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Foreword

BY THE SECRETARY OF AGRICULTURE

WISH, for scveral reasons, that every American might have the oppor-

tunity to read this book about trees. First, the book underscores the
importance of forests to our national and individual prospcrity, sccurity,
and happiness. Of all the figures and facts marshalled here in proof of
this importance the most striking to me is that our drain of saw timber is
one and one-half times its rate of growth. Other proof is closc at hand—
the wooden pencil with which I write, the chair I sit in, my desk, and the
doors of my office.

If that is not enough evidence of the everyday importance of our for-
ests, I have only to look out my windows at the stately trees that landscape
architects planted to temper the summer heat, to join building and earth
and sky in harmony, and to give pleasure to everybody.

These city trees bring to mind the watersheds, shelterbelts, groves,
national forests, farm woodlands, community parks, and commercial
forests between the eastern seaboard and thc West, where I grew up.
Truly, our woods and forests are one, in our lives, with soil, water, animals,
and food. Soil and water conservation, flood control, permanent abun-
dance, prosperity on the land—the very goals we work toward—involve
the proper use of forests.

We all know what happened to the forests the first settlers saw. Most
of our virgin timber has disappeared through cxploitation, waste, destruc-
tion, or use and removal to meet the tremendous needs of a fast-growing
Nation.

However, the genius of American democracy can yet restore our
forests, rebuild our ghost towns, redeem our watersheds, and find new
ways to fight fire and forest pests. Much remains to be learned ; we are not
yet of one mind about ways and purposes of protection. But the history



of what we have done to correct a fault—another reason why I wish every
American might read this book—is a lesson we can apply to other parts
of our national life.

Most heartening and reassuring is the fact that our forestry achieve-
ments have comc through democratic processes. Those with the most at
stakc—the men who nceded grazing lands, for example, or those whose
livelihood depended on irrigation, lumber, or wildlife—have opportu-

nities to express their views. The guiding precept of the greatest good for
the grcatest number prevails.

All this embraces the conviction that a basic resource is a national trust.
It also embraces faith in pcople and their leaders and faith in our country.
We in the Dcepartment of Agriculture who are responsible for national
forest lands try constantly to act with the humility and wisdom that befits
custodians of such a great trust.

CHARLES F. BRANNAN.



The Editor to the Reader

N THE LIBRARY of the United States Department of Agriculture
are 11,350-odd publications about trees and forests. Among the oldest
of these volumes is the 120-page Sylva, or a discourse of forest-trees, and
the propagation of timber in His Majesties dominions. . . . The English
patriot and philosopher John Evelyn published it in 166%. It is full of
warnings and advice: ‘“Men seldom plant trees till they begin to be wise.
that is, till they grow old, and find, by experience, the prudence and
necessity of it.”’

One of the latest books in the library is Breaking New Ground, by the
late American patriot and philosopher Gifford Pinchot. It is an auto-
biographical account of a pioneer forester’s work for conservation of
forests, soil, and water supplies.

To that goodly company, an average of 406 books, pamphlets, anc
articles about timber and its products is added each month. To that grow-
ing number also we are adding this Yearbook of Agriculture. An explana:
tion of why we do so scems to be called for.

We have tried here to put into clearer perspective some items of history,
importance, administration, and outlook that so far have been in scattered
form. We have tried to explain another broad segment of the Depart-
ment’s work. We have tried to tell the essentials of choosing, planting, and
growing trees as a farm crop, as a renewable national treasure, as a neces-
sary part of country and city life. We have tried to make a book that i
practical and useful for all Americans and interesting and inspiring fo1
those who are unaware of the beauty and delight of the woods. We have
tried to tell how and why to plant trees and care for them, and to offer a
sort of forum to persons of divergent viewpoints, with all of which we dc
not necessarily agree.

Several hundred persons cooperated to produce this book. The names



8f many of them appear clsewhere. To many others in the Government
Printing Office, the Department of Agriculture, and the Congress, grate-
ful acknowledgment is made.

For help and loyalty beyond the terms of their job descriptions, thanks
are duc to Margaret V. Loyd, the editor’s assistant, and Catherine F.
George, of the Yearbook staff.

The drawings and charts werc made by Rudolph A. Wendelin, Miss
Leta Hughey, Linn A. Forrest, and Harry Rossoll, of the Forest Service;
Sidney H. Horn, of Ames, Iowa; and Joseph H. Stevenson, of the Office of
Information. Mr. Wendelin also made the end-paper maps, and Mr. Horn
drew many of the illustrations at the heads of the chapters.

Leland J. Prater, of the Forest Scrvice, supervised the taking of many
of the photographs. Working with him were the following members of
the Forest Service: Ross Angle, Herbert Armstrong, F. S. Baker, Paul S.
Bieler, F. M. Cossitt, Duncan Dunning, Frank Flack, George Griffiths,
P. Frecman Heim, Antonio A. Hernandez, Jay Higgins, Ashbel F. Hough,
Roger Huff, C. R. Hursh, Wallace I. Hutchinson, Bluford W. Muir,
Frederick Simmons, Harry Sperling, C. W. Straus, and Paul J. Zehngraff.
Others whose photographs appear are Wilfred J. Mead, of the Bureau of
Plant Industry, Soils, and Agricultural Engineering; Bob Branstead, B. C.
McLean, and Hermann Postlethwaite, of the Soil Conservation Service;
H. Miller Cowling, Russell B. Clapper, H. J. MacAloney, John M.
Miller, and J. E. Patterson, of the Bureau of Entomology and Plant Quar-
antine; Ralph E. Lawrence, of Washington, and Dr. Curtis May and
Edwin S. Menninger, who took the unusual pictures of tree flowers.

A word about the organization of the material in the Yearbook. We
consider first the tree as a unit, a living thing; next, the tree as a member
of a small group—in cities and around homecs; finally, trees growing to-
gether in wood lots, groves, and forests, large and small. The main section
of the book ends with chapters on specific problems and values—insects,
fire, recreation, wildlife, forestry, and economic importance.

The last part is intended to furnish additional help—Ilists, charts, tables,
a glossary of unusual terms, and references for reading—for those who
wish to pursue the subject further. For many persons the fourth section
will be the most useful of all.

ALFRED STEFFERUD.

VIII
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Live oak near Hahnville in Louisiana: “I am the gift of
God and friend of man.”
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‘ Trees and Men

A TREE IS A LIVING THING
N. T. MIROV

ROM THE SEED that in the au-
tumn falls to the ground and is
covered with leaves and soil, a tree is
*horn. The seed is a thing to marvel at.
" Pick up a pinc nut; crack it open.
The rich kernel, called endosperm, is
packed with starch, fat, and proteins.
Inside the kernel is cradled the ivory
rod that is an embryo pine, a baby
tree. On one cnd of the miniature
stem is a tuft of pale leaves; the taper-
ing opposite end of the rod will de-
velop into a root.

Cut open a mecllow acorn. In it the
baby tree does not rest inside rich,
nutritional tissue. The starch and fat
and proteins are packed in the two
seed leaves of the embryo, which are
plump and round like the two halves

Pictured above is the famous Logan Elm,
in southern Qhio. State-owned, it antedates
the Revolution. In 1939, the tree was 70 feet
high and had a crown spread of 148 feet.

802062°—49——2

of a peanut. The whole acorn inside
the shell is an embryo.

In the spring, when the soil gets
warm enough and moisture is abun-
dant, deep changes begin to take place
in the dormant secd, alrcady condi-
tioned by the low winter temperatures,
The embryo tree awakens from its
sleep and begins to grow. What causes
this awakening of life is not exactly
known, and what is known is compli-
cated, indeed. The growth hormone is
activated; the enzymes, whose part is
to direct and hasten living processes,
start their work feverishly. The insolu-
ble stored fats and starch begin to
break down to soluble sugars, mainly
dextrose. The stored proteins are split
by the enzymes into some 20 soluble
compounds called amino acids. Both
sugars and amino acids are rushed to
the growing points, where still different
enzymes rearrange them into building

1
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material to be used by the germinating
cmbryo. Protcins are formed again
from the amino acids, and dextrose is
partly used for building the body of the
tree and partly burned up to provide
necessary cnergy for the process.

The embryo grows fast. Soon the
sced shell becomes too small and splits
open. The newly born tree cmerges
above the ground. Its shoot begins to
grow straight up and its roots straight
down. The root has important work to
do; it provides water for the young
secdling. As soon as the little root of a
seedling penetrates the ground, the trce
is permancntly anchored, for better or
for worse, to the place where, unless
it is transplanted, it has to stay all its
life. From now on the tree has to de-
pend on the nutrients available in that
particular place and to develop under
climatic conditions found there, which
cannot be changed. In naturc, how-
ever, a seedling gencrally begins its life
in a place where 1ts ancestors have been
growing for a long time, so the little
trec is well adapted to the cxisting
conditions.

As it emerges from the ground, a
young tree scedling is as tender as a
blade of grass. Its sced leaves may
remain in the shell below the ground,
as in oak, or they may be carricd above
the ground, as in maple. In pine, the
seed leaves pull themsclves out from
the endosperm and spread above the
scedling like the crown of a miniature
palm tree. On the tip of the littlc stem,
tucked between the seed leaves, is the
growing point or terminal bud that
gives origin to the shoot; its growth
continues as long as the tree lives.

Besides the root and stem tips, an-
other important growing region is soon
established in the seedling. It is called
the cambium layer and is found be-
tween the wood and the bark. It makes
the tree grow in girth. The cambium
consists of a single layer of cells that
retain their capacity to divide through-
out the life of the trce. This single
layer of cells has a peculiar property
in that it gives origin both to the wood
and to the bark. In the spring, when

the cambium layer becomes active, it
begins to split off rows of wood cells
to the inside and rows of bark cells
to the outside. Generally spcaking, the
bark part of the tree is much thinner
than the woody part, or the stem. Bark
continuously sloughs off, while the
wood accurnulates. In the soft inner
bark, or bast, arc formed sicve tubcs,
through which manufactured sugar
dissolved in water flows from the foli-
age to storage tissucs in stem and root.

The wood formed in the spring con-
sists of light-colored, thin-walled cells;
toward the end of the season smaller
cclls are formed—their walls arc heav-
ier and darker, and thus summer wood
is formed. This alternation of spring
wood and summer wood causcs the
concentric structure of the tree trunk
known as annual rings; they are seen
clearly on the cross scction of a tree.
By counting the annual rings of a tree,
onc can dctermine fairly closcly its age.
When growth conditions are favorable
and food and water arc abundant, the
rings are wide. When drought occurs,
the growth slows down and the rings
are narrow. By rcading a cross scction
of an old tree, one can determinc
what growth conditions prevailed dur-
ing any particular year of the past.

In the cross section of the hardwood
trees there may be scen numerous dots.
These are canals, so-called vessels, that
serve for conducting water along the
trunk. In the conifers, like pines or firs,
there are no vessels and water moves
painstakingly up the trunk through
minute holes from one cell to another.

Sixty percent of the wood of a tree
is cellulose—Dby far the most important
ingredient. The structure of cellulose
is well understood and is rather simple:
Molecules of dextrose are linked in
pairs to form a more complex sugar,
cellobiose, and these units are hooked
up to form long chains of cellulose
molccules. This structure of ccllulose
may be easily changed by dction of
even a weak acid; cellulose then falls
apart into the original dextrose mole-
cules, providing an enormous source of
sugar that can be used for many pur-
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poses, from fattening hogs to produc-
tion of industrial alcohol. Most of the
cellulosc used at present, however, is
converted into pulp and paper.

The rest of thc wood consists mostly
of lignin, which is a binding matcrial
composed, like the cellulose, of carbon,
oxygen, and hydrogen, but of an en-
tirely different and more complicated
chemical structure than cellulosc. Lig-
nin is not so useful as cellulose at pres-
ent, but therc is little doubt that valu-
able products will be made from it.

Besides cellulosc and lignin, wood
contains a small quantity of different
substances—starch, fats, sugar, resins,
tannins, and many others—and is liter-
ally saturated with water.

About 10 percent of the wood mass
of a tree is found underground in the
form of roots. The root system of a
large trce is enormous. The total length
of all roots of a big sprcading oak trce
amounts to many hundreds of miles.
The function of the root is to provide
water and mincrals for the tree and
to anchor it sccurely to the ground. It
is important to keep in mind that the
roots are part of a living organism and
that they neced air, food, and water
for growing. Mistreatment of roots,
such as tramping the soil above them,
flooding them for long periods of time,
or burying them too deeply, will af-
fect the welfarc of the whole tree.

THE TREE COMES OF AGE. Our trce
gradually becomes taller and broader,
and in the coursc of time it rcaches ma-
turity. The complicated mechanism
functions with the precision of a ma-
chine, and its many vital processes are
well coordinated. Some of the proc-
esses, such as respiration or digestion
of fats, are strikingly similar in both
plants and animals. Others, as mineral
nutrition, arc found only in the plants.

LET Us coNsIDER first the process
of photosynthesis—that is, the build-
ing with the encrgy of light. In this
process, organic matter is formed liter-
ally from thin air and water. The air
contains minute amounts of carbon di-

oxide (0.03 percent by volume or three
parts in 10,000 parts of air). Through
millions of small pores, or stomata, on
the leaf surfaces, air penetrates the
lcaves and gives up about 10 percent
of its meager supply of prccious car-
bon dioxide to the trce. In the leaf
cells arc found small particles called
chloroplasts; these contain a grecn sub-
stance, chlorophyll, similar in structure
to the hemoglobin of the blood. In
fact, in reflected light chlorophyll ap-
pears not green but blood red.

Carbon dioxide unites with the
chlorophyll and in a chain of rcactions,
regulated by thc enzymes, it combines
with oxygen and hydrogen of water to
form sugar. An cxcess of oxygen is re-
leased in this process. The encrgy that
is needed for transformation of carbon
dioxide and water into the organic
substance (sugar) is supplied by sun-
light. Only about 1 percent of the solar
encrgy that falls on a leaf is used for
photosynthesis. The sugar formed in
the process of photosynthesis is dex-
trose. From it 95 percent of the body
of the trce is ultimately made by a
series of complicated reactions. Dex-
trose may be converted into other
sugars or it may be combined with
nitrogen to form the amino acids, the
building blocks from which proteins
arc made and on which all life, both
plant and animal, depends. Part of the
dextrosc is also used for other purposes,
such as conversion into starch, fats, and
other substances.

The most favorable conditions for
photosynthesis are mild temperatures
(about 70° F.) and diffused, modcrate
light. On hot, bright, summer days the
cfficiency of photosynthesis goes down.
An ample supply of water is essential.
When the soil is dry and not enough
water is delivered to the crown, the
rate of photosynthesis declines. Fer-
tility of the soil is also important, for
the building of the tree body requires
an ample supply of mineral clements.

Respiration is another life process.
Like other living organisms, a tree must
respire. The process of respiration
consists of oxidizing (burning at low
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temperature) dextrose sugar; although
some energy is lost as heat, most of the
energy released during the process is
used by the organism for its vital proc-
esses. Thus sugar is a source of energy
for a trec just as it is for a football
player. The chemical reaction of res-
piration is a reversal of the chemical
reaction of photosynthesis, as scen from
the following scheme:

pHOTOSYNTHESIS: Carbon dioxide
+water+encrgy expended—dextrosc

+oxygen;

RESPIRATION: Dextrose +oxygen—
carbon dioxide+ water+cnergy re-
leased.

In daytime both photosynthesis and
respiration occur at the same time.

Oxygen liberated in photosynthesis is
used for respiration, while the carbon
dioxide exhaled by the tree is used in
photosynthesis. As photosynthesis is a
morc intensive process than respiration,
during a normal day an cxcess of oxy-
gen is climinated and an excess of
carbon dioxide is absorbed by the tree.
When, under adverse conditions, day-
time respiration is morc intensive than
the body-building photosynthesis, the
tree loses weight instcad of gaining. At
night, because of the absence of light,
photosynthesis is at a standstill, but
respiration continucs—just as in hu-
mans, oxygen is taken in and carbon
dioxide is climinated. Respiration is
going on at all times in all living cells,
in the leaves, the roots, and in the stem
and bark.

While photosynthesis has its opti-
mum in cool days and decreascs when
the weather becomes too hot, respira-
tion does not have such an optimum.
The warmer it gets, the more intense
is the respiration. Respiration is less
scnsitive to the lack of water than
photosynthesis; that is why during
droughts, when photosynthesis stops,
respiration still continucs and causes
great harm to the tree. Inside temper-
atures of 120° to 130° F. are deadly.

NrTrOGEN is nceded by a trec for
making its proteins. Without proteins
a cell cannot grow and cannot divide.

Gencrally speaking, an abundance of
nitrogen promotes vegetative growth
of a trece. Animals have no capacity
for producing proteins from nitrogen;
they depend on plants for the needed
proteins.

A trce has the capacity to absorb
inorganic nitrogen and with it to make
its own proteins. Although four-fifths
of the air consists of nitrogen, less than
1 percent of the clement is found in the
wood of a tree. And to get that little
bit of nitrogen is an extremely diffi-
cult task for a tree. Nitrogen as found
in the atmosphere cannot be used by
the tree; it has to be converted into
ammonia or into nitratcs and only in
this form (mostly as nitrates) can ni-
trogen be absorbed by the roots. Let
us scc how a trce manages its nitrogen
economy.

Traces of ammonia are found in
the air, and some of the nitrogen oxide
is formed there, cspecially after thun-
derstorms. These substances are car-
ricd by the rain to the soil, but their
quantity is altogether too meager to
contribute much to the nitrogen nutri-
tion. A few trees, such as the locust or
alder, have on their roots nodules
formed by bacteria that arc capable of
assimilating nitrogen from the air and
converting it into nitrates, but most
trees have no nitrogen-fixing nodules.
There are free bacteria that live in the
soil and can usc atmospheric nitrogen.
But these bacteria are not abundant
and they like warmth, so that in cooler
climates they are not active. Fallen
leaves, if not burned, contain some
proteins. These proteins arc gradually
decomposed into amino acids, ammo-
nia, and cventually into nitrates. But
fallen lcaves contain only about 1 per-
cent of nitrogen—slightly more in the
hardwood lcaves and slightly less in
pinc needles.

Animals waste a great deal of ni-
trogen, which they obtain from the
plants. Fur, hair, nails, and skin, be-
ing made of protcins, contain nitrogen
that cannot be used again by the or-
ganism. Large amounts of nitrogen are
eliminated by the animals as waste.
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Trees, however, are frugal with their
nitrogen. They do not waste it, but usc
it over and over. A tree that is well
supplied with nitrogen has lush, dark-
green foliage, and its growth is luxu-
riant—a tree deprived of nitrogen is
stuntcd and its lcaves are pale green.
An overdosc of nitrogen is also bad
for a tree. Conditions of nitrogen ex-
cess arc cxtremely rare in nature, but
might occur occasionally, for instance,
in a tree grown in a chickenyard
where supply of nitrogen is in excess.

How can you help a tree in its ni-
trogen nutrition? Growing nitrogen-
fixing legumes, such as clover, near
your trces will enrich the soil with ni-
trogen. The addition of leafmold to
the soil would serve the same purpose.
Remember, too, that removing or
burning fallen leaves from around the
trees deprives the trees of the much-
needed nitrogen. If burning or remov-
ing must be done, it is wise to replacc
the loss by applying some nitrogen
fertilizer. One word of caution in
feeding trees with nitrogen. Nitrate
fertilizers are leached rapidly from the
soil; they are not absorbed by the soil
as readily as, say, the phosphates. It is
advisable therefore to add nitrates in
small quantity and often, rather than
to apply a large quantity at one time.

In applying fertilizer one should
keep in mind that trees do not grow so
fast as ficld crops, and thus their de-
mand for nitrogen and for other nu-
trients is comparatively small.

BEesIDES 0xYGEN, hydrogen, carbon,
and nitrogen, which are obtained from
water and air, for proper functioning
a tree nceds several other clements,
which it obtains from the minerals
found in the soil.

Some of these mineral elements—
potassium, phosphorus, and calcium—
are needed in relatively large amounts.
Other elements—magnesium, sulfur,
and iron—are needed in relatively
smaller quantities. Still others, called
trace elements—such as manganese,
copper, zinc, boron, or molybdenum—
are necessary only in minute quantities.

The nced even of major elements is
very small indeed. The total amount of
the mineral elements in dry wood is
less than onc-half of 1 percent, and the
nced for the trace clements is so small
that generally they are found in suffi-
cient quantity in any soil.

Occasionally therc may be a com-
plete absence or too small a supply of
the trace clements in a particular soil.
In that case, a tree will not grow prop-
erly unless the lacking eclement is
introduced. Great care should be excr-
cised not to apply too much of the
trace clements, lest great damage be
donc to the tree. For instance, while
potash or phosphorus may be added to
soil at the rate of, say, 1,000 pounds an
acre, about 5 or 10 pounds an acre of a
tracc element is cnough. More than
that might be harmful to the trees. A
specialist should be consulted before
any trace clement is added to the soil.

When wood is burned, all these and
many other elements arc found in the
ashes, but some sulfur and phosphorus
and all nitrogen are lost in smoke.
Twenty-scven elements, including sil-
ver, titanium, and nickel, are found in
the ashes of white pinc. That does not
mean that all these elements are neces-
sary for the life of the tree. Some min-
crals that may be found in a tree, such
as common salt, apparently are not
nceded for its proper functioning.
Thesc arc absorbed by the roots sim-
ply because they happened to be in
the soil; the tree has no way of telling
the useful mincrals from the useless
or even harmful ones. For cxample,
arsenic, though very poisonous to
the trce, is as rcadily absorbed as
phosphorus.

Mineral clements are needed by a
tree to perform various vital func-
tions. Phosphorus is found in some
plant proteins; seeds and growing
points are especially rich in phospho-
rus. Lack of phosphorus often mani-
fests itself in purpling or bronzing of
foliage, which is easy to detect. Sulfur
also enters into the building of certain
proteins. It is well distributed through-
out the plant. Calcium apparently is
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somchow involved in the carbohydrate
translocation. It enters into the con-
struction of the ccll wall; crystals of
calcium oxalate arc found often in the
tissues of plants. Magnesium is a con-
stituent of the chlorophyll molecule. It
is also probably related to fat forma-
tion and to the synthesis of some pro-
teins, Potassium is especially abundant
in young growing parts of the tree; it
has something to do with synthesis and
translocation of sugars; in the absence
of potassium, cells do not divide. Iron
is needed to keep the tree green. Iron is
not a part of the chlorophyll molecule,
but without it chlorophyll cannot be
formed. Iron is also needed in respira-
tion. Generally, there is enough iron in
any soil, but sometimes in alkaline soils
it is found in an insoluble statc. Iron-
deficient trces lack the healthy color.

The physiological role of minor cle-
ments is little known, but symptoms
of their deficiency are pronounced. At
present our concept of the physiology
of plant nutrition is in the process of
revision. With the recent advances of
nuclear physics, it is possible to preparc
radioactive mincral salts. “Tagged”
radioactive phosphorus or potassium
can be followed as soon as it is ab-
sorbed by a plant; it can be traced to
its destination and its function in plant
life can be determined.

WATER IS CONTAINED in all tissues
of a tree, both dead and alive. Young
leaves or tips of roots contain up to
90 percent of water; tree trunks con-
tain as much as 50 percent. Water is
indispensable to the tree. All living
processes take place in water. Sugars
are built from carbon dioxide and
water. Mineral nutrients are carried
from the soil to the top of the tree
in a stream of water. In the spring the
organic materials in the form of sugars
and amino acids are rushed in a strcam
of water from their places of winter
storage to the bursting buds.

And there is the dramatic process
called transpiration. In that process,
water is absorbed by the roots, pushed
into the sapwood, and then pulled up

to the leaves (as high as 350 feet in
redwood) above the ground. The en-
ergy nceded for transpiration, as for
photosynthesis, is supplied by the sun.
About onc-half of the solar energy
falling on a leaf is used for transpira-
tion. Through the same openings (the
stomata) that admit carbon dioxide to
the inncr tissues of the lcaf, the water
is evaporated to the atmosphere, and
this evaporation creates a tremendous
pull on the minute, continuous strands
of watcr in the sapwood and thereby
causes a movement of water from the
roots to the trectop. There is no such
process in the trec as circulation of
the sap similar to circulation of the
blood in animals. Only a trifle of water
is transported from the crown down-
ward and comparatively little is re-
tained by the tissues. The terms “the
sap is up” and “the sap is down” are
not corrcct and are mislcading.

The formation of 100 grams of cellu-
lose requires 55 grams of water. But
while a tree increascs its weight by 100
grams, it loses in transpiration ncarly
100,000 grams (that is, 1,000 times
morc) of water.

Transpiration brings water from the
soil to the leaves so that photosynthesis
can be carried on. To enter through the
ccell walls, carbon dioxide must be dis-
solved in water. The surface of the
chlorophyll containing cells must be
moist at all times.

The lcaves have a water-regulated
mechanism that permits a tree to shut
off the stomata and thus prevent loss
of water. But the very same stomata
have to be open in order to admit
carbon dioxide for the photosynthesis.
When stomata arc open, the tree loses
water; when they are closed, the trce
cannot assimilate carbon dioxide. A
balance bctween the two processes
must be maintained by the tree.

The stomata open their little shutters
early in the morning. At noon they
begin to close, and just before sunset
they are closed tight for the night. In
some trees, stomata may open at night.
During excessively hot and dry days
the stomata are open only for a short
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time in the early morning and then
close for the rest of the day. Under
these conditions the tree cannot make
much sugar from the carbon dioxide.
What can a man do to help a tree
in its water economy? Not morc than
to supply it with water by irrigation,
by preserving the natural mulch on the
ground and thus reducing cvaporation
from the soil, and by not planting trees
too close to each other or exposing the
shade-loving trees to full sunlight.

THE PHYSIOLOGY OF GROWTH is
this: Through the process of photo-
synthesis and with the help of nitro-
gen and the mineral elements, the tree
builds up its body. In some trees, such
as the giant sequoias, as much as 50,-
000 cubic feet of organic matter,
mostly wood, may accumulate in this
way. But the growth of a tree is not
merely an accumulation of organic
mattcr. Growth is an involved physio-
logical process, in which the use of
building materials is regulated by the
growth substances or hormones.

Growth of a tree is retarded if min-
cral nutrition is held at a minimum
and water is withheld. This is the meth-
od used by the Japanese in dwarfing
trees; some of their dwarf trees, grown
in small pots, may be several hundred
years old. In fact, any pot-bound young
tree is checked in its growth and thus
is more or less dwarfed.

Growth of the trec depends not only
on the correlation of its physiological
functions but also on external factors
like temperature, light, and moisturc.
Within a certain range, an increase of
temperature of 18° F. nearly doubles
the rate of growth of plants; but when
temperatures are either too low or too
high for a proper functioning of the or-
ganism, many disturbances may occur
in the tree. In that case the growth of
the tree is retarded, and although life
may still continue there is no coordina-
tion between the different vital func-
tions. The tree ceases to grow. The
optimum temperature for growth is not
necessarily the same as the optimum
temperature for general development

of the plant. Many trees need a low
temperature period for their normal
development; when this cold period is
eliminated, they do not grow.

Light must also be available in the
proper amount and quality. When light
is lacking, the trce cannot manufac-
turc organic matter and will eventually
die. Light also rctards the growth of the
trce. In the dark, the shoots grow
faster than in the light. In yellow and
red light, the plant can assimilate car-
bon dioxide very well, but the plant
does not develop normally—it behaves
as if it were growing in the dark. For
normal devclopment a trce needs, be-
sides yellow and red light, the bluc,
violet, and ultraviolet rays of the sun.
Those rays are not nceded for photo-
synthesis, and their action on the
growth is that of rctardation. The blue
end of the spectrum is needed by a
tree for formative purposes.

When a tree is bent by some me-
chanical force, such as the wind, its
normal growth is disturbed. On the up-
ward side of the tree, the newly formed
cclls of the sapwood are stretched; on
the lower side, they are compressed.
This distortion of the wood structure,
due to pressure, is often noticed in our
conifers. Where a pressure is applied,
there is formed so-called compression
wood, which lowers the quality of lum-
ber manufactured from such wood.

In a temperate climate, trces show
an annual periodicity of growth. The
annual shoot completes its growth early
in the season, say at the end of June.
By that time, in many forest trees, all
cell division for the next ycar’s growth
is completed in the bud. This means
that the next year’s growth pattern of
a trce is determined almost a year be-
fore—all microscopic flower buds are
set; all microscopic leaf buds arc
formed. The next season the growth
takes place mostly by elongation of
the bud cells prefabricated in the pre-
vious year. Growth in diameter takes
place throughout the summer by divi-
sion and enlargement of cambium cells.

A long time before cold weather sets
in, the tree has already completed its
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scasonal growth; it prepares for the
winter. Evergreen trecs retain their
{oliage for winter, but deciduous trecs
act differently. They remove much of
the nutrient matcrial from the leaves;
then a peculiar physiological process
(abscission) of the leafstalks causcs the
lcaves to drop. The tree is in a decp
rest now and can withstand a great
deal of cold. An unusual warm spell in
late winter or carly spring, however,
may cause buds to open—subscquent
cold may kill them. Sometimes a north-
ern trce transplanted in the South
might open its buds too early in the
spring and suffer from a later frost.

RepropucTION is possible when the
trce rcaches its physical maturity.
The sexual reproduction of trees is
basically similar to that of animals. In
plants, reproduction manifests itself by
the appearance of male and female
flowers, which may be bornc cither on
scparatc trces, as in cottonwood, or on
the same tree, as in pine, or even com-
bined into a perfect flower, as in the
magnolia.

Pollen of the male flower fertilizes
the ovule of a femalc flower, which
then develops into the seed. The whole
process of reproduction involves set-
ting of flower buds, devclopment of
the male and female flowers, pollina-
tion, and development of the sced and
fruit. Each process depends on internal
as well as external conditions.

In annual plants, the reproductive
stagc means subscquent death; the
plant dics as soon as the seed is ma-
tured. In trees, production of seed is
continued for many years. In a trce
there is a dclicate balance between
vegetative growth and reproduction.
If a tree grows too fast, it will not pro-
duce much fruit or sced. The repro-
ductive stage is gencrally rcached when
a trec begins to slow down its most
vigorous height growth.

The accumulation of carbohydrates
is conducive to the flowering, while the
abundance of the minerals, cspecially
nitrogen, promotes growth at the ex-
pense of reproduction. The proper bal-

ance between organic and mineral nu-
trition and the possible formation of
flowering hormones occurs in the tree
only after a certain stage of maturity
has been reached. After that, a tree
begins to produce seed, but not neces-
sarily every ycar. Sced bearing is a
taxing proccss. Much material and
much energy arc required for it. Many
trees have periodicity of sced years,
and the intervals between the gnod
seed years vary in the different trees.
Again, this periodicity apparently de-
pends on a definite combination of
nutritional and external factors. As the
flower buds arc sct during the previous
summer, the weather conditions of the
last year have a lot to do with the
flowering. Dry, warm weather gencr-
ally is favorable for sctting flower buds.
Weather conditions prevailing during
pollination and the development of
pollen grains are also of importance. A
great dcal of light is nceded for flower-
ing. Trees grown in the open produce
flowers and sced in profusion and much
earlier than trees that are grown in the
shade. Abundant sunshine at the time
of setting flowering buds also con-
tributes to the sced crop the next ycar.

The cffect of photoperiod, or day
length, discovered in 1920 by W. W.
Garner and H. A. Allard of the United
States Department of Agriculture, is of
great importance in flowering of trees.
Some trees flower only when the days
arc short, while others bloom when the
days are long. A northern tree that was
growing under the long-day conditions
may not bloom if moved to the South,
because the summer days of the new
home are too short for it. If, say, a strect
lamp provides that extra nceded light,
a northern tree may burst into bloom
even in a short-day country.

Certain chemical substances, such
as ethylenc, arc known to break the
dormancy of plants. If your lilac bush
uncxpectedly bursts into bloom earlier
than usual, it might be because you
had burncd some fallen leaves or clip-
pings nearby and the smoke supplied
cnough ethylene to awaken the dor-
mant flower buds.
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Sexual reproduction of trees plays
an important part in the development
of the diversity of our trces. By com-
bining characters of the pollen parent
with those of the seed parent, new com-
binations are formed, some of which
may be very valuable. But scxual re-
production is not absolutely necessary
for trees; many of them can be repro-
duced by vegetative means—cuttings,
grafting, and budding.

OLD AGE comes to trees, as to all

other living organisms. The span of -

life of a tree is specific. Gray birch is
old at 40. The sugar maple lives longer,
up to 500 years. Some oaks may live
1,500 years, junipers 2,000 ycars. Some
of the giant scquoias are believed to
be about 4,000 years old. Old trees are
like old people—the infirmities of age
are upon them. They have difficulty
with respiration (its rate in old plants
is much lower than in young plants) ;
the annual shoots are not so vigorous
as they once were, and the weakening
cambium activity is reflected in the
formation of fewer and fewer wood
cells. Hence, the annual rings become
narrower. As the rate of growth of
the tree decrcases, dead branches ap-
pear in ever-increasing numbers. The
recuperative capacity of an old tree is
impaired, and its wounds do not heal
over so easily as before. The leaves be-
come smaller; their moisture content
decreases; the tree finds it more and
more difficult to provide water for its
vital functions; the inflow of food to
the growing points drops; and the
growth hormones probably cannot be
transported in large cnough quantity to
the places where they are necded.

Causes of death of a tree may be
numerous and are often difficult to
diagnose. When a tree is broken by
snowfall or uprooted by wind or killed
by fire, the cause of death is evident.
But often the cause is rather obscure.
Sometimes lack of water may cause
death of the tree, and again trees
weakened by drought may fall prey to
an insect or fungus attack.

Fire is an archenemy of trees. Its

direct effect on trees is obvious enough.
But there is also an indirect effect:
Heat may injure patches of succulent
inner bark of the tree trunk. Fermen-
tation may casily start in these places
and attract insects. The smoke of a
fire contains some physiologically ac-
tive gases—cthylene, for example, or
acetylene. The gascs may cause the
opening of the dormant buds prema-
turcly, thus exposing them to frost
damage and contributing to the gen-
cral weakening of the trec.

When a tree dies, its death almost
always can be traced to some external
causc—cold, fire, drought, insects,
fungi, or malnutrition. Some of these
causes arc beyond our control. Others
can be prevented. By taking good care
of the tree, one can prolong its lifc. The
tree should be well provided with
water and light and be well nourished,
or at least not deprived of nutritive
substances. A healthy trec will resist
attacks of insects and diseases; it will
develop a large crown and a strong
root system; and it will withstand the
action of the wind.

If a tree is treated as a living organ-
ism, with an understanding of its vital
functions, it will be a constant source
of profit and pleasure to men.

N. T. Mirov is plant physiologist of
the Institute of Forest Genetics, which
is a branch of the California Forest and
Range Experiment Station, maintained
by the Forest Service in cooperation
with the University of California, in
Berkeley. He holds a master’s degree in
forestry and a doctor’s degree in plant
physiology from the University of
California.

The attention of the reader is di-
rected particularly to later chapters and
sections that relate to Dr. Mirov’s sub-
ject, including the bibliography (For
Further Reference) at the end of the
book; Pointers on Planting, by T. E.
Maki; First the Seed, Then the Tree, by
Paul O. Rudolf; Direct Seeding of
Trees,by W. E. McQuilkin; The Com-
munity of Trees, by Jesse H. Buell.
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DETAILS OF SEEDS

Above: A pine seed: A4, seed with wing;
B, detached wing; C, cross section of a seed
showing embryo (#) surrounded by an
endosperm (b), which is filled with storage
food, and in turn surrounded by the seed
coat (¢); D, excised embryo with a tuft of
seed leaves.

Opposite: A dewinged Douglas-fir seed
in cross section.

Below: Seeds of several types: A, white
fir, dewinged seed, borne in cones; B, silk-
tree, seeds borne in pods; C, common
spicebush, seeds borne in fleshy drupes;
D, common buttonbush, 2 to 4 nutlets
borne in dry, podlike fruits.




II

SOME TREES ARE FAMOUS

CHARLES E. RANDALL

Some trees, like some persons, be-
come famous. In every scction there
are trecs that have the estcem of local
people because of their associations
with notablc persons or events or be-
cause of their great size or age. Some
of the trees that figured prominently
in the early history of our Nation have
become national shrincs.

Trees are natural landmarks and
mcmorials. Because they have more
than the allotted life span of man, they
carry their associations through gener-
ation after generation. There are trees
still living that were planted by the first
President of the United States. There
are trees that have been immortalized
by poets and artists. There are trees
with special religious, esthetic, or sen-
timental associations. Therc are trees
that are respected as the oldest living
things on earth.

Almost as numerous as the places
where George Washington is reputed
to have slept are the trees associated
with him. Living trees planted by
Washington or under his direction at
Mount Vernon include some tuliptrees,
buckeyes, elms, pecans, hollics, lindens,
hemlocks, and mulberrics. Two pecan
trees on the lawn near the mansion at
Mount Vernon, grown from nuts given
to Washington by Thomas Jefferson in
1775, are said to be the oldest trees
now standing on the estatc. Washing-
ton and Jcfferson were kindred spirits
in their love for trees, and the “Jeffer-
son Pecans” are a living illustration of
this congeniality.

The Washington Elm ncar the Sen-
ate wing of the United States Capitol
in the District of Columbia survived
until 1948. Under it, the first Presi-
dent was said to have watched the
construction of the Capitol.

The Washington Friendship Tree, a
horsechestnut, at Bath, Pa., is said to
be a memorial to the friendship ex-
isting between Washington and Gen.

Robert Brown in Revolutionary days.
On onc of General Brown’s visits to
Mount Vernon, when peace had come,
Washington dug from his garden two
young horsechestnuts and presented
them to his friend, who carried them
on horscback into the hills of Pennsyl-
vania and planted them at his home at
Bath. Onc of the trees still lives.

Charleston, in South Carolina, has
its Washihgton Live Oak. The story
goes that when George Washington
visited Charleston in 1791 he was a
breakfast guest in the beautiful planta-
tion home of the Pinckney family. He
heard the mistress of the household
order her gardener to cut down the oak
tree that obstructed the view from the
new portico. Washington, the tree
lover, expressed the wish that the tree
should be spared. It was.

There were many other “Washing-
ton trees.” One of the most famous
was the Washington Elm in Cam-
bridge, Mass., under which the leader
of the American Revolutionary Forcces
assumed command in 1775. The trce
is now dead, but its true descendants
arc growing on the campus of the Uni-
versity of Washington in Seattle and
in the Arnold Arboretum at Jamaica
Plain in Massachusctts. (Incidentally,
some supposedly pedigreed cions of
the Cambridge clm have been planted
that werc found to have a bar sinistcr
on their escutcheon. When a forester
inspected them a few years ago, all
proved to be either English or Scotch
elms and not the native American elm,
and so could not be descendants of
the historic tree. Somebody distributed,
at fancy prices, plants or seed that
were misrepresented as being from the
original Washington Elm.)

And the John Quincy Adams Elm,
planted on the White House grounds
during the administration of President
Adams, the great beech and other fine
old trees on the estate of President
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James Buchanan near Lancaster, Pa.,
the Grant Elm planted by President
Grant in 1870 on the lawn in front of
Woodstock Academy in Connccticut,
the six tall hickories flanking the tomb
of Andrew Jackson and his good wife,
Rachel, at the Hermitage near Nash-
ville, Tenn., and the Lincoln Oak at
Lincoln’s birthplace at Hodgenville,
Ky., are examples of the many trees as-
sociated with Presidents of the Nation.

Many other trees have been asso-
ciated with notable persons: The an-
cient oak at Crockett, Tex., under
which David Crockett was said to have
camped during his journey from the
Statcs to help Texas in its struggle for
freedom from Mexican rule; the Buf-
falo Bill Elm, ncar Le Claire, Iowa,
under which William F. Cody played
when a boy; the giant hemlocks in
Germantown, Pa., which, according
to tradition, were planted by William
Penn; and the horsechestnut at Strat-
ford-on-the-Potomac, Va., mentioned
in Gen. Robert E. Lee’s diary as hav-
ing been planted by his mother, Anne
Carter Lee.

The lovely Charter Oak, in Hart-
ford, Conn., was a famous historical
shrine in carlier days. The charter of
the Connecticut Colony, granted by
King Charles IT in 1662, was supposed
to have been hidden in the oak by a
patriot when Sir Edmund Andros de-
manded its surrender in 1687, at the
command of King James II. The
charter served Connecticut as a con-
stitution from 1662 to 1816 and con-
veyed to the Colony all the land “from
the said Narragansett Bay on the east
to the South Sca on the west.” When
the tree blew down in 1856, the hole
that conccaled the charter had been
enlarged enough to hold 25 men, so it
was said. Pieces of the wood were made
into gavels, picture frames, and chairs;
onc of the chairs stands in the senate
chamber of the Statc capitol.

A number of Indian trail trces may
still be found at various placcs in the
Mississippi Valley. The trees were
bent over when they were small sap-
lings to mark an Indian trail, and for

that reason often have several upright
branches growing from the horizontal
trunk. A good example of an Indian
trail trec has becn preserved and
marked by the Daughtcrs of the Amer-
ican Revolution in Evanston, Ill.

Many trees arc famous in literature.
The Evangclinc Oak at St. Martinville,
La., marks the place where the Aca-
dians, driven from Nova Scotia, landed
in 1758. It wasimmortalized by Long-
fcllow’s famous poem. Under the
boughs of the Lanicr Oak at Bruns-
wick, Ga., the southern poct, Sidney
Lanier, was inspired to write “The
Marshes of Glynn.” A tree since
known as “Whittier’s Pine Tree,” ncar
Sunset Hill, N. H., was namcd the
“Wood Giant” by Whittier. The
“Great Elm of Concord” in Massachu-
setts was beloved of Emerson, Haw-
thorne, and Thoreau. A tree in Wise
County, Va., was made famous by John
Fox, Jr., in his novel, The Trail of the
Lonesome Pine. The trcc in Tuo-
lumne County, Calif., under which
Mark Twain wrote The Jumping Frog
of Calaveras County, which made him
famous overnight, was known as the
“Mark Twain Oak” until it was felled
in 1929. Many other trees can be
found that are associated with Ameri-
can authors, or that have a place in
American litcrature.

Many trees of historical or senti-
mental interest have been destroyed or
have suffered from ncglect. Many
others have been preserved through the
efforts of civic organizations or inter-
ested local citizens.

In Norfolk, Va., Memorial Oak, a
tree that is believed to antedate the
city itsclf, was purchased jointly by the
city and the Garden Club of Norfolk
in 1923 and dedicated as a memorial
to the sons of Norfolk who died in the
First World War.

In McAlester, Okla., a lone pine
stands in the middle of a wide street,
protected by fence and concrete curb-
ing. It is an example of the many
favorite trees that a trec lover or civic-
minded group saved by changing road
locations or building plans.
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An Indian trail tree, a white oak in High-
land Park, I1l. The tree took root at a point
of secondary contact with the ground and
continued to grow with two sets of roots.

In Athens, Ga., was the “Oak that
Owned Itself”—“for and in consider-
ation of the great love I bear this
tree,” its owner, William H. Jackson,
willed to it entirc posscssion of itself
and of all land within 8 feet of the
tree on all sides. The dced, dated 1820,
is recorded in the office of the town
clerk.

There are freak trees, intcresting as
curiosities, such as the old elm in Ham-
burg, Conn., that grew around a grave-
stone; the G-trees of Biloxi, Miss. ; the
Lyre Trec, an elm of freak growth in
Livingston, N. J.; the Cannibal Tree,
a Douglas-fir that entirely enclosed an
oak in Oregon; and the trees that
started from secd and grew for many
years on the top of the courthouse
tower in Greensburg, Ind.

Dane County Village, ncar Madi-
son, in Wisconsin, has a Forest of Fame,
in which trees have been transplanted
from the homes of many Presidents of
the United States, famous generals, and
personages associated with religion,
science, music, and commerce, and
from historic places such as Sherwood
Forest in England. The Forest of Fame
was started by John S. Donald, a pro-
fessor in the University of Wisconsin.
The first trees, from George Washing-
ton’s home at Mount Vernon, were

planted by Professor Donald on Arbor
Day, 1916.

Among the trees that are of special
interest to many tourists arc the Japa-
nese cherry trees in Washington, D. C,,
and the Mile of Christmas Trees in
Pasadcna, Calif. The awec-inspiring
coastal redwoods and the giant se-
quoias of the California Sierra are
visited by pcople from all parts of the
world.

I have written about only a few of
the notable trees, living and dead, for
which Americans have a special fond-
ness. Still to be mentioned are the trees
for which I (and millions of Americans
like me) have a particular affection, al-
though they have no connections with
Presidents or history and it is only our
ncighbors and friends that come to ad-
mire them. They are the trees in our
own yards. For us they are reminders
of how close trees arc to our lives, of
the words that I am told appcar on a
sign at the entrance to a public park in
Portugal:

“Ye who would pass by and raise
your hand against me, harken ere you
harm me. I am the heat of your hearth
on the cold winter nights; the friendly
shadc screening you from the summer
sun; and my fruits are refreshing
draughts quenching your thirst as you
journcy on. I am the beam that holds
your house, the board of your table,
the bed on which you lic, and the tim-
ber that builds your boat. I am the
handle of your hoe, the door of your
homestcad, the wood of your cradle,
and the shell of your coffin. I am the
gift of God and friend of man.”

CuARLES E. RANDALL is a native of
California and a graduate of Stanford
University and George Washington
University. After teaching in Oregon
State College, work on ranches, news-
paper work, and participation in a tree-
disease survey in western forests, he
joined the Bureau of Plant Industry,
Soils, and Agricultural Engineering as
a junior forest pathologist. In 1927 he
entered the Forest Service as an editor
and writer,
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The General Sherman Bigtree in the Sequoia National
Park, California
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TREES REMEMBERED AND REMEMBERING

G. HARRIS COLLINGWOOD

Long before Maine became known
as the Pine Tree State, before the men
who accompanied De Soto complained
of Florida as “‘cumbersome with woods
and bogs,” before Columbus and his
intrepid crew from three little wooden
ships knelt in reverent thankfulness on
the shores of San Salvador Island in
the Caribbcan Sea, before Leif Ericson
and his Norsemen set sail {rom the
North Atlantic coast of an uncharted
continent with a cargo of timbers for
Greenland, there were, among the
seemingly limitless forests of what is
now known as North Amecrica, many
of thc same giant sequoias that now
tower above their giant associates in
isolated areas of thc western slopes of
the continent. Today, after more than
three centuries of exploitation and de-
velopment, few other trees are stand-
ing that may be said to “remember”
any of those adventurous cxplorers.
The sequoias could recall them all.

Were Columbus and his crew to re-
turn to see what has happencd to the
ncw land they discovered 457 years
ago, they might find among perhaps a
dozen varieties of trees some indi-
viduals that were standing when the
discovery was reported to their royal
patrons. These arc the hardy, long-
lived ones of more than a thousand
trec species that inhabit this country.

Along the cast coast a fcw of the
original southern cypress or the bald-
cypress still stand—but very few. Some
.of the biggest eastern hemlock could
probably look that far back, as could
also a few of the Carolina hemlock, in
isolated coves of the Great Smoky
Mountains. This is the tree that the
late Charles Sprague Sargent described
as America’s most beautiful conifer.
Among the broadleaved hardwoods
they would find early companions only
among the white oaks and post oaks,
with possibly a rare old sassafras trce.
Beyond the Great Plains, of whosc cx-

istcnce thosc cxplorers had not the
slightest shadow of information, they
would find a larger varicty and many
more individual trees.

Extensive forests of Douglas-fir in
Washington and Orcgon include trces
whose size in 1492 cxcceded that of
many present-day trces whose trunks
arc harvested and hauled to a sawmill.
Among them, extending in more or
less purc stands through British Co-
lumbia to the Alaskan coast, are larch,
Engelmann spruce, noble fir, western
redcedar, Sitka spruce, and Alaska-
cedar, whose size and growth rings at-
test their age. But the biggest trees
then, as well as now, were two varicties
of sequoia: Sequoia gigantea, the big-
trec or giant sequoia of California’s
high Sicrra, and Sequoia sempervirens,
the coast redwood, whose magnificent
fluted columns risc high into the Pa-
cific fog ncar the coast of northern
California and southwestern Oregon.

Those trces, and morc particularly
the two scquoias with their associates,
are part of an amazing heritage that
has contributed immeasurably to the
cconomy, political structure, and spir-
itual outlook of this Nation. The cx-
tent to which they and all other forest
trees can continuc to help support the
national welfare depends on the fore-
sight and cfforts of the men and women
who now inhabit this broad land.

During four ccnturies and more,
while man has pressed with accelerat-
ing force upon the natural rcsources
of the continent, forests that seemed a
cumbcersome burden to the early pio-
neers have becomce an asset whose con-
tribution is only beginning to be fully
recognized. As men and women jour-
neyed across the land, broke the soil,
and built towns, political needs made
neccssary division of the country into
States, cach with an identifying name.

Each State has characteristics, pecu-
liaritics, and resources that give rise to
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local pride, yet all have idcals in com-
mon and all bear allegiance to a cen-
tral government. The struggles and
strifc that resulted in this common al-
legiance revealed increasing depend-
ence upon trees. A few States early
identificd themselves by some of the
trces that were characteristic of their
arca. Eventually, there developed a
Nation-wide movement to designate a
typical tree for cach State—a mascot,
as it were.

Maine was carly dubbed the Pinc
Tree State, yet no single species of the
pinc has been officially recognized.
That was perhaps too obvious since it
could have been nonc other than
the castern white pine, whose clean,
straight boles had carly been sclected
by the King’s men to scrve as masts and
spars for the British Navy and so had
borne the blaze of the Broad Arrow.

Remembering her contributions to
the development of the great agricul-
tural and industrial Midwest during
the turn of the century, Minncsota
chose the same white pine for her em-
blem. Idaho chose the taller western
white pinc and has been vigorously
vociferous in claiming for that tree the
official name of Idaho white pinc.

Two Southern States bcar witness
to the fecundity of forests and the eco-
nomic importance of pincs in their de-
velopment. Alabama designated as
her tree the slash pine, a dual-purposc
trce. On it and the longlcaf pine, a
native also of Gceorgia, depends the
naval storcs industry which, until the
recent age of chemistry, was the source
of all our turpentinc and rosin. Ar-
kansas chose the shortleaf pine, her
most numerous of these southern lum-
ber producers.

Moving to the west, we find Mon-
tana has recognized the potential pos-
sibilities of the versatile ponderosa
pine, whose casily worked wood long
struggled under the name of western
yellow pine. Wyoming memorialized
the home-making cfforts of her In-
dians and accepted the lodgepole pine.
Other tribes of Indians were a strong
influence upon the sclection of New

Mexico and of Nevada. New Mexico
designated the pinyon pinc and Ne-
vada the singleleaf pinyon, whosc nut-
like sceds formed an important item
in the Indian diet.

Recalling the Gothic arch under
which General Washington reviewed
the Colonial troops at Cambridge, and
similar trees that grace her village
streets and country highways, Massa-
chusctts honored hersclf by singling
out the American elm.

The Charter Oak, whose cavity
played so significant and also so ro-
mantic a part in early Colonial his-
tory, was a whitc oak. So history may
be said to have made the decision
for Connecticut. White oak is also the
choice of Maryland, whose Wye Oak,
standing on her Eastern Shore, is said
to be America’s largest oak trce. Neigh-
boring West Virginia, remembering
that many families and industries de-
pend on her hcavy stands of hard-
wood forest, also chosc the whitc oak.
The scttlers who trckked west found
counterparts of those trees in the oak
openings of the prairies, and Illinois
chosc the “native oak,” the most com-
mon being the bur oak.

A swecet tooth and pride in the spe-
cial quality of a product for which
Vermont has long laid claim made the
maple her natural choice. To desig-
nate this sugar maple, hard maple, or
white maple is of little consequence,
for all are names for the same tree.
Whether New York chose the same
tree because of its annual crop of sirup
and sugar is a question. The children
of Wisconsin, by vote, have asked their
legislature to name the sugar maple as
their State tree, also. These States may
as logically have given weight to the
hard, firm, whitc wood, whose uscs
range from shoc trees to flooring, and
to the symmetry of the lcaves and the
brilliant autumn foliage.

The straight-grained, lightweight,
easily clcaved, and durable eastern
redcedar was cut and split into rails
and posts for many southern pioneer
fences. The first three of these qualities
later singled out the wood as peculiarly
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adapted for the wooden casings of
pencils, and the spicy odor added to
its desirability. But with thesc qualities
recognized, it was the durability of
the wood that permitted pencil makers
to use fence rails that had stood in
place for a generation or more. As a
result, many a Tennessee hill farmer
paid off the mortgage on his farm with
the cedar rails his father had cut. Small
wonder, then, that Tennessee citizens
voted to make castern redcedar their
State tree.

From southern New England to the
Gulf coast and west into the Missis-
sippi Valley grows a glossy-leafed giant
known variously as yellow-poplar and
whitewood, for its soft, even-grained
wood, and as tuliptree, for its orange
and ycllow blossoms. The lumber is
sought by cabinctmakers as well as
carpenters, and it has contributed to
homes and barns in the Middle West,
as it now contributes to many wood-
working industrics. So it is the natural
choice of Indiana and of Kentucky.

Utility may have vied with romance
when Louisiana and Mississippi chose
southern magnolia. The lumber from
magnolia contributes to the nced for
cven-grained, soft, easily worked hard-
wood, but the white blossoms against
the shiny green leaves are a lasting
memory of all who have enjoyed lifc
in the South.

Somec of the same love of beauty and
romantic fervor attributed to the South
may have influenced the people of
Virginia and North Carolina in their
choice of the flowering dogwood as
their State trce. Similarly, the pcople
of Oklahoma singled out the eastern
redbud or Judas-tree, those of Missouri
selected the Engclmann hawthorn or
the red haw, and Delaware chosc the
American holly.

History records that the Southern
soldiers were influenced in their cam-
paign against Gettysburg by thc hope
they would get shoes in that area. Few
may have realized that the shoemakers
had established themselves in Penn-
sylvania because of the seemingly in-
exhaustible forests of hemlock, whose
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bark yielded tannin with which to make
lcather tough for shoc soles. But Penn-
sylvania knew it and has since named
the castern hemlock as her State tree.
Farther west, the bigger varicty, west-
ern hemlock, has been sclected by
Washington.

Long before the movement for State
trees, Ohio was known as the Buckeye
State, but not all of her present citizens
have ever scen the Aesculus glabra, or
Ohio buckeye.

Strangely enough, despite the wide
range of growth of our American black
walnut, it was left to Iowa to accept
this trce, whosc lumber is thc most
costly of all common American woods.
Perhaps Iowa’s choice was partly for
lack of a wide choice of native trees.
It was still more likely that Kansas,
Ncbraska, and South Dakota for the
same rcason picked the cottonwood,
the trcc which the early scttlers cut
for wood for their homes and fucl
for their fires and the one they planted
to give solace to their souls. Likcwise,
North Dakota looked to her water-
courscs and shelterbelts to find the
green ash and claim it for her own.

In the Southwest, two States chose
trees that furnish food as well as wood.
Texas chose the pecan, whose nut crop
fattens hogs and helps fill the candy
bars of the Nation and whose lumber
is increasingly chosen for furniture,
flooring, and a host of uscs for which
a hard, rcsilient wood is nceded. Far-
ther west, Arizona accepted the honey
mesquite, whose flowers arc an impor-
tant source of honey, whose bean pods
are caten by cattle, and whose wood
is now directed to other uscs than to
feed a sheepherder’s campfire.

Utah and Colorado went into high
mountains and chose the blue spruce.

The sea-faring side of New Jerscy
may have influenced her acceptance of
Atlantic white-cedar whose light, dur-
able wood is prized by boat builders.

New Hampshire accepted the aro-
matic yellow birch, but Michigan, with
a long list of beautiful native trees
whosc lumber supported much of her
early economy, chose the apple. The



18 Yearbook of Agriculture 1949

wihvgtle

S

—ﬂ—-‘-'\l NN et T
.M.*fﬂ_‘;r;'-’j] Fa R et
I A Y .
o o i s v
5 ':l,;,lqﬁwy;‘.'-m, PO
,

apple is the only State tree not indige-
nous to the United Statcs, but it is
so widely planted and so important
to the prosperity of Michigan as to
secem natural to much of her landscape.
Florida and South Carolina chose
trecs of a comparatively unusual order.
In Florida, it is the cabbagepalm, and
in South Carolina, it is the same, but
they call it the cabbage palmetto.
The two tallest trces in America
grow on the Pacific coast and fortu-
nately are given recognition. Oregon
has selected the Douglas-fir and Cali-
fornia the redwood. Each is a giant.
Each is of great economic importance
to the State that has sclected it. Each
has a great future as management of
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. . part of an amazing heritage . . .

the stands of Douglas-fir and redwood
is dirccted by forestry.

Many of these State trees played
important roles in the building of
Amecrica. That this country has more
than a thousand other trec species
from which choices might have been
made indicatcs the wealth of our forest
heritage. Other choices may yet be
made, and some States may change
their selections. Such recognition fos-
ters the growing realization of man’s
dependence on trees. It is good that
it has been encouraged.

G. Harris CoLrLINGWOOD is the
author (with Warren D. Brush) of
the book, Knowing Your Trees.
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QUESTIONS AND ANSWERS

W. W. BERGOFFEN

What is the difference between
trees and shrubs?

There is no clear-cut distinction.
However, a tree is commonly defined as
a woody plant that reaches a height
of at least 10 feet, has a single stem,
and has a definite crown shape. A
shrub usually is less than 10 fect tall
and has scveral stems without a defi-
nite crown shape. Some specimens of
plant species may take the form of a
tree while others of the same species
may takc the form of a shrub—sumac
and willows, for example.

How many different kinds of forest
trees are there in the United States?
Precisely 1,182.

What is the largest genus of forest
trees?

Hawthorns; the genus Crataegus
comprises about 165 specics.

What is the largest genus of com-
mercial forest trees?

Oaks—about 60 specics, not count-
ing many hybrids and varietics.

What section has the most kinds of
trees?

The Southeast—Virginia, North
Carolina, South Carolina, Alabama,
Georgia, Tenncssee, Florida, Ken-
tucky, Mississippi—has at least half of
all the species in the country.

What State has the largest number
of different kinds of trees?

Florida has 314 species of native and
naturalized trees. Texas, Georgia, and
California follow in that order.

What State has the least number of
different kinds of trees?

North Dakota is almost treeless ex-
cept, for example, cottonwoods and
willows that grow along the streams.
That is no aspersion, however, against

that beautiful, happy State; North Da-
kota is a “grass” region; North Dako-
tans are as intcrested as anybody in
trces.

What is a “softwood”?

A name in gencral usc for trees of
the pinc family—thc conifers, or cone
bearers.

What is a “hardwood”?

A name in general usc for trees
belonging to families other than the
conifers—such as the oaks, maples,
hickories, and other broadleaf trees.

What is our most important com-
mercial forest tree?

In terms of volume of standing tim-
ber and value of products cut, Douglas-
fir is considered the most important
commercial tree.

In what kinds of trees in the United
States are males and females sepa-
rated?

The holly, persimmon, ash, juniper,
most maples, yew, and several of the
less familiar trces. In thosc cascs it is
cssential that both sexes be present to
obtain wecll-developed fruit and sced.

Can any trees reproduce without
fertilization?

Yes; ascxual reproduction has been
found to occur in scveral birches and
perhaps in other species.

What is the biggest living tree in the
world?

The General Sherman Bigtree in the
Sequoia National Park in California.
It is nearly 115 feet in circumfercnce
and 273 feet in height; its volume is
600,120 board feet.

What is the world’s tallest known
standing tree?
Founders Tree, a redwood in the
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Humboldt State Redwood Park near

Dyerville in California. It was 364 fcet
tall in 1947.

Are any living trees direct descend-
ants of fossil ancestors?

Yes; most familiar example is gink-
go, a native of China that is now
cultivated in the United States. The re-
cently discovered ‘“Dawn Redwood”
(Metasequoia), also of China, was at
first believed to be a “living fossil” but
recent indications are that it may be a
“surviving ancestor” of the well-known
American coast redwood. In 1948, Dr.
Ralph Chancy, of the University of
California, headed an expedition into
China to study the Dawn Redwood
and bring back spccimens and seed
of it. Scedlings and transplants from
China are growing at the University of
California as a result of his effort. A
league for the protection and prescrva-
tion of these trees in China has becn
founded and is being encouraged and
assisted by the “Save the Redwoods
League” of the west coast.

What is the oldest tree?

The oldest tree is probably onc of
the big giant sequoias in California,
variously estimated to be between 3,000
and 4,000 years old. The “Dragon
Tree” of the Canary Islands, which
was blown over in 1868, was estimated
to have bcen as old as the Great Pyra-
mid Cheops in Egypt—about 4,000
years old.

Do tree seeds all weigh the same?

Seed from conifers range from a half
thousand sceds up to ncarly a half
million to the pound. White pine sced
averages 27,000 a pound, for example;
red pine, approximately 52,000; black
spruce, 400,000; and Atlantic white-
cedar, 460,000 to the pound. Torrey
pine has about 500 seeds to the pound.

How large do pine cones grow?

The sugar pinc of the Pacific Coast
States produces the longest of pine
cones, some exceeding 20 inches in

length. The Mugho pine of Europe
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produces cones from less than 1 inch
to 2 inches long.

What is the difference between a
bigtree, or giant sequoia, and a red-
wood?

These trces are different species of
the same family and genus. Botani-
cally, the giant sequoia is known as
Sequoia gigantea, and the redwood is
known as Sequoia sempervirens. They
grow in diffcrent places. The giant se-
quoia is found only on the middle
slopes of the Sierra Nevada in Califor-
nia. The redwood grows only along
the Pacific coast, within reach of the
occan fogs, from Montercy County
northward to the Oregon line. The red-
wood has ncedlelike Icaves; the giant
sequoia has scalelike lecaves.

Is it a good practice to plant a new
tree for every one cut?

No. The use of a mcthod of cutting
that will assurc renewal of the woods
by natural rcproduction is generally
more cconomical and satisfactory. Na-
turc usually plants many times as many
trecs as man cuts, if man helps nature
by providing proper conditions on the
cut-over areas.

What kind of trees should I plant on
my land?

The safest rule is to plant trees that
grow naturally in your necighborhood,
because they are adapted to the local
climate and soils. Before planting any
cxotic—foreign or introduced—spe-
cies, consult your local forcster or nurs-
eryman to find out if it will grow on
your soil.

Can I get trees from the Government
to plant on my land?

The Federal Government does not
distribute trees free of charge. It does,
however, cooperate with the various
State forestry agencies in producing
and distributing trees for planting on
private lands. Applications to buy trees
should be made to the State forester.
Trees grown in the State nurseries are
sold at approximate cost of production.
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Ornamental trees, of course, can be
purchased from private nurscrics.

How can we start a community
forest?

Because community forests are pub-
licly owned, the first step is to get the
support of local authoritics who must
obtain title to the land—for a county
forest, the county board; for a mu-
nicipal forest, the mayor and his gov-
crning body; for a school forest, the
school superintendent. Enlist also the
support of other intcrested public-serv-
ice organizations. Work up a plan of
opcration to cover the sort of forest
desired as well as the type of develop-
ment and use. Appoint a forest board
to develop and manage the property.
Seck cxpert advice on forest manage-
ment from your local forester.

In planting, do the roots need spe-
cial care?

John Burroughs, the eminent nat-
uralist, wrote to the principal of a
school in Pennsylvania:

“I am glad to hear that your pupils
arc going to kecp Arbor Dayj; if you
can teach them to love and to cherish
trecs, you will tcach them a very val-
uable lesson. . . . Give the tree roots
plenty of room and a soft, deep bed
to rest in; tuck it up carefully with
your hands. The roots of the trce are
much more soft and tender than its
branches and cannot be handled too
gently. It is as important to know how
to dig up a trce as how to plant it. A
friend of mine brings quite large hem-
locks from the woods and plants them
on his grounds and has no trouble to
make them live. He docs much of the
work with his hands, follows the roots
along and lifts them gently from the
soil, and never allows them to dry.
The real feeders of the tree are very
small, mere threads; the bulky, mus-
cular roots are for strength; its life
is in the rootlets that fringe them, and
to let these delicate fceders dry, even
by an hour’s exposure to a drying air,
is to endanger the vitality of the trec.
By thc way, in your planting do not
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forget the hemlock. It is a clean,
healthy, handsome tree. Do not for-
get the ash, either, if only for the
beautiful plum-colored foliage in au-
tumn. Abovc all, do not forget the
linden or basswood, a trec generally
overlooked by our arborists. It is as
pleasing as maple in form and foliage,
and then it is such a friend of the
honey bee. What a harvest they get
from it, and just when other sources
of honcy supply begin to fail.

“I have somewhere said that when
you bait your hook with your heart the
fish always bite, and I will now say
that when you plant a tree with love
it always lives; you do it with such
carc and thoroughness.”

How successful are shelterbelt
plantings in the Prairie States?

Those plantings are generally suc-
cessful. They directly affect the agri-
cultural welfare of the region. They
reduce excessive cvaporation and the
blowing of soil, and are a protective
screen against the burning winds of
summer and freezing winds of winter.

What trees are most commonly used
for Christmas trees?

The greatest demand has been for
balsam fir and Douglas-fir. Other pop-
ular Christmas trces, in order of their
production, are black spruce, redcedar,
white spruce, Scotch pine and southern
pine, red spruce, Virginia pine, white
fir, Norway spruce.

How many Christmas trees are pro-
duced in the United States each year?

About 21,000,000 trees; 87 percent
are produced on private forest lands;
about a million are harvested on the
national forests. About 100,000 acres of
woodland (most of it owned by farm-
ers) are devoted solely to growing
Christmas trees.

How can I keep my Chirstmas tree
fresh and green?

Try to obtain a tree that has been
harvested recently. Store it in a cool
place; place the butt in water; sprinkle
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the branches daily. When you take
the tree indoors, cut the butt diagonally
about an inch above the original cut
and keep the tree in a stand that con-
tains water.

What does a farm forester do?

Upon request, he helps the owner
of a small woodland work out a specific
management plan right on the ground.
He recommends the proper protection
and cutting mcthods; assists the owner
in marking the trees to be cut; helps
measure the volume; and advises him
in the markcting of the products. Sur-
veys indicate that 2,000 farm foresters
arc nceded to assist the country’s 4.25
million small-woodland owners; there
are now fewer than 200 on the job.

How can I get advice and in-the-
woods assistance in handling my own
woodland right?

Write your State forester at the
State capital or your extension forester
at the State agricultural college; or
get in touch with your county agent,
soil conservation district supervisor, or
the local Forest Service representative.
Any onc of them will put you in touch
with the nearest farm forester, who will
work with you.

What Government agency actually
gives demonstrations on growing tim-
ber as a crop?

The State extension forester (usually
located at the State college of agri-
culture) works with the local county
agent in staging such demonstrations.

What are the Norris-Doxey wood-
land-management projects?

They are the projects sct up, under
Federal law, to give on-thc-ground
woodland-management advice and as-
sistance to farmers and other owners of
small woodlands. In 1948, farm forest-
crs worked with small-woodland own-
ers in 650 counties. The farm forests
are employed by the individual States
with the Federal Government sharing
in the cost and administration of the
various projects.

Is it profitable for a farmer himself
to do the necessary work of improve-
ment cutting in his woodland?

It is possible for a farmer to make
a dollar or more an hour by doing his
own work in the farm woods.

What is silviculture?

Silviculture is the science and art of
establishing and tending forests to get
the best timber products. It is analo-
gous to the planting, weeding, and
other culture necessary to grow food
crops.

What are liberation or improvement
cuttings?

The removal of the bent, forked, or
knotty trees, and diseased, rotted, in-
sect-infested trces, and the broken and
fire-damaged trces.

Why do you prune young timber
trees?

By removing the knot-forming lower
branches, pruning makes it possible to
get clear wood carlier.

What is sustained-yield timber man-
agement?

A basic objective in timber manage-
ment is to fix a rate of cutting that
can be maintained at approximately
the same ratc in perpetuity through
growth replacement of the volume har-
vested. Control over the rate of cut-
ting for this objcctive is sustained-yield
management.

Is national forest timber ever sold?

Yes. It is being sold currently at a
rate of approximately 4 billion board
feet a year. It is sold to supply needed
fuel and other products for domestic
use, to supply raw matcrial for lumber
industries, to provide employment and
stability to towns or communities, and
to harvest the timber crop that is con-
tinuously being produced on our na-
tional forest lands.

How is national forest timber sold?
More than 25,000 sales are made
each year. About 90 percent of all the
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sales are made to small producers of
fuel wood, pulpwood, posts, sawlogs,
or other forest products. Sales under
$500 in value may be made to indi-
viduals or companies by local forest
officers without advertisement if com-
petition for the timber is lacking. Sales
in cxcess of $500 are advertised and
sold to the highest acceptable bidder.
In no case is national forest timber sold
at less than its appraiscd market value.
It must be paid for in advance of cut-
ting; permits or contracts make ade-
quate provision for protection and
preservation of the soil, water, and re-
maining stand of timber.

Can n