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1. JN1'RODUCTIO);" 

ISS 

S() far as the natl1ral system nf cla,<;sification nf the ,"ipeCieS of the 

genus I~'1Uls is concerned, it i;.; most complete and W~ have a \vide 

lit erature~ on t his s libjcct. 
\Ve believe tha t the ntlturrt l ~ystein of cla:;!'incation of t he genu s 

j)i,,"s \Vas s)'~tcl11atized perfectly in A, ENGLER and K. PRA:STI.':-' .. Die 

natLirl ichcll Pflanz€' nfamilien z-Aullage, r 3-Band " publisbed in 1926 (3)· 
This represented a long step forward as compareJ with either their 
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first edition ( 1889) or A. ENGLER anel E. GILG'S .. Syllabus der Pflan
zenfamilien 9 lind l o~r\ unagc ( 1924)," and e!;peciaJly it take~ into 
consideration the anatomical characters of the leaves as t he basis of 

classification as KOEHKE (5), ;VIAS1EK (10) and SHAW (14) had already 
attempted to do. 

\Ve, therefore, conside red what e lements of the anatomical characters 
of the pine leaves would be most important to the new natural system 
of classification of A . ENGI.ER and K. PRANTL (3) . And beginning 
with those elements \vhich have the closest connection \vith a natural 
system of classi fication, and proceeding to those of less vital relation, 
we have worked to establish a practical a rtificial system of class ification 

of the genus PiUlIS, whic h shall correspond as closed as lJossible to the 
natural system of classification. 

The al1 a to l~lical characters of the leaves (ised for this purpose show 
in each species some Olle defiuite peculiarity and these characters, suc h 
as a rc indicateu below, a re easily dist inguishable. in a transverse section 
of a leaf:-

I. \Vhethe t- the fibro-vascular bumllt: b single or double. 

2. Are there in ,the stelar tissue surrounding the fibro-vascu lar 
bundle the sclerenchy ma strengthing cells, which show the 
chemical reaction of hypoderm cells I 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 t hill outer walled cells ? 

5. Are the cndoderl11 ~ce lls 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 
wall ed? 

8. \Vhen resin canais are situated do.'ic to the hypoderm, do t he 
sclerenchYIll4l cells , which encircle the resin canal , surround it 
perfectly on a ll its circ umfere nce? Are they wanting in the 
part touching the hypoderm? 

9 The degree of d evelopment of the hypoderm. 
J o. t he t hickness of the epiJerm, and the !-'ituatioll, !'.ollletimes the 

numuer of t he stomata. 
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But it must be considered as .HI inevi table consequence of the 
artificial classification that there are a fc w points inconsistent \\'ith th e 

natural system of clas~ificatio l1 (3) . 
For the arrangemell t of Subgenus, Section alld Subsection dc . of 

the natural ~y~k1l1 of clas .... ificatioI1 we are indebt ed to A. E\"GLEI\ and 
K. l)l{ :\ ~TL (3), but in regard to the :-.cicntili.c 1l.1ll1eS , there arc not a few 
we owe to other botanists. 

S ince the anatom ical characters formed in a t ra nsverse section 
taken from thc middle part of leaf shows Illost clearly the characteri5tic 
structure of a given species (12, 15). the sl'l:cie:-; \\T1T distingubhed 
on the basis of such transverse sections 

In t he case of species « )f which greell leaves \\·ere not available , a 
section of about 2 CIll. in length was cul fmlll lb e middle part of 

withered lea ves cf dried specimens. .And aft t..: r e xi-)cl ling the air from 
the dried leaves by boiling , they were put to soak in a mixture of 
equa l parts of g lycerin and aetblT {i)r from 6 months to one year, after 

which the k:avcs became normally expanded. Theil they were made 

into trunsverse section", for the examination . 
Concerning the numbe r of the species of the genlls Pinus the 

botanists ha ve. many different opinioll.". A. E (\'m.E I>! and K. PIU.NTL (3) 

say there are 80-90 :-pecies. H O\vever, whi le <lccepting the conclll sion~ 

of othe r students , we have marie some correct ions ill lhr: spccie~. 

T . DOt collected the leaves of most of the ~pccie.'" of the genu . ..; 
Pinus. K . ;\Tor{IKAWA has betH collecting the leMves of the remaining 

species and has made a co mparative examination of the cuutOlllica i 
characters of various kind () f leaves and has distinguished all species as 

1l1t1ch as possible. 
\;VC mll~t be very much obliged to Prof. Dr. R . KAXEHfJ{,\ , ]>ro f. 

Dr. 1'\'1. F UJIOKA of the D epartment of Agriculture o f Tokyo L}niv·er.sity , 

and Prof. Dr. S. KAWAGO.E (If t he Agricu ltu ra l and ·Forest ry College 
Kagoshima for their useful books of reference and precious materials . 

II. f'J BHO· VASCU LAR HU);,I )LE 

It is already know n that the fibro-vascular bundle which runs 
throug h the leaf is sing le ill Soft Pine alld constant ly o r irregularly 

doub le in Hard Pine (2, 3,4, ;, 10, (I , 13, 14, 1;). This ciistinctr(lll 

is employed by Komr.'i'E (5) as the basis of his t\\'o Sectiolls, Hapl oxyl on 

and Diplo"ylol1. 
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SHAW (r 4) has accordingly divided the genus Pinus into two main 
Sections, Harloxylon and Diploxylon, and further into Subsections or 
Groups. 

And also in the nc',,' natural system of classification A. ENGLER 

and K. PRANl'L (3) have divided it into "UntergaUung I. Haploxyloll 
KOELIXE" and" Untergattung II. Diploxylon KOEHl'\E " and further into 

" Sektioll" or " Unter::cktion" etc .. 

Thus the fibro-vascular bundle has been regarded as a more im
portant basis for the classification of Pinus than the :f1mvers, cones, 

secus etc.. The double bunules are usually obvious even \vhen they 
are contiguous, but they arc sometimes completely merged into what 
appears to be a single bundle. This condition, hO\vever, is never 
constant in Hard Pine, and a little investigation \vill 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, 1 I, 12, 13, 14). Among the Haploxylon this 
condition is most obviolls in Pinus moltoplty!!a, P. cembroides, P. edltlis, P 
quadrifo!ia, P ;lexi!is, P parvijlora, P. pentaplzy!!a, P. Balfouriana and 
P. jormosana. Among the Diploxylon it appears in all degrees 0f 

development. The Diploxylon, therefore, f'llls under the following rive 
cases according to the sclereucltyma cells in the stelar tissue :-

1. deficient. (P. radiata etc.) 

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

etc.) 

3. Sclerenchyma ceHs form an irregular line below the fibro
vascular bundles, occasionally several of them lie scattered 
above the bundles. (Fig. I-B) (P. densijlora, P. montana, 1'. 
palltstris, P. silvestris, P. Thzmbergii etc.) 

4. Sclerenchyma cells form irregular lines below and above the 
fibro-vascular bundles. (Fig. I -c) (P. ..lliontezuJJlae, P oocarpa, 

P. Torrc)'l'ma etc.) 

5. Sc1crench,)/llla cells not only form irregular line~ bdow and 
above the fibro-vascuhr bundles, but also lie scattered between 
the two bundles forming" I JJ shape. (Fig. I-D) (P vccidentalis, 

P Sabitliana, P. tropicalis etc,) 
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Fig, 1. Sclcrcnchyma cells alnut the fibm-yascular bundle. en=end.-.d.crm, st=stclar 

tissue, f=fibro-v:lscuJar bundle, x=xylem, ph=phloem, sc=sclercnchyma cells. 

III. ENDODERM 

Endoderm is the boundary tissue betweell the stelar tissue sur
rounding the fibro-vascular bundle and the green tissue, and its shape 
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is of the g reatc,<:; t importdnce in the clas..'iincatioll of the -"l:>eclcs. Tts 
:-ohape C.l n Hu t ue dcsc id nl only by the ~"apc of the tr<1lls\'crsc sectio n 

of a leaf, for among tile Diploxylnl1 it varies much according (1.'; the 
sp:lce between two fibru-vasclllar bllndJe~ is wide, contiguous o r al'

prOXinLltc1y merged into one. The cnduderm of the specie:; ",iLh 5 

leaves in C. .seicl .... s among the I-fap!oxylon is al\\'ays ci rcular in shape, 
but those among t he Diploxylon a re triangu lar. It is short-based 
triangul ar even in such a species ;lS h,we 6 to 8 leaves in fascicles , 

since they belong to the Diploxylnl1 . In the spec ies with 3 leaves in 
fascicle s it is circular or broad-elliptica l in the Haploxylol1 , but in the 
Diploxyloll lung -based triang ular o r e ll ipt ical. In the species with 2 

leaves in fhsc icles, however, it is elliptical in t he Haploxylon such as 
P edulis as in the Diploxylon. Only ill such ~pccie.s as P. Banksiana, 
l'. contorta, P. silvcstris is it strang led -cocoon-like in shape. 

The fi)llowing classifications wcre worked ont on the bas is of the 
shape of t he endoderm. 

1. Haploxylon. 

l. 

2. 

E ndoderm clrculaL (Fig. 2-A), 

All species of the Haplox)'lon except 1-'. fdll lis. All species 
belonging" to the following grou p (2), excepting the species P 
edulis , were changed to bot h case ( I) a nd ca~e (2). 

Eudoderm bro c.t(.i ~ e 1liptical. (Fig . 2-13). 
P BlI1lxetlntl , P. cembroides, }~ cdulis, P (;erardiaJla. P. mOilO

ph)4la, P .Aelsomi, P Pillcemur. 

II. i)iploxylon. 

3. .Endoderm triang ula r. 

(;1) Endoderm sh() rt~based triangllla1'. (Fig'. 2-C) 

(il) 

I' . .illon/ezlI/lltre, P !l1:1Jltn Jlt1J1flt' '[Mr, Ijl1dle)'i, /' 11101/.teZ Il.JUdC 

.. 'ar. rudl:". 

E ndodeml l'cgu lar-t riallgula r. 
P tlri2:011iCl~, F lI"ioph)-'!/a, P 

(Fig. 2- U), 

.. Jfolttr if II mat', P. JI(mtezllmac 

·,'ar. flartn't-gii, I~ Jf011tezlfllltrC paT. Lindfq'i, l' i1folttezumae 

~ Iar rudi\', P (}C[l'dflllalis, J-'. OOCllrpa, .I ~ pserulostrobus, p, 
/,.,'cildostrobus val'. tnlltifotia, P.. teocote, j~ Torre),alla. 

(c) Enduderm lung-based triangular. (Fig . 2-E). 
P attenuata, P. callaril'llsis, P caribaea, P clzilllla/wtlna, F 
(ou/teri, F NltiufltlT, P ElIge/lIIallllii, P. G're,t;ii , P iusulan's, 
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Fig. 2. Shape of the end()derm. A=c.ircul:l r, lJ =bmad.elliptical, C= shn rt:..b3.sed 
triangular, D= regular_triangular, E= long. based t riangular, F= ell iptica l, G= stranglerl .cncoon 

like. en =endnde rm, sl = stelar tissue, f = fll"ro-v:lScubr bundle, x = )(ylem, ph =phlodn. 
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f~ .fe/ln)'i, 1~ longijolia, P. Lt:wsonii, P. LUlIlltoitzii, P. 
J'iontezumae, / ~ MOllttzU!Ilat: var. Harra'egii, P. .I.Wontezumae 
7}(lr. Lindleyi, P. o(jcaypa, P. palustris J P. patit/a, P. ponderosa, 
P. Pring/d, P. radiata, P. rigida, P. Sab£niana, P. sero/illa, 
P. taeda, P teoco/e. 

4. Endoderm elliptical. (Fi~. 2-") 
P. at/tllUata, P br("vispica , P. cauarit'Jlsis, P. caribaea, P. cltilt1t(l.
IlUana, P claltst~, P. t.lmLteri, P . densijiora, P. densfflora X ? 
Tlumbergii, P. 17mnber.t;t'i X P. tiellsijiora, P fe/tillata, }~ Engel
IJImwii, P. glabra, P. (~'regii, P Italepells/'s, P insularis, P. 
Jf.tli~eyi, F La,uso1tii, P. lellcodennis, P /ong ijo/ia, P. lucltueusis, 
P. LUln/to/t,;;ii, P. J-fassolliana, P. Alerkllsii, P }Nontana, P. 
IIll1l'icata, P. Jtigra , P. occlde1ttalis, P palllslris, P. patllt~, P. 
p/Ilttsler, P pinea, J-'. ponderosa, P Priuglei, 1-~ PU1tgCJlS, P. 
radiata, J~ resillQsa, P. rig-ida, 1~ ~<:'i.z bi1tia1tt1. , P. serotiJltl, P. 
tdbufaiformis, 1>' taeda , P. tfli'- i){l'U}llS1~", J~ tfocott', P. Thuubergii, 
P tropir:alis, P. 'Virgittiatta. 

S. Endoderm strangled-cocoon like. (Fig. 2-(;). 
P. Banksimza, P COlt/orta, P. siluestris. 

It has been admitted that in many species the wa ll s of the endoderm

cells a re un ifo rm, hu t in SOIll ~ species the oute r walls of the endoderm 
cells art: conspicuously thick ( IO. 13, L1 .. 15) and in others the endo
derm-cel is arc vcry llll C{ jllal in ;, i ~e . some being larg e and some smal ! 

(14)· 
Suppl emented with the results of our ob . .;:ervation, the characters 

of the endoderm are as ff.lllO\vc;:-

I. Endoderlll-cells are approximately equal In their s ize and have 
walls or uniro rm thickness. (Fig . 3-A) . 
.rvr ost species of Pinus. 

2. The outer walb of the endoderm-cell.o;; are conspicuously thick . 

(Fig. 3-B). 
P albicauiis, I). B!wksiana, P contorM, P ,1ltmtcztt1lUU', p. 
p ondt'rosa , P t{'ocote, etc. 

3- Enduderm-cells with both thick and thin Oll tt.~ r wall s. (Fig . 3-C). 
P. COl/fteri, P. !ougifo/ia, P Torreyantl. etc. 

4. Endoderm-cells are very unequal in .size, some be ing large and 

some small. (Fig. 3-D). 
P. Merkusii. 
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A 

D 

Fig. 3. Characters of the erH~!dcrm·cc lh . 

RESIN" CANAL 

The positions of resin canals can be divided into fOUf types as 
(;) l1 ows; namely, (1) close to tl\t:' endoderm, i.e. internal; (2) in the 

g'I'ecn tiss ue between the enciorlerrn ,m e! hypoderm, j,C. media!; (3) 
close to the hypoderm, i.e. external j (4) across the green tissue, 
touching both the endoderm and hypoderm, i.e. !Septal. One of these 
positions is constant or any two of these a n...: combineu in the same 
species. So vadou:., arc the positions of resin canals according to 
specic:'i. .And along' with the fibro-vascular bundle, the position of the 
resin canal is the most characteristk 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 (I, Z, 3, 

5,7, 10, II, 13,14,15)· 
The number of resin canals of a leaf is variable or constant accord

ing t.o the spec ies, and this also aided us much in the classification of 
~pecie!; (I, 7, 15). In such species as P. aristata, P 11leisvIlii and 1'. 

pumita, there a re generally two resin canals, rarely only one, but in 
t he other species there are ahvays illore than two. 

As a fule, the species which are a lways constallt in the number of 

rc~in canals in a leaf have oIlly two or three resin canals. But it must 
be admitted that there are a few exceptional case. Species such as 
P. Ballksimla, P. cembra, P. amlorla, P. slrobus, P. TOl'reyalla, etc. all 
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belong to thb type. The speCIC~! which hi'l.ve more than four resin 
canab, are always variable in the number of their resin canals. In 

many species the number of resin canals in il leaf varies from two to 
eight, and l-arely from two to fifteen, in such species as [~ dellsijlora, 

P. nigra, P pinasicr, P silvtstris, I'. Tfnmbfrgii, etc .. 

Either ill the Haploxylon or ill tht..: Diploxylon, the cells surround
ing and protecting the resin canals are lliffcrcnt according to the species. 
Some of them are thin-walled cells and others are thick-walled, a nd 
shiny white in appearance. 

Concerning the sclerenchYl1la cel ls sur rounding and protecting the 
resin ca nals, the following seven types have been ouservcu ;~ 

I . Both the cells surrounding the resin ca nals and the hypoderm 
cells are thin-wallcd and weak. l~ albicaulis, P Bungen.Il«, P 

kvraiel1sis, P 1Jlontico/a, P. panJijl()Ya, dc. 

2. The cells surrounding the resin collals are thin-walled, but the 
hypoderm cells arc thic k-walled. P. contorta, P. pa!ustris, P. 
Torreyalla, etc. 

3. The cells surrounding the resin canals are thick-walled, but the 
hypoderm cells are thiI1-\valled. P dellsijlora, P. Jlfassoniana, 

P. si!1Jfstris, etc. 

4 . Both the cells surrounding the resin canals and the hypouerm 
cells are thick-walled. P. 1I!olloplt)4ta, P. nigra, P Tlumbergti', 
etc. 

5. Resin canals lie externa lly, and the sclerenchYllla cells surround
ing them are continuolls . (Fig. 4-}) P. Ba/foltY£alla, P. lJlollli

co/a, P. silvcstris, etc. 

6. R esin canals lie externally, and the ~c1erenc hYIJla cells surround
ing them are wanting at the point touching the hypoderm and 

2 to 4 secreting cells arc close to the hypoderm. (Fig. 4-K) 
P densijlora, P Massollial1 {1. , P. qllt1drifolia, etc. 

7. Resin canals lie externally, and the scJerenchyma cells surround
ing them are continuous rtud :-il1rfound the total circumference 
of some canals, but about others they are wanting at the parts 

t ouching the hypoderm, and secreting cells arc close to the 
hypoderm. (Fig. 4-J, ,,) F deusijloya X P. Tlllmbtrgii, P 
17untbergii X P. dt1tsijlora, P tabulae/ormis. 

k c:-;in ca nals whic h lie externa lly are buried ill 
which Case they arc very small ( /~ lVelsoJlii etc.). 

the Jlypodenn, in 

But the canals of 
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some species arc so large that they touc h both the endoderm and the 
hypoderm ;:lnd t hus form a septum (1~ tropicalis). 

In the case of the species in which the number of resin canals in 

a leaf is constantly two or t hree, the canals are almost the same in 
size; but in the case the n:any species in which the number of resin 
canal s is variable , large and ~mall canals are mixed (P. densiflora, P. 
cc/tinata, P. uigra, P. sih!tstris, P 17f.Ullbergii, etc.) . 

The following class ifications were worked out on the basis of the 
positions of resin canals;--

1. Haploxylon . 

!. H .. cs in canals medial. i.e. situated in 
neither the endoderm nor hypoderm. 
P. cembra, P. koraiens£.s . 

the green tissue, 
(Fig. 4·G). 

touching 

.., Resin canals medial and external, i.e. some of the resin canals 

in the g reen tissue, but some of them touching the hypoderm . 
(Fig. 4-H). 
P. Armandi, P. Lambertiantl. 

3. Resin canals external, i. e . situated close to the hyp::Jdel'nl, 
(Fig-. 4-1). 
P a/bleau/is, P. tllltamimla, P aristata, P. a)'tlcahuite, P Bal
fouriana, P Bung'cana , P. umbroidts, j~ t'(luJis, P excelsa, P. 
jlexilis, P. formosmza, .P. Gtrardi(l1la , P l.ambel'tiallll, P. 1JlOJ/O

pllylla, l' mOlilicola, P. Nelson;i, 1'. paroiflora , I~ penlapllylla , 
P. peuce, P PinceallG, P pUlIlila, P. <JuadrifOlia, P. strobus, 
f'. Uyematsui. 

II. Diploxylon. 
I . Resin canals internal , i.e. situated close to the cndudenn. 

(Fig. 4-A). 

P caribartl , P. Lnws01zii , P occideJzlalis, P f'alustris. P . Pring/ei. 
2. Resin canals internal and medial, i,e. some of the resin canals 

touching the endoderm , but others in the green tissue. (Fig. 

4- B) 

P attmllata, F t.l{U/S(l , e. Lim/ten', P. t.'t:ln'"ara , 1-'. Lawsonii, 
P leioph),j/a, P L1t1Nlzoitzii, P. Jferkluzi, P. /'atula, P jJungens, 

I~ radiata, P. n~~idtl, }) . . "o'otilllt, J ~ 1t1£'da, P. leocott', P. vir

gI1lla1tfl. 

3. Resin canals internal and septal, i.e. ~ollle of resin cana ls 
touc hing the endodcl'Ill, but others touchillg both the endoderm 
and bypoderm, forming a septum. (Fig. 4AC). 



roo 

Fig. 4. p()Sitj-,ns nf the res in callals. A= internar , H=inlc rn31 and medial, C= i n lemal 

and septa l, D , =D2 =septal, E=septal and medial, F=septa l a nd techn ically c)(terna l, 

G=medial, H=rr.ed ial anll e~terna), J =ex ternal, J = rt;~5 in c:mnls lie ext ernnllr, and the 

~cle reDchyma cells 5urrrmnding them are c1m tinuous, K=resin cnT'lals lie ex ternally, and the 

scle rer:chy ma cell s su rr0unding them ;ue wan l ing at t hl.: I};)inl V.uching the hyp' Idern\ and 2 It') 

4 sec ret ing cells are close t ' ) the hyprx:lerm. e=ep i<.lc rm, s = s t" mal:t, h = hYl-n:lcflll , :l.=:tS. 

s imilative tissue :,g reen tissue). r=resin c:l.nll, en=end()de rm, st =steia r tissue, f=r,bro-vascubr 

bundle'-sd= s(']ere nchy ma roells surrounding the resin canal, sc=secmt ing cell s. 



Anatomical SlUdy of Leaves of Pillu~ 

P. oocarpa, P. Pn·llglti. 
Resin canals septal, i.e. situated 

and hypoderm, forming a septum. 
P oocarpa, P. tropicalis. 

close to both the 

(Fig. 4-D" D,). 

endoderm 

S· Resin canals septal and medial, i.e. some of th,~ 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 i7:'!erkuszi". 

6. Resin canals septal :md technic<llly external, i.e . some of t he 
resin canals touching hoth the endoderm and hy poderm, form

ing a septum, but others situated close to a remarkably deve 
loped hypoderm. (Fig. 4-F). 
P canariensis, P tropicalis. 

7· Resin canals medial , i.e. situated in the green tissue. (Fig.4-G). 
P. ariZOllic.-a, P attenuata, P Ranksimza, P.. brevis pica, P 
chilwa/luana, P clausa, P cOIl/orta, P Coultcri, P. ce/tinata, 

P Ellgcitllallnii, P. g/abra, P. D'regii, j~ Je(freyi, P /cioph)'l/a, 

f->. lellcor/ermis, P. lucilllcnsis, P. .L!1erNusii, P. IlfoJltezuJJull', P. 
Jlontezumac val". Hart'UJcgii, P. 31ontt"zumae val'. Lilld/f)'i, P. 
llIolltezumal! ·var. rudis, P. 1Jlllricata, F ?ligra, P palula, P. 
pilur.steJ", P pOluicYosa, P. pseudostrobllS, P pseudostroblls ·var. 

/elluifolia , .P pungl'HS, I-~ radiata , P. rigida, P. Sabimlwa, P 
j-erotina, P. toed.!1 , I"". trlizv(J1ttmsis, P. !('ocote, F Tlnmbergii, P. 
Torre}'{lIla, P virg-illimtl.l. 

X. Rc."in Gun ls medial and external. i.e. sullie of resill canals in 

the green ti ssue, bllt others touching the hypcderm (Fig . 4- 1-1) 
!~ brn;isficfl, P deJlsij10rll X P Tilunbcrgii, P. T'lumbl'rg-ii X 
P dcnsijlora, P. insularis, P /uc/ml'll.Jis, P. rt'sinosa, P sihH!stris, 
P. tai'iJ..'flnCnsis. 

SJ. Re.sin canab cxtcrIl<tl, U .;. .'i itltakd close t{) the hYlxJdenn. 

(Fig 4-1). 
F ctlnaricJlsis, P. dCJlsijlora, F IU1lejJellsis , 1'. if/slI/an's, Flongifo/ia, 
P 11fasJoniana, P. tJlOlltfma. P p£nea, P. l'CSinOSfl, P silz'cstris, 
p. tabltlaefOY111is. P tropicalis. 

As il lustrated above, some species are constant in 

resin canals in all their leaves, and others are variable 
or the position in their various leaves. Somt: species, 

the position of 
in the number 

especially sllch 
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as P. attenuata, P rigida, P. !coeote, etc have the resin canals medial, 

or metlial and internal; and again there arc a great number of specie~, 

sllch as P insularis, P. Lambertiml!l! P. !l1c1tue71Jz'L'o,', F rt'.sillos(l, P. tai'wall
lllsis, etc., which have the resin canals medial, medial and extclIlal, ur 

external. 

Among the 

weak. hYlxxlerm. 
manifest. Tllat 

V. HYPODERM 

Haploxylon there are many species which show a very 

But among Diploxyloll a vcry different tendency is 
is to say, many species among tile J-faploxyJoll have 

but one brei" of hypoderm cell, and are thin-lval1ed emd inconspicuous. 
But a few species shOll' t\\!O or three layers of cell.s. 

However, among the Diploxylon there are "\dde variations, 50 that 
while in some species the hypoderm is very weak and inco1lspicuous, 
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 \Va:'; su much deve
loped = as to cross the green tissue and touch the endoderm, forming 

a septum. 
In these varying forms of hypoderm, there 'vere those with thin 

cell walls, and yet others with very thick walls of silvery \vhich con

trasted remarkably with the green tissue . (2; 1, 8, 10; J r; T 3, 14, 15)· 

By SHAW'S study (14), as well as by the observations orthe present 
authors, it is possible to classify the species according to the structure 

of the hypoderm. 

J. Haploxylon. 

I. Hypoderm consIstmg of one layer of thin-walled, inconspicuous 

cells. (Fig. 5-A). 
? albicaulis, P cembra, P koraiellsis, P parvijlortl, P strobus, etc. 

2. Hypoderm, some parts consisting of one layer of thin-walled 

cells and others of two layers. (Fig. 5-A). 

P. mOllticota. 

3. Hypoderm, some parts consisting of one layer of thick-\valled 

cells, and others of two layers. (Fig. 5-n). 

P. jle:njis. 

-1 lIypoderm consisting of 2 or 3 layers of thick-walled cells. 
(Fig. S-B). P (lristata, P. cembrcides, P. Lambertiana, etc. 
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h ••... . ---~-.-.-.-~~~ 

Fig. 5. Structure of the hypoderm. A=D=C=lmifnrm, D=E=F=hiform, C=lf-~ 
Jllultiform. e=epiderrn, h=hYp0dcrm, en=endoderm, 
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5· H ypoderm consisting of 2 or 3 layers of strong, thick-wa lled 
cells of shiny white color. (Fig. S-c). 
p. Baljourialla, P ",ol!opl'y/la. 

II. Diploxylon. 

I. Hypoderm of uniform thin -walled cells. (Fig. S-A). 

(a) Hypoderm consisting of one layer of thin-walled celis, 
occasionally having parts which consist of two layers of 

cells . 
P de1/sijlora, P. Lum/loitzii, P Ia/lila, P. s£!vestr£s, P. tai
z"allensis, etc. 

(b) Hypoderm consi sting of 2 or 3 layers of thin-walled cells. 
P. Gregii. 

2. Hypoderm of uniform t hick-walled cells. (Fig_ 5-B)

(a) Hypoderm consisting of 2 o r 3 layers of cells. 
P. /lalepe1lsis, P .1l'/erkusii, P nigra, 1-'.. Tlul1lbergii, P tropi

taNs, etc. 

(b) Hypoderm in large llla.!>seS, projecting far in to the green 

t issue. 
P. canan'ellsis, P. /ollgi/ot£a, P Torre}'ana, etc, (Fig. Soc, G). 

(c) Hypoderm remarkably developed , extending from the epi
derm to the endoderm and fonning a :-;eptum across the 
g reen tissue (Fig, 5-c, u). 
P. pSfudostrobus var. !t1luifolia. 

3. Ilipoderm biform, i. c, very thin walls situated in the outer 

layer of cells and very th ick walls in the inner layer or layers 
of cell s_ 

(a) Hypoderm, some parts consisting of one layer of cells anJ 

others of two layers , biform in the part s of two layers of 
cells (Fig. S-Il). 
P. clausa, I). alti1zata, P. glabra, ctc. 

(b) Hypoderm consisting of 2 or 3 layers of cell s. (Fig. S-E). 
P. c(m/or/a, P paI1lslr;s, P. jJltll,ftCIlS, P. radiata, P_ taeda, etc. 

(c) HypOc..rCl"nl in Jarg-e masses , projecti ng- i:l r in to the g- rcen 

t issue and sometit lle:'i tOllching the endoderm. (Fig . 5- 1-) 
P. Pring/a·, 

4 J-I ypoderm l11ultifur!Il, i e. cell walls being graduall}~ th icker 
toward the centre of the leaf. 
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(a) Hypoderm projecting far in to the green tissue, but not 

extending tu the enuoderm. (Fig. 5-G). 
F Coulteri, P JlI.Jll/t';JUJltat, I), o(Jcnr/,tr, F linmi!'r, P 

poltdt'rosa, etc. 
(0) H)-'poderm remarkabl'y' developed, extending from the epI

denn to the endodenn and furming a septum across the 
green tissue. (Fig. S-Il). 
P jJs{'udostrobus Z!llr. tt!!tuijo!ia. 

There are the t()UO\ving fi")ln- type." 11l the· case where either the 

hypoderm ur the cUJlnected tissue of the re,-;in canal and the hypoderm 

forms a septum across the green tissue. 

[. f-Iypuderm extending froJll the epiderIll to th~ endoderm in-
dependently of the resin canal and f( Ifllling a 

the green tissue, owing t() its 0\1"11 de\·elopIllent. 

F pseudostroblls 'lIar. tOluifolia. 

septum ;.'I,cross 

(Fig. 4-G). 

2. The .. septums are formed ur remarkably large resin canals and 

a hypoderm which consists or nnl:y two or three layer." \{ cells, 

(Fig. 4-])" E). 
F tropicafis. 

3. Notwithstanding- that n.'sin canal is small, a distinct septum is 

fon-ned aen)"" the UI'f'PT1 ti"."ue uW11lU tn the c(.)llsiderable D----- 0 

development (f the hypodcrln. (Fig. 4-D~ , t.} 
j~ oocarpa. 

4. IIl;l .'<IUIC leaf, the .';CptU111S cue i()1"lllcd by the hypoderm only 

,it some pai-b! ,mel by the Cdililected tissue of the.: h.ypoderm 

and the resin callal at otiler parts. (Fig. 4-C) 

P. Pring!et. 

v r. EPIDER~I A~D s'1'O\tAT.·\ 

The epiderm of the Haploxyh.fll is \"ery thin, while that of the 

Dipluxyloll is generally thicker. But III each (if thesc two Subgenus 
(Ilaploxylon and Dipluxylon), the m,lIlY ~·:pccie:" have approximately 

the S.1ll1e thickness, S(I th;lt the epiderm is uf . .;;mall value for classifica

tion. IIml·('I·'er F colltorta, F !udllLCJlsis and j). wOIl/alm have a marked 

thickness of the epiderm 

In the H3ploxylull there arc t \vo groups of spccie.-;, une with 

stomata on the \"entral side only, and the other with :--;tomata on both the 

ventral and dorsal sides (I, 2,4,8, TO, II, 13, 14, IS)· 
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Although fundamentally, the Haploxyloll is poor in variations as 
compared \vith the DipIoxyIoll, the fact that in :;tomata on!:y the 

Haploxylon shows great variation is of value in cb.":sif:caticn, for eVen 

in the Diploxylon sptcies with 5 leaves in fa~cic~es the stomata arc 
alway;; found 011 both dorsal and ventral sicles. Furtber our attention 

was drawn to the unusual ~lze and visibility uf the stulllJ.ta in P. 
a!bicaulis and P luclm£nsis. 

Tbe fulImving classifications were worked cut en the basis of the 
position anJ the number of the stomata. 

I.. HapLlxylon. 

1. Stomata lie un the ventral siJe cnly. 
1\1ost sp~cies except group (2). Fut P cOlluruiits, P JliOJlfl'co!a 

and P PillCt'aJl(t arc occasionally included ill tbis group. 

2. Stomata lie 011 both dorsal and ventral sides. 
(a) Stomata on the ventral side is only ene. r. i\-"'clsonii. 

(b) Stomata on the ventral sicie arc 3 to 6 in number. 
P. a/bieau/is, P BlI11gwma, P. c(Jllbrm't!e,l,', F {'{!t~!is, P j1exi/is, 

P. Gt'rard£aJla, P .Lambertiana, P monopll)'!!a, P mmtfieoia, J? 

Pin:'cana. 
II. Diploxylcn. 

Stomata lie on both dorsal and ventral sides. 

vn, THE RELATION liET\VEEN TILE KATUJ{AL SYSTEIII OF CL\::;;SlFlCATION 

OF TllE GENUS PJKl'S AND THE AKATOMICAL CHARACTEl{S OF LEAVES 

The authors have worked out a practical system of clasoitication of 

the species of Pinus on the basis of the anatomical characteristics of 
leaves. But our thought \vas to determine "what clements of the 
anatomical characters of leaves have the most 'vilal relation to a natural 

system of classification; and beginning "with tho:,c dements which have 
the most dtal relation to the natural systcln of cL.\ssificatiol1, and pro

ceeding tu those cl less intimate relation; \vc h:l\e n""rked 1u establish 
a most easy and practical system of cla.ssificaticm c,f the genu:,; PiJlus, 

which sh"l1 corre:-ipond as closly as possible to the n:=tturai system of 

classificatioIl. 
For thi:-i purpose, the authors have distinguisllcli Subg(:I1Il.~, Section 

and Subsection division.s of Pinus in lLe !leu' natural ",Y'stetll (if classifi

cation of .. i\.. EXGLER and K. PkANTL (3) on the basi,-; (J the anatomical 

characters of pine leaves, 



(A) Subgenus 1. HaploxylOiI KOEH"E 

Fibru-vascular bundle single. 

(a) Section J. Ce"fbra Sl'i\Crr 

(u.) lZesin canals medial. 
Vi) Resin cJ..llais medial and external. 

(r) Rt.:~.ill canals external. "tl)lllata ull both dorsal ;llld ventral 

sides, endoderm circular. (except /i. Fmmla). 

,b) Seetio!} 2. ,')'tr0611.':,' SWFFT ex Sl-'.-\.CJl 

Resin canals mustly cxtcrrnl, _"tutllai<1 un the \"cntral _..;ide only, 

hypoderm Ct.:lls thin-·w:dltxl and IllcunsplCuous (except P. 

Lamhcrtiana). 

(c) Section 3. nlraccJJlbra KOET-l:,\E 

(II) Subsectiun 1. (1'erardimuu. 

F~esill canals external, stumata Ull buth dorsal and ventral 

~;icles, cndc)elenll brn;{d-elliptical. (except F Ijuadnfolia). 

(~) Subsection 2. Baljourimzac. 
Resin canals external, stomata on the \'entral side only, 
hypoderm cells thick-walled and shiny white 

(U) Subgenus II. _ Diplo).:jl/olt KOEH:'>IE 

Fibro-vascular bundles double. 

(el) Sectiun 4. Suta 1\1.-\\'1\ 

Resin canals tcchnicCllly external, enduderm triangular, hypo

derm in hrg(' r\lasses, projecting elr in to the gre~n tissue 

(e) Section 5. h'upitys SPACH 

(a) Resin cC1nab extenu!, cnducicrlll elliptical, nUIlluer of resin 

can:d :! to 8, otten tu 15. 

(3) Resin canal.-; medial, endodenll elliptical, Ilypoderm uniform 

thick-walled cells. 

(f) Sectiun 6. B[wksl·a ~L\\K 
Resin C<_Hlals medial, rarely medial and inLernal, endoderm 

clliptical, hY'podenn mostly bifonn 
(g) Section 7. PineaF);UL 

Resin can:{ls i..:xt(~j'tlal, cnd,Jtknrl vlliptical, nUIIlber of resin 

em.,ll lIsually twu. 

(Ir) Section,s. . Justrales 1'ILGVH. 

Rc~in canal..: internal, _"utrwtirllCS intull;tl ~Illd mvdial. endoderm 

IWjstl)' triangular, hypoderm bifonll 

(i) Section 9 Khasia MAY!' 
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Resin cJ. ln.ls cxtern ~rI , rarely external and medial, endoderm 
triangular, hypcuerm not projecting far III tl) the green tiS!ill c . 

(j) Section 10 I'seudostroblls E~IlL. 

Resi n cana.b IlH.!dbl. rarely medial and int ernal, cndouerm 

triangul ar, hypoderm mostly in la rge ll1 as~.c s , project ing fa r 
in to the g reen t i ::;~.ue. outer wa ll s of the cndolin ln mostly 

th ick. 

(k) Section I 1. Taf"" Sl'ACll 
Resin canal s lll"clial, rarely medial and int c:.: rnal, endoderm 

t riang ular, hypode rm not p rojecting far in t(l t he g-ree n tissue , 

o ute r wa ll .'> or the cndod crm most ly thin. 

It will be seen from the ab(J \'c that the most important poi nt to 

the natural systcnl of class ificatioll is whether the fibro-vascular bundle 

is single or doub le (3. 5, 10 , 1+, 15) . The il come, '~! llOllg' the Haplo
xylon, in the order df thc:ir importance. thc posi ti,.>ll {I I thc n:'s in canal 

a nd stomata, the sh~pc of thc endoderm and thc deg ree pf development 
of the hyplKlcrrn, and a nWt1 g' the Diploxylon the po:- it ion of the resI l1 
canal, the slwpc of the endoderm, t he degree of d l:velopment of the 

hypoderm , the Ilumber of t he resin ca nal ... and t he c it<lucte rs of t he 

endodernl-ce JI .. , 

H ence if we cJ as~ify the species, Oil the b a:-is of the anatom ic al 
cha racters of leaves, in the order above, (also con :-; itiering many addi
tional points), the practical artificial system of classifi ca tion would come 
close to the natura l sys te nl. 

And s llch ' the Practica l A na ly tical K ey to the Species of th~ Ge nus 
P inus is mentioned in the fi)llowing Chapter VIII. 

Resin canals of most species arc ex ternal among the Haplo.xylon, 
but the posit ion of the stomata. is variab le, This help :;; us muc h to 
classify the ~pecies, Among the D iplo xylon , on the other hand , a ll 

stomata arc situated on bot h dorsal and vt:Tltral sid es, But the ::; hape 
of the endoderm and the structure of the hypoderm havc in each 
:-:;p ecics sonie on e definite p eculiarity, \Ve can, t he rc f~)rc, class ify the 
species of the Diplox y lo no 

VII1. AKAL\'TICAL KEY TO TII E SPECIES OF THE GENe:; p r,;,:us J BASED 

ON THE A~ATO)IICAL· CHARACTE 1,zS OF LEAVES 

(The figu re in parenthesis following the ::'cientific 
nallle indicates the number of leaves in one fascicle.) 
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[I] P ibro·vascubr bundle single 
K OEHNE 

Subgenus l. Haploxyloll 

(A) Resin canals medial, i e. situated in the green tissue, touch

ing neither hypoderm nor endoderm. EndoJerm circular. Stomata on 
the ventral side only. 

(30 ) R esin canals 2, in. the green tissue nearer to the hypoc1erm 

of t he dorsal 51. de_ Stomata 0 11 each vent ral side 3. 4 or 5· 
P cembra L. (,). 

(b,) Resin canals 3, often 5, 3 of them confined to each ee ge. 
Stomata on each yentral side 4 to [ 3. Hypoclerm consist ing of one 
layer of thin-walled cells. P. koraiensis 5mB et Zece. (5). 

(D) R esin can,lls media l Rnd e xternal, i.c. some of resin caluls 
situated in I;h e ~Ircen tissue, touching neither endoderm nor hopodcrm, 
but others close to the hypoderm. Endoderm circu lar. 

(a ::.) S tomata on t he ventra l side only. Resin canals 3, dorsal 2 

of them exte rnal and ventral one medial. .f P. Armandi FRAxcn. (;)0 

to 5. 
ally 

(bo) Stomata on both dorsal and ventral sicles. Resi n canals 3 
lJypodenn 2 or 3 layers of th ic1.-:·walled cells , though occ asion-

consisting of one layer of cells. P. Lambcy/imza DOCGLAS (5)· 
(C) R esin canals external, i.e. situated close to the hypoderm. 

(ilo) Stomata on the ventra l side only. 
(a,) 

(a,) 
Endotlerm circ ulfl lo

• 

External resin canals dorsal and ve ntral. 

(a3) Total number of resin canals 3· 
(aJ Hypoderm mostly one layer or thin-"walled cells. 

(a5) Sclerenchyma cell deficient above and belm\' the 

fibro-vascuJJr hundle. Stomata on each ventral side 2, rarely 3 or 4 · 
P. strobus L. (5 ). 

(bs) Several sclercnchyma cell s lie scatte red below 
the fib rovascu la r bundle, rarely below and above. Stomata 4 to 6 on 

each ventra l side. 
r formosalla HAYATc\ (5), P u:Vemalsui HAYATA (5)· 

(b~) Hypoderm , some parts cOl1.'iistin g of one layer of 
cells and others of 2 layers, especially 2-3 layer:.; in the cdg·c. 

(a.J IJ ypoderm cells th in-walled , not shiny white . 
Sc1ercnchYlll ct cells surrounding t he resin c 1I1 als always continllous. 

Stomata 3 o r 4 on each vent ral side P. 11lonticc./a ])OUGL\S (5)· 
(bs) Hypoderm cells thick-walled, somewhat shiny 

white. The Sclcrcnchyma cells surrounding the resin canals are wanting 
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at the P(,ill t touch ill g the hypode rm ;llld the :·cc rctillg cells arc close 

til the hypod erm. S to llla ta.1 til j (Ill \';lch ventra l !';ide. 

j '. qltaclrifv/ia ScmvOInll (4). 

(bJ ToLl! llu lll lJe r ll( n:.o..;in canals 4 tu 8 

f '. ayrzcail1dtc E}IREI\BERC; (5). 
(b.~) 1':xlerna1 re si n C({ I1 ;tiS ill the d(lrsa l t: iclt; (,n ly. one n r two . 

(aJ Re~in cd l1 J 1 onc: o r lwn . <' il uated nea rer 10 the midd le 

part of t he ,it.lrs<ll side, IHn~cJy lllHJcrneat h Ihe endoderm . 

(:1 1) 11_\· plldt'l"rIl L' fJ n s j ;.;t-ill :~ 1'( {llle byer (tf thin-waned 

ceils, weak . l'. pllmila REGEL (5). 

(b
l
) Hypr)d.e rrll, ~umc Turf:;; c,.lI1sis ting of one layer of 

thick -walled cclb ,1 11 11 nt l1 e:r .<.: or 1\\' r, hycr:-:, {'spcciJlly ::!-3 layers at t he 

edge. ~h i llY white. P. (tyistata EXGEL!\f. (5) · 
(b ,) T wo rC!"in OHwis sepa'-;Jl. ed (mln_ ~.a ,: h (. thel-, situ!1ted 

on the dorsa l side f)f the hypoderm . 
(a) The angle formed between the two ventral side::: 

larger t han a right angle, aPlH'uximatcly 120° . Hypoderm cell s thick-
walled , Stomata 3 to 5 UI1 eac h vent!";].l .,:iue. 

r ctJJlbroidt'.1 ZUCCARo (3). P. Pillceana GORDO~ (3). 
(P. PblCfa}{,(1 is easily d isl jngu ishcd from /-'. o !mbroides by the greater 

length of it, le" f. ) 
(b 4) T he <:Ingle 1~>fIncd between t.he two ventra l ..-:ides 

smaller th;.l. n " righ t angle , approximately 72°. 
(as) 11ypodc rl1l con.sisting 01 one iayer (I( cells. 

Stomati-l. 4, _; (lj' 6 nn each ventra l side. 
(ao) Severa l sclerenchyma c:el 1 ... Jj~ scattered belovl 

the fibrO-\·,lscul.n hund le. oJi:e n below and above. 

(;l,) I[ypodt'Tl ll cel b \-e ry thin-walled, uniform . 

/' par"ijlom ;; IE8. et ZL'CC. (5), P pfJltaplty/la MAYR (5)· 
(b,) Hypoderm cells wit h both thick and thin 

walls. P. dma-

1Jltalla KOJfJz. (5) . r /orlll tlSanrl HAYAT .. \. (3), P. (/~yt'matsui HAYATA (5) · 
(1) ,,) Th t.: :-:c lercnchyma cells are ,,\:anting above and 

below the tib rn-\';\."cLllar 1, tI !1dle. 

side. T_e.we.-; (~ tn 

(a /) Hypudcrm 
(a,) ::itomal a 

I-J- t:111 . l on~. 

(bs) Slum"l" 
long. 

Ollt.:: layer . of celis, weak . 

::', often 3 or 4 { Ill each 
I ~ strobus 

\·ent ra l 

L (5) · 
.~ t u (} (JJ1 each ventral side . 

r'. e.rcelsa WALLICH (;) . 
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(b,) Hypoderm for the most part consisting of 

nne hY'_'f of ceJl~~. ;llld other." of two layers. Leaves 7 to In em. long. 

f' pellce GRTSEB (5). 
(bs) Hypoderm, some parts consisting of one layer 

of cells and others of t\VO or three layers, especially 2-3 layers at the 
edge. 

(0,0) The :~clerenchYflla cells surrounding the resin 

canals are wantinr~ at the point touching th~ hypoderm and the secreting 
cells arc close to the bypoderm.HypCldcrlll for the m()st part consi~t

ing of 2 or 3 layers of thick-\valJed cells. Stomata 3 to 5 011 each 
ventral side. P quadrifolia SCD\VORTH (4)· 

(b('i) The sclerechyma cells surrounding the resin 
c8n115 are continuous. 

(a;) Hypoderm cells thin-walled, not shiny white. 
The cells 5U1TcFHlding th(~ resin canals thin-·walled. The sclerenchyma 

cells arc wanting below and above the fibro-vascular bundle. Stomata 

3 or 4 on each ventral side. P montieola DOUGLAS (5). 

(10,) Hypoderm cells very thick-walled, shiny 

lrhite. Se"\ceral sclcTcnchyma cells lie scattered below the fibro-vascular 
bundle. The cell::; SlllToullding the resin canals thick-\valled. Stom1ta 

4 to G on e:1ch ventral sIde. P. Baljouriana l .. lURRAY (5). 

(b,) Endo(:erm small, broad-elliptical. 
Res:n can:Js 2. I-Iypoclcnn cells thick-\\-alled. 

each ventral side. P. ccmbro£{/cs Zccc. (3), p. 
Stomata 3 to 5 on 
PiJiceana CORDO'; (3). 

(P. Pincc:l l la are eJsily distinguished from P cembro£jes by the greJter 
length of their leaves) 

(b o) Stomata on both dorsal and ventral sides. 
(., ,) 

(aJ 
El1cIoc~crm circular. 

Trans\·erse section of the leaf circular. 

T\:Iany sekrcllchyma celLs t()fTIl irregular lines belo,,' and above the 
fibro-vascdar b:1!1r.1:e, siker),. Resin canals 4 to 9· Hypo(:erl1l 1-3 

_layers of very thick-wc1ned cells, silvery. P. 1JlOJlO/J/l),!!a TORREY (I). 

(b2 ) Transverse section of the leaf trLmgular. 

(el J) Resin canals hvo, rarely one. 

(8 4) The ;]nglc fornied between the tvI/O ventral sides 
larger than a right :lng1e. approximately 120°. 

(,IS) Stomata one on each ventral side, often two 

Resin Cc1111ls one or tW,J, very s:ll111, ala1:)st buried in th::: hYPJclernL 

P. Ne!sonii SHAW (3). 
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(bs) Stomata ." to 5 oti edch vt:nLrdl siJe Resin 
r iL'lllbroidl'5 ZCCCAR. (3), 1'. Pincean(l GORDO),! (3)· 

(P PillCt'lllltl are easily di,;.;tinguishccl from r cOJ?brm'des by the greater 

length of their leaves) 

(b
4

) The angle funned between the two ventral sides 

smaller tlun Cl right angle, approxilllately 72°, Stomata J, 4 or 5 on 

each ventral side. 

(as) The ollter walls uf the endoderm 1hic1\. 

Hypoderm one layer of thin-'\valled cells, incon",picllollS, Stomata vcry 

obvious. Resin canal large. P. a/bieau/is EXGELl\L (5). 

(1\) The (Juter walls of the endoderm cells not thick. 

(a6) I}ypodenll, some parts consisting of one layer 
of cells and uthers of two layers. 

(a7) Ifypudcrm cells thin-walled. The celLs sur
ruunding lhe resin canals thin-\yalled, Stomata 3 or 4 Oil each ventral 
side, ,<;ometimes un dorsal ~idc. The sclercnchy'ma cells are wanting

below and above the fibro-vasculat· bundle. 
. F J}/(JJlticola DOUGLA~ (5) (rare case). 

(10
7

) H}'poderm cells thick-walled, shin}' white. 

Stomata 1\su~tlly oIl buth dursal and ventral sides. on each ventral side 

3, often 4. SCH.Tdl sclercnch},tl);l cells lie ,'-;cattered bel()\v and above 
the fibro-vascuLtr bundle F. jln:ilis JUlES (5)-

(b l ,) I-Iypuderm {(n' the !l}ost part cOllsi,'iting of :2 

or 3 layers uf thick-walled ce!l:-;, others of one layer. 
f), Lambertitlll([ JJOUGLAS (5)-

(0,) Resin canals 3 to 7· 

('-'4) IIyp:.'(lcrm fix the !llOst part cunsisting- of one layer 

of thin-walled cell.,;, other....; of t\\'o Jayer,'i Tbe cells surruunding the: 

resin canals VlTy thin-walled. Tbe <'lng-Ie i1Jrlllcd bet\\ccn the two ventral 
.,;ides larger than a righl (lllglc, approximale1.y I ~OO. 

_ I). SI!IIJ,'"{'tlNtl ZCCC\JL (3), p, (~'D'ardidJlt1 \~//\.LL. (3)·
(P (;t'rardialltl i:; distingui, .. ;Jled f\"OJlll f). BltllJ:Ollltl by its denser, longer, 

and more slender leaves_) 

(lJ4) I-fYllodenll f;:n' the IIlO.'it lurt cOIl~istillg of 2 or 3 

layers of thick-walled celL.." ()thcr~ of ullC hyer. The angle formed 

between the 

72°, . 
two \"clltr~l sides ..,maller th,1Il a right angle, approximately 

P. Lambertialla DOGGLAS (5). 



(b,) Endoderm small , broad-elliptical. 

(a,) Resin canals in dorsal side two, somet imes one. 

(a,) Stomata one, often two on each ventral side. 
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Resin can;J.ls nne or two, vcry small , almost buried in the hypoderm. 
l'. Netsonii SHAW (3) 

(bJ Stomat a 3 lo 5 on each vent ral side. 
Re"in canals usually two Hypoderm one or two laye rs of cell ."f. 

(a'l) Tra ll svcr~ e .section of a leaf semicircular . 
. P. edulis EXGELM. (1). 

(04) Transverse section of a lea r triang ula r. 

Hypoderlll cells thick-waHed. . 
P cembroides ZtrCCAH. (3), P. Pinctmzd GORDO~ (3), 

(l~ PillctaJlt.7 ilrc easily distinguished from 1'. ctmbroides b)' the greater 
leng th of thei r leaves.) 

(b~) Resi ll c;.t ll <=t l.:; in tht": dorsal and h:nt ral sides, 3 lO 7, 
often 9 . 

(:13) The rll<lny ,-,;c!erench YIll<.l cell:; f'( .Jnning irregular lines 

belllw and aLove the libro-vascular bl1ndlc, si lvery. Trans\rerse section 
pf a leaf ci rcular. Resin ...:ana ls 4 ttl 9 . . H YIXldcrin 1-3· layers of very 

thick-w<llkd cdb, . ..,jIve I"Y. P mOllOl'll .. r/la T U RKEY ( I ) . 

(b3) The sclere nch}·ma .~: ells deficient below ;llld above the 

fillru- vascLlli.l r bundle. Transverse Yectiol1 of a leaf triangular. l<esin 
canals 3 to 6 . Stumata 4 o r 5, rarely 6 o n eat 11 vult ra l side. J-l ypo(1enn 

f t) 1" the most part consisting of one layt.:' r of cells , others of 2 o r 3 layers . 

f~ fhmgeaJlfl Zucco (3) , I ~ GfJnrdiUlifl \VALL (3)· 
(.I'. (;crardimia is distingui .... hed hom P. BUllgt'dlta by its denser, longer, 

and more ~lt:: l1d er leaves.) 

[J]J jo"il ll!I-\'ilscula r bu nd les double. . Sllbgellll~ II. Dip!oxo.ylnll 
KOEll~E. 

(1\) R esin canals internal , i.c. situi-lted close t!, the cllducknll . 
Stomata on hoth dorsal and ventral .... it!t.:s IIypc)(:erlll bifonll, l1arlJely 

very thin w,dls situated in the o uter ldyer or ceils and \ c ry thick I\'alls 

in the inner laye r or layers of cells. Rc~in cana ls 2 til .3 
Ca.,) Il ypodcn n in th ick mas.'iCS , projecting hl1' ill t() the g rc(:n 

ti sstl e and sOlllet ime..; touching t.he endoderm. The .':i clt renchY!llCi ce lls 

forming irreg'ulaT li nes below and above the fibrU- I,"<l scular bUlldl~ . .;. 

Resin canals 2 o r 3· P Pringiei SHAW (3)· 



Ii4 Tohei Dm and Kin-ichi MORTK-\WA 

(bo) 

touching the 
Hypoderm not projecting far in to the green tissue, not 
endoderm. Endoderm \\'ith thin outer \valls. 

(a,) The sclercnchyma cells developing distinctly, f{)rming i1'-

regular lines below and above the fibro-vascular bundles, sometimes 

lying between the two bi.llldlcs forming" I" shape. Resin canals 3 or 

4 Endoderm triangular or elliptical Hypoderm 3 or 4 layers of cells. 
F occidclltalt~~ SWA1UZ (2-5). 

(b,) The sclerenchynla cells fi-)r11l an irregular line below the 
fibro-\'J.scuJar bundle:-, but are w;'!lliing ahove the bundles End~rlerm 
long-bClscd triangular nr elliptical. Resin canals 2 to 5. 

(<1 2 ) I--Iypodcrm, some parts consisting of onc layer of cells 

and ot hns of two la:ycrs. bifonn when of 2 la.refs. 
P caribata )"TOHELET (2 or 3). 

(b~) Hypoderm cOllsi:-;ting 1)[ J layers OJ cells, occasionally 
of 2 or 4 layers of cells. Several :'iclen~llchyn1.:1 cell..., lie scattereJ belo\v 
the fibro-v<lscu]ar bundle . .;;. (Lt';lves not exceeding .:q em. in length) 

P. Lawsonii ROEZL (3. 4 or 5)· 

(c~) Hypoderm 3 to·6 layer.s of cells. The sclcrcIlehyma 
cells continuous and forming an irregular line below the fibro-vascular 
bundles (Leaves 24-45 Clll. in length). P. palllstris ::\TrLLER (3). 

cn) Rc:-:in calnls i1lternal and medial, I.e. some of the resin canals 

situated close to the endodcnll, but others in the green tissue, touching 
neither endoderm nor hypoderm. Stomata on both dorsal and ventral 

sides. 

(ao) 

(a,) 

Endoderm tri3ngular. 

Hypodenn uniform, 

(a,) Resin canals 3. 

Transverse section of a leaf triangular. 

weak. 

(a3) Endoderm regular-triangular. The angle formed bc

the two ventral sides smaller th.:111 a right angle, appro);imately 

P !eioplty!!a SCllLEClIT. et CHAM. (5). 

(bJ Endoderm long-ba~~d triangular. The angle formed 
between the two ventral sides larger than a right angle, approxim;;ttely 

[20°. Hypoderm consisting of one la),rer of thin-willled cells, occasionally 

of two layers of cells. r patula SCllLECHT. et CHA'L (3, or 4. 5). 

(bo) Hesin canals 4 to 10 

Hypoderm one or t'\vo layers of cells. 

P LUIII/wltzii ROBINS. et FERN (3). 
(b,) Hypoderm biform, i e. very thin walls situated in the 
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outer laye r of cells and very thick wall s in t Ilt': inne r layer O f layeno\ 

of cells. 

(a~) The outer wa lls of the clhlod cnn -celb ihid\. H.ypn-

derrn c(!n ~btillg of 2 or 3 layers of cells. 
medial and with one internal canal. 

'i'W() nr thlTe rc.o;in C:~lll a l s 

r~ la)("o!;; S CIIU-:ClI T. et CUA:o.L ( . -) ,) . J . 

(b1) The o ute r ,,"a il s of the endooerlll-cell..; 111 .. ;1- thick. 
(a:;.) H ypoderm. some p,uts c()n si~ti ng (l I)ne layer l..l f 

cells and others of hVl) Iayer:-;, h i fo rm whc t! of 1 \\'/1 I (\}' (·r~ . Ell rl()d (~rm 

with thin ol.lt"(? r walls 

(a.1 Two resi n canals in the :a,tc ra i edges always 
nleriia J. /:I,nd V(~ ry large. Outer cells () f the hypod.ern l '."(''[ .1' _':m al1 and 
inc:o nspicu0u ':L Total nUlTIb~r I)f resi n canals 3 to :; . 

oc casionally 

and sTllalL 

P ecitiJl.tltrl MI L.LER (2 , .• r 3. CAse o f 3) . 

(b1) T ' ''0 n:sin canals in the l;).leraJ (:tlges internnl, 
internal and media l 1) 1' medial. ni;~"'-rer i,-, the endoderm , 
Outer cells of the hypoderm nut small 'ruta! number of 

resin cftnal:, 3 to 5 P. caribaea ~:fOR F.LT~T (2 or .), case of 3) 

(bl) Hypoderm for the mo.-;t part: r::on::-ist. i~l g of '2 !aYf: r,~ 

of ceils. occasionally of 3 layers of cells. l~esin ca llal ., 2 t._) 6 
Pal/mila/a LEmws (3). 1-'. seyo/ina MrCH,'UX (3). l' t(uda L (.1) 

(e,l Hypoderm for the most part cO Il ~j still~ fo f 3 byers 
of cells, occasionally of 2 (1 1' 4 layers of cells. End,')i1e rm with t hin 

outer 'walls. Resin canal s 3 or 4. P. Lmosonii ROEZL C3, often 5) , 
(d,) Hypoderm 2 to 6 layer~ of cells, 

Resin canals 2 to 8 P rigida MILLER (3) . 
(c,) H ypodcnll mul tiform , i_t' cd l wall" hC'il1g grad llally 

thicker toward the cent re of the leaf Endoderm -cells wi th both thick 
and thin outer walls. Resin canal!' :2 to 10. P COJtiteri D , DON (3) . 

(b,,) r':ndoderm elliptica l. Tr<lnsverse :-:ccl'inn of :l leaf ~em i· 

circular. 

(Reference 174 p. (n-J,,) on the specie~ which the tran sverse section of a 
leaf <lre triangul ar.) 

(aT) HYTXlJenli unifonll , 
T ... "o n:: sin canal., medial and with a ll intern ClI caned. l-Iypodenll 2-3 
layer..- of thick \\'alled cells. End()derI1l-cell ~ \ err uneqllal In s i7.e. 

some of them la rge. P jlerkusii ] USGH . ct DE V'I\.lESE (2) . 

(b,) Hypoderm biform, i.e. very thin ",,,lb 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, SOIne parts consisting of one layer of cells 
and others of two layers, biform when of two layers of cells. Endo
denll with thin outer walls. 

occ1.siunally 
Resin canals 

(a3) T wo resill canals in the latera l edges 
internal a nd media l o r medial, neCi rer to the 

3 to 5· (Leaves 12 to 25 el11 . long.) 

internal, 
endoderm. 

P caribaea MORELET (2 or 3, case of 2) . 

(bJ Two resin cana ls in the lateral edges always medial. 
(aJ lVlediaI resin ca nals 3 or more, 2 of them in the 

lateral edg e::; and very large. O uter cells of the hy poderm very small 

and in conspic uous. Total !lumber of resin canal s 4 to 7· (Leaves 7 
to 12 CIll . long). ,P cc/uizata 1vlJLLE H {2 or 3, case of 2) 

(b ,,) lVIcdial resi n. camds 2, con li ned to lateral edges. 
Total ntllnbc:1' of resin cana ls 3. Outer cells uf tht: hypoderm not ::imalL 
(Leaves 5 to 9 ell]. long.) P elmtJ" VASIW (2). 

(b2) Hypoderm consisting of :2 layers of cdl.", occasionally 
of 3 layers of cells. 

(a J i\fedial resin canals 2 o r 3, occasionally with an 

interna l cana 1. 
(aJ RC$in canals 3· Leaves 4 to 8 CIll . long. 

P 7)irginiaIJa :MILLER (2) . 
(b4) Resin canals 4. Leaves 10 to IS C111. lon g 

P radiala D. Do" (2 or 3). 
(b,) .'\ledial resin canals 4 to 6, (Jccasionally with an 

intema.l c<ll1ai. Leaves 3 to i em. long. P pUll..t;ellS LAMBERT (2) . 
(C) Re:-;in canals internal and septal, i.e. some of the resin canals 

:-:;ituated close to the endoderm, and others touching bot h t he endoderm 
and hypoderm, forminR a septum. S tomata on both dorsal and ventral 
sides. 

(ao) Endoderm regul ar-triangular or short-based triangular. 
Resin canals one to six, mostly septal. I-Iypoderm birOI'm or multifonll, 

projecting far in to the g reen tissue, but not touching the endoderm . 
The scle renchyma cells forming irregular lines below and above the 

fibro ·vascu lar bundle!;. P. oocarp a S Clln:'DE (3, 4 or 5) (rare case). 
(1).) Endoderm iOl)g ·based t ri ;mgu lar or elliptical 

Resin cana ls 3, mostly internal. Hypoderm bifo rm, ill thick masses , 
projecting far in to the green tissue and sometimes touching the endo-



Anat0mical Study of Lc:wcs of Pil1m' 177 

derm. The sclerenc hyma cells forming irregular 

the fibro-vascular bUlldles . 
lines below and above 
P Pringlei SIlAW (3). 

(D) Resin canals septal, i.e. 
and hypoderm. f()rming a septum. 

sides . 

situated close to both the endoderm 
Stomata 011 b oth dorsal and ventral 

(~) Endoderm triangu lar . lI ypodenn bironn 0 1· multiform, pro

jecting f.:1T ill to the g reen ti.ssue, uu t not touching the endoderm. 

Resin canals one to six . T he sc]erenchyma cells forming irregular 

lines belo\'.' a lld above the fibro-\·a:-;cu lar bundles. 
p. oocarpa S CIIlEIJE (3, 4 ur 5). 

(be)) Endoderm elliptical. Hypoderm cells uniform thick-walled. 

Resin cana ls of remarka.blc sjr:C, 2 to 9. The sclcrc ilchyma cell s Ilot 

on ly hiI'm irregula r lin t:s belo\\! and above t he fibro-vascular bund le!'i . 

bu t a lso lie ~c..:attered bct\Vc~n the :1 bundles Jon lling II -I: .. shape_ 

I~ tropicalis JVIOR1CL"-T (2). 

(E) Re:-; in canals ~cpta l a nd medial, ie, ."Ollle of the resin canals 
.'iituated cl ose to b()th the elldod~ rll1 and hY}J<'H.:erlll, fo rming a septu m, 

but others in the green tissue. touching neither the endoderm nor 
hypoderm . Stoillata on both dorsal and ventral sidc::.-;. Endoderm 
elliptica l. Med ial resin canals 2 and with ;t ,.,epta i ca llal. Encioderlll -

cell s ve ry unequal in size , .'iome of thelll large. Hypoderm cell s 
u niform thick- wal1cd. F j f4erJ...7tsii J IJ NGII. d . ))E VHI .E~E ( 2). 

(D') Resin canals septal and technically exte rna l, i e. :.;omc of the 
resin cana-ls situated close to both the endoderm and hypoderm, [orm

ing a septu!ll, but others touchiJlg <1 remarkably deve loped hypoderm. 

Stomata on buth dorsa l and vent ral sides. 

(<10) Resin ca na ls 2 to 4 , sllIall. H ypoderm ill large masses, 
projecting fa r in tu the g reen ti ~s ll e. Endoderm long-based triangu lar, 

with th in oHter walls. I~ o lJUlril!J1sis S~lITII (3). 

(b,,) R esin ca nais of remarkable .<;i£e, 2 to 9. Hypoderll1 not 
projecting fdr in to the green tissue , "with uniform t hick-walled cells. 

Endoderm clliptic rt l. The sclerenchym3 cell s not on ly form irregular 
lines below and Cibovc fibro-vascu lar bundles , but al so lie '·cattered 

between the 2 bund les formi ng " I . " shape. 

. P tropical;s M OI<ELET (z). 
(G) Kesin canaJs medial . i.e. si tua ted in the g reen tissue , tOllchi ng 

neither the endoderm nor 'hypoderm. Stomata on both dorsal and 

ventral sides. 

(ao) Endoderm triangular. 
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(a,) Hyp()dcrrn uniform. 

(a/) The ()llier walls of the endoderm thicl<. 

f !}'p(x:errll 2 to 4 layers elf thick-walled celb, nut 

C'xtellding l(I the endudtTn'. 

(.Ii) The sclcrcnchyma eelh form irregular lilies belo\\' 

alld ail('I.t: tile fibru·vascular bllndlc~. 

End<Klenll regui:u-tri:mgular. Resin canals 3 or 4, 3 of them cUllfineti 

I,) .) c~lgcs ThL angle forllled between the two ventral sides ~ITlaller 

thall ;t rig}!! "Ingle, :lppruxilllatel)" 72°. l' PScltJostroblls LTXDL. (5). 

(h,,) nil' 'iclcrenchYI1l:1 cells form an irregular lint" helmv 

the fibro-vascular bUl1clle,':;. 

{(el,) Leal'es 30-40 CIll. in lengtll 

. I~ Eligclmamziz" Ci\RRLERC (3-5). 
(os) Leaves 7-25 em. in length, 

(a f ) Ench,derm long-based triangular. The angle 
funned lxt\\'C,-'lI tht: twe, \'entral sides larger than ,\ right angle, ap

proxlIllaleiy 120V
, Leaves 12-25 C111. long. 

line bclm\' the 

bundles. Leaves 

(a;) The sclerenchyma cells t"(Jrm an irregular 

i1bro-vascular bundles, but arc wanting abO\·'e the 

deep yellowish green. P. /,onderosa DOCGLAS (3)· 

(bi,1 The many sclerenchyma cells form an 

the fibro-vascular bundles and several of them are irregular line LelolV 
scattered above the bundles. Leaves grayish green, 

P Je[fn'.yi BALFOUR (3-5)· 
(bt) Endudenn regular-triangulaL The angle 

formed bet\l'ecn the t\\'(J ventral sides smaller than :i right angle, 

approximately ?2 e
,. 

JUrIs 

the t~pidcj"Jll 

LCd\'C~ deep green, Ilnc serrated, 7-17 em, 

P. arizoJlica E~GEL:\1. (5), 
lb Lea\'c~; grayish 

Hypu(lcrnl 1'cInarkably 

green, 12-25 em. long 

I'. Jej/nyi BALFOUR (3-;) } 

de\'ell ,ped, extending from 

tLe t'Ilci(Jllcr!n ;-tnd t()rming- a septulll dC1"O'>.'; the green 

lin d ..; :2 "r 3,t:,)J1nncd to the edge;.; . [lIt :"iclercnchyma 

li'iL.'gllLll )itH~:-; lJt~l()\V and abuve the fibru-\'d.';cular bundles 
P.. !,seudos!robuJ ',Jar. tOllii/o/ia SHAW (5) 

rile uuter walls of the endoderm not thick. (b) 

(a,) Resin canals 2. 
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(a) Fibro-vJ.5cu lar bundles d istinct. The angle formed 
between the t wo ventral !'ides larger t ha n a right angle, approximately 

120°, 

(as) Hypoderm une layer of thin· walled cells, in
conspicuous. :¥l cdial resin canals two, occasion ally with :m internal canal. 

P. patlf{a SCIlLEe l l '!' ct CHAM. (3). 
(bJ Hypode rm 2 to 3 :laycrs of th in-walled cells. 

Resin canals always medial. P. Grfgg£i E l'\GEDI. (3). 
(bot) Fibro-vascuhlf bundles ccnti guoLls or merged in 

one. The angle formed between th e two \'c11t1'", ! !:l ides smaller than a 
right angle, approximately 72° , Hypode rm one o r t we) b}'cr.o; of cells. 

Ic feioplly!fa S CHLECHT. et CllA'!. (S). 
(b) Resin ca nals 3 to 6. Hypoderm 2 ur 3 layers of 

cells. Fibrv-vascular bundles distinct or cont iguous. The angle fOfmed 
between the ·two ventral sides la rger than a right angle, approximately 
f 20

c . P dtilmalw(1,lIil E-:\'GELl\I. (3). 

(c3 ) The leaf-section is notable tor the presence of both 
thick and thin outer walls of the endoderm-cells and r..)r the large 

amount of the hypoderm, both fOfIllS appearing in the same leaf. Three 

resin canals confined to tht: 3 ed ges. P. Torrt!j!allll PARRY (5). 

(b t) H ypoderm lJiform, i.e. very thin wa lls situated in the 
outer Jayer of ceIls a nd very thick walls in the inner layer o r layers of 
cells. Transverse section of a leaf tri:lIlg ular . 

(a~) T he outer walls of the ellduderm-cdl:; thick. 
IIypodenn .2 or 3 layers of cells. R esin callah; 2 or 3 . confined to the 

edges. j-'. /co(,/e S CHLECIIT. et CtLUL (3-5). 
(b~) The outer wal ls of the endoderm ·ce lls /lot thidc 

(a3) H y poderl1l in some pa rts ":ollsi;-;ti ng of one laycr uf 
eel],,;, and in others of t wo layers. biform when of t\\·u layers of cells. 

H.esin ca na ls 2 tu 6, 2 or them nearer til the edges, \'c ry large. O uter 
celts of the hypoderm vcry small , in(:o llspicu(JllS. Endoderm witb th in 
outer \\ alb . I. L'ckilla/a :\llLLEI{ (2 or 3, ca . .;c (lj' 3). 

(b)) Hypoderm cOll sisting \)[ 2 layers of cell", i1ccasicmally 

u[ 3 Lty<..:r." uf ce lb . 

(a.l The cdl wall 'i (Or t ht: s td ar t i :--:-l U": thick . Rc . ..;j ll 
canal-> 2 u r , P J"(ldia/a. D. Dv, (2 or t:i:Jse " f 3). .' J, 

(b,) The cell \V~d l s of the stebr tis'me t hin. R e.-;in 

canals 2 to 6. 

P. attenuata LEM'ION (3), P. scrotin" l'ilIC HAT.iX (3), P taeda L. (3). 
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(c,) Hypoderm 2 to 6 layers of cells. 
Resin canals 2 to 8 _ I'. rigida MII.LER (3). 

(e,) Hypcdcrrll multiJorlll, j c, cell 

thicker to\varc1 the centre of the leaf. 

walls beillCJ 
h gradually 

(a 2 ) The Cluter "walls oj the emluiernl thick, Hypoderm 4-
or .:; layers of cells. 

(a,) 1 rypodcrm projecting f~-l.r in to the green li:-:,SI1l':, but 
Bot extending tn the endoderm l{esin canaL.., 2 to 9. 

(a4) The sclcrenchYl11ii cells form irreglllar li!l6 below 
and abo\'(: the fibro-vaseular bundles. 

{(as) )i'umbcr of the res III GlIlaL" usually' ,). 

P .i'llontt!.'Jlt!!Jd( L\.\WERT (3-8). 
(b~) Kumber of the resill canals r ()r 2, often 3. 

Le:lve-; J 5-2) CIll. in length, often very slender and drooping. 

p ,}lOlltl'fmmat! Dar. f..iJUI!e..J'i Louno::\ (3-8). 

(c5) Xumbcr (If thc rCSlll Glluh 4, 5 01- more. 

Lea\'cs short (i-I5 em- lllllg), rigid; glaucous. 
(ao) Resin canals 4 or 5. I,eClv(;,'i are 1!l fascicles 

of ), occasionally more, 10-15 e111. in length 
P. montezuma£' 'i'm-. rUdl~\· SJ-IA\V (5-8). 

(b6) Resin canals numerous, 7-10. I_e;tVeS arc in 

fascicles of 3 and 4 as well as 5, 7-15 e111. in length. 

P ivlonti!sumae 7)ar. flartwegii E'\:GEUl'l. (3-5).} 

(b
4

) The sc!erenehynn ccl!s forming an irreguhr line 

bclmy the tibro-vascular bundles. 

{(a5) Leaves 30-40 em. in length. 

/'. Engelman"ii CARRIERE (3-5). 
(b 5) Leaves 7-25 em. in leligth. 

(a6) Endoderm long-based triangular. The angle 

formed between the two ventral sides Luger than ;l right angle, ap

proximately 120c, Leaves 12-25 eill. long. 
(<17) The sclerenehyma cells form an irregular 

line belc,\\· the fibru-vaseular bundles, but arc wanting above the bundles. 

Le:1\·cs deep yellowish green. P pondcrosa DO'CGLAS (3). 

(hi) The many sclerenchyma cells form an 

irregular line beluw the fibro-vascular bundles and :-:everal of ttlcm are 

scattered above the bundles. Leaves grayish green 
P. Jeffreyi BALFOUR (3-5)· 
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(b6) Endoderm regular-triangu lar. The angle 
formcd between the bvo ventral sides ::;rnaller than a right angle, 

<.tpproxi1l1ate ly 72°. 

em . long . 
(<17) Leaves deep green, fin e serrated, 7- 17 

P. arizonica E:\GELM. (5)· 

(b 7) Leaves g rayish g reen, 12- 25 em. long .. 

P. Jeffreyi B "'LFOUK (3-5). ) 

(uJ ) J Jypodcrm rt: l11ar]"ably deve loped, extend ing- from 
the cpickrm to the endoderm a nd forming a seplum across the g reen 
ti s~ ue. Ht:si ll canab 2 or 3, confined to the cdgc~. The :-:;clcrcnc hyma 
cells funning irregular lines below a nd above th(; fibro-vascular bund les 

f~ psemiostrobuJ 1}ar. te fluij'olia SHAW (5)· 

(b2 ) The leaf-section is notab le for the presence of both 
thick and thin outer walls of the end~)(krm-cel1s and for the large 

a mou nt of the hypoderm, both fo rms appearing in the ~alll C leaf: 

(aJ 1"~ncluL1enn regular-trian gular. Resin canals 3, cun-
fined to the .3 edges. J-iyp(){ierlll 5 to 7 byers of cdls. The many 
sc lcrenchyma cells funning irregular linc:-; below and above the fibro
vascular bundles. The angle funn ed between the two ventral sides 

sma ller tha n a right angie, approximately 72 Q. 
P TmTtJ'aml l'_'UtRy (5)· 

(bJ Endoderm Jvl1g-lJased t riang ula r. Resin canals 2 to 
10 , taki llg frce portion . The angle (onllcd between the l\.\'o ventra l 

s ides la rge r t han a right angle, approximately 120°. 
(a4) H ypoderm 2-4 layC!rs of cells. #\1 ullle rous resi n 

callais a lways Illcd ia l. The sclerellc hyma cells IR.t only form irregular 
lines below and above the ftbro-vasc ular bund les, but abo lie bdwcen 

the two bu ndles forming " .T " shape.. r ~')'t.lbillia"a DOlGLAS (3). 
(b 4) Hypoderm con:-;i!;ting (J f 5-7 layers of cells. 

Resin canals medial, or ocea.;.;iona1iy with one o r h'.'o internal canals. 
F Colt/tm D. Do,; (3). 

(b :.) Endoderm ellipticaL 
(rt,) Hypoderm cells unifonll thjck~ \\.·aJkd. 

(a~) The outer walls ()f the entloderm thick. Resin canais 

2 to 9. Hypoderm 2 or 3 layers of cell.~. 

{(<l3) Leaves 30-"40 C lI. in lc:ngth 

. P El/gdJllaJl1lii CARRl i-:r{E (3-5). 

(b,) Leaves 12 - 25 em. in length. 
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(aJ The sckrenchyma cells form an irregular line 
below the fibro-vascular bundles, but ,,,,aoting above the bundles. 

Leaves deep yeIlo\vish green. . l~ ponderosa DOL-CLAS (3). 

(b 4) The many sclercnchyma cells form an irregular 

line below the fibro-vascular bundles and several of them arc scattered 

above the bundles. Leaves grayish green. 

F fll1reyi DALCOUK (3-j) 1 
(b2) The outer walls of the endoderm not thick. 

(aJ Endoderm-cells very unequal in si;-:e, some of them 

large. Two resin canals medial, but occaslonally vvith an internal 

canal or a septal ~anaL Hypoderm 2 Of 3 layers of cdIs. 
P JIcrkusii JCNGH. et DE VKIESE (2). 

(b 3) Endoderm-cells approximately equal in size. 

(a4) Transverse section of a leaf triangular. 

Fibro-vascubr bundles contiguous. Resin canals 3 to 6. 
F cia/mel/malta EXG-EI\L (3). 

(b4) Transverse section of a leaf semicircular. 

(a~) The sclerenchyma cells not only form irregular 

lines below and above the fibro-vascular bundles, but also lk scattered 

betv.'een the 2 bundles forming <f I." shape. HypoJerm 2 to 3 layers 
of thick-\vallcd cells. Resin canals 2 to I I, ahvays medial 

P icltcotit'rmis ANTOINE (2). 

Cbs) The sclerenchyma cells form irregular lines below 

and above the libro-vascular bundles, but not forming "I" shape. 

IIypoderm consisting of one layer of cells, occasionall}" of t,,\,O layers 

of cells. .Resin canals 2 to 6, medial or medial and external. 

P talz.tltlllCllsis l1.\.YA'1'A. (2), P brc"ispica l-L'l..YATi'l.. (2). 

(c 5) The sclerellchymd cells form a irregular line 

beloy\' the libro-vascular bundles, occasionally several of them lie 
scattered above the bundles. 

(a6) Hypoderm, some parts consisting of one layer 
of cells and others of two layers. Resin canals 2 or 3. Epiderm very 

thiclc The sclcrenchyma cells lie scattered and form a irregular line 

below the fibro-vascular bundles, but are \vanting above the bundles 

P. lucltuensz's !vlAYR (2). 

(be) Hypoderm consisting of 2 layers of very 
thick-\valled cells, occasionally of 3 layet·s of cells. Resin canals 2 to 

12, often to IS. The sclerenchyma cells forming an irregular line belm-\' 



the fibro-\'ascular bundles, and se\'cra l of them lie ~cattered aoove the 
(2). blllldi cs. 

(ll,) 

(aJ 

I~ .11ml!(Jt'rgii IJAJa,. ( 2), F nif[Fl l AJO,OLn 

Hypoderm ce ll s uniform thin-walle , !. 

Hypoderm c(,II1:-;i:-;ting of one layer of t hin-w:tlled in-
c<Jllspic lII ') U'" ce 11:-; , occasiona lly o f 2 lay ers of cell ..,. 

(<1 3) The sc1crc ll cl'yrna cells f~ JI ·tllillg irregular Jines hehl\\' 

a nd ahove t he fib ro-vascu b r bundles. Rc~ill ca na ls 2 to 6, mn!ial or 

media l a nd I.:x ternal. Trall "i\'ersc ~ec ti()!l of a lea f se tHic irc llla r. 

/'. tai'i.'flItt'lIsi.l' I/.\\'.\T.\ (2), l~ /;I'(, ';,'i/,il'{ r j-L\\' ,\T.\ (::!). 

fibro-\ ·a.'Cllla I' 

internal can;) 1. 

(bJ Scn~ral sc lcI cnchYlIla cells lit: .... c atterecl belu\\' the 

bundles, :\[('ciial resin canals two , occ;'I ... iunally with :i ll 

Transverse s('c1 ion of a leaf tri ;l ll g lll ;lI'. 

I - ~ falula SCH I.EClI T. ct CIJ :HI. (3 . . ;;nmetinll,-'s 4 o r 5). 

(Il:.) lTypoderm c(' I~ ... i ~t ing Iif 2 to 3 layc:: r:-; (.f cell s. 

i\.csin ca nal." :J , a lways media l 

(C ,) lIYlJodcrrn biro I'm, Lt:. \'ery thin \\'all:-; :-;ituatcd III tht 

outer laye r of' ccll~ and very thic k wal]:'; in th e illller layer or lay(:l's 

uf cel!.'i, 'l'ra lls\'e rse sectioll or a leaf :-;emicircular. 

( Reference p . 179 (h ,) nil t he :-;peclcs which the t r:lIlsverse ~_ection of 

a lea f are triang uli'lr.) 

(a ~) IlypfKknn , som e pa rts consisting" flf ( Ine byer of cel l ·; 

and ( It l wJ' ''; o f l\VO layer.'i. ilifo J"l n when of two laye:r .... (,( cd l". 

(aJ Outer cells {,f t ht.· hY]llldcl'Ill vc·ry s lIl a ll , incoTlspioll "w;, 

Endeod enn with thin ultter walls. 

(a~) Re:o;in canal...; ~~ to G, llH'dial ( II' mcdial and inkl'-

!lal : 2 mcdial canals f)f them nearer tn the edge .... . ver~ ' large. 
I~ l 'rhiltrl/o '\111.1.1-:1< (2 (.r :;, ca ;,;e o f 2). 

(bJ Resi n ca nal ... al \\' ays ~. med ial, confin ed to t he 
edges, no t Luge. I~ .r;·!({!wa \VALTEK (2). 

(b) Outer ce ll ... (l the h}'pud t: rrll large. COtl."piCII OlL'l. 

:\[cdial re,': in c<t nal" two, nr ()ccCl !-: in llally with all internal callaL 

8 cm. long. 

! ~ dill/.w V":\SEY (1). 

(b,) 11 Y}Joder ll1 consisting- o f 2 o r 3 lap: )" ,,;; o f cells. 

(aJl 
(a,) 

(b,l 

Re;,;in calla]:..; 2. 

I fypoderm u . ..; ually 2 layer:-; l ;f cell,;. J .ea\Tes 4 to 

I). 7'il:s;iJliantl ;\TIU.ER (2). 

_Hypoderm 2 layer,;; of cell ~. hilt having part . .::. 
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which consist of 3 layers of cells. 
p 

Leaves 10 to 15 em. long. 
radiala D . Do,; (2 or 3, case of 2). 

{ (b,) Resiu canab 3 to 6. 

(a4) 

6, medial or medial 

I eaVf:$ from .3 to 7 cm. 

and inte rna l. 

long. Resin canals 3 to 

P pllllgms LAMBEI<T (2). 

na!. 

(b,) 

(aJ 

Leaves fi-om 10 to 15 cm. long. 

H.esin canals 2 or 3. medial or medial and inte r-
1'. radiala D. Do~ (2 or 3, case of 2). 

Re.'iin canals 3 or 4, always~ll1edial. 

P_ tJlllrirala D no!' (2).} 

(d l ) Hyp(}(le rm lllu itiform, i.e. ~e ll \\'all ~ being gradually 
thicker to\vard the centre of the leaf. 

(a ,,) The oute r walls nf the endoderm thick Transverse 
.section of a leaf tl-iang ula r. Resin canals 2 to 9 . 

{(aJ Leaves 30'40 COl. ill length 

. 1'. blge/11Iamlii CARRIEH.E (3-5). 

(b3) Leave.':) J 2-25 COl. in length. 

(a4) The sclerenchYl11a cells forlll ::I. n irregular line 
below the fibro-vascular bu ndles, but are wanting above the bUlldles. 

Leaves deep yellowish green. P. pondtrosa DOUGUS (3) . 

(b~) The many sclcrcllc hyma cells form an irregular 
lillt..: below the fibro '\' ;1scU !,U- bundles and ~everal of them aloe scattered 

above the bundles. Leaves g rayish g:reen. 

P j e!!;")'! HALFoeR (3-;).) 

(1~~) The uuter walls of the endoderm not thick. Transverse 
section of a leaf semicircular. The inn l~ r cells of the bypoderm gT<Idually 
larger, remarkably large in the ed ges. Resin canais 2 til 14. 

1-'. pill11strr SOL:\K DJ::R (2). 

(c~) The Itaf-:-1 t:<.:t ioll is 11(,table /()1' the presence of both 
thick and thin outer \\ ·;,111:; of the endoderm·cells and for the large 
amount of th~~ hypu(kl'lll, hnth forms appeari ng in the same leaf. Re::;in 
cana ls 2 to 10 . 

(a) IIYIJ!)tie1'l 1i consist ing of 2-4 byers of cel ls ~ umcro ll s 

resin canal s always medial. The sclerenchyma ce ll.s not only form 

irregular lillt'~ below and abuve the fibro-vascular bundles, but also lie 

between the two uundlcs forming" T " shape 

P. Sabilliallu DOUGLAS (3). 



(bJ Hypoderm consisting- of 3-7 layer-; (If cells. Re~ill 

cJnal.'i lllcdi:tJ, or occa~iollally \Iith oile or tn'u internal canal...;. 

r Dm/to'/ 1 J. Dn); (3). 

(c·J Endndr:rm "j rangled-ci 11:( ,( 111 like. 
The ~p;lCC between the (WI) iihrl)-I-;hClllar hllndle" \"tTy II-irk. l~t:_...;ill 

can:lls 'dIe' Ilr twu. Ifypndnlll \Iith \'cry thin \\·;[1:" in the (Iuter hyer 

1,( cell....; ;l1ld \Try thick \I-;Lll'i in tht" 11111er L-lycr (If byns ilf cdb, 

ll(llllciy bifl,nn. The (luter ILlll . ...; (,f the endoderm thick. 

width 

(Cl,) Epidcnll 

Ifyp()dcrJl1 2 (ir 

cells thick, l11cir thick-lie".., thicklT th:l1l tlteir 

,3 byer . ...; (l cel!....;. 

(h,) Epiderrll cell" nut thick, therr tiJicknc.'is :IS ]'lllg ;\s their 

\\'idth l-Iyp(\<lerlll 2 or 3 layers oCcel1s. I'. h'alli.'sia1!!T 1._\\lI\vvr (1).} 

(H) Re"in callaIs medial ;uld external, 1.(" .. 'iOI1lC ({ the rC_"il1 canaJ:..: 

situated III tbe gTeen ti"';-;lll'", tOllching- neither cl1tk,c\enn nor hnXldcl"ln; 

but other....; cl('~C t(1 the hypoderm. StOfl1ata on both ri(I!".'i;tl and ventral 

siues. 

('\» Enduderl1l lung-based triangular. H.esin canaL...; external, 

rarel.Y with a medial canal 111 \"entral side, 2 to 5. 
F insuiaris E'\!)L (3). (rare ca.:';e). 

(Lo) Endoderm elliptic<d. 

(a l ) Resin canals 2 to 6; c.:-.:ternal canal.'i usually 2 III the 

venlra1 side, medial canrtls ill the d()r~al side. Ilypoderlll cnnsi:';tillg (If 

(i1le layer or cell~ The sclercnch.Y'JlLl (db SUlTeJtlllciing the resin canals 

thick. P rl'si)/(}slf .i\ ITO:\ (2). 

(h,') External rcc;l11 cl.llals in the til)r-;ai side (Jnl)' (lr buth tbe 

(IUI"-;<11 all(! ventral sides. 

t'_1 J I . 

(aJ Tran.'i\·ersc section of a leaf trianglllar. 

2 tu 5, external or external and Illedial. 

!\e.'iin canals 

P insular!.\· E:\!)f .. (l), (J;m~ C;1-;t'). 

(bJ. Trans\'crsc section ()f a leClf semicircular. 

(;t:) The sclercnchYllla cells fiJnning irregular lille.., beluw 

and ;t1){l\,C the libn1·\,;l.~Cldar !Jundk'i. Resin c;-{Ilai.c; 2 t(i ri. 11lc-dial PI' 

Jllt:dial ,1nd e:--..:.krnal. Ilypodcrlll CI)llSi.'iting tJf" (JIlt:" byer uf cells, l;lI"l~l) 

J'.I(li~t!{rtt(1/.I'iS IfA\XL\ (2), Jl. /m'-"ij/,inl H.\\AT.\ (2). 

(b 1) Tlle ~cleretlchytna ceil." _"cattcn.:d and f(lUllillg- a 

irregular line beluw the tibru-vascular bUJldle~, occasicJnally :::el,-'erdl uC 
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them scattered above the bundles. Hyopoderm, some parts consisting 
of one layer of cells and others of two layers. 

edges; other 
denn for the 

(a'l) Hesin canals 3; 2 of them medial, confined to the 
external in the dor,;al side. Epiderm vcry thick. I-Iypn-

most part cnn . ..;isting of 2 layers of cells, others of ont 

P IItc/IllCi1sis ~lAm (2). layer. 

(h-+'! k('"in canals 2 to I 2, among them the medial 

canals taking free purtiun. Epiderm not so thick as P. IUc/llftllSis. 

Hypoderm f(w the m()Sl p:lrt consisting of one layer of celis, others of 

t\vo layers. 

P dtnsijlora X P. TlmllbtlXl"i; P 17tltnbt/:f(ii X P. rI(,Jls~jl()ra l\L~ VI{ 

(co) Endc)(lerm strangled-cocoon like. 

The space between the t W(l fibrCi-vascular bundles vcry wide. The 

sclerenchyma cells j;Jnning' a irregular line belo\\' the fibro-vascular 
bundles, occa:;iOJully :-;c\'Cral u( tbelll scattered above the bundles. The 
sclerenchyma ce:!:.,; ~U1T()Llndillg the re:-;in callaIs contil11JOll:'i at the part 

touching the hypodeml. Resin canals 2 t(1 IS, external, IJccasionally 
with one or twu meciial c:mab. Hypoderm one layer of thin-walled 
cells, often having parts which cunsist of two layers of cells. 

F. sih'Cstris L. (2). 

(I) Resin canals external, i.e. situated close to the hypoderm. 

Stomata on both dorsal and ventral sides. 

(ao) Endoderm triangular. 
(a,) l-Iyplxlerm in Jarg'e masse.", projectiIlg far into the green 

tissue. 
(a 2) Some ur all of the endoderm-cells with thick outer 

\valls. Resin canals 2. P. longifolia ROXB. (3)· 
(bJ Endoderm with thin outer walls. Resin canals 2 to 4 

P. canariellsis S!vHTH (3). 

(b ,) Hypoderm nut projecting far in to the green tissue. 

Resin eanals 2 tu j, external. rarely with a medial canal. 
1'. insularis E~DL. (3). 

(bo) Endoderm elliptical. 
(a,) Hypoderm cOIlsisting uf one layer of cells, ()cc{l,sional 

having parts consisting of two layers of cells. 
(a~) External resin canals 2. in the ventral side only. 

p. r{'sinosa AITO~ (2). 

(b~) External resin canals in the dorsal side or both the 

dorsal and ventral sides. 
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(a3) Epiderm remarkably thick 
The sclerenchym<l cells forming an irrcgllbr line belo\\' 

vascular bundles, occasionally' severai of them scattered 

the fibro

above the 

bundles. Resin canals 2 to 7· P. JJl(}Jl/clIla :VLLLER (2). 

(b3) Epiderm not relllarkably thick. 

(a
1

) Transverse section of ;1 leaf triangular. Resin 

canals 2 to 5 . 1'. insularis E\,DL (3). 
Trans\"erse section of a It:"f sClllicirculZir. 

The sclerencbYI11<1 cel!.s ':illrronnding the resin 

canals are wanting at the part touching the hypoderm and se\'eral 

~ecreting cells are close to the hypoderm. 

(3,,) The :-;clercnchymd celie; !;mnillg ;1n irregular 

line below the fihro-vascular bundles; (lcGl.~inll;t11)" :.;;evera) of them arc 

scattered a.hove· the bundle". 

(a,) I Jypoderlll consisting uf nne layer of very 

thin-walled cells. Resin canaIs 2 to 12. I.eaves 7- I 2 Clil. lung. 

p. d(!ls~.f1(Jra SlED. ct ZUCCo (2). 

(b7) Hypoderm c()l1sistiJ1g (l nne !a)-ocr of thick

walied cells, but having parts ,,-hieh consic.;t (l t\\"Il byers i)[ celi<:;. Resin 

canals 2 to 10. 

r /rrblf/m/ormis C .. \'R.R 1 f.:R. I'; (2), (Fjlt1ldwis KiJ:lL\lW'Y pro parte'). (rare ca:-;c). 

(br,) The several .c.:clcrcnchY1l1:1 ceils scattered be
low the tihro-v;}scular bllnrllc . ..;, I'wt Ilot f(mning (Ill irregular line, 

deficient above the bundles. Hyp~)der11l with very thin-walled cells, 

lnconsplCliOliS. Resin canaL" S to 8. 

f'. 

Le3.\"C.S 12-10 em. long 
,1IassoJlimlir I ... \'>IBERT (2, rarely 3). 

(1)5) The sclercllchyma cells :-iurroLll1ding the resin 

canals always continuous at the part touching the Ilypoclt:nn.Rcsin 

canals 2, confined to lateral edges, une of them in the dorsal side and 

the other in the ventral side. Several . ..;clcrcnchYlll;l. cells lie scattered 

below the flbro-vascl.llar bundles. P pinea L. (2). 

(c5) The .""clercnchYllla ceilo..; sUlro1ll1ding the resin 

canals continuous and :-urround the total circulllfcrcncl' nf some of the 

resin canals, but in other cdnals tbc}' a.re \\';lI1ting- at the parts touching 

the hypoderm, and secreting cells arc clo:)c to the hypoderm. The 

sclcrenchyma cells form an irregular line bclo\v the fibro-vascular 

bundle:-;. occasionally several of them lie scattered above the bundles. 

Hypoderm one layer of thick-wailed ceils. but having parts which 



consist of tn"o layers uf cells, kesin canals 2 to I u. 

f'. itl/1;!/r71:/oJ"lIlis C".\I{HIEIU·: (2), (/', ./Imcbris KO:\l.l,l{{)\\ pro parle) 

(b,) J Iypodenl1 C( )flsisting" uf 2 t(l 3, rarely tl) 

uniFlnn thick-walled celb. 

layers of 

(;IJ Resin CClll;ds I.J( rClllMj·Clh1c .c.;izl', nd 1()\lchini-; the 

cnd()dcnn, tech1llcally' external, 2 tIl 9. 

illg irreglliar lines bcluw and ;il)()vc tlle ilbrl)-vascular bundles j lYF'-
dcrrn 3 to .=; layers uf cells. f'. tropicalis -:\T()I-,I:U·:T (2) 

(h .. ) Hesin c:mals not S(. ];Hgc ;-t." F tro.foiolh\·. Thc ~;clert:'ll

ChYlll(l celis fnrnljng ;111 irreguJilr line below tlw fihr()-V;L';;Cll];.U· ll111l(1!cs, 

u("cil.sj()l1ally .c.;c\"l'ra! uf them ;lrc scattered abuvc the bundlt::.s. 

(;JJ Resin ca.na!s 2, c()ntined t() lateral edges, (,tlC (,f 

them in the d,)rsaJ .side ;1Il<! the other in the ventral side. The ."clncH 

ChYlllil celLs SlllT\.lltllding the rc."in canab alway-::; COJ1ti!ll\DIl'; ilt the part 

t(~lIchilJg 1h~~ hyp()derlll. Sc\'eral :;c]crcnchynia cells lie .<;cattelTil helow 

the libro-\",hCular bundlc:~ F /'t"Il<'tt L. (2). 
(bJ [(esin callal." 3 to 7. takilll~ free p()rtion. 

The <.;cicrenchY'llla celb SlllTOlllHiing· the rL'sin cln;lls :lrc t:(lntillllr'lIS 

and SlIrrutllld the t/)[<1J circumference of some !.l the l-csin canals, hut 

in otht'l' clnals they arc wanting :,t thc part..; tuuching the hyp()dcr1l1 

and secretin!.!" celL- are close to the hypodenll 

tis:-'l1c. 

P. ll<rI('i'f::"Jlsis\rlLI.EI~ (2). 

(c,) Hypoderm in large masse,;, projecting far info the green 

(eL.,,) So:m; ur al[ of the clldo(knn-ccll~; with thick 'utCl' 

\I·dlls, Ecsin canab 2. F !e"g~fo!ia EClXII. (~). 

(b~) Endoderm ,,'jth thin (lUte1 walls. JZesin cU],ds 2 tn 4 

I), {"IlJlaricllsis S.IIlTli (3), 
(cJ Endudenn :.;tr;{ngled COC()()l1 like. 

'rile :;pace hetwcell the :2 fibro-vascular bundles \"Cry "wide. The 

:-;c!ercllchYlll;l eel],,; ii)nllillg ;111 irrcg-uiar li1lc be!(I'iv the fibro-vd:-icubr 

bUll d k...; , UCCl.'-'!ull'llly :-;c\'cral (If them arc :",clttcrerl a]Hl\·e the hllJ1(lles. 

'rhe sclen:nch.vllla cells ;;UIT()Ullliing tht' rc,;in cilnaLs :dway.'i continuous 

~lt the pan touching the hypodenll. Resin canal." 2 ttl 15, external. 

ucca.si(lllc.t!ly \dtiJ nne II]" two mcdi;t1 C<lll;-d.s. 1 Lypdenll cUllsi,sting of 

UllC layer uf tbin-\\alled cdb, often lw,iIlg" parh which CU1L"ist of 2 

la)iers ()f cdb 
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Tho.o:.c species enclosed [f1 parent hesis ,, { 

Allalytical Key (Chapter VIII), are eitJ,e r 'L1c h 
, l" In 

as fail to show ~omc 

thi ." 

dis-
tinct peculi;:Jrity, or ",hich, hecause or pos.r:.ibl c , .. lig ht ch3nges in their 

chardc t'ers, arc difficult uf exact c lassification . 

l. Hr.wrRA:-;n, C. E. ..\n:llm llic ..:<)mpar~ .-It'S li g:t'~ et rI~ r~ui l1es dlf'''- Jco", (;neUcees el les 

C' ,nifer('~. Theses presentees a b racultc des !"c iehces d o: p.lfi~ P"lIlT qlJlen ir Je grade fie 

d.)ctctlr ~ sr-iellces ua lurd lt:s . So.'rie ,\ , :.,: : 14, -"c d··m lre 3,>,;, ~.!·9;;, Elf i", ,374-
_. P.\G l l 'LI .~.", A. : I,-echc rchcs IIYl rl'ht)I'I~ i'II IC<; ,.:I\ r Ie .. fcui l lr ~ 'k~ l ~~nif(> r~:<. Theses pre

.'er,iCes :I Ia facult c <.k .;; Science.; de I'ad" ,Y\u r " hl eo ir Ii' !:ra.\<, <k d·-..:I ("l1 r~" science,> 

1l."\lurdlc;o . serie A, ... -0 J 37, :,,' .t' ... rrlre (,89 . .5 1- ; ,l, Pari):' . J ;~'Y~ ' 

" . EM;J,.ER, A. unci K. P !{,\'>;TI.; Dil~ naliiriicht'!l "lbnl.ei.f:\1" ili('lt . ..:_Autl., l..i- Bd, 33 [-).1-=', 

Le ipzig, 1926. 

lind Fnr~twirtfchaftJich('r Be7.ichllng". 

J.:(lEl·L~I': . E.: Deutsche Dendfllj,)gic. 

Sc it t ~ ' )· 1 9 :). 

28'4°, Stuttgart, 1(;:,13. 

l\( )lDZL' r.ll, G.; Contributiones ad C")gn ili<)I1~:lll , .'1') 1":)<:: I\ ~ ia~: ('jri t· nt.1Ii~. 

XXXVln, 44'), 113, 1924. 

7. KR01\TIT-:r.TI, M.; HemerKllngcn Hber Conifer"n. lklL ( b ltrl" . I, h5-70, ,m;!). 
C,, i\V,HLF. RT, A.; Heitrage I.UT KenIllr~ i~s der AI1:1. t(jlllic d~r L r'wbli lii ttcr der Cnniferen mit 

hr;snrldere r Hcriicksichtiglwg des Spa1t("lffnullg~- :1.rr:lr:"l\es. H,..,t. Centrh l. , ::q., 12('-122, 149 

153, lagS · 
~1AK1 :-l(), T. and K. NEMIJTO ; Florn ,)f Japan. 153:'; 154 1 • .I:tpan. ")25 . 

In . :\fAsTI:RS, M . 1-; A gencra l dew of Ihe !-:e n ll~ l'ill «.< . .I.")urn. n. Ill . l-inn. S<1(.. X XX V, 

:!4R. 5hn'()59, 11)04 . 

II. :\!OIl R. C II . ::and F . ROTH ; T he Ti mbcr rim:s " f 1 he ~"Il t hern ~ fn ilCn. S[ ;Jl e~. Disscrl'l
li.)n, \V:J..",hington, Ib96. 

I; . :\fOR H{,\W.'\, K.; AIl."llomische Vntcrsu ei lUng:e:n iihe r die ;'\:a ddll der Zw ischen -Fofmen 

\on I'imu dt1lS!!wra llnd P. l'hlfllM'7{h (J "palli~ch mit D':UlsciLc ZlIs:J.mmenfassu ng.). 
I,a BulleT in Scit":l1C<t (k la F:1lmUal<l 'J"e rl.;u! llI ra, K,il1stl Imperia UIlL\·crsit.1t". Vnl. ;:: , 

~, .... 2, ~)6·113 , JaIMIl, 1926. 

13. :-:HA\V, (; , R; The Pines of ;\fexic(1 . J)i ~~c rl:lI i " ll, p~ )~ [ <) !1, ' 71') 

"1 . SIIA\\' . G. R.; The Gelllls I'inl!.<. Dissertat km . Camhddgc , 1 ~}I 4 

15 . ZANG, \\C.; Die AnJlnmic cler KiefeTll:"lde l lim.! ihr(; VerwclHIIIIlg' zur ~ystennti5chen 

(;licderung rler Gatt ling: Filllt", Dissertalinll, Gie~<;cn , l ~j04. 

\. IXDEX TO THE SPEcrJ<.:s, L>\' RIETIE5 Al'D THEl R sr:--:oXY.:tr.-:; L\' TIlE 

A~ALYTrCAT. KEY (CHA.PTER nTr. ) 

The scit:ntific names of the admitted Species or 
Varieties are in roman type, of Synonyms in italics. 
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