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PREFACE

It is the belief of the authors of this book that no subject con-
tributes more, when properly taught, to the attainment of the
cardinal principles of secondary education than does biological
science. It is the main province of this text to lay a foundation
of fundamental principles which will enable pupils to develop an
understanding of the significance of plant life which is such an
important part of their environment. Moreover, the work in
botany should be made practical in the sense that it should supply
a basis of fact necessary to an understanding of principles, so that
the student can use them in developing within himself a degree of
social, civie, ethical, and esthetic efficiency.

A practical course in botany should aid in developing an
appreciation of the possibilities of improvement of the home
environment through putting into practice a knowledge of the
principles of plant growth. Window-plant culture, landscaping
of home grounds, vegetable and flower gardening not only con-
tribute to the attractiveness of the home, but they also provide
pleasant and profitable avocations as worthy use of leisure time.
Also, knowledge of foods, bacteria, and the laws of sanitation, and
the life out-of-doors occasioned by engaging in vocations and
avocations along the lines of plant study and plant culture, both
tend toward personal efficiency by making the person a healthier
individual. .

Certain aims and objectives have been set up. The problems
and exercises are such as to be a direct aid in the attainment of
these aims and objectives. The teacher who administers the
course should not only have in mind the general objectives, but
he should also recognize locally adapted specific objectives which
should aid in determining points of special emphasis. Local con-
ditions which affect specific aims include: dominant interests of
pupils, community interests and needs, and availability of local
resources, as woods and streams, greenhouses, parks, farms,
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vi PREFACE

health laboratories, landscaped homes, milk-pasteurizing plants,
canneries, and facilities for sewage disposal.

The problem involves learning activities which when properly
directed by the teacher and carried out by the pupil will lead to
the development of significant biological ideas and to the acquisi-
tion of the elements of scientific thinking.

The course is organized as a series of problems and sub-
problems. It is intended that each problem shall lead pupils
inductively to an understanding of important generalizations.
The introduction of the book is an over-view of the entire course,
and the introduction of each unit is an over-view of that unit.
Provision is made for meeting individual differences by including
suggested activities and additional exercises and problems which
may be done by pupils who are able to finish the required work
ahead of the majority of the class.

The arrangement of the units is logical as it stands, but it is
not intended as the best order under all conditions. Teachers
who prefer a seasonal arrangement will find it possible to change
the order of presentation of units to suit their requirements.
A course beginning at mid-year will require an arrangement of
units different from that which is best for a course beginning in
the fall.

Teachers are referred to The Teaching of Biology, by William
E. Cole, published by D. Appleton-Century Company, for helpful
suggestions regarding points of view in biology, laboratories,
equipment, bibliographies, and materials.

WiLrrep W. RoBBINS
September 9, 1935. JEROME ISENBARGER
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PRACTICAL PROBLEMS IN BOTANY

INTRODUCTION

Wherever man has gone on the earth he has found some kind
of plant life. Ixpeditions to arctic and antarctic regions, to the
tops of the highest mountains, into the sandy stretches of the
driest deserts, to all parts of the world, have always revealed some
form of plant life. In the ocean, in both fresh- and salt-water
lakes, in ponds and streams, in drinking water, in the waters of
hot springs, there is an abundance of plant life. Certain bacteria,
fungi, and algae occur in countless numbers in the soil, without
which organisms soil fertility would not be maintained; bacteria
and fungi are ever-present in the air, stealing rides on floating dust
particles; bacteria are also always present in the digestive tracts
of all kinds of animals; in fact, both plants and animals serve as
hosts to many different kinds of bacteria and fungi, some harm-
less, or even beneficial, others disease-causing. Name five diseases
of man caused by bacteria.

In Schimper’s Plant Geography, a monumental work of 839
pages and 502 illustrations, published by the Clarendon Press,
Oxford, England, we find the following:

“As has been already shown, there is nowhere on earth a
place too cold for plant life, and only a few spots of very limited
area that are too hot. As regards light, there is no limitation;
it is nowhere too dark, nowhere too bright to exclude plant life of
some kind. In the depths of the ocean, where light is absolutely
absent, the decaying corpses of animals are decomposed by bac-
teria. . . . In the well-known Guacharo Cave near Caribe in
Venezuela we found the ground covered with patches of dense
etiolated vegetation up to half a meter in height, which had sprung
up from the dung of the Guacharo birds, the only inhabitants of
the Cave.”
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Further, Schimper says:  The perpetual snow and ice of the
polar zone and of mountains, here and there, exhibit conspicuous
coloring caused by microscopic algae. . . . The occurrence of algae
associated with red snow has been demonstrated on the most
distant points in the Arectic and Antarctic zones and on most
mountains with perpetual snow, so that the phenomenon may be
assumed to be of general distribution.”

Schimper quotes from Volkens’ description of the vegetation
on the highest peaks of Kilimanjara, a mountain of Africa which
attains an elevation of 6010 meters. Volkens says, ¢ Finally, at
4500 meters we have reached the last outposts, all isolated plants,
forming little cushions under the shelter of stones. ... Beyond
this, wherever the ground is dry, only lichens and mosses prevail.”

Thus we see that plants invade all sorts of environments, that
is, they live under all kinds of conditions. To do so successfully,
they must be fitted to the conditions of their surroundings. Most
certainly land plants can not live in the water; and ordinary, thin-
leaved water plants would soon succumb if transplanted to a dry
hillside. Why? Plants accustomed to the shade of the forest
floor do not survive if the forest is cut or burned over; and plants
of the open can not thrive in the shade. The ability of plants
to live in all sorts of environments is possible only because of their
great variation in form and structure. For example, plants of the
desert must possess those characteristics which enable them to
survive where water is scarce. Some of these so-called drought-
resistant characteristics are: water-storage tissue, greatly reduced
leaf surface, and thick coverings on the leaves which cut down
water loss. Many plants of high mountains are low and mat-
forming, thus getting the warmth close to the soil and avoiding the
greater loss of water which would occur if they grew several feet
tall.

One has only to examine plants growing under varied condi-
tions to learn how well they are fitted to their environment. How
are lichens able to live upon bare rock surfaces? How can cer-
tain orchids manage to survive on the branches of trees without
any connection with the soil? How can cacti and many other
plants live in the desert where the rainfall is but a few inches a
year? What peculiarities do those plants have which can thrive
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in alkali flats? What structures enable the cypress to grow in
swamps where water always covers the roots? Why is it possible
to grow Durum wheat and certain sorghums on the dry plains of
western United States without irrigation, whereas many other
crops will not thrive there without irrigation? What character-
istics would you expect those plants to have which can grow suc-
cessfully in acid bogs? These are suggestive of the problems con-
fronting the student who would know the relation of plants to
their environment.

Plants are living things. True it is they do not move about
from place to place, as do most animals. But they manifest all
the essential characters that we associate with livingness. Plants
absorb materials from the outside world; they make food; they
digest food; they respire; they make plant substances out of
foods; they grow; they are sensitive to light, gravity, moisture,
heat, and other environmental factors; they reproduce. Plants
are indeed living things—organisms.

The fundamental organization and composition of plants and
animals are quite similar. The unit of structure in both plants
and animals is the cell, a microscopic sac containing the living
stuff—protoplasm. The cells are grouped to form tissues, such
as absorbing tissue, conducting tissue, protective tissue, storage
tissue, reproductive tissue, etc.; and the tissues are grouped to
form organs, such as roots, leaves, stems, flowers, fruit, and seed.

There are no chemical elements found in animals that do not
occur in plants. This is a rather remarkable fact. In both, the
principal elements which enter into the composition of the body
are oxygen, potassium, magnesium, hydrogen, nitrogen, sulphur,
phosphorus, and carbon. These are common elements which
occur in the air and soil. The foods of plants and animals are the
same. At first thought, we may question this statement. But
the foods of both plants and animals are carbohydrates (sugars,
starch, cellulose, etc.), fats, and proteins. What are the chemical
characteristics of these three groups of foods? The processes of
absorption, digestion, respiration, assimilation, growth, and repro-
duction are essentially alike in plants and animals. This state-
ment may also arouse doubt in the mind of the reader, but the
discussion of these processes which will come in succeeding units
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will assist in removing this doubt. Of course, there are marked dif-
ferences between plants and animals. For example, the great
majority of plants are not able to move from place to place,
whereas locomotion is characteristic of most animals; in the
majority of plants each of the cells is surrounded by a relatively
rigid wall, whereas the cells of animals are usually without such
surrounding walls; from the very simple substances such as
water, carbon dioxide, and mineral salts, obtained from the soil
and air, most plants can build the foods necessary to nourish
their bodies, whereas animals are unable to make their own foods;
and the growth in length of most plants takes place at or near the
ends of the organs, such growth generally continuing as long as the
plant is alive, whereas in animals, growth is not usually restricted
to the extremitics, and ceases long before death.

It is of interest to note that the very simplest plants and the
very simplest animals, both groups of which are aquatie, have
much more in common than do higher plants and higher animals.
In fact, there is substantial evidence that the plant and animal
kingdoms had a common ancestor; that, in the process of devel-
opment of the races of plants and animals, the distinction between
these two great groups of living things has become greater and
greater. But they have retained, by virtue of their common
ancestry, many essential features. In other words, life on this
earth is much the same whether it expresses itself in plants or
animals.

The present assemblage of plants in the world varies greatly in
complexity. The ordinary trees, shrubs, and herbs are relatively
complex plants, by which we mean that they possess many different
organs and tissues for carrying on their life activities. For exam-
ple, they have roots, stems, leaves, flowers, fruit, and seed. There
are many plants, such.as the pond scums, seaweads, bacteria,
molds, mushrooms, ete., which do not have roots, stems, leaves,
flowers, or seed. Such plants are simple in their bodily organiza~
tion. Moreover, their methods of reproduction are not as com-
plex and advanced as in seed plants. Then, there are such plants
as mosses, liverworts, and ferns, which have roots or root-like
structures, stems, and leaves, but no flowers or seeds. It is re-
garded by students of plant life, who have carefully examined and
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compared the structure of a great many different kinds of plants
and their methods of reproduction and coupled this with a study
of fossil plants (Fig. 173), that during the past hundreds of thou-
sands of years as life developed on the earth there has been great
change in the nature of plants. There is reliable evidence that
the first plants that appeared on the earth were water plants,
similar in many particulars to our present-day pond scums; that
from these primitive ancestors there developed more complex
plants, such as liverworts and mosses; that, as the thousands of
years passed by, there appeared ferns and their allies; and that
from certain fern-like plants were developed our present-day seed
plants. Seed plants are regarded as the most advanced and most
complex of plants, just as man is considered the most advanced
and complex of animals.

The plant world as we see it today is not as it always was in
the earth’s history. For example, geological records show unmis-
takably that the vegetative covering of a large part of the earth
during the Carboniferous or Coal Age was composed chiefly of
giant ferns and closely related forms. Seed plants as we know
them today appeared much later. But the important point to
keep in mind is that plants of the past are the ancestors of those
populating the earth now. There has been a gradual development
of the plant kingdom extending over a period of many hundreds
of thousands of years, and this process of development or unfolding
is still going on today.

Green plants are the great converters of solar energy. With-
out them, animal life on the earth would be impossible. Green
plants are the only organisms on the earth which have the power
to convert light energy into food energy. Green plants alone can
take materials from the soil and air, and with the aid of light,
change these materials into food—the food of both plants and
animals. Animals and non-green plants must have their foods
prepared for them; they are dependent organisms. Green plants,
on the other hand, are independent in that they make their own
foods. Just like any other manufacturing process, that of food-
making by green plants requires energy; to build up foods from
simple materials derived from the soil and air, energy is needed.
This energy comes from light. And it is through the medium of
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green plants that light energy is transformed to food energy.
When wood is burned, energy is liberated in the form of heat.
In burning, the energy of the chemical compounds composing
wood is transformed to heat energy. But in the building of these
chemical compounds which compose food, light energy is necessary.
Hence the energy set free in burning wood is in reality solar
energy. When coal is burned there is liberated light energy which
came to the earth hundreds of thousands of years ago, which en-
ergy was utilized by the plants of that period, transformed into
plant tissue, which later formed coal.

When plants respire, there is a destruction of plant substance,
accompanied by the liberation of energy. To build plant substance
there is required, in the last analysis, solar energy. Hence, the
energy freed in respiration is transformed solar energy. Isenergy
liberated when we, as humans, respire? Ixplain.

Whatever way one may consider it, the fact remains that all
life on this earth depends upon light energy—and it is only green
plants that are capable of transforming this light encrgy into a
form which can be used by plants and animals alike as food.

Plants are of great economic importance. They furnish food,
clothing, and shelter. The great civilizations of the world have
developed where natural conditions favored the cultivation of
certain food plants, chiefly cereals. Consider the importance of
such products of plant origin as wood, coal, cork, fiber, resins and
turpentine, gums, plant dyes, fixed and volatile oils, and rubber.
Many plants yield valued drugs, such as morphine, quinine, digi-
talin, and atropine. Many species are of ornamental value, being
employed to beautify our homes, gardens, and parks. A large
number of plants are of economic importance because they are
harmful, or interfere with man’s operations. Consider here the
plants which cause rusts, smuts, molds, mildews, and other plant
diseases; also poisonous plants, hay-fever plants, and weeds.

Botany, the science which deals with plants, is today an
extremely important field of study. A knowledge of plants—
their structure, their behavior, their relation to the environment,
their classification and naming, their improvement by breeding
and selection, their relation to diseases of useful plants and of ani-
mals—is as essential to a proper understanding of agriculture in
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all its many branches, and to certain phases of medicine, as is
mathematics to advancement in the field of engineering. For
the individual seeking a life work, there are innumerable opportu-
nities in the field of botany. In the educational institutions of
the country—universities, colleges, and high schools—there are
many technically trained botanists, specialists in some branch of
plant science. These individuals are either teachers or research
workers, or both. There are systematic botanists, plant mor-
phologists, plant eytologists, p.ant geneticists, etec. In the United
States Department of Agriculture, and in the agricultural experi-
ment stations, of which there is one or more in each of the states,
there are altogether several thousand workers, trained in some
special field of botany. In addition to these, individuals equipped
with a knowledge of some phase of plant science are found in the
employ of botanical gardens, of museums, of national parks, of
large companies which grow drug plants, sugar plants, nursery
stock, seeds, rubber, tobacco, fruits, vegetables, fibers, and other
industrial plants.

In addition to these botany specialists, a certain knowledge of
plants is usually required of those whose major interest may be in
such fields as zoology, entomology, geology, pharmacology, animal
husbandry, veterinary medicine, bacteriology, soil technology,
irrigation practice, etc. (NorTe: If the student does not know
what the above sciences treat of, he should attempt to find out.
Consult dictionary or encyclopedia, or special books.)

The student may gain some knowledge of the number of botan-
ists in the United States, and the character of the positions they
hold, from American Men of Science, a Biographical Directory,
edited by J. McKeen and Jaques Cattell, and published by the
Science Press, New York. The fifth edition has 1278 pages.

SELECTED REFERENCES
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illustrated book of 187 pages, published by the Stratford Company, Boston.
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acteristic of different parts of the world. 327 pages, 114 illustrations.
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UNIT I
THE ORGANIZATION AND \COMPOSITION OF PLANTS

The human body is made up of a number of organs, each with a
work to do. There are organs of sight, of hearing, of digestion, of
circulation, etc. The plant body, too, is composed of a number of
organs, each having some definite work to do. For example,
among seed plants—those plants with which we are most familiar
—the roots are the absorbing and anchoring organs, the stems are
the supporting and conducting organs, the leaves are the chief
water-losing and food-making organs, and the flowers are the
reproductive organs. But there are many plants much different
from seed plants and in many respects simpler in their organiza-
tion. For example, ferns have bodies with roots, stems, and a pecu-
liar form of leaf which we call a “frond,”” (Fig. 177), but ferns do not
have flowers and seeds. Mosses are prostrate plants, much simpler
in their make-up than either seed plants or ferns; they have a
very poorly developed conducting system, weak stems, extremely
small leaves, no roots in the ordinary sense, and reproductive
structures which have no resemblance to flowers. Still lower in
the scale of plant life is that great group of plants which includes
pond scums and seaweeds, bacteria and yeasts, rusts and smuts,
molds and mildews, mushrooms and toadstools—plants which
have no roots, stems, or leaves, and very simple reproductive
organs. There are even plants, bacteria and certain algae, the
entire body of which consists of a single cell. A plant body of one
cell is the simplest kind possible (Fig. 1, A, B, C, 3).

Not only is there great variation in the structure of plants
which compose the population of the world, but also there are
very considerable differences in their chemical composition. For
example, the sugar beet and sugar cane are richer in sugar than
most other plants; oranges and lemons contain a relatively large
amount of citric acid; in the seed of the castor-bean plant there is
an oil known as castor oil; a latex, the basis of commercial rubber,

9
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exists in rubber plants; the bark of Cinchona yields a chemical
known as quinine; the coffee berry produces an alkaloid—caffein;
tannins are chemical compounds derived from the bark of certain
trees; and so on, there being literally thousands of chemicals
manufactured in different plants. Name other chemical com-
pounds derived from plants.

Thus we see that, among the vast assemblage of plants which
clothe the earth, there is great variation in their structure, that is,
their organization, and in their chemical composition.

Problem 1. What are the different forms of the plant body?

When we consider the microscopic animal life of water and
land, and the vast assemblage of insects, worms, crustacea, rep-
tiles, birds, and mammals, it would appear that almost every
conceivable form of animal body is represented. Likewise in the
plant kingdom is there tremendous variation in the forms of the
plant body. The mention of a few plants will call to mind some
of the different forms of body: seaweeds, yeast, bread mold, wheat
smut, toadstools, liverworts, mosses, ferns, cycads, and the great
variety of herbs, shrubs, and trees.

The simplest plant body is a single cell. Among such simple
one-celled plants are the bacteria. A plant body in which cells
are joined end to end to form a thread represents the next stage
of advance in complexity over the one-celled forms. There are
many such thread-like plants among the pond scums, seaweeds,
and certain fungi. Then there is a grouping of cells to make up
such simple plant bodies as toadstools and mushrooms; these are
many-celled plants, but devoid of roots, stems, leaves, and flowers.
Still more complex plant bodies are those of flowering plants which
have many different tissues and organs with which to carry on
the work of the body.

Thallus plants. There is a large group of plants known as the
Thallophyta (thallus plants), to which belong the algae and the
fungi. They are primitive members of the plant kingdom.
The plant body is either a single cell or a simple grouping of cells
to form a body that has no leaves, stems, or roots. Moreover,
they do not have flowers, fruits, or seeds.
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Fia. 1.—Different kinds of algae. A,
Gloeocapsa, a blue-green alga in which
the individuals are surrounded by a
gelatinous coating; B, Synechococcus,
a blue-green alga; C, Protococcus, a
simple green alga; D, Oscillatoria, a
thread-like blue-green alga; E, Nostoc,
another thread-like blue-green alga;
with germinating spore atleft. (From
Holman and Robbins, in a Textbook
of General Botany.)

Algae. Algae are plants of simple structure which grow in the
water or in very moist situations. We are familiar with those that
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form a greenish slime on the sides and bottom of watering troughs
and drinking fountains; and those that appear as a green coating
on the north sides of trees in moist forests; and those that form a
green, frothy, repulsive-looking scum on the water of ditches,
ponds, reservoirs, and stagnant pools. Algae are found in both
fresh and salt water. Many of the larger kinds in the ocean are
known as “ seaweeds.”

Four different groups of algae. As to color, there are four
groups of algae: blue-green, green, brown, and red.

The blue-green algac and green algae are chiefly of fresh waters,
whereas the brown algae and the red algae are principally of salt
waters. The brown algae, or brown seaweeds, are common along
the shores of all oceans. They are attached by specially modified
structures, holdfasts, to pilings, rocks, ete. The best-known brown
algae are the giant kelps, some of which may reach a length of
800 to 900 feet; the rockweeds, which are found on the rocks
between high-tide and low-tide marks; and Sargassum, which
becomes detached from its growing places along shores, and is
often carried far into the ocean. The “ Sargasso Sea’ in the
North Atlantic Ocean is a floating mass of the brown alga, Sargas-
sum, carried there by ocean currents from distant shores. It is
recorded that Columbus saw the Sargasso Sea on his memorable
voyage to the New World. William Beebe and Ruth Rose in
The Arcturus Adventure, a Putnam publication, describe in a most
interesting manner the ¢ Sargasso weeds and waves.”

The red algae, or red seaweeds, are quite beautiful, delicate
plants and are usually much smaller than the brown algae. The
plants are often very highly branched, the divisions being fine and
thread-like. The red algae are found in deeper waters than the
brown algae.

The simplest algae, such as Gloeocapsa, and Protococcus, are
one-celled plants. The whole plant consists of but one spherical
cell. What simpler plant could there be? But these microscopic
one-celled plants carry on all the life processes, such as absorption
of water and mineral nutrients which are taken in at all points on
the plant body, respiration, food manufacture, digestion, assimila-
tion, and reproduction.

Many of the algae are filamentous or thread-like forms. That
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is, their bodies consist of a single chain of cells. Common examples
of filamentous algae are: Nostoc and Oscillatoria of the blue-green
algae, and Spirogyra and Ulothriz of the green algae.

Nostoc plants are often aggregated to form bluish-green balls,
which may be found on damp earth or in water. The threads or
filaments (the plants) are embedded in, and held together by,
a gelatinous material secreted by the different cells that make
up the colony. Chlorophyll is present, and with it is a blue-green
pigment which gives the blue-green color to the whole cell.

Spirogyra or common pond scum is one of the most widely dis-
tributed of the green algae. Each cell as shown in Fig. 2 is a
short cylinder, with well-defined walls of cellulose. Each cell has
one or more conspicuous spiral chlorophyll bands. The spiral band

Fia. 2.—Drawing showing the structure of a cell of Spirogyra and its rela-

tion to other cells of a filament. The cell wall is lined by a thin layer of

cytoplasm which holds a spiral chloroplast. This bag of cytoplasm is filled

with cell sap within which is suspended a small mass of cytoplasm containing
the nucleus of the cell.

is a specialized mass of living material. In addition, there will be
found near the center of the cell a nucleus, and from it strands of
protoplasm radiating to and connecting with the protoplasm that
lines the wall.

A number of algae, such as Cladophora, are branching, filament-
ous forms. Some, like Ulva, consist of a single plate of cells. The
brown and red algae, the ¢ seaweeds,” however, possess the most
complex structure of all the algae. Their bodies may be large.
In one of the rockweeds (A4 scophyllum), for example, the plant pos-
sesses special holdfasts; it is highly branched, and the branches are
of two different kinds; there are two quite distinet systems of
tissues; and its reproductive organs are more complex than those
in blue-green and green algae.
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Thus we see that algae, as a group, vary considerably in struc-
ture. The blue-green algae include the simplest forms, many of
them being simple one-celled plants. Some of the blue-green
algae are filamentous. The green algae include one-celled, fila-
mentous, and plate forms. The brown and red algae (‘sea-
weeds ”’) are often very large plants.

Exercise 1. Different kinds of algae. Make a microscopic study of the
different forms of algae which may be collected from ponds, streams, foun-
tains, and moist surfaces of trees and rocks. Observe principally the varia-
tions in the form of the plant body. Also, if possible, examine various kinds
of brown and red seaweeds.

Fungi. The fungi are forms of plant life which have no chloro-
phyll and hence must secure their food ready-made from living
organisms or from substances which were once a part of the bodies
of living organisms. The foods of fungi, as of all plants and
animals, are chiefly carbohydrates, fats, and proteins. As we have
learned, green plants have the power of manufacturing these foods
from carbon dioxide, water, and various mineral salts, that is, from
inorganic materials. But the fungi, lacking chlorophyll, do not
have this ability. They are dependent either directly or indirectly
upon green plants.

Those fungi which gain their foods from living plants or animals
are called parasites; those which take their foods from the dead
remains or products of living plants or animals are called sapro-
phytes. For example, the rusts and smuts which gain nourish-
ment from live tissues are parasites; and the molds of bread and
fruits, and the various fungi which grow on decayed logs are
saprophytes. The term host refers to the plant or animal from
which the parasite derives nourishment.

Different kinds of fungi. There are many thousand different
kinds of fungi, and they affect man’s welfare in many ways. Itis
difficult to overemphasize their importance. A number of bacteria
and other fungi bring about decomposition of organic material,
and are necessary to maintain soil fertility; thousands of them
cause diseases of plants and animals, including man; they are
essential in the making of cheese and of bread, in the retting of
flax, and in many other commercial processes.

We shall discuss briefly here a few of the most important
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groups of fungi, namely, bacteria, molds, mildews, yeast, smuts,
rusts, mushrooms, and toadstools.

The bacteria (Fig. 3). Bacteria teem in countless millions in
the air, in the soil, and in the water; they are present upon the
surface of the human body, and that of other animals, and in the
intestinal tract; they abound in sewage, and in all decaying mate-
rial; they occur in the surface of all objects about us. Bacteria are
the smallest known organisms. The average size is about 55 650
inch in diameter.

There are three principal types as
to shape (Fig. 3): the spherical (coccus),
the rod (bacillus), and the spiral (spiril-
lum).

Exercise 2. Bacteriological laboratory. If
possible the student, either alone, or with the ; g (%}
class, should visit a bacteriological laboratory. ; 0@
In all cities of any size there is such a laboratory
connected with the city health department.

Observe here the equipment, methods, bacterial
cultures, etc. Take the opportunity of observ- Fia. 3.—Three forms of

ing bacteria under an oil-immersion lens. bacteria. A, bacillus
forms; B, coccus forms;
The molds. These usually form a C, spirillum forms.

cobwebby growth, and they occur on a

great variety of organic materials, such as stale bread, fruit and
vegetables, jellies, old leather, cheese, and moist paper. Fruit
and vegetables in the market, in storage, or during shipment
may be greatly damaged by these saprophytic fungi, especially if
the air is warm and moist. To prevent their molding, such prod-
ucts are shipped and stored at low temperatures, in refrigerator
cars.

There are many different kinds of molds varying as to the
color of the spores they produce: black, blue, brown, green, and
yellow.

The mildews. There are two different groups of mildews, the
downy mildews, and the powdery mildews. Both groups are
parasitic. The mildews of the first group form a downy white
growth upon the surface of leaves, and sometimes on that of
stems and fruits. The parasite is not confined to the surface, how-
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ever, but its threads enter the tissues and absorb food from them.
The spores are borne in abundance on the surface of the host, and
under suitable conditions will germinate immediately. Well-known
destructive downy mildews are those causing the late blight of
potato, and the mildew of grape, onion, lettuce, lima beans, cucum-
ber, pumpkin, and watermelon.

The rusts. The rust fungi constitute a very large group of
plants, all of which are parasites, and many of which are of great

 Conidiospo
’ Comdlophores \,

F1a. 4.—Blue and green molds. A and B, common blue mold; C, germinating

spore of blue mold; D, green mold. An hypha is a fungous thread; conid-

tophore is a spore-bearing branch; conidiospore is a special type of spore.
(From Holman and Robbins, in A Textbook of General Botany.)

economic importance on account of their destruction of crop
plants. Among the most important rusts are those of the cereals,
asparagus, apple, raspberry, and pine. The black stem rust of
wheat, oats, barley, rye, and other grasses has caused damage to
the cereal crops amounting to millions of dollars, and at times has
become epidemic. In the United States in 1916, the black stem
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rust (Fig. 43) caused a loss of wheat amounting to 200,000,000
bushels. The white pine blister rust has threatened the destruc-
tion of the white pine forests, the timber of which is valued at
$411,000,000.

The smuts. All the smut fungi (Fig. 5) are parasites, occur-
ring chiefly on members of the grass family. The annual losses of
cereal crops due to the smuts frequently amount to 150,000,000
bushels. The smuts may be recognized by the black masses of

F1a. 5—Ear of corn showing a mild attack of corn smut. Corn smut is a
parasite, deriving its food from the tissues of the living corn plant.

spores. In cereal smuts these usually develop in the head and
mature at about the same time the head matures.

Mushrooms and toadstoools. These are fleshy fungi which
are found growing in fields, pastures, and woodlands, and also
upon decaying logs and tree trunks. There is a great variety of
“ mushrooms ”’ and ‘ toadstools ” (Fig. 6). Probably the best
known are those which bear gills and are known as the gill fungi
or ‘“agarics.” Others are the pore fungi, the tooth fungi, the
carrion fungi, and puffballs.
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Let us describe very briefly the common ““ meadow mushroom,”
the familiar edible one. The ‘ mushroom ” as we see it- consists
of a stalk and an umbrella-shaped cap. On the under side of the
cap are thin gills. The spores are borne in enormous numbers on
the surfaces of these gills. Each spore is a microscopic spherical
body, light in weight, and capable of being carried long distances by
air currents. The cap with its stalk, constituting the mushroom,
forms in reality only a small part of the plant body. The mush-
room is a fruiting body and arises from a great mass of fungous

Fi1c. 6.—Longitudinal section of a mush- F1e. 7.—Puffballs, showing
room (Tricholoma). 'The umbrella-shaped some of the underground
cap, or pileus, from which the spore-bearing hypha threads.

gills hang, is supported by the stalk, or stipe.

threads which are distributed in the soil, and which gain their food
from decayed organic matter.

The so-called mushroom ‘ spawn " sold by seedsmen usually
consists of dried manure containing the fungous threads, all being
pressed together in brick form. When a mushroom bed is made,
the spawn is broken up, mixed with earth, and used to start the
beds. The mushroom originates from the fungous threads in the
ground.

In the tooth fungi there are teeth or spines on the under side
of the cap, and these bear the spores. In the pore fungi the spores
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are borne in open tubes or pits on the under side of the cap. A
number of pore fungi cause the rotting of wood. The puffballs
(Fig. 7) rupture when mature, setting free black clouds of spores.
A number of the fleshy fungi are poisonous. Although there
is no botanical difference between ‘‘ mushrooms’ and  toad-
stools,” the former name is commonly applied to those believed
to be edible, and the latter to those thought to be poisonous.
Exercise 3. The plant body of different fungi. Observe the plant bodies
of a variety of fungi such as molds of bread and fruit, yeast, mildews, smuts,

rusts, toadstools, and mushrooms. In what respects are they alike? In
what respects do they differ?

Mosses and Liverworts. The name ‘ moss ” is applied popu-
larly to a number of different kinds of plants. Some of the sea-
weeds are called “ sea mosses,” but the true mosses never occur
in saline waters. The ‘“Spanish moss” (T7llandsia) which hangs
from the trees in our southern swamps is not a true moss but a
flowering plant. ‘Reindeer moss” is a lichen, as is also the
“moss”’ that hangs from the limbs of conifers in the northern
states and in the high mountains of the West.

The true mosses are low plants seldom more than a few inches
in height, with an erect stem, upon which very small leaves are
densely crowded. The leaves are usually but onc cell in thickness,
except along the midrib and sometimes around the margin. There
are no true roots in mosses. They possess structures known as
rhizoids, which, although they have not the structure of roots, serve
the same purposes of absorption and anchorage. Identify differ-
ent moss structures shown in Fig. 104.

A distinctive feature of mosses is the ‘ fruiting ”’ or spore-
producing body. This is a spore-case or capsule (Fig. 104) at the
tip of a stalk. Numerous spores are borne within this capsule.

Mosses are found chiefly in moist woods and in swamps, but
some species occur on the bark of trees and in dry rock crevices.
In regions with a prolonged moist season, they may be seen grow-
ing on fences, and on the shingle roof of old buildings. They
are conspicuous on account of the ‘“ carpet ”’ or mass of vegeta-
tion they form.

The mosses are divided into three distinct groups: (1) the peat
mosses, (2) the black mosses, and (3) the true mosses. They
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differ somewhat in their appearance, structure, habits, and life
history.

The liverworts (Fig. 107) are low-growing plants, chiefly found
in moist places. The plant body is thin, green, and flat against
the ground, being attached to the soil by slender root-like
structures, known as rhizoids. Marchantia is a well-known liver-
wort, the body of which is more or less lobed. There are
certain leafy liverworts, the body of which is composed of a
slender prostrate axis or “stem” bearing three crowded rows of
small leaf-like structures.
The body is attached to the
soil by rhizoids.

Exercise 4. The plant bodics
of mosses and liverworts. Ob-
serve in the field or greenhouse
the plant bodies of different
mosses and liverworts. Contrast
them with those of the thallus
plants, enumerating differences.

The ferns and their allies.
The ferns and their close re-
latives, the club mosses and
scouring rushes (horsetails)
(Fig. 8), constitute a large
group of plants. Like the
algae, fungi, and mosses,
Fia. 8.—Horsetail or scouring rush. A, they reproduce by means
early spring stems arising from rootstock; of spores, but unlike these
note the scale-like leaves at the joints and  groups, they possess woody
the spore-bearing cones at the tip; B, gtems and roots, and a con-
branching form which appears later in the ducting tissue, similar to
season than the preceding. (From Glover h )
and Robbins, in Colo. Agr. Exp. Station that in flowering plants.

Bulletin.) The ferns and their allies

do not produce flowers.

In the common cultivated ferns, the stem system is wholly
under ground. It persists from year to year, growing in length at
the tip, branching somewhat, and sending into the air each season
a number of leaves, the so-called fronds. After a time there appear




FORMS OF PLANT BODY 21

on the under side of the frond brownish groups of spores which are
often mistaken for some disease or insect. They are, however, the
reproductive bodies. The
fern-lover should read the
article ““ Ferns as a Hobby ”
by William R. Maxon, in
the National Geographic
Magazine, Vol. 47, pages
541-586, 1925.

The horsetails or scouring
rushes have harsh, jointed
stems which arise from a
rootstock. The leaves are
mere scales. The spores are
borne in a cone at the tip of certain branches. On account of
their harsh texture, the plants have been used for cleaning and
polishing utensils. They are re-
puted to be poisonous to live-
stock, chiefly horses. Sometimes
they behave as weeds.

The club mosses are usually
creeping or trailing plants, some-
times known as ‘“ ground pine’’ or
“running cypress.” The spores are
borne in leafy cones at the tips of
branches. The spores are sold in
drug stores under the name “‘ lyco-
podium powder,” and are used as a
drying powder and tosome extent
in the manufacture of fireworks.

F1a. 9.—The stag-horn fern.

F1a. 10.—Ferns and club mosses in Exercise 5. Plant bodies of ferns
the Garfield Park Conservatory, and their allies. Observe in the field
Chicago. or greenhouse the plant bodies of

different kinds of ferns, club mosses,

and horsetails. Enumerate the differences between the plant bodies of ferns
and their allies, and those of mosses and liverworts.

Seed plants. The seed plants possess the most complex body

of all plants. There are many different organs and tissues. There
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are roots, stems, leaves, flowers, fruit, and seed, except in one large
group, the Gymnosperms, which have no flowers in the ordinary

F1a. 11.—Wheat plant showing the general habit of growth of grasses. (From
Robbins, in Botany of Crop Plants.)
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sense, and there is tremendous variation in the form of these
organs. Moreover, there are many different kinds of tissues which
compose these various organs.

il
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F1a. 12.—The Deodar Cedar, a seed plant. In this and other conifers there
is a “leader”’—one main stem which throughout the life of the plant holds
this leadership.

Fia. 13.—The Live Oak, a seed plant. Compare the branching habit of
this plant with that of the Deodar in Fig. 12. The form of the plant body is
largely determined by its branching habit.

Exercise 6. The seed-plant body. The student should take a field trip
-and note the different forms of seed-plant body. The various species of trees
and shrubs have characteristic shapes; these may be shown well by quickly
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sketching their outline. Observe not only erect forms of plants, but also
climbing and creeping forms. Also note the form of plant bodies growing
under different environmental conditions.

Problem 2. What is the structure of the plant cell?

If we study with the microscope the structure of plant tissues,
we find them to be made up of many small bags or sacs with walls
which are usually thin and trans-
parent. FEach of these microscopic
‘dl--Cell Wal  gacs or compartments is called a cell
(Fig. 14). The term “cell ” was
first used by Robert Hooke, an
Englishman who lived from 1636 to
1703. With his improved micro-
scope he examined all sorts of things,
Cytopl among them ordinary bottle cork.

He observed this plant tissue to be

made up of numerous compartments

resembling the cells of honeycomb.
i So Hooke named the compartments
cells.

Just as a brick house is made up
of separate units, the bricks, so is the
plant body made of separate units,
the cells. It is in the cells that all
the complex physical and chemical
changes of the living body go on.
Fre. 14.—Two young cells  (areful observation of plant cells
from the growing point of a .
root. (From Holman and ul}dgr the microscope reveals Fhat
Robbins, in A Textbook of Within each of the cells there is a

General Botany.) quantity of a jelly-like substance.

This is the living material and is called

protoplasm. What is the literal meaning of the term protoplasm?
The protoplasm of the cell is not of the same structure through-
out. A denser mass of living material, the nucleus, is usually
prominent in the cell. The nucleus is a very important part of the
cell, taking an active part when the cell divides. Most important of
all, the nucleus carries those determiners of characteristics which are

Nuel

\(
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passed on from cell to cell, that is, from parent to offspring. In
addition to the nucleus, there may be other specialized masses of
protoplasm in the cell, known as plastids; chief of these are the
green plastids (chloroplastids) which are the centers of the process of
carbohydrate manufacture. All the protoplasm of the cell outside of
the nucleus is called cytoplasm. Protoplasm is a mixture of many
different chemical compounds, some of which are exceedingly
complex.

In addition to the living substance the cell contains much
material that is not alive. For example, every cell contains water
in which are dissolved various substances that have come from the
soil, and certain foods, such as sugar, which have been manufac-
tured in the leaves. Sap is the name we apply to the water of
the cells plus the various substances which are dissolved in it.
In other words, cell sap is a solution, in which water is the solvent.
The cell may also contain substances such as starch and protein
which are not soluble in the water of the cell. The wall about the
cell is not alive. It is made up of a material called cellulose, a sub-
stance closely related in its chemical composition to starch and
sugar. Cellulose, like starch and sugar, is made up of but three
clementary substances, carbon, oxygen, and hydrogen. Cellulose
is the most abundant plant substance in the world. It is of interest
to note here, in passing, that cotton, linen, hemp, and wood consist
of cellulose, and that it is used as a raw material in the manufacture
of such substances as artificial silk, paper, cclluloid, ccllophane, and
guncotton. The inquiring student will want to find out how these
materials, as well as many others, are manufactured from cellulose.

Exercise 7. The cells of soft tissue. KExamine the soft tissues of broken
leaves, vegetables, fruits, stems, ete., with a binocular dissecting microscope.
It will be possible even with a magnification of 20 diameters to sce that the
tissues are composed of many small compartments, varying considerably in
shape. These compartments are the cells. They are the units of structure.

Exercise 8. Cells in the leaf of Elodea, a water plant. The leaves of the
water plant Elodea arc exceedingly thin, mostly one layer of cells thick.
Mount a single leaf flat in a drop of water on a slide, and cover with cover-
slip. Examine with compound microscope. Compare what you see with
Fig. 15. The cells are filled with green plastids (chloroplastids), which may
wholly or partly obscure the more transparent nucleus. The walls are of
cellulose and thin. Observe the different shapes of cells in different parts of
the leaf. In fresh, young leaves, the student will observe a movement or
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streaming of the protoplasm, the chloroplastids being carried along with the
stream, as chips of wood in flowing water.
living bodies. It is in them that glucose, a sugar, is manufactured, with the
aid of light. In all living cells there is a movement of the protoplasm, but in
only a few plants is it rapid enough to be readily observed. What do you

The chloroplastids themselves are

- believe to be the advantage of this protoplasmic movement?

Exercise 9. Storage cells of the potato.
inside white tissue of a potato tuber.
compound microscope. Observe the large, thin-walled cells, filled with starch

F1a. 15.—View of a portion
of an Elodea leaf as seen
under the high power of the
microscope. The cell struc-
ture is similar to that of
onion skin (Fig. 16). How-
ever, as these cells are from
a green leaf, they contain
chloroplasts which float in
the cytoplasm. While the
nucleus can be shown to be
present by staining, yet it
is not easily seen in the
fresh material.

grains. Starch is a non-living substance—a storage product.

i

Fig. 16.—View of onion skin
as it appears under the micro-
scope. Note the well-defined
cell wall. Within the cell wall
there is a thin layer of cyto-
plasm which, together with the
small disk-shaped nucleus, is
made up of protoplasm, the
living matter of the cell. Cell
sap fills the cavity within the
cytoplasm.

Cut very thin sections of the
Mount in water and examine with

It is of interest

to know that potatoes which are mealy when cooked are those in which the
cells are well filled with starch; whereas in watery potatoes starch grains do
not fill the cells. Americans prefer mealy potatoes, but Frenchmen as a rule
prefer the more watery sorts. Name other plants that store large amounts of
starch in some part of the plant.
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Fi1a. 17.—Different kinds of cells and tissues. A, fibers as seen in cross-
section; B, fibers as seen in lengthwise section; C, a single fiber; D, stone
cells from the shell of English walnut; E, cork cells; F, a food-manufacturing
cell from a leaf; G, thick-walled pitted cells from endosperm of asparagus
seed; H, starch-storing cell; I, different types of vessels; J, a simple pitted
tracheid from pine wood; K, tissue made of thin-walled cells which fit loosely
together. (Except A, B, C, and G, from Holman and Robbins, in A Textbook
of General Botany.)
27
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Exercise 10. Different kinds of cells. The inquiring student will be
interested in examining the tissues of different organs of ordinary flowering
plants, and also those of lower plants, such as algae, mosses, liverworts, ferns,
ete. See Fig. 17. He will see cells differing in size, in shape, in the thickness
and markings of the walls, and in the nature of their contents.

Problem 3. What is the nature of protoplasm—the living
material?

In 1590, two Dutch brothers, spectacle-makers, invented the
compound microscope, an instrument which was destined to
become the most important tool of biological scicnece—a tool
which has made possible much of the progress in our knowledge
of plants and animals, of medicine, of agriculture, of heredity.

As stated above, Robert Hooke greatly improved the micro-
scope, and examined with great curiosity all sorts of things, among
them bottle cork. Hooke saw in the cork tissue only the walls of
dead cells. He had no clear idea of the ccll contents. It was not
until 1831 that another Englishman, Robert Brown, first recog-
nized the importance of the nucleus in the cell, and not until 1861
that Max Schultze, a German, established the close similarity of
the living substance of plants and of animals, and formulated what
is known as the protoplasmic doctrine which says that the essen-
tial part of a cell, the part which is responsible for its life, is the
protoplasm. The unit of structure and activity is really a highly
organized protoplasmic mass; the wall is merely a non-living,
enclosing shell.  Protoplasm has well been called the physical basis
of life.

Physical properties cf protoplasm. Protoplasm is a semi-
transparent, slime-like substance, much the consistency of the
white of an egg. However, it does not have the same appearance
throughout all parts of the cell; the nucleus is much denser and
is darker than the cytoplasm as seen in stained cells; also there
are small, dark granules embedded in the protoplasm, some
of which are living; and, as we have learned, there are larger,
living bodies, the plastids, floating in the mass of protoplasm.
Sometimes these plastids contain a green pigment (chlorophyll),
sometimes orange and red pigments (carotin and xanthophyll).
Is it true that the green color of the vegetation of the world is due
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to the pigment chlorophyll? When a cell dies the protoplasm loses
its liquid consistency and coagulates, that is, sets into a more or
less firm mass, like the white of an egg when it is boiled.

Exercise 11. The living protoplasm in the cells of squash and Elodea.
Mount in water the hairs found on the stems, near the tip, of the squash plant.
Under the high power of the microscope one will see, in certain cells of the
hairs, a grayish, semi-transparent substance, the protoplasm. The nucleus is
darker gray, and leading from it are strands or threads of cytoplasm. Cyto-
plasm also lines the wall of the cell. Mount fresh leaves of Elodea, as you did
in Exercise 8, Problem 2. The cells are filled with green plastids (chloro-
plastids), which are embedded in a gray cytoplasm. Each plastid is a jelly-
like mass of protoplasm, and dissolved within it is a pigment known as
chlorophyll. See Fig. 15.

Chemical properties of protoplasm. Protoplasm appears to
be a mixture of a number of different chemical compounds. It is
not a single compound like sugar. We can write the chemical for-
mula of canc sugar as follows: Ci2H22011; but we cannot write a
chemical formula for protoplasm. The following chemical cle-
ments are always found when protoplasm is analyzed: carbon,
hydrogen, oxygen, nitrogen, sulphur, phosphorus, potassium,
magnesium, and calcium. There is no chemical element found in
protoplasm that does not occur in the soil and air. The compounds
occurring in the mixture of compounds composing protoplasm
include principally different proteins, fatty substances known as
lipoids, carbohydrates, and salts. Usually 80 per cent, by weight,
or more of protoplasm is water. Protcins rank second, by weight.
The proportion of the different compounds making up the proto-
plasm of any cell is constantly changing. Furthermore, there
appear to be significant differences between the chemical composi-
tion of the protoplasm of different kinds of plants, and of different
cells of the same plant. Generally speaking, protoplasm, the liv-
ing material, is a very complex mixture of chemical compounds,
including among them proteins, known to be in themselves the
most complex chemical compounds thus far analyzed. (Refer to
Chemical Phenomena in Life, by Frederick Czapek, 152 pages,
published by Harper and Brothers, New York.)

Physiological properties of protoplasm. Protoplasm, the living
material, possesses certain propertics and powers that are peculiar
to it and that distinguish it from non-living material. For exam-
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ple, a cell grows and develops new cells; that is, it has the power
of growth and reproduction. In order to grow and reproduce,
the cell must secure material from outside of itself and make that
material a part of itself; that is, it must synthesize carbohydrates,
fats, proteins, and other substances, and then change these mate-
rials into living stuff. This change of non-living stuff to living is
known as assimilation, a change the nature of which is but poorly
understood. We have come to believe that all life comes from
pre-existing life; that is, new cells and new organisms are de-
rived only from existing ones. In the processes of growth and
reproduction, the protoplasm throws off waste products, that is,
it has the power of excretion. For the building processes occurring
in protoplasm, there must be a supply of energy. This the cell
secures through respiration, another onc of its peculiar processes,
in which complex substances are broken down and energy liber-
ated. Still another physiological property of protoplasm is that of
irritability. By this we mean its ability to ¢ sense ”’ stimuli and
respond to them. Protoplasm  perecives ”’ light, gravity, water,
and other external factors, and responds to them. Have you
observed that plants in a window grow toward the light? See
Fig. 128. That roots grow downward in response to gravity?
That roots grow into moist soil rather than into dry soil? Proto-
plasm is irritable.

Suggested activities. (a) Is there spontaneous origin of life? The student
should read a short account and prepare a report on how man was led, through
his discoveries, to overthrow the notion that life might originate spontaneously.
See one of the following: (1) Locy’s Biology and Its Makers, (2) DeKruif’s
Microbe Hunters. (b) Devise an experiment to show that plants are respon-
sive to light. (¢) Devise another experiment demonstrating that roots
respond to gravity.

Problem 4. How are cells grouped to form tissues and organs?

The cells of the plant body vary a great deal in size, in shape, in
age, in the kind of material they contain, and in the nature of the
work they have to do. It would take about one thousand average-
sized sugar storage cells, from the root of a sugar beet, placed side
by side to make an inch. Many cells of the plant are box-shaped
with either square or rounded corners, others are spherical, and
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still others are much longer than wide, and with pointed ends. In
the growing points of the plant, as in buds and at root tips, the
cells are much younger than those found farther removed from
these tips.

There are cells in the plant body adapted to carry on the dif-
ferent kinds of work it has to do. Some are fitted to absorb water
and mineral salts from the soil; others carry water, mineral salts,
and foods from one part of the plant to another; others are spe-
cially fitted to manufacture food; many cells act as storage
reservoirs of food; and still others are chicfly concerned with
reproduction.

The cells of the plant body having special kinds of work to do
are usually grouped together, forming tissues. These tissues are
given names describing the functions or kinds of work they per-
form. For example, there are absorptive tissue, conductive tissue,
strengthening tissue, food-making tissue, storage tissue, and repro-
ductive tissue. An organ may be composed of several kinds of
tissue. For example, a leaf possesses conductive and strengthen-
ing tissue in its veins, food-making tissue in the softer parts, and
a protective tissue (epidermis) which covers the entire surface.

Thus we see that the living plant body, like the human body,
is a complex structure, composed of innumerable units, the cells,
grouped together to form tissues, each with a special work to do,
and the tissues are in turn grouped to form the organs of the plant.
We may picture the healthy, living plant as a marvelously con-
structed body, in which there is a splendid division of labor, with
all cells, tissues, and organs working in harmony. We come to
realize that living things resemble each other not only in gross
structure and function, but also in microscopic structure.

Exercise 12. Different kinds of tissues. The student should examine
thin sections of different kinds of plant materials and observe how the cells
are grouped to form tissues and organs. How do cells differ in shape? Com-

pare different tissues as to hardness, compactness, and strength.
Suggested activity. Make plasticene models of different kinds of cells.

Problem 5. What is the relation of structure and function?

The living plant expends energy and does work. If it were
possible to take moving pictures of the plant at work, and to run
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the film at high speed, we would see the roots twisting and turning,
making their way about, and between the soil particles we would
observe the young sprout of the germinating seed straining to lift
the load of soil from its path; we would see parts of opening buds
moving vigorously; in fact, there would be active movement
throughout the plant body; and if we examined the interior of the
cells, we would see the living material, the protoplasm, moving in
streams from one part of the cell to the other. Plants, like animals,
actually do work as long as they are alive, and this work requires a
supply of energy.

The various activities or kinds of work performed by plants are
spoken of as their functions. For example, absorption of water
and salts from the soil, movement of materials in the plant tissues,
manufacture of foods in green tissues, digestion of foods, loss of
water, respiration, and reproduction are all functions of the plant
body. Clearly, these functions are associated with certain struc-
tures. For instance, absorption of water and salts is associated
with roots, loss of water chiefly with leaves, manufacture of food
chiefly with leaves, cte. Furthermore, the organs are so con-
structed as to carry on well the particular functions associated
with them.

Let us consider the function, photosynthesis, the manufacture
of sugar in the leaf. Is the leaf structure as shown in Fig. 29
well fitted to carry on this process? In the process of photo-
synthesis carbon dioxide gas from the atmosphere and water from
the soil are brought together in green leaf cells, and there, with the
aid of light, built into a sugar, glucose. The manufacturing cells
of the leaf require water, carbon dioxide gas, and light. It is
obvious that a thin, flat, expanded structure, like a leaf, exposes
a large surface for the absorption of both light and carbon dioxide.
As concerns light absorption, the epidermis of the leaf is thin and
transparent, and thus allows light to penetrate the underlying
tissues; and the internal cells possess a pigment, chlorophyll, which
is effective in absorbing light energy. As concerns carbon dioxide
absorption, the epidermis of the leaf has numerous small openings
or pores (stomata) which permit the movement inward of gases;
furthermore, inside of the leaf the cells fit together very loosely,
leaving large air spaces which facilitate the movement of carbon
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dioxide in the leaf, allowing it to come in contact with the surfaces
of almost all cells, by which it is absorbed. There is a network of
fine veins in the leaf, which bring water to the food-making cells.
No food-making cell is far removed from a water-conducting vein.
Thus, it would appear that the leaf is a structure well adapted to
carry on the function of photosynthesis or manufacture of sugar.

It would be possible to show how many other organs and tissues
of the plant body are adapted for the specific work they perform.
The relationship between structure and function is a close one.
Thought on the part of the student will bring to mind many of
these relationships in the plant.

Exercise 13. Relation of structure and function. Discuss the relation-
ship hbetween the following structures and functions: (a) waxy coating of leaf
surface and loss of water from the leaf; (b) hairs on leaf surface and loss of
water from leaf; (c¢) thin cellulose wall of root hair and absorption; (d) roots
and absorption of materials from the soil; (e) leaf and food-manufacture.

Problem 6. What are the chemical substances found in plants?

In his study of all sorts of food and forage and medicinal plants,
the scientist has made a great many chemical analyses. These
analyses have told him much of the economic valuc of plants, of
the relative importance of different parts of the same plant, and
also have thrown light upon the movement of materials in the
plant, and the influence of various environmental factors, such as
fertilizers, upon the composition of the plant. For example, he
knows from such chemical studics that some varieties of wheat
are richer in protein than others, that the most starchy and valu-
able part of the potato tuber is the cortex or that portion just be-
neath the skin, that the food made use of by the opening fruit
buds of orchard plants is stored in woody tissue not far removed
from these buds, that an excess of nitrates as compared with carbo-
hydrates in a tomato plant suppresses fruit development, that a
deficiency of iron in the plant causes it to be pale and sickly, that
sugar beets growing in a soil with a too liberal supply of nitrogen-
carrying fertilizers are usually low in sugar content, and many
other valuable and interesting facts about plants. There are sev-
eral hundred plant chemists in the laboratories of this country.
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Analyses have detected in plants no chemical elements except
those found in the soil or air. That is, there are no chemical ele-
ments peculiar to plants. The principal elements which compose
the living and non-living parts of plants are carbon, hydrogen,
oxygen, nitrogen, phosphorus, sulphur, potassium, calcium, mag-
nesium, iron, and silicon. These are common elements found in the
minerals of the soil. Of course, many more chemical elements
than those listed above occur in plants. The different materials
of the soil are not absorbed in equal amounts by different kinds of
plants. Plants have some  sclective power.” We well know
that if two different kinds of plants, peas and tomatocs, for exam-
ple, arc growing in the same soil, their mineral composition is not
the same. Doesn’t this show that different plants absorb mate-
rials from the soil in different proportions?

On the basis of their nutrition, plants may be grouped into
(1) the green plants, and (2) the non-green plants. The green
plants, which include all common crop plants, absorb mineral salts,
water, and carbon dioxide, and from them make the plant foods.
The non-green plants, such as bacteria, yeast, molds, mildews,
rusts, smuts, and mushrooms, subsist on living or dead plants or
animals and derive foods from them directly. But the foods—
the materials which nourish the plant body—are the same for both
plants and animals.

Considering green plants—the common plants of garden, field,
orchard, and forest—we can say that the source of the chemical
elements which make up their bodies is derived from the air and
soil. From the air they derive carbon and oxygen; from the soil,
oxygen and all other chemical elements which compose the plant.

The principal substances found in plants belong to the chemical
groups known as carbohydrates, fats, and proteins. The principal
carbohydrates are starch, sugars, and cellulose. Starch is proba-
bly the most important storage product in all plants. It is found
in fruits, seeds, leaves, roots, and stems—in fact, there is scarcely
a part of the plant that does not contain some starch. In most
leaves, starch accumulates during the daytime, and at night is
changed to sugar, which moves in solution to various parts of the
plant where it is stored in some form. Starch ocecurs in the vas-
cular rays of woody stems and roots, and in other tissues of these
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organs. Starch is accumulated in large quantities in many seeds,
such as wheat, oats, barley, beans; in certain roots such as pars-
nips; and in certain special types of storage stems such as potato
tubers. Starch is used by the plant as a stored or reserve food.
When needed for growth, it is digested, and the digested products
move to growing points.

Make a list of the principal starch-storing food plants.

There are many dif-
ferent kinds of sugars
in plants. The princi-
pal ones are grape sugar
(glucose), cane sugar
(sucrose), and fruit sugar
(fructose).  Glucose is
considered to be the
immediate product of
photosynthesis, that is,
of the process by which
water and carbon diox-
ide are converted into
this product. Glucose
is the wusual form in
which carbohydrates
move from one part of
the plant to another
part. It is found in
the conducting tubes,
and in the sap of most Fre. IS.TI‘S}lecgonhtl;r&lugth ltthe tub-ertofhl.righ

otato. e flesh of the tuber consists chie

:]il(is‘foul:l‘ d:fli)lﬁflm;sn;t(;rgel gf .large, thin-walled starch-storing cells,‘iZ

which are scattered bundles of conducting
used in the synthesis tigue. A ring of vascular bundles is visible,
of most other plant sub-  and at the right-lower corner is an “eye.”
stances. Sucrose or cane
sugar is particularly abundant in the root of sugar beet and
in the stems of sugar cane. Fructose or fruit sugar is particularly
common in fruits.

Cellulose is a carbohydrate which enters into the structure of

cell walls. It is structural material.
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The fats or oils occur chiefly in seeds. For example, in the seed
of the cotton plant there is much reserve oil. It is this oil which

Fia. 19.—Cross-section of a sugar
beet root. Observe the rings of
growth, all of which are produced in
one season. Most of the cells of the
root are rich in sucrose (cane sugar).

the seed uses as a food supply
during the germination process.
Make a list of plants which are
the source of commercial oils.

Proteins arc reserve foods
found principally in seeds, such as
beans, peas, and cereals. Proto-
plasm, itself, is rich in proteins.

In addition to the ecarbo-
hydrates, fats, and protcins just
mentioned, numerous other sub-
stances are found in plants. For
example, there are the various
plant pigments, resins, gums,
alkaloids, organic acids, and es-
sential oils.

As regards the chemical composition of the plant, we may sum-
marize as follows: The framework of the plant—that is, the walls
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Fra. 20.—Microscopic section of wheat grain. The aleurone layer and the
starchy endosperm are rich in stored food; the other layers constitute the
“bran.”  (From Robbins, in Botany of Crop Plants.)
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of all cells—is chiefly cellulose; protoplasm itself is largely a mix-
ture of various proteins and fatty substances in water; the chief
products stored in cells are sugars, starch, and proteins; and, in
addition to these more common materials, there are gums, resins,
alkaloids, acids, various pigments, and essential oils. The sap
of a plant is chiefly water, carrying in solution salts derived from
the soil, and various other substances manufactured by the plant.
The use of plant materials by man and animals. It is well
rceognized that all animal life on the earth, including man himself,
is dependent upon plants for its very existence. Green plants
are the only agencies by which the inexhaustible supply of solar
energy is caught and held, and transformed into foods, for plants
and animals alike. We are familiar with the fact that plants
furnish us with food, clothing, shelter, and numerous drugs; that
plants are used to beautify our homes and landscapes; that they
supply feed for livestock; and are used in the manufacture of
scores of commercial products. In Unit X there will be a more
extended discussion of plants of economic importance to man.

ADDITIONAL EXERCISES AND QUESTIONS

1. What do we mean by saying that the cell is the unit of structure of the
plant?
2. Enumerate the different things that protoplasm of plants can do.
3. Justity the statement that protoplasm is the most wonderful substance
in the world.
4. Why do complex plants need different kinds of tissues and organs?
5. Explain why plants which live on the land have more highly developed
tissues and organs than plants which live in the water.
6. Give the main characteristics of each of the four great groups of plants.
7. Upon which of the four great groups does man depend chiefly for his
food supply?
8. Name as many farm crops as you can in which the root is useful to man;
the leaf; the stem; the flower; the seed; the fruit.
9. Which of the four groups of plants is of least importance to man?
10. Of what importance to plants is the food stored in the seed or root?
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UNIT II
THE NUTRITION OF GREEN PLANTS

If we classify all living things on a food basis, we will have
two groups. In one group there will be all green plants; in the
other group, all animals, including man, and all plants such as
bacteria, rusts, smuts, toadstools, ete., which lack a green color.
The first group is independent; the second absolutely dependent
upon the first for its food. By ‘‘ independent ’’ we mean possess-
ing the ability to manufacture food out of such materials as the
plant absorbs from the soil and air. We, as animals, just like the
non-green plants, do not possess organs which cnable us to take
such simple materials as carbon dioxide, water, and mineral salts
and make them into foods—that is, into carbohydrates, fats, and
proteins. Only green plants have this power; they alone make
the food, not only for themselves but also for every other living
creature. The important fact for us to understand, the fact which
is emphasized in this chapter, is that the food laboratory of the
world is to be found in the green plant.

Foods—the carbohydrates, fats, and proteins—possess energy.
When foods are oxidized, either in the bodies of plants or animals,
that is, broken down into simpler substances, they liberate energy,
and this energy is used by the living body to do work. In the
building of these foods by green plants, energy is stored up. What
is the source of this energy? We well know that energy can not
be created or destroyed. But it can be changed from one form
into another. For example, sunlight is a form of energy. We
call it solar energy. The green plant has the unique power of
converting solar energy into the energy represented in foods,
which is chemical energy. This means, in short, that all life on
the earth depends upon sunlight. The student will gain much by
reading from Chapter I of Spoehr’s Photosynthests, published by the
Chemical Catalog Company, New York. This chapter deals with

89
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the origin of organic matter and the cosmical function of green
plants.

Sunlight has been called the ¢ prime-mover of civilization.”
Discuss the significance of this statement.

Some animals, like fleas, lice, and ticks, for example, gain all
their food from animals. Show how, in the last analysis, they are
dependent upon green plants for their food, and finally upon sun-
light for their energy.

Problem 1. What is the nature of plant foods?

We are accustomed to speak of the mineral salts containing
such essential elements as nitrogen, sulphur, phosporus, calcium
magnesium, potassium, and iron as the ‘“food” of plants. This
statement is not strictly true. A ¢ food ” for plant or animal
is a substance that can be incorporated directly by the living cells
and used as a source of energy or in making new plant substances.
The mineral salts, as such, cannot nourish the living cells any more
than can nails and tacks, if taken into the human stomach. The
mineral salts are used by the plant not as a ‘‘food ”but as a
raw material from which foods are made.

The foods—the substances which are capable of furnishing
energy or of building tissuc—for all plants and animals are identi-
cal. The chief foods of plants and animals are substances known
chemically as carbohydrates, fats, and proteins. Well-known
carbohydrates are sugars and starches. Fats occur in the liquid
state (“ oils ”’) or solid state (“fats’’). Proteins are the most
complex, chemically, of all foods. Carbohydrates contain but
three chemical elements; carbon, hydrogen, and oxygen; fats also
contain the elements carbon, hydrogen, and oxygen, but in much
different proportion from that in which they occur in carbohy-
drates; and proteins possess, in addition to carbon, hydrogen, and
oxygen, such elements as nitrogen, phosphorus, sulphur, and
others.

Exercise 14. Lists of food-storing plants. Make lists of plants which
manufacture and store large amounts of each of the following foods: starch,
sugar, oils, proteins.

Exercise 16. How to test for starch in plants. Cut a thin section of the
potato tuber, place this on a microscope slide, and cover with a drop of iodine
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in potassium iodide (0.3 gram iodine, 1.5 grams potassium iodide, 100 cec.
water). Discuss results.

Exercise 16. How to test for sugars in plants. The juice of plant tissues
may be pressed out and tested for sugar as follows  Prepare Fehling’s solution
thus: In bottle A dissolve 6.9 grams of copper sulphate crystals in 100 ce.
water; in bottle B dissolve 34 grams of Rochelle salt (potassium sodium
tartrate) and 12 grams of sodium hydroxide in 100 cc. water. Keep the two
solutions A and B separate. To the plant juice to be tested add equal quan-
tities of A and B, and heat slowly in a test tube over a Bunsen burner to
boiling. A precipitation of red cuprous oxide crystals indicates the presence
of glucose or other reducing sugar. Cane sugar (sucrose) does not give the
Fehling’s test. However, by treating cane sugar solution with a few drops ot
concentrated sulphurie aeid, it is changed to glucose and fructose, both of
which give the characteristic Fehling’s test.

Exercise 17. How to test for fats in plants. IFat bodies and membranes
containing fats give a characteristic red or orange color when treated with a
solution of Sudan IIT (1 gram Sudan I1II crystals in 200 cc. 70 per cent alcohol).

Exercise 18. How to test for proteins in plants. Grind a soaked bean
in a mortar. Place this in a test tube and add a little water. Add 5 ce. of
nitric acid and heat slowly to boiling. Allow the solution to cool, pour off
the acid, and add 10 c¢c. of ammonium hydroxide to the bean material in the
tube. A deep orange color indicates the presence of protein. Test other
plant materials for protein.

Is there any difference between the foods of animals and those of plants?
Discuss.

What is meant when we say that a plant is “ independent ”” or “ depend-
ent”’? Name five independent plants and five dependent plants.

Suggested activity. Consult dietary charts and make a collection of foods
produced by plants which are rich in carbohydrates, another of those contain-
ing large amounts of fats, and a third of those having much protein.

Problem 2. What are the raw materials used by green plants
in the manufacture of food?

We have learned that the principal foods of plants are carbo-
hydrates, fats, and proteins. Also, we have learned that only
green plants are capable of manufacturing foods. It has been
found by careful experimentation that the building of foods by
green plants proceeds by rather definite stages. The initial
process appears to be the building of a simple sugar, known as
glucose. The fact is, this sugar is the foundation material upon
which the more complex foods, such as fats and proteins, are
built. Without this simple carbohydrate, manufactured in green
cells, as a ‘“ starter,” the more complex foods could not be formed.
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The raw materials in the manufacture of glucose are carbon
dioxide and water. Carbon dioxide comes from the atmosphere,
water from the soil. The process of manufacturing glucose from
carbon dioxide and water, in the presence of light, is called
photosynthesis.

It was for a long time believed that humus (decomposed plant
and animal material) in the soil was the source of carbon for
plants. But if a plant is grown in pure sand, free from humus, it
will increase in the weight of carbon. Moreover, it has been found
by experiment that green plants placed in an atmosphere from
which every trace of carbon dioxide has been removed soon
cease to grow, and that green plants cultivated in a soil from
which every trace of compounds containing carbon is removed
thrive perfectly. It is concluded that carbon dioxide is essential
to a green plant and that the source of carbon in the plant is the
carbon dioxide gas of the atmosphere. It is useless to try  feed-
ing 7 plants carbon by applying fertilizers to the soil. Carbon
dioxide enters the plant through small pores in the leaf surfaces;
water enters through the root hairs. These two simple chemical
compounds or raw materials are brought together in those cells of
the plant, chiefly leaf cells, which contain a green coloring matter
(chlorophyll).

After the plant has manufactured glucose sugar in its green
tissue, this sugar now becomes building material or basis for other
foods. Part of it is converted into cellulose for the formation of
the walls of new cells, and for the thickening of old walls of living
cells; a portion of it is used in the production of oil; part of it is
employed, together with nitrogen, sulphur, phosphorus, and other
compounds of simple character, to form proteins, and part of it is
oxidized in the process of respiration. The chemical clements
nitrogen, sulphur, phosphorus, potassium, magnesium, calcium, and
iron, all of which are indispensable, either directly or indirectly, in
the building of certain plant foods, all come from the soil, occurring
in the soil and entering the plant in the form of a salt. The chief
salts supplying these elements are the nitrates, the phosphates,
and sulphates.

Suggested activity. Prepare a paper on ‘‘ mineral fertilizers.”” Name the
chief chemical substances found in those offered by local dealers, and show
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what results may be expected from the use of each, as large top growth, a
green lawn, or large yield of grain.

Summarizing: the raw materials used by green plants in the
manufacture of food are (1) carbon dioxide, (2) water, and (3)
mineral salts. It will be noticed that all these substances belong
to the chemical group known as inorganic. In other words, the
1aw materials out of which green plants make food are inorganic
compounds. The foods belong to a group of chemicals known
as organic. These are compounds which for the most part com-
pose the bodies of plants and animals. So, the green plant con-
verts inorganic materials into organic—a process peculiar to green
plants alone. Also, note that, of the raw materials, water and
mineral salts come from the soil and carbon dioxide from the air.

Before describing in more detail the processes in the building
of foods by plants, let us find out how the raw materials—carbon
dioxide, water and mincral salts—enter the plant, and how they
move to the parts of the plant where they are used.

Problem 3. How do raw materials enter the plant?

Water and mineral salts are raw materials which come from
the soil and enter the plant through the roots. Iirst of all, let us
find out the important facts about the different kinds of roots and
their functions.

Kinds of root systems. There is much variation in the form,
the spread, and the depth of the root systems of plants. Two
common types of root systems are recognized. The taproot
system is well illustrated in such plants as the beet (Fig. 21), rad-
ish, turnip, parsnip, dandelion, maple, and pine. In this there is
one main root, which grows almost directly downward, giving off
numerous branch roots. The fibrous root system is scen in its
typical form in such plants as wheat, oats, corn, and other cerecals.
In this, one can not distinguish a main root, but there is a great
number of relatively small roots of about the same size which
form a nctwork. In still another form of root system, com-
mon to many of our fruit trees, there are several large roots of
about equal size which anchor the plant in the ground and which
give off numerous finer branch roots,
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If soil conditions are favorable, the taproot by its direct down-
ward growth is able to penetrate the deeper layers of soil; for this
reason it is adapted to dry regions. The taproot of alfalfa, for
example, may extend to a depth of 10 to 12 feet, or even more.

" The fibrous root system, on the other hand, is usually shallow.
Fibrous-rooted plants are employed as soil binders on ditch banks,

e

F16. 21.—Tap-root system of young sugar beet. (From Robbins, in Botany
of Crop Plants.)

steep hillsides, and in other situations where the soil is likely to be
moved away by rain or wind. In the reclamation of eroded soils,
fibrous-rooted plants are used extensively.

Exercise 19. Field study of root systems. Study in the field and report

on the root systems of a number of common plants. Along the steep banks
of streams or where erosion is rapid, one may be able to trace the root systems
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of trees and shrubs. (Refer to Root Development of Field Crops by John E.
Weaver, McGraw-Hill Book Company, New York.)

Factors which influence the growth and character of the root
system. The depth and spread of the roots, although characteris-
tic of the kind of plant, are nevertheless influenced by environ-
mental conditions, chicfly the water content of the soil, the air
supply, and the available mineral nutrients. These in turn are
modified by tillage, fertilizers, crop rotation, irrigation, and
drainage.

In most of our fruit plants the root systems extend as deeply
in the soil as the air supply of the soil will permit, providing there
is sufficient moisture. It is undoubtedly true that air supply of the
soil often limits root development. It should be repeated here
that all living cells must have a supply of oxygen in order to live;
the root hairs and other active cells of the roots must secure most
of their oxygen from the soil air which immediately surrounds
them; sufficient oxygen is probably not conducted long distances
through the tissues of the plant from above to below ground. The
absence or scarcity of root hairs in very wet soil, and in water, can
probably be attributed to poor oxygen supply. In a water-soaked
soil, the air spaces are filled with water.

IExcessive irrigation may produce an actual decreasc in the
yield of a crop, chiefly because it produces a soil condition in
which aeration is faulty. It has been said that the best irrigation
practice involves the most effective compromise between too
much water and too little air. Why do florists use porous earthen-
ware pots with a hole in the bottom?

Soil fertility influences the root development of a plant. It has
been found that “ crops grown in soil of high fertility have roots
that are shorter, more branched, and more compact than those in
similar but less fertile soil.” Moreover, it has been shown that,
where roots in their growth come in contact with a fertilized layer
of soil, they not only are more branched, but they also are slow in
penctrating the soil below.

Transplanting and root pruning encourage the development
of branch roots. In transplanting, many root tips are injured
and, as a result, branch roots are stimulated to develop. Thus, a
compact root system is formed.
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The extent of root systems. The extent of roots is often much
greater than that of the top growth. This is true of many native
L species of plants and also of a

number of cultivated plants. For
example, in the sugar beet, the
main root may extend to a depth
of 5, 6, or 7 feet, and give rise to
numerous branches which spread
laterally several feet. Corn has a
root system which may occupy as
much as 200 cubic feet of soil.
Weaver points out that a corn
plant in the eight-leaf stage has
from 8,000 to 10,000 lateral roots
from the 15 to 23 main roots. A
corn plant 5 weeks old, grown in
a fertile, moist soil, developed a
F1a. 22.—Seedling of corn. The root system the absorbing area of
primary or temporary roots (C), which (excluding the root hairs)
adventitious or permanent roots was 1.2 times as great as the area

(B), and the stem structure (A) . .
which may be long or short de- of the top, and in a dry soil 2.2

pending upon the depth at which &S great as the area of the top.
the seed was planted. Weaver also found that the root
area of Turkey Red winter wheat

exceeded that of the top by 10 to 35 per cent. The roots of com-

F1a. 23.—The sweet potato is a fleshy storage root.

mon asparagus may extend to a depth of 8 or 9 feet and as far
laterally, occupying the soil very completely. The roots of a
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7-year-old apple tree were known to spread horizontally more
than 12 feet and to a depth of 9 feet.

Kinds of roots and their functions.

Exercise 20. Primary and secondary roots. Examine the roots of
radish and wheat seedlings of various ages. Note that in each one there is,
first of all, a primary root which develops from the radicle or rudimentary root
of the embryo of the seed from which the plant grew. And in each there are
small secondary roots, branches of the primary root. Compare older seed-
lings of radish and wheat. Does the primary root of the radish become the
principal root throughout the life of the plant? In older seedlings of wheat,
observe that numerous fibrous roots arise from the base of the young stem.
These come to form the permanent root system of the wheat plant, whereas
the primary roots (those from the embryo) are but temporary. The perma-
nent roots of wheat are said to be adventitious (Fig. 22).

Exercise 21. Adventitious roots. Make stem cuttings of willow, gera-
nium, or begonia; place in moist sand, and observe the position and nature of
the roots which arise at the cut surface. These are adventitious roots.

Exercise 22. Prop roots. Observe the prop roots of corn, the clinging
aerial roots of ivy, and the aerial roots of orchids.

Exercise 23. Root crops. Make a list of plants which are grown pri-
marily for their roots.

QUESTIONS

By way of review of the studies thus far made of roots, write out answers
to the following:

1. Name two kinds of roots as to origin, giving examples of each. 2. Name
three kinds of roots as to the medium in which they grow, with examples of
each. 3. Name four kinds of roots as to form, with examples of each.
4. Give the functions of roots, and after each function name a plant whose root
performs that function. 5. From what part of the embryo does the primary
root grow? 6. What is the usual direction of growth of primary root? Of
secondary roots? Give advantage of each direction to the plant. 7. Name
plants whose roots live but one year, others whose roots live two years, and
still others whose roots live many years.

Structure of roots, and their adaptation to absorption of raw
materials. Now that we have in mind the principal kinds of roots
and root systems, let us inquire into their structure and how they
are adapted to the intake of raw materials from the soil. We
have learned that anchorage is one of the most important func-
tions of the roots; also that many roots store food, and that a few
may be used to propagate the plant. A primary root function is
absorption.
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Exercise 24. Root structure—external features. Germinate seeds of
red top or blue grass by dropping the dry seeds on the surface of water in a
large flat dish and keeping at room temperature for three to five days. Study
the primary roots in water in a watch glass when they are 1£ to 14 inch long.
Place the watch glass on the stage of a compound microscope and examine with
low power to see the principal structures. Note the root cap, the central
conducting cylinder surrounded by a sheath, the cortex, and the root hairs.
Make a diagrammatic sketch of the root, and label all parts.

Exercise 25. Root structure—iun-
ternal features. Mount young roots
as above in water on a microscope
slide, and cover with cover-slip. Ex-
amine with low power of compound
microscope. Identify the parts of the
root as observed in the preceding ex-
ercise. While watching, gently press
on the cover-slip so as to crush the

Fra. 24—A young root tip cut F1a. 25.—A portion of a root showing

lengthwise. Observe the root stages in the development of a root
cap, the central conducting cyl- hair. A root hair 'is an outgrowth of
inder, and the cortex. an epidermal cell.

root. In the region of the central cylinder one should be able to see the
vessels. These are the structures which conduct water and mineral salts
up through the roots.

Exercise 26. Root structure as seen in cross-section. Examine prepared
cross-sections of young roots. Observe the following zones or regions: (a) the
epidermis with its root hairs; (b) the cortex, a sheath surrounding the (c) cen-
tral cylinder, and within the central cylinder, strands of phloem and xylem.
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Phloem possesses the structural elements which conduct foods, whereas xylem
has the structural elements which conduct water and mineral salts.

Root hairs (Fig. 25). We are familiar with the fact that, in
ordinary land plants, the very important work of absorbing water
and mincral nutrients from the soil is confined to the roots. But
not all root surfaces can absorb. On the slender, thread-like roots
are innumerable outgrowths, the root hairs, and these are the prin-
cipal absorbing organs. In some plants it is almost impossible
to see them without a magnifying lens. However, they may stand
so thickly on the fine roots as to form a white fuzzy growth.
The younger parts of the very fine rootlets which have not become
corked over absorb to a limited extent; but in the majority of
plants by far the greatest amount of absorption is carried on by
the root hairs. Iiven the fine rootlets soon become covered with a
corky layer which is impervious to water.

Transplanting destroys root hairs. If a plant is transplanted
or disturbed in cultivation or at thinning, it wilts. We may sce
no apparent injury to the roots. However, on closer examination
we observe that the root hairs have had their connection with the
soil particles broken, and that many of the finest rootlets bearing
root hairs are destroyed. The plant does not recover until new
root hairs arc developed.

It is well known that it is dangerous to transplant young trees,
shrubs, or vines when they are clothed with leaves and are actively
growing. In this condition the plant demands more water than
when in a dormant state. If the fine rootlets and root hairs are
destroyed, as is largely unavoidable during transplanting, the
demands for water are greater than the roots can supply. Exces-
sive watering will not make up for the loss of roots and root hairs
by trees, shrubs, and vines transplanted during the growing sea-
son. The roots may be surrounded by nearly saturated soil, but
in the absence of root hairs, they can not absorb adequate amounts
of water. In transplanting it is the usual practice to reduce the
water-losing area (leaf surface) by pruning.

Exercise 27. Relation of root hairs to soil particles. Carefully remove
seedlings growing in fine sand. Observe the relation of root hairs to soil

particles. (Fig. 26.)
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The soft, delicate root hairs, in growing, wrap themselves about
and spread over the soil particles coming in very close contact
with them. Thus, they expose a maximum surface to the parti-
cles, from which they absorb both water and mineral salts. In a

soil that is well drained and contains the
f\ proper amount of moisture, the water occurs

as very thin films and as wedge-shaped
masses at the points of contact of the soil
| particles, and in this water the various min-
‘ cral salts are dissolved. Conscquently, by
w growing about the particles the roots place
themselves in the best position for getting
water and salts.

Root hairs increase the absorbing sur-
face of a plant. A plant with hundreds of
thousands of root hairs on its fine rootlets has
a tremendous total absorbing surface. The
fine rootlets alone, without the root hairs,
would have a relatively small total surface.
It has been computed that a corn plant with
root hairs has an absorbing surface of about
6 times that of one from which the root
hairs have been removed.

Duration of root hairs. Root hairs have

. eabt o very short life. As the rootlet upon which
seedling showing soil they grow pushes its way through the soil by
particles clinging to
root hairs; note that ~ €rowth at the tip, new root hairs are contin-
the root cap is free ually formed just behind the tip, and the
of root hairs. oldest root hairs farther back arc constantly
(From Robbins, in  gvine off. Any one individual root hair lives
Botany of Crop N .

Plants.) only a day or so. Thus there is a constant

new supply of rapidly growing root hairs.
Moreover, the roots are continually exploring new soil
regions.

F1a. 26.—Wheat

Exercise 28. The structure of the root hairs. Study the structure of
root hairs with a compound microscope. Note that each root hair is a tube-
shaped body, growing out from an epidermal cell of the rootlet. In fact,
each root hair is a single plant cell with the power to carry on the various life



INTAKE OF RAW MATERIALS 51

processes. It is a living structure. The living material and the cell sap are
surrounded by a non-living wall. The wall is lined on the inside with a very
thin membrane of living material, the protoplasmic membrane. This mem-
brane is an extremely important part of the cell, as we shall see later. Make a
drawing of a root hair and several bordering cells.

Substances from the soil enter the plant chiefly through the
root hairs. It should be emphasized that almost all materials
which enter the plant from the soil must pass through the wall
and living membrane-lining of the root hair. From the root hair,
the absorbed materials are passed on to the other root cells, and
from them, into conducting tubes and thence to various parts of
the plant.

It used to be thought that plants ““ suck up ”’ tiny particles
of soil, and “ feed ”” upon them. It is now known that the plant
is incapable of absorbing solid particles. All materials taken in
by the plant from the soil must be in a liquid state, that is, they
must be in solution. Otherwise, they cannot pass, or diffuse,
through the root-hair wall and the living membrane which lines it.

Give the structural features of a root which fit it to the process
of absorption. What is the function of the root cap? Compare
soil roots with roots of water plants, and also with the air roots of
an orchid. Explain the differences. How do root hairs differ from
rootlets in structure and in place of origin? Do root hairs become
rootlets?

The process of absorption. The principal point to keep in
mind in connection with absorption by roots is that all substances
which enter the root hairs from the soil must be in solution.
Water is the solvent. The second important point is that all
substances which pass from the soil to the inside of the root hair
must pass through the cell wall of the root hair and also the living,
protoplasmic membrane which lines the wall. Several simple
experiments should first be performed by the student so that he
will better understand the process of absorption.

Exercise 29. Diffusion. In the bottom of a beaker or glass tumbler of
water place a few crystals of copper sulphate (blue vitriol). If the vessel is not
disturbed, the copper sulphate goes gradually into solution. At first the
solution is a deeper blue in the neighborhood of the crystals, the color being
less and less blue as the distance from the crystals increases. This indicates
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that particles (molecules) of copper sulphate are gradually moving out into
the water. After a long time, the whole solution becomes a uniform blue
color, indicating the equal distribution of copper sulphate molecules through-
out. In the solution there are two components, water and copper sulphate.
Water is the solvent, copper sulphate the solute. In this experiment the
movement of copper sulphate molecules into the water from a region where
they are in greater concentration to one where they are in less concentra-
tion, and the movement of water molecules into the copper sulphate from a
region where they are in greater concentration to one where they are in less
concentration, illustrate diffusion. Keep in mind that diffusion plays a most
important part in the absorption of materials by the roots.

Exercise 30. Diffusion through membranes. In the preceding experi-
ment, the two substances, water and copper sulphate, were not separated
by any kind of a membrane. Now let us devise an experiment which resem-
bles, in part at least, the situation represented in the root hair. Recall that the
sap in the root hair is separated from the soil solution by two membranes:
(1) the cell wall, composed of non-living matter called cellulose; and (2) the
living protoplasmic membrane. The two membranes have very significant
differences in their behavior.

With a carpenter’s 1-inch hit, drill a smooth hole down into the middle of a
fresh carrot, being careful that the bit does not cut through the sutface at any
point. Connect a one-hole No. 6 rubber stopper to the end of a 5-foot length
of glass tubing of small diameter. Pour corn syrup into the carrot, and fit the
stopper into the hole so that the syrup extends into the glass tubing to a point
above the stopper. Support the carrot in a jar of water so that the surface of
the water is on a level with the surface of the syrup in the tube. After a time
you will observe that the liquid in the tube has risen. We are forced to the
conclusion that more material passed into the sugar solution than passed out
of it. Both kinds of membranes are present in the shell of carrot surrounding
the sugar solution. The living protoplasmic membranes of the carrot are
semi-permeable. That is, they allow some substances to pass throuzh them
more readily than others. In this case the sugar molecules pass through the
membrane only slowly, 1if at all; and since there 1s a relatively greater concen-
tration of water molecules on the outside than in the syrup on the inside the
more rapid diffusion of water is toward the inside.

The protoplasmic membrane of a root hair is a semi-permeable
membrane.  The cell wall is wholly permeable, that is, does not
inhibit the movements of any kind of molecules through it. Con-
sequently, in the movement of materials into the root hair, the cell
wall can be disregarded. 'The root-hair sap is a solution containing
not only sugar and other organic compounds, but also a number of
different salts, all in solution in water. The soil solution contains
many different mineral salts in aqueous solution. These two
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solutions—that of the root-hair sap and that of the soil—are sepa-
rated by a semi-permeable membrane, the protoplasmic membrane,
which does not allow all substances to move through it with equal
ease and speed.

Under natural conditions, the cell sap of the root hair is
always more concentrated than the soil solution; that is, the water
molecules are in less concentration inside the root hair than out-
side. We learned from the foregoing experiment that water
passed from the region where the water molecules are more con-
zentrated into a region where they are less concentrated. Apply
this to the movement of water from the soil into the root hair.

Exercise 31. Plasmolysis. This experiment throws further light on the
movement of substances through semi-permeable membranes. Immerse
whole fresh leaves of the water plant Elodea into a strong solution of ordinary
table salt or sugar. The solution can be added to the leaf on a microscope
slide, covered with cover-slip, and observed with the high-power compound
microscope. After a while it will be noticed that the contents of the leaf
cells are shrinking, and pulling away from the wall. This shrinking, known
as plasmolysis, is due to the withdrawal of water from the cells by the solution
outside. Water continues to move out of the cell just as long as the solution
outside is more concentrated than that in the cell. In the plasmolyzed cell
what solution is between the cell wall and the protoplasmic membrane?

Exercise 32. Turgidity of cells. The swollen state of cells is called tur-
gidity. We know that the crispness of the leaves and the rigidity of the young
parts of plants is due to the turgid condition of the many hundreds of
thousands of individual cells which compose it. We can understand this
behavior better if we consider the following exercise. When slices of potato
are placed in water, they remain rigid.  All cells are well filled with water, and
as a result are swollen. The combined effect is a turgid slice. If, on the other
hand, the slices of potato are placed in a strong salt or sugar solution, they
soon become limp and flexible; all cells lose water; it passes from them into
the strong solution outside where water molecules are in less concentration.
As a result, each cell is like a partially deflated automobile tire, and the whole
slice is of the same character. It is not so much the nature of the substance as
its concentration which determines the movement of water in or out of the cell.
For example if the slices of potate are put in a salt or sugar solution, the strength
(concentration) of which is less than that of the sap in the potato cells, they
will remain fresh* instead of losing water they will absorb it. The cells of the
slices will lose wucer only when the strength of the solution in which they are
immersed is greater than that of the solution in them, that is, when the water
molecules are in greater concentration inside the cells. Water tends to move
from a solution of low concentration to one of higher concentration. In most
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agricultural lands, the soil solution has a lower concentration than has the
solutions in the plant. Consequently, the movement of water is from the
soil to the plant.

The normal, active root hair is swollen and distended like an
automobile tire inflated with air. It is filled with water, various
mineral salts in solution, and other substances, all of which render
it swollen. It does its best work only in this distended condition.
If, through lack of water, the plant wilts, the root hairs, as well
as other cells of the plants, collapse to a certain extent, and in this
state, they do not perform their work properly. Any part of a
plant in a wilted condition is incapable of making growth. It may
remain alive and be able to recover if given water, but it will not
grow. Withholding water from a plant to the extent of causing
prolonged wilting cannot fail to retard its growth.

Conditions which influence the rate of absorption. Several
conditions have a marked influence upon the rate of water absorp-
tion by root hairs. In the first place, when the amount of moisture
in the soil reaches a low point, the rate at which it is absorbed by
the roots is diminished. There are forces in the soil which hold the
water, and unless the forces of absorption exceed these soil forces,
water will not be taken in by the roots.

The temperature of the soil is another important factor deter-
mining the rate of water intake. The rate is decreased by lowering
the temperature, and most plants cease to absorb at or slightly
above freezing. Place a small potted plant in a dish of ice water,
and another in water of room temperature. After a time note
results. Explain.

The air supply of the soil also influences the absorption rate.
Root hairs do their best work only when they are well supplied
with air. In soil that is compacted, or so wet that air is excluded
from the soil spaces, absorption is slowed down.

The strength or concentration of the soil solution is a very
important condition determining the rate at which water from
the soil enters the plant. Normally, the solution in the root hair is
of greater concentration than that in the soil. Under this con-
dition, water moves into the hair through the living membrane
which separates the two solutions. If, on the other hand, the soil
solution should become more highly concentrated than that in the
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root hair, water would move from the root hair to the soil, and a
wilting of the root and entire plant would follow. In an alkali
soil, the soil solution surrounding t! e root hairs is often quite con-
centrated; at timesits strength may approach that of the sap of the
root hairs; under these conditions, water movement inward is slow,
and the plant finds it difficult to take in as much water from the
soil as it loses through the leaves to the air. Water continues to
move inward as long as the concentration of the solution inside
of the root hair exceeds that of the solution in the soil on the out-
side. In other words, if the cell sap be denser than the soil solu-
tion, that is, poorer in water, water will be absorbed from the soil
solution.

It is well known that grass, weeds, and other plants can be
killed by drenching the soil in which they are growing with a
strong salt solution. In this case the plant is killed by a failure to
absorb sufficient water or by an actual loss of water, rather than
poisoned by the chemical. The root hairs, being surrounded by a
soil solution which has a greater concentration than that of the
root-hair sap, die because water is withdrawn from them. Soon
the entire plant dies, for it continues to lose water through its
leaves, while at the same time absorption of water is stopped.

The rate of water absorption is also increased if the rate of
water loss from the leaves is increased, providing there is an ample
supply of soil water to draw upon.

The movement inward of any particular salt appears to depend
chiefly upon the available supply in the soil and the rate at which
it is used in the plant. The essential elements which are absorbed
by the plant are soon changed into new substances, and so their
concentration in the plant is kept constantly less than that in the
soil solution.

Enumerate the factors which influence the rate of water absorp-
tion by plants.

Most substances in the root are not lost to the soil. It should
be pointed out that, whereas substances pass from the soil through
the root-hair membrane into the root, most substances in the
root hairs are unable to pass back into the soil. Carbon dioxide,
in the ordinary process of respiration of root cells, continually
passes from the roots to the soil; and, under certain conditione
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water also may be lost to the soil. It has been thought by some
that under certain circumstances sugar in the sugar-beet root
passed from the root into the soil. This is not the case. The
percentage of sugar in the root may go up and down as a result
of different amounts of water in the beet, but the actual ounces
of sugar in the root do not become less, except under very unusual
circumstances when the stored supply is called upon to make an
abundance of new leaf growth.

Summary. We may summarize our discussion of the nutrition
of green plants thus far as follows: (1) The foods of plants, as well
as those of animals, are organic, and chiefly carbohydrates, fats,
and proteins. (2) These foods are built in the plant body, utilizing
as raw materials carbon dioxide (from the air) and water and
mineral salts (from the soil). (3) Water and mineral salts are
absorbed from the soil by the roots, which are structures well
adapted to the process of absorption.

QUESTIONS

1. Define solute, solvent, solution.

2. Why is it necessary to understand diffusion in order to study the process
of absorption by roots?

3. Explain why plants growing in cold bogs have difficulty in absorbing
water.

4. In what ways are alkali soils injurious to plants?

5. What is meant by the ‘“‘selective power”’ of root hairs?

6. When slices of red garden beets are washed, and then placed in fresh
cold water, the water does not become red. But when slices of such beets are
boiled, the water soon becomes red. Explain.

7. Why do young plants become limp when they wilt?

8. Why does a dried prune swell when placed in water?

9. Why is it possible to kill Canada thistles or other perennial weeds by
the use of a liberal application of salt to the soil?

10. Is it possible for a grower to injure or kill plants by applying to them
too much mineral fertilizer? Explain.

11. Explain why corn on land which has been flooded loses its green color
and turns yellow.

Types of leaves. We now have to consider the intake of carbon
dioxide, and the plant structures (leaves) chiefly concerned in this
process.
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Exercise 33. Types of leaves. The student should collect and bring into
the laboratory a considerable variety of leaves and have them before him
while reading the following paragraphs. A suggested list is as follows: oak,
maple, rose, clover, pea, cherry, ash, locust, horse-chestnut, strawberry, corn,
iris, lily-of-the-valley.

All common leaves have a broad, thin blade, which is covered
above and below by a thin, transparent epidermis (Fig. 28). The
blade has two portions, the veins, and the soft green tissue known
as mesophyll supported by the veins.
Look up the literal meaning of the
word mesophyll. Most leaves have
a stalk or petiole which attaches the
blade to the stem, and through
which materials are conducted to
and from the blade. Some leaves,
such as those of grasses and lilies,
have no petioles, and are said to
be sessile (meaning, sitting). Some
leaves also have a pair of leaf-like
outgrowths at the leaf base where
it joins the stem. These are known
as stipules.

The arrangement of veins in a

F1a. 27.—Drawing of the blade
v and a portion of the petiole of a
leaf is spoken of as venation. This geranium leaf. Note the pal-

varies in different kinds of leaves. mately-arranged veins which ra-
For example, in grasses, lilies, iris, diate out from the point of attach-

. . t of the petiole. Explain th
etc., the veins that are easily seen oo O, N PeUOE xplain the
roles of the petiole, the veins,

run parallel to each other the full 454 of the thin, expanded blade.
length of the blade. This is known

as parallel venation. In most broad-leaved trees and shrubs, also
in many herbs, the veins that are easily seen branch frequently
and join again, so that they form a network. This is known as
net venation. In many leaves with net venation there is a single
midrib or primary vein, from which the smaller veins extend,
somewhat like the divisions of a feather. Such leaves are said
to be pinnately veined. In other plants there may be several
principal veins spreading out from the upper end of the petiole.
Such leaves are palmately veined.
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Leaves vary greatly in form. A simple leaf (Fig. 27) has a
single blade, either with or without a petiole, or stipules. A
compound leaf has a leaf blade consisting of a number of separate
leaf-like parts, called leaflets. How can you tell a leaf from a
leaflet?

Leaves also vary in size, in shape, in nature of the margin,
in kind of lobing, in number of leaflets, and in many other charac-
ters. In fact, there are hundreds of terms descriptive of leaves.

Exercise 34. Terms describing leaves. Using the following form, check

off in the proper columns the terms descriptive of some 20 different kinds of
leaves collected by you.

|
Name s Puarallelj Netted | Pin- Pal-
\ Com- | Petio- | ., .
of Simple Sessile | vena- | vena- | nately | mately

ound | late . . .
plant pouti & tion tion | veined | veined

Exercise 36. Types of leaves. Make accurate sketches of the following
and label the parts:
1. Simple pinnate leaf.
. Simple palmate leaf.
. Compound pinnate leaf.
. Compound palmate leaf.
. Parallel-veined leaf.

Ov s W

Structure of leaves and their adaptation to absorption of carbon
dioxide. We have seen that the leaf blade is a thin, flat structure
which exposes a large amount of tissue to the gases of the atmos-
phere. In this particular it would appear to be adapted to absorp-
tion of carbon dioxide. But let us examine the microscopic struec-
ture of the leaf and see if in any other ways it is adapted to this
purpose.

Exercise 36. Leaf structure. With binocular dissecting microscope,

using 20 to 50 magnifications and strong illumination, both transmitted and
reflected, examine both surfaces of a number of different kinds of leaves,
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noting form of epidermal cells, stomata, epidermal hairs, and other gross
characters. The leaves of Tradescantia (Wandering Jew) have very large
stomata.

Exercise 37. Epidermis of leaves. Strip pieces of the epidermis from
the lower and upper surfaces of some leaf, such as Tradescantia. Mount
these with outer surtace up, and examine with compound microscope. Are
the stomata equally nu-
merous on both surfaces?
Are epidermal cells trans-
parent? Make a drawing
of several stomata and 4
to 8 epidermal cells ad-
joining. Label. See Fig.
28.

Thus we sce that,
in addition to the great
surface exposed by
leaves, there are open-
ings in the epidermis

Fig. 28.—At right, the upper epidermis of a

A portion of the lower
Both
Bean-

geranium leaf 1s shown.
epidermus of the same leaf is shown at left.

through which carbon
dioxide and other
gases may pass in.
Now, et us cexam-
ine the internal struc-
ture of the leaf. For

are made up of irregularly shaped cells.

shaped cells, the guard cells, which fit together

in such a way as to leave a slit, a stoma, be-

tween each pair are seen at left. Why are

stomata usually found only on the under side
of the leaf?

this purpose we need thin cross-sections of the leaf.

Exercise 38. Anatomy of leaf. Examine with compound microscope
prepared cross-section of some leaf. Compare with Fig. 29.  Note the (1) epi-
dermal coverings, upper and lower; (2) the stomata with their guard cells;
(3) the mass of green tissue between the epidermal layers, known as mesophyll;
(4) the veins; and (5) large air spaces between the mesophyll cells. Make a
diagram of the leaf as seen in cross-section, labeling all parts. IFrom your obser-
vation of the slide, answer the following questions: (1) How do guard cells
differ from other epidermal cells? (2) Is it possible for carbon dioxide which
may come through stomata to diffuse throughout the leaf and come in contact
with even the innermost cells? (3) Do you think that the leaf structure is such
as to adapt it to absorption of carbon dioxide? Why?

From our study of the leaf, we see that it has three kinds of
tissuc: (1) the epidermis, (2) the mesophyll, and (3) the veins.
In the epidermis are stomata, each with two guard cells. These
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j : Upper
& <Epidermis

§ ¥ ) Palisade
'zzé Layer

Guard Cell
Epidermis Stoma

Fia. 29.—Cross-section of a typical lea.f, showing its internal structure.

change their shape, so that the stoma may be closed or open.
Further on in our study of water loss from the plant we shall have
more to say about stomatal movement. The mesophyll is com-

: posed of two kinds of tissue
(Fig. 29): (1) the palisade
parenchyma, and (2) the
spongy parenchyma. Pali-
sade parenchyma cells have
their long axes at right angles
to the leaf surface. There
may be one to several layers.
Spongy parenchyma usually
forms somewhat more than
half of the mesophyll. The
cells are not elongated. Cer-
tain parenchyma cells may

form a single-layered sheath

Fi1a. 30.—This leaf has been treated with surrounding the veins. All

a caustic soda solution to destroy the soft  ,o]ls of the palisade par-

leaf tissue, thus maklpg‘ readily vm!ole enchyma, all cells of the

the frame-work of veins. These veins

not only support the soft food-making SPODEY parenchyma, except
tissue, but they carry materials. in certain plants those which
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surround the veins, and guard cells are abundantly supplied with
chloroplasts. These possess a green pigment known as chloro-
phyll. The chloroplasts, by virtue of their chlorophyll, play a most
important, part in the manufacture of food by the plant.

The process of carbon dioxide intake. Only about 3 to 4 parts
in 10,000 of the atmosphere is carbon dioxide. There appears to be
nothing to prevent the diffusion of the gases of the atmosphere,
including carbon dioxide, through the stomata, and into the inter-
cellular spaces of the mesophyll tissue. We know that carbon
dioxide gas is soluble in water, and that the walls of mesophyll
cells are wet. Therefore, the surface film of water on the outside
of mesophyll cells contains a quantity of carbon dioxide in solu-
tion. In the diffusion of carbon dioxide, just like that of copper
sulphate described in a previous exercise, the molecules move
from a point where there are many of them to a point where there
are fewer of them. Therefore, if carbon dioxide is being used up in
the mesophyll cells, that which is in solution on the surface film
of water readily diffuses through the wall and protoplasmic mem-
brane, and comes into contact with the cell contents. As a matter
of fact, carbon dioxide gas diffuses into the chloroplasts.

Problem 4. How do raw materials move in the plant?

We have discussed the movement of the raw materials used by
the green plant in the manufacture of food into the plant from the
outside world—how water and mineral salts enter the roots, and
how carbon dioxide enters the leaves. These raw materials are
made into food chiefly in cells that are green, that is, contain chlo-
rophyll. The leaves are the chief food-making organs of the plant.
Consequently, it will be necessary that we explain how water and
mineral salts, once they are in the root hairs, move from the root
hairs to the leaves. In order to explain this movement, we should
know something of the structure of stems as well as of roots, for it
is in them that the materials move to the leaves.

Types of stems. We are familiar with the different kinds of
common stems. For example, there are stems of the woody type,
represented by the trees and shrubs, and stems of the herbaceous
type, represented by the many thousands of different kinds of
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annual plants. Herbs have comparatively little hard, woody
tissue.

Exercise 39. Types of stems. Make a list of ten plants of woody type
and another of ten of the herbaceous type.

As to form, we recognize three common types of stems, namely,
erect, prostrate, and climbing. The majority of plants have ercct
stems. The student can readily name many among herbs as well
as among trees. Such plants as cucumber, squash, ficld morning-
glory, and strawberry have prostrate stems. Ixamples of plants
which elimb upon other plants and depend upon them for mechan-
ical support are grape, woodbine, hop, and scarlet runner bean.

It is obvious that one of the chief functions of all stems, in
addition to that of conduction of materials, is to support the leaves,
raising them into the light and air. But many stems are also
food-storage organs. For example, in the stems of all trees and
shrubs, large amounts of food are stored. Also, many plants have
stems underground, as well as above ground, and such stems are
usually storchouses for food. Ixamples of such are the tubers
of Irish potato, the bulbs of onion and Narcissus, the corm of
gladiolus, and the rhizome of Solomon’s seal, of Canada thistle,
of field morning-glory, and many other plants. Of these we will
speak in another unit.

Structure of stems. Simple water plants have little need for
conducting tissue, for the plants are surrounded on all sides by
water, containing in solution the various mineral salts necessary
for plant life. Likewise those plants which grow close to moist
soil, such as mosses and liverworts, do not require an extensive con-
ducting tissue. But in land plants, with their leaves raised into
the air, and with a great amount of tissuc far distant from the
source of water and mineral salts, there is need for an efficient
means of conducting these materials throughout the plant.

In our study of the structure of stems, let us take three differ-
ent cases: (1) the herbaceous stem of sunflower, (2) the woody
stem of box elder, or cottonwood, or other common broad-leaved
tree, (3) the stem of corn.

Exercise 40. The structure of the herbaceous stem of sunflower. Examine
prepared cross-sections and lengthwise sections. Observe the following parts:
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(1) epidermis, a single layer of cells which protect the underlying tissucs
from drying out and from mechanical injury; (2) the cortex, composed chiefly
of parenchyma tissue, also fiber groups, and just beneath the epidermis, a
tissue with thickenings in the cell corners, known as collenchyma; (3) the
vascular bundles, each with an outer region, the phloem, an inner more
woody region. the xylem, and between them a growing tissue, the cambium;
(4) central pith; and (5) broad vascular rays extending between the vascular
bundles. Make a large diagram of the cross-section showing the relationship
of stem regions, without showing cellular detail. Label. Compare the
appearance of the differcnt tissues as seen in cross- and lengthwise sections.

Exercise 41. Structure of a woody stem. Study cross- and lengthwise
sections of a one-year-old woody stem (Fig. 31). Note three distinct regions
the bark, the wood, and the pith. The Lark may be peeled away from the
wood. It separates from the wood along a region known as the cambium.
The outer part of the bark is a layer of cork, beneath which are several layers of
cells containing chlorophyll. The inner part of the bark is the phloem. Inthe
woody part of the stem note the vascular rays, radiating from the pith. Make a
diagram of the cross-section, labeling all parts.

Exercise 42. Structure of the corn stem. Study prepared cross-sections.
Obscrve the epidermis, the cortex, and a large number of vascular bundles
scattered in parenchyma tissue. Make a diagram, labeling all parts.

Before studying in greater detail the structure of the stem, let us perform
an experiment which will demonstrate in which tissues of the stem water moves.

Exercise 43. To find out through what region water rises in stems. Place
a fresh, leafy twig with the cut end in a solution of eosin. After several hours,
cut sections at intervals along the stem and observe the course the liquid has
taken. Repeat the experiment, using s»me herbaceous stem. Are the veins
stained red? In another experiment remove a ring of bark from a leafy twig,
and place the cut end, below the girdle, in water. Do the leaves wilt? From
these experiments, what is your conclusion as to the tissues in which water is
carried?

Exercise 44. Structure of vascular bundles. Study once more the stem
slides of Exercises 40, 41, and 42, paying particular attention to the vascular
bundles. Observe that the bundles of sunflower and the woody stem have a
cambium between the phloem and xylem, whereas there is no cambium in the
vascular bundles of corn. The principal structural clements of the xylem are
the vessels in which water and mineral salts are conducted, wood fibers which
give strength and support, and wood parenchyma, a tissue which stores food.
The principal structural elements of the phloem are the sieve tubes in which
foods move, companion cells adjoining the sieve tubes, phloem fibers, and
phloem parenchyma. Make a drawing of a single vascular bundle of corn or
sunflower as seen under the high power of the compound microscope. Label.

You will remember from your study of root structure that there
is a central cylinder in which vascular tissue is found, a cortex, sur-
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F1a. 31.—Growth in diameter of a stem of box elder. Sections made June 25,
1934, at different points of the same branch. After studying the diagram
in connection with the description in the context of how growth in diameter
of stems takes place, you should be able to answer the following questions:
At what place in the stem are new elements of wood and new elements of
bark added? How can a cambium cell form a xylem vessel in the wood?
How can a cambium cell form a phloem (sieve) tube in the bark? What
makes it possible to tell from the section where growth ended in the wood
at the end of the growing season of 19337 How can you tell where growth
in diameter began in 1934? Why is the 1933 layer of wood thicker than
the 1934 layer? Why is the bark in a two-year-old stem thicker than that
of a one-year-old stem?
64
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rounding the central cylinder, and an epidermis, including root hairs.
These structures of the root connect corresponding structures in
the stem. After water has moved into the root hairs, it proceeds by
diffusion from root-hair cells to adjacent cortex cells, and by the
same process from one cortex cell to another until it reaches the
vessels in the xylem of the vascular region. In the vessels it
moves rapidly upward through the root into the stem, and thence
on upward in the vessels of the stem to the leaves. The veins
of the leaves are vascular bundles, and they are directly con-
tinuous with the vascular bundles of the stem. So that water
and mineral salts move out through the petiole of the leaf into
all the veins.  From the veins, these raw materials diffuse outward
into mesophyll cells.

Exercise 45. Leaf veins. (Fig. 30.) Treat small thin leaves with warm
80 per cent alcohol until the chlorophyll is gone. Place in a shallow dish
of water, and examine with high magnification of binocular dissecting micro-
scope. Observe the network of veins, and the vein cndings. Picture to

yourself the movement of raw materials outward in thesc small veins, and
their diffusion into adjoining mesophyll cells.

The process of movement of raw materials in the plant. In
the last paragraph we have given the path of movement of water
and mineral salts from the soil to the mesophyll cells of the leaf.
This path briefly is as follows: soil—root hair—cortex—vessels
of root—vessels of stem—vessels of leaf petiole—vessels and
tracheids of leaf veins—mesophyll cells of leaf.

What are the foreces concerned in the movement of a body of
water upward in the plant? When we consider the height of our
tallest trees, we realize that it must require an enormous foree to
bring water to their leaves. We should say at the start that there
is still much controversy as to the cause of the rise of sap in plants.
We will give briefly what seems to be the most plausible and widely
accepted explanation.

Exercise 46. The pull of water in stems due to loss of water from the
leaves. Arrange a demonstration of the lifting power of transpiring leaves.
Secure a shoot with a long stem, and cut it off to a proper length under water.
Fill a tube with water, and insert the twig, previously pushed through a
rubber stopper. Make sure that the stopper fits very tightly into the tube,

and that the twig fits tightly into the stopper. Sealing wax may be used
to insure a water-tight connection. Dip the lower end of the tube into a
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dish of mercury. As the shoot loses water, it is withdrawn from the water
of the tube, and mercury is drawn upward. Observe and record results.

From this experiment, it will be seen that when the leaves of a
plant lose water to the atmosphere, they exert a pull on the water
in the conducting system of the plant. It appears that the water
column in the plant is continuous and unbroken from the leaves
to the roots. The pull exerted in the leaves is transferred all along
the conducting system to the roots. If a leaf cell loses water to
the atmosphere, the sap in that cell becomes more concentrated:
by virtue of the greater concentration of the sap, water passes from
adjoining cells, the sap of which in turn becomes more concen-
trated, and so on to the conducting vessels in the leaves. Hence
there is exerted, at the top of the continuous water column, a pull
which is transmitted downward throughout the whole plant. It
used to be thought that the water in a stem was ‘“ pushed ”’
upward by what is called a ‘“ root pressure.” Although root pres-
sure may play a small part in the rise of sap, there is more sub-
stantial proof that the rise is due to a pulling force. The initial
pulling force is created by the loss of water from leaf cells.

Problem 5. What are the processes of food building?

In the preceding paragraphs we have discussed the movement
of the water and mineral salts from the soil to the mesophyll cells
of the leaf, and also the movement of carbon dioxide from the
atmosphere to these same mesophyll cells. Here, the raw mate-
rials used in food-making meet, and here the process of food man-
ufacture goes on.

The role of light in food-building. In any manufacturing
process, energy is required. In the primary food-making process,
light is the energy used; it is absorbed by the green coloring mate-
rials. The living substances make use of the energy in building a
food from the raw materials, carbon dioxide and water. The
manufactured product is a simple sugar. The elements carbon
and oxygen, of carbon dioxide, have been united to the elements
hydrogen and oxygen, of water, in such a way as to form sugar.
Some oxygen is left over from this process, and most of this
passes out into the air.
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Exercise 47. To find out whether leaves make starch only when exposed
to light. It can easily be determined whether light is necessary for the manu-
facture of carbohydrates in leaves. We have learned that sugar is probably
the first carbohydrate manufactured; as a rule, some of it is changed to starch
and accumulates during the day in the leaf. The presence of starch may be
detected by treating the leaf with iodine, which turns starch grains bluish-
purple. A simple experiment consists in covering a portion of a leaf attached
to growing plant, which has been in the dark a day, with tinfoil to exclude the
light. Then expose the plant to the light for several hours. At the end of
that period, remove the leaf from the plant, extract the chlorophyll by warming
the leaf in alcohol, and then treat the leaf with iodine. What is the action of
the iodine on the portion of the leaf which was uncovered? What does this
indicate? What is the effect of the iodine on the part which was covered?
Explain.

Exercise 48. The role of chlorophyll in food-building. To find out whether
it is only in the green parts of leaves that starch is made, extract the clorophyll
from a variegated leaf of Coleus, or other plant which has white areas in it,
which has been exposed to light for several hours, and treat with iodine. Note
the effect of the starch on the parts of the leaf which were white and on the
portions of the leaf which were green. Write a paragraph explaining the results
of this experiment.

The end-products and by-products. In most plants the first
visible product of photosynthesis is starch. In many of the
Musaceae (banana family), starch is absent from the leaves, oil
being the first visible product of photosynthesis. In many other
monocotyledons there is no visible product of photosynthesis to
be found within the green cells, for the sugar produced remains in
solution.

The sugar which is the immediate product of photosynthesis
is generally assumed to be glucose (C¢H;204). There is some
evidence, however, that it may be sucrose (cane sugar) (C;2H220y,).
Both of these sugars are present in considerable quantities in
plants.

The equation which has been used to express in simple form
the chemical changes which take place during photosynthesis
(6CO2 + 6H20 — CgH;206 + 602) shows that oxygen is freed
during the process. This gas is a by-product of photosynthesis.

Exercise 49. To determine whether oxygen is given off in photosynthesis.
Tn a gallon battery jar place a bunch of fresh, active Elodea plants. Keep in
sunlight. Over them invert a wide funnel, and over the tube of the funnel



68 THE NUTRITION OF GREEN PLANTS

place a test tube filled with water, so arranged as to catch the gas bubbles which
are given off. Apply the oxygen test to the gas.

The process summarized. We see that, in the process of car-
bohydrate manufacture or photosynthesis carried on only by
green plants, and only in those tissues of green plants which possess
chlorophyll, carbon dioxide and water are the raw materials;
sunlight, the energy; special living green bodies chiefly in leaf
cells, the factory or laboratory; sugar, the final product; and
oxygen, the by-product. Carbohydrate manufacture is a process
carried on only in cells containing a green coloring matter and
only in the presence of light.

Careful measurements have been made of the amount of light
energy which is absorbed by the green leaf, and of the quantity of
this actually used in food-making. It has been found that about
10 per cent of the total light energy which falls upon the leaf is
absorbed by the green coloring matter, and that of this amount
only about 35 per cent is used in food-making. This means that
approximately 3.5 per cent of the energy falling on the leaf is
utilized in carbohydrate building.

Problem 6. What use does the plant make of the food manufac-
tured in green tissue?

The sugar, glucose, which is thought to be the immediate
product of the photosynthetic process, is the foundation material
used in the synthesis of most other plant substances. Part of
this simple carbohydrate is respired, liberating energy to be used
by the plant in doing work. Some of it is stored as such, to be
changed later into various other substances.

Respiration. Respiration is onec of the vital processes in
plants. In all essential particulars the process is the same in
plants as in animals. It is true that plants do not have organs
in any way resembling lungs, which serve to facilitate the exchange
of gases between the atmosphere and the cells of the body, but the
essential features of respiration are the same in both plants and
animals.

Respiration is a process which goes on only in the living cells.
Every cell of the plant body must respire if it is to maintain its life.
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We have often been led to believe that leaves are the respiring
organs of the plant. It is true that respiration is quite rapid in
leaves, but they are no more the respiring organs of the plant than
are the stems, the roots, or other living parts. Moreover, respira-
tion is not going on any more rapidly in leaves than in many other
living organs of the plant. It is in all living cells, no matter in
what organs or tissues they may be found, that respiration takes
place.

Respiration is a process in which substances of the plants, such
as sugars, are broken down by the aid of oxygen into simpler
products, the principal ones of which are carbon dioxide and water.
It is a destructive process. In this breaking-down process, energy
is liberated. Some of the energy of respiration is used directly by
the living cell for the processes which are essential to its life; the
remainder is lost as heat. In respiration, plant foods are used up,
being oxidized or ‘“ burned” by means of oxygen. In many
respects respiration is similar to combustion. As far as each living
cell or the entire plant body is concerned, the exchange of gases
involves an intake of oxygen and an outgo of carbon dioxide.

There may be some confusion regarding two of the important
processes of the green plant, namely, carbohydrate manufacture
(photosynthesis) and respiration. In preceding pages the carbo-
hydrate-manufacturing process of plants was described. This
process, too, goes on in the living cells, but only in those cells
which are exposed to light and contain a green coloring matter
(chlorophyll). And, in the carbohydrate-manufacturing process,
carbon dioxide is taken in, and oxygen given off. This is just the
reversc of the gas exchange in respiration. Carbohydrate manu-
facture takes place in a relatively few cells of the plant, and only
during the day. Respiration, on the other hand, proceeds day
and night in all living cells, whether they contain chlorophyll or
not. Again, we should recognize that whereas respiration is a
food-destroying or energy-releasing process, that process peculiar
to green cells is a food-building or energy-storing process.

It is very probable that there are times during the day when
respiration and carbohydrate manufacture go on at about the
same rate in the green tissues of the plant. At such times, the
oxygen set free in the latter process is not lost to the atmosphere but
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is immediately utilized by the cells in respiration, and the carbon
dioxide eliminated in respiration is taken by the green cells and
used in the process of carbohydrate manufacture. But during
the night, when the utilization of carbon dioxide in food-building
ceases, this gas escapes from the plant to the atmosphere. In an
actively growing green plant, the amount of oxygen liberated to
the atmosphere by the carbohydrate-manufacturing process during
the twenty-four hours exceeds that absorbed in respiration, and
the carbon dioxide contributed to the atmosphere by the respira-
tion of such a plant is much less than that absorbed during carbo-
hydrate manufacture. Thus, we see that green plants play a
great part in the scheme of nature, in that they maintain a proper
ratio of the important gases of the atmosphere, by removing carbon
dioxide from it and adding oxygen. It has been computed that
approximately 280 square fcet of green leaf surface will give out,
during a modcrately warm and sunny day, the quantity of oxygen
used by a man for respiration during the same period.

Materials which compose the plant skeleton. Glucose may
be changed into cellulose, a carbohydrate which enters into the
structure of cell walls. Cellulose is the most abundant carbo-
hydrate in the plant kingdom. Cellulose is the basis of a large
number of commercial products such as paper, explosives, cello-
phane, celluloid, rayon, ete. Glucose may be changed into pectic
substances. Pectic compounds occur in the cell walls of many
fruits, breaking down in boiling to form a jelly.

Reserve foods. Glucose may be changed into other sugars
such as fructose and sucrose. Iructose is common in the fruits
of plants. Sucrose is a reserve food, particularly abundant in the
root of sugar beet and in the stems of sugar cane.

Glucose, or other carbohydrates, may be converted into fats
or oils. Fats and oils are especially abundant in seeds and fruits.
Common oils of commerce are castor, linseed, cottonseed, olive,
coconut, and peanut. State the commercial uses of these different
kinds of plant oils.

The proteins, substances of importance in such sced as beans,
peas, and cereals, are also in large part built from carbohydrates,
chiefly glucose. In addition to the elements carbon, hydrogen,
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and oxygen, which occur in all carbohydrates, proteins also contain
nitrogen, sulphur, and some of them phosphorus. These three
elements are derived from mineral salts which come from the soil.
Frequently we have mentioned the mineral salts as raw materials
in the food-manufacturing process. They do not form any part
of glucose, but they do enter into the make-up of all plant proteins
and many other important plant substances.

Various secretions and other substances. But these foods—
carbohydrates, fats, and proteins—are not the only plant sub-
stances of economic importance. Consider the various plant pig-
ments, the resins and gums, the milky latex of many plants, some
of which yield the latex from which rubber is made, and the
alkaloids—nitrogenous substances such as quinine (from bark of
cinchona), caffeine (from coffee), thein (from tea), morphine
(from the poppy), nicotine (from tobacco), and atropin (from
nightshade). Also a large number of organic acids are found in
plants, such as citric acid (from citrus fruits); there are innumer-
able essential plant oils, such as lemon oil, cedar oil, clove oil, va-
nilla, camphor, etc. Also, consider the great commercial impor-
tance of tannin, a bitter substance found in the bark of many
trees and employed in the tanning of leather.

Thus we sce that the sugar, glucose, manufactured only in
green cells, forms the foundation of many other plant foods, and
other plant substances that probably cannot be classed as foods.
Glucose is manufactured in the cells only when they are exposed
to light. However, all the other chemical changes in the plant,
incluaing the synthesis of fats, of proteins, of alkaloids, of acids, or
essential oils, and other substances, are independent of direct sun-
light. Sunlight is directly necessary for only one process, namely,
photosynthesis, or the building of glucose out of carbon dioxide
and water. We have seen that glucose manufacture utilizes the
energy absorbed from light. In other words, in glucose manufac-
ture radiant energy is transformed into the chemical or potential
energy of the glucose molecule. In all other chemical changes in
the plant, for example, the synthesis of proteins, the energy for
doing the work is derived from respiration.
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Problem 7. What is the role of the different elements in the
nutrition of green plants?

In the preceding sections it was emphasized that only green
plants have the power of manufacturing, from the simple com-
pounds derived from the soil and atmosphere, the foods which
are used in nourishing the plant body.

We have also seen that this food-manufacturing process is of
great significance, in that the foods constructed furnish the mate-
rial out of which the bodies of both plants and animals are built;
and moreover, in the making of these foods by green plants,
energy from the sun, which is the world’s great and only source of
energy, is stored.

It has long been realized by agriculturists that a proper fer-
tilizer practice was dependent upon a knowledge of the influence
which the different chemical elements exert upon the plant’s
growth, If, for example, we would apply nitrates to the soil, we
should know how this salt is going to affect the crop. Moreover,
we should be able to tell when a crop is suffering from a deficiency
of any essential chemical element, and what the effects are of
an excess.

Principal substances used by green plants. It was also
pointed out that there were certain substances which the plant
must have in order to maintain life. The principal substances
which are taken into the green plant, and in some way made use
of, are as follows:

From the soil. (1) Water, and (2) salts containing principally
nitrogen, phosphorus, sulphur, potassium, calcium, magnesium,
and iron. From the atmosphere. (1) Carbon dioxide and (2)
oxygen,

Let us briefly discuss the part that each of these substances
plays in the life of the plant.

Water. The living material (protoplasm) of the plant is 80
to 90 per cent water. We have learned that water is an essential
raw material for the manufacture of sugar. Water is the solvent
of the gases, oxygen and carbon dioxide, and also of all mineral
salts. None of these substances can enter the plant unless they
are in solution. We have seen that raw materials and foods move
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from one part of the plant to another in watery solution. The
cells of the plant function normally only when distended with
water.

Nitrogen. Nitrogen is a constituent of all proteins, which are
essential components of protoplasm. Protein contains 15 to 19
per cent of nitrogen. It is well known that an abundance of nitro-
gen tends to produce a rank growth of leaves, stems, and roots
and to retard the date of maturing of the plant. Crops grown for
their leaves only arc improved by applications of nitrate. How-
ever, an cxcess of nitrogen in such a crop as cabbage may result
in a softness dnd tenderness which make it difficult to ship and
keep well. Cereal crops produce, as a rule, too much straw, and
“lodge ”’ badly if there is an excessive supply of nitrogen. An
excess of nitrogen applied to potatoes stimulates a leafy growth,
but not a proportionate weight of tuber; applied to tomatoes, it
produces too much leaf and too little fruit; applied to sugar beets,
it results in high tonnage, but reduced sugar content. Hcavy ap-
plications of nitrogenous fertilizers to fruit-bearing plants may
cause increased vegetative growth, which is usually associated
with decreased fruit production. Nitrates are by far the most
available source of nitrogen for crop plants.

Phosphorus. Like nitrogen, phosphorus is a constituent of
proteins. It is essential to a rapid multiplication of cells. It is
known that such insoluble carbohydrates as starch are not changed
into the soluble form (sugar) unless phosphorus is present. In
the early stages of the plant’s growth, phosphorus promotes devel-
opment. The fact that applications of phosphorus to the soil
hasten the maturity of plants is probably due to the stimulation
of rapid early growth. On heavy soils, where roots do not form
well, phosphorus stimulates root development. Plants secure
their phosphorus from the soil phosphates.

Sulphur. This is an indispensable clement in plant growth.
It is essential to the formation of proteins. A deficiency of sulphur
results in a failure of the cells to divide at a normal rate, and in a
suppression of fruit development. The characteristic flavor of
onions and garlic is due to certain sulphur compounds. Plants
secure sulphur from the sulphates of potassium, calcium, magne-
sium, and iron.
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Potassium. Potassium is essential to the manufacture and
movement of carbohydrates. Such plants as sugar beets, pota-
toes, and others which manufacture and store large quantities of
carbohydrates are particularly responsive to the available supply of
potassium. This element has a marked cffect on the weight of
grain. Potash starvation shows in the dull, yellowish color of the
foliage, in a loss of vigor, and a lessened resistance to disease.

Calcium. This element seems to stimulate root growth. A
deficiency retards the movement of carbohydrates in the plant
and their utilization by the plant. Calcium aids in neutralizing
acids, both without and within the plant, which might limit the
growth. Calcium enters into the composition of the middle mem-
brane of cell walls.

Magnesium. It is now known that magnesium is necessary
for the formation of the green coloring matter (chlorophyll) of
plants. In fact, it is a component of the green coloring matter.
A deficiency of magnesium results in pale, colorless foliage. Mag-
nesium also appears 1o aid in the movement of phosphorus in
the plant.

Iron. Although iron does not enter into the composition of
chlorophyll, it is absolutely essential to its formation. Iven in
the light, plants become pale when grown without iron. Very
small amounts of iron salts in the soil are sufficient.

Carbon. As has been stated, green plants derive all their
carbon from the air in the form of carbon dioxide. Carbon enters
into the composition of all carbohydrates, such as sugars, starches,
cell walls, and is also an essential component of fats, of proteins,
and of living material itself. Carbon makes up from 40 to 50
per cent of the dry weight of all plants.

Oxygen. This element enters into many chemical compounds,
but in its elemental form is essential in the process of respiration.
This important process will be discussed later.

It should be understood that the plant is taking in a great
many more chemical elements than those mentioned in the preced-
ing paragraphs. The fact is that an analysis of plant ash reveals
the presence of most of the elements which occur in the soil. How-
ever, it is not known what part, if any, many of the rarer elements
play in the plant’s life. It may be that some of them, like iron,
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even in small traces, are indispensable to normal plant growth, or
at least influence the plant’s development. Experiments seem
to bear out the truth of this statement. It should also be pointed
out that the salts of the soil are ordinarily in very dilute solutions,
and are taken in by the plant in small quantities.

Problem 8. Where do foods move in the plant?

Although all living cells of the plant contain sap, not all of them
arc concerned in its rapid movement throughout the plant. In all
stems and roots, there is an upward-moving sap stream and a
downward-moving sap stream, and these differ in their chemical
composition. The upward-moving stream is mainly water and
mineral salts from the soil, and food substances which have been
stored in roots and stems; the downward-moving stream carries
food substances, dissolved, of course, in water.

We learned that the conductive tissues of the plant are grouped
into bundles called vascular bundles. Iach bundle is composed
of three groups of structural clements, the xylem, the phloem, and,
in most plants, a cambium between the xylem and phloem. We
learned that water and mineral salts moved in the vesscls and
tracheids of the xylem. That is, the upward-moving sap stream
is in the xylem or woody portion of the stem. Now recall that
the eonducting elements in the phloem are sieve tubes. Gird-
ling experiments with stems show that foods, chiefly sugars, are
transported in the sieve tubes of the phloem. That is, the down-
ward-movingsap stream isin the phloem or bark portion of the stem.
And bear in mind that all foods which are moving from one part
of the plant to another are in solution. Starch grains or protein
granules cannot move as such throughout the plant. Why?

In girdling, the bark is cut completely around the stem down
to the wood. That this operation does not stop the upward flow
of water is evidenced by the faet that the leaves do not wilt. But
foods do not mave past the girdle. This indicates that their con-
duction is in the bark. If the main trunk of a tree is girdled, the
roots are starved for want of food, and the tree finally dies. The
girdling of stems often results in increased growth above the girdle.
This condition also seems to show that there is a downward move-
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ment of foods in the bark, and that they have a tendency to
accumulate above the girdle, thus supplying material for addi-
tional growth.

The path of movement of the food manufactured in the meso-
phyll cells of the leaf is probably as follows: It diffuses into cells
joining the vein endings in the leaves, from one cell to another,
until it comes to sieve tubes; once in the sieve tubes it is free to
move rather rapidly to all parts of the plant, passing down into the
petiole, thence to the stem and roots.

Problem 9. How does the plant store and digest its food?

As a rule, the food that is manufactured by a plant accumulates
faster than it is needed. Accordingly, there is some provision for
the storage of food. The amount of food stored and the place
of storage depend somewhat upon the length of life of the plant.
For example, in annual plants, those that live but one year, the
supply of stored food is confined to the seeds. In biennials, plants
that live two years, producing seed at the end of the second year,
not only is food stored in seeds, but also large amounts occur in
roots. Examples of such plants are carrot, parsnip, turnip, sugar
beet, ete.  In perennials, plants that live from year to year, food
is stored not only in seeds, but also in large quantities in roots and
stems. For example, the dandelion root is perennial, and at all
times has a supply of food in reserve. Well do we know this, for
if the dandelion is cut off, new shoots promptly arise, making their
growth at the expense of food stored in the roots. Many perennial
weeds have underground stems; examples are wild morning-glory
or bindweed, Canada thistle, and Russian knapweed; and many
common economic plants, such as Solomon’s seal, T'rillium, certain
larkspurs, Irish potato, Jerusalem artichoke, asparagus, and
others also have underground stems. In all these plants, the
underground stems are food-storage organs. In woody plants, the
trees and shrubs, food is stored in twigs and branches of all sizes,
in the main trunk, and in the roots. In fact, a tree lays up for the
dormant season an enormous reserve of food which, in the spring,
moves into all the buds, furnishing nourishment for their early
growth. In the woody stems and roots, foods may be stored in
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the vascular rays, in wood parenchyma, in phloem parenchyma, in
cortex, and in pith.

The kinds of stored foods. The principal stored foods are
starch, sugars, proteins, and oils. Probably the most common
food stored in plants is starch, as for example in the seeds of corn,
wheat, oats, and rice, the tuber of potato, and in the roots and
stems of woody plants. Starch occurs in the form of grains, the
shape, markings, and structure of which are characteristic of each
species.

Exercise 60. Starch test. Apply the starch test to sections of a number of

different kinds of structures including seeds, roots, and stems. Write up your
observations.

‘When photosynthesis is actively going on, starch usually accu-
mulates in the leaf, and can be detected by applying the iodine test
described on page 40. This accumulation means that glucose is
being made more rapidly than it can be carried away, and that it
is changed to starch and stored as such temporarily. That this is
so0 is borne out by the following simple experiment.  Small portions
of a leaf tested for starch in the evening after a day of photo-
synthetic activity show starch. If pieces of the leaf are taken in
the morning before it is light, or if the leaf is covered with opaque
paper in the evening, so that light does not strike it in the morning
before the sample for testing is made, a test for starch is negative.
Evidently during the night stored food has moved out of the leaf
to various parts of the plant. Thus starch may be a temporary
storage product of leaves.

Sugars, chiefly glucose, fructose, and sucrose, are very common
stored foods. Usually they may be detected in the sap of cells
in almost any part of the plant. They are stored in large quanti-
ties in certain fruits and in some vegetative structures. Notable
examples are the roots of sugar beet and the stems of sugar cane,
which may contain from 15 to 20 per cent of sucrose.

Proteins are also an extremely common storage product, espe-
cially in seeds, particularly such seeds as beans and peas. Oilis a
reserve food in such seeds as flax, cotton, olive, and peanut.

The process of food digestion. Plants digest their foods, and
essentially in much the same manner as animals. As an example,



78 THE NUTRITION OF GREEN PLANTS

let us consider starch. We have learned that substances which
move from place to place in the plant must be in solution. Starch
grains can not move through cell walls and protoplasmic mem-
branes. Consequently, starch stored at points in the plant far
removed from growing points, where it is most needed, must first
be changed into some form which will diffuse through cell walls and
protoplasmic membranes. This change of starch, a substance
which is not soluble in the cell sap, to a material which is soluble
in the cell sap, is a process called digestion.

Digestion is brought about by various complex substances
known as enzymes. They are protein in character. They are
usually present in very small amounts in cells, but it ap-
pears that even a small quantity may be sufficiéent to bring
about the digestion of a relatively large amount of material.
Moreover, there is no appreciable decrease in the amount of
enzyme as a result of its action. There is a specific enzyme,
known as diastase, through the action of which starch is changed
to sugar, glucose. Diastase has no other digestive function; its
action is specific.

Let us illustrate the processes of digestion, movement of food,
and storage of food as they occur in the potato plant. The cells
of the potato plant which contain chlorophyll manufacture sugar
from carbon dioxide and water. Some of this sugar, as such, is
immediately conveyed from the leaf and goes to various parts
of the plant where it is used in respiration and to nourish the
tissues. Some of it reaches the developing tubers underground.
Some of it may form the basis for fats and proteins. And a large
proportion of it is converted to starch and temporarily stored in
icaf cells. At night, when the sugar-making process has stopped
on account of the lack of light, the temporarily stored starch is
digested, that is, converted to a soluble form, which in this case
is sugar. The agency causing this change is the enzyme diastase.
The sugar moves out of the leaf, through the leaf stalk into the
stem, down through conducting tubes of the vascular bundles, and
into the tubers. This sugar is converted back into starch and
stored as such in the tuber. The potato tuber is a starch-storing
organ. When the tuber is planted and begins to sprout, it becomes
sweet, indicating that starch is being converted to sugar. Further-
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more, actual test shows sugar on the increase and in transport to
the developing sprouts.

As another illustration, let us start with starch stored in the
vascular rays of a peach twig. Vascular ray cells are living; in
fact, food storage occurs only in living cells. When temperature
and other conditions are favorable in the spring, these vascular ray
cells begin the sccretion of diastase, and stored starch is changed
to sugar, that is, starch is digested. The sugar diffuses from vas-
cular ray cells into adjoining tissues and finally reaches the growing
cells in the buds.

There are many diffcrent kinds of enzymes, each having a
rather specific function. Lipase is an enzyme which facilitates the
breaking down of fats into glycerin and fatty acids; pepsin digests
proteins, converting them into water-soluble peptones and pro-
teoses; trypsin digests peptones and protcoses, changing them
into amino acids.

Enzymes may be secreted by any living cells of the plant, or
whercver digestion is necessary.

Exercise 61. Starch digestion. Place some starch in a small, shallow
dish and cover with a solution of diastase, which may be obtained as a com-
mercial product. Keep at a temperature of about 75° to 80° F. for 12 to 24
hours. Examine the starch grains with the high power of a compound micre-
scope, and observe that they are “ eaten ”” and corroded. If facilities permit,
test some of the solution for sugar.

Problem 10. How does the plant assimilate food?

Up to this point in our discussion of the nutrition of green
plants we have discussed the processes of food manufacture, its
storage, its digestion, its use, and its movement within the plant.
Digested food within the plant cell is not a part of the living
protoplasm. One more step is necessary—that of making it a
part of the living protoplasm itself. It must be changed from
lifeless food to living protoplasm. This process is called assimila-
tion. The nature of this transformation is not understood. But
we may be assured that everywhere throughout the plant, in
living cells, there is going on this marvelous change of non-living
foods to living stuff. But the change is brought about only by
the action of other living matter already existing.
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ADDITIONAL QUESTIONS AND EXERCISES

1. Define organic substances and inorganic substances, and cite examples
of each.

2. Which classes of substances nourish the bodies of plants and animals?

3. What 1s the great rédle that green plants play in the world’s economy?

4. What inorganic compounds do living plants give off?

5. What elements do carbohydrates contain?

6. Why is a sprouted potato sweeter than an unsprouted one?
. Sweet-corn kernels contain much more sugar than ficld-corn kernels.
Do you see any relation between this fact and the wrinkledness of dry sweet
corn?

8. What is meant by an independent plant?

9. Define assimilation.

10. Discuss digestion in relation to seed germination.

11. When slices of red beet are placed in water what prevents the coloring
matter from diffusing out? Why does the coloring material come out when the
beet is boiled?

12. What is the differcnce between the food of plants and that of animals?

13. What gases enter a green leaf in sunlight?

14. What is an enzyme?

15. Explain why an apple tree dies eventually when a ring of bark is removed
from the main stem.

16. Explain why a tree girdled in summer may live and remain green during
the remainder of the season but fail to leaf out the following spring.

-
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UNIT III
NUTRITION OF NON-GREEN PLANTS-

We learned in Unit II that green plants make their own food.
For this reason they are called independent plants, or autophytes.
Plants without chlorophyll and the animal life of the earth are
dependent, since they have not the power to make food, but must
get their food from supplies furnished, directly or indirectly, by
green plants.

Almost all the non-green plants are included in the groups
which we know as bacteria, yeasts, molds, mildews, rusts, smuts,
and mushrooms. Certain of these plants are related in an impor-
tant way to man’s welfarc. They get into his foods which are
unprotected and cause them to spoil. They enter his body and
the bodies of animals and produce poisonous substances that
cause disease. In a similar way they affect plants, causing serious
damage to cereals, fruits, and other crops. Through unceasing
effort scientists have learned much about the nature of these plants
and about how they live, and this knowledge has bcen a help to
mankind in protecting against the injurious forms.

Although certain of the bacteria, yeasts, and molds are man’s
enemics, we should know, also, that representatives of these plant
groups are absolutely essential to the existence of other life on
the earth. Without the help of the microscopic forms of life
which are working quietly within the soil, the continued existence
of man and his civilization would be impossible. Certain of the
soil bacteria and molds cause the decay of dead plant and animal
bodies. Others use the nitrogen of the air in making new chemical
compounds which are essential to the growth of other plants. In
this way the soil is kept fertile, making possible the production of
plants year after year.

In general, the non-green plants are simple forms without
roots, stems, or leaves; yet there are a few flowering plants which

81
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lack chlorophyll and so must depend upon green plants. Among
the dependent seed plants are the Indian pipe and pinesap, which
derive food from dead plant materials in the soil, and beech drops
and squaw root which live as parasites on the roots of certain
trees.

It will be interesting to study the relationships between the
independent life of the earth and the dependent life. Green
plants, in the process\ of food-making, use carbon dioxide in large
amounts and give off to the atmosphere an equal volume of oxygen;
in respiration, they use oxygen and give off carbon dioxide in small
quantities. The ultimate effect of grecen plants on the air is to
decrease the amount of carbon dioxide and increase the amount of
oxygen. Animals and non-green plants affect the atmosphere by
increasing the amount of carbon dioxide and decreasing the amount
of oxygen through the process of respiration. Thus there is a
‘balance in nature between
green plants and living things
without chlorophyll. The
plants with chlorophyll fur-
nish oxygen which all living
things require and use carbon
dioxide which is a waste prod-
uct of all life.

F16. 32.—A balanced aquarium. A balanced aquarium (Fig.
Denoyer Geppert Co. 32) is set up by adding animals
) ' and plants to the water in pro-
portion so that the plants will furnish the animals the required
amounts of food and oxygen and the animals will furnish supplies
of carbon dioxide and other raw materials needed by the plants.
The balanced aquarium is a miniature world with a definite
balance between the plant life and the animal life which it
contains,

We can consider green plants independent only in the sense
that they are able to build foods from raw materials; they are
dependent, in a way, since a large part of the raw materials neces-
sary for the process of food-making is furnished by other forms of
life.




CHARACTERISTICS OF NON-GREEN PLANTS 83

Problem 1. What are the main characteristics of the
non-green plants?

The outstanding characteristic of the non-green plants is the
absence of chlorophyll in their tissues. In a ficld planted to corn
an occasional plant appears with white leaves. No one has seen
a full-grown stalk of corn having only white leaves. It is signifi-
cant that these young albino corn plants live only as long as the
food stored in the seed lasts. The parent plant had chlorophyll,
so food could be produced and stored in the seed. The albino
scedling, having no chlorophyll, must die as soon as it has used
this original store.

There are no chlorophyll-bearing forms among that simple
group of plants known as fungi. The plant begins devclopment
in contact with organic material, and all its needs for producing
the plant body and reproductive structures are supplied in the
form of ready-made food.

All living organisms need energy for life processes. Whether
plant or animal, every living thing uses oxygen and gives off
carbon dioxide. Substances are oxidized in the cells of the living
body, and energy is released. If the living thing can not store
encrgy for itself in the form of food it must get its supply of energy
from the store provided by other living things which can make food.

We have considered non-green plants dependent on green
plants, but certain bacteria are exceptions. Anyone who has seen
a mineral spring has noted the foul smell and the whitish or yel-
lowish coating of objects in the stream of water running away from
the spring. The same may be noted in a sluggish stream contain-
ing sewage. The smell is due to a gas known as hydrogen sulphide
which escapes from solution in the water. The coating of objects
is due to sulphur bacteria. These bacteria are primitive forms
which can live and secure energy from the oxidation of hydrogen
sulphide to sulphur and the oxidation of sulphur to sulphuric acid.
These or similar forms must have represented the first lifc on the
earth when very few of the types of animals or plants found today
could have survived the severe conditions.

Saprophytes. Dependent plants which derive their food from
non-living organic material arc known as saprophytes. The
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organic matter may be either plant or animal.
many different kinds of saprophytic fungi.
They may be grown in beds prepared from

common example.

There are a great
Mushrooms are a

partially decayed stable manure mixed with rich loam. The

Fic. 33.—Shaggy-mane mushroom
growing in a city backyard. Why is
this mushroom growing here among
the green plants? Does it need the
sunlight? Are the materials which it
takes from the soil the same as those

taken by the green plants? Could

plants without chlorophyll develop

without the aid of green plants? Could

green plants succeed without the aid
of the non-green plants?

decayed manure and loam
furnish the organic material
for the use of the mushroom.
Enzymes are secreted by the
part of the plant consisting of
a network of tiny underground
threads. These enzymes
change the complex food sub-
stances into simpler materials
which can pass through the
membranes of the plant in
absorption. Inside the plant
the food materials may be oxi-
dized, or they may be assimi-
lated, forming protoplasm
which is used in the building
of new plant structures. A
saprophyte is similar to an
animal in that it requires food
which has been derived directly
or indirectly from a green
plant.

Why are mushrooms fre-
quently found growing in the
woods around dead trees or
stumps? Explain why mush-
rooms are found growing in
soils that have humus (decay-
ing plant material).

During the hundreds of
thousands of years that life

has been in existence on the earth enormous quantities of material

have been produced in the form of animal and plant bodies.

It is

to be noted that these materials have not acecumulated on the
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surface of the earth. Without the great variety of saprophytes
which dispose of the dead organic substances, life on the earth
would have become impossible long ago because of the débris
resulting from the accumulation of these materials.

¥16. 3¢.—These large mushrooms are saprophytes, getting food materials
from the humus on which they are growing.

The annual herbaceous plants and the leaves of trees and
shrubs fall to the ground each year, and myriads of non-green
plants begin the process of
transformation. The com-
plex plant materials are at-
tacked in the process of
decay, and this and other
processes which follow change
these substances into simple
raw materials suitable for use
of other plants. In the same
way, the parts of crop plants
which are not removed from
the fields by man are returned
to the soil where bacteria and molds transform them into materials
that can be used by other crops. What conditions would follow
if all the saprophytes were suddenly destroyed?

Fia. 35.—Certain fleshy fungi live as
saprophytes on fallen logs and on stumps.
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Saprophytes are not always beneficial to man. Good food
for man is also suitable food for other organisms which may get in
and spoil the food for man. It has been necessary for man to
devise methods of food preservation such as drying, canning, use of
chemicals, and refrigeration in order to make it impossible for
injurious saprophytes to enter or grow in the food and thus
destroy it.

Exercise 52. How does a saprophyte secure food? Mount in water on a
clean slide a small portion of rotten apple or orange, cover with cover-glass, and
examine under the low power of the microscope. What evidence do you see
of plant growth within the apple? What is the source of food of the structures
which you see? How does the food material of the apple get into the plant
body of the fungus?

Exercise 63. How may saprophytes be spread? Examine an apple or
orange in the advanced stages of rot for any evidence of the fungus on the
outside of the fruit. Mount on a slide in water under a cover-glass a small
amount of any blue or green powdery fungus material that you may find.
What is the shape of the bodies asthey appear under the microscope? What
seems to be the relation between the structures of the plant which you find
on the surfaces of the fruit to those which you found within? Why are the
thread-like structures produced within the fruit rather than on its surface?
Why were the resistant spherical structures produced on the surface of the fruit
rather than within? Show how the part of the plant within the frut and the
part of the plant on the outside is in each case fitted to live where it is produced.
How could the small spherical bodies on the outside known as spores he spread
to other fruits?

Exercise 64. How may saprophytes enter food materials? Place in a dish
a sound apple in contact with the rotting portion of an affected apple. On the
opposite side of the sound apple prick the skin with the point of a knife and
introduce some of the spore material found on the surface of decayed fruit.
Cover the dish and examine each day for a few days. Describe fully what
happens to both sides of the apple which was formerly sound. What rules
would you give for preventing decay in sound fruits, such as apples and
oranges?

Parasites. Many of the non-green plants, though dependent
like the saprophytes, derive their food from living organic matter,
that is, from the bodies of living plants or animals. These are
parasites. Some of the greatest discoveries of medical science are
concerned with methods of protecting against disease-producing
bacteria which are parasitic plants. Many cultivated plants and
domestic animals are attacked by plant parasites, and huge sums
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of money are expended annually by public agencies and private
individuals in fighting these parasitic plant pests.

The main point of difference between the saprophytes and para-
sites is the fact that the parasites derive their food from living
plant and animal bodies whereas the saprophytes thrive on dead
organic materials. They are alike in the fact that both require
organic material for their nutrition, that is, neither has the power
to make foods from raw materials.

Since bacteria and other fungi use the living material of plants
and animals as food, they naturally are injurious in their relation
to the host (the living thing in which they grow). They do injury
by destroying the living material of the host. Also, many of them
are injurious because they produce substances which are poisonous
to the host. These substances are known as toxins. Both plants
and animals are affected by toxins, but since the animal has a
circulatory system and a plant has nothing to compare with this,
the toxic substances can not affect the plant in the same way they
affect animals.

Many of the most serious diseases which attack man, such
as typhoid fever and diphtheria, are due to the effects of bacteria.
The non-green plants which produce disease conditions in plants
or animals are called pathogenic forms. The science which deals
with plant diseases is plant pathology.

Following the work of Louis Pasteur, a Frenchman, and Robert
Koch, a German, showing that bacteria are the cause of many
diseases in animals, science has built up a system of preventive
medicine. It has been found possible in many cases to prevent
invasion of the body by bacteria, and in others, to prevent the
most injurious effects of those that have made a start. The
medical doctor has come more and more to be an educator, showing
people how to keep well.

Suggested activites. You will find interesting accounts of the life and
work of Robert Koch and of Louis Pasteur in Science in the Service of Health,
by Downing (Longmans). Prepare a report to be read to the class on the
life and work of Robert Koch. Prepare a paper on the service to mankind of
the work of Louis Pasteur.
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Problem 2. What are the nutritive relations of the saprophytes?

The principal saprophytic plants of economic importance are
the bacteria, yeasts, and molds. All these groups are widely dis-
tributed on the earth. Organic materials either of plant or animal
origin when exposed under suitable conditions of moisture and
temperature are soon alive with representatives of one or more
of these forms. The material in which they grow becomes
changed. Through the life processes of saprophytes, sweet milk
becomes sour, alcohol is formed in fruit juices, and the alecohol
solution may be changed to vinegar.

Exercise 656. How are organic materials changed by saprophytes? Place
in a fruit jar various dampened plant materials such as pieces of banana,
apple, and bread; and other organic materials as cheese and leather. Put on
the cover without the rubber, and leave in a dark place at Hving-room tem-
perature. Examine each day and note changes in the appearance of the mate-
rials. Describe and account for the changes from day to day. Why is apple
or cheese a suitable material for the growth of saprophytes? Why is it pos-
sible for these plants to grow in the dark? Why are they classed as sapro-
phytes? Under what conditions are these forms beneficial? Under what
conditions are they injurious to,man? Explain the part (if any) that each of
the following processes has played in the life of these saprophytes: photo-
synthesis, diffusion, osmosis, respiration.

The use of saprophytes in the preparation of food. The yeast
plant is a very small single-celled plant which reproduces by send-
ing out buds which gradually are pinched off and become new
yeast plants. Yeast cells grow in a sugar solution, giving off
carbon dioxide gas and producing alcohol. This property of yeast
cells is taken advantage of in bread-making. Dough containing
yeast plants is kept at a temperature suitable for their growth.
As the yeast cells grow, bubbles of carbon dioxide are formed
throughout the dough. The bubbles cause the dough to rise.
When this is baked, the aleohol escapes and the bubbles remain
as holes in the bread, making it light. What is the source of the
gas that forms the bubbles in bread dough?

Bacteria and molds are used in the manufacture of dairy prod-
ucts. Butter may be made either from cream as it is separated
from the milk or from cream that has been allowed to sour. Sweet
eream gives butter which lacks the desired butter flavor and the
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butter soon becomes rancid. Sour-cream butter is the common
type. The cream is allowed to sour from the action of lactic-acid
bacteria. Country butter was formerly made from cream which
sourcd naturally. Now most of the butter is produced in cream-
erics where the cream is pasteurized to destroy wild bacteria
present and then pure cultures of the lactic-acid bacteria are
added. Under these conditions the flavor of the butter can be
controlled.

In the ripening of cheese, the desired flavor is produced by
bacteria and molds, the particular flavor depending upon the type
of organism present.

Bacteria are also involved in the production of vinegar and in
the making of saucrkraut. In a similar way the farmer uses a
silo to preserve, by means of the acid formed, large quantities of
food (silage) to be fed to cattle in the winter.

Exercise 66. How can we test for the presence of carbon dioxide? Fit
into a bottle a two-hole rubber stopper with funnel tube and with delivery tube
extending into a test tube of lime water. Dissolve a little cream of tartar in
water and pour the solution into the bottle through the funnel tube. Add a
solution of baking soda. Carbon dioxide is released from the baking soda by
action of the cream of tartar. It changes the appearance of the lime water
from clear to milky as the gas bubbles through it. This is a test for carbon
dioxide.

Exercise 57. What is the effect of yeasts on a sugar solution? Using the
apparatus of Exercise 56, put a solution of one part molasses in nine parts of
water into the bottle. Pulverize a small portion of a dry yeast cake and add to
the molasses solution in the bottle. Let stand in a warm place for twenty-four
hours with the delivery tube extending into the tube of lime water. Is there
any evidence of the evolution of a gas in the bottle? Isthe gas carbon dioxide?
Note the odor of the solution in the bottle. The yeast cells produce an enzyme
known as zymase. Sugar is taken into the yeast cell where the zymase causes a
decomposition of the sugar with the production of alcohol and carbon dioxide.

Suggested activity. How is yeast used in bread-making? Find out at
home or from a baker how yeast is used in bread-making. What are some of
the conditions necessary for success in making bread with yeast?

Exercise 568. What is the nature of yeast cells? Place a drop of the liquid
from the bottle used in Exercise 57 on a slide. Place over it a cover-glass, and
examine under the low power of the microscope. The numerous small bodies
are yeast cells. Using the high power, note the shape and structure. The
knobs on some of the cells are buds which develop and finally separate, pro-
ducing new cells. This process, which is the ordinary method of reproduc-
tion of yeast, is known as budding.
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Food in which saprophytic organisms are growing may or may
not be poisonous, but the presence of molds on preserved food is
always a danger sign indicating that injurious organisms may
be present.

There are two types of poisoning which may result from eating
contaminated foods: (1) the so-called ptomaine poisoning, and
(2) botulinus poisoning. In the decomposition by bacteria of fish,
meats, ete., which are mainly protein, poisonous substances are
often formed which are very toxic when taken into the human
digestive tract. These, together with the living bacteria present,
may cause serious illness. In the second type of poisoning, an
organism which is hard to kill because it forms spores may be sealed
up in a can with food, and if the can is not sterilized by heat the
bacteria may grow and reproduce in the food. This organism grows
readily in the absence of air, and it produces a substance which is
very poisonous but is easily destroyed by heating. Between the
years 1919 to 1924 there was an outbreak of food poisoning in vari-
ous parts of the United States. Canned ripe olives caused most of
the trouble. As ripe olives are eaten without being cooked, the
toxin was taken into the digestive tract. It is well to remember
that clean, fresh, sound food will not cause botulism, and preserved
foods freshly heated to the boiling point will not cause botulism.
Ordinarily there is no danger in eating factory-canned foods as
they are subjected in the can to high temperatures sufficient to kill
spores as well as all vegetative bacteria.

Food showing any signs of decomposition evident by appear-
ance, odor, or formation of gas should be destroyed. It is unsafe
to taste food which shows any of these signs of spoilage.

How may disease be spread by milk? Milk, a balanced food
for man, is also a suitable food for bacteria. The souring of milk
is one of the first evidences that bacteria are growing in it. Disease
bacteria from the cow herself or from infected persons may be
present as well as the lactic-acid organism which causes the souring.
Diseases which may be spread by milk are tuberculosis (to which
the cow is subject as well as human beings) and diseases of human
origin as typhoid fever, scarlet fever, septic sore throat, and dysen-
tery. In what ways may harmful bacteria get into milk?

Boards of health of our larger cities set standards for sanitary
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production of the supplies of milk which go into the cities. They
also maintain an inspection service to see that the standards are
met by the dairymen. One of the first requirements is healthy
cows. They must pass the tuberculin test—a test to determine
the absence of any tuberculosis infection. Stables must be well
lighted and kept clean.

Pasteurization of milk. Heat not only reduces the bacterial
content, but it may also causc changes in the protein food sub-
stances in the milk. Pasteurization is a process in which the milk
is kept at a temperature of
65° C. for 20 minutes. This
heat is sufficient to kill 95 to
99 per cent of the micro-
organisms, and the changes in
the proteins caused by hcat
are reduced to a minimum.
Give two reasons why city milk
supplies should be pasteurized.

Certified milk is produced
under the strictest require-
ments for cleanliness and is
thus kept relatively free from
bacteria. The cows are kept
Zﬁi;’mt?sgdarill arsrﬁfl?elk')relflolls‘i Fia. 36.—A mi%k pasteurizer. The

’ steam and refrigerator pipes with
wash his hands before milking which it is connected are shown. (From
each cow, and the milk must California Agricultural Experiment
be cooled quickly. It is not Station Circular 319.)
heated but is sold as raw milk.

It costs money to observe all the extra precautions required so
that when ordinary pasteurized milk may sell for ten cents a
quart, certified milk may sell for twenty cents a quart.

The preservation of foods. During certain seasons of the
year foods are plentiful in the fresh state. With our modern
methods of packing and transportation we really have a wide
choice of fresh fruits and vegetables the year round. However,
during the winter, certain fresh foods are high priced and man
has learned how to preserve foods when they are plentiful so that
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an abundance of a wide variety of foods is available throughout
the year at moderate prices.

The bacteria, yeasts, and molds thrive on our foods; they can
be considered our rivals as they will surely spoil foods for our use
if they can get to them first. The methods of preservation some-
times change the flavor of foods, but we have learned to enjoy
them and usually the nutritive value is not impaired.

Methods of coping with the saprophytic menace to our food
supply are concerned with keeping the micro-organisms out of the
food by setting up conditions which make it impossible for them
to grow in the food materials.

One of the oldest and simplest of the methods of food preserva-
tion is drying. Bacteria, yeasts, and molds require water for
growth, and it is impossible for them cven to begin growth in
dried meats, fruits, and vegetables so long as they are kept dry.
Drying reduces the amount of water in the food substances; if
bacteria or other saprophytes come in contact with them they can
not live, since the water molecules are in greater ,concentration
in the cells of the plant than in the food, and water passes from
the plant cell and causes its death. '

The use of salt and sugar in the preservation of foods is a drying
process, and the destruction of bacteria and other plants in this
type of food preservation is really the result of osmosis. Water
passes from the cells of the invading organism into the food, and
the plants are killed by the loss of water.

Sometimes chemicals, such as benzoate of soda and salyecilic
acid, are used in food preservation, but these are considered
injurious to man to a greater or less degree. Meat and fish hung
near a smoldering wood fire absorb certain acids from the smoke
which preserve the foods without being markedly injurious.
Smoking has long been used as a method of preservation of meat
and fish.

Methods of food preservation by canning were introduced
early in the nineteenth century. These have proved far superior
to the older methods. Bacteria do not thrive in the acid juices
of fruits. Boiling the fruit for a few minutes kills the yeasts and
molds, and if the heated materials are sealed in the can while they
are hot, they will usually keep indefinitely in perfect condition
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This type of canning is easily done at home. For peas, beans, corn,
and meats, the problem becomes more complex, as the spores of
bacteria which may be present in these non-acid substances are not
killed by simple boiling and, sealed in the can, the spores germinate
and the bacteria reproduce rapidly in the abundant food supply
with the result that the food is spoiled for human use. The com-
mercial method of canning these substances consists in placing
the hot materials in cans, sealing, and heating them under steam
pressure to a temperature of 240° F. for 40 to 60 minutes. This
treatment kills the very resistant spores of bacteria on the food
and the food can not spoil.

In home canning the cold-pack method is usually followed.
The cans of food are sterilized either by steaming in an ordinary
steam cooker for 3 hours or by heating in a pressure cooker under
a pressure of 5 to 10 pounds of steam for one hour.

One of the commonest methods of keeping the food from
spoiling is by keeping it cold. Although the growth of molds and
bacteria is not entirely stopped by low temperatures, foods can be
kept very much longer if they are kept cold. Ordinary low tem-
peratures used in refrigeration can not be depended upon to pre-
vent food spoilage indefinitely. Mechanical refrigeration has
added much to the convenience and safety of preserving foods
temporarily by keeping them cold. Foods, especially fish and
meats, should be used promptly after removal from cold storage.

Exercise 59. Putrefaction of food materials. Place in a series of test
tubes with a little water small bits of food substances, as meat, potato, bread,
sugar, starch, flour, beans, and corn meal. Plug with a cotton stopper and
leave in a warm place for a few days. What evidence is there that putrefaction
has taken place? Is the result the same in all the tubes? What foods, if any,
have not putrefied?

Exercise 60. Will dry foods putrefy? Place in a series of test tubes dry
food substances as beans, flour, corn meal, rolled oats, dried beef. Plug with
a cotton stopper and examine after they have remained in a warm place for
several days. Determine whether there has been any putrefaction. What is
the relation of moisture to putrefaction?

Exercise 61. What is the effect of heat on putrefaction? Put bits of
meat, boiled beans, bread, milk, etc., into a series of test tubes with a little
water. Plug with cotton stoppers and heat in a pressure cooker at 10 pounds
pressure for 15 minutes, or in steam in a closed vessel for one hour. Set the
tubes aside in a warm place and examine after a week. Answer the question
of the exercise.
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Saprophytes in the soil. Under suitable conditions of moisture
and temperature, a fertile soil will continue to support a vigorous
growth of plant life year after year, and this has been continuing
for hundreds of years. Even large trees have reached maturity
and fallen, the wood gradually decomposing and dropping to
pieces to become a part of the soil. Leaves, as they fall from the
trees each autumn, do not continue to accumulate but gradually
disappear, their partly decomposed structures forming humus in
the upper layers of soil. We might expect that, while the plants
are taking raw materials from the soil season after season, as time
goes on it would gradually become exhausted so that it would be
less able to support plant growth. This, however, is not the case.
In fact, the opposite is true; the soil actually increases in fertility.

Bacteria and molds cause decay. The succession of plant
growth on soil is made possible by the action of microscopic plant
life. Many different micro-organisms in the soil bring about the
decay of plant and animal materials.

Some forms of saprophytes destroy the cellulose which makes
up the walls of the plant cell. These are among the most impor-
tant destroyers of plant material. It is interesting to note that
bacteria of this class are present in the intestinal tract of herbivo-
rous animals, such as cattle and sheep, and make digestion of coarse
hay and fodder possible. What different things must happen to
a piece of wood before the substances of which it is composed can
be used by other plants?

The cycle of nitrogen in nature (Fig. 37). One of the most
important of the elements used by plants is nitrogen. All protein
substances contain this element along with carbon, hydrogen,
oxygen, and small amounts of other elements. Although nitrogen
makes up four-fifths of the atmosphere by volume, its compounds
are the most expensive of the commercial fertilizers. Green
plants can not make direct use of any of this necessary element in
the form in which it occurs in the air. Nitrogen is set free and
lost to plants in decaying protein materials, and large quantities
of its compounds are lost as sewage. It was formerly thought that
when the nitrate beds of Chile became exhausted there would be
famine on the earth for the want of raw materials containing nitro-
gen for plant growth. It has been found that certain micro-
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organisms in the soil have the power to bring about a combination
of nitrogen of the air with elements in the soil, forming compounds

Living things use food
produced by green plants,
use oxygen and give off

carbon - dioxide.

Oxygen I Plant and
Carbon Dioxide Animal Remains

Food of Amma!s Animal Wastes

Green plants use J,
carbon-dioxide and give off
oxygen in food-making. |/

Nitrogen salts are used
in making proteins.

Bacteria of decaoy act
on the dead bodies of
plants and animals and
on animal wastes forming

ammonia.

Nitrogen of

the Air 1

Bacteria on legumes and
other nitrogen-fixing bacteria
take nitrogen from the air and
form compounds used by plants.

Denitrifying bacteria break
down vseful nitrogen compounds
setting nitrogen free.

Nitrates Ammonia

N Nitrifying bacteria act
on ammonia, forming
nitrates which green

plants con use.

F1a. 37.—Diagram showing the relation of living things in nature. In what

ways do other living things depend on green plants? How are green plants

dependent on bacteria? What part do the nitrogen-fixing bacteria play in

nature? Trace the cycle of carbon in the diagram. Trace the cycle of

oxygen as it appears in the diagram. Trace the cycle of nitrogen from the

time it is a part of the food of animals, through the different processes until
it is again a part of the food of animals.
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which plants can use. In this way the supply of nitrogen in the
soil may be kept practically constant.

There are two principal groups of nitrogen-fixing bacteria:
(1) those which live free in the soil, and (2) those which are asso-
ciated with the roots of legumes, as red clover and alfalfa. The
latter are examples of symbionts. At the site of their invasion
of the root tissues, galls or tubercles form. The legume absorbs
the raw materials, salts and water from the soil, and the bac-
teria make use of certain of these materials. The bacteria combine
nitrogen of the air with materials furnished by the legume to form
proteins for themselves; and the legume also makes direct or
indirect use of these. In this relationship the two organisms living
together are mutually beneficial. So dependent are the legumes
on the tubercle bacilli that, if the necessary bacteria are not present
in the soil, the seed of alfalfa or the soil in which the seed is planted
must be inoculated; that is, the necessary form of bacteria must
be introduced before the alfalfa can be grown successfully.

It has long been known that the same crop can not be grown
indefinitely year after year on the same soil. The farmer may
grow corn followed by wheat, and with the wheat he may sow
clover. The clover crop may be used for hay, but roots and por-
tions of the stem rich in nitrogen compounds are left in the soil.
When these materials decay, nitrogen is added to the soil. The
system in which different crops are grown successively is known
as crop rotation, and every well-planned crop rotation scheme should
include a legume every two or three years. Give two reasons why
a certain crop should not be grown on the same soil year after year.

The nitrogen-fixing bacteria require well-drained soil which
contains organic matter. If it is highly acid, lime must be added
to reduce the acidity as these bacteria do not grow well in an acid
medium.

In our account of the nitrogen cycle we may start with the
complex plant and animal proteins. These are broken down by
many different soil organisms into simpler and simpler substances
until the final products can be absorbed by green plants as raw
materials out of which more proteins are made.

The bacteria of decay cause the decomposition of complex
proteins in plant and animal remains and the formation of ammo-
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nia. Resulting ammonia compounds are changed by other bac-
teria into nitrites. Nitrities are changed by still other forms into
nitrates. Nitrates in solution may be absorbed by the green
plant, where they unite with carbohydrates to form amino acids.
Amino acids are combined by plants to form plant proteins.
Plant proteins are eaten by animals, and animal proteins are
formed. The dead bodies of animals and plants are attacked by
bacteria, and a new cycle is begun.
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