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PREFACE

This text has resulted from the revision of Technical Publication No.
15 of the New York State College of Forestry, Syracuse, N. Y., which
appeared in February, 1921, under the title of “Trees of New York
State, Native and Naturalized”. The objectives sought in preparing
the original bulletin were to stimulate the interest of the people of the
State in its forest wealth and to place at their disposal information
relative to the many tree species which grow within its boundaries.
That the publication apparently accomplished its purpose is indicated
by the many copies which have found their way into private hands. In
fact, the demand for it was such that it has been out of print for several
years.

From time to time the author's attention has been directed to the
fact that the interest in the original bulletin has been consistently main-
tained, as indicated by the many inquiries concerning it. This possibly
may be ascribed in some degree to the continued popularity which the
original publication enjoyed but is largely occasioned by the increasing
forest-mindedness of the public. This situation undoubtedly is to be
explained in part by the fact that the forestryv movement of late has
gained greater impetus through increases in federal and state grants;
these must be paid by taxation and what the public buys, it seeks to
understand. Too, the recreational value of the forests has come to be
better appreciated and this has served to engender a greater interest
in trees. All things considered, it has therefore seemed advisable to re-
publish this text in the hope that it will prove a serviceable book de-
serving of a niche in the literature upon trees. To give the text wider
scope and greater usefulness, the title has been changed to “'Trees of
the Northeastern United States,” with such changes and additions in
the manuscript as were necessary to make this title applicable.

In writing the original bulletin, no contention was made that the field
was a new one. The information included can be found in the larger
and more comprehensive ‘tree’ manuals covering the trees of the
United States or of more restricted regions within its boundaries. Un-
fortunately, however, many of these manuals are not readily accessible
to the public because of the cost and are frequently of such a technical
nature as to render their contents difficult of interpretation without
special training. Furthermore, the scope of these texts is often so broad
as to raise the question as to what information applies specifically to
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PREFACE

the northeastern states. The present text, covering the trees of this
region only, omits much irrelevant information which might otherwise
confuse.

In the treatment of the subject in hand, it has seemed wise to include
not only those trees which are conceded to be native to the Northeast
but also those which have become naturalized in this region and propa-
gate themselves in the wild condition. Listed among these are such
foreig: trees as Scots Pine, Golden Willow, Crack Willow, Peulownia,
etc. or trees introduced from other parts of the United States as Osage
O1ange and the Catalpas. Ornamental trees which are never found as
‘escapes’ are omitted as are such species which are shrubby within the
range of the text but arborescent elsewhere. In some cases, the author
has been in doubt as to just where to draw the line. The treatment
throughout must be considered as conservative.

There are within the borders of the northeastern states approximately
one hundred and fifty kinds of native and naturalized trees exclusive
of Crataegus.* One hundred and fifty-two are figured in this text in-
cluding three species of Crataegus;** of the former one hundred and
eighteen may be considered as native trees and thirty-four as natural-
ized either from other portions of the United States or from abroad.
Over two hundred species of Crataegus have been described from this
area but these exhibit such a multitude of bewildering forms as to be
beyond the scope of the text. The inclusion of Crataeguws brings the
total number of arborescent species native to the Northeast to over
three hundred and ranks this portion of the country as one of the richest
in the Union in its arborescent flora. Woody plants which are obviously
shrubs or lianas are not included in this publication.

The descriptions accompanying the plates are based on fresh or
herbarium material, or both, available at the New York State College
of Forestry or in the herbarium of the Department of Botany, Syracuse
University, and were verified by descriptions appearing in Sargent’s
Manual of the Trees of North America, Sargent’s Silva, Rehder’s
Manual of Cultivated Trees and Shrubs, Britton’s Nerth American
Trees, Hough’s Handbook of the Trees of the Northeastern States and
Canada, Gray’s Manual, Bailey’s Cyclopaedia of Horticulture, and
various other publications. I was especially indebted in the preparation
( e original edition to Dr. W. C. Coker of the University of North

4rolina, to Dr. J. S. Illick, formerly State Forester of Pennsylvania
and now on the staff of the New York State College of Forestry, to

T The count will vary somewhat dependi ¢ 4
are moegey Y epending upon whether ‘varieties’ of species

**Two of these species are common native trees; the third is 0
species which has become widely naturalized. an Buropean
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PREFACE

Mr. Henry Hicks of Westbury, Long Island, and to Mr. C. Leo Macy
of Princeton, New Jersey, for assistance in collecting material of trees
which grow along the southern border of New York State. This list
should now be augmented by the names of Dr. A. Rehder and Mr.
E. J. Palmer of the Arnold Arboretum, Dr. W. C. Muenscher of the
Department of Botany, Cornell University, and Dr. Homer D. House,
State Botanist of New York, who have supplied information used in
the revision of the manuscript. Thanks should also be extended to Dr.
M. A. Chrysler of Rutgers University, Mr. E. C. Pyle of the Pennsyl-
vania Department of Forests and Waters, Mr. E. S. Cary, Forester for
the Pocono Lake Preserve, and Mr. R. E. Horsey of Highland Park,
Rochester, N. Y., for supplying fresh material used in the preparation
of new plates for the revised edition.

The drawings in the first edition were all made by Dr. J. Elton Lode-
wick, a graduate of the College of Forestry, to whom I am grateful for
the zeal and loyalty which made the original text possible. Except in
rare cases they were drawn directly from fresh material collected at
Syracuse or sent to the College upon request; they were personally
checked by the author. The new plates in the second edition were drawn
by Mr. L. E. Partelow* of the College, from fresh material.

Grateful acknowledgment is due my colleagues, Drs. C. C. Forsaith
and W. M. Harlow, who have assisted me with many helpful sugges-
tions.

In conclusion, I am pleased to express my gratitude to all others who
have in any way contributed to the original text or to its revision. Not
least among these is the late F. Franklin Moon, former Dean of the
College, whose kindly interest in this project from the first helped to
bring the first edition to a successful conclusion. I have always met
with a ready response from my students and friends in the collection
of material and data on trees and extend to them my sincere thanks.

H. P. BROWN.

* The initials at the bottom of the plates indicate work done by these men,
respectively.
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Trees of Northeastern United States

PLANTS COMPARED TO ANIMALS

Since this bulletin is concerned with trees and trees are plants, the
proper use of it entails the right concepts as to what a plant is, its rela-
tion to other plants and animals, and to its environment. The following
paragraphs are devoted to a discussion of these topics. While the in-
formation thus imparted is treated in a general and cursory way and is
likely to prove uninteresting, a proper conception and understanding
of plants, and of their classification and general morphology is abso-
lutely essential if one would glean the most from the descriptions which
follow in the text.

People who are not conversant with plants and their life activities
are prone to place them in a category entirely apart from animals. They
do not think of them as living organisms which, like animals, must
meet the vicissitudes of a varying, shall I say even hostile, environ-
ment, but more of the nature of inanimate objects, bound through the
nature of things to one spot, capable of growth, ’tis true, but insensate
to most of their surroundings. It may be conceded that the higher plants
do lack motility. They do not respond instantly to aggression by teeth
or claws or flight. Nevertheless the response is none the less sure, though
less immediate. It may continue over days or months or years, but it
is none the less certain. Plants differ from animals strikingly in being
more plastic to their environment. Once the idea of plant dynamics is
thoroughly ingrained the study of plants becomes not a toilsome journey
in the identification of the inanimate, but rather a fascinating vista
which beckons us onward to greater discoveries and a happier under-
standing of the power of the Infinite.

Life on this planet is absolutely dependent on the activities of green
plants for it is in the green parts of plants that food in its elementary
stages is manufactured from the elements.* There are plants which lack
this green pigment, chlorophyll, but these exist either as parasites or
saprophytes on organic matter previously elaborated. There are herbi-
vorous and carnivorous animals. But these in turn are wholly dependent

s A few exceptions occur in the case of certain bacteria which build up com-
pounds by chemo-synthesis.
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TREES OF NORTHEASTERN UNITED STATES

for their existence on the metabolic processes which go on in the green
portions of plants. The basis of all life, be it plant or animal, is that
living substance known as protoplasm, and protoplasm requires carbon
for its nutrition. In fact carbon is one of the essential constituent ele-
ments of that substance. But free carbon in any of the forms in which
it occurs in Nature cannot be directly assimilated by plants. Nor is the
carbon dioxide which results from combustion absorbed directly in the
processes of metabolism. It is first combined chemically in the plant
tissues with hydrogen to form sugar or starch. Subsequently other or-
ganic compounds are elaborated from these by the protoplasm through
a readjustment of molecules, and hence molecular weight, and by the
addition of other elements such as nitrogen, sulphur, phosphorus, etc.
The ultimate origin of all the organic compounds which are found in
Natere is in the green parts of plants. Plants possess the ability which
animals lack of manufacturing complex organic compounds from carbon
dioxide and water.

The gulf which separates the higher plants from the higher animals
is obvious—so obvious in fact that one can never mistake the one for
the other. The animal possesses motility; it has a highly developed
nervous and circulatory system. Its tissues, aside from the bones, are
soft and plastic. It is wholly dependent for its food on compounds
elaborated by plants or, in the case of carnivores, in the bodies of other
animals. The plant, on the other hand, is compelled to spend its whole
life in one place. It lacks a nervous system and while there is a cir-
culatory system this is less specialized, and utilized wholly in the move-
ment of plant foods and water. Its tissues are firmer than those of the
animal and differ in their chemical composition. The plant possesses
leaves which contain the green pigment chlorophyll, thus permitting it
to manufacture its own organic food.

But science tells us that the higher plants and animals have been de-
rived from lower, less complex forms, the simplest of which are uni-
cellular. Some of these simple plants are motile. Others, as the bacteria
and fungi, are without the green pigment chlerophyll. The simple
animals lack a nervous system worthy of the name and many engulf
or swallow their food bodily. Others possess chlorophyll granules whose
origin is still a matter of dispute. We are forced to the conclusion that
there is no sharp dividing line between plants and animals. Differences
which obviously separate the higher plants from the higher animals
will no longer suffice. The simple forms of plants and animals inter-
grade.
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TAXONOMY OF PLANTS

Taxonomy comes from the Greek vopos; and taEig, meaning re-
spectively ‘law’ and ‘arrangement,’ and is concerned with the logical
arrangement of related things and the laws and principles governing
that arrangement. Thus we may have the taxonomy of mollusks, in-
sects, worms, fishes, etc., in fact, of any group of organisms or of related
things. The taxonomy of plants deals with the kinds of plants (identi-
fication), their nomenclature, and their classification.

NOMENCLATURE OF PLANTS

Plants have one or more so-called common names and a scientific
name. The common names usually designate some peculiar feature or
characteristic of the plant, the habitat where found, resemblance to some
previously known form, or some use, often mythical, to which the plant
may have been put. Willow Oak signifies the oak with willow-like
leaves. Shining Willow designates the willow with shiny leaves. Swamp
Poplar is found in swamps. Paper Mulberry refers to the mulberry, the
bark of which is manufactured into paper. Hamamelis virginiana L. is
known under the common name of Witch Hazel owing to the reputed
value of its twigs in colonial times as divining rods to indicate deposits
of precious metals and veins of water.

But common names at best are very confusing. Ironwood in eastern
United States may refer to Ostrya virginiana (Mill.) K. Koch, or Car-
pinus caroliniana Walt. In Australia it is applied to woods belonging to
trees of such widely separated families as the Leguminosae and Myrta-
ceae. In Burma, Xylia dolabriformis Benth. goes under the name of
Ironwood. The Ironwood of Ceylon and India is Mesua ferrca L. Added
to the above is the confusion resulting from the use of different lan-
guages. The Maple is known as Ahorn in Germany, as Erable in France,
as Arce or Meple in Spain. Scientific names are the same the world over.
They are derived from the Latin or Greek and take Latin endings.
Latin is a dead language and the rules which govern its syntax never
change. Pinus strobus L. will mean the same to a botanist now or a
hundred years from now, be he Russian, German, Italian, or English.

A scientific name consists of three parts, a genus name (plural-
genera) which is always capitalized, a species name (plural-species)
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which may or may not be capitalized, and the abbreviation of the name
of the man who is given credit for first describing the plant. The com-
mon Sugar Maple is Acer sacchrum Marsh. while Acer rubrum L. sig-
nifies Red Maple. In general practice it is customary to omit the ab-
breviation of the author’s name. The proper use of scientific names*
may be well illustrated with the oaks. The various oaks all are assigned
to the genus Quercus; in other words, they are different species of this
genus. In the United States alone we have some eighty species which
are designed by different scientific names as Quercus rubra, Southern
Red Oak; Quercus coccinea, Scarlet Oak; Quercus phellos, Willow Oak;
etc., each with the abbreviation of the author’s name after the ‘species’
name.

Generic and specific limits are more of a conception than a definite
thing. Man aims at a natural classification, that is, one which indicates
natural relationships, but the boundaries thus laid down may not be
of those of Nature. Plants which resemble each other as closely as the
offspring of common parents are generally conceded to belong to the
same species. A genus may contain but one species as in the case of
Ginkgo biloba L., the Maidenhair Tree, or a hundred or more as in the
case of Salix (Willow) where about three hundred species are recog-
nized. The actual number of species assigned to a genus depends largely
on whether the systematist is radical or conservative in his ideas. Un-
fortunately botanists often differ widely in their conceptions of plant
relationships, especially as regards the limits of species.

In some cases the differences between plants are so slight as to render
their separation into different species unjustifiable. 1t may be a dif-
ference in stature or in the size and shape of the leaves or fruit which
a different environment has occasioned. For example, the Paper or
Canoe Birch of the northern United States and Canada differs from
the European White Birch in its greater size and larger leaves. In its
other characters it resembles the European species quite closely and
some conservative systematists have considered it but a variety of the
European form and have listed it as Befula alba var. papyrifera
(Marsh.) Spach.

The selection of the scientific names of plants depends upon a com-

* For the derivation of the sclentific and common names used in this text,
the reader is referred to the glossary on page 455. They may be derived from
any of the following sources: (a) An ancient common name (Latin, Quercus)
or aboriginal name (Indlan, Powcohlccora-Hicorta); (b) the name of the geo-
graphical locali*y (centine e, Prunus americana; country, Tsuga canadensis;
state, Quercus marilandica; -ity, Picea sitchensis; river,Celtis mississippiensis;
etc.), from which the plant originally came: (c) habitat (Latin. mons—moun-
tain and colere—to dwell, Pinus monticola); (d) the name of the discoverer or
some person associated with the discovery, or in honor of some person (Mac-
lura—Wm. Maclure, an early American geologist); (e) some pecullar feature
of the plant (Latin, nigra—black, Salix nigra).
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NOMENCLATURE OF PLANTS

plex system of rules based mainly on considerations of priority. Con-
servative botanists in this country are following a universal code of
nomenclature according to a set of rules promulgated at the Interna-
tional Botanical Congress, held at Vienna, June, 1905.* The Vienna
Code considers the first edition of Linnaeus’ Species Plantarum of 1753
as the logical starting point for the nomenclature of the higher plants
and adopts the generic names used by Linnaeus in his text. These were
in part coined by Linnaeus himself and in part adopted by him and
his followers from pre-Linnean authors. In the adoption of post-Lin-
nean generic names, priority rules. The Vienna Code likewise adopts
the earliest specific name used to designate a plant rather than that
specific name which was first combined with the correct generic name.
Sassafras variifolium (Salisb.) Ktze. indicates that Salisbury first ap-
plied the specific name of variifolium to the Sassafras tree but used it
with a different generic name. Kuntze was the first to use the specific
name of variifolium correctly with the generic name, Sassafras.

CLASSIFICATION OF PLANTS

The ultimate aim of botanists and zoologists in the classification of
plants and animals has been to devise a “natural system” of classifica-
tion which would best indicate the natural affinities of related forms.
Such a treatment is both logical and practical in that related forms are
thus brought down together in congeries which permit of their identi-
fication and study with greater ease. Experience has taught that in the
higher plants variation in the flower offers the best basis for a “natural”
classification. Plants exhibiting likeness or parallelism in floral struc-
ture are found to share other characteristics in common which indicate
clearly their common lineage. It is customary to consider those plants
first which are conceded to have the simplest or most primitive flowers,
thence to proceed to forms with greater specialization, considering those
last which have the most complex flowers. The system is open to
criticism in that it is sometimes difficult to determine whether a flower
is inherently primitive in structure or simple by reduction.

In classification plants are first divided into large divisions which
have certain gross features in common, then successively into smaller
divisions, and ultimately into genera and species. The characters enu-
merated under successive divisions are increasingly specific and of nar-
rower latitude. The divisions of such a classification are listed below:

* There is also @ Rochester and an American Code.
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clarity is rendered more certain by classifying the cordate-leaved va-
riety of the Paper or Canoe Birch according to this plan:

Kingdom . .Vegetable

Division .. ........ Spermatophyta

Subdivision .. . Angiospermae

Class .. . . . Dicotyledoneae

Subclass ..., ' Choripetalae (petals distinct or wanting or
only some of the petals united at the base)

Order B Fagales

Family .... Betulaceae

Subfamily . . . . Betuleae

Genus . . . . ... Betula

Species  ............ papyrifera

Variety . . . .. ....cordifolia

The Vegetable Kingdom is divided into four Divisions, viz.:

Thallophytes .. algae, fungi, bacteria, etc.

Bryophytes .. liverworts and mosses.

Pteridophytes . .. ferns, scouring rushes, horsetails, club-mosses,
and quillworts.

Spermatophytes ...... all seed plants, including conifers and decidu-

ous-leaved trees.

A proper conception of the limits of these groups will lead to a better
understanding of trees and the relation which they bear to other plants.

Thallophytes constitute the lowest division of the vegetable kingdom
and include the simplest forms of plants. The plant body or thallus ex-
hibits little variation or specialization in structure (though often a wide
range of form) and usually carries on its life activities either in water
or on a moist substratum. Included in this group are the algae (pond
scums, seaweeds, etc.), and the fungi (mushrooms, bracket fungi, etc.),
both of which exhibit a remarkable variation in the form and size of
the thallus but extreme simplicity in its structure. Many of the simplest
Thallophytes are unicellular and some are free swimming and resemble
minute animals. Sexuality has become well developed in many forms
while in others it is totally lacking.

Bryophytes are best represented by the mosses although a second
group, the liverworts, is also included. The Bryophytes show a distinct
advance in specialization over the Thallophytes. This is evinced through
the definite establishment of a sexual stage in which the sexes may be
distinguished, and an “alternation of generations” whereby a sexual
stage or generation is followed by a semi-dependent, asexual stage
which in turn again gives rise to sexual forms. While more specialized
than Thallophytes, Bryophytes are, relatively speaking, simple plants.
The plant body is an elementary structure which possesses chlorophyll
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and is in some cases thalloid, while in others it develops a primitive
stem and leaves. True vascular tissue (vascular bundles) is entirely
lacking.

Vascular plants make their appearance for the first time in the
Pteridophytes, a group which includes the true ferns and what are
recognized as fern allies, the horsetails, scouring rushes, club mosses,
and quillworts. True roots, stems, and leaves equipped with special
conducting or vascular tissue, have become established as definite
structures and function as in the seed plants. As in the Bryophytes
there is a sexual stage in which the sexes may be distinguished but the
sexual organs have become increasingly specialized. This is followed by
an asexual stage in which sexless individuals through spore formation
again give rise to sexual forms. In the higher Pteridophytes it is the
asexual or sporophytic stage that has become dominant while the sexual
generation has been relegated to an obscure, independent existence or
has become actually parasitic on the asexual generation. Pteridophytes
were formerly represented by a vast assemblage of plants many of
which were arborescent and flourished during the Carboniferous period,
contributing largely in the formation of our coal deposits of today.
Owing to an altered environment and the development of seed plants
which are better adjusted to withstand modern conditions the group is
now on the wane and is represented only by some 4000 species.

The dominant plants of today are the seed plants or Spermatophytes.
They represent the highest type of specialization, though not necessarily
the final type. Like the Pteridophytes they bear true roots, stems, and
leaves and have an independent asexual or sporophytic stage on which
the sexual or gametophytic stage is wholly dependent. The most striking
difference lies in the formation of seeds which are dormant structures
representing a pause in the development of the new sporophyte, de-
signed by Nature to tide the plant over unfavorable periods and to in-
sure a wider dissemination. Sexuality is a necessary part of the life
cycle and is insured through the transfer of male elements to the prox-
imity of the female nuclei by means of pollen grains. Following the
union of the sex nuclei made possible by the formation of a pollen-tube
which serves as a siphon, a young sporophyte or embryo is formed
within the ovule or developing seed which, as the latter matures, passes
into a dormant condition. Upon subsequent germination of the seed,
the young sporophyte again assumes an active existence.

The Spermatophytes in turn are divided into two subdivisions, the
Gymnosperms and the Angiosperms, which are distinguished by the
manner in which the seeds are borne. The word gymnosperm is derived
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from the Greek yuuvdg, meaning naked, and enéoua, seed, and includes
those Spermatophytes in which the seeds are not enclosed in an ovary
but are borne naked, subtended by scales or fleshy structures. Angio-
sperm comes from the Greek Gyyeiov, meaning vessel,and onégua, seed,
and embraces those forms in which the seeds are borne enclosed in an
ovary which may or may not dehisce at maturity. The boundary be-
tween the two groups is sufficiently clear to serve the purposes of clas-
sification although it in no way indicates the disparity in numbers and
size.

Gymnosperms are very ancient and form but a small part of the
present seed-plant vegetation. Some 650 living forms exist today which
are to be regarded as the surviving remnant of a vast phyllum which
had its genesis in the Carboniferous and flourished during the Triassic.
Angiosperms were evolved comparatively recently (lower Cretaceous)
in a geological sense and now are represented by a vast assemblage of
at least 150,000 species which comprise the bulk of the seed-plant vege-
tation of the present day. They have been able to attain and hold the
ascendancy over the other groups because of adaptive features which
they have developed to meet the environmental conditions in force at
the present time. The most obvious features which set off this group
from the Gymnosperms are the presence of the flower with its showy
perianth, stamens and pistil and the manner in which the ovules or im-
mature seeds are borne enclosed in an ovary.

Two classes of Angiosperms are recognized, the Monocotyledons and
the Dicotyledons, which are characterized as follows:

(a) Monocotyledons possess but one seed leaf or cotyledon which is
terminal on the axis; dicotyledons possess two seed leaves which are
lateral.

(b) The vascular bundles of monocotyledons are scattered in the
stem; those of the dicotyledons are arranged in a ring, or the stem con-
tains a vascular cylinder enclosing a pith.

(c) The leaves of the monocotyledons possess closed venation, that
is, the veins do not end blindly in the margin which, as a result, is
entire; dicotyledons possess leaves with open venation and the margin
is often dissected.

(d) The flowers of the monocotyledons are chieﬂy 3-merous, that is,
the floral parts are arranged on a plan of 3; those of the
dicotyledons are predominately 4- or 5-merous.

Formerly monocotyledons were believed to be more primitive because

of the greater simplicity of their floral structure. However, modern
science has demonstrated that dicotyledons are of more ancient origin
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and that monocotyledons undoubtedly arose from them as an aberrant
off-shoot in comparatively recent times.

The monacotyledons include at least 30,000 species and are arranged
in seven orders embracing about 48 families. The larger division, the
dicotyledons, embraces thirty orders, some of which are represented
wholly by herbaceous forms, while others consist wholly of woody
plants or of both woody and herbaceous species. For convenience the
first twenty-one orders of dicotyledons are sometimes listed as Chori-
petalae (Archichlamydeae) and include those forms which have either
no petals (A petalac), or petals entirely separate or some only united at
the base (Polvpetalae), a condition of the perianth (chlamys) which is
conceded to be primitive. The remaining nine orders are characterized
by a gamopetalous corolla and are included among the Sympetalae.*

Gross flower characteristics usually distinguish the orders while minor
floral characters are used to separate families and genera. An order may
contain but one family or—as is generally the case in the large tropical
orders—a number of families. Order names end in the Latin feminine
plural “ales,” as for example, the Salicales, Fagales, etc. This literally
signifies “plant families related to the willow family,” etc.

Family names generally end in “aceae,” which is the feminine plural
of the Latin suffix aceus, meaning “like or related to.” The family name
is really an adjective agreeing with the understood noun “Plantae,” as
Plantae Fagaceae, Plantae Oleaceae, etc. Family names are commonly
coined by prolonging the name of a genus of the group taken as a rep-
resentative of it. For example, Fagus is a genus belonging to the Fa-
gaceae, Acer to the Aceraceae, etc. Some family names have a different
origin which indicates the type of fruit prevailing, the manner in which
the flowers are borne, or some other prominent feature of the plant.
For example, the large tropical family, the Leguminosae, is so named
because the fruit is a legume, while the flowers are always in umbels
in the Umbelliferae. )

The generic name of a plant is one word and substantive. Commonly
it is the old classical name used by the Greeks and Romans as Fagus
for Beech, Acer for Maple, Corylus for the Hazel, etc. Or it may be de-
rived from some peculiarity of the plant as Liriodendron which comes
from the Greek Agipiov, meaning lily, and 8évdgov, tree, referring to
the lily-like flowers of this species. Gymnocladus means literally “naked
branch” and refers to the stout branches of the trees included in this

* The flgures in this paragraph are based on the Engler and Prantl system
which has been accepted for most modern American floras. The number of
orders and families given under the various divisions by other authors vary
widely; for example, Hutchinson lists the Choripetalae as ¢mhracing 3% orders
and 213 families. the Sympetalae as including 17 orders and 30 fannilv-, and
the Monocotyledons as containing 29 orders and 68 families.
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genus which bear sparse foliage. Other genera are dedicated to distin-
guished botanists or in honor of some person or of the discoverer of
the plant. Robinia is named after John Robin, the first to cultivate a
species of this genus in Europe; Magnolia is from the surname Magnol,
in honor of Peter Magnol, a botanist of the 17th century. Generic
names take the ending of the Latin nominative case.

The specific name is also a single word, appended to that of the
genus. It is generally an adjective and agrees with the generic name in
case, gender, etc. In general the generic names of trees are of feminine
gender and require specific names with feminine ending, but exceptions
to this rule occur, especially where the generic name was the ancient
name of the plant. For example, Acer was the Latin name of the maple,
is of neuter gender, and is followed by specific names with the endings
of this gender.

Specific names* may denote (a) the locality (country, province,
state, city, river, etc.), or habitat from which the plant originally came
as Ostrya virginiana—from Virginia, Saelix babylonica-—from Baby-
lonia, Picea sitchensis—from Sitka, Alaska, Quercus palustris—from
palus, swamp, referring to the low-land habit of this species; (b) some
peculiar feature of the plant as Salix purpurea—referring to the purple
branches, Maclura pomifera—referring to the large, pome-like fruits
of the Osage Orange; (c) the name of the discoverer, or in honor of
some botanist or person as Quercus Michauxii, for the surname Mi-
chaux, and referring to F. Michaux, one of the earlier dendrologists;
(d) an ancient name, as Pinus strobus, strobus being Latin and refer-
ring to a cone or something twisted. A substantive name when used
specifically may not accord with the generic name in gender.

For the derivation of scientific names used in the text, the reader is
referred to the glossary on page 455.

Varietal names, where necessary, follow the same plan as specific
names, and take the same endings. They are written thus: Betwla papv-
rifera var. cordifolia Fern. or Betula papyrifera cordifolia Fern.

Hybridization in trees, that is, the crossing of two kinds of trees is
not infrequent in Nature. Usually such crosses are between species of
the same genus but intergeneric hybrids, that is, crosses of tree-species
belonging to different genera, are known to occur. For a great many
years it was customary to designate crosses between closely related
species by a combination of the technical names of the supposed pa-
rents. For example, the hybrid resulting from the crossing of Quercus
alba and Quercus macrocarpa was designated as Quercus alba X Quer-

*See footnote, page 18.
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cus macrocarpa. This method served very well where the parents were
known but frequently one or both parents were in doubt. The situation
became the more complicated where a tree which later proved to be a
hybrid had been described originally under a binomial name, often
without the realization of the author of this name that the tree was a
hybrid. Quercus heterophylla Michx. f. which in reality is a hybrid
between Quercus phellos and probably Quercus borealis maxima, may
be cited as a case of this kind. It is now customary to give hybrids bi-
nomial names and to indicate the hybrid origin by placing an X before
the generic name, as X Quercus heterophylla Michx. f. If the parents
are known, this may be stated by inserting this information after the
name of the hybrid. Where the description of the hybrid follows im-
mediately that of one of the parents, parentage of the hybrid is fre-
quently indicated, viz: Quercus alba X Quercus macrocarpa=—Quercus
bebbiana Schneid.

CLASSIFICATION OF ARBORESCENT PLANTS

With the exception of a few tree ferns which are classed among the
Pteridophytes and are restricted to the tropics, arborescent plants are
confined to the Spermatophytes and are represented by both Gymno-
sperms and Angiosperms. The dendroid Gymnosperms which are of
economic importance as timber producers are confined to the order
Coniferales although Ginkgo and some of the Cycads become arbor-
escent. Angiosperms include many monocotyledonous and dicotyle-
donous species which become trees and grow under manifold conditions
and habitats. These are arranged, according to the usual scheme of
classification, successively in orders and families. A somewhat arbitrary
grouping of the orders into larger artificial divisions, as indicated below,
tends for greater clearness and renders the approach to the subject of
Dendrology easier for the student. Arborescent Pteridophytes and
Monocotyledons are omitted as not being representative of temperate
regions. The arborescent plants of the North Temperate Zone may be
grouped, for convenience, as follows:

1. Coniferae (one order)
I1. Choripetalae (Arckichlamydeae) (21 orders and about 180 fam-
ilies)
(1) Apetalae (flowers without petals)
(a) Flowers in aments (Amentiferae)
(b) Flowers not in aments
(2) Polypetalae (flowers with separate petals)
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1I1. Sympetalae (9 orders and about 50 families; flowers with a

corolla of united petals)

Coniferae are characterized by (a) leaves which are usually ever-
green; (b) seeds borne naked, either in cones or terminally without
cone-formation; (c) excurrent trunks; (d) wood without ducts. Repre-
sented by forty-six genera.and 554 species.

Choripetalae and Sympetalae, in contrast, have (a) either diciduous
or evergreen leaves (generally deciduous in the range of this text);
(b) seeds enclosed in an ovary (base of a pistil); (c) generally de-
liquescent trunks; (d) wood with ducts.

In the Choripetalae the flowers are either devoid of a corolla or have
a corolla of separate petals. Plants of the former type are grouped
under the Apetalae and here again two subgroups are recognized, 4pe-
talae with the flowers in aments (willows, cottonwoods, etc.) and Ape-
talae the flowers of which are not borne in aments (elms, hackberry,
etc.) As the term implies, the Polypetalae consist of plants in which
there is a corolla consisting of separate petals.

The Sympetalae have many characters in common with the Chori-
petalae but are distinct as a group because, with few exceptions the
corolla is sympetalous, that is, is all in one piece. In the exceptions
which occur, the plants are still grouped with the Sympetalae because
they possess other features in common with sympetalous plants. Per-
simmon, may be cited as an example of this group.

The subject matter ‘by species’ upon the trees covered by this text
(pp. 86 to pp.393 incl.) is presented in the sequence of the preceding table,
beginning with the conifers. It is well to note in passing that the Coni-
ferae are all woody, and are mainly inhabitants of temperate, alpine,
or boreal regions. Many are important timber trees because of (1) the
large stature, (2) excurrent trunks, (3) growth in pure stands, (4) in-
habitants of temperate regions where industrial activity attains its
greatest impetus, (5) even-grained, soft wood which takes nails and is
readily worked with tools. The Amentiferae are likewise preeminently
plants of temperate regions, are all woody, and include in their number
such valuable timber trees as oak, chestnut, beech, and birch. The re-
mainder of the Archicklamydeae and the Sympetalae comprise a
heterogeneous group with great diversity of form, interspersed and in-
timately connected with herbaceous forms and with many tropical af-
finities.

IDENTIFICATION

The identification of plants may be made from drawings or pictures
by turning directly to the illustrations. This is especially true where
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the plant is known to belong to a certain family or genus. The method
is cumbersome and open to criticism in that it is unscientific and per-
mits the student to acquire no grasp of the fundamentals underlying
taxonomy.

The logical approach to the subject of plant identification lies in the
use of previously prepared “keys” based upon morphelogical char-
acters, which permit finally of the determination of species. Thus one
may construct a key for the oaks, the maples, or the ashes, or, in fact,
any group of related plants. It is customary for convenience to as-
semble keys for family, generic and specific identification into manuals
which include all plants of certain groups represented in a given area.
‘There are various manuals of this sort which cover the trees of the
United States and Canada, or portions thereof; since these would form
a very long list, it has seemed inadvisable to cite them by title here.

“Keys,” as employed in manuals, are of the dichotomous type, that
is, two or rarely more alternatives are presented for consideration, but
one of which applies to the plant in question. These alternatives are
co-ordinate in rank, are equally spaced from the left-hand margin, and
deal with the same topic as illustrated by the simple key which follows:

1. Leaves simple L . 2
1. Leaves compound ........ . 3
2. Leaves palmately netted-veined . ... Maple.
2. Leaves pinnately netted-veined . . . Oak.
3. Leaves palmately compound .. 4
3. Leaves pinnately compound 1
4. Leaflets three . ........ T .. Poison lvy.
4. Leaflets five ............. ... i, Virginia Creeper.
5. Leaflets three to seven .... ...................... Shagbark Hickory.

S. Leaflets seven to nine ................... .... . Bitternut Hickory.

Given: For identification, a plant included in the key, proceed as
follows: Note whether the leaves are simple or compound. If simple
turn to the alternatives listed under 2; if compound, to those listed
under 3. Suppose, for the sake of illustration, we assume that the leaf
is palmately compound and of three leaflets: From 1, you would pro-
ceed to 3, thence to 4, and finally to the specific determination of
Poison Ivy.

It follows that the primary divisions of any key are less specific than
the ultimate divisions. The greater the number of species included, the
longer is the key. Eventually, by the process of elimination, the various
species may be separated from each other.
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DENDROLOGY DEFINED

The taxonomy of woody plants as distinguished from herbaceous is
called Dendrology. Dendrology means literally the “science of trees,”
but in general usage it has come to have a broader meaning and to
comprise a taxonomic study of all woody plants.

Unfortunately the line delimiting herbaceous and woody plants is
not a sharp one as the two types intergrade. Soine plants are always
woody; others are herbaceous or semi-woody, but on occasion may be-
come woody. Tabulated below are the chief differences which distin-
guish woody plants, but it must be understood in advance that the in-
formation thus imparted must be used with reservation.

CRITERIA FOR DISTINGUISHING WOODY PLANTS

1. Woody plants are perennial, that is, they live from year to year.
Annuals complete their life cycle within a season and are tided over
the winter by their seed. Biennials may produce stems or canes, as in
the raspberry, which are semi-woody the second year, but the two-year
life span precludes their inclusion among typical woody plants.

2. Woody plants possess vascular tissue, that is, specialized con-
ducting tissue. Not all vascular plants are woody by any means, as all
the herbaceous flowering plants are numbered among the vascular plants.
This prerequisite, however, excludes the Thallophytes and Byrophytes
from the category of woody plants.

3. Woody plants possess an aerial axis or stem which persists from
year to year. In the case of a tree this stem is called the bole or trunk.
Many perennials fail to be classed as woody plants because they die
back to the ground each autumn, the roots persisting through the
winter and producing a new stem the following spring. Other plants,
as many of the ferns, possess perennial, creeping stems and are woody
plants in a strict sense, but not in the general sense as used in Den-
drology.

4. Woody plants possess vascular tissue which becomes “lignified”’
or woody as it matures. This process of lignification is brought about
by certain chemical and physical processes which take place in the
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woody part of the vascular tissue whereby the walls of the cells com-
posing it are rendered harder, stronger and more durable than before.
‘The cells of woody tissues become more or less lignified the first year,
soon after they attain their ultimate growth, and the process should not
be confused with the changes which occur in passing from sapwood to
heartwood. Ii.iiilc . Li. 1. is in no sense confined to the so-called “woody
plants,” or, in fact, to vascular tissue. Woody stems possess in propor-
tion more tissue that is lignified than herbaceous plants, and hence
seem woody to us.

5. Typical woody plants possess secondary thickening, that is, have
a means of thickening their stems by subsequent growth in diameter
which is not traceable to terminal growing points. This is achieved
through the activities of a growing layer or cambium which is situated
just outside the last formed layer of wood and beneath the bark, and
produces new wood and new bark yearly which are interpolated be-
tween the older wood and bark. This results in the formation of the
annual rings which are characteristic of cross-sections of the trees of
temperate regions. Tropical trees are often devoid of annual rings be-
cause cambial activity extends over practically the whole year and the
resulting wood is quite homogeneous.
. But there are arborescent ferns and monocotyledons (palms) which
are devoid of secondary thickening of the normal type, in that the
woody tissue is not gathered together in a cylinder surrounded by a
cambium but is scattered through the stem in separate vascular bundles.
In such arborescent forms subsequent seasonal increase in the thick-
ness of the stem, where it occurs, may be due to the continued enlarge-
ment, over a period of years, of tissues which had their inception in
the apical growing point. This explains the fact that many palms sup-
port but a given number of leaves in their crown and new leaves de-
velop only in proportion as some of the older leaves cease to function.
In other cases, monocotyledonous stems increase in girth through ano-
malous secondary thickening, that is, not in the typical way. Finally
there are many woody monocotyledons, especially lianas, which exhibit
little or no secondary thickening, as in the case of Smilax hispida Mohl.,
the Hispid Greenbrier.

KINDS OF WOODY PLANTS

Woody plants are of three sorts, (1) trees, (2) shrubs, and (3)
lianas, between which no hard and fast lines can be drawn. A given
species may be shrubby near the limits of its range and arborescent
elsewhere. For example, Witch Hazel is generally a shrub in New Eng-
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land and New York but becomes a tree farther south and west. Certain
species of Ficus begin life as lianas but ultimately become arborescent.
Again, many woody plants which are reduced to dwarfed, scraggly
shrubs in the boreal zone, or at high elevations, attain to the dignity
of large shrubs or even trees to the southward or at lower altitudes
where they are not forced to contend with such a hostile environment.
In general the kinds of woody plants may be defined as follows:

1. A tree is a woody plant which attains a height of at least twenty
feet in a given locality and usually (not always) has but a single self-
supporting stem or trunk.

2. A shrub is a woody plant which seldom exceeds twenty feet in
height in a given locality and usually (not always) has a number of
stems. Many shrubs have prostrate primary stems embedded in the soil
or leaf-mold which send up persistent secondary branches of fruticose
habit. These arise at varying intervals from the horizontal stem and
appear as separate individuals.

3. A liana is a climbing woody vine. Lianas climb by twining, clam-
bering, aerial roots, tendrils, etc., and are characteristic features of
tropical rain forests. They are represented in our flora by such woody

vines as Virginia Creeper, Clematis, Moonseed Vine, and the Wild
Grape. ‘
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The use of a tree manual entails an understanding of the morphology
of plant parts and of their proper interpretation. The primary basis of
classification in trees, as in other seed plants, is the flower, for trees
bear flowers as do other plants which produce seed. But the floral stage
of trees is a fleeting one at best; floral characters are not available for
study except for comparatively short periods. In a taxonomic study of
woody plants, other features pertaining to leaves, twigs, fruit and bark
are generally stressed at the expense of floral characters. The following
pages are devoted to Special Morphology in an endeavor to render more
understandable that part of the text which follows:

LEAVES
General

The expanded green structures which make up the foliage of the
higher plants, and in which physiological processes necessary to the
life of the plant take place, are known as leaves. Foremost among such
life activities are (1) photosynthesis or the synthesis of sugar from
carbon dioxide and water, (2) transpiration or the voiding of excess
water that has been taken up through root absorption, and (3) respira-
tion or breathing.

A foliage leaf always possesses an expanded part or lamina which is
specially adapted by internal structure and the presence of breathing

F1G. 1—PORTION OF A Twic WiTH LEAF ATTACHED, SHOWING LEAF PARTS
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‘pores or stomata to perform the functions assigned to it by Nature. In
addition there may be a stalk or petiole which attaches the lamina to
the stem, and stipules, inserted separately on the stem at the base of
and on either side of the petiole (Fig. 1). A leaf which is devoid of
petiole is said to be epetiolate or sessile; a leaf without stipules is esti-
pulate. Stipules, where present, are often apparently vestigial struc-
tures and have no real function. In other cases they are modified into
thorns (as in the Black Locust) or serve as bud-scales which protect
the dormant growing points during the winter (Basswood).

Leaf Variation

Of the primary plant parts, namely root, stem, and leaves, the latter
are by far the most plastic and respond most quickly to an altered en-
vironment or habitat. Such external stimuli manifest themselves in
leaves of various shapes and sizes and result not only in wide differences
between the leaves of different species, but even within one and the
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same species and on the same plant. Variation in the size, shape,
margin, etc., of foliage leaves is of the utmost importance in tree iden-
tification.

Leaf Classification
A. Leaves classified as to Position (Phyllotaxy)
1. Alternate—one inserted at a node.
2. Opposite—two at a node, inserted on opposite sides of the
stem.
3. Verticillate or whorled—three or more at a node.
Alternate leaves are arranged in ascending left to right spirals on
the stem and according to a definite plan. The portion of the spiral
from one leaf to one directly above it is termed a cycle. Spiral phyllo-
taxies are represented by the fractions 1%, 13, 2/5, etc., in which the
numerator represents the number of turns and the denominator the
number of leaves in a given cycle.
B. Leaves Classified as to Composition
1. Simple, with undivided lamina. (Fig. 1.)
2. Compound, lamina divided into leaflets.
a. Pinnately compound, leaflets arranged along the two
sides of the rachis.

a' Odd pinnately compound, with an odd number
of leaflets.* (Fig. 2.)

b! Even pinnately compound, with an even number
of leaflets.

¢' Pinnately decompound, twice or thrice pinnately
compound. (Fig. 3.)

b. Palmately compound, leaflets radiating from the end
of the petiole. (Fig. 4.)

a'! Ternately decompound, palmately decompound
with three primary divisions, the ultimate sec-
ondary divisions frequently pinnate.

C. Leaves Classified as to Form

1. Acicular, long and very slender; needle-like. (Fig. 5.)

2. Subulate, awl-shaped; short, sharp-pointed, broadened at
the base. (Fig. 6.)

3. Linear, narrow, several times longer than wide, and with
sides approximately parallel. (Fig. 7.)

4. Oblong, longer than broad, and with approximately paral-
lel sides. (Fig. 8.)

*Leaflets may be borne opposite or alternate on the rachis in (a?) and (b?).
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Leaf Classification—Continued
C. Leaves Classified as to Form—Continued

5. Lanceolate, several times longer than broad, broadest about
* one-third up from the base, and narrowed to an attenuate
apex. (Fig. 9.)

6. Ovate, shaped like a hen’s egg with the broadest part down.

(Fig. 10.)
7. Elliptical, shaped like an ellipse. (Fig. 11.)
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LEAF SHAPES

. 8. Oval, broadly elliptical, with the short diameter more than
half the long diameter. (Fig. 12.)
9. Orbicular, circular.
10. Oblanceolate, inversely lanceolate (Fig. 13); obovate
(Fig. 14), inversely ovate, etc.
11. Spatulate, shaped like a spatula; rounded above and nar-
rowed below like a spatula.
12. Cordate, heart-shaped, with the point upward. (Fig. 16.)
13. Reniform, kidney-shaped. (Fig. 15.)
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Leaf Classification—Continued
D. Leaves Classified as to Apex
1. Acute, shaped like an acute angle but not attenuated. (Fig.
17.)
2. Acuminate, shaped like an acute angle and attenuated.
(Fig. 18.)
3. Obtuse, blunt or rounded at the end. (Fig. 19.)
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. Truncate, abruptly terminated as though cut off trans-
versely. (Fig. 20.)
Emarginate, with a shallow notch. (Fig. 21.)
Obcordate, heart-shaped at the apex.
. Mucronate, tipped with a mucro; abruptly tipped with a
point. (Fig. 22.)
8. Cuspidate, tipped with a sharp, rigid point. (Fig. 23.)
E. Leaves Classified as to Base
1. Acute, shaped like an acute angle, but not attenuated.
(Fig. 24.)
2. Cuneate, shaped like a wedge; broad above and tapering
evenly to an acute base. (Fig. 25.)
3. Obtuse, blunt or rounded. (Fig. 26.)
4. Cordate, rounded and with broad rounded sinus. (Fig. 27.)
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Leaf Classification—Continued
E. Leaves Classified as to Base—Concluded
5. Auriculate, with ear-like appendages at the base. (Fig. 28.)
F. Leaves Classified as to Margin
1. Entire, said of a margin without teeth or indentation.
2. Undulate (or repand), shallowly wavy. (Fig. 29.)
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3. Sinuate, strongly wavy. (Fig. 30.)

4. Dentate, toothed, generally with the teeth projected out-
ward. (Fig. 31.)

5. Serrate, with sharp teeth projecting forward. (Fig. 32.)

6. Crenate, dentate or serrate with rounded teeth. (Fig. 33.)

7. Lobed, divided into lobes by sinuses which extend not
more than half way to the midrib, either the sinuses or
lobes rounded. (Fig. 34.)

8. Cleft, divided into lobes by sinuses which extend half way
or more to the midrib, either the sinuses or lobes nar-
row or acute. (Fig. 35.)

9. Parted, divided by sinuses which extend nearly to the mid-
rib. (Fig. 36.)

G. Leaves Classified as to Venation

1. As to the arrangement of veins.

a. Pinnately veined, veins branching laterally from a
strong longitudinal median vein, the midrib. (Fig.
38.)

b. Palmately veined, primary veins radiating from the
apex of the petiole. (Fig. 37.)

2. As to direction of veins with reference to each other.

a. Nefted, anastomosing to form a network or reticulum.
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Leaf Classification—Continued
G. Leaves Classified as to Venation—Continued
b. Parallel, parallel and without apparent reticulum.

37

PALMATE AND PINNATE VENATIONS

INFLORESCENCES

The flowering part of a plant, especially the disposition of flowers on
a plant, is known as the inflorescence. Inflorescences have received
distinctive names which indicate the various sorts, but all are reducible
to two main types, the indeterminate and the determinate, which oc-
casionally intergrade to form a mixed inflorescence. Inflorescences may
be classified as follows:

A. Indeterminate inflorescence. Axis of inflorescence terminated by
a growing point which may prolong the floral axis in-
definitely. Flowers from axillary buds.

1. Solitary. Said of flowers when they appear solitary in the
axils of normal foliage leaves.

2. Clustered. Said of flowers when they are aggregated in
groups. Foliage leaves are reduced to bracts or disap-
pear altogether.

a. Simple clusters. Secondary axis terminated by a flower.
a! Spike. Flowers all sessile along the main axis. (Fig.
39.)
b' Catkin or ament. A flexuous, scaly spike. (Fig. 40.)
c! Raceme. Flowers all on pedicels which are shorter
than the main axis. (Fig. 42.)
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Inflorescences—Continued
Indeterminate inflorescences—Continued
Simple clusters—Continued

d* Umbel. Flowers all on nearly equal pedicels which
spring from a common point like the ribs of an
umbrella. (Fig. 44.)

¢* Head. Flowers all sessile or nearly sessile and ag-
gregated into a dense cluster on a receptacle or
short axis. (Fig. 41.)

b. Compound Clusters. Secondary axis bearing several

flowers arranged according to a definite plan,

a' Compound spike. Twice spikately compound.

bt Compound raceme. Twice racemosely compound.

¢! Compound umbel. Twice umbellately compound.

c. Irregular clusters.

a! Panicle. A racemose flower-cluster in which some of
the secondary clusters bear several irregularly
disposed pedicelled flowers. (Fig. 45.)

b* Corymb. A flat-topped flower-cluster of the racemose
type, with pedicels arising at different points along
the main axis. (Fig. 46.)
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B. Determinate inflorescence. Axis of inflorescence termtinated by a
flower which prevents further elongation of the primary axis. Repre-
sented by but one type with various modifications, the cyme. (Fig. 43.)

C. Mixed inflorescence. Said of an inflorescence in which both inde-
terminate and determinate types of branching are found; primary
branching of one type, secondary branching of another type; rare in
trees.
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FLOWERS

General

Flowers are structures characteristic of the Spermatophytes or seed
plants and bear stamens and ovules or immature seeds. In Gymno-
sperms these ovules are not enclosed in an ovary but are borne naked
or in the axils of cone scales, and the flowers are devoid of perianth,
while in the Angiosperms an ovary is always present and may be ac-
companied by a more or less showy perianth. The function of flowers
is that of seed production and the various floral parts, included under
the terms perianth and essential organs, are to be considered as modi-
fied leaves. The parts of a typical flower are as follows (see Fig. 47):

Floral Parts
A. Pedicel or peduncle. Stalk of flower.
B. Receptacle. End of peduncle bearing the remaining parts, usually
somewhat enlarged.
C. Perianth. The outer sets of modified leaves composing the non-
essential part of the flower.

1. Calyx. The outer set, consisting of sepals, usually green
in color.

2. Corolla. The inner set, consisting of petals, usually showy
in color.

D. Essential organs. Stamens and pistil.

1. Androecium. The outer set of essential organs, the stamens,
each consisting of an anther or pollen-bearing portion,
borne on a stalk or filament.

2. Gynoecium. The inner set of essential organs, the carpels,
which unite to form a pistil. A pistil consists of (1) an
enlarged basal part bearing ovules, (2) a slender stalk
above, the style,* and (3) a terminal portion, receptive
to pollen, the stigma.

Pollination versus fertilization

The higher plants, like the higher animals, exhibit sexuality which
insures the continuance of a vigorous race. Early systematists believed
the stamens and pistils of flowers to be male and female organs, but
modern science has dissipated this belief. Stamens and ovules are rather
the “bearers of sexual elements.” The pollen grains which are loosed in
immense numbers from the anther sacs of the stamens bear nuclei which

* Style may or may not be present.
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have within them the inherent features of the male strain, while in the
interior of the ovule, other nuclei are borne which are female nuclei.
The transfer of pollen from the stamens to the vicinity of the ovules
(stigma of angiosperms) is known as pollination and is brought about
by various agents such as wind, insects, birds, and water. Subsequently
the pollen grains germinate and form a tube which eventually permits
of the union of the sex nuclei. Between pollination and fertilization only
a few hours may intervene in some instances while in other cases it
may be months before fertilization results.

Cross pollination, that is, the transference of pollen from one flower
to the vicinity of the ovules of another, is desirable, and nature has de-
vised many floral modifications to bring this about. Many plants ex-
hibit diclinism, that is, imperfect flowers which may be monoecious,
dioecious, or polygamous, and rely on wind or insects for pollination.
Wind pollinated plants are usually characterized by abundant pollen
which is often shed in advance of the leaves, inconspicuous flowers, ex-
panded or feathery stigmas, and occasionally by explosive mechanisms
in the stamens which catapult the pollen. Flowers which are insect pol-
linated are usually bright colored or possess nectar-glands which ex-
crete saccharine or mal-odorous substances attractive to insects.

Other plants (some of the maples), exhibit dichogamy and dimorph-
ism as a device to insure cross pollination. In dichogamous forms the
stamens of a flower reach maturity in advance of the pistil (proteran-
drous) or vice versa (proterogynous) and this insures the union of
sexual nuclei from different flowers. Dimorphic flowers are insect pol-
linated and have the essential organs arranged differently and in such
a manner that an insect on visiting the one flower is dusted with pollen
which is rubbed off by the stigma of the next.

Variation in the flower.

In addition to the floral modifications which have been obviously
devised to insure cross pollination, flowers exhibit a truly wonderful
variation in form, size, and in the arrangement, suppression, or union
of parts that is quite beyond belief. Botanists observed this long ago
and have learned from experience that the variation in the flower best
indicates the natural affinities of flowering plants. Plants with com-
parable floral structures are relafed to each other. Flowers may be clas-
sified according to these variations as follows:

A. Suppression and symmetry of parts.

1. Perfect. With stamens and pistils(essential organs)present.
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Variation in the flower—Continued
Suppression and symmetry of parts—Continued
2. Imperfect. With stamens or pistils only in some flowers or
both in separate flowers.
a. Monoecious. With staminate and pistillate flowers on
the same plant.
b. Dioecious. With staminate and pistillate flowers on
separate plants,
c. Polygamous. With perfect and imperfect flowers on
the same plant.
a' Polygamo-monoecious. With perfect and both
sorts of imperfect flowers on the same plant.
bt Polygamo-dioecious. With perfect and staminate
flowers on one plant and perfect and pistillate
on another.

3. Complete. With all four sets of floral organs present.
4. Incomplete. With one or more sets of floral organs lacking.

5. Regular. With the individuals of each set similar in form
and size.
6. Irregular. With the individuals of some sets varying in
form or size from the others.
B. Position of parts.
1. With reference to insertion on the receptacle.
a. Spiral. With floral organs spirally arranged.
b. Cyclic. With the parts of each set all inserted on the
receptacle at the same height.
2. With reference to each other.
a. Flower hypogynous. With the three outer (lower) sets
inserted below the ovary.
a' Strictly hypogynous. With the three outer (lower)
sets inserted separately below the ovary. (Fig.
47.)
b! Epipetalous hypogynous. With the stamens in-
serted on the corolla, otherwise as above. (Fig.
49.)
b. Flower perigynous. With the calyx inserted below the
ovary and the corolla and stamens inserted on
the calyx.
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Variation in the flower—Continued
Flower perigynous—Continued

al Perigynous with superior ovary. Calyx free from
the ovary, corolla and stamens inserted on
calyx. (Fig. 49.)

b Perigynous with inferior ovary. Calyx adnate to
the ovary, corolla and stamens inserted on
calyx tube above the ovary. (Fig. 50.)

c. Flower epigynous. With the parts apparently inserted
on the summit of the ovary. (Fig. 51.)

47 48
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TYPES OF FLOWERS

C. Union of parts.
1. Polypetalous, polysepalous. With the petals distinct;
with the sepals distinct.
2. Gamopetalous, gamosepalous. With the petals united;
with the sepals united.
. Monadelphous stamens. With the stamens united by
their filaments into one set.
4. Diadelphous stamens. With the stamens united by
their filaments in two sets.
5. Syngenesious stamens. With the stamens united by
their anthers into one structure, the filaments free.
D. Form of corolla.
1. Rotate. Wheel-shaped with the limb spreading at
right angles.

w
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Variation in the flower—Concluded
D. Form of corolla—Continued
2. Salverform. Tubular with the limb spreading at right
angles.
3. Campanulate. Bell-shaped.
4. Urceolate. Cylindrical or ovoid and contracted in the
throat like a vase.
5. Funnel-form. Tubular, with gradually spreading border.
border.
6. Papilionaceous. Similar to the corolla of the Sweet
Pea, consisting of a standard, two lateral wings and
a keel (two petals).
FRUIT
General
The seed-bearing portion of a seed plant is known as the fruit. In
the Gymnosperms it is usually represented by a cone-like structure
consisting of scales bearing seeds in their axils. (Fig. 54.) The fruit of
Angiosperms is the ripened ovary with such structures as adhere closely
to it. The classification of angiosperm fruits hinges on the proper in-
terpretation of the structure of the pistil.

Criteria for the Interpretation of the Pistil

The upper (inner) cycle of modified leaves (carpels) which enter
into the structure of a flower are designated by the collective term of
gynoecium. A gynoecium may consist of but a single carpel or an ag-
gregate of carpels. In the latter case the carpels may retain their in-
dividuality as separate simple pistils or they may cohere into a single
structure, a compound pistil. A simple pistil consists of but a single
carpel; a compound pistil is made up of two or more carpels. The fol-
lowing criteria may be used to separate simple and compound pistils:

1. Several styles or stigmas indicate a compound pistil of a like
number of carpels. The reverse does not apply as several carpels may
have completely cohered.

2. Several cells or loculi generally indicate a like number of carpels.
The reverse does not apply as a compound ovary may consist of but a
single cell. ‘

3. Several parietal placentae generally indicate a like number of
carpels.

4. Dehiscent dry fruits, resulting from more than one carpel, gen-
erally open by a like number of sutures.

The wall of a ripened ovary is known as the pericarp. Within the
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pericarp are one or more ovule-bearing chambers or loculi. A placenta
denotes the line or surface within the ovary on which the ovules are
borne. Placentae may be parietal (on the wall), basal, axile, or free
central.

Classification of Angiosperm Tree-Fruits
A. Fruit classified as to the escape of the seed from the ovary
1. Dehiscent. Said of fruits which open at maturity to release

the seed. Paulownia (Fig. 61).

2. Indehiscent. Said of fruits which do not open at maturity

to release the seed. Elm (Fig. 56).

B. Fruit classified as to texture
1. Fleshy throughout or nearly so.

a. Soft-fleshy throughout except the seed. Berry (Per-
simmon, Fig. 65).

b. Fleshy throughout except the seed and the cartil-
agenous, leathery, or bony surfaces immediately sur-
rounding the seed.

a' Exocarp indehiscent
a'’ Ovary producing the fruit superior. Drupe
with several nutlets (Holly).
bt Ovary producing the fruit inferior. Pome
(Apple, Fig. 52).
b* Exocarp dehiscent. Nut (Hickory, Fig. 66).
2. Fleshy without, bony within. Drupe (Cherry, Fig. 62;
Butternut).
3. Dry

a. Indehiscent
a' Winged. Samara (Elm, Fig. 56; Maple, Fig. 58).
b* Unwinged

a'* Rarely bony or woody
a'! From a simple pistil, 1-seeded. Achene
(Sycamore, Fig. 53).
bt From a compound pistil, generally
more than 1-seeded. Indehiscent dry
fruit.
b'* Bony or woody. Nut (Oak, Fig. 63).

b. Dehiscent

a' From a simple pistil
a't Dehiscent by one suture. Follicle (Cucum-
ber Tree, Fig. 55).
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Classification of Angiosperm Tree-Fruits—Continued
Fruit classified as to texture—Continued
Dehiscent—Continued
b'* Dehiscent by two sutures. Legume (Black
Locust, Fig. 60).
b* From a compound pistil. Capsule (Paulownia,
Fig. 61).
C. Fruit classified as to composition
1. As to number of ovaries or flowers.

a. Former from one pistil. Simple fruit. (Cherry, Fig.
62).

b. Formed from several pistils in one flower. Aggregate
fruit. (Tulip Tree, Fig. 64).

c. Formed from several flowers or an inflorescence. Mul-
tiple fruit. (Sycamore, Fig. 53; Mulberry, Fig. 57;
Osage Orange, Fig. 59).

2. As to kind of parts.

a. Non-accessory. Consisting only of ovary or inferior
ovary and adnate receptacle. (Apple, Fig. 52).

b. Accessory. Consisting of ovary and of other parts
which are not organically connected with it. (Mul-
berry, Fig. 57; Osage Orange, Fig. 59).

WINTER CHARACTERS

General

With the approach of winter and the cessation of growth necessitated
by it, biennial and perennial plants make definite provision to meet the
rigors of the unfavorable season. Freezing temperatures have a drying
effect on plant tissue in that the ice crystals start to form in the inter-
cellular space (chinks) between cells rather than in the interior of the
cell proper. Death may finally ensue through desiccation resulting from
the removal of too much water from living cell contents as these crystals
enlarge, rather than from the direct chilling action of low temperatures.
Arborescent plants protect themselves from excessive transpiration
during the winter months and resultant winter-killing as follows:

1. Leaf-fall.

2, Production of winter buds which are protected by bud-scales,
gums, waxes, pubescence, etc.

3. Completion of growth in length and thickness, and “hard-
ening” of the new tissue ere cold weather sets in.

46



SPECIAL MORPHOLOGY

4, Increase in the osmotic pressure of the cell sap, requiring
lower temperatures to permit of the extraction of water
from the cells.

5. Production of corky layers (periderm) on twigs and bole.

Growth in length versus Growth in Thickness

With the reawakening of growth in the spring, trees begin to grow
in height and in thickness. Growth in thickness goes on throughout the
whole length of the tree, including the roots, and has its inception in
the activities of a growing layer (cambium) underlying the bark, the
cells of which begin to divide and form new tissue. Growth in length is
confined to the twig- and root-tips and results from buds which are
either terminal or near the twig-apices. As these buds unfold the em-
bryonic parts contained within elongate and assume their final size.
The number of new nodes and internodes resulting from the opening
of a bud varies largely with the species and vigor of the individual. In
some cases all of the growth for the following season is found in the
embryonic condition in the bud and, as the bud opens, merely enlarges
to its permanent size. In the majority of cases, however, a number of
embryonic nodes and internodes are included in the bud, capped by a
growing point which continues to form new nodes for a time, or during
the remainder of the summer. By far the majority of the trees of the
North Temperate Zone exhibit definite growth, which ceases by July
or early August after which no new growth in length takes place. In
other instances the growth of the season may branch or longitudinal
growth is indefinite and continues into the autumn until stopped by
cold weather. In the latter case, the last formed parts, being soft and
tender, are then usually winter-killed, resulting in a dead stub as in
the case of the Staghorn Sumach.

New leaves are borne laterally at the nodes on the new growth, one
or more as the case may be, and as early as June, the buds for the fol-
lowing season begin to form in their axils. By midsummer, on trees
with definite growth, elongation of the new shoots has ceased, the buds
have nearly attained their full winter size, and the remainder of the
season is devoted to the ageing of the new tissues, preparatory to with-
standing the rigors of winter.

Leaf Fall

As autumn approaches, trees with deciduous leaves make ready for
leaf-fall while in persistent leaves, metabolism ceases or is greatly in-
hibited and certain changes occur preparatory to the winter season.
Prior to leaf-fall, an absciss or fission layer of loose cells forms across
the base of the petiole at its place of insertion on the twig. This in-
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cludes all the tissues at that point aside from the vascular bundles
leading from the stem into the petiole (leaf-traces). Subsequently a
corky layer (periderm) forms under the absciss layer and Nature’s
preparations for leaf-fall are complete. With the advent of autumn
rains or the formation on frosty nights of ice crystals between the cells
of the absciss layer which exert a prying action, the leaf eventually
snaps off at the base of the petiole, leaving a leaf-scar protected by a
coating of periderm.

Winter Habit

The winter habit, especially of those species in which the foliage is
deciduous, is of diagnostic value in identification and many species can
be distinguished at some distance by the experienced observer by this
character alone. Two general types of branching of the trunk are
recognized which, however, undergo many minor variations, the excur-
rent or upright, and the deliquescent or spreading. In the former, the
primary axis or bole is continued, without interruption, entirely through
the crown, and is prolonged annually by a terminal leader which pro-
duces laterals at intervals, usually in whorls or false whorls which give
a more or less storied appearance to the crown. This type of branching
is characteristic of the coniferous trees and a few broad-leaf trees and
is an important feature because long, straight, tapering trunks are pro-
duced which yield the maximum amount of lumber. The second type
is characterized by a trunk which, sooner or later, divides to form
several large limbs that give rise to a broad, spreading crown, as in
most of the broad-leaved trees. While many valuable timber trees are
included in this class, they produce less merchantable lumber in pro-
portion on conversion because there is a greater wastage in the crown.
Both types exhibit many variations which are in part specific and in
part the result of environment. Certain species in age develop a high,
flat-topped, spreading crown; in others the crown is oblong or ovate
and extends to within a few feet of the ground. The crown may be
dense or open, consist of upright, horizontal or pendent branches which
are either straight and rigid in habit or lax or zigzag and variously con-
torted. Moreover, the crown shape varies with age and the density of
the stand. Many trees in youth possess a narrow, conical crown which
becomes oblong, ovate or ovoid as they attain maturity. Trees growing
in the open usually have a larger crown development than those in
dense stands and often develop into the so-called “wolf” trees. The
best timber is generally produced in dense stands. In conclusion we
may say that every tree in the winter condition has certain eccen-
tricities which betray its identity to the trained observer who is familiar
with them.
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Winter Twigs

The study of twigs in winter condition offers an entrancing subject
to the student of trees and is an excellent training in the observation
of details. The more important diagnostic features of winter twigs are
buds, leaf-scars, bundle-scars, and color and character of the pith. (See
Figs. 67-74.)
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A. Winter Buds

A bud may be defined as an embryonic axis with its appendages.
Many woody plants from the tropical rain forests where growth is prac-
tically continuous throughout the year, have buds which, as they are
never truly dormant, are unprotected by typical bud scales such as are
found in the arborescent plants of the temperate regions, but sheathed
with embryonic leaves which are in various stages of unfolding. In such
plants there is no demand for protective devices in that the climate is
continually warm and humid, and low temperature, with its resulting
drying action, is unknown. In regions where a winter season necessitates
a period of dormancy, or where there are distinct seasonal wet and dry
periods, resting buds, generally protected by overlapping scales, are
characteristic structures of twigs and present many features which are
of value in identification. Such buds may be classed as follows:

A. As to position.

1. Normal.

a. Terminal.* When terminal on the end of a twig. (Figs.
67 and 68.)

b. Axillary. When borne laterally on a twig in the axil
of a leaf.

2. Adventitious. Abnormal buds produced under the stress
of unusual conditions on any part of the root, stem, or
leaf.

3. Accessory. Additional buds produced in addition to the

normal bud.

a. Lateral accessory. Produced laterally, usually on
either side of the normal bud.

b. Superposed. Produced above the normal bud.

4, Subpetiolar. Buds which burst through leaf-scars or are
enclosed in the hollow base of a leaf-stalk and become
visible only after leaf-fall. (Fig. 68.)

B. As to covering.

1. Scaly. Protected by scales which are valvate or overlap.

a. Laminar. When the bud-scales are modified leaf-blades
(laminae). (Fig. 76.)
b. Petiolar. When the bud-scales are modified (flattened)

* Many woody plants are peculiar in developing pseudo-terminal buds. (Fig.
68.) Growth apparently continues into mid-summer until the available food
supply is exhausted and the terminal growing point then withers and sloughs
off, leaving & more or less circular scar with a ring of vascular tissue exposed,
'tl;:;elsasttil eaxa“.xl?sry‘otbggo :’ht%n 'g;.‘kes ov?:' ‘the fttgx’ctior;‘ 10% ai termllnal bud and con-

. e result is a which is really a succes
branches developed by sympodial growth, £ ety cession of
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STIPUNAR LAMINAR
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B. As to covering—Continued

leaf-stalks (petioles). (Fig. 77.)
c. Stipular. When the bud-scales are modified stipules.
(Fig. 75.)
2. Naked. Devoid of scales; usually protected by hairs or
or down or by being sunk in the cortex.

The ideal time to study bud coverings is in the spring at the time of
the inception of the new growth. Transition stages between typical leaf-
parts and typical scales are often visible which indicate beyond ques-
tion the origin of bud-scales.

1t follows that stipular bud-scales are always found in pairs. Laminar
and petiolar scales, inasmuch as they are leaf-parts proper, follow
phyllotaxy. Plants with alternate leaves have alternate bud-scales of
either of these types and the same applies to opposite-leaved plants.
The number of bud-scales to a bud varies widely in different plants,
but is fairly constant within the species.

C. As to contents.

1. Leaf-buds. Buds containing only the rudiments of leaves.

2. Flower-buds. Buds containing ‘only the rudiments of
flowers or inflorescences.

3. Mixed buds. Buds containing the rudiments of both leaves
and flowers.
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D. As to dormancy.
1. Active. Buds which develop the spring following their
formation or rarely the same season they are formed.
Usually borne toward the top of the growth of the season.
2. Dormant. Buds which remain dormant except under the
stress of exceptional conditions such as defoliation.
Usually borne near the base of the growth of the season.

B. Leaf-scars and Stipule-scars

Leaf-scars are the scars on twigs which result from leaf-fall and of
necessity have the same arrangement as leaves (Fig. 67). As pointed
out in previous paragraphs<. the fall of leaves in deciduous species is a
normal physiological process for which Nature makes preparation some
days in advance. Leaf-scars vary greatly in contour, size, and eleva-
tion above the surface of the twig and are important features in twig
identification. They range in shape from narrowly V-shaped, linear, or
lunate to semicircular, cordate and elliptical. The narrow forms may
extend nearly or quite around the twig while the broad forms are
usually confined wholly to one side. The size varies greatly in different
kinds of trees. Trees with stout twigs, as Aélanthus, are usually char-
acterized by large leaf-scars, while in other forms with slender twigs
like some of the cherries, they are so small that the details of structure
cannot be seen without a hand lens. Where leaf-scars are elevated
above the surface of the twig owing to the elevation of the absciss
layer, they are said to be decurrent on the twig, an expression which
has been coined to indicate the somewhat fluted appearance of the twig
immediately beneath the leaf-scar. Leaf-scars remain visible on twigs
for a number of years but eventually slough off as new bark is formed
beneath them by the enlarging branch.

On many twigs leaf-scars are accompanied by stipule-scars (Fig. 68)
which are inserted laterally to the leaf-scars and assume various shapes.
In other cases stipules are either wanting or speedily fugacious and
leave no permanent traces on the stem. Where present, stipule-scars,
like leaf-scars, vary in contour and may be triangular, semi-circular,
etc. In trees like the Sycamore (Fig. 68) they extend around the stem
obliquely and meet in a point on the back. Stipular thorns are features
of the winter twigs of certain species and offer a ready means of iden-
tification.

C. Vascular bundle-scars
Vascular bundle-scars, generally termed “bundle-scars,” are found
included in the boundaries of leaf-, stipule-, and “growing point-scars.”
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(Figs. 67 and 68.) In stipule-scars they are generally so minute and
indistinct as to be of no diagnostic value whatsoever. “Growing point-
scars,” that is, the scar resulting from the sloughing off of the growing
point in woody plants of determinate growth, have vascular scars which
are circular in outline with pith in the center. The grouping of bundle-
scars within leaf-scars is of decided diagnostic value and constant with-
in the species. The number of bundle-scars may vary from one to thirty
or more. Many plants possess three prominent scars. In others the
number is larger and they are irregularly scattered, arranged in three
groups, in a single lunate line, in the form of an ellipse, etc., within the
boundaries of the leaf-scar. Bundle-scars consist of vascular tissue
(leaf-traces) which extended from the stem into the leaf and were
ruptured and exposed to view at the time of leaf-abscission.

D. Color of Twigs

The color of twigs is very variable and caution must be employed in
using this feature in identification. The colors range from nearly black
through shades of green, red and brown, to gray or nearly white. Often
the color of a portion of a twig depends upon its exposure. For ex-
ample, in Basswood the upper part of the twig which is exposed to
direct insolation is of a decided reddish cast, while the bark of the
lower side is generally olive-green. Subsequently all twigs usually
darken with age and eventually assume the hues of the mature bark.
Some twigs are dull, others are lustrous or glaucous, that is, provided
with a waxy bloom which rubs off. Many are smooth while others are
granular, scabrous, or develop corky excrescences or wings, the func-
tion of which is uncertain. All grades of hairiness prevail from the
pilose type with long, soft hairs, through hirsute, pubescent, and tomen-
tose, and are characteristic features of certain species.

E. Taste and Odor of Twigs

Supplementing the color characteristics of twigs are those of taste
and odor. Cherry twigs have the odor and taste of bitter almonds. The
flavor of sassafras can be detected in the twigs of that species. Black
and Yellow Birch contain an ethereal oil of wintergreen odor and taste.
Hop-tree and Nannyberry possess twigs which give off a disagreeable
odor when broken. The twigs of Silver Maple are distinguished from
those of the Red Maple by their rank odor. In employing such char-
acters for identification care must be taken not to include the twigs of
Poison Sumach or Poison Oak as this would lead to unfortunate results.
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F. Lenticels

An external feature of twigs that is of minor value in identification
is the presence of lenticels (Figs. 67 and 68) which vary greatly in
number, size, and color. Lenticels are organs of aeration which Nature
has provided to insure a supply of oxygen to tissues underlying the
corky periderm. These often contain chlorophyll which is active in the
elaboration of plant food; in any case the living cells making up these
tissues require oxygen for their maintenance. The initial covering of all
twigs is known as the epidermis or outer skin. It is usually a single
layer of cells, the outer walls of which are covered with a special water-
proofing material known as cutin, and has, as its chief function, the
protection from desiccation of the deeper lying tissues. In most woody
plants the epidermis is comparatively short-lived and no provision is
made for its expansion to accommodate the enlarging twig; it ruptures
and sloughs off the second or third year. It is at this time that many
twigs are covered with a gray, evanescent skin, the old epidermis, which
is no longer a functional part of the tree but still clings to the twig. But
prior to the rupturing of the epidermis, a new water-and air-proof layer,
a number of cells in thickness, has arisen from the renewed division of
cells underlying the epidermis. This is known as periderm and assumes
the protective functions of the epidermis after the latter is ruptured.
The cells of the periderm are strongly suberized, that is, corky, and
are quite impervious to the passage of-air or moisture, but here and
there breaks in the continuity of the corky layer occur which consist of
unsuberized, loosely attached cells, the so-called lenticels.

Lenticels make their appearance on the new growth during the first
summer, soon after the unfolding of the new leaves. In some species
they are relatively abundant and conspicuous structures and stand out
clearly against the green background of the young stem, while in others
they are sparse and relatively inconspicuous. At this stage they are
usually punctate and orbicular in outline or somewhat «: - 7 either
vertically or longitudinally, and vary in color from white through shades
of orange, brown and pink, to nearly black. Lenticels are generally uni-
formly distributed over the surface of the twig but in some cases there
is a tendency toward auvicezation below nodes or on the underside of
twigs. As the twigs mature into branches and larger limbs, lenticels
finally disappear owing to the exfoliation of the bark but in such ring-
barked species as Birch and Cherry they may persist for many years
as enlarged and horizontally elongated bodies which measure an inch
or more in length.
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G. Pith

With the exception of the tree ferns, the arborescent Monocotyledons,
certain of the primitive Gymnosperms of dendroid habit, and scattered
dicotyledonous species, trees are characterized by woody stems which
possess a central pith or medulla and radial symmetry, and thicken by
the addition of yearly increments which take the form of annual or sea-
sonal rings as seen in cross section. The pith differs from the wood not
merely in position but in the nature of the cells which constitute it.
These are usually more or less globose or isogonal, often thin-walled
and rather loosely aggregated, and reflect the light differently as seen
in cross-sections of the twig. The function of pith is in doubt. In twigs
or small branches it undoubtedly acts as a storage organ for reserve
food during the winter but in older organs it apparently has no such
function and remains as an obsolete tissue surrounded by heart wood.

The value of the pith in twig identification lies in its consistency,
shape, and color. In the majority of woody plants it is homogeneous
(Fig. 70) as seen in vertical section, without cross-partitions or inter-
ruptions of any kind. In other cases it may have disappeared entirely
leaving a hollow stem, a condition which is unusual in trees but is oc-
casional in shrubs as in certain Honeysuckles and the Snowberry. Black
Walnut and Butternut have a diaphragmed or chambered pith (Fig.
69) which consists of many thin dissepiments spanning the pith cavity
at brief intervals. Other trees such as the Hackberry and Tupelo possess
a diaphragmed-stuffed pith in which the soft, homogeneous tissue which
fills most of the pith cavity is interrupted by plates of denser tissue
(stone cells).

The outline of the pith in cross-section varies in different kinds of
trees, a character which may sometimes be used in their identification.
Oaks, Chestnut, and Aspens are characterized by a star-shaped or 3-
angled pith (Fig. 73), while the medulla is 3-angled in Alder (Fig. 74),
features related respectively to 2/5ths and %4rd phyllotaxies. In many
species such as the Elms and the Magnolias the outline is circular (Fig.
71), or it may be somewhat lopsided as in Basswood. (Fig. 72.) The
size and color of the pith, especially in stout branches, may be conspic-
uous twig features. As#lanthus and Kentucky Coffee Tree both have
stout twigs with a conspicuous medulla, but in the first case it is ochra-
ceous, while that of the Kentucky Coffee Tree is salmon-pink. In dif-
ferent woody plants the color varies from white to pale or dark brown,
with shades of pink, red or pale green as the exception, rather than the

rule. 2_0407
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H. Bark
The most important feature in the identification of standing trees in

winter is the bark, though one of the most difficult to describe. Bark
characteristics can best be taught by the visual method, by actual
studies in the field supplemented by phiwtoziaph~ and lantern slides.

In the preceding pages mention was made of the fact that the epi-
dermis, as found in twigs, rarely functions for more than one year, but
is soon replaced by a corky layer or periderm which takes over the pro-
tective function. The first layer of periderm is usually superficial in
origin and has its inception in the layer of cortex immediately under-
lying the epidermis. It continues to function for a long period, often for
20-40 years, provision being made for the increase in girth through the
addition of new layers from the dividing cells underneath and the im-
perceptible sloughing off of cell particles from without. Sooner or later
deep cork formation begins and is immediately evinced by a rough-
ening of the bark due to the desiccation and death of deeper-lying tis-
sues. Deep cork formation may result from new periderms concentric
with the first and give rise to ringed bark, as in Cherry and Birch, but
in the majority of cases the new corky layers are in the form of arcs
which encroach into the living tissues for varying distances. The thick-
ness—qf bark varies greatly between species and individuals and de-
pends largely on such factors as (1) the rapidity of formation, (2) time
of the beginning of exfoliation, and (3) the rate of exfoliation. Beech,
Platanus and Osage Orange are thin barked; in most of the Oaks and
in Black Locust the bark is thick. It is due to the many minor varia-
tions in the time and manner of deep cork formation, the time of ex-
foliation, as well as the organic content of the tissues concerned that
trees have bark characteristic of the species.

Chestnut Oak and Black Locust may be cited as possessing very
rough bark, with deep longitudinal fissures. In other species the longi-
tudinal fissures are comparatively shallow and are separated by acute
or flat-topped, anastomosing ridges, as in Ash or Butternut. In the shell-
barked species of Hickory the bark exfoliates in broad plates; in Horn-
beam, in contrast, it is finely shreddy. Beech and Blue Beech are char-
acterized by a smooth bark which fails to become rough, even with age.
The bark of some of the Cherries and Birches is comparatively smooth
and marked with prominent horizontal lenticels. Dogwood, Persim-
mon, and Black Gum exhibit the so-called alligator bark, the vertical
ridges being interrupted by horizontal fissures which give the appear-
ance of alligator skin. Hackberry is rough-barked and in addition,
often has gnarly excrescences. In many cases it is difficult to put into
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words the distinctions which characterize the bark of various species
though they may be readily distinguished in the field.

The color of bark is extremely variable, both between species and
under different conditions of age, height, or location in the same species.
In many cases these variations between individuals are puzzling to the
novice and require a knowledge of the range of variation to decipher
species. The prevailing colors are gray, brown, or black, but reddish
and white bark are features of certain trees. In general the mature bark
is darker than that of the branches and limbs, but exceptions to this
occur. Moreover, the color of the inner bark is likewise characteristic
of certain species; for example the inner bark of Black Oak (Quercus
veluting) is yellow, while that of Hemlock is purplish red. Butternut
has a yellow inner bark from which a yellow dye can be obtained. The
bark of many species is a source of valuable forest products such as
tannin, paper and rope fibers, dyes and cork.
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LEAF KEY TO THE SPECIES

. ) Page
. Foliage persistent through the winter 2
. Foliage deciduous 22
2. Leaves !4 of an inch or less in width 3
2. Leaves 15 of an inch or more in width 20
. Leaves in fascicles of 2-5 4
. Leaves opposite or in spirals 11

4. Leaves in fascicles of 5; fascicle-sheaths deciduous.....ourveene
Pinus strobus 87

4. Lcave; in fascicles of 2 or 3; fascicle-sheaths deciduous............ 5
. Leaves in fascicles of 3 6
. Leaves.in fascicles of 2 7

6. Leaves flexible; foliage bluish green; buds obtuse

Pinus echinata 91

6. Leaves rigid; foliage dark green; buds acute............ Pinus rigida 89
. Leaves 3 or more inches long 8
. Leaves not over 3 inches long.... 9

8. Leaves serrulate . Pinus echinata 91

8. Leaves entire......iens Pinus resinosa 95
. Leaves 3—174 inches long . Pinus banksiana 97
. Leaves 1—3 inches long 10

10. Leaves bluish to grayish green; resin canals in the leaves
external and rarely also medial, 2—20 (usually 2—10) in
number; spring-shoots with only one whorl of branchlets

Pinus sylvestris 93

10. Leaves grayish green; resin canals in the leaves medial, 2 in
number and one in each corner, rarely with a third canal
which may be medial or internal; spring-shoots with more
than one whorl of branchlets .....ccccoecreunnnnce Pinus virginiana 99

Leaves in spirals, linear or acicular 12

eaves opposite, awl-shaped or scale-like. 18

12. Leaves 4-angled, stomatiferous on all sides; foliage with a
prickly feel

12. Leaves flattened, with two stomatiferous lines below; foliage
without prickly feel 17

Twigs glabrous 14

Twigs pubescent 15

14. Twigs grayish or pale brown; foliage more or less bluish
green, with a strong disagreeable odor when crushed..........

Picea glauca 107

14, Twigs brown; foliage dark green and usually lustrous, devoid
of strong disagreeable odor when crushed ... Picea abies 105

Foliage dull dark or bluish green Picea mariana 111

Foliage lustrous, dark or bright green 16

16. Ultimate twigs usually pendent; leaves §ths—1 inch long.......

Picea abies 105

16. Ultimate twigs spreading; leaves §ths—#ths of an inch long...

Picea rubens 109

Leaves sessile, in falling leaving circular scars.....Abies balsamea 115
Leaves jointed to short persistent sterigmata, in falling leaving

a raised scar Tsuga canadensis 113

18. Sprays flattened; branches appearing as in one plane...... 19

18. Sprays not flattened Juniperus virginiana 121

Foliage bluish green; leaves fth—%th of an inch long............

Chamaecyparis thyoides 119

Foliage yellowish green; leaves th—!4th of an inch long....

Thuya occidentalis 117
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20. Leaves undulate-margined, with a few spinose teeth........ccuun.
llex opaca 335
21

20. Leaves entire-margined
Leaves 3—4 inches long, flat; midribs impressed above......ccccoeeue.
Kalmia latifolia 371
Leaves 4—11 inches long, the margin revolute; midribs rounded
abov Rhododendron maximum 373
22. Leaves needle-shaped, borne m many-leaved fascicles on
short lateral spurs and singly in spirals on the twigs of thg‘

season
22. Leaves not needle-shaped 24
Foliage light bluish green as seen en masse......ou... Larix laricina 101
Foliage bright green as seen en masse.......enne Larix decidua 103
24. Leaves opposite or whorled 25

24. Leaves alternate........connes

Leaves simple

Leaves compound......

26. Leaf-margin entire or nearly so (rarely sparingly lobed
toward the base) 27

26. Leaf-margin toothed or smuately lobed .30

Leaves £ inches long. Cornus ﬂorlda 367

Leaves 5/14 inches long

28. Leaves deeply heart-shaped at the base Paulownia tomentosa 385

28. Leaves rounded or shallowly heart-shaped at the base........ 29

. Leaves light green, thin, acute at the apex...Catalpa bignonioides 389
. Leaves dark green, thick, acuminate at the apeX.....coeenerernenee

Catalpa speciosa 387
30. Leaves pinnately veined, not lobed 31
30. Leaves palmately veined and lobed .33
Leaves broadly ovate to oval; lateral veins prominently arcuate
Rhamnus cathartica 357
Leaves ovate to elliptical, oval, or obovate; lateral veins not
prominently arcuate 32
32. Leaves abruptly acuminate at the apex........ Viburnum lentago 391
32. Leaves rounded or acute at the apex.....Viburnum prunifolium 393
Leaves 3-lobed near the apex; lobes finely doubly serrate.........
Acer pennsylvanicu;t; 347

Leaves 3—7-lobed; lobes not finely serrate
34. Leaves glabrous or nearly so beneath .35
34. Leaves pubescent beneath...... 38
Leaves pale green or purplish green beneath; leaf-lobes sinuately

toothed
Leaves greenish white or silvery white beneath; leaf-lobes

coarsely dentate or serrate .37
36. Leaves palmately 5—7-nerved; petioles exuding a milky ]uxce

when broken ... Acer platanoides 349
36. Leaves palmately 3—5-nerved; petioles not exuding a milky

juice when broken ... Acer saccharum 351
Sides of terminal lobe converging Acer rubrum 343
Sides of terminal lobe diverging......cmiviinnne Acer saccharinum 341

38. Leaves membranous; leaf-lobes coarsely crenate-serrate........
Acer spicatum 345

. 38. Leaves rather thick; leaf-lobes entire or somewhat undulate

39.
39.

41.
41.

Acer nigrum 353
Leaves palmately compound; leaflets 5—7
Aesculus hippocastanum 355

40

Leaves pinnately compound or in part decompound........n....

40. Leaflets 3—5 (rarely 7 or 9), coarsely and irregularly serrate
above the middle, lobed, or divided............... Acer negundo 339

40. Leaflets 5—11, obscurely or sharply serrate, with fine, remote
teeth 41

Leaflets sessile on the rachis Fraxinus nigra 377

Leaflets stalked 42
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Page
42. Leaf-rachis pubescent........uuviveennnens Fraxinus pennsylvanica 381
42. Leaf-rachis glabrous 43
Leaflets obscurely crenulate-serrate, pale white beneath...............
Fraxinus americana 379
Leaflets sharply serrate, light green beneath
Fraxinus pennsylvanica var. lanceolata 383
44. Leaves simple 45
44. Leaves compound 170
Leaf- margm entire or nearly so
Leaf-margin not entire 61
40. Leaves prevailingly linear-lanceolate or lanceolate to narrowly
elliptic, spatulate, or narrowly entire 47
46. Leaves prevailingly ovate, oval-elliptical or obovate.......... 51
Leaves minutely downy and rugose-veined above...Salix bebbiana 133
Leaves smooth ¢: nearlyv <o above rot rugase voimed 48
48. Leaves sub-apposane Salix  purpurea 129
48. Leaves distinctly alternate 49

Leaves oblong-lanceolate to narrowly elliptic or obovate, white

glaucous beneath 50

Leaves linear-lanceolate to oblong, pale green beneath....................
Quercus phellos 213

50. Leaves conspicuously reticulate-venulose; secondary veins

arcuate Salix discolor 131
50. Leaves not conspicuously reticulate-venulose ; secondary veins
not arcuate Magnolia virginiana 251
Leaves broadly ovate to reniform, palmately 5—7-nerved; petioles
thickened at the top Cercis canadensis 315
Leaves ovate to elliptical. oval, or obovate, with primary midrib
and secondary veins; petioles not thickened at the top......... 52

. Pctioles exuding a mxlky juice when brokeNu...cnireeenenns
Maclura pomifera 249

52. Petioles not exuding a milky juice when broken.......eees 53
Foliage ill-scented when crushed; leaves 4—12 inches long
Asimina triloba 257

Foliage not ill-scented when crushed; leaves 34/—7 inches long....54

54. Leaves pale glaucous or close white- woolly beneath............ 55
54. Leaves pale green and glabrous or pubescent beneath

Leaves 3—0 inches long; petioles ¥i—34ths inches long...........
Magnolia virginiana 251

Leaves 33—3 inches long; petioles 34—2 inches lunrg

Malus pumi!; 307

56. Leaves lustrous green above.
56. Leaves dull green above . .
Petioles 14—1%4 inches 1oNg ... ot cereiees s covtreeseeesesesesens « ereves

Petioles 14—4 inches long....... ... v Pyrus communis 309
58. Leaves oval to obovate, cuneate at the base....Nyssa sylvatica 365

58. Leaves ovate to oval, rounded or subcordate at the basc.......
Diospyros virginiana 375

Leaves obviously alternate; petioles not grooved......emnnennd 60

L.eaves sub-opposite (clustered at the tips of the branches);
petioles grooved Cornus alternifolia 369

60. Leaves ovate to obovate, cuncate at the base, 4—6 inches long
Sassafras officinale 259

60. Leaves oblong to oval, rounded or slightly cordate at the base,

4—10 inches long ... Magnolia acuminata 253
Leaf-margin distinctly lobed, cleft or divided; lobes entire or
variously indented 62
Leaf-margin serrate, dentate or otherwise shallowly indented....82
62. Leaves palmately veined 63
62. Leaves pinnately veined 65

Leaf-lobes 7, finely serrate......... Liquidambar styraciflua 261
Leaf-lobes 3—5, sinuately dentate with remote tecth................... 64
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75.
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81.
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83.

. Leaf-lobes bristle-tipped
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64. Leaves 4—7 inches long, pale pubescent on the veins beneath

. . Platanus occidentalis 265
64. Leaves 2—4 inches lpng, white velvety-tomentose beneath....

Populus alba var. nivea 157

Leaf-lobes not bristle-tipped 71
66. Leaves broadly wedge-shaped, 3—5-lobed at the summit........
Quercus marilandign; 218

66. Leaves pinnatifid or pinnately lobed

Leaves green on both surfaces 68

Leaves whitish or grayish tomentose below........ Quercus ilicifolia 217

68. Longest lobes of the leaf about equaling the breadth of the
broadish middle portion of the leaf....... Quercus borealis 221

Quercus borealis var. maxima 219
68. Longest lobes of the leaf 2—6 times as long as the breadth of

the narrow middle portion of the leaf 69
Leaves coriaceous, very lustrous above; petioles 2—6 inches
long Quercus velutina 223

inches long

Leaves membranous, somewhat lustrous above; petioles %—2144
0
70. Leaves broadly oval to obovate; leaf-bases prevailingly

cuneate Quercus palustris 225
70. Leaves oval to broadly obovate; leaf-bases prevailingly ob-
tuse or truncate Quercus coccinea 227

Leaves truncate or broadly notched at the apex, sinuately 4-lobed
Liriodendron tulipifera 25%

Leaves angled or rounded at the apex, variously lobed 7
72. Petioles exuding a milky juice when broken.........
72. Petioles not exuding a milky juice when broken

Leaves velvety-tomentose beneath; petioles 2—4 inches long....
Broussonetia papyrifera 247

Leaves more or less pubescent beneath; petioles 34—14 inch;:

................

ong
74, Leaves broadly ovate to ovate-orbicular, membranous, dull

above, conspicuously reticulate-veined................ Morus rubra 245
74. Leaves ovate to ovate-oval, firm, somewhat lustrous above,
not conspicuously reticulate-veined.....ceinnnne Morus alba 243
Petioles 114—214 inches long 76
Petioles 4—134 inches long. 78
76. Leaves 3-lobed; margin incised-serrate.......... Malus coronaria 305

76. Leaves 3—10-lobed; margin doubly serrate or the lobes with
a few teeth at the apex 77

. Leaves shallowly 8—10-lobed, broadly cuneate or truncate at the

base; margin doubly serrate.......ns Crataegus pedicellata 291

. Leaves distinctly 3—5-lobed cuneate at the base; lobes with a

few teeth at the apex Crataegus monogyna 293
78. Leaves mitten-shaped or obovate and trilobed at the top........
. Sassafras oﬁicina;g 259

78. Leaves lyrate or sinuate-pinnatifid

. Mature leaves glabrous beneath............ Quercus alba var. latiloba 199
. Mature leaves pubescent or tomentose beneath........... 80

80. Leaves with scattered stellate hairs above, rusty-pubescent
beneath ; upper leaf-lobes usually cruciate...Quercus stellata 201

80. Leaves glabrous or pilose above, white-pubescent or tomen-

tose below; terminal leaf-lobe much the larger.........s 81
Leaves pale or somewhat downy beneath.....Quercus macrocarpa 203
Leaves white-hoary beneath Quercus bicolor 205

82. Leaves prevailingly linear-lanceolate to narrowly ovate,

oblong, narrowly obovate and spatulate 83
82. Leaves prevailingf;’ ovate to oval, elliptical and broadly
obovate 108
Leaves coarsely serrate, coarsely undulate-crenate or undulate-
dentate

. Leaves finely serrate, doubly serrate, crenate or sub-entire........ 87
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84. Teeth acute 85
84. Teeth obtuse Quercus montana 207
Leaves thin, smooth beneath Castanea dentata 197
Leaves thick, pale silvery pubescent beneath 86

86. Leaves 4—7 inches long, coarsely toothed with about 8—13
pairs of acute, mucronate, often incurved teeth; petioles
¥%4—1Y4 inches 10Ng cvvvecvinervrernerrsanes Quercus muhlenbergii 211

86. Leaves 2—6 inches long, coarsely toothed with 3—7 pairs of
acute or obtusish teeth or undulate-dentate; petioles +—%ths

of an inch long Quercus prinoides 209
Leaf-margin sub-entire or faintly toothed 88
Leaf-margin distinctly toothed 91

88. Leaves minutely downy and rugose-veined above........nns
Salix bebbiana 133

88. Leaves glabrous above, not rugose-veined 89

Leaves linear-lanceolate to linear-oblong, elliptic or narrowly
obovate; leaf-margin revolute

Leaves oblanceolate to spatulate; leaf-margin not revolute.....
Salix purpurea 129

90. Leaves pale white-glaucous beneath; apex acute.......
Salix discolor 131

90. Leaves pale green and generally smooth beneath; apex

bristle tipped Quercus phellos 213
Leaves glaucous or white-hairy beneath 92
Leaves not whitened beneath, glabrous or pubescent............ 97
92. Leaves pubescent beneath 93
92. Leaves glabrous beneath 94

Leaves rugose-veined above; margin remotely serrate...........
alix bebbiana 133

Leaves not rugose-veined above; margin finely serrate........coooe.
Salix alba var. vitellina 123

94, Leaf-margin irregularly crenate-serrate, revolute...........
Salix discolor 131

94, Leaf-margin finely serrate, not revolute 95
Leaves thin; apex long-attenuate
Leaves semi-coriaceous; apex acute or acuminate...Salix fragalis 127

96. Petioles glandular at the top, ascending, generally 14 of an
inch or less in length Salix babylonica 125

96. Petioles eglandular at the top, widely divergent, generally
14 of an inch or more in length... ..Salix amygdaloides 135
Leaves inequilateral at the base.....ccccncnn Ulmus parvifolia 229

Leaves not inequilateral at the base 9
98. Leaves rugose-veined above; margin revolute...Salix bebbiana 133

98. Leaves not rugose-veined above; margin not revolute............ 99

Leaves coriaceous, very lustrous and appearing as though
varnished 100

. Leaves membranous to thick, dull or somewhat lustrous............ 101

100. Leaves ovate, oblong-ovate, or obovate; apex acute..........
Salix pentandra 141
100. Leaves lanceolate to ovate-lanceolate; apex attenuate......

Salix lucida 139
Leaf-margin doubly serrate 102

Leaf-margin serrate or crenate-serrate 103
102. Leaves oblanceolate to obovate, with acute apex and taper-
ing base Prunus insititia 281
102. Leaves elliptical to narrowly obovate, with acuminate apex
and acute or rounded base .....vnrnrenne Prunus americana 287
Leaf-margin irregularly serrate Prunus cerasus 279
Leaf-margin regularly serrate 10
104. Leaf-blade tapering at the base 105
104. Leaf-blade rounded or obtuse at the base.....cerervrnnnne 106
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Leaves lanceolate, oblong-lanceolate or oblanceolate; petioles
glandular at the top Prunus persica
Leaves ovate to ovate-lanceolate; petxoles eglandular..................

Ilex dubia var. monticola
106. Leaves 3—1%; inches wide; petioles ¥ of an inch or more

in length 107
106. Leaves 14—34 of an inch wide; petioles less than 15 of an
inch in length Salix nigra
Leaves oblong-lanceolate, thin........e. Prunus pennsylvanica

Leaves lanceolate-oblong, oval or lance-obovate, thick............

Prunus serotina
108. Leaf-petioles exuding a milky juice when broken............. 109
108. Leaf-petioles not exuding a milky juice when broken........ 111
Leaf blades velvety-tomentose below; petioles usually 2—4 inches
Broussonetia papyrifera
Leaf blades pale pubescent or nearly glabrous below; petioles

less than 2 inches long 110
110. Leaves broadly ovate to ovate-orbicular, membranous, dull
above, conspicuously reticulate-veined................ Morus rubra
110. Leaves ovate to ovate-oval, firm, somewhat lustrous above,
not conspicuously reticulate-veined........ccovuvinnee Morus alba
Leaf-blades inequilateral or oblique at the base......innnns 112
Leaf-blades not inequilateral or oblique at the base......nene 123
112. Leaves irregularly and coarsely crenately lobed above the
middle, entire or dentate below.......... Hamamelis virginiana

112, Leaves serrate or doubly serrate 1
Leaves-serrate or nearly simply serrate 114
Leaves doubly serrate 117
114. Petioles less than one inch long ...115
114 Petioles 15—3 inches long 116
Leaves 2%%4—4 inches long ..Celtis occidentalis
Leaves $—2 inches long Ulmus parvifolia
116. Leaves smooth below aside from tufts of hairs in the axils
of prominent veins Tilia glabra
116. Leaves pubescent beneath...Tilia heterophylla var. michauxii
Leaves thick; margin coarsely doubly serrate......vreereeen. 118
Leaves thin; margin finely doubly serrate.....eveeceene v oenee 120
118. Leaves exceedingly rough-papillose above Imus fulva
118. Leaves smooth or somewhat scabrous above......ceenee 119
Leaves oval to obovate-oblong, dull and somewhat scabrous
above Ulmus americana

Leaves oblong-oval to ohovate, smooth and lustrous above.......
Ulmus thomasi

120. Leaves bright green above; base generally heartshaped........
Betula lenta

120 Leaves dull green above; base rounded or shallowly heart-

shaped 121
Petioles about 4th of an inch long.......ens Ostrya virginiana
Petioles more than %4th of an inch long. 122
122. Petioles 4—1; of an inch long........... Carpinus caroliniana
122. Petioles 34—1 inch long. ’ Betula lutea
Petioles 1 inch or less in length 124
Petioles more than 1 inch in length 157
124, Leaves coarsely indented; teeth acute or rounded............ 125
124. Leaves finely indented or at least with fine secondary teeth;

teeth acute or rounded 129
Leaves coarscly serrate or dentate 126
Leaves coarsely sinuate or undulate-crenate............ievevneneee 128
126. Leaves coarsely dentate, lustrous above......Nyssa sylvatica
126. Leaves coarsely scrrate, dull above 127
Leaves membranous, smooth below; petioles about 14 of an

inch long Castanea dentata
Leaves thick, pale silvery pubescent below; petioles 34—1 inch
in length Quercus muhlenbergii

64

267
337

137
275

269

247

245
243

263

241
229

359
361
235

233
231
181

177

179
183

197
211



129.
129.

131.

131

133.
133.

135.

135.

137.
137.

139.

139.

141.
141,

143.
143.

145.
145.

147.

147.

LEAF KEY TO THE SPECIES

Page

128. Leaves undulate crenate ... Quercus montana 207

128. Leaves sinuate-crenate Quercus macrocarpa 203
Leaves doubly serrate 130
Leaves serrate or crenate (sometimes obscurely doubly serrate
in Prunus virginiana and Amelanchier canadensis)............... 142
130. Leaves with 8 or more pairs of prominent secondai?lr

veins

130. Leaves with 7 or less pairs of prominent secondary veins. 138
Petioles less than 5 of an inch in length 132

Petioles ¥4 of an inch or more in loru:h . 133
132. Petioles about !4 of an inch in length .......... Ostrya virginiana 177
132. Petioles about } of an inch in length...Carpinus caroliniana 179

Leaves ovate to eclliptical, oval or obovate; leaf-base rounded

or somewhat cordate 134

Leaves rhombic-ovate; leaf-base cuneate or subtruncate........
Betula nigra 187

134. Leaves ovate-oval to oblong or obovate; margin serrate, or

obscurely doubly serrate 135

134. Leaves ovate to oblong-ovate or elliptical ; margin obviously

doubly serrate ... ... 136

lLeaves white-tomentose when young, green or yellowish green

at maturity; pctioles and often the blades hairy at maturity......
Amelanchier canadensis 301

Leaves bronze-red when young, dark green and slightly glaucous
at maturity, glabrous from the start........... Amelanchier laevis 303

136. Leaves with impressed veins above, grayish green, glaucous,
and pubescent or nearly grabrous below........ Alnus incana 193

136. Leaves without impressed veins above, pale yellowish green

and glabrous or pubescent at least on the veins below....137

Leaves bright green above, thickish; base generally heartshaped
Betula lenta 181

Leaves dull green above, membranous; base rounded or some-

what heart-shaped Betula lutea 183
138. Leaves triangular to rhombic-ovate 139
138. Leaves ovate to deltoid or wedge obovate .. . 140
Leaves very taper-pointed at the apex Betula populli'olln 185
Leaves acute at the apex Betula nigra 187

140. Leaves ovate, marked with minute black glands beneath....141
140. Leaves wedge-ovate, eglandular beneath
Crataegus punctata 289

Leaves 2—3 inches long, pubescent beneath when young................
Betula papyrifera 189

Leaves 1—2¢ (usually about 2—213) inches long, glabrous from

the first Betula pendula 191
142. Lateral veins prominently arcuate, extending from near the
base nearly to the apex ...nnnenns Rhamnus cathartica 357
142. Lateral veins not prominently arcuate 143
Leaves round-ovate to orbicular 144
Leaves ovate-lanceolate to oval, oblong, or obovate.......ccceeuennnne 145
144, Foliage fragrant, somewhat glaucous; petioles terete............

Prunus mahaleb 273
144. Foliage neither fragrant nor glaucous; petioles conspicuously

flattened Populus tremuloides 149
Petioles glandular at the top, generally with cherry taste........ 146
Petioles eglandular, without cherry taste 151

146. Leaves smooth above, glabrous or sparingly pubescent on
the veins below
146. Leaves somewhat rugose above, pubescent below...............
Prunus nigra 285
Prunus domestica 283
Leaves regularly serrate 148
Leaves irregularly serrate or crenate-serrate 150
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148. Leaves oblong-lanceolate to oval and lance-obovate; serra-
tions blunt, incurved, glandular or callous ... 149
148. Leaves ovate to elllptxcal or obovate; serrations attenuate,
ascending, eglandular ... Prunus virginiana 271
Leaves oblong-lanceolate, light green above, membranous.........
Prunus pennsylvanica 275
Leaves oval to oblong-lanceolate and lance-obovate, thickish....
Prunus serotina 269
150. Leaves ovate, oblong, oval, or obovate, thin and rather
flaccid Prunus avium 277
Prunus nigra 285
150. Leaves ovate-lanceolate to narrowly obovate, thick and firm
Prunus ceraslsl; 279
1

Leaves pubescent beneath
Leaves glabrous beneath aside from the veins or vein axils........ 154
152. Leaves close white-woolly pubescent beneath; petioles 34—2
inches in length Malus pumila 307
152. Leaves pale greenish or grayish pubescent beneath; petioles
34—1 INCH 1OME it aerenne 153
Leaves minutely downy and rugose-veined above....Salix bebbiana 133

Leaves glabrous and somewhat rugose above.......... Prunus nigra 285
154. Leaves white glaucous beneath Salix discolor 131
154, Leaves pale green beneath 155

Leaves without axillary tufts of hairs in the vein-axils on the
lower side; secondary veins curved; petioles 4 of an inch in......
length 156
Leaves with axillary tufts of hairs in the vein-axils on the
lower side; secondary veins straight or nearly so; petioles about
14 of an inch in length Fagus grandifolia 195
156. Leaves rather remotely serrate with minute, glandular in-
curved teeth, cuneate or rarely rounded at the base...........
Ilex dubia var. monticola 337
156. Leaves closely serrate with eglandular teeth, cordate or very
rarely rounded or subacute at the base........ninencn
Amelanchier canadensis 301

Petioles conspicuously flattened 158
Petioles terete or nearly so 161
158. Leaves deltoid or deltoid-ovate 159
158. Leaves ovate to orbicular w160

Leaves deltoid-ovate, coarsely crenately serrate with glandular.
incurved teeth; base of leaf-blade glandular.....Populus deltoides 143

Leaves rhombic-ovate, finely crenately serrate; base of leaf-
blade usually eglandular........ X Populus canadensis var. eugenei 145

160. Leaves 3—6 inches in diameter; margin coarsely dentate........
Populus grandidentata 147

160. Leaves 124—3 inches in diameter; margin finely serrate........
Populus tremuloides 149

Margin Serrate Or CreNatl.....enssn 162
Marim undulately or sinuately dentate...... ..o, 169
162 eaves narrowly ovate to ovate-elliptical or oval; serrations

163

162. Leaves oblong, lanceolate, or obovate: serrations coarse...
Quercus muhlenbergii 211
164

Mature leaves pubescent beneath
Mature leaves smooth or somewhat hairy on the veins be-
neath .. 165

164. Lears appressed-pubescent beneath; leaf-margin obscurely

c-r-ulate Cornus alternifolia 369
164. Lea ~ white woolly-pubescent beneath; leaf-margin ir-

recnlarly serrate Malus pumila 307
Margin °  iced-serrate Malus coronaria 305
Margin incised-serrate 166
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166. Petioles hairy 167
166. Petioles glabrous 168

Leaves 3—6 inches long, lustrous above, ciliate on the margin...
Populus candncans 153
Leaves 4—8 inches long, dull above, not ciliate on the margin........
Populus heterophylla 155
168. Leayes ovate-lanceolate to ovate, 3—6 inches long, more or

less rusty below Populus tacamahaca 151
168. Leaves ovate-oblong to oval, 2—4 inches long, not rusty
below Pyrus communis 309
Leaves white velvety-tomentose beloW...ecenirciecnns Populus alba 157
Leaves light green and quite smooth below............ Nyssa sylvatica 365
170. Leaves pinnately compound or trifoliate 171
170. Leaves bipinnately compound 194
Leaves trifoliate Ptelea trifoliata 323
Leaves 5 or more foliate 172
172. Leaf-rachis winged Rhus copallina 329
172. Leaf-rachis not winged 173
Leaflets entire-margined 174
Leaflets not entire-margined 177
174, Leaves 1—3 feet long; leaflets 13—4l1........ Ailanthus altissima 325
174. T.eaves 4—14 inches long; leaflets 7—19...cccvvimiricverneccnne 175
Leaflets obovate-oblong, coriaceous, acute at the apex, 3—4
inches long Rhus vernix 327
Leaflets ovate-oblong to elliptical, thin, obtuse and usually mu-
cronate or retuse at the apex, 1—2 inches long.............. 176
176. Branchlets and occasionally the bases of the leaf- rachises
glandular-viscid Robinia viscosa 317
176. Branchlets and leaf-rachises not glandular-viscid......ccuereenc.

Robinia pseudoacacia 319

Leaflets 5—1l.iecnee. 178
Leaflets 94l icerieries erteies eerretsreesr st be s et anate 184
178. Leaflets 3—8 inches long 179
178. Leaflets less than 3 inches long Inmhox\lum americanum 321
Upper three leaflets conspicuously larger than the others....... 180
Upper threc leaflets not conspicuously larger than the others....182
180. Leaflets generally 5, glabrous or puberulous below.................
Carya ovata 163
180. Leaflets, generally 7.....cimuvnenns Carya ovata var. nuttallii 165
Leaflets soft pubescent beloW.....cninnvenee Carya laciniosa 167
Leaflets essentially glabrous_ below.......oceereeenneee. arya ovalis 169
182. Leaflets glabrous or nearly so below; leaf-rachis smooth....183
182. Leaflets pubescent below; leaf-rachis pubescent..............

Carya tomentosa 171

Leaflets chiefly 5 or 7, oblong- or obovate-lanceolate..............
. Carya glabra 173

Leaflets chiefly 9, lanceolate or oblong-lanceolate.........ceunee..
Carya cordiformis 175

184. Leaflets even in number 185

184. Leaflets odd in number 187

Leaves 6—8 inches long; leaflets 1—2 inches long......cecennes
Gleditsia triacanthos 313

Leaves 1—3 fect long; leaflets 2—5 inches long.....ccccvreivveneennee 186

186. Leaflets sharply serrate except at the base, sessile or sub-
sessile Juglans nigra 159

186. Leaflets entire except for a few coarse teeth toward the
base, short-stalked Ailanthus altissima 328

Leaves 5—10 inches long 188

Leaves 8 inches to 3 feet long 190

188. Leaflets elliptic-oblong to oblong-lanceolate, blunt or acute

at the apex ... 189

188. Leaflets lanceolate, acuminate at the apeX........oron.

Sorbus americana 295
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Leaflets dull green and more or less pubescent above............
Sorbus aucuparia 299

Leaflets bright green and glabrous above........ Sorbus decora 297
190. Leaflets entire except for a few coarse teeth toward the
base, short-stalked Ailanthus altissima 325

190. Leaflets sharply serrate at least toward the apex, sessile

or subsessile 191
Leaf-rachis glabrous . Rhus glabra 333
Leaf-rachis pubescent 192
192, Leaflets pubescent beneath 193
192, Leaflets glabrous or puberulous beneath...... Rhus typhina 331

Leaflets 13—23, lustrous above, 1—114 inches wide.......on...
Juglans nigra 159
Leaflets 11—17, rugose above, 14—2 inches wide...Juglans cinerea 161
194. Leaves 6—S8 inches long; leaflets less than 1 inch in length....
Gleditsia triacanthos 313
194. Leaves 1—4 feet long; leaflets 1 inch or more in length 105
Leaflets ovate to oval, entire.......ocececuueee. Gymnocladus dioicus 311
Leaflets broadly ovate to lanceolate, finely serrata............
Aralia spinosa 363
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Fruit simple, arising from a single pistil

. Fruit compound, arising from 2 or more pistils in the same or in

different flowers, or consisting of imbricated scales hearing
naked seeds 102

2. Fruit dry. 3
2. Fruit fleshy 65
. Fruit dehiscent 4
. Fruit indehiscent 28
4, Fruit consisting of a bony nut or nuts enclosed in a dehiscent
or partially dehiscent involucre or husk 5

4. Fruit not a bony nut 15
. Involucre of fruit prickly 6
. Involucre of fruit not prickly 7

6. Nut trigonous ; prickly involucre (burr) stalked; spines simple
Fagus grandifolia 195

6. Nut ovoid, laterally compressed; prickly involucre (burr)
sessile; spines branched Castanea dentata 197

. Involucre (husk) of nut splitting to the base or nearly tg

the base

. Involucre (husk) of nut splitting only to the middle or raregi

to the base
8. Fruit 4—1Y inches in diameter. 9
8. Fruit 1—2%; inches in diameter. 12
. Involucre (husk) of nut thin 10

. Involucre (husk) of nut medium thick to thick and woody at

MALUTILY i ssssssssstsssssssessssrasssssess ssssenss 11

10. Fruit elhpsoxdal husk {y— of an inch in thickness...... .......
Carya ovalis 169

10. Fruit subglobose; husk approximately % of an inch in
thickness Carya ovalis var. odorata 169
Fruit subglobose to short-oblong.......Carya ovalis var. obcordata 169
Carya ovata var. nuttallii 165

Fruit more or less of ovoid.......ceeuueeee. Carya ovalis var. obovalis 169
12. Nut white 0r YelloWish e« crreees sevees 13
12. Nut pale reddish bhrown Carya tomentosa 171

Fruit subglobose, pale lenticellate; nut rounded at the base...
Carya ovata 163
Fruit ellipsoid to ovoid (rarely subglobose), orange-lenticellate;
nut usually strongly pointed at both ends......Carya laciniosa 167

14. Fruit pyriform to ovoid; shell thick............... Carya glabra 173
14. Fruit ellipsoid; shell thin Carya cordiformis 175
Fruit @ 1egUME.. s nsissesesssssssssissssssns seses sssess ssens

Fruit a capsule or capsular pod .20

16. Legume 12—18 inches long, twisted, reddish or purpheh brown
Gleditsia triacanthos 313
16. Legume less than 11 inches long, not twisted... .oooovevreceenenn. 17
Legume thick and woody; seeds about 34 of an inch long
Gymnocladus dioicus 311
Legume thin and coriaceous; seeds less than % of an inch long 18
18. Legume sparingly g]andular hispid.....eicnin Robinia viscosa 317
18. Legume not glandular-hispid 19
Seeds reniform, orange-brown with darker mottlings.....cveons
Robinia pseudoacacia 319
Seeds broadly ovate, chestnut-brown......u..... Cercis canadensis 315
20. Fruit a glandular-punctate capsular pod, lemon- scented when
crushed Zanthoxylum americanum 321
20. Fruit a capsule, not lemon-scented when crushed.......ue... 21
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21. Capsule spiny Aesculus hippocastanum 355
21. Capsule not spiny. 22
22. Seeds without appendages.......enne Hamamelis virginiana 263
22. Seeds with appendages 23
23. Seeds comose 24
23. Seeds winged 25
24, Capsule subtended by a persistent disk........... Populus spp. 143-157
24. Capsule not subtended by a persistent disk........... Salix spp. 123-141
25. Capsule linear, subterete, 5 or more inches long...... ensrenreneenes
Catalpa speciosa 387
Catalpa bignonioides 389
25. Capsule globose to oblong-ovoid, not over 2 inches long........ 26

31
31

33.
33.

3s.

35.Wings of samaras not widely divergent, 5—114 inches long

37.
37.

39.
39.

41,
41

26. Capsule 2-celled, loculicidally dehiscent; seeds lace-winged....
Paulownia tomentosa 385

26. Capsule 5-celled, septicidally dehiscent; seeds winged at

the ends 27

. Capsule globose, about #%ths of an inch long........ Kalmia latifolia 371
. Capsule oblong-ovoid, about %4 of an inch long......ne.

Rhododendron maximum 373
28. Fruit a samara 29

28. Fruit a nut or dry leathery drupe 46

. Samara (or key) double 30

. Samara (or key) single 36
30. Samaras in racemose clusters 31
30. Samaras in corymbose or umbellate clusters.......ccuveennneee 33
Wings of samaras 1%—2 inches long.....coercncnnce. Acer negundo 339
Wings of 'samaras 1 inch or less in length 32

32. Wings of samaras about ¥4 of an inch long, slightly divergent
Acer spicatum 345

32. Wings of samaras about 34 of an inch long, widely divergent
Acer pennsylvanicum 347

Samaras maturing in spring or early summer 34

Samaras maturing in the autumn 35

34. Wings of samaras %—1 inch long, slightly divergent..............
Acer rubrum 343

34, Wings of samaras 1—2 inches long, widely divergent...............
Acer saccharinum 341

Wings of samaras widely divergent, 1§ths—2 inches long............
Acer platanoides 349

Acer saccharum 351
Acer nigrum 353

36. Samaras 2-celled and 2-seeded......cvvivcnnnns Ptelea trifoliata 323
36. Samaras 1l-celled and 1-seeded 37
Wings of samaras terminal 38
Wings of samaras surrounding the seed 40
38. Vsings of samaras rounded or acute at the apex..........

Fraxinus pennsylvanica 381
Fraxinus pennsylvanica var. lanceolata 383
38. Wings of samaras emarginate or rarely pointed at the apex..39
Samaras oblong to linear-spatulate; apex pointed to emarginate
Fraxinus americana 379

Samaras lanceolate-oblong to linear-oblong; apex conspicuously
emarginate Fraxinus nigra 377

40. Fruit in paniculate clusters; samaras oblong-linear, 1%4—2
inches long Ailanthus altissima 325

40. Fruit in racemose or umbellate clusters; samaras elliptic-
ovate to oval-orbicular or obovate-oblong, less than 1 inch
long 41
Samaras ripening in the spring or early summer......ocneenn. 42
Samaras ripening in the late summer or early fall.ierienins
Ulmus parvifolia 229
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42, Samaras ciliate on the margin or pubescent on the face or on
the seminal cavity 43
42, Samaras glabious . . L . oL L. . .. .A45
Margins of samaras not ciliate; semnal cavity pubescent on
the face . Ulmus fulva 235
Margins of samaras ciliate..einnininninninie, 44
44. Faces of samaras pubescent Ulmus thomasi 231
44, Faces of samaras glabrous......eo Ulmus americana 233
Samaras with the seed near center, about $ths of an inch broad

Ulmus glabra 237

Samaras with the seed near the apex, about #ths of an inch broad
Ulmus procera 239

46. Fruit a nut subtended by a cup-like or foliaceous involucre....47

46. Fruit a leathery drupe or drupaceous Nut.......n 61
Involucre cup-like; fruit an acorn 48
Involucre foliaceous, trilobed.......oovvcecrnnns Carpinus caroliniana 179
48. Acorns maturing at the end of the first season; shell of the

nut glabrous on the inner surface (White Oaks).......ccc..e 49
48. Acorns maturing at the end of the second season; shell of
the nut silky-tomentose on the inner surface (Red and
Black Oaks) 55
Acorns sessile or short-pendunculate, the peduncles about as
long or shorter than the petioles 50
Acorns long-pedunculate, the peduncles longer than the petioles
Quercus bicolor 205
50. Upper scales of the cup prolonged into a fringe.......
Quercus macrocarpa 203

50. Upper scales of the cup not prolonged into a fringe............ 51

Sup saucer-shaped; acorn enclosed about %th of its length in
the cup Quercus alba var. latiloba 199

Cup turbinate or bowl-shaped; acorn enclosed about +—1% of its
length in the cup 52

52. Cup bowl-shaped 53

52. Cup turbinate Quercus stellata 201

Acorns §—iths of an inch long 54

Acorns 1—13ths of an inch long....vncennne Quercus montana 207

54, Cup thin, the scales small and appressed
Quercus muhlenbergii 211

54. Cup rather thick, the scales toward the base tuberculate........

Quercus prinoid:g 209

Scales of the cup closely appressed
Scales of the cup more or less loosely imbricated, forming a free
fringe on its rim Quercus velutina 223
Quercus marilandica 215
56. CUp SAUCEr-SHAPEd .ot seiaees 57

56. Cup turbinate........ . 1
Acorns small, §—14 of an inch long....eiciies e 58
Acorns large, 34—14 inches long...Quercus borealis var. maxima 219

58. Scales of the cup light brown, puberulous...Quercus palustris 225
58. Scales of the cup pale reddish brown, hoary-pubescent........
Quercus phellos 213
Acorns 5—114 inches 1ing . 0N
Acorns about V5 of an inch long . . .. . Quercus ilicifolia 217
60. Cup shallow, enclosing the acorn only at the base..........
Quercus borealis 221
60. Cup deep. enclosing the acorn for {—14 of its length...............
Quercus coccin%a 227

Fruit less than 15 of an inch long........

Fruit over 1 inch long 64

62. Fruits in cymose clusters, adnate to a ligulate bract............ 63

62. Fruits solitary...... Celtis occidentalis 241
Fruit ovoid ... Tilia glabra 359

Fruit globose or subglobose........ Tilia heterophylla var. michauxii 361
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64. Nut ovoid or ellipsoid, 2-celled at the base..Juglans cinerea 161
64. Nut globose or rarely oblong, 4-celled at the base......ccouuu.ee
Juglans nigra 159

Fruit dehiscent Zanthoxylum americanum 321
Fruit indehiscent 66
66. Fruit a pome 67
66. Fruit a drupe or berry 76
Pomes in racemose clusters, 10-celled 68
Pomes not racemose, 1-5-celled 69

68. Pome purple or nearly black, juicy, edible...Amelanchier laevis 303
68. Pome red, dry and mealy, not edible... Amelanchier canadensis 301

Mature carpels of pomes hard and bony, forming nutlets in
fruit 70

Mature carpels of pomes papery or soft-cartilaginous............. 72

70. Pomes containing 2—5 nutlets 71

70. Pomes containing 1 nutlet......enss Crataegus monogyna 293

Pomes bright scarlet, lustrous; nutlets usually 4—S.........

Crataegus pedicellata 291
Pomes dull red; nutlets usually 3—4................ Crataegus punctata 289
72. Pome pyriform or subglobose; flesh with stone cells.........
Pyrus communis 309
72. Pome globose or depressed globose 73
Pome 4 of an inch in diameter, bright red 74
Pome over 15, of an inch in diameter, yellowish-green or
reddish 75

74. Pome 4—f%ths of an inch in diameter............... Sorbus aucuparia 299
Sorbus decora 297
74. Pome about ¥4 of an inch in diameter............ Sorbus americana 295

Pome long-stalked, yellowish green, fragrant....Malus coronaria 305
Pome short-stalked, yellowish green or reddish, not perceptibly

fragrant Malus pumila 307
76. Seeds or nutlets two or more (rarely one by abortion)....... 77
76. Seed OF NULIEL OME.uiuvrniecirrcirernereresissssnaessssssssssasasese sessesees 82
Fruit less than 1 inch in length 78
. Fruit 1 inch or more in length ... 81
78. Fruit reddish or yellowish, chiefly solitary..........cocorvninnnt 79
78. Fruit black, in axillary or terminal clusters.......ccvcvenvnennes 80

Fruit dull red or yellowish ..llex opaca 335

Fruit bright red Ilex dubia var. monticola 337

80. Fruits numerous in a terminal compound panicle, 3—5-angled
Aralia spinosa 363
80. Fruits in axillary clusters of 2—5, not angled 357
Rhamnus cathartica 357
Mature fruit dark brown, oblong-cylindric to ovoid, 3—5 inches
long Asimina triloba 257
Mature fruit pale orange, depressed-globose to oblong-obovoid,
1—11; inches long. Diospyros virginiana 375
82. Fruits in capitate or paniculate clusters 83
82. Fruits solitary or in umbellate, cymose, or racemose

. clusters
. Fruit ivory to tawny-white or dark blue 84
. Fruit bright red 85

84. Fruit ivory to tawny white, striated, drooping axillary
panicles Rhus vernix 327

84. Fruit dark blue, smooth, in long-stalked clusters of 1—3........
L. Nyssa sylvatica 365

Fruit in terminal capitate clusters; stone 2-celled and 2-seeded
L. Cornus florida 367

Fruit in paniculate clusters; stone 1l-celled and 1-seeded.......86
86. Fruit in narrow, somewhat open terminal panicles............

86.Fruit in stout, dense panicles
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Fruit oval or slightly ovate Rhus copallina 329
Fruit depressed-gobular or hemispherical............... Rhus typhina 331
88. Fruit laterally grooved 89
88. Fruit not laterally grooved 93
Fruit velvety-tomentose; stone deeply wrinkled and pitted........

Prunus persica 267

Fruit glabrous; stone not deeply wrinkled or pitted.....innsd 90
90. Fruit orange to dark red 91
90. Fruit blue to black 92
Fruit 1—114 inches long ..Prunus nigra 285
Fruit 34—1 inch long Prunus americana 287
92. Fruit 1 inch long, without bloom......ccceterveceenes Prunus domestica 283
92. Fruit 1 of an inch long, glaucous... Prunus insititia 281
Stone conspicuously compressed........ieenns Viburnum lentago 391
Viburnum prunifolium 393
Stone terete or but slightly compressed 94
94, Stone 2-celled and 2-seeded........ccooueuvvnunnnne Cornus alternifolia 369
94. Stone 1-celled and 1-seeded 95
Fruits in racemose clusters. 96
Fruits solitary or in umbellate clusters 98
96. Fruit oblong, dark blue S fras oﬁqnale 259
96. Fruit globose, dark crimson or nearly black......icnnnd
Fruit subtended by a persistent calyX........... Prunus vnrgmlana 271
Fruit not subtended by a persistent calyx........... Prunus serotina 269

98. Fruit a leathery drupe; flesh thin and dry... .Celtis occidentalis 241
98. Fruit a fleshy drupe; flesh juicy 99

. Drupes light red, ¥4 of an inch or less in diameter......veccunee.

Prunus pennsylvanica 275

. Drupes dark red or reddish black, ird of an inch or morel(x)t‘i)

diameter
100. Drupes in racemose umbels; flesh thin and acrid..............

Prunus mahaleb 273
100. Drupes in lateral sessile umbels, rarely solitary; flesh thick

and succulent ....101
Flesh of drupe sweet or but slightly acrid......eceeuu. ce. Prunus avium 277
Flesh of drupe perceptibly acidulous.....cc. ce veveeees .. Prunus cerasus 279

102. Fruit aggregate, arising from a number of pistils in a

single flower s et e e e e v <103

102. Fruit multiple, arising from 2 or more flowers or con-

sisting of imbricated scales bearing naked sceds ... .105

Fruit a cone of imbricated indehiscent winged carpels (samaroids)
Liriodendron tulipifera 255

Fruit a cone-like cluster of cohering follicles....oooevuiens cen e 104
104. Fruit oval or irregular in shape, about 2 inches long;
follicles scarlet ...Magnolia virginiana 251

104. Fruit ovate to oblong, 214—3 inches long; follicles dark red
Magnolia acuminata 253
Fruit fleshy and more or less succulent at matunty . R {

Fruit dry at maturity................ .
106. Fruit subglobose to globular ... coe ceieins ertvees weeene 107

106. Fruit oval-oblong to cylindrical.......o s e, 09
Fruit 3—5§ inches in diameter, yellowish green...Maclura pomifera 249

Fruit 1 inch or less in diameter. 108

108. Fruit dark blue and glaucous, 74—ird of an inch in d:ameter
_Juniperus virginiana 121

108. Fruit reddish, about 34ths of an inch in diameter.....un....
Broussonetia papyrifera 247

Fruit dark purple, 1—114th inches long, succulent and edible........
) i Morus rubra 245

Fruit white, pinkish, or purplish violet, rather dry and insipid....

. Morus alba 243
110. Fruit subglobose to globular m
110. Fruit more or less elongated 113
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Fruit a cone, about %4th of an inch in diameter; scales peltate....
Cha.maecyparls thyoides 119
Fruit a head, 34ths of an inch or more in diameter 112
112. Head consisting of many beaked woody capsules; abortive
seeds resembling sawdust.......cun. Liquidambar styracifiua 261
112. Head consisting of many achenes, each with a basal ring of
hairs Platanus occidentalis 265
Fruit a cone-like aggregate of saccate involucres, resembling the
fruit of the hop Ostrya virginiana 177
Fruit a cone composed of imbricated scales sy
114, Cone-scales trilobed, each subtending 3 winged nutlets......115
114. Cone-scales not tnlobed each subtending 2 winged setidg

........................

or nutlets
Cone oblong-ovoid to ovoid-cylindrical 116
Cone_cylindrical 118

116. Cone with a peduncle, about 5 of an inch long, maturing in
the early summer; wing broader than the nutlet.....cccn..
Betula nigra 187
116. Cone short-pedunculate, maturing in the autumn; wing not
broader than the nutlet 117
Cone-scales puberulous; wing narrower than the nutlet............
Betula lutea 183
Cone-scale glabrous; wing as broad as the nutlet........ Betula lenta 181
118. Cones about 34ths of an inch in length, ascending......cceueee.
Betula populifolia 185
118. Cones 34—2 inches in length, drooping......Betula papyrifera 189
Betula pendula 191
Cone-scales subtending 2 seeds; seeds with a prominent terminal
wing or nearly encircled with a broad WiINZ.eveieereerrransanresesssas 120
Cone-scales subtending 2 nutlets; nutlets narrowly winged, sur-
mounted at the apex by the remnants of the two styles.,

Alnus incana 193

120. Cone maturing the first season 121
120. Cone maturing the second season 129
Cones erect or ascending 122
Cpnes pendent 125
122. Cones less than 2 inches long; cone scales persistent............ 123

122. Cones 215 —4 inches long; cone-scales deciduous........u
Abies balsamea 115

Cone-scales nearly orbicular; seeds terminally winged........... 124
Cone-scales oblong; seeds laterally winged.....Thuya occidentalis 117

124 Cones ¥5—3¥;ths of an inch long, consisting of 12—15 scales;
cone-scales glabrous on the outside................ Larix laricina 101

124. Cones $—1% inches long, consisting of 30—50 scales; cone-
scales puberulous or tomentulose on the outside

Larix decidua 103

Cones ¥4—34ths of an inch long. Tsuga canadensis 113
Cones 34—6 inches long 126
126. Cones 46 inches long Picea abies 105
126. Cones 34—2% inches long. 127
Cones cylindrical Picea glauca 107
Cones ovoid to ovoid-oblong 128
128. Cones brown or reddish brown, lustrous................ Picea rubens 109
128. Cones grayish brown, dull Picea mariana 111
Cones cylindrical, long- stalked §—11 inches long...Pinus strobus 87

Cones ovoid-conical to oblong-comcal sessile or short stalked,
1—3 inches long 1

130. Cones unarmed 131

130. Cones armed with deciduous or persistent prickles............ 132

Cones ovoid-conical, straight or nearly so, subsessile, not
reflexed Pinus resinosa 95

Cones oblong-conical, usually curved, short-stalked, reflexed........
Pinus sylvestris 93
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132. Cones usually curved; cone-scales more or less unevenly
developed 133 .
132. Cones straight or nearly so; cone-scales quite evenly
developed 134
Cones pointing forward Pinus banksiana
Cones reflexed Pinus sylvestris
134. Seeds nearly oval Pinus virginiana
134, Seeds triangular with rounded sides 135
Spine of cone-scale about 1/25th of an inch long, early deciduous

.Pinus echinata
Spine of cone-scale #sth—14th of an inch long, persistent................

Pinus rigida
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1. Foliage persistent through the winter 2
1. Foliage deciduous 22
2. Leaves ¥4 of an inch or less in width 3
2. Leaves ¥4 of an inch or more in width 20
3. Leaves in fascicles of 2—5 4
3. Leaves opposite or in spirals 11
4. Leaves in fascicles of 5; fascicle-sheaths deciduous........cccuue.
Pinus strobus 87
4. Leaves in fascicles of 2 or 3; fascicle-sheaths persistent.......... 5
5. Leaves in fascicles of 3 - 6
5. Leaves in fascicles of 2 7
6. Leaves flexible; foliage bluish green; buds obtuse......ccceee .
Pinus echinata 91
6. Leaves rigid; foliage dark green; buds acute............ Pinus rigida 89
7. Leaves 3 or more inches Iong. .. i vt eeeieieenens caeveaeas
7. Leaves not over 3 inches long........ 9
8. Leaves serrulateC... e Pinus echinata 91
8. L.eaves entire ..Pinus resinosa 95
9. Leaves 34—114 inches long . Pinus banksiana 97
9. Leaves 1—3 inches long 10
10. Leaves bluish to grayish green; resin canals in the leaves
external and rarely also medial, 2—20 (usually 2—10) in
number ; spring-shoots with only one whorl of branchlets....
Pinus sylvestris 93
- 10. Leaves grayish green; resin canals in the leaves medial, 2 in
number and one in each corner, rarely with a third canal
which may be medial or internal; spring-shoots with more
than one whorl of branchlets...c.cccc. e Pinus virginiana 99
11. Leaves in spirals, linear or acicular 12
11. Leaves opposite, awl-shaped or scale-like.....ccooovirmrniocnnnennnee 18
12. Leaves 4-angled, stomatiferous on all sides; foliage with a
Prickly feel e
12. Leaves flattened, with two stomatiferous lines below; foliage
without prickly feel
13. Twigs glabrous 14
13. TWiIgs PUDESCON ..ttt cae e 15
14. Twigs grayish or pale brown; foliage more or less bluish
green, with a strong disagreeable odor when crushed.........
Picea glauca 107
14. Twigs brown or orange-brown ; foliage dark green and usually
lustrous, devoid of strong disagreeable odor when crushed....
Picea abies 105
15. Foliage dull dark or bluish green ..Picea mariana 111
15. Foliage lustrous, dark or bright green 16
16. U%timate twigs usually pendent; leaves $ths—1 inch long........
Picea abies 105
16. Ultimate twigs spreading; leaves §ths—i¢ths inches long........
Picea rubens 109
17. Leaves sessile, in falling leaving circular scars...Abies balsamea 115
17. Leaves jointed to short persistent sterigmata, in falling leaving
a raised scar ... R Tsuga canadensis 113
18. Sprays flattened; branches appearing as in one plane............ 19
18. Sprays not flattened Juniperus virginiana 121
19. Foliage bluish green; leaves #th—J4th of an inch long..... ...
Chamaecyparis thyoides 119
19. Foliage yellowish green; leaves ith—14th of an inch long

Thuya occidentalis 117
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20. Leaves undulate, with a few spinose teeth.............. Ilex opaca
20. Leaves entire margined 21
21. Leaves 3—4 inches long, flat; midribs impressed above..............
Kalmia latifolia

21. Leaves 4—11 inches long, the margin revolute; midribs rounded
above Rhododendron maximum

22. Leaf-scars densely clustered on short lateral spurs or
scattered and strongly decurrent on twigs of the season....23

22. Leaf-scars alternate, opposite, or whorled 24
23. Ultimate twigs reddish yellow. Larix laricina
23. Ultimate twigs yellowish Larix decidua

24, Leaf-scars opposite or whorled 25

24, Leaf scars alternate 42

25. Bundle-scars in a closed or nearly closed longitudinal ellipse;
leaf-scars orbicular 26

25. Bundle-scars in a lunate or V-shaped line, distinct or confluent..27
26, Ellipse open at the top; pith diaphragmed
Paulownia tomentosa

26. Ellipse closed at the top; pith homogeneous except at the

nodes Catalpa speciosa
Catalpa bignonioides

27. Buds sticky-resinous; twigs stout........ Aesculus hippocastanum
27. Buds not sticky-resinous; twigs slender or stout......men 28
28. Bundle-scars one or more, nearly confluent forming a
single line 29

28. Bundle-scars 3 or in 3 distinct groups 33
29. Leaf-scars not connected by a transverse line; terminal buds
lacking Rhamnus cathartica

29. Leaf-scars connected by a transverse line; terminal bud
PTESEME ittt ssas bbb s bt b b ass s g senb e enasanansenen 30

30. Ultimate twigs densely velvety-pubescent
Fraxinus pennsylvanica
31

30. Ultimate twigs essentially glabrous
31. Upper edge of %eaf—scar concave or notched; terminal buds
obtus Fraxinus americana

31. Upper edge of leaf-scar essentially straight 32
32. Buds rusty-brown; ridges of mature bark not spongy-corky
Fraxinus pennsylvanica var. lanceolata

32. Buds essentially black; ridges of mature bark spongy-corky

Fraxinus nigra
33. Bud-scales of axillary buds 1—3 pairs 34

33. Bud-scales of axillary buds 4—many pairs 38
34, Axillary buds covered by the persistent bases of the petioles
Cornus florida

34. Axillary buds not covered by the persistent’ bases of
the petioles 35

35. Buds scurfy Viburnum lentago
Viburnum prunifollu?g

35. Buds not scurfy.
36. Line connecting upper leaf-scars straight or notched; bud-
scales 2 pairs; pith brownish

36. Line connecting upper leaf scars acute or ligulate; bud- scales

3 pairs; pith whitish Acer negundo

37. Termmal bud smooth and lustrous; young bark with longitudinal
white lines Acer pennsylvanicum

37. Terminal bud with grayish appressed pubescence; young bark
without white lines Acer spicatum

38, Buds brownish, acute 39
38. Buds reddish, obtuse..... 40
39. Buds slightly puberulous . Acer saccharum
39. Buds hoary-pubescent Acer nigrum
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40. Inner pairs (1—2) of bud-scales with rusty brown hairs;
lateral accessory buds wanting; twigs stout greenish or
yellowish brown to BIOWN ... Acer glatanoides 349

40. Inner pairs of bud-scales without rusty brown hairs; lateral
accessory buds generally present; twigs rather slender dark
to bright red 4

Bud-scales usually apiculate; twigs with rank odor when broken

Acer saccharinum 341

Bud-scales rarely apiculate; twigs without rank odor when

broken Acer rubrum 343

42. Terminal bud absent 43
42. Terminal bud present 79
Stipule-scars absent; stipular spines sometimes present.......... 44
Stipule-scars present 56
44. Bundle scars 5—many (often nearly confluent in Osage-

Orange) 45
44. Bundle scars 1—3 (distinct) 50

densely tomentose

Leaf scars semi-circular to heart-shaped, not extending more
than half way round the bud

Leaf scars deeply V-shaped, nearly surrounding the bud; buig

46. Twigs glabrous, usually glaucous Rhus glabra 333
46. Twigs not glabrous 47
Twigs finely pubescent; juice watery....o.. Rhus copallina 329
Twigs velvety-hairy; juice milky. Rhus typhina 331
48. Buds sunk in the bark; superposed buds present; pith salmon-
pink Gymnocladus dioicus 311

48. Buds not sunk in the bark; superposed buds not present; plth
white or light yellow
Twigs stout, unarmed ; pith Ii fht yellow............ Ailanthus altlssima 325
Twigs slender, usually armed with axillary thorns; pith white
Maclura pomifera 249
50. Bundle-scar 1, transversely elongated...Diospyros virginiana 375
50. Bundle-scars 3 51
Buds subpetiolar, at length breaking through the leaf-scars;
stipular spines often present
B‘ll)dsa not subpetiolar; leaf-scars below or partly encircling the
uds
52. Ultimate twigs glabrous or glabrate; stipular spines, when
present, stout. Robinia pseudoacacia 319
52. Ultimate twigs clammy; stipular spines, when present, weak
Robinia viscosa 317

Leaf-scars deeply V-shaped, partly surrounding the buds............ 54
Leaf-scars not deeply V-shaped; buds inserted above the
leaf-scars 55

54. Superposed buds present, distinct, glabrous; twigs often
with stout branched thorns ... Gleditsia triacanthos 313

54. Superposed buds present, contiguous, pubescent; twigs
unarmed, with fetid odor when broken....... Ptelea trlfoliata 323

Buds generally superposed ; twigs conspicuously zigzag, dotted
with numerous minute white lenticels............ Cercis canadensis 315

Buds not superposed; twigs not conspicuously zigzig...............

us (Plums) 281-287
56. Buds sub-petiolar; stipule-scars encircling the twig............

. Platanus occidentalls 265
§6. Buds not sub-petiolar; stipule-scars not encircling the twig..57

Bundle-scars in a closed or nearly closed ellipse

Bunde-scars scattered or in a single lunate lme59

58. Buds depressed, chiefly lateral to axillary thorns; twigs
essentially glabrous Maclura pomifera 249

58. Buds acute or acuminate; twigs unarmed,

?ubescent or
scabrous Broussonetia papyrifera 247
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Visible bud-scales 1—3 y
. Visible bud-scales 4—many. 63
60. Bundle-scars more than 3, irregularly scattered or
clustered 61
60. Bundle-scars 3, in a lunate line 62

Buds consplcuously lopsided; twigs usually zigzag, reddish or

Page
60

olive Tilia spp. 359-361

Buds not conspicuously lopsided ; twigs nearly straight, brownish
Castanea dentata

197

62. Bud-scale one Salix spp. 123-141
62. Bud-scales several Betula spp. 181-191

Bundle-scars more than 3, irregularly scattered or clustered... 64

Bundle-scars 1—3, in a lunate line

64. Buds longer than broad, divergent; bud-scales greemsh
brown, with darker margins ......ceeveverevsesessssencns Morus rubra

64. Buds about as broad as long, appressed; bud-scales reddish
brown without darker margins ..., Morus alba

Buds chiefly subopposite; leaf scars in 15 phyllotaxy......ceeeun.

Rhamnus cathartica
Buds distinctly alternate; leaf scars not in )4 phyllotaxy... 66
66. Bud-tips appressed; plth diaphragmed-stuffed.........ccoccoverrennn.cs

Celtis occndentalls

66. Bud-tips not appressed; pith homogeneous
Older twigs with numerous short spurs which are provided w1th
a terminal bud and densely covered with leaf-scars......ccoonuu 68
Twigs without spurs 72
68. Twigs with a wintergreen flavor 69
68. Twigs without a wintergreen flavor 70
Buds rather sharp; twigs nearly black...un Betula lenta
Buds rather blunt; twigs greenish brown....ecees Betula lutea
70. Twigs graytsh lenticels very conspicuous, warty; bark on
older stems grayxsh white, usually close and with few ex-
foliating strips Betula populifolia
70. Twigs reddish brown to nearly black; lenticels not especially
prominent; bark chalky-white or salmon-red, exfoliating in
thin papery strips 71
Twigs glabrous for the most part, brown to nearly black; older
bark chalky Betula papyrifera
Twigs commonly pubescent, reddish brown; bark pale salmon
red, later becoming scaly Betula nigra
72. Leaf-scars smooth, covered with a corky layer; bundle scars
depressed 73
72. Leaf-scars not smooth, without corky layer; bundle-scars
raised 78

Ultimate twigs usually slender (4 inch or less in thickness);
buds of one type; leaf-scars toward the base of the season’s
growth irequently with persisting inflorescence-stalks from the
previous autumn in their axils ..cvvcicinncnee. Ulmus parvifolia

Ultlmate twigs not unusually slender (generally more than {4
inch in thic ness) flower- and branch-buds present; leaf-scars

toward the base of the season’s growth without persisting 1r;~
4

florescence-stalks
74. Bud-scales with long rusty hairs; twigs gray, rough, strongly
mucilaginous Lﬁmus fulva

74, Bud-scales without long, rusty hairs (sometimes with grayish
pubescence); twigs brownish, neither rough nor strongly
mucxlagmous 75
Buds chestnut brown; bud-scales with darker margins................ 76
Buds smoky brown to almost black; bud-scales nearly uniform
in color 77
76. Buds prickly to the touch; twigs often with corky ridges........
Ulmus thomasi

76. Buds acute but not prickly to the touch; twigs without
corky ridges Ulmus americana
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Buds essentially glabrous Ulmus glabra 237
Buds (especially the flower-buds) with gray pubescence.........c.....
Ulmus procera 239
78. Buds about !4 of an inch long; ultimate twigs about {;th of
an inch in thickness; bark light grayish brown, flaky
Ostrya virginiana 177
78. Buds about § of an inch long; ultimate twigs about 1/25th
of an inch in thickness; dark bluish gray, smooth and fluted
Carpinus caroliniat;; 179

..........

Stipule-scars present
Stipule-scars absent; stipular spines sometimes present.............. 93
80. Stipule-scars extending half way around the stem or more...81
80. Stipule-scars not extending half way around the stem.......84
Visible bud-scales many; pith homogencous........ Fagus grandifolia 195
Visible bud-scales 2, united into a hood; pith diaphragmed-
stuffed 82
82. Buds glabrous; leaf-scars mostly orbicular......cinicnns
Liriodendron tulipifera 255
82. Buds pubescent; leaf-scars mostly lunate 83
Twigs bright green; buds bright green, pointed; leaf-scars oval

to broadly crescent-shaped .....cccoerrececeverenncee Magnolia virginiana 251
. Twigs bright reddish brown; buds silky white, blunt; leaf-scars
narrowly crescent- to U-shaped.....cceueruvuuenee Magnolia acuminata 253
84. Bundle-scar one Ilex dubia var. monticola 337
84. Bundle-scars 3 or more 85

Bundle-scars scattered; buds usually clustered at the end of the
twigs Quercus spp. 199-227
Bundle-scars 3 or more (sometimes compound) in a single
lunate line
86. Buds pedicelled, more or less unsymmetrical 87
86. Buds sessile, nearly symmetrical 88

. Buds essentially naked, densely tomentose....Hamamelis virginiana 263
. Buds with scales, the scales scurfy Alnus incana 193

88. Terminal buds ¥—1 inch long, decidedly resinous, fragrant

when crushed 39

88. Terminal buds 4—1; of an inch long, devoid of resin or but

slightly resinous, not noticeably fragrant when crushed.....90
Twigs and bud-scales yellowish.....ccoeveeeceecnnne Populus deltoides 143
X Populus canadensis var. eugenei 145
Twigs and bud-scales usually reddish brown..Populus tacamahaca 151
Populus candicans 153

90. Twigs of the season white-tomentose, at least toward the tip

Populus alba 157
91

90. Twigs essentially glabrous
Twigs with orange pith Populus heterophylla 155
92

Twigs with white pith -
92. Buds smooth, lustrous, conical, acute

....Populus tremuloides 149

92. Buds downy, dull, ovate, obtuse.....cceuuee. Populus grandidentata 147
Pith with cross partitions 94
Pith homogeneous. 97

94, Pith diaphr