R
. ]

d T Sl o “x:\ \“TT', ‘
COMPARATIVE ANATOMY OF THE SPLCIZS Orw%nE
> N

GENUS POFULUS W=

Dy
Daphne B. Swartz

A. B. Washburn College, 1923.

Submitted to the Department of
Botany and the..Faculty of the
Graduate School of the University
of Kansas in partial fulfillment .
of the requirements for the degree

of Master of Arts.

Approved by:

T S levrens.

Chairman of Dept., of Botany

August 1925..



TABLE CE CONTENTS

Inﬁroduotion
Ancestry orQGeological'History'

Méthods

Description and Comparison of Species

The Blade

The Epidermis

The Petiole

The Stem

‘DiscuésiOn and Conclusions
Key to the Species
Acknowledgment
Bibliogréphy

Plates I to VIII



- COMPARATIVE ANATOMY OF THE SPECIES OF THE

GENUS PQPULUS
INTRODUCTION

To the student interested in any of the many branches of
natural sclience, there is'open.an almost illimitable field for
originai investigatignp To the botanist, a particularly attrac-
tive field is that 6f comparative anatomy. While the anatomy
of certain families of the greai groups ls generally known,
'no'great amount of work has ever been conducted upon the in-
dividual gemerg; and of thet-—but a small per cent from a com-
parative point of view. Our classification of plants 1s based
chiefly upon external features; or in other words, we classify
plants upon gross external characteristics rather than upon
fundamental or anatomical differences..

In the light of our present scientific knowledge, it seems
plausible-—-in fact," indisputable that the species of any of the
various plant genera have risen from a common ancestral form,
Forms apparently closely related and yet having gross differ-
ences sufficient to place them in different species of a genus
must have been,produced thru mutations, hybridization of muiants,

and possible further mutations and cross breeding..



A éompafative anatomical study of the species of
a given genus should reveal first of all wihether there
are Sufficient‘anatomiCaI similarities to warrant the
assumption of a common ancestral form.. Or, assuming
the common ancestor as ineViﬁable,‘the study should
reveal (1) in what'wafs the existing speciss differ
anatomioally, (2) whether species isolated geographical-
ly are less similar anatomically than those not so
isolated, énd'(S) whether the species can be distinguish-
ed by their~anatomical characters. These, then, have
been: the purposes of this étudy of the comparative ana-
tomy of the species of the Genus Fopulus.

Previous work with the Genus Populus has, with few
exceptions, been motiﬁéted by a different purpose.

Von Hildegérd Hermann (3) in her extensive work with

the wood of‘Salix and Populus, prepared a systematic
table for classification based on the structural differ-
ences of several species of eacﬁ genus.,

The anatomy of thé petiole of certain species of
Populus was investigated by Mdrvillez (5) and later by
Leach((4) whose purpose it was to show the relation of
the anatomical structure of tne petiole to the chief
physiological functions of the blade.

The work.of Ursprung (6) also involved the structure
of the petidles——certain species of the genus Populus
being included with many other dicotyledons studied.
His chief concern waS‘of an architectural nature--—the

torsion capacity and its relation to the anatomy of the



leaf.

The fbregoing studies have all dealt‘with the
species of Populus found in the 01d Wbrld. The present
study includes three éf‘the'OldVWOrld forms: P, nigra,
P. alba and the so-called Chinese Lombardy™; and in
a&diﬁion, three forms native to America: Ph deltoides,
P, grandidentata, and P. tremuloides..

Moreover, it will be noted that these previous.
studies have dealt with only one féature of the plant
suéh as the pétiole, the stem, or the wood. Angﬁne of
theée features furnishes an ample field for extensive
investigation. However, in the present research, an
attempt was made to include all important features and
vtb extend ihe comparative study tokthe Six species
mentioned above, with the result that it proved too
vast a field for one calendar year's work, In every
feature touched upon, the work could beAcarried out in
much finer detail; in fact, so broad is the field and
so numerous‘aré the points of interest which present
themselves that the subjeét would lend itself well to

regsearch leading to a Doctor's thesis.

% ;
This form has only recently been introduced into
the United States, and its scientific name could not

be located..



ANCESTRY OR GEOLOGICAL HISTORY

We learn from Berry.that the poplars were widespread
in early geologic times. DBesides the now existing forms—-—
Cabout 25 in number--some 125 fossil forms have been de-—
gcribed. During the Lower Cretaceous period when dina-
saurs still ingabited the earth, and forms of ferns,
cycads, and conifers of the older iMesozoic Era still
survived, so far as our fossil record shows, the first
poplars made ‘their appearance. It is interesting to note
that a poplear of this peridd found in the Kome heds of
Greenland was for a long time the oldest knownAébtyledon.'
Another form of this early period is found in the
Potomac River Valley. Thirty species of poplar have been
found in the devosits of the upper‘cretaéeous period..
They were then common in Greenland, and widespread
thruout North Ameficau During the Focene period whidh
followed, 50 species are known to have existed, Leaves
of poplars are the most abundant fossils of the oontin-
ental deposits of this period. At this time they seem
to have covered all plains and mountain countries of the
West and to have encircled the glebe in high latitudes.
Recérds are found in Greenland, Siberia.and Manchuria.,’
vAﬁparently but few species occured in central Europe,
the great bulk being American and Arétic, The 30 species
of the succeeding ifiocene, flourished from Greece west
to Spain and thruout the wéstern United States and Canada.

Following this came the Pliocene which has contributed



16 species, several of which are close to or identical
with existinglforms, such as the EZuropean Asven and the
silver vpoplar. Fossils have been found in deposits
‘from Asia Minor‘to‘Spain.A Of the 10 existent species
of the Pleistocene, only 2 are extinct. Of the forms
studied, for this thesis, Pieistocene foséils are found
'6f‘P” nigra in Iﬁaly, P.. alba in both EngIand and France,
‘and P.. deltoides in the river terrace deposits of Alabama
and Western Kentucky.

At the‘present time, species of the Genus Populus
are well distributed thruout the boreal and temperate
regions of the northern hemisphere. Great forests
'composéd of Populus occur in the extreme north. In the
New World, they are scattered southward to Northern
ifexico and Lower Californiea; in the 014 World, to
Northern Africa and the‘southern slopes of the Himalayas,
upon which Populus ciliata and Populus microcarpa'are
found. According to Sargent (7). *9 speéiGS'now inhabit
British America and the United States where they are
found from the Atlantic to the. Pacific and the Artic
Circle to Mexico, Iinming the banks of étreams in the
northern and central regions of the continent and grow-
ing on high @ountain slopes. In the eastern hemisphere
they'exéend‘north fO\the Artic Circle; abound in northern
and dentral Europe and northern and cehtral Asia, where

they are often the most conspicuous forms of vegetation,"



The species of Populus presented in the anatomical-
research of this thesis are distributed as follows:. F.
alba, the gilver leaféd or white poplar, 1s of Huropean
origin., There it is distributed from eastern and south-
ern England all over central and southern Zurope to |
northern Africa. It is found in western Siberia, Syrig,
Asia Minor and the foot hills of the northwestern
Himalayas. In eastern America it has become sparingly
naturalized from the valley of the lower St. Lawrence
.to northern Alabama.

The fastigiate form of the Bléck Poplar of Europe-—
P. nigra Italica had its origin in Afghanistan and’ is
thought to have beeﬁ introduced into Europe by the Arabs,
It is found growing wild in the forest at Shakhabad near
Cabul at an altitude of 7500 feet. It is cultivated quite
extensively thruout eastern and central North America
where it has found favor with the landscape designer.

The . Chinese Lombardy is a fastigiate form recent-
Ly intfoduced inté the United States from Asia,

Populus £remuloides or American Aspen, is the most
widely distributed tree of North America)being found
from Labrador to Alaska, south to Pennsylvania and
Miésouri, as well as in California and on the mountain
'slopes of Colarado, Arizona and New lexico.

Populus grandidentata, the Large-toothed Aspen,
occurs in rich woods and stream borders from Nova

Scotia to the mountains of North Carolina, west to

¥



Ontario, Mihnesota‘andvIowa;

Populus deItoides; sonetimes known as the Neck—
lace Poplar-—and also designated as the Common Cot—
tor=wood. in this region is found along stream borders
from western Juebec and New Hampshire south to

Florida and west to the Rocky lMountains..



METHODS

The preparation of materials for this research
involved only‘or&inaryvprocesses as*explained in
Stevent's WPIant Anatomy".(9) One of the most im-
portant steps in preparation for embedding—-either
in paraffin or'celioidin——is the removal of air from
the plant tissﬁe by means of a suction pump. All
leaf material from both petiole and blade was found
very satisfactorily prepared when embedded in paraifin,
'sectioned on the rotary microtome, mounted, and stain-—
ed in safrahin; |

Stems and oﬁher woody material could be more
easily and satisfactorily sectioned if first desilici-
fied by soaking in a 50 % hydrofluoric acid solution-
for a week or‘two and then embedding in celloidin..
Such material was of course sectioned on the sliding
microtome..

It was found that fresh material--both leaves
and stems-—or material which had been preserved in
4 % formalin could be satisfactorily sectioned on a
sliding microtome if first dipped in paraffin (heat-
ed just above the melting point) to protect the
epidermis, and;thenhplaced between pieces of pith.

Good sections were made from older wood if the

wood. was first boiled and then placed for some time



in a'mixtﬁre of'équal parts alcohol, glycerine, and
water.

In the maceratibn of woody material, a combina-~
tion of two welrkﬁown\processes was used. Small
tangential sectlons were first treated'by the Mangin
pfocess; that is, were placed for 48 hours*iﬁ a mix—
ture of four vaiumaé of alcohol and one volume of
hydrochloric acid, Then'they were rinsed in water
and placed for a few minutes in a saturated solution
of chromic acid. When mounted‘in.a drop of water,
the fibers could be teased apart eaéily»

All dfawingS‘were made‘under a mlcroscope
projector, illuminated. with an automatically regu—

lated arc light.



'DESCRIPTION AND COMPARISON OF SPECIES

The variatfén in the exﬁernal appearance of the
IaaveS‘of’the various species of the genus Populus
is marked. In the six forms studied there is not an
outstanding‘éharactaristic applicable to the leaves
of all species.. | N ‘ ‘

P.. deltoides (Fig. 5) and P. nigra (Fig. 6)
resemble each other most closely. P. deltoides is
usually characte;iétically’deltdid‘inAShape and rather
abruptly acuminate. _Pﬁ”nigra varies considerably in
form but usually iéwﬁroader than long, is often
cuneate at the base, and 1s more prdnouncedly three~
nervedlfrom the base of the blade than P. deltoides.
P. tremuloldes (Fig. 3) is generally ovate or semi-
orbicular in form and slightlj cordate at the base.
Thé margin is finely serrate, whereas the margins of
the former two are rather coarsely crenate. Leaves of
F.. Gfandideniata (Fig. 1) are. ovate and very coarsely
crenate.. Thése‘four‘forms are much alike ih texture;
and all four have elongated petioles which afe com—
vpressed‘laterally» No difference of color on the
upper and 1ower surfaces of P. deltoides is noted: the
other three seem slightly lighter on the lower surface.
The aspens, particularly F. grandidentata, seem more

papery in. texture.



The upper surface of E. alba (Fig. ) 1s smooth
dark‘greeh-—sometimes slightly pubescent along the
veiﬁs; in sharp contrast the lower surface is woolly-—
white——tomentose. The petiole is not so definitely
elongated nor so markedly compressed’laterally,~a§
will be ﬁoted in the diagfam of the cross section.
The margin is deéply toothed and on the younger twigs
the leaveS“are'quite diétinctly 5 lobed..
| The leaf of the Chinese Lombardy QFigy‘4) is
leathery in texture, dérk green above; and glabrous
and slightly lighter'beloww' In decided contrast
with the other forms are its obovaté shape, its very
short ridged petiole, and its pfominent pinnate

venation..

BLADE

The anatbmical~variations in the leaves of the
different spécies is less prominent, though marked
differences do occur. The outstanding and perhaps
most distinguishing feature noted in an examination
of the cross section of the leaves is the amount
and arpangement of‘paiisade tissue. In all species,
two rows of palisade cellé‘occur next the upper
surface of the ieaf- The rest of the space between
the upper and Idwer epidermal layers is taken up,

ordinarily, by spongy parenchyme tissue..



However this does not hold true in P. deltoides
(Fig. 7). In this sp601es, two additional rows of
Uallsade celIs lie next the lower eoldermls, The
external l;keness of the two leaf surfaces is in-
dicative, or at legst suggestive of internal similar-
ity and such proves to be the case. The average thick~
ness of a P.. deltoides leaf measured in cross section
is .15 mm.. The‘pélisade cells vary considerably in
length, but the average within a species appears to
be quite constant; the average fér P.. deltoides being
083 to .03 mm.

The two other natlve SPGCleS, P, grandidentata
(Fig. 11) and P.. tremuloldes (Fig. 9) resemble each
other greatly in their anatomy. Both are character-
i1zed by peculiarly thickened epidermises, the ir- |
'regularity,of which appears most marked in a surflace
study of the leaf of P. grandidentata. This feature
will be mentioned again in‘coﬁnectiqn with the descrip-
tions of stomata. The tissues of both are arranged
in the type mannef; that is, with two rows of palisade
cells above, and spongy parenchyma next the lower
epidermish The blade of P, grandidentata averages .12
mm.. in thickness, The'palisaée tissué‘composed of cells
apprbximately .023 mm. long occupies about one half
tne space between epidermiseé; The rest of the space
is occupied by three or four rdwg of spongy parenohyma'

cells with frequent air spaces..



The bla@e of P. tremuloides averages slightly
more—— about .15 mm. in thickness. _Here the‘palisade
cells, which are more compactlylarranged than those of
P. grandidenlata, but are aléo .02% mm. long, take up
Tess than one-half the inter—epidermal space, with the
result that one or two more rows of spoﬁgy parenchyma
cells occur. The spongy parenchyma of P, tremuloides
is more‘compact‘than that of any other species studied.

The leaf of Chinese Lombardy (Fig. 8) an. 0ld.
World form, 1s the thickest of all specles in cross
section. Its average thickness is .22mm., half or
sometimes less than half of the intér—epidermal thick-
ness being composed of palisade cells wnich average
.045 mm. in lengﬂh and often are longer. The cells
of the spongy parenchyme are loosely arranged with
numerous large intercellular spaces.

In P. nigra (Fig. 10) also, about half the inter—
epldermal thickness of the leaf--,15 mm.--is occupied
by palisade tissue, but the individual cells average
only .025 or .03 mm. in length since the thickness of
the‘leéf is less. Their length is comparable to those
of P. deltoides, but they are broader. Comparative-
ly large aif spaces are fohnd among the parenchyma
cells.. |

P. alba (Fig. 12) résembles the aspens in its
leaf thickness, often measuring scarcely .12 mm. wide,

in cross section, though it appears heavy in external



aspect due to t@e numerous halrs which arise from the
lower epidermis. (The hairs are not shown in the
drawing, Fig. 18). The palisade tissue occupies over
one-—half, often two thirds, of the inter—epidermal
area,. ahd is composed of two, occasionally three, very
compact rows of'ceils, averaging .034 mm. in‘lengthh
The three or four rows ofAspongy parenchyma cells are
rather compactly arranged..

Various‘other aﬁatomical differehces are noted
iﬁ the leaf blade; but along with these differences is
such a markedyvariation of individuals within the same
species that’they Qarry little value for the purposes

of this thesis..

EFIDERMIS

In this connection, the stﬁdy made of the epider-
mises and the arrangement and number of stomata seems
worthy of mention. Here again, P. deltoides, the most
commonvspecieé in this region may be taken as a standard
for comparison. Fig. 15 shows the comparative large-
ness of its epidermal cells, the regularity of their
arrangement, and something of the frequency of stomata
as well as the variation in their size. By actual count,.
P. deltoides was found to have an average of 68 stomata
per sq. mm. on its up?er leaf sufface, and 145 per sq.

mm. on the lower.



The lower epidermis of P. gvandldentﬂta \F . 18)
shows a marked contrast to that of P. deltoides. The
irregular thibkénimg;mentioned before, gives an un-—
dulating effeotvwhich makes it almost imposéible to focus
well enough on the epidermis to make an accurate drawing.
The drawihg serves merely to show this irregularity
of oell‘outline and the comparatife smallness of the
étomatah, No stomata occur in the upper epidermis of P,
grandidentata, but a proportionately larger number--
approximately 330 per sq. mm. are found in the lower
epidermis.

P. tremuloides‘(ﬁic. 17) more closely resembles
P. deltoideS’g@ta,surfaoe drawing, For some reason
which the wrlter 1Q unable to explaln the irregular
epldermal thlckenlng S0 s1m11ar to. that of P, gran-
dldentata,lgloross section, fails to produce the same
1rre~ular1ty in surfac outline. As in P. grandidentats
there are no stomata 1n‘tne upper suriace, and the aver-
age in the‘lower’is considerably smaller—-about 225 per
sq; mm,. \

~ Of the 01d World forms, both P. nigra (Fig. 16),
and the Chinese mebardy (Fig. 13) resemble P. deltoides,
though the arrangemenu of cells 1B each 1s more irregular
and varlableh P. nigre has an average of 126 stometa
pervsq;.mm, in the lower epidermis aﬁd of 90 per sg. mm,

in the upper. The Chinese Lombardy has fewer stomate



per unit area of leaf surface than any other species
studied; an average of 90 per sq. mm. oécur in the
Tower surface, and 50 in the upper..

The epidermal cells of P, alba (Fig. 14), as
well as Lhe stomata, are smeller than in any species
except P. grandidentata. No stomata appear in the
upper surface, and as might be expected, a correspond-
ingly larger number oécurs in the lower--3540 per sg.

mm, being the average count.

The petiole is, perhaps, the mosﬁ characteristic
feature of the Genus Populus. With one excepfion,
the species studied have petioles which are definitely
compressed iaterally from below the central portion
to the blade.of the leaf%‘ Cross sections of this
portion of the petiolé are definitely oﬁal in shape;
and since this is an important region of the petiole
from the physical stahdpdint, sections of this region
were studied in detail .

The outermost’layer is, of course, the cutinized
epidermis, the similarity of which among the various
épeoies necessitateS'littlé comment, It appears com—
parétively thicker in the Chinese Lombardy but varies
~too greatly with the individual to draw definite con-

clusions..



Just beneath the epidermis, as in all petioles,
~lies the coIlenchyma,,occupying comparatively the same
region in all species. The chief difference‘noted is
the degree of thickening of the outer rows of cells,
and the definiteness of the boundary between the
colIenchymg and parenchyma'cells.

In P. deltoides (Fig. 23) the outer rows of cells
show only a moderate thiCkening, and the change from
collenchyma to parenchyms is so gradual that it is al-
most impossible to determine where the collenchyma
ceaseé; The collenchyma region of P. grandidentata
(Fig. 20) is practically identical with that of P.
deltoides. However, F. tremuloideS‘(Fig. €1) shows
a marked thickening of the 3 or 4 outer rows of col-
'lenohyma,‘with the same gradual change to the thin
walled parenchyma cells of the cortex.

In tie Chinese Lombardy (Fig. 25) the thickness
of the cell walls is outstanding-—so marked in fact
that in pléces scarcely any cell cavity remains. The
corresponding cells of P. alba'(Fig. £28) are conspi-
cuously thickened, and there is aldefinité béundary
between the collenchyma and parenchyma. - P. nigra
(Fig. 24) resembles P. deltoides in the moderate thick-
ehing of the cell walls, and the gradual change to tain
Vwalled parenchyma .

The parencihyma beneath the'collenchyma appears like

a matrix in which the vascular bundles--—the very vitals



of the petiole-—lie‘imbeddedll Threc bundles, or ag-
gregates of bundles-compoge the learl trace which enters
the petiole from the stem. In cross section the base

of the petiolé is-ovqid‘or*oval, having one surface——the
upper one--flattened. The three bundles or groups of
bundleS‘constituting the trace Iie in a slightly curved
plane following the curve of the section.. Figzﬁ shows a
basal section of P. tremuloides which gives the arrange-
ment of tissues typical in all species. Differences in
tissues are comparable to those in tpe flattened portions
of the petioles.

A series of cross sections cut consecutively thrﬁ
the Iength of the petiole of any species having the
’laterally éompressed’typejshows that as the petiolé be~-
comes more definitely rounded above the basal portion a nd
below the upper and flattened portion the bundles are
divided and tend to form a circle of bundles which are
bordered towdrd the‘center and on the sides by funda-
mental tissue. Sections from the flattened portion
show the bundles again arranged in one plane, but now
perpendicular to the plane of the surface of the blade.
The number of bundles in corresponding regions varies
vithin the species., As the bundles pass from the petiole
into the midrib of the blade they again tend to arrénge
themselves in a circle, finally merging to form only

one large bundle surrounded by hard bast. The drawing



~of P, nigre (Fig. 19) shoﬁs a section through the mid-
rib where this merging has been effected.

It was noted that theicomparative amount of tissue
composing the bﬁndles varies according to the age of the
leaf. For example, cross sections of petioles as well
as of the blades made from P, deltoides specimens col-
lected early in the spring and soon after.the leaves had
readhed full size, shows scant development of phloem
and nd hardvbast, Sections made from material gathered.
- two months later shows marked increase in the amount of
phloem, and prominent regions of hard best have devalop—‘
ed. |

‘The most prominent difference hetween the species
ﬁoted in cross'sectioﬁs of the petiole is in the amount
and arrangement of the hard bast. With the exception of
an occasional isolated strand, it is found Jjust out-
side the phloem, forming a protecfive ring--either con-
tinuous or éomposed of separate strands. This ring may
surfound either a single bundle, as is commonly the case
with the bundles in the upper‘side of the petiole (the
narrower portion as seen in cross section) or it mey
surround a group of two or more bundles.

The discontinuity in the ring of hard bast is un-
doubtedly useful to the plant in allowing for inter-
change of food and other materials. As already noted
by Ursprung (6) and Leach (4), this breaking up of the

hard bast and xylem into strands also provides for the



twisting and bending movements of the mechanical strands
in the petiole withqut\injury to the soft 1iving tissue.

In P. deltoides (Fig. 23) the hard bast rings sur-
,rounding‘the'uppér>and lower bundles are distinctly

segmented, while thése around the center bundles tend

to be c@ntinubus. In P. grandidentata (Fig., £0) the
:aprangement is remarkasbly like that of P. deltoides
withAthe exceptidn of that which surrdunds the two

small upper bundles that lie in adjacent positions;

here it is neariy contnmmuskiln p. tremuloides (Fig. 21)
the hard bast zones are in most cases continuous.

In P. nigra (Fig. 24) there is more of a tendency
for the hard bast to be'broken into segments than is the
case im other sﬁeoies.‘ P, alba (Fig. 2£) shows a
noticeably smaller amount of hard bast developéd, and
‘while the hard bast océupiesithe corresponding region,
its segments are much mdfe widely separated and con-
sequently offer less proteétion to ﬁhe'adjacent phloem
but provide for better interchange of meterials., In the
»Chinese Lomnbardy (Fiwl £5) the most marked difference
ocoﬁrs..48ince the petiole is not laterally flettened
and ‘is reiatively Short, no scattering of the vasculab
strands occurs. The entire vascular system is sur-
rounded by a ring of herd bast composed of narrow

geparated strands,



THE STEM

In cross section, the one year'stems likewisse
uphold the assumption of a common ancestor. ALl species
are alike in some respects. Immediately below the
epidermis Iie sevefal rowsvof cork cells, an average of
four being found in twiés picked about three months
after growth had started, and the‘innér layer being
meriétematid in nature and known as cork cambiun..

Next lie a few rows of cdlienchyma, then parenchyma,
and finally a broken ring of bast surrounding the
vascular cylinder which may or may not be*fi#e—amgled.
In all species studied, the pith is at least obscurely
five-angled. |

P. deltoides (Fig. 27) is distinct in having a
relatively larger amount of collenchyma. Its cork
cells are squarish. The vascular cylinder, particular-
ly on its inner border, is definitely five-mngléQ. Stone
cells occur only rarely in the primary cortex and
pericycle, usually in scattered groups but some-
times adjacent to the hard bast. The phloem‘area is
comparatively larger than in any other species; and the
hard bast ring is more segmented though the ségments'
lie in close proximity. Crystals of caicium oxalate
are numerous..

Compared with P. deltoides, the collenchyma of

P. grandidentata (Fig. 28) is poorly developed-—only



two or three rows of cells appearing between the cork
and stone cells.. The early and very pronounced
development of stone‘cells_may account for the fact
that a more extenéive development of collenchyma has
not occurred. FPractically continuous hard bast
surrounds the vascular region which is prominently
five-angled.

P;ytremuloides.(FiQ. 3¢) differs from P. deltoides
as QOeS‘P;~grandidentata; It, too, is unique in having
large and irregular masses of stone cells in the
primary cortex separated from the cork cells by two or
three rows of collenchyma. The pith and wood are
fivei-angled aS‘in‘P.'grandidentatah The continuity
of its hard bast is intermediate between that of P.
deltoides anva,,graﬁdidentataw

All three 01d World species vary from P. deltoides
in having a comparatively smaller amount of collenchyma,
and a very obscurely five-angled vascular region, The
hard bast ring is segmented in: all, but the segments
‘are less numerous than in P. deltoides. The first
cork cells which are definitely squarish in P, alba (Fig.
51) and P. nigra (Fig. 30) tend to elongate radially
the Chinese Lombardy (Figﬁ‘29).k Intercellular spaces
of the primary cortex are most numerous in this speoles—-
particularly Jjust w1tn1n the collencn\n“,

In the study of the two~year stems, care was

taken to obtain sections from the same internode by



counting from the terminal bud scar of last year's'
growth. In a section’thus taken P. deltoides (Fig.
23) shows little change with the exception of the
addition of the second year's zone of wood and
phloem. HNo stone cells appear in the secondary
thickening.

' A corresponding section of P. grandidentata
(Fig. 37) shQWs that a ring of secondary,hard bast
has Eeen‘depoéiped by the:cémbium early in the
season's growth. A study of a like section from
P.. tremuloides (Fig. 36) shows that here, too, a
ring of hard bast is being laid down but is slower in
developing thah.in the previous species..

Likewise, in the 0ld vWord forms, little change
ha's taken place; the only variation here also being in
the deposit of hard bast by the cambium.. P, nigra
(Fig. 36) shows an almost continuous ring of hard
bast laid down, with the second year's deposit of
phloem still very scant. P. alba (Fig. 55) as yet
sShows no'deposi£ of secondary bast. Stone cells are
still lacking in all these forms.

‘There is a marked similarity of the wood of all
species. It is composed of medullary ray cells,
water tubeé, tracheids, wood fibers and various
intermediate forms. No xylem parenchyma occurs.

With two exceptions, sections for the comparison

made were cut from wood produced the third or fourth



year. Sections of P. tremuloides and P. grandidentata
were made‘fromrsmall two year stems, so that in this
respect the basis f9r comparfson 1s not so accurate

as might be desired,

In all species the medullarybrays are di;tinct-

1y narrow, being but one cell in cross section..

Von Hildegard’HermannA(S) found two rows of cells

in P. alba but thiS'diStinction does not occur in my
meterial representing the American form,. The radial
extent of the medullary ray éells véries with the
individual within & syeoies as well as among the species.
The water tubes lie adjacent to the medullary ray cells
or are separated”from them by one of more rows of
échlerenchyma;

There.is a noticeable difference between the
early and late gfowth.of wood as seen in cross section.
Figures 39 to 44 show the early growth of each species.
In P. deltoides (Fig. 39) the tubes thruout the season's
growth average larger than those of any other species
studied. They usually lie singly; aggregates of two
or more water tﬁbes occur but are not common. A decrease
in the number of tubes is apparent in the late growth.

The tubes in P. grandidentata (Fig 43) are very
much smaller than those of P.. deltqides; but are more
numerousﬁparticularly in the early gfowthh Aggregates
of iwo, three, of more tubes frequently occur..

The Chinese Lombardy (Fig. 40) ranks next to P.



deltoides in size of water tubes. The tubes are more

numerous per unit area in cross section. Aggregates o

two or three tubes are found more commonly than single
tubes in the early growth, though the reverse is true
for the iate growth.. |

The Watef vegsels of P. nigra (Fig. 41) also are
smaller than those offP.,de;toiQes; Tubes4eith¢r single
or in pairs are most common in the‘early growth, In the
late growth they are smaller and commonly occur in
groups of three or four.. |

P. alba (Fig. 43) produces the smallest vessels
of any OId'Wofld'speéiesh However, they are more
numerous and ocour‘in groups of three or more, more
often than singly. The late growth shows a'deérease in
number as well as in size of the vessels.

Figures 51 to 56 show the distribution of
medullary ray‘cells'as seen in tangential section., The
frequency per unit érea'is practically the same in all
specles. A variation in the length of the rays of P.
deltoides (Fig. H1) and P. gfandidentata;(Fig, 52) and
in the breadth of the Chinese Lombardy (Fig. 55) are
the only differences noted..

A microscopic study of the tangential sections
reveals a fairly constant average.for all species in
the number of cells in vertical eitent,

In P. deltoides as many as 34 superimposed
cells are found, though on an average there are but
14 of 15 cells.. The average in P.. grandidentata, is

slightly larger, as many as 35 cells occurring in the



length of a ray.. The éverage of P. tremuloides is smaller—-
8 or 10--and no extremely long rays are noted..

- The Chinese Lombardy reveals a few moderately long
rays of about 25 cells, But the rays have an average
length less than that of P. deltqides, P. nigra averages
12 to 14 cells in:the vertical rOW of a ray, and P. alba
the least of all--8 to 10 cells,

Figures 45 to 50 show the extiremes 1n 1ength as
well as‘ankaverage of wood. fibers from the various
species.. So'similar are they that they might well have

been taken from the same species.



DISCUSSION AND CONCLUSIONS

The first purpose of this regearch was to deter-
mine in what ways the exisfing épecies of the Genus Popu-
lus differ anatomically. This has been accomplished-—
superficially perhaps to some extent but at léast}in
enough detail to reveal the principal differences.

Despite the fact that most of the description has
served to bring“out these anatomical differehces, the
‘thing which most imprésses one is not the difference in
the species but rather their apparent similarity of
structure; the striking likeness of all features.

These likenesses are sufficient evidence, it seems, to
waive any doubt there may have been concerning the

existence of an ancestral form, Certainly a common

ancestry is strongly indicated.
The apparent external differences contrasted

with the rather obscure internal differences is evidence
that anatomical changes have come about very slowly—-—

far more so than external changes. The indication is
that in their anatomical structure the species of the
Genus Populus are still remarkably like their common

ancestor..

The second purpose was to determine whether species
isolated-geographically are less similar anatomically
than those not so isolated.. The comparative study -

has revealed that in general this is nodt the case.



First considering the external features of the
leaves: F. deltoides and P. nigra, the forms most
nearly allike, are isoiated‘geographically;~and as
many or more differenées are apparent among the three
0ld World species--P., alba, P; nigra and the Chinese
Lombardy-—than occur between them and the forms from
which they are isolated.

Considering the leaves anatomically there.is
less negative evidence though but lIittle positive
indication in favor of the less similarity of isolated
forms. P. deltoides, of course, differs ffom all forms
in the arrangement of its tissues. In two respects—-—
in the type of epidermié and in the arrangement of
.tissue, P»,gfandidentata and P, tremuloides resemble
each other more closely than do any isolated forms.,
The three Old World species strongly resemble each
other, but considering oniy the arrangement of tissues
the,xesemblance is scarcely more striking than between
anyone of these forms and either of the aspens of the
New Vorld. |

In consideration of the petiole, the cross sections
of the three New World forms reveal akstrikiﬁg likeness;
but é Iikeysimilari%y is existent between them and F.
nigra, an Old World species. Hére again, the difference
between 0ld and New World forms is not greater than that

found among species of the 0ld World.



>in one year*stems, a more prominently 5 angled pith
oCcurS“in’the’Amerigah species than in the 014 World forms.
' However, this difference'daes not hold true_in 8 year
stems. It appeared first from‘sections7being_éonsidered
that the présenée of stone cellg in the primafy'oortex
was'chéracteristic of“all’theAAmerican species, but
,investigation sho%ed that only rarely‘dd they occur in
P. deltoides.

Howéver, it may Be df some significance that the
two forms most cIoSely related-—considering all ahatomical
features——are two forms not separated géowranhically—w
F. tremuloides and P. grandidentata. The exmstence of two
non-isolated forms which resemble each other more closely
_than any isolated forms, may be con51dered the one exception
to our generél conclusion that forms isolated geOgraphicaﬂ.y
are not less similar than tﬁose not so isolated.

And so we arri#evat what may be the most outstanding’ 
fact reﬁealed by this research;\ In considering'the?marked
anatomicallsimilarify of the now exiStent isolated forms‘we'
can arrlve at only one conclusion.. Vltnout a doubt the
mutatlons which gave rise to the present sp901es of the
Genus P0pulus»took place early in the history of the genus
and bvefore a separatibn‘of the land masses had taken place,
Particﬁlarly is thiS'true'of the‘anatomy of the stems and
also of the petioles, with‘ohe exception. The petiole of

?he Chinese Lombardy is so distinct in its structure that



it seems likely it has developed since the separation
of the éqntinents; in_the leaf structure, tqo;~there
’is indication of less stability of structure. In
vgeneral though We‘may”conolude that in recent times
the GénuS*Popqus hasibeén a remarkably stable one
particularly in America. There is; in fact, Yittle
evidence that hybridization isjtaking place among
"Speoies of this coniinent, tho Sargent (7) speaks
of’thek"hpﬁelessly-confused*‘fOrms ofvthe OId World.
An‘intérestiﬁg observatiofi.which might be
mentionedﬂin thiS'c@nnection is the apparent differerc e
between P. albea of Europe and P.. alba which is cul—
tivated in the United States. Two indications of
this difference have been ngted; Hildegard Von
Hermann (El\classified~the European form on,the'hasis
of its having two rows of medullary ray cells., No

trace of this‘éistinguiéhing'feature was found during
the present research. Neither could Solereder's '

statement (8) that in P. alba "the stone cells of the
primary cortex unite to form a'ring'L be verified.
In‘no case were any stone cells found in the primary

cortex of P, alba.

The last point to be considered in this research
1s whether the species can be distinguished by their
anatomical charactefg~ With the petioles and stems

this can not be done, but the writer believes it is



poséible on the basis of_Ieaf]structure, and after
| careful study has prepared the'fdlIowing‘key based

on the anatomical characters of the Ileaves..

I. Epidermis thin or‘ifnthickened, regularly thickened

A, teaf‘mo:e than .15 mm.. thick in cross section--
often',szm.'or moreQu—-——Chinesé Lombardy

‘Bmf Leaf .15 mm. or less in cross section
‘(1) Lower epidermis having hairs-——-P, alba
(8) Lower epidermis wiﬁhoutvhairs' |

a;;gﬂaving & rows palisade cells--P.. nigra
- bi. “ayingré_rowstpaiisade célls—fz rows

next each epidermis---P. deltoides -

IT. Epidernmis irregularly thickened
A. Having only 5 or 4 rows spbngy'parenchyma.
cells; palisade tissue occupying &t least
half‘inter—epidermai space-—F. grandidentata
'Bf.Having 5 or more rows of spbngy parenchyma
oells;‘paliSade tissue occupying less tham

half the inter-epidermal spaces——P, tremuloides
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13, Lower epidermis of leaf
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Fig. 15.
X575

Fig. 16.
Italica., x375

Fig.

Fig. 18..

tata. x375

Fig. 19.

. PLATE IIT

Lower

Lowsr

Lower

epidermis of leaf of P.

epidermis of leaf of P..

~epldermis of leaf of P.

epidermis of leaf of P.

deltoides..
nigra
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grandiden—

Cross section showing detail of cells of
midrib from leaf of P. nigra. x72






PLATE IV

Fig. 20. Cross section™ from upper central portion

of P. grandidentata petiole. x40

Fig. 21. Cross section from upper central portion
of ‘P. tremuloides petiole. x40 .

Fig, 28. Cross section from upper central portion
of P. alba petiole. x40 ' .

Fig. 23. Cross section from upper central portion
of P. deltoides petiole. x40 : :

_ Fig. 24. Cross section from upper central portion
of ¥. nigra Italica. x40

Fig. 25.. Cross section from upper central portion
‘of Chinese Lombardy. x40 :

Fig. 26.. Cross section from the base of P. tre—
muloides petiole. x40

* Outer region represents the epidermis;. dotted
line indicates the inner boundary of the collenchyma;
solld black represents hard bast areas; shading indi-
~cates phloem tissue; and stippling indicates xylem.






FLATE V

Fig. 27. Cross section™ of one year old stem of
P. deltoides. x22 .

Fig.. 281' Cross section of one year old stem of
P. grandidentata. x&2

Fig. 29. (Cross section of one year old stem of
Chinese Lombardy. x2< : .

" Fig. 30. Cross section of one year old stem of
P. nigra Italica. x2&

. Fig. 31l. Cross section of one year old stem of ..
P. alba. x&22 : ‘

Fig. 38. COCross section of one year old stem of
P. tremuloides. x22 '

* Regions represented as in petioles except that a
cork region lies just inside the epidermis, and that
stone cells are represented by diagonally-lined areas.
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PLATE VI

Fig. 38.~uross section of tJo year

- deltoides. %28

- Fig. 34. Oross section of two year

o tremuloldes.~x82

Flg. 35.. Cross section of two year

- alba. (Epidermis not shown) x2&

Fig. 36. Cross section of two year

- nigra Italica. x22

Fig. 37. Cross section of two year
grandldentata* X223

Fig. 38. Cross section of two yeur

Chinese Lombardy. x82.
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PLATE VIT

v Fig. 39. Cross section of
P.. deltoides. xI50

Fig. 40.

Fig. 41.

Cross section
Chinese Lombardy. x150

Cross section

P. nigra Italica. x150

Fig.

B. alba.
Iig.

48..

X150

43 ..

Crogs section

Crogs section

P.. grandidentata. x150

Fig., 44.
P. tremulocides.

Fig.
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X180
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PLATE VIIT
‘Fig. 51. Tangential section of P, deltoides,
showing the number and size of medullary rays. x72

Fig. b2. Tangential section of P. grandidentata,
showing the number and size of medullary rays. x72

Fig. 53. Tangential section of P. tremuloides,
showing the number and size of medullary rays. X72

Fig. 54. Tangenﬁial section of P. nigra, show-
‘ing the number and size of medullary rays. x72 . ‘

Fig. 55. Tangential section of Chinese Lombar—
dy showing the number and size of medullary rays. X72

Fig. 56. Tangential section of P. alba, show-
ing the number and size of medullary rays. x72



