ¢xcelsc WALLICH
Grozelierii CARRIERE = P. monticola DOUGLAS
haguenensis L.OUDON == P. sifvestris L.
halepensis BIEBERSTEIN == P. 12igra ARNOLD
halepensis MILLER PSP §:124

Hamiltonii TENORE= P. pinaster, SOLANDER
Hartwegii LANDL. = P. Montezumae var. Hartwegii ENGLEAL
Hartwegii PARL.= P. Montesumae var. rudis Siiaw
* Heldreickii CHRIST = P. lencodermis ANTOINE
Henryi MASTERS = P. tabulaeformis CARRIERE
heteromorpha ROBIL= P pseudostrobus LINDL.
heterophylla SMALL= P, taeda 1..
heterophylle SUDWORTH = P. caribaca MORELETY
hierosolymitiana DUHAM, CL.= P. halepensis MILLER
kispanica COOK = P. huleperssis MILLER
Hoseriana ROBZL= P. pseudostrobus LINDL.
hudsonia POIR.= P. Banksiana LAMBERT
huisquileacnsis ROEZL= P. leiophylla SCHLECHT. et CHAM.
humilis LINK = P. sitvestris L.
inops AITON= P. virginiana MILLER
ingps BONGARD = P, contorta DOUGLAS
inops SOLANDER == P. virginiana MILLER
inaps var. clavsa ENGELM. = P. clausa V ASEY
insignis DOUGLAS = P. radiata D). DoN
insularis ENDL. e e e e e e e o ... 185, 186, 187
intermedia FISCHER et GORDON= P. ¢chinata M1
Japonica FORBES = P. densiflora SIEB. et Zucc,
Jeffreyi BALFOUR ... ... .. .. . .. .. . 178, 180, 181, 182, 184
kasya ROYLE ex PARL. = 2. insularis ENDL.
khasie ENGELM. = P. insularis ENDL.
khasyana GRIFFITH = P, insularis ENDL.
khasyanus GRIFF.= P. insularis ENDL.
khasya ROYLE= P. insularis ENDL.
Kochiana KLOTZSCH= P. silvestris L.
koratensis MASTERS= P. Armandi FRANCH,
koraiensis SIEB. et Zucc.
Lambertiana DoucLas ... ...
lapponica MAYR = P. silvestris L.
Laricio var. latisquamae WILLKOMM = P. sigra ARNOLD
Laricio var. leucodermis CHRIST = P. leucodermis ANTOINE
ZLaricio var- Poiretiana ANTOINE= P. nigra ARNOLD
laricio SAVI= P. pinaster SOLANDER
latifolia SARGENT = P. ponderosa DOUGLAS
latisquama ENGELM.= P. Pinceana GORD.
Latteri Mason= P. Merkusii JUNGH. et DE VRIESE
Lawsonii Rogzn

LLER

e 174,175
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leigphylia BENTHAM = P. feocote SCHLECHT, et CHAM.
leiophylla var. chikumakuana SHAW = P, chikuakuana ENGELM.
leiophylla SciLECHT. et CHAM. s e e e e e e 174,179
Lemoniana BENTHAM = P. pinaster SOLANDER
Lerdoi ROEZL== P. kiophylla SCALECHT. et CHAM,
leucodermis ANTOINE ... .. ... .. v e e e 182
lewtcosperma MAXIM. = P. tabilaeformis CARRIERE
lewis LEMER et LEVEILLE = /. Arutandi FRANCH.
Lindleyvana GORDON = P. Montezumae var. Lindleyi 1 0UnoN
Liaveana SCHIEDE= P. cembroides Zucc.
Loddigesii 1.oupoN= P, 7igida MILLER
Lotselenriana CARRIERE= F. halepensis MILLER
longifolia ROXB. ... ... . wo o ol e e o e ... 186,188
longifolfa SALISBURY = /. ;‘(z/usll is MILLTR
lophosperma TINDL == [, Z'oireyana PARRY
Loudoniara GORDON = />, nyzmlllmte EHRENBERG
luchuensis MAYR ... ... ... .0 wii e eeain eee e ... 182,186
Lumbholtzii ROBINS. et FERN. cee e e e e e e e 1774
tutea 1.ODDIGES et GORDON= /", echinata MILLER
ltea WALTER = P, laeda L.
Mactntoshiana BORT = /", contorte DOUGLAS
macrocarpa LINDL. = I, Conlteri D. DON
macrophylia ENGELM. = P. Engelnannii CARRIERE -
macrophylla YANDL. = P. Montesumae 1LAMB.
maderiensis TENORE= P, pinea L.
mandschurica LAWSON= P. pumile RFGEL
mandschurica RUPRECHT = P, koraiensis SIER. et Zucc.
maritima AYTON = P. sigra ARNOLD

. maritima 1LAMARCK = P pinasier SOLANDER

martima LAMB. = P. halepensis MILLER

maritima MILLER = P. pinaster SOLANDER

maritima POIR. = P. pinaster SOLANDER

Massoniarna HORT= P. densifiora SIEB. et Zucc.

Massoniana LAMBERT ... ... oo o vev et et eee een e el 187
Massoniana SIEB. et ZucC. = /. 7 hunbergii PARL.

Mastersiana HAYATA = P. Armandi FRANCH.

Mayriana SUDWORTH = P. ponderosa DOUGLAS

Merkiaan GORDON = P. Merkusii JUNGH. et DE VRIESE

Merkusii JUNGH. et DE VRIESE ... .. wee e eee ... 178,177,182
microcarpa ROEZL= P. feocole SCHLECHT. et C‘rmm

minor IORT = P. halgpensis MILLER

mitis MICHAUX = P. echinata MILLER

monopkylla var. edulis M. E. JONES= /°, eduits ENGELM.

monophylla TORREY ... ... .. e v b oo wnn . el 171,173
monspeliensis SALTIMANN = P, pmasz‘er SOLANFK

montana LAMARCK = P. cembra L.

montana MILLER . ... .co co ot eoe cvv enr eve eer aee aes oo 487
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montana NOLL = P. pungens LAMBERT

Monte- Allegri ROEZL=P. leiophylla SCHLECHT. et CHAM.

montereyensis RAUCH = P. radiate D. DON

Montezumae GORDON = P. Montezumae var. rudis SHAW

Montezumae LaMs, VAP POURRRS ¢: ')

Montezumae var. Hartwegii E.NGFLM PO § 1o

Montezumae var. Lindleyi LoupoN vee e .. 180

Montezumae var. rudis SHAW e eer e e - . aee ... 180

monticola DoueLAs e e e 169, 171, 172

morrisonicole FHIAYATA= P, fmmomna HAYA TA

MMuelleriana ROEZIL= P. feocote SCHLECHT. et CHAM.

miugho POIREY = P. montana MILLER

mughus JACQUIN= P, sifvestris L.

maghus SCOPOLI= P. montana MILLER

muricata BOLANDER = P. contorta DOUGLAS

muricata DD. Don ... 184

Murrayana BALFOUR = [, contorta DOUGLAS
nana FAURIE et LEMBE= P, tabulacformis CARRIERE

neglecte Low= P. pinaster SOLANDER

Nelsonii SHAW

Neosa CHILGOZA = 1 ?, G'erma’za;m WALL
nepalensis DE CHAMBRAY == P. excelsa WALLICH

nepalensis ROYLE= P, pinaster SOLANDER

nigra ARNOLD
nigricans HosT=

nivea BOOTH ex CARRIERE= P, strobus 1.,

nivea HORT== P. monticole DOUGLAS

nootkalensis MANETYTI= P. ponderosa DOUGLAS
Nova-kollandica 1.ODDIGES = /. pinaster SOLANDER

L. nigra AKNOLD

Nova-zelandica 1.ODDIGES = P. pinaster SOLANDER

obligua SAUYER = P, montana MILLER
occidentalis HUMBOLDT = P, Montezimae 1.AMB,

occidentalis SWARTZ

oocarpa SCHIEDE

oocarpoides LINDLEY = 1’ oocar ;m ﬁcmFDn

orizabae GORD.= P, pseudostrobus LINDL,
osteosperma ENGELM.= P. cembroides ZUCCAR,
Pallasiana LAMB.= P. nigra ARNOLD
Palmieri MANETTL= P. palustris MILLER

palustris MILLER

Paroliniana WEBB= P. /m/epenm VIILLFR
Parolinii VISIANL= . Lalepernsis MILLER
Parryana ENGELM. =

Parryana GORDON=P. gonderosa DOUGLAS

parviflora HORT=
parviflora SIEB. et Zucc.

patula SCHLECHT. et CifAM. ...
patule SEEMANN= P. Lumholtzii ROBINSON et I‘ERN

P. parviflora SIEB. et Zucc.

P. quadrifolia SUDWORTIH

e 7L 173

vee aee o 183
174
e e 176,177
e e 174
. 170

o 174,179, 183
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patula var. macrocarpa MASTERS = P. Greggil ENGELM.
ﬁa!ula var. strifcta BENTHAM= 2’ Greggii ENGLM.
peninsularis LEMMON== P, ponderosa DOUGLAS
pentaphylla Mayr

persica STRANGWAYS= /. /'mlepemis MILLER
peuce GRISEB. ce e e e e

pinaster BESSER=P. nigra ARNOLD

pinaster LOUDON= P. Thunbergii BARL.

pinaster SOLANDER car e e e e e
Pinceana Gorb. e e e e e
pindica FORMANEK = P, /eucorl'ﬂ mis ANTOIN&

pinea GORDON= P. densifiora SIEB. et Zucc.

pinea L. ... ... . . il o e e e
Pityusa STEVEN = P. halepernsis MILLER
ponderosy DouGLas ... L. .. ol el

ponderosa var. arizonica SHAW == P. arizonica ENGELM.
ponderosa var. Jeffreyi ENGELM.= P. [effreyi BALFOUR

Page
vee . 170

171
e e 184

. 170,171,172, 173

. 187, 188

. 178,180, 182, 184

ponderosa var. macrophylla SHAW = P, Engelmannii CARRIERE

pontica KocH = P. silvestris L.

porphyrocarpa LAWSON== P, monticola PDOUGLAS
prasina ROEZL=P. pseudostrobus LINDL.

Pringlei SHAW e e e
prominens MASTERS = P trz/m!m:fm s CARRI)-*R!«:
protuberans ROEZL= P, pserdostrobus TINDL,

pseudostrobus LaNpL. ... ... . L L ..
pseudostrobus var. tenuifolia !:HAW

pumila REGFL e
pumilio LAENKE= P. montana VIILLFR

pungens LAMBERT .

pygmaca FISCHER = P, pumila RM,FL
pyrenaica DAVID=: P, lalepensis MILLER
pyrenaica LLAPEYROUSE= P. nigra ARNOLD

quadrifolia SUDWORTH e e e e e
quinguefolia DAVID= P, Armandi FRANCH,
radiata D. DonN cen e e e e

radiata HOOKER et ARNOTT= /. ﬂ/ontezumaa Lams
recurvate ROWLEY = P, caribaea MORELET
reflexa ENGELM. = /. flexilis JAMES
Regeliana RORZL= P, psewdostrobus LINDL.
resinosa AITON . . .
resinosa LOISELEUR = P, /mlz;ﬁmrzs \'Iu LER
resinosa SAVI== P. stlvestris 1..

resinosa TORREY= P. ponderosa 1DOUGLAS
rigensis DESFONTAINES = P. siterestris 1.,
rigida MILLER cer e e e eee e
rigida PORCHER = . m’unam MILLER

7ostrata HORY = P, montana MILLER

e 173,177

. 178
. 176,181
. 170
.. 176, 184

e 170, 171

176, 179, 184

... 185, 186

w175, 160
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Roxburghii SARGENT = P. longifolia ROXE.
rotundata LINK= P. montana MILLER

Royleana JAMIESON= P: rchinata MILLER

roplet LINDLEY et GORDON= 2. echinata MILLER

rubraeflora LOUDON= 2°. montana MILLER
rubra MICHAUX = P. resinosa AITON

rubra MILLER = P. silvestris 1.

rubra MIQUEL= P. Massoriana 1. AMBERT
r2bra SIEBER = P. densiflorv SIEB. et Zucc.
seedis ENDL. = P. Montezumae var. rudis SHAW
rupestris MICHAUX = P. Ban/ksiana LAMBERT
Russelliana 1INDL. = P. Montezumae LaMs.
rathenica HORT = P. virgtiniana MILLER
Sabiniana IDOUGLAS
Sabiniana PARRY = P. Coultess D. DON
Salkemannt DUNAL= P. nigra ARNOLD
sanguinea LAPEYROUSE= P. montana MILLER
sanctachelenica LOUDON= P. pinaster SOLANDER
sativa GARSAULT = P. pinea I..

sativa 1.AMARCK = P. pinea L.

scariosa LLODDIGES = P. silvestris 1.
scipioniformis MASTERS= P, Armandi FRANCH.
scoptfera MIQUEL= P. densiflora SIEB. et Zucc.
scopulorum LEMMON= P. ponderosa DouGLAS
serotina HORT = P. palustris MILLER

serotina V.ONG= P. rigida MILLER

serotina MICHAUX PO PO & 4.1
shasta CARR.= P. albicanlis F.NGELM.

sibirica MAYR =P, cembra L.

silvestris L. ... .. L. a0 . v e e e e e ... 186
Sinclairiana CARRIERE= P, ponderosa DOUGLAS

Stnclairii HOOK. et ARNOTT= P. radiata D. DonN

sinensis ENDL.= P. insularis ENDL.

sinensis LAMBERT = P. tabulacformis CARRIERE

Skinneri HORT= P. oocarpa SCHIEDE

sqraryosa-WALY.= P. cchinata MILLER

strobi formis ENGELM.= P. ayacaluite EHRENBERG

strobiformis SARGENT=P. flexilis JAMES

strobus BUCHANAN-T{AMILTON = P. excelsa WALLICH

181

197
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» 179

, 188

strobus 1. . e e e eeeaer eee ... 169,170

strobus var. monticola NUTTALL== P. monticola DOUGLAS
strobus THUNB.= P. koraiensis SIEB. et ZUCC.
sumatrana. HORT= P. Merkustt JuNGH. et DE VRIESE
sumatrana JONGH. = P. Merkusiz JUNGH. et DF VRIESE
sylvestris BAUMGARTEN= P. nigra ARNOLD

syluestris GOUAN= P, kalepernsis MILLER

sylvestris LOUREIRO= P. mes kusii JUNGH. et DE VRIESE
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sylyastris MILLER = P. pinaster SOLANDER

sylvestris THUNB.= P. Zhunbergii PARL.

.yrtz'e‘a. THORE==P. pinaster SOLANDER

tabulaeformis CARRIERE
taeda BLANCO = P. insularis ENDL.

taeda var. echinata CASTIGLIONI= P. ec/hinata MILLER
taeda var. heterophylla ELLIOTT = P.caribaea MORELET
taeda LAMBERT = P! pungens L.AMBERT

taeda L. ... ... .
taeda var. variabilis All()N 1’. echinata MILLER

Page

. 187, 188

175, 179

taiwanensis HAvAaTA cee e eee e e e a.. 182,183,185

tamrac MURRAY = P. contorta DOUGI AS

tatarica HORT = P. halepensis MILLER

tatarica MILLER = P. sifvestris 1.

taxifolia LAMBERT= P. pseudostrobus LINDL.

teocnte SCHLECHT. et CHAM. .
tennifolia BENTHAM= P, p:em[o:t;oht.r var tenmfa/m SHAW
tennifolia SALISBURY = P. strobus L.

tenuis LEMMON = P, contorta DOUGLAS

terthrocarpa SHAW= P. tropicalis MORELET

Thunbergii PARL. . e e e e e
Thunbergii X P. densiflora MAYR e e e e e
Torreyana PARRY

tropicalis MORELET OV

tuberculata D. DON=P. mf{mla D DON

tuberculata GORDON= 2. attenuata LEMM.
Zsompoliana ROEZL= P. pseudostrobus LINDL.
wuliginosa NEUMANN= P. montana MILLER
umbraculifera HORt= P, strobus L.

uncinata RAMOND= P. montana MILLER

Uyematsui HAvaTA

variabilis LAMBERY = P. echinata MLLLM{

variabilis var. echinata DU Rot= P. echinata MILLER
Peitchii ROEZL=P. ayacaluite EHRENBERG
vermicilaris JANKA =P peruce (GRISEB.

2er7ucosa ROBZL= P. leiophylla SCHLECHT. et CHAM.
Vilmoriniana RoEzL=P. teocote SCHLECHT. et CHAM.
virginiana MILLER .. . R
virginiana var. echinata DU I\Ol.ﬁl > echinata \/III LER
Wilsonii SHAW = P. tabulaeformis CARRIERE
Wincesteriana GORDON= P. Montezumae LaMB.
Wrightii ENGELM.== P. occidentails SWARTZ
yunnanensis FRANCHEY = P, fabulaeformis CARRIERE

Strobus st10bus SMALL= I’. strobus L.

- 175,179

. 183
. 186

... 179,181
. 177, 188

169, 170

. 176,183

From the Silvicultural Institute, Department of Agriculture, Kyushu

Imperial University. January, 1929.



