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PREFACE.

The development of the American forest policy within the
last two decades has been no less than remarkable. When
it is realized that the first forest reserves were set aside barely
twenty years ago and that the present gross area of the Na-
tional Forests is 186,000,000 acres, some conception of the
material strides may be obtained.

The most striking change, however, has taken place in the
improvement in public sentiment. Twenty years ago, scarcely
one man in a hundred knew what forestry meant, while it
now constitutes an important part of the nation’s news.

The associations and organizations in the United States
now concerned with forestry comprise the following:

31 states with forestry departments;

17 states having conservation or kindred commissions;
2 national conservation organizations;

1 national forestry association;

23 state and local forestry organizations;

42 associations for the protection of timber land, etc.

In addition, there are 23 institutions giving degrees in
forestry, 11 schools with forestry courses of at least one year’s
duration, and 42 schools giving short courses in forestry.

Realizing the educational awakening that is taking place
along forestry lines, it was felt that an up-to-date textbook
was needed, broad in its scope and containing general infor-
mation on all phases of the subject.

In the state agricultural schools and colleges, forestry
vii
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should be taught to every student of agriculture. The land
_problem will soon be pressing and, in some regions, the ulti-
mate forest area is very large in comparison with the arable
soil. With the rapid increase in the tilled areas, the farm
woodlots will become of greater importance, and scientific
handling should then be assured.

Appreciating the fact that forestry will be complementary
. to agriculture, an especial effort has been made to suit these
conditions. The bibliography will be of particular advan-
tage to teachers without a forestry degree, and with its help
any one with a scientific education should be able to give
an effective synoptical course.

The forest regions are covered in a suggestive fashion only,
and no doubt many details can be supplied by the individual
instructors from the references given. No chapter has been in-
cluded on dendrology, as it is too large a subject to be touched
upon in a general textbook. There is plenty of material
dealing with the identification and silvical qualities of the
forest trees, published privately or by the U. S. Forest
Service, available in practically any college library.

It has been the chief object of the authors to gather data
from sources not readily available and to present them in a
form easily grasped by the average student. Much of the
material and data have been compiled from other sources,
Federal and State bulletins, etc., but the presentation is
entirely original.

Most of the illustrations were obtained from the Forest
Service; to its members and to the friends who have aided
with criticisms and suggestions, the Authors extend grateful

acknowledgment.
FREDERICK FRANKLIN MOON.
NELSON COURTLANDT BROWN.
SYRACUSE, NEw YORK,
August, 1914.
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ELEMENTS OF FORESTRY

PART I
CHAPTER 1.

INTRODUCTION.
Forestry Defined and Explained.

Definition. — Forestry is the art of raising repeated crops
of timber on soils unsuited to agriculture, and properly util-
izing the products of the forest. Under certain circum-
stances, however, agricultural land may be used to grow
trees to good advantage, as in raising catalpa in the Middle
West.

It will be seen from this definition that forestry and agri-
culture are not antagonistic, but that each is complementary
to the other and a proper appreciation and use of both is
necessary to the proper use of land in any country.

Forestry Means Use. — On account of the way in which
the forest policy in the United States was built up, the idea
that forestry means locking up the forestry resources without
using them has gained wide credence. This is an unfortu-
nate misunderstanding, for forestry means freest and fullest
use, consistent with the maintenance of a permanent timber
supply.

It is an unfortunate circumstance that funds for the devel-
opment and even protection of the National Forests were so
tardy in forthcoming that many citizens got the idea that
the “ Forest Reserves,” as they were then called, were set
aside for the purpose of preventing extensive exploitation.

I
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This misconception has aroused much antagonism to the
policy of the Forest Service.

The opening of the agricultural portions of the National
Forests to settlement, the wide use of the grazing areas within
their boundaries, and with timber sales increasing year after
year, the public is coming to appreciate the extent and char-
acter of this use and as a result sentiment favorable to the
Forest Service policy is rapidly taking the place of the old
antipathy and distrust.

The National Forests are now supplying free fuel, fencing,
etc., to the value of $191,000 to 38,000 people living in and
around the boundaries; timber amounting to over $1,500,000
in value was sold during the current year; future sales to the
extent of $4,500,000 were consummated; 1,500,000 people
used the National Forests as a camping and recreation
ground; over 10,000,000 head of stock grazed upon their
grassy parks and 11735 cities and towns and 324 irrigation
and power projects drew their water from streams having
their head-waters within the National Forests. Surely this
is free and proper use.

Forests may serve other purposes than the production of
timber. For instance, bark for tanning or naval stores may
be the end in view; or the indirect influences of the forest in
retarding run-off or checking the force of drying wind (shelter-
belts) are extremely important. However, the growing of
wood is the chief end of the forest, for without timber, rail-
roads, cities and in fact civilization would have been impos-
sible. The other ends served by the forest are incidental for
the most part.
~ Forestry Versus Lumbering. — Forestry has been consid-

ered by many to be synonymous with lumbering. This is
not the case, however, but lumbering is, in reallty, an impor-
tant part of forestry
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The chief point of difference between the lumberman and
the forester is that the latter recognizes growth as a function
of the forest while the lumberman entirely overlooks this
fact and makes no provision for the future.

The forester regards a piece of ground too steep or stony
to be used for agriculture as true forest soil, which should
. produce successive crops of timber perpetually. If this area
is now supporting a stand of timber, so much the better since
growing timber is forest capital that can be harvested as soon
as the timber crop is ripe and a new growth of trees started
immediately.

The lumberman, on the other hand, is more apt to con-
sider a tract of virgin timber in the same light that a mine
owner regards his mineral lode. It contains much valuable
material that must be marketed with all despatch and then
the land can be thrown aside as worthless.

The difference between lumbering and forestry has been
summed up in these words ‘““ Lumbering means devastate
the country and move on ” while forestry means ““ Develop
the non-agricultural acres to their maximum and hold
on.”

It is gratifying to see that in many parts of the United
States lumbermen are realizing that timber cannot be classi-
fied as an inexhaustible resource, and they are now taking
steps to cut and utilize it as conservatively as market condi-
tions will warrant.

From the above definitions it can be readily seen that
forestry is not based on sentiment nor upon the desire to
preserve the forests for their beauty, but that the entire for-
estry movement is founded on sound economic principles. It
endeavors to make soils which are unfit for anything else
produce a commodity that is practically indispensable. In
addition, these non-agricultural areas which would other-
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wise lie idle are thus made to yield a revenue that will pay
taxes and interest on the capital which they represent.

In summing up, forestry and agriculture are coordinate
and lumbering is a phase of forestry, for the mature timber
must be cut so that a new crop may be started.

F16. 1. — HOMESTEADERS CLAIM INSIDE IDAHO NATIONAL
- Forest, InanO.

The Forest Service desires each part of the National Forest to be put to its
proper use. The land in the foreground is valuable for agriculture, hence it
has been thrown open to settlement.

Forestry Versus Arboriculture. — Arboriculture and for-
estry are also often confused and by many are used inter-
changeably. There is a wide difference, however, between
the two lines of activity.

Arboriculture means the raising of trees singly or in groups
for any purpose whatever, while forestry is concerned with



INTRODUCTION - 5

growiné trees in large bodies, called forests, for the produc-
tion of timber.

The, wide use of the term City Forester has added to the
confusion. It really should be City Arboriculturist, as the
raising of single trees for shade purposes is his aim and not
‘the production of timber, but nevertheless usage has almost
sanctioned the former term. ’

Need of Forestry in the United States.

In spite of the large areas which at the present time are
supporting wood growth, a definite clear cut forest policy is
badly needed in the United States for the following reasons.

First. We are cutting our timber about, three times as
fast as it is growing.

Second. Our per capita consumption is unnecessarily high,
being 260 cubic feet against 40 cubic feet in Germany and 12
cubic feet in Great Britain.

Third. Our per acre production has sunk so low under the
poor forest management until it is only about one-fourth of
the possible yield.

Fourth. Already the end is in sight for some species of
timber and the virgin supply of forest material in the United
States will be practically exhausted by the year 1950. This,
of course, means that from then on we will be compelled to
use second growth timber which has been grown within the
memory of man. Consequently, it behooves us now to take
stringent measures to prevent waste; to protect our forests
against fire and to increase the growth of our forests to the
maximum; to get the new crop of trees started so that when
the virgin forests have been exhausted it will be possible for
the next generation to get forest products sufficient to supply
their needs.
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The national government as well as the states are taking
steps to forestall this situation by setting aside large areas
of non-agricultural land to be used for producing timber for
future needs.

Development of Forestry.

General. — Forestry, or rather arboriculture, was practiced
by the ancients with some degree of success; in fact, the an-
cient Greeks and Romans were much more skilled in the
handling of woodlands than is generally known. Plantations
.in some instances were made close to the cities for local
supply, and the selection system and coppice system of forest
management were roughly practiced. Forestry was consid-
- ered at that time as a part of agriculture and the naturalist
iod dwelt upon the management of forests at con-
ength in their agricultural treatises. Pliny goes
:chnique of silviculture and among other methods
slanting, grafting, layering and pollarding.
ience of forest management in some respects was
advanced but, on the other hand, considerable
n was intermixed with actual forest knowledge.
in Germany as Typifying Development.—Of all the
tions Germany has most thoroughly mastered for-
ice in all its details, and it is to the sturdy Teuton
>we a heavy debt for the development of our
irest policy. Some of the early educators and ad-
rs were of German birth and education and many
foresters have received a portion of their training

1y of the development of forestry in Germany is of

ordinary interest because in reaching its present
svelopment it has passed through the various evo-
tages which every country must experience. While



INTRODUCTION 7

German methods cannot be blindly copied in the United
States owing to different economic and climatic conditions,
nevertheless many of the fundamental principles can be appro-
priated and their mistakes avoided.

The chief use of land in the early days was for hunting and

F16. 2. — MARKING TIMBER FOR SALE, CocONINO NATIONAL FOREST,
ARIZONA.

The United States owns 6oo billion board feet of timber or 3 of the national
supply. It is the duty of the government to cut out the mature so that young
growth may be started and future generations be supplied with this indispen-
sable commodity.

for pasture. Timber was plentiful, apparently inexhaustible,
hence the forest was cut with no thought of the future. This
custom of squandering natural resources is common to man-
kind in general and was the rule in Germany in the tenth
century as well as in the United States in the eighteenth
and nineteenth centuries. .
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During the twelfth and thirteenth centuries, however, owing
to the fact that local wood supplies were running short, and
stringencies were in evidence, certain restrictions were made
concerning the management of the forest land. " Fuel was
limited ‘to the actual needs of the’ fribé. The  timber to
be cut was marked by some one in authority and bark
peeling and burning for potash were forbidden. It is in-
teresting to note the similarity of these restrictions to those
put in force in the State of Maine from the years 1640 to
1665. <
This era passed to that of forest extension. During the
fourteenth century considerable artificial reforestation was
practiced. Nuremberg in 1368 planted between 200 and 300
acres of spruce and fir and in 1491 the city of Seligenstadt
agreed to plant 20 to 30 acres with oak each year. During
the fifteenth century a timber shortage was feared and con-
sequently more drastic measures to preserve the forest supply
of timber were put in force. Pasture in newly cut areas was
forbidden and a diameter limit was set by the city of Bruns-
wick in 1483. Thus we see that the diameter limit is among
the earliest of restrictive methods to be put in force in any
country. It appears logical but in practice may do consid-
erable damage in even aged stands.

Toward the end of the fifteenth century, forest fire laws
were enacted but not until the beginning of the eighteenth
century did a general forest policy have its beginning.

Under men like Cotta, Hartig and Heyer, the present elab-
orate system of forest management which distinguishes the
German forest practice was built up, and to the selection and
coppice systems used by the ancients the shelterwood and
clear cutting systems were added.

State Regulation. — In this connection it might be inter-
esting to trace the growth of state regulation, the endeavor
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of those in authority to regulate the cutting of privately
owned timber. The first measure of this sort was passed in
Bavaria in 1516. Brunswick toward the latter part of the
sixteenth century and Wiirttemburg in the early part of the
sixteenth century also passed measures regulating the control’
of timber cutting on private lands. Private properties were
either directly placed under technical administration or per-
mission to cut the timber must be secured from those in
authority. Therefore the recent effort of the part of legisla-
tion in Maine and Louisiana to regulate the cutting of timber
on privately owned land for the benefit of the state at large,
had its counterpart in Germany and Bavaria as early as the
sixteenth century.

Forestry Abroad.

Germany. — At the present time the total forest of Ger-
many contains about 35,000,000 acres; a little over three-
fifths of an acre for each inhabitant. Intensive forestry is
the rule and the result of their painstaking efforts during
the 150 years that forest management has been in force are
shown in the ever increasing yield and profits.

France. — The state forest property in France amounted
to 2,000,000 acres, which is less than 12 per cent of the total
forest area. The Departments and Communes awn about
3,400,000 acres.

The most notable achlevements of the French foresters
have been:

1. The reclamation of waste lands and fixation of sand -
duaes. 275,000 acres of drifting land have been reclaimed
during the last century and in the region-called the Landes,
composed of shifting sands and marshes, the French forest
officers have reclaimed over 1,750,000 acres. Draining first
and then planting was the method practiced in the moist
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locations and a total sum of $10,000,000 was expended in
this district. It is estimated that the forests resulting from
this investment are now worth upward of $100,000,000.

2. Reforestation  of mountain slopes has been carried on
on a gigantic scale and at enormous expense. During the
French Revolution large areas of the steep slopes were de-
nuded and streams which had previously been easily con-

F1c. 3.— CATTLE GRAZING WITHIN THE DESCHUTES NATIONAL FOREST,
OREGON.

One sixth of the total meat supply of the United States graze for a part of
the year within the National Forests.

trolled, became absolutely unmanageable. Altogether 1462
streams became liable to flood and 1,000,000 acres of moun-
tain land were exposed to erosion in addition to vast areas
subject to overflow farther down the valley. The work was
started in 1860 and already an area of over 500,000 acres has
been acquired and about half of it has been planted at a cost
of $13,000,000. So far, 163 torrents have been cured and 645
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greatly improved. The budget for the improvement of these
mountain streams calls for an expenditure of $600,000 a year
until 1945. It is estimated that the repair of these streams
will cost upward of $50,000,000.

Switzerland. — The Swiss republic while not possessing the
forest area of either France or Germany has brought commer-
cial forestry to a high state of development. Out of the total
area 2,000,000 acres of forest, no less than 1,300,000 are owned
by the cities and towns against go,000 acres owned by the
cantons. The state and town forests are managed intensively
so that the yield of the former often goes a long way toward
paying the expenses of the city government.

The most notable example of this type of ownership is the
Sihlwald, which has been owned by the city of Zurich since
853, has been cut according to a specific plan since 1384 and
now ranks as the best managed forest in all Europe. In
spite of the large amount of money that is spent in tending
the forest crop, the financial returns are remarkably high,
no less than $7.25 per acre per year being the return from
these non-agricultural acres, lying in the steep valley of the
Sihl.

The use of forests as aids in flood prevention is highly
appreciated and the Swiss government has already spent
over $1,000,000 in subsidizing repair operation to control the
mountain torrents by means of construction of stone and
concrete barrages in addition to reforestation of the drainage
areas.

In land of such steep slope where every acre of level agri-
cultural soil is indispensable the working out of a combined
system of reservoir construction and reforestation has kept
every part of the land bearing to its utmost capacity and has
resulted in an economic saving that is incalculable.
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Forestry in the United States.

The forestry movement of the United States is of com-
paratively recent growth compared with the centuries of
technical forest management in Germany, France and Switz-
erland, but in reality there were some attempts at forest pro-
tection, etc., in colonial times.

Early History. — William Penn as early as 1682 inserted a
clause in the titles he gave, to the effect that one acre should
be kept in forest for every five acres cleared. In view of this
early attempt it seems like the irony of fate that Pennsyl-
vania should have a larger per cent of unseated and denuded
lands than any other eastern state.

Federal legislation looking toward the preservation of a tim-
ber supply first took the form of an attempt to provide naval
timber in 1799 and 1817. This was followed by another act
in 1831 which further protected species valuable for naval
construction by providing a punishment for their destruc-
tion. For about one-half century this statute was the
only one in any way providing protectjon for the national
resources.

These efforts at restrictive legislation were chiefly negative
in character and had but little bearing on the forest policy of
to-day. The real beginning of technical forestry in the United
States can be traced to a paper read before the American
Academy for the Advancement of Science in 1873 by Dr.
F. B. Hough. A memorial was presented to Congress the
next year by this Association and Dr. Hough was appointed
Forest Agent in the Department of Agriculture in 1876. This
agency which was chiefly a clearing house for information
became a Division (1886) and later a Bureau of Forestry in
the Department of Agriculture (1897).

The funds for the maintenance of this division were ex-
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tremely meager and public opinion was decidedly apathetic.
Despite this lack of financial and meoral support splendid
investigative and propagandist work was done in these early
days and much of the later development of the Forest Service
was.planned and started in the dark days of the late 80’s.

Extension of Forest Reserve Policy. — In 1891 a law was
passed empowering the President to set aside from the national
domain, forest lands whether wholly or in part covered with
timber as public reservations.

President Harrison set aside the first reserves and altogether
there were withdrawn from the national domain during his
administration over 13,000,000 acres. President Cleveland
followed the lead of his predecessor and withdrew 22,000,000
acres of the best timberland that remained unappropriated.
Unfortunately the best that was then owned by the Federal
Government could not compare in quality and location with
the superb stands of timber that had been acquired by the far-
seeing lumbermen of the Rocky Mountain and Pacific Coast
States long before.

As a result of this tardy recognition on the part of the
National Government of the importance of acquiring a Fed-
eral forest domain, the forest area now owned by the govern-
sment in most cases lies far back in the mountains, remote
from railroads and markets, while private concerns own the
splendid timber in the valleys and on lower slopes.

This act of President Cleveland aroused a storm of pro-
test from the western lumber operators and land owners in
general. They had seen the public domain loosely handled
and so easily acquired for such a long time that they did not
look favorably upon the withdrawal of this enormous re-
source, rich in possibilities. In fact, much of the opposi-
tion to the National Forest policy has been engendered and
accelerated by these disgruntled lumbermen and stock men,
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who at that time lost the opportunity to make millions out of
the property that belongs to all the people.

Under McKinley’s administration about 7,000,000 acres
were added, bringing the total up a little over 46,000,000 by
190I. .

When Colonel Roosevelt took the presidential chair, the
withdrawals increased enormously. Heartily in sympathy
with anything concerning the public welfare and federal own-
ership, President Roosevelt not only added to the forest area
owned by the nation but with forestry as a lever set in mo-
tion the conservation movement which has since so marvel-
lously extended its activities. In both he was greatly aided
by the eminent chief forester, Mr. Gifford Pinchot.

When Colonel Roosevelt left office the area within the Na-
tional Forests was 194,500,000 acres and the bulk of the forest
land in the Coast and Rocky Mountain States still owned by
the people was under the control of an efficient, non-political,
technically trained body of men, the Forest Service, and was
being administered by them for the best interest of the
present and future generations. To Roosevelt and Pinchot
the future American citizen will owe a heavy debt.

Under President Taft the forestry movement extended
itself but little as far as area was concerned but internal
progress was quite rapid. The technical work went on;
trails and roads were built; and telephone lines constructed
for the better protection and management of the forest.
Classification of the forest land has been practiced for some
time which has resulted in the elimination of land better
suited to agriculture or, grazing than to timber raising.

Present Situation. — At the present time the total area
within the National Forest boundaries is 186,616,648 acres,
situated in the United States, Alaska and Porto Rico, divided
into 165 national forests, containing with the State Forests
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about one-fourth of the total forested area, one-fifth of the
national timber supply and having a cash value of upward of
two billions of dollars. This superb timbered area is now
most efficiently administered by the Forest Service and every -
part is open to the freest possible use. Mineral claims may
be patented within the forest boundaries; land more valuable
for agriculture than for timber production can be acquired
under act of June 11, 19g06. Open grass lands are extensively
grazed, supplying feed to one-sixth the total meat supply of
the United States.

Finally ripe timber is sold as fast as purchasers can be
found, under,such conditions that the future supply of forest
products is assured. All these phases of activity are being
carried on actively, efficiently and honestly. In fact, the
Forest Service furnishes a striking example of efficient govern-
ment management conducted upon an enormous scale.

Comparison with Conditions Abroad. — While in view of
the preceding figures it would appear that enormous strides
have been made in working out a forest policy in the United
States within the last ten years, in reality we are still far
behind most of the continental countries. The reasons for
this tardy development are many. In the first place our
forest policy does not date back more than forty years at
the most while Germany for instance has been working and
evolving systems of forest management for the last 150 to 200
years. Then, too, economic conditions are not comparable.
The labor costs in America are extremely high and the
value of stumpage is comparatively low. No less an author-
ity than Mr. Pinchot has stated that with few exceptions no
timber has been sold in the United States at a price equal to
the cost of producing it. However, unless we do receive a
higher price for stumpage and manufactured products, we
cannot spare any of the meager profits to reinvest in our
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forest land to produce larger and better crops of timber.
Finally while extensive lumbering is no doubt largely con-
trolled by economic conditions nevertheless custom, often
blindly followed by the lumberman, is responsible for
much of the waste and poor management in American
forests.

The amount of money and labor expended on the average
German forest is startling to an American; there is on the
average one employee to about 300 acres of forest. These
figures give a marked contrast to the situation as it appears
in the United States where owing to the short sighted econ-
omy of Congress only about 2} cents per acrg per year is
spent in protecting and improving the National Forest do-
main and only enough funds are appropriated to permit
one ranger or guard to every 125,000 acres. In Germany it
is quite common for the man in charge to spend anywhere
from $1 to $4 per acre per year taking care of the forest |
property and as a result of his careful administration a net
revenue of from $3 to $10 per acre per year is obtained.

State Work. — At the present time 13 states have a central
body concerned entirely with the administration of a forest
policy within their boundaries, while in 15 additional states the
forestry activity is either entrusted to a commission or board
which is also concerned with agriculture, fish and game or all
of the natural resources of the state. In 3 states there is a
single forest commissioner and forester, making a total of 31
states in which definite strides are being made toward the
development of a clear-cut forest policy, and of the number,
20 have technically trained state foresters in charge of the
work. The annual appropriations for forestry work range
from several hundreds of dollars to over $300,000.

Fourteen states have acquired lands to be managed as
state forests, the areas ranging in size from 2000 to over
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1,800,000 acres. The total controlled by the states amounts
' to 3,400,000 acres.* '

In addition to practicing forestry on the publicly owned
lands, most states are developing a splendid system of codper-
ative work with private owners. Advice is given concerning
the management of farm woodlots, etc., seedlings are raised
and distributed to citizens at a low cost, forest experiment
stations are conducted by the states either in connection with
the forests or at educational institutions. This propagandist
work is telling not only in concrete forms, as evidenced by the
fact that over 1,000,000 acres of private land are now planted
to forest trees, but in the less apparent but enormously im-
portant form of greater and increasing interest in forestry
and conservation. Granges, civic organizations and women’s
clubs, especially throughout the east, are interested in forestry
and conservation, and since under any free government a
movement cannot advance faster than public opinion will
sanction, it seems that the cumulative effects of the wide-
spread educational policy are now appearing and that the
future bodes well for forestry in the United States.
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F16. 4.— A ConrFEROUS SEEDLING SHOWING Roots, STEM, CROWN
AND Fruir.
The strong tap root is in marked contrast to the slender laterals,

(18)




CHAPTER 1I1.
THE TREE.
Definition.

A tree is a plant with a single woody trunk that does not
branch for some distance above the ground.

Even if 20 or more feet in height a plant that branches
directly at the ground is considered a shrub, although some
plants that are shrub-like in the northern part of their range
attain tree form in the southern part, owing to a longer grow-
ing season, greater precipitation, etc.

Parts and Functions.

A tree is composed of roots, trunk or stem, branches, leaves,
flowers, fruit and seed.

Roots. — The roots are of two kinds, surface and tap, de-
pending on their shape and depth of penetration. The sur-
face roots, as their name implies, run along under the ground;
the tap roots strike almost directly down and in deep soils
may attain great length. :

Of the tap-rooted species walnut hickory and oak are the
most prominent eastern species; longleaf and bull pine are
the most notable of the southern and western species. Spruce,
birch, elm, western larch, lodgepole pine and hemlock are
surface-rooted species. Other trees, like cottonwood and
red gum, may develop a combination system with either the
surface or tap root more developed, depending on the nature
of the site.

19
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The root habit of a species has an important bearing on the
system of forest managemeént which can be used. For instance,
a heavy thinning in eastern spruce or lodgepole pine is at-
tended with danger, since, owing to their shallow root sys-
tem, windfall is likely to follow.

F16. 5.— UpTurNED WESTERN YELLOw PINE, MONTEZUMA NATIONAL
Forest, COLORADO.

In addition to possessing a stout tap root, this specimen had a strong set of
lateral roots. The roots in the picture have a spread of over 20 feet in addition
to the broken portion remaining in the ground.

The roots serve to anchor the tree and at the same time
supply it with food. The nourishing parts of the roots, the
root hairs, are located just back of the growing point and the
older and larger parts merely anchor the tree and transmit
the nutrient solutions, the “ raw sap,” taken in by the root
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hairs. The soluble salts in the soil are taken in through the
cell walls of the root hairs and are carried up through the ves-
sels and tracheids of the sapwood. The reason for the rise
of the sap is as yet not clearly understood, being variously
ascribed to osmotic forces, atmospheric pressure, the action
of the living cell and the suction of transpiration, with none
of these hypotheses clearly proven.

Root growth is greater in poor than in good soil and root
extension is greater in a dry than in a wet season for the
reason that the réots, under adverse circumstances, must
seek further to provide the proper amount of food.

Stem. — The stem, like the root, is composed of inner
and outer bark, heart-wood and sapwood. Increase in di-
ameter is achieved by means of the cambium layer which
lays on a ring each year. Occasionally when the growth of
the tree has been checked in mid-summer, owing to drought
or defoliation, an extra ring may be laid on. The false rings
are fainter, and more or less irregular and are generally easy
to detect. ,

The heartwood is located in the center of the trunk and is
more or less inert material whose chief function is to strengthen
and stiffen the trunk. It does not transmit any of the sap
either up or down the tree, which may be proved by examin-
ing some of the hollow trees so common in our pastures.
Such trees live for years with the heartwood completely rotted
away but if the cambium and sapwood were interrupted by
a deep cut as in “ girdling ” the course of the elaborated and
raw sap would be interrupted and death would almost imme-
diately ensue. In certain species there is a limited amount
of interchange between the heartwood and sapwood but for
the most part it is the sapwood alone which is alive and
which transmits the nutrient solutions from the soil to the
leaves.
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The function of the bark is to distribute elaborated food and
for protection. Like the trunk it adds a ring each year. The
rings are much flattened by pressure, and are hard to detect.

Leaves. — The leaves are the stomachs of the tree to which
the thin watery solutions are carried. Here the water is
combined with the carbon dioxide taken in through the
stomata (those minute openings occurring chiefly on the under
side of the leaves) to form sugars and starches. The carbon
dioxide is split up and combined with water, the extra oxygen
and water are given off and the process of assimilation takes
place in the presence of chlorophyll.

As stated previously the flow of the sap is not clearly un-
derstood, but it is known that the raw sap is conducted to the
leaves in the sapwood, that it is there elaborated, and that
it then passes down through the cambium and bast to the
growing portions of the tree.

The part of the watery solution that is not combined passes
out of the leaves in the form of a vapor, leaving the salts be-
hind in the leaves and twigs. . This process of evaporation,
called transpiration, accounts for the fact that the leaves and
twigs contain more mineral salts than any other part of the
tree. '

Consequently when the humus, which is composed of parti-
ally decomposed leaves and twigs, is not destroyed by fire or
burned up by direct exposure to the sun’s rays, the fertility
of the forest site remains unimpaired. In fact the soil be-
comes richer year after year, because the roots are continu-
ously bringing up mineral salts from the subsoil, which are
left behind in the leaves in the process of transpiration, and
when the leaf fall occurs this fertility is restored to the sur-
face soil, adding to its mineral content, as well as vastly im-
proving the physical quality by the presence of humus. In
addition the bulk of the tree is composed of carbon dioxide
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and water, therefore a very slight demand is made on the
soil in growing a crop of timber. This explains why land
which is far too poor to cultivate profitably can raise a crop
of timber satisfactorily. In a general way trees only require
one-fourth to one-half as much fertility as the average field
crop. )

In addition to the transpiration process, which results in
the giving off of oxygen and water vapor, the tree breathes
like any other living organism; that is, it takes in oxygen and
emits carbon dioxide. This breathing of the tree goes on con-
tinuously but is not nearly so active as the assimilative proc-
ess. Consequently much more carbon dioxide is used than
is emitted and much more oxygen is given off than is con-
sumed.

Considerable moisture is used for the building up of the
plant and large quantities of water are needed for good
growth. Consequently in regions where rainfall is scanty,
trees may be present but their form will be decidedly poor.

An English investigator states that a stand of beech 150
years old will consume 400,000. gallons of water per acre per
year. This seems an extremely large amount but in terms
of rainfall is not excessive; in addition it must be remem-
bered that beech is a moisture-loving species.

Tree Characteristics.

Of the various characteristics the following are the most
important and will be considered in turn:

Occurrence. Tolerance.
. Local extension. Duration of life.
Form. Quality of wood.

Soil and moisture requirements. Reproduction.
Growth. Resistance.
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Occurrence. — Continental distribution of a species de-
pends primarily on heat. Different species need various de-
grees of heat for their proper development and the carrying
on of the different life processes, and there is a certain average
temperature for each process in a given species.

For instance, the amount of heat required to germinate the
seed of a certain species is much higher than for another, and -
on the ability of a plant to reproduce depends its range and
natural extension.

Moisture also has an important bearing and on large con-
tinents while heat may affect the rangg north and south,
moisture is apt to limit tree growth east and west; the inte-
rior portions of the continent may have a rainfall that is too
scanty to support tree growth.

The altitudinal range of trees is really a question of heat
since height zones due to the average temperature during the
critical season can be clearly marked. The northern limits
of tree growth varies from 55 degrees north latitude on the
Labrador coast to 70 degrees north on the coast of Alaska;
the presence of the Japan current accounting for this differ-
ence.

The timber line on high mountains grows lower as we pass
from the tropics toward the pole, since the zone of the same
annual average temperature. descends lower as colder climates
are approached.

In the Himalayas the timber line is found at 14,000 feet
above sea level; in the Alps at about 7500 feet; and in the
Adirondacks at about 4000 feet above the sea. For the same
reason a species occurring at a given elevation in the southern
Rockies will be found at lower elevations as the northem part
of its range is approached

Ecologists are at variance regarding the length of the grow-
ing season necessary for tree growth; some claim that 50° F.
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must be the average temperature during the four growing
months, while others insist that it is the temperature during
the six critical weeks that count.

Concerning the southern limit for any tree it is generally
believed that excessive heat is rarely, if ever, fatal, but a
northern tree transplanted to a southern climate is apt to
produce infertile seed, which limits the natural extension of
the species. Also on account of the absence of the normal
resting period, continuous growth may weaken the tree so
that it will succumb to some destructive agency.

To a certain degree the continental distribution is a matter
of chance, either present or past. For instance fewer tree
species are found on the European than on the North Ameri-
can continent, owing to the fact that following the glacial
epoch trees in Europe were unable to regain the ground they
had lost because they were unable to extend themselves again
beyond the lofty mountain ranges running east and west.

On the North American continent the mountain ranges run
north and south and the trees while temporarily pushed out
of their ordinary habitat did not have high mountain barriers
to hold them back after the recession of the ice sheet. As a
result we have over 500 tree species in America against 100
in Europe.

Local Extension. — By local extension is meant the range
of trees within their geographical distribution.

Northern trees toward the southern part of their range are
apt to be found on the northern and northeastern slopes;
southern trees are apt to be found on slopes of a southerly
aspect toward the northern part of their range.

This point is of importance in the management of certain
species as it may be useless to attempt the natural regeneration
of a tree on a given site when it is not congenial, if considered
in connection with its local distribution in that region.
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Form. — Each species of tree has a form that is quite
typical but only a tree which has ample growing space, a
pasture elm for instance, will assume this form.

When a tree'is growing in the dense forest the form will be
affected by the crowding of its neighbors and as a conse-
quence the typical form is altered.

Aside from the amount of growing space the age of a tree
has an important bearing on its form. Most trees attain the
greater part of their height growth before there is any large
diameter growth, consequently up to the age of 35 to 40 the
average tree is apt to be tall and slender.

Then after the period of most rapid height growth is past,
the tree begins to put on flesh, as it were, and diameter and
volume growth commence to increase. So marked is this
characteristic that it is possible to roughly estimate the age
of a tree by the amount of taper it possesses, for if a tree
carries its diameter well up into the crown it is safe to assume
that it is fairly mature. '

The quality of site on which the tree stands also affects its
form. If the soil is thin with little moisture, the tree is apt
to be short and scrubby, while if the tree is rooted in deep
rich soil with plenty of moisture available, tall full boled trees
are the rule. In fact the forester often gauges the quality of
his forest site by the form and, especially, height of the trees
growing on it. '

Light soils produce as a rule long straight boles of average
diameter and medium crowns while heavy soils commonly
produce trees with heavy round crowns and thick boles.

Soil and Moisture Requirements. — Different species vary
widely in the demands they make on fertility and water con-
tent of the forest soil.

In fact one of the first things a forester should realize is
that an extremely close watch must be kept on the condition
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of the forest soil in order to encourage the growth of the de-
sired species. ‘

German foresters claim that the forest soil is just what the
man in charge makes it but this remark cannot be taken too
literally, since a gravelly soil with excessive drainage can
never support a good thrifty stand of a moisture-loving
species.

In each portion of a forest, the soil should be studied so
that. the proper species may be encouraged on the site where
it can grow thriftily and make the kind of timber that the
market demands. :

Hardwood species are inclined to be much more exacting
than conifers since they need about four to six times the
moisture and about double the fertility that the less exacting
evergreens require. Of the coniferous species spruce requires
much fresher and richer soil. than pine, for example, and
among the pines there are species which are less exacting than
others. The red or Norway pine can grow on dry gravelly
soils where white pine would perish and it is believed that the
Scotch pine of Europe surpasses even the red pine in its
drought-resisting qualities.

Such species as walnut, maple, beech, etc., need a deep,
rich, moist soil for best growth and on a site of this descrip-
tion they can compete successfully with softwoods so that the
latter will eventually be crowded out. Such trees as poplar,
gray birch, black oak, and in the West the pinon and juni-
per, are decidedly less exacting in their soil and moisture
requirements.

In each case there is a balance between the need for food and
for sunlight. 1If there is plenty of food available sunlight may
be reduced to a minimum and vice versa if a tree is found
thriving under shade in a poor location it may be consid-
ered extremely tolerant.
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Trees are easily satisfied in their youth and become more
exacting as they grow older. There are many instances of
plantations started on sandy soil which thrived up to the age
of forty and then with no especial reason their growth rate
began to decrease and the stand soon fell prey to fungus and
insect attacks. It is because the site no longer sufficed and
their resistance was lowered.

Growth. — By growth we mean the increase of a tree in
height, diameter or volume. Of these height growth is of
first importance in the early life of a tree, since on the early
height of a seedling depends its fate in the struggle for ex-
istence.

Height growth varies widely according to species, locality
and treatment. Primarily it depends on the energy of the
leading shoot; the terminal bud is larger and the energy there-
fore is greater. Any influence which favors the formation
of a hardy bud and later helps this bud to develop can be
counted on to favor height growth. In many cases repro-
duction will get started under the shade of the older trees and
for a few years appear to be thrifty. Unless the canopy is
opened the seedlings will lose their thrifty appearance, the
foliage will change to a pale yellowish green and the buds in-
stead of being large and vigorous will become small and
weak. When this is the case light must be given immediately
or the reproduction will die.

Of all the factors influencing height growth, light perhaps
is of paramount importance since it is absolutely necessary to
assimilate plant food. Direct light is not absolutely neces-
sary at first and by some it is believed to retard height
growth, for the lengthening of the shoot takes place in the
night or in the early morning hours. The energy of the sun’s
rays supplied, either by direct or diffused light, must be
available, else growth of any kind will cease.
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Heat also is indispensable for growth. Below o° C. growth
practically ceases although certain species of Arctic plants
grow through the snow. Above 40° to 50° C. growth also
stops on account of excessive heat. The optimum tempera-
ture is considered to be from 20° to 30° C., depending on the
individual habits of the species.

Water is absolutely essential for life and growth since cell
division is dependent on the presence of water within the cells;
in fact g5 per cent of the growing tissue of a plant is water.
Vigorous height growth is an index of sufficient water as well
as plant food in the soil, and lack of moisture nearly always
causes scrubby growth.

Aside from the effect of the site on the height growth of a
given tree, the species itself is extremely important. Of all
the trees found in the United States, the exotic eucalyptus
is capable of attaining the greatest height, but of the native
species the sequoia has that distinction, reaching a maximum
height of from 320 to 350 feet.

A tree increases in height most rapidly during the early‘
part of its life, and, after the bulk of the height growth
has been attained, the diameter and volume growth tend to
increase. Intolerant trees are generally the fastest growing;
sprouts are also faster growing than seedlings of the same
species owing to the large root system already formed, but
the growth of sprouts soon culminates.

Extreme density is apt to decrease height growth, owing to
the reduction of light and excessive competition between the
roots, but reasonable crowding is beneficial since with unlim-
ited growing space the bulk of the growing energy of the tree
is dissipated in branch production rather than in produc-
ing a large, straight, cylindrical bole. One investigator
claims ‘that the rapid height growth of trees in close stand
is due, not to the limiting of branch production, but to the
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fact that electrical currents are set up when the lower
branches interlace.

A tree increases in diameter by laying on a ring of wood
each year deposited by the cambium layer and the increase
in volume depends on height and diameter growth together.
On the whole it might be said that they are subject to the
same laws as height growth, but species is relatively of more
importance. The increase in volume is apt to begin earlier
with intolerant trees since the struggle for existence is termi-
nated earlier with light-demanding individuals, leaving fewer
trees standing on the site to utilize the solar energy and
plant food. Trees having the same height may differ in
diameter as 1:4, depending on the closeness of the stand.

Since between 50 to 60 per cent of green wood is water it is
found that the dry weight of wood produced by trees of
different species is much closer than the volume produced, in
the same time. Consequently trees of light specific gravity
are the best volume producers and since tolerant trees can
stand closer together and can assimilate food from the air
and soil equally well, it follows that the largest volume per
acre is produced by tolerant trees of light specific gravity.

The size of the crown as a rule is ordinarily a good index
of the amount of volume growth, for a tree with a large crown
can elaborate more food to be distributed about the trunk.
One theory concerning the distribution of growth is that
woody material is laid on in the greatest amounts where it is
needed most; that stress in the tree acts as an irritant as it
were, and that extra amounts of wood are laid on where the
strain and irritation is the greatest. Trees that are standing
in the open have thick trunks at the base where the strain is
the greatest and trees leaning downhill have the widest rings
on the downhill side.
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After Pinchot, trees may be classified according to their
size as follows:

Up to 3 feet in height — Seedlings (provided they are of

seedling origin.)
3 to 10 feet in height. . . ........Small saplings.
10 feet in height, 4 mches in dlameter .Large saplings.
4 to 8 inches in diameter. ... .. ......Small poles.
8 to 12 inches in diameter. <e+.......Large poles
1 to 2 feet in diameter..............Standards.
Over 2 feet in diameter. ............ Veterans.

Tolerance. — The ability of a tree to endure shade is called
tolerance. The amount of shade that different trees can
bear varies widely according to the species.

Of all the factors that influence tolerance the amount of
food and moisture available is the most important, for if a
plant has enough food and just enough light to assimilate it,
the tree can thrive, but if the amount of food in the soil is
limited the tree needs all the solar energy possible to elabo-
rate a sufficient amount of food.

In this connection the length of the growing season is of
great importance because a long season permits the tree to
lay up a large amount of food in the parenchyma on the
days that diffused light is available; therefore we often find
that trees in the southern part of their range are much more
tolerant than they are in the northern part. The red cedar
commonly regarded as an intolerant tree in the North grows
quite frequently in the South under the shade of the yellow
pine.

Trees possess inherent characteristics concerning the
amount of shade they can bear. Species like the pitch pine,
aspen, western yellow pine, etc., are ranked as intolerants and
require full sunlight for their development. Trees like white
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pine, yellow birch and chestnut are in the middle of the scale;
while beech, hemlock, hard maple, western red cedar, etc., are
markedly tolerant and can grow in quite heavy shade. Some
of the important trees might be classified as follows regard-
ing tolerance.

HARDWOODS
Tolerant Intermediate Intolerant
Hard maple Chestnut Black locust
Beech Red oak Thulip poplar
Red maple Butternut Gray birch
Black gum Ash Black cherry
White elm Black walnut Hickory
CONIFERS
Tolerant Intermediate l Intolerant
Balsam fir Loblolly pine Larches
Hemlock, eastern and | White pine Lodgepole pine
western Scrub pine Western yellow pine
Spruces, eastern and | Red fir Red cedar
western Douglas fir Pitch pine
White fir Western white pine Norway pine

Intolerance is a characteristic which tends to increase with
age. White pine seedlings can grow and thrive for a few
years in the shade of older trees. However, the increasing
need of light soon becomes apparent. Their leaves become
pale yellow instead of a deep lustrous green, and their buds
become smaller and less vigorous in appearance.

Shade-bearing species usually have the following charac-
teristics:

The forest has a dense canopy, the trees have thin leaves,
thin bark, thick sapwood; branches are persistent, and on
the ground a thick layer of humus is usually found, owing
to the density of the canopy which shades the soil and
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retards normal disintegration of humus by largely excluding
the sun’s rays.

Tolerant trees, as well as those having a low requirement
for plant food and moisture have a great advantage in seizing
and holding forest sites. Owing to their ability to stand
shade they will ultimately crowd out more intolerant species
and occupy large areas, provided a proper dissemination of
seed is possible. Light seeded trees, like the aspen and gray
birch of the Northeast, often seed in over large areas after
a forest fire, but they merely constitute the ‘“ nurse crop ”
and are generally crowded out by the slower growing but
more tolerant individuals like the white pine and spruce.

Duration of Life.— The length of time which a tree lives
depends largely on a combination of internal and external
conditions. Some scientists claim that a tree never dies of
old age, but that its death is always due to external factors.
However interesting that statement may sound it is true,
nevertheless, that there are certain definite ages which given
species do not seem to exceed, and ordinarily there is a certain
average age which may be put down for each species.

Some species are remarkably long lived. The sequoia, at-
taining an age of 3500 years, is the longest lived American
tree. Short-lived species are also noticeable in the way they
tend to disintegrate at certain ages. For instance a stand
of aspen generally breaks up at about go years of age and in
fact the best yields are obtained when the stand is cut at
about 25 years of age, as the growth rate falls off early.

The bulk of a tree lasts but a few years and then becomes
inert; the sapwood which is alive gradually turns into heart-
wood, which serves chiefly to stiffen the trunk of the tree.
The growing points of a tree, however, are alive and continu-
ally expanding.

To attain this maximum age, normal for a given species,
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conditions must be favorable. There should be sufficient
room for proper crown development and there should be also
sufficient space for the roots to develop without excessive
competition. If the site is sufficient and if there is enough
light, the life of a tree will be greatly prolonged. In fact
trees growing in the open are considerably longer lived than
those of the same species grown in forests.

Of short-lived trees poplar, balsam fir and gray birch are
the best examples of the eastern species which reach their
climax between 6o and 8o years. Lodgepole pine for the
Rocky Mountain species is considered short-lived, maturing
at 120 to 200 years. Beech and maple may be considered
mature at an age ranging from 300 to 400 years and white
oak, Douglas fir, sugar pine and western larch average about
soo years. The sequoias, as before mentioned, are examples
of long lived trees, as the big tree_reaches an age estimated
from 3500 to 5000 years and the redwood may live from
1000 to 1500 years.

Quality of Wood. — The quality of wood laid on by any
species is very largely a matter of the individual. For in-
stance, spruce wood is composed of long fibers which makes
a light elastic wood extremely valuable both for wood pulp
and musical instruments. Oak produces a dense heavy wood
which can withstand considerable crushing force, and conse-
quently the two are used for entirely different purposes, the
difference in structure affecting the use.

Within the same genera there is considerable difference in
the quality of wood produced by the different species. Long-
leaf pine, for instance, is dense and hard and resists longi-
tudinal pressure almost as well as white oak. Loblolly pine,
on the other hand, is quite brittle and is of little use where
great strength is required.

Rapidity of growth also influences the strength and quality
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of wood. As a rule, it may be said that in ring porous woods,
like chestnut and oak, the more rapid the growth the stronger
is the wood produced, because after spring wood has been
formed, the dense layer of summer wood is added to the
growth ring. This latter part is really the supporting portion
of the ring and the faster the growth, the larger is the propor-
tion of the summer wood. Consequently chestnut sprouts
are considered stronger than the more slowly growing seed-
lings and are in greater demand for piles and poles.

The influence of the quality of the soil on tree growth also
is quite remarkable. Light sandy soil tends to produce a
fine grained wood which is usually less tough and of less fuel
value and durability than specimens grown on heavy soil.
On clay soils the growth is apt to be slow in youth and the
stands mature later on such situations. The wood is exactly
the reverse of that grown upon sandy soil, being heavy, dura-
ble, tough, and of good fuel value.

Reproduction. — This characteristic of a tree is of extreme
importance to a forester as on the successful starting of new
growth depends the future forest crop.

There are three methods of natural regeneration:

1. By seed.
2. By sprouts.
3. By suckers.

1. -Seed production depends physiologically on the ability
of a plant to elaborate more food than it needs for growth,
and after accumulating it in the parenchymatous tissues for
several years, it disposes of the extra energy by bearing an un-
usual quantity of seed. Some seed is produced every year as
a rule, but these years of large seed production called “ seed
years,” vary with different species as far as frequency is con-
cerried and indeed within the species, depending on climatic
conditions, site, etc.
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Some species are noted for the frequency of their seed
years and the total amount of seed produced. Others may
produce a very small amount or an average amount with low
fertility per cent. Light seeded intolerant trees are more
likely to produce a great deal of seed and such trees as birch
and aspen are liable to seize upon any piece of land whose
surface meets their requirements for a germinating bed. If
a species makes but slight demands on the soil during the
early part of its life, the chances are so much the better that
a permanent stand will be established.

Light, next to food of course, is the most important consid-
eration in seed manufacture. Consequently open grown trees
produce a larger amount of seed than those grown in close
stand and can produce seed at a much earlier age. Twenty-
five years is the average age at which open grown trees begin
to bear seed, while those in close stands will begin to bear at
4o years as a rule. Forest grown trees bear their seed chiefly
at the top, while those submerged beneath the canopy of the
forest rarely bear any seed at all. A tree growing in the
open with plenty of light available will bear seed at the ends
of practically all the branches.

Heat is also of importance in seed production, as a tree
growing in its optimum range or toward the southern part
of its range is apt to bear more and better seed than a tree
of the same species much farther north owing to more
favorable growing conditions. Seed years are due to the
favorable temperature and moisture conditions of the previous
season or seasons and therefore are likely to become more fre-
quent with good climatic conditions and freedom from any
disturbance, such as defoliation, drought, etc. They do not
occur in the same year throughout the range of the species
but the interval may be about the same. For instance, the
white pines in Maine may have a splendid crop of cones,
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while those in the Adirondacks may be bare the same
year.

- Some species bear seed at a very early age but, as a rule,
the seed produced is apt to be of low fertility. Lodgepole
pine has been known to produce seed as early as six to eight
years; jack and scrub pine at about the same age and pitch
pine at about ten years of age.

Seed production, however, is at its best in the economy of
the tree after the period of most rapid height growth is past.
At this time the crown commences to develop, and the food
supply begins to catch up with the demand. When silvi-
cultural maturity approaches, that is, when the stand begins to
open up and reproduction starts naturally, seed production is
apt to be at its best.

Seed is produced by trees until they are very old and it is
not uncommon to find a tree producing a heavy crop of seed
a year or twa before it dies.

There is a wide difference of opinion about the quality of
seed produced by these old trees and the quality of repro-
duction that will result if they are left as seed trees. Some
believe that the seedlings will be weak while others state
that while the fertility may be low, the seeds that are fertile
will produce good stock as the individual seed bears the im-
print of 10,000 ancestors and is not affected by the condition
of the immediate parent.

2. Reproduction by Sprouts. — Starting a forest by means
of sprouts is known as coppicing and is a very desirable
means of regeneration with certain species, as maple, chest-
nut, catalpa, etc. It should not be continued too long, as it
is apt to exhaust any but the richest and heaviest soils, on
account of the frequent exposure to sun and wind.

Practically all hardwoods sprout during youth but some
retain their sprouting capacity longer than others. Seedling
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chestnut will sprout up to 120 years of age, while sprout
chestnut has difficulty in coppicing after 6o years. Under

Fig. 6.— Burr oF Rebpwoop SproUT SHOWING BARrk, Sapwoop,
AND HEARTWOOD.

Redwood is one of the few conifers that is capable of reproducing by sprout-
ing from the stump.
ordinary circumstances the coppice method should be used
~only on short rotations as the sprouting capacity is apt to be
uncertain after 4o years, as a rule.
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Repeated coppicing tends to lower the vitality of the parent
stump, and consequently many blank spots are found in a
forest that has been repeatedly coppiced.

A few of the conifers sprout, but the sequoias are about
the only species of conifers which produce sprouts of eco-
nomic importance. Shortleaf and pitch pine are quite fre-
quent sprouters under certain circumstances but the sprouts
produced are short-lived and of little importance.

3. Reproduction by Suckers. — By suckering is meant the
sending up shoots from underground roots. This method
- of reproduction is not of economic importance, as a rule, be-
cause the suckers of most species are extremely apt to die.
In certain species, however, such as beech and poplar, growth
from suckers is often responsible for the extension and main-
tenance of the stand. Black locust also reproduces in this
way, and when it is once established in a field the more the
mature trees are cut out, the denser will be the thicket of
suckers sent up from the roots.

Resistance. — Trees, like individuals, are damaged by
various agencies, and different species are able to resist these
agencies in varying degrees.

Among the enemies to the forest, wind, snow, insects,
fungi and fire may be mentioned and each will be considered
in detail in the Chapter on Forest Protection.

The individual resistance of a given species is of extreme
importance in forest management and the desirability of a
tree depends on its vitality and ability to throw off the at-
tacks of various enemies. Trees like white oak, which is
particularly favorable to the spread of the gypsy moth, and
the white pine, which is badly attacked by the pine weevil
and blister rust, are discriminated against in regions where
such pests prevail.

An intimate knowledge of the relative resistance of the
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different species is part of the forester’s stock in trade, as on

“such knowledge is based the decision concerning mixtures to
use in planting or which species should be favored and which
should be discriminated against, in a thinning or reproduction
cutting.

The Tree as a Unit.

The tree to the forester is the fundamental unit which in
large numbers forms the community, the forest, in which
he is chiefly interested. It is upon the forest, its relations
and reactions that the forester bends his energies. The
characteristics of a tree, its soil requirements, its reactions
to light, its height, growth, etc., are only interesting and im-
portant in so far as they affect the selection of site, the den-
sity of the stand, the outcome of the struggle for existence.
In other words forestry is a science in so far as it is based
upon the close and intimate knowledge of the single tree as a
unit; it is an art because it applies this scientific knowledge
of the individual, in producing timber from trees grown in
groups or communities.
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CHAPTER III.
SILVICS.
The Forest as a Community.

A forest is a community of individuals which itself has a
life. It is more than a mere group of trees since it includes
not only the tree but the soil, the undergrowth and repro-
duction. The Germans even include the game and stock
within the realm of the forester’s activity.

The component parts of a forest bear the same relation to
each other as do the individuals in a town or village. The
trees are mutually dependent and at the same time com-
petitive. They protect each other against windthrow and

" snow break; the close canopy allows the formation of humus,
and yet they compete for food, moisture and light. So sharp
is this competition that a stand of 100 trees per acre at 200
years may be the final survivors of 10,000 seedlings which
started on that acre, the balance having perished in the
struggle for existence. '

The duty of the forester is to learn the habits of the trees
which make up this community so that congenial species may
be encouraged and the maximum growth of the forest asa
whole be secured.

Characteristics of a Forest.

The knowledge of the life, development and need of the
various trees constitutes the science of silvics, while silvi-
culture, based upon this knowledge, is the art of tending the
forest community to produce the maximum amount of tim-
~ ber in the shortest time.

41



42 ELEMENTS OF FORESTRY

A forest must possess the following characteristics:

First. The crowns must meet so as to produce a certain
amount of shade.

Second. Natural pruning must have commenced so that
there is some clear space on the forest floor, i.e., the canopy
must not begin immediately above the ground. )

Third. There must be an accumulation of humus on top
of the mineral soil. '

Fourth. The form of the individual must be typical of
the forest, rather than of open-grown trees.

A young plantation will not meet the above requirements
and thus cannot be considered a forest until the crowns meet
and some natural pruning takes place. The above condi-
tions cannot be fully met in such situations as the arid
Southwest where an open stand is unavoidable, owing to
limited moisture.

Division of a Forest. — For the purposes of description and
management a forest is often divided into various parts. The
terms used to characterize these pottions will be briefly defined.

Stand. — A generic term referring to a specific part or the
whole forest. It usually needs further qualification, as “ even-
aged stand,” “ dense stand,” etc.

Type. — A part of the forest having a distinct individ-
uality that requires separate treatment. It is the ultimate
unit in description and intensive management. Types may
be based on composition, age, stand per acre, etc.

Influence of Forest on Locality.

Aside from the importance of forests in producing timber,
there are certain influences exerted by forests which make
them practically indispensable. In certain regions these in-
direct influences may be paramount to timber production as
in the mountainous regions of France for example and in fact
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in parts of the United States where water is at a premium.
In the former country steep slopes are being sodded and
planted on a large scale primarily to assist in controlling the
mountain torrents rendered unmanageable by over-cutting
subsequent to the French Revolution.

The indirect influences which forests exert are felt in three
ways; viz. effect of forests on

1. Climate.
2. Precipitation and run-off.
3. Soil.

Climate. — Whatever influence forests have on climate is
somewhat localized. It is well-known that the climate of a
wooded area is more equable than that of an open country
since the ground is less exposed to insolation, the radiation of
heat is checked, and the currents are retarded. This action
of the forest is of great value in hot countries and advantage
is often taken of it in rendering wind-swept areas more hab-
itable by planting windbréaks. Forests exert the greatest
change in the climate during summer, with spring following,
next autumn, and the least influence of the forest on climate
is felt in winter. Humidity is increased by the presence of
large bodies of forest cover, since the relative humidity of
forest air may be as much as 10 per cent higher than the
humidity in the open spaces near by.

Precipitation and Run-off. —It is very doubtful indeed
if the presence of forests has any marked effect on the
amount of rainfall. However, experiments carried on by
French and Swiss foresters indicate that under certain cir-
cumstances large masses of forest cover at high elevation may
tend to increase the annual amount of precipitation by chill-
ing the moisture-laden atmosphere.

For the most part, however, this effect of forests is not
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conclusively proven and the forests are chiefly considered as
retarding the run-off of the water precipitated.

Run-off and Erosion. — Following a rain storm the speed
with which water reaches the rivers depends very largely on
the condition of the surface of the soil and its porosity, as well
as on the slope. As far as heavy spring showers are con-
cerned it is estimated that fully 25 per cent of the rainfall
is absorbed by the trunks, branches and leaves, causing this
portion of the total precipitation to reach the soil after the
bulk of the rain has been soaked up by the humus and litter. .
Some part of the precipitation is evaporated from the trunk
and branches directly into the air, and never reaches the soil
at all.

Tree roots also have their part in retardmg the run-off, for
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